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Ski resorts, pivotal in tourism infrastructure, are notably susceptible to climate fluctuations. The Sixth 
Assessment Report (AR6) by the United Nations Intergovernmental Panel on Climate Change (IPCC) em-
phasizes the pressing need for comprehensive climate change strategies. Given the nexus between trans-
portation accessibility and resort viability, it's imperative to adopt an approach that intertwines climate 
impact assessments with transportation infrastructure enhancements. This study scrutinizes 71 ski resorts 
in Hokkaido, Japan, renowned in Asia for skiing. We devised a logit model to gauge the repercussions of 
climate change on ski resort operational dynamics. Within this model, the operational status at ten-day 
intervals from 2006 to 2020 was the dependent variable, while a blend of meteorological data, socioeco-
nomic metrics, and transportation indicators served as independent variables. Preliminary results reveal that 
each degree Celsius rise in temperature reduces the ski resort's operational likelihood by 40.35%, and every 
1mm increase in precipitation decreases the operational probability by 6.95%. 
 
   Key Words : Climate change, Ski resorts, Coupled model intercomparison project phase 6 (CMIP6), 

Representative Concentration Pathways (RCPs), Shared socioeconomic pathways (SSPs)  
 
 
 

1. INTRODUCTION 
 
(1) Background 

The tourism sector is instrumental in enhancing 
regional economies and fostering revitalization. 
However, many leisure infrastructures remain 
profoundly influenced by climatic shifts. Over the 
previous decade, observable phenomena have 
resonated with established climate change patterns. 
Rising temperatures in the Arctic, along with 
weakened Arctic westerlies and sustained 
temperature increases, combined with human-
induced disruptions to microclimates, present 

challenges in snow retention and quality. The Sixth 
Assessment Report (AR6) 1) by the United Nations 
Intergovernmental Panel on Climate Change (IPCC) 
underscores the critical necessity for proactive 
climate change mitigation and adaptive measures. 
Adopting prudent and sustainable strategies that 
encompass climate impact evaluations is crucial. 

On a global scale, human-induced greenhouse gas 
emissions account for approximately 90% of 
observed climate warming. The Japan 
Meteorological Agency's data indicates a steady 
increase in the country's average annual temperature 
by 1.19°C every century. Notably, temperature rise  
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rates are more pronounced in higher latitudes 
compared to their lower counterparts. By the close of 
the 21st century (2070-2100), projections suggest 
Japan's average annual temperature will rise between 
0.5°C to 1.7°C, and 3.4°C to 5.4°C under the distinct 
greenhouse gas concentration trajectories of RCP2.6 
and RCP8.5 Note1), respectively. While current 
interdisciplinary studies shed light on various 
environmental impacts, there's an essential need for 
quantitative analysis highlighting how winter 
temperatures and other climate elements influence 
ski resort operations. For climate-sensitive 
establishments like ski resorts, understanding and 
projecting their functional periods is pivotal. This 
knowledge will enhance our ability to predict 
transportation needs for specific time frames, further 
solidifying strategies for future ground transportation 
planning and route development. 

 
(2) Literature review  

Climate change represents one of the most 
significant challenges to humanity in the 21st century 
and is anticipated to have major consequences for the 
climate-sensitive winter sports tourism sector. With 
its strong reliance on specific climatic conditions, the 
ski industry is regarded as the tourism market most 
directly and immediately affected by climate 
change.3) With rapidly expanding scientific literature 
and much speculation in the media, several authors 4)-

14) have stressed the need for critical reflection on the 
state of knowledge on ski tourism climate change risk 
and key information gaps to advance adaptation by 
industry and destination communities. The literature 
has expanded to include 27 countries with operating 
ski areas but remains concentrated (approximately 
75% of publications) in five countries: Austria, 
Australia, Switzerland, the United States, and 
Canada.3)-15) The highest number of publications 
exists for Switzerland and Austria, where the ski 
industry’s absolute (skier visits) and relative 
importance (skier visits per inhabitant) are very 
high.3) However, Japan as the fourth largest market 
remains notably underrepresented, as are other major 
markets with very limited available research (France, 
Italy, Sweden, Slovakia). Major gaps were found for 
Asia, Eastern Europe, and South America, regions 
that are also identified as underrepresented in the ski 
tourism literature. 

In the early years, Kureha 17) examines the regional 
pattern of lost and closed ski fields in Japan, 
analyzing the closing trend of all developed ski fields 
including those equipped only with T-bar lifts. 
Around 750 ski fields were opened between 1950 and 
2003 in the whole country. However, nearly 37 
percent of them were already closed or completely 
disappeared. This trend was dominant around 2000, 

involving owners’ changes of lift companies. Most of 
the lost fields tend to be very small with one or two 
ski lifts. Fujimori 18) estimated the influences of 
ambient temperature and precipitation changes on ski 
tourism. In recent studies, there are different opinions 
about the impact of social factors and climate factors 
on the ski industry. Tomoda 19) provided results that 
show the annual change rate of skiing visitors due to 
the total factor, the one due to climate change, and 
the one due to other reasons are -2.95%, 0.46%, and 
-3.41% respectively for Nagano. These findings 
show that the decrease in skiing visitors in this term 
stemmed largely from social reasons other than 
climate change and that the weather mitigated 
slightly the decline. Matsunaga 20) formulated the 
impact of social factors and climate factors that affect 
the number of visitors with case studies in Gifu 
prefecture. Due to the lack of a large number of 
accurate meteorological data, most of the preceding 
studies only remain at the level of case studies. 
Moreover, due to the limited data on snow depth, the 
selection of research objects can only be limited to a 
certain range. In this study, the new exploration of 
this issue will be focused on. 

 
 

2. DATA COLLECTION 
 
The primary purpose of this study is to construct a 

logistic regression model, utilizing panel data from 
71 subjects spanning 15 years, to evaluate the extent 
of influence of diverse factors, including transporta-
tion accessibility, on the operational status of ski re-
sorts. This analysis aims to offer insights into the pro-
spective implications on ski resort operations and 
corresponding transportation demands in light of cli-
mate change risks. In this work, we carried out data 
collection from four aspects. The first is the basic at-
tribute data of ski resorts, including the number of 
openings of 71 ski resorts in the Hokkaido region in 
each ski season from 2006 to 2020 Note 2), geographic 
location (Fig. 1(a)), elevation, number of lifts, the 
maximum slope of the piste, and other basic attrib-
utes provided by Railway Information System 21), 
meanwhile, the change in the business statuses in the 
past 15 years is examined. From the perspective of 
the transition of business status shown in Fig. 1(b), it 
is not difficult to find that although the number of ski 
resorts opened in the past 15 years has fluctuated in a 
small range, the overall trend is declining. Among 
them, the business mode can be roughly divided into 
three categories. As shown in Fig. 1(c), the first type 
is regarded as the continuation type including the ski 
resorts that kept opening from the beginning of the 
first business year to the 2020 ski season without in-
terruption. Those whose operations stagnated on or  
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 before the 2020 ski season are classified as stoppage 
type, and those who were suspended and resumed 
again are classified as suspension type. From the per-
spective of the operation time, the earliest opening 
time is early November, and the latest opening time 
is late May, which will be the basis for determining 
the time series of panel data used in this paper. Sec-
ondly, the transportation accessibility of the ski re-
sorts is investigated: including public transportation 
(nearest railway station, nearest bus stop) and private 
transportation (nearest highway interchange, the 
number of parking capacities in the ski resort). In ad-
dition, because ski- ing activities have different audi-
ence groups in different periods, it is also easily af-
fected by social trends at a certain time. For example, 
the Winter Olympic Games usually bring positive 
promotion, while the COVID-19 pandemic has hit 
various industries hard. As an indicator to measure 
social trends, we introduced the skiing population of 
the year according to leisure white paper provided by 
Japan Productivity Center 22) and the total population 
of Hokkaido ropeway transportation every year pro-
vided by the Hokkaido Ropeway & Ski Lift Associa-
tion as a reference. Finally, the most challenging data 

collection work falls on the collection of meteorolog-
ical data for the past 15 years. 

As mentioned in the previous section, most of the 
existing studies use snow depth as an indicator to 
summarize the climatic conditions of ski resorts, 
which is undoubtedly reasonable and convinc-
ing.19)23) In this work, we also attempted to apply the 
same method. We examined the spatial relationship 
between 71 research objects and each AMeDAS ob-
serving station Note 3) by connecting each ski resort and 
its nearest observing stations. The spatial relationship 
is shown on the left side of Fig. 2. The distribution of 
their distances is shown on the right side. The violin 
plot in the middle shows the distribution of distances 
between 71 subjects and the nearest observing sta-
tions that include the snow depth data, the maximum 
value is reached at 84.848km; the violin plot on the 
right side shows the distribution of distances between 
71 subjects and the nearest observing stations that 
only have 4 basic meteorological data to estimate 
snow depth. There is also a maximum value of 
30.663km. 

 Considering this is far beyond the allowable error 
range, excluding some ski resorts far away from the  
 

 
Fig. 1 Research Objects 
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AMeDAS observing station from the study objects 
will be the only option. Indeed, in previous studies, 
the authors have made the same compromise.19)23) 
However, we did not want to limit the number of ob-
jects in this study, therefore we made the following 
reflections and attempts: Since snow depth is typi-
cally predicted using particular algorithms from basic 
meteorological data (such as temperature, rainfall, 
etc.) in a variety of scenarios, it is also thought rea-
sonable to use simply basic meteorological data with-
out also assessing snow depth in this study. Accord-
ingly, eight variables under the bias-corrected cli-
mate scenarios over Japan based on the CDFDM 
method using CMIP6 Note 4), provided by the National 
Institute for Environmental Studies, Japan 24) are col-
lected in this work: Daily mean Temperature (◦C), 
Daily maximum temperature (◦C), Daily minimum 
temperature (◦C), Daily precipitation(mm/day), 
Global solar radiation (MJ/m2/day), Wind 
speed(m/s), Surface relative humidity (%), and 
Downward longwave radiation(MJ/m2/day). Regard-
ing the storage forms of meteorological data, a further 
description is given here. Under the model MRI-
ESM20, one of the five different general circulation 
models (GCMs) Note 5), daily data for the eight varia-
bles above-mentioned in Japan (122146°E, 2446°N, 
over land only) are available from 1900 to 2100 and 

stored in 1920 by 2650 grid with the form of dfCDA 
files. The corresponding grid coordinate number (i,j) 
can be obtained through each research object’s lati-
tude and longitude coordinates(lan.lon.). 

 
 

3. METHODOLOGY  
 

Most statistical analyses are performed on so-
called cross-sectional data, which is collected at one 
point in time. By contrast, panel data analysis extends 
statistical analyses of cross-sectional data over mul-
tiple time points by fitting panel regression models 
that account for both cross-section effects and time 
effects.25)26) The panel data set in this research is a 
balanced (complete) panel data which means com-
prises all observations for each individual measured 
at the same time points. It includes data collected on 
71 individuals, business statuses, attribute data, me-
teorological data, social trend index, etc. over the 
same period, which is every ten days from 2006 to 
the 2020 ski season. The sample size is 71 individuals 
∗ 3 ten−day periods ∗ 7 months ∗ 15 years = 22365. 

We built a logit model to evaluate climate change’s 
influence on ski resorts’ business status. In this 
model, the business status every ten days was taken 

 
Fig.2 Distribution of the distances between ski resorts and their nearest observing stations 
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as the dependent variable (dummy), and comprehen-
sive meteorological and socioeconomic data were 
treated as independent variables. The general equa-
tion for a logit model under panel data can be given 
as: 
𝑙𝑛 # !

"#!
$ = 𝛽$ + 𝛽"𝑋"%& +𝛽'𝑋'%& +𝛽(𝑋(%& +⋯ +𝛽)𝑋)%& 

+ 𝜇%& +𝑣%& +𝑢%&                                                                   (1) 
where: 
–	𝑝: is the probability of “success”, or the presence of 
an outcome. 

–
!

"#!: refers 
!|%&''(%%
!|)*+,&-(, is called odds ratio, and log

!
"#! 

is called the log odds ratio or logit 
– 𝛽.: is the same across individuals and time. 
– 𝛽/: are different coefficients across individuals and 
time 
– 𝑋+0 : are observations (independent variable) on 
multiple subjects collected over time 𝑖	and 𝑡 are indi-
ces for individuals and time. 

In panel analysis, the error term 𝜀, which is in a 
normal regression model, is divided into three parts: 
𝜇+, 𝑣+, 𝑢+0 
– 𝜇+: represents the unobservable individual (cross-
section) heterogeneity 
– 𝑣+: denotes the unobservable time heterogeneity 
– 𝑢+0: is the remaining random error term 

The error 𝜀 includes 𝜇+, 𝑣+, and 𝑢+0 in panel analy-
sis is very important. Assumptions about the error 

term determines the model choice from Pooled Re-
gression Model, Random Effects Model, and Fixed 
Effects Model. 

 
 

4. RESULTS  
 
First of all, it is stated here that all regression mod-

els and graphs of the analysis results in this study 
were implemented by the statistical software Stata. 
Before constructing the model, we first tested the cor-
relation between each independent variable. Fig. 3 
shows the correlation between the eight climatic fac-
tors described in the previous section. Among them, 
the daily mean temperature is positively correlated 
with the daily maximum temperature, daily minimum 
temperature, and downward longwave radiation. 
Thus, in the following model building, the daily mean 
temperature, daily precipitation, global solar radia-
tion, wind speed, and surface relative humidity, five 
items will be imported into the model as independent 
variables of climate factors. Meanwhile, the correla-
tion between other independent variables was also 
verified by the same method and the independent  
variables introduced into the model were finally de-
termined. 

 

 
Fig.3 Correlation of climate factors 
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 The results of the Pooled regression model are 
shown in Table. 1. Pseudo R2 is 0.3820, which is 
considered a reasonable basis for the model in empir-
ical studies. The likelihood ratio test is also relatively 
satisfactory. It is concluded that the model has suffi-
cient explanatory power. Among the five climatic 
variables, except daily precipitation, p values are 
close to 0, and the absolute values of coefficients are 
between 0.02 and 0.44, which indicates that climatic 
conditions have a significant effect on the operation 
of ski resorts. Daily mean temperature shows a sig-
nificant effect in either model. This means that a one-
unit increase in daily mean temperature will reduce 
the probability of a ski resort opening by 40.35%, and 

a one-unit increase in daily precipitation will reduce 
the probability of a ski resort opening by 6.95%. 

Beyond the considerations of weather conditions, 
the transportation infrastructure available to ski re-
sorts is crucial in determining their operational effi-
cacy. The distance from the resorts to the closest bus 
station provides a significant indication of the acces-
sibility and utility of public transportation. Likewise,  
the capacity of parking areas and their proximity to 
major highway interchanges offer insights into the 
feasibility and attractiveness of self-driving options. 
In contrast, the relevance of tram station proximity 
appears to be less influential. To gain deeper insights, 
random interviews were conducted with visitors at 

 
Table 1. Result of logistic regression of Pooled Regression Model 

    
LR chi2(26) =  2329.97 

    
Prob >chi2 = 0.0000  

Log likelihood =  -1885.0327 
Pseudo R2 =  0.3820 

Catagory Variable Coefficient Std. err. z P>z [95% conf.interval] 

Meteorological 
Items 

Daily mean Temperature (◦C) -0.341 0.013 -26.87 0.000*** -.3656 -.3160 

Daily precipitation (mm/day) 0.017 0.027 0.63 0.106 -0.005 0.053 

Wind speed (m/s) 0.436 0.036 6.94 0.000*** 0.45 0.59 

Surface relative humidity (%) -0.006 0.004 5.74 0.423 -.0198 -0.008 

Global solar radiation (MJ/m2/day) 0.079 0.008 1.39 0.000*** 0.063 0.094 

Artificial snowfall 0.747 0.111 5.93 0.000*** 0.442 0.878 

Transportation 

Nearest railway station -4.924 1.597 -8.12 0.000*** -6.094 -3.754 
Nearest bus stop -0.000  0.000 -2.18 0.029** -0.000 -0.000 
Nearest highway interchange -0.389 1.052 3.70 0.000*** 1.286 0.595 
Parkingcapacity 1.268 1.498 8.47 0.000*** 0.975 1.562 

Social Trend 
Ropeway transportation volume 0.000 0.000 6.130 0.000*** 0.000 0.000 
Ski population 0.000 0.000 -0.320 0.746 0.000 0.000 

Appealing 
Points 

Ski lessons 0.747 0.061 12.310 0.000 0.628 0.866 
Snowmobile 1.144 0.088 12.980 0.000*** 0.971 1.316 
Heli-Skiing -3.901 0.263 -14.850 0.000*** -4.415 -3.386 
Event -0.283 0.069 -4.130 0.000*** -0.417 -0.148 

Lift  
Diversity 

Ropeway 0.566 0.140 4.040 0.000*** 0.292 0.840 
Gondola 0.166 0.079 2.090 0.036** 0.011 0.321 
Quad lift 0.190 0.039 4.890 0.000*** 0.114 0.266 
Triple lift 0.157 0.081 1.960 0.051* 0.000 0.315 
Pair lift 0.235 0.025 9.430 0.000*** 0.186 -0.284 
Single lift 0.028 0.039 0.730 0.468 -0.048 0.104 

Piste  
Condition 

Number of ski piste -0.036 0.009 -3.960 0.000*** -0.054 -0.018 
Maximum slope(◦) -0.010 0.005 -1.850 0.064** -0.021 0.001 

Elevation 
Maximum elevation(m) 0.001 0.000 3.450 0.001*** 0.000 0.001 
Minimum elevation(m) 0.000 0.000 -4.940 0.000*** -0.001 0.000 

 _cons 0.52 0.036 14.58 0.000*** 0.45 0.59 

z statistics in parentheses      

⋆p<0.10, ⋆⋆p<0.05, ⋆⋆⋆p<0.010 
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the Niseko ski resort in Hokkaido in February 2023. 
Utilizing buses, trains, and aircraft as modes of 

transportation presents an eco-friendly and efficient 
avenue for ski resort access. These methods tend to 
have a reduced environmental impact and often prove 
cost-effective, especially when resorts establish part-
nerships with transportation providers. However, 
these systems' fixed schedules and potential limita-
tions in equipment storage can pose challenges for 
travelers. 

On the other hand, personal vehicles offer an un-
matched level of flexibility. Without the constraints 
of fixed timetables, drivers can adjust their plans 
based on various factors, including weather condi-
tions. The ability to store equipment freely without 
size or cost restrictions is another notable advantage 
of this mode. Yet, drivers must navigate potentially 
challenging terrains, especially during adverse 
weather. Additionally, when considering costs such 
as fuel, tolls, and parking, expenses can add up, par-
ticularly depending on the travel distance and the ge-
ographical location of the ski resort. 

The presence of snowmobiles and ropeway had a 
significant positive effect, on the contrary, the pres-
ence of heli-skiing and events showed a significant 
negative effect. This reflects that the diversity of ski 
resort activities will promote the business sustaina-
bility of ski resorts, but at the same time, the high cost 
of hardware configuration and the consumption of 
manpower and material resources required for event 
operation will also bring challenges to the operation 
of ski resorts. In addition, the number of quad lifts, 
triple lifts, and pair lifts Note 6) had a significant effect, 
while the number of single lifts did not. Skiing, as an 
outdoor recreational activity, tends to attract crowds 
of visitors. It is worth noting that whether the artifi-
cial snow machine is set up or not significantly af-
fects the dependent variable, namely the business 
possibility of the ski resort. 

Among the attribute variables, the capacity of the 
parking, the maximum elevation value, and the min-
imum elevation value show significant influence, 
which is derived from the understanding of the 
skier’s traffic utilization mode. Most skiers approach 
the ski resort by self-driving 22), which is different 
from other sightseeing facilities. The capacity of the 
parking will directly affect the opening status. For the 
result that the maximum elevation coefficient is neg-
ative and the minimum elevation coefficient is posi-
tive, and the absolute value of both coefficients is 
very low, it can be explained as follows: the natural 
conditions of the elevated areas are more likely to be 
more conducive to skiing, however, because the high 
elevation also means that there is a high probability 
of impassability due to extreme weather conditions, 
the resistance of ski resort users to reach the ski resort 

is also increased.  
In terms of social trends, ropeway transportation 

volume as a reference index has a certain positive 
effect, but it is not very significant. At the same time, 
the total skiing population did not show a significant 
effect. This is related to the unique advantages of the 
Hokkaido region. This suggests that Hokkaido, as a 
well-known ski resort in Japan and Asia, may not be 
particularly affected by its business prospects even in 
less popular years. 

 
 

5. CONCLUSION AND DISCUSSION 
 

In this study, 71 ski resorts in the Hokkaido region 
were selected as the research objects. A logit model 
was built to evaluate climate change’s influence on 
ski resorts’ business status. Their business status 
every 10 days for 15 years was taken as the dependent 
variable, and comprehensive meteorological and so-
cioeconomic data were treated as independent varia-
bles. Effects of Daily mean temperature and daily 
precipitation on business likelihood under the climate 
model MRI-ESM20 are quantified. However, there 
are still the following issues to be solved: 

1. Due to the lack of data on the number of daily 
visitors of each ski resort, the ropeway transportation 
volume population of the Hokkaido region, and the 
annual nationwide ski population was introduced into 
the model as a reference indicator of social trends. 
This is undoubtedly reasonable, but it does not truly 
reflect the operation of each ski resort. Thereafter we 
plan to complete this collection by conducting further 
interview surveys at ski resorts in the Hokkaido re-
gion. 

2. In the set of panel data, information imbalance 
among huge data sets seriously affects the deviation 
of panel data. In particular, it is still a challenge to 
collect and organize the data about the location envi-
ronment transition of 71 ski resorts in the past 15 
years, such as accommodation environment and 
traffic conditioning. 

3. In this study, the model and analysis were con-
ducted under the model MRI-ESM20, one of the five 
different general circulation models (GCMs). The 
comparative study under different climate models is 
also worth looking forward to. 

To sum up, In future work, we look forward to im-
proving the data collection work to further optimize 
the model. Finally, through the application of the 
model, the operation continuation of ski resorts in the 
future (2040~2080 and 2080~2100) will be predicted 
based on the coupled model intercomparison project 
phase 6 (CMIP6) and the shared socioeconomic path-
ways (SSP) scenario datasets. It is anticipated that the 
method of predicting the impact of climate change on 
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skiing will be expanded to other activities and that it 
will be applied nationwide through the development 
of data. There are high expectations for the nation-
wide deployment of traffic volume change forecasts 
due to climate change. 
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NOTES 
Note 1) A Representative Concentration Pathway (RCP) is a 

greenhouse gas concentration trajectory adopted by the 
IPCC. Four pathways were used for climate modeling 
and research for the IPCC’s Fifth Assessment Report 
(AR5) in 2014. The pathways describe different cli-
mate futures, all of which are considered possible de-
pending on the volume of greenhouse gases (GHG) 
emitted in the years to come. 

Note 2) There will be two expressions about a year in this 
study: one is the ski season year, and the other one is 
the calendar year. For example, the 2016 ski season re-
fers to form the end of the calendar year 2016 to the 
beginning of the calendar year 2017. 

Note 3) The Automated Meteorological Data Acquisition 
System (AMeDAS) is a collection of Automatic 
Weather Stations (AWSs) run by JMA for automatic 
observation of precipitation, wind direction/speed, 
temperature, and humidity to support real-time 
monitoring of weather conditions with high temporal 
and spatial resolution. AMeDAS data play an important 
role in mitigating the risk of weather-related disasters. 
JMA began operating the AMeDAS system, which 
currently includes as many as 1,300 rain gauges at 
average intervals of 17 km nationwide, on 1st 
November 1974. Around 840 stations also observe 
wind direction/speed, temperature, and humidity in 
addition to precipitation, and snow depth is observed at 
about 330 manned and unmanned stations in snowy 
districts. 2) 

Note 4) CMIP6: Coupled Model Intercomparison Project Phase 
6. The WCRP Working Group on Coupled Modelling 
(WGCM) oversees the Coupled Model 
Intercomparison Project, which is now in its 6th phase. 

Note 5) A general circulation model (GCM) is a type of climate 
model. It employs a mathematical model of the general 
circulation of a planetary atmosphere or ocean. 

Note 6) A chairlift is probably the most typical ski lift in ski 
resorts. It circles on a wire, the skier or boarder sits on 
it and then pulls down a safety rail to hold them in. 
They may seat from two to eight passengers and come 
in various degrees of complexity. 
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