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Abstract
Alpine landscapes are projected to be degraded under climate change, which would 
threaten their benefits to society. Previous studies, however, have been limited to aesthetic 
change, and it remains unclear how much the aesthetic change would affect human welfare. 
To address this issue and gain insights into climate change adaptation policies, we con-
ducted a choice experiment survey using digitally manipulated images based on climate 
change scenarios and natural scientific knowledge in a mountainous national park in Japan. 
We uncovered that park visitors appreciate the alpine landscapes that include snow patches 
on mountains and some types of alpine flowers by analyzing the data from 445 respond-
ents. Conversely, both the invasion of alpine vegetation by dwarf bamboo and the disap-
pearance of snow patches due to climate change substantially deteriorated the perceived 
aesthetic benefits from alpine landscapes. The economic loss caused by climate-induced 
landscape degradation was estimated at more than 100 USD per visitor, at maximum; the 
disappearance of snow patches and invasion by dwarf bamboo reduced the benefits by 
approximately 13 USD and 101 USD, respectively. Our findings suggest that sustaining 
the aesthetic value of alpine landscapes in national parks via climate change adaptation has 
potentially significant economic benefits. By supposing that the mountain national park 
attracts 70,000 visitors in summer, climate change would cause as a minimum of eight 
million USD economic loss at the park without appropriate measures annually. Our find-
ings highlight the importance of climate change measures by considering climate change 
impacts on social benefits associated with alpine landscapes.
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1 Introduction

Alpine ecosystems are vulnerable to climate change (Chen et  al. 2013; Crowther et  al. 
2016). Global warming and decreasing snow seasons make alpine plant propagation dif-
ficult due to the decline in unique environments suitable for alpine plants (Gottfried et al. 
2012; Kudo et al. 2011; Wessely et al. 2022). Climate change also leads to rapid glacier 
retreat and loss of snow coverage (Cullen et  al. 2013). That leads to landscape changes 
(Schirpke et al. 2013). Such landscape change is a substantial concern not only from a nat-
ural science viewpoint but also from social and economic perspectives (Scott et al. 2007; 
Stern et al. 2006). For instance, glacier retreat has changed the scenic landscape to such 
an extent that tourism demand has declined (Hall and Fagre 2003; Wang and Zhou 2019), 
and these negative impacts have affected at least 50 glacier tourism destinations (Scott 
et al. 2007; Wang et al. 2010). Therefore, to develop effective climate change adaptation 
strategies that will minimize the negative impacts on society, it is essential to understand 
the current values of alpine landscapes and project the future values under climate change 
(Gössling et al. 2012; Scott et al. 2012).

To develop adaptation policies under climate change, it is required to assess human 
well-being in monetary terms to support policy decision-making (Folkersen 2018; Kubo 
et al. 2020), which should also be applied to alpine ecosystems. However, previous mon-
etary valuation studies focused on human-influenced landscapes, such as traditional agri-
cultural lands. Fleischer and Sternberg (2006), for example, found that Israeli residents 
appraised the rangelands landscape with high value and were willing to pay about 80 
million USD for its conservation, which is higher than the value of its grazing services. 
While using a discrete choice experiment with digitally manipulated images of the Swiss 
Alps, Rewitzer et al. (2017) found that forest expansion due to climate change has negative 
impacts on local stakeholder’s willingness to pay (WTP) for a cultural landscape; moreo-
ver, they also demonstrated that respondents preferred agricultural heritage landscapes and 
biodiversity-rich grasslands, and their WTP for the grassland was about 300 EUR per per-
son per year. Despite that the economic value of a landscape varies significantly based on 
landscape components and quality (Howley 2011; Molina et al. 2016), there have been no 
monetary valuation studies addressing the change in the aesthetic value of natural alpine 
landscapes (Ignacio 2017; Martín-López et al. 2019).

To address this knowledge gap, this study applied a monetary valuation method using 
digitally manipulated images with referring to previous studies evaluating aesthetic eco-
system services (Graves et al. 2017; Rewitzer et al. 2017; van Berkel and Verburg 2014). 
There have been a few valuation studies on the effects of climate change on ecosystem 
services associated with landscapes. However, they did not identify how much the aes-
thetic benefits contributed to the entire value. Therefore, our study attempts to evaluate the 
aesthetic value associated with alpine landscapes by sincerely designing an image-based 
survey with reference to previous studies (Graves et  al. 2017; Rewitzer et  al. 2017; van 
Berkel and Verburg 2014). An image-based choice experiment is informative for respond-
ents and can be suitable to elicit preference for landscape attributes more than a text-
based choice experiment although there is a risk of providing unintentional information to 
respondents with an image-based survey (Bateman et al. 2009; Hsee 1996; Shr et al. 2019). 
This study applied an image-based choice experiment survey to a Japanese alpine national 
park, Daisetsuzan National Park, which is facing a climate change crisis (Yokohata et al. 
2021). Across the world, national parks are well recognized as areas providing recreational 
opportunities as well as habitat for wildlife; however, the monetary value of their aesthetic 
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attributes have remained unclear. To explore these values, we developed an image-based 
choice experiment survey concerning alpine vegetation and the amount of snow remaining 
on mountains by using information from previous ecological climate change studies pre-
dicting their changes (e.g., Amagai et al. 2018). Our findings may help to enhance public 
support for adaptation strategies by demonstrating the monetary values of the parks’ aes-
thetic attributes.

1.1  Daisetsuzan National Park under climate change

The choice experiment survey was carried out at Mount Asahidake (2291m elevation) 
in Daisetsuzan National Park, northern Japan (Fig. 1a, b). The park is the largest among 
Japan’s national parks and receives approximately 5 million visitors annually because of 
its unique landscapes and ecosystems (Ministry of Environment 2021); of them, approxi-
mately 0.07–0.1 million visitors visit in summer (i.e., from June to October) according to 
the data counting visitor in trail entry points (Ministry of Environment 2021). In summer, 
for example, visitors are drawn to the blooming alpine flowers and permanent snow on the 
mountain (Fig. 1c).

However, such aesthetic attractions would be degraded by climate change. A previous 
study conducted in the park identified an increase in the annual average temperature from 
1980 to 2010 and an advancement of the snow thawing season from 1988 to 2012 (Amagai 
et  al. 2018). A case study projected that permafrost, which contributes to the growth of 
alpine flowers, will decrease to one-tenth in Daisetsuzan National Park under the RCP 2.6 
scenario (van Vuuren et  al. 2011; Yokohata et  al. 2021). Furthermore, long-term moni-
toring over the last few decades found expansion of the distribution of dwarf shrubs and 
dwarf bamboo and a decline in the dominance of forbs (Amagai et al. 2015; Amagai et al. 
2018; Kudo et al. 2011). These changes highlight the importance of climate change mitiga-
tion and adaptation strategies from both biological and ecological perspectives (Kudo et al. 
2017).

Fig. 1  The study site, Daisetsuzan National Park, in northern Japan. a Location of the study site. b Location 
of Mount Asahidake in the park. c Examples of alpine landscapes in the national park
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Adaptation action toward climate change is in its early stages and is challenging in 
national parks. Initial attempts revealed that the removal of dwarf bamboo to conserve 
alpine vegetation in Daisetsuzan National Park resulted in the recovery of biodiversity in 
the area over 6 years (Kudo et al. 2017). Although our ecological knowledge of the park 
has improved, the impacts of climate change and adaptation strategies on the park’s social 
and economic benefits have yet to be clarified.

2  Material and methods

2.1  Survey design

We designed a choice experiment survey based on the ecological knowledge about climate 
change affects alpine vegetation and the interviews conducted on local environmental man-
agers. We designed the choice experiment profile with the three attributes with reference 
to the previous studies that stated that it is desirable to utilize the minimum number of 
attributes to reduce the burden of answering the choice experiment (e.g., Hanley and Cza-
jkowski 2019; Holmes and Adamowicz 2003; Swait and Adamowicz 2001; Watson et al. 
2017): (1) the existence of snow patches; (2) the state of alpine vegetation and invasion by 
dwarf bamboo; and (3) the management of fees (i.e., cooperative funds) to provide for the 
implementation of climate change adaptation measures (Table 1). Moreover, given the dis-
cussion with the park managers, our choice experiment profile was designed based on the 
image that mainly included three attributes that also reduce the response burden for visitors 
at the national park.

The existence of snow patches was divided into two levels: absent or present. The 
state of alpine vegetation was divided into five levels: dwarf bamboo only; alpine vegeta-
tion without flowers; and one, two, or three plant species with flowers. These levels were 
selected based on the following climate change scenarios: perpetual decline of snow 
patches due to temperature rise (Amagai et al. 2018; Kudo 2014; Kudo and Hirao 2006); 
an increase in dwarf bamboo at higher elevations (Kudo et al. 2011; Winkler et al. 2016); 
and a decrease in popular alpine plant species (Amagai et al. 2018). After considering the 
aesthetic landscape associated with flowers (Graves et al. 2017), three alpine flower colors 
(white, pink, and yellow) were selected for use in a manipulated image (Fig. 2). The white-
flowered species (Anemone narcrissiflora var. sachalinensis) is the most vulnerable of the 
three, the pink-flowered one (Primula cuneifolia) is less vulnerable than the white-flowered 
species but its habitat is limited, and the yellow-flowered plant (Potentilla matsumurae) 
is as vulnerable as the pink-flowered one but it has a wide habitat (Amagai et  al. 2018; 

Table 1  Attributes and levels for profile design using the choice experiment

JPY was used as the monetary unit for the management fee on the original questionnaire

Attribute Level

Snow patches Absent; present
Alpine vegetation Dwarf bamboo only; alpine vegetation without flowers; one plant 

species with flowers; two plant species with flowers; three plant 
species with flowers

Management fee (cooperative funds) 0; 500; 1500; 3000; 5000 JPY (0; 5; 15; 30; 50 USD, respectively)

35   Page 4 of 18 Climatic Change (2022) 170: 35



1 3

Hirao and Kudo 2008; Shimono et al. 2009). In the present study, it was assumed that these 
flower species were disappearing in the following order: white, pink, and yellow. Finally, 
the attribute of the management fee was divided into five levels: 0, 500, 1500, 3000, and 
5000 JPY (0, 5, 15, 30, and 50 USD, respectively). The level of the management fee attrib-
ute was decided with reference to the interview survey conducted on the park managers 
and the previously stated preference and donation studies conducted in the Daisetsuzan 
National Park (e.g., Kubo and Shoji 2016; Kubo et al. 2018). A one-time voluntary dona-
tion was assumed a way to pay the management fee in our choice scenario. This is because, 
in practice, environmental and park managers often apply voluntary donations rather than 
mandatory fees to collect management fees for Japanese national parks.

The survey applied the D-efficiency experimental design with 25 choice sets split into 
five blocks (i.e., five choice sets per respondent), which was developed using the Ngene 
software (Choice Metrics Pty Ltd, Sydney, Australia). The experimental design has ben-
efits in terms of the robustness of design and reliability of estimated parameters; for exam-
ple, this design can minimize the distribution of estimated parameters, which contributes 
to efficient parameter estimation (see Bliemer et  al. 2009; Hensher et  al. 2015; Huber 
and Zwerina 1996). To imitate the actual management choice situations (Kamakura et al. 
2001), choice sets that comprised “no adaptive management of alpine environments” and 
two selected profiles were created. Five versions of the questionnaire with five choice sets 
each were created, and each respondent was provided with one randomly selected question-
naire (Fig. 3).

2.2  Sampling and data

A questionnaire survey was distributed to park visitors at a trailhead on Mount Asahi-
dake in August 2018. A total of 1201 questionnaires were randomly distributed, and 451 
responses were returned by mail. Before answering the questions, potential participants 
were provided with a statement about the use of the collected data and protection of their 

Fig. 2  A scenario presented to respondents in this study
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personal information, noting that we were collecting responses anonymously; only those 
who agreed with the policy were included in the study.

After excluding non-answered to CE questions, data were analyzed based on 2201 
choice sets and relevant data from 445 respondents. Table  2 gives a summary of the 
respondents’ characteristics, including sex, age, education level, and experience visiting 
the park. Half of the respondents identified themselves as female, and the representative 

Fig. 3  Example of a choice set in the questionnaire. Three profiles were presented to each respondent: two 
profiles with different levels for the four attributes and one no-action profile. 100 JPY equals about 1 USD 
(i.e., 3000 and 500 JPY are 30 and 5 USD, respectively). Although Fig. 3 shows a profile of “three kinds 
of flowers, snow, and 1500 JPY,” our choice sets also include other profiles such as “three kinds of flowers, 
snow, and 5000 JPY.” Of these, there are unrealistic options; however, the inclusion of unrealistic options is 
not a serious issue in the choice experiment owing to the analysis based on choice behaviors

Table 2  Sample characteristics (n = 445)

Since the responses include missing values, the percentage points do not sum to 100

Characteristics (n; %)

Sex Male (195; 43.8%), female (193; 43.3%)
Age 10 s (4; 0.9%), 20 s (21; 4.7%), 30 s (51; 11.5%), 40 s (104; 23.4%), 50 s 

(114; 25.6%), 60 s (102; 22.9%), 70 s (31; 7.0%), 80 s (2; 0.4%)
Education level Junior high school (5; 1.1%), senior high school (86; 19.3%), post-second-

ary technical school (34; 7.6%), college graduate or diploma (37; 8.3%), 
university undergraduate graduate (218; 49.0%), master’s degree (28; 
6.3%), PhD degree (13; 2.9%), other (5; 1.1%)

Experience of visiting Daiset-
suzan National Park

First time (294; 66.1%), second time and above (149, 33.5%)
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age groups were those in their 40 s (23.4%), 50 s (25.6%), and 60 s (22.9%). One-third 
(149; 33.5%) of the respondents had visited the park before. The characteristics of our sam-
ple were similar to some previous studies conducted in the Daisetsuzan National Park (e.g., 
Kubo and Shoji 2016; Kubo et al. 2018), which can imply that our sample represents the 
population of summer visitors to the Daisetsuzan National Park.

2.3  Analysis

To assess aesthetic values of the alpine landscape, we applied a mixed logit model (Revelt 
and Train 1998), which has the advantages of approximating any random utility model and 
addressing preference heterogeneity by specifying the distribution of preferences following 
a particular distribution (e.g., normal distribution; Appendix).

In the present study, we used the management fee variable and six of the non-fee 
dummy variables: (1) the existence of snow patches; (2) alpine vegetation without flowers; 
(3) one plant species with flowers; (4) two plant species with flowers; (5) three plant spe-
cies with flowers; and (6) an alternative-specific constant that reflects visitors’ utility with 
no adaptive action toward climate change. The dummy variables related to alpine vegeta-
tion are based on the dwarf bamboo only situation. The standard deviation parameters for 
all the variables were first estimated assuming they are normally distributed; next, the vari-
ables for which they were not significant were treated as fixed parameters. Consequently, 
the variables of two and three plant species with flowers were analyzed, assuming they are 
normally distributed; in contrast, the distributions of other variables were fixed (i.e., non-
random parameter) in our model. In our analysis, effect coding was applied to variables 
related to each type of alpine vegetation and snow patches. The effect-coded variable for 
each quantitative level is set to 1 when the level is present, −1 if the arbitrary reference 
level (status quo) is present, and 0 for all others (Bech and Gyrd-Hansen 2005; Holmes and 
Adamowicz 2003). Our analysis was conducted using the RPLOGIT package in Nlogit 6 
(Econometric Software, Inc.).

3  Results

The results of a conditional logit model (i.e., base model) and a mixed logit model are 
presented in Table  3. Table  3 suggests that the mixed logit model is better fitted to the 
conditional logit model. All the estimated parameters, except for one plant species with 
flowers, were significantly different from zero at the < 1% level. These results indicate 
that because of effect coding, the absolute values of the coefficients do not have mean-
ing, but the relative values of the coefficient have important implications (Louviere et al. 
2000). The coefficient of the presence of snow patches was higher than the absence of 
snow patches as much as 0.500 (because the absence of snow patches was − 0.250 and the 
presence of snow patches was 0.250). All vegetation variables were higher than the base-
line (i.e., dwarf-bamboo-only situation). Further, the standard deviations of the coefficients 
of one plant species with flowers, two plant species with flowers, and three plant species 
with flowers are statistically significant in the mixed logit model, implying the presence of 
preference heterogeneities for the attributes.

The mean WTP of respondents for the presence of snow patches and all vegetation vari-
ables was calculated using the estimated results given in Table 3 and Fig. 4. The WTP for 
the presence of snow patches was estimated to be 6.336 USD (− 6.336 USD is the baseline 
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level of the absence of snow patches). The WTP for the dwarf-bamboo-only situation was 
also estimated at − 51.530 USD. Conversely, the WTP for the three plant species with 
flowers (i.e., maintaining the present condition) was estimated to be 49.385 USD. There-
fore, the present condition is higher than the worst-case scenario, referred to as the dwarf-
bamboo-only situation, as much as 100.915 USD (i.e., the difference of − 51.530 from 
49.385).

4  Discussion

The present study explored the impacts of climate change on alpine aesthetic ecosystem 
services in a Japanese national park based on accumulated ecological knowledge. National 
parks play an important role in not only biodiversity conservation but also aesthetic land-
scape preservation. Moreover, the benefit of aesthetically pleasing landscapes in and around 
national parks contributes to the development of local socioeconomic sectors. Therefore, 
understanding the impact of climate change on the aesthetics of alpine landscapes is essen-
tial for environmental and park managers to develop adaptation strategies. However, little is 
known about the effects of climate-induced alpine landscape degradation on park visitors’ 

Fig. 4  Estimated mean willingness to pay (WTP) for each attribute. The WTP for snow was calculated by 
setting the WTP for the absence of snow as 0. The WTPs for each attribute relating to vegetation were also 
calculated by setting the WTP for bamboo as 0. The error bar represents the standard error of each attribute
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perceptions and actions. The present study demonstrated the importance of climate change 
measures by presenting the resulting loss in aesthetic value in monetary terms.

Our analyses suggest that the loss of alpine wildflowers and the invasion of dwarf 
bamboo under climate change would cause a substantial economic loss associated with 
the aesthetic landscape (Fig.  4). In particular, the worst-case scenario of climate change 
(alpine landscapes consisting of only dwarf bamboo) substantially decreased the aesthetic 
value that visitors attributed to the alpine landscape, resulting in an estimated mean loss 
of 100.915 USD per visitor. For example, suppose that the Daisetsuzan National Park has 
approximately 0.07–0.1 million visitors in summer (Ministry of Environment 2021); the 
invasions by dwarf bamboo would reduce the social benefits associated with summer land-
scapes degradations by at least 7.064–10.092 million USD per year. The findings indicate 
sustaining the aesthetic value associated with alpine vegetations in national parks via cli-
mate change adaptation has potentially significant economic benefits. These results are 
also consistent with previous studies that reported that climate-induced landscape changes 
could have a significant negative impact on local communities (Ignacio 2017). Given the 
field experience of relevant studies (e.g., Kubo et al. 2018; Kudo et al. 2011), each person 
can eliminate  10m2 dwarf bamboo by hand per day. Thus, the costs can be calculated based 
on the labor and average income in the region: about 120 USD per  10m2 dwarf bamboo 
removal by hand. However, it seems unrealistic to suppose a linear increase in costs. There-
fore, we leave this cost-benefit analysis for future research.

As in the present study, Rewitzer et al. (2017) who investigated preferences for alpine 
agricultural landscape changes also reported that the public did not prefer some landscape 
changes, in that case tree-line elevation and/or grassland intensification. Our results also 
support the findings of several studies reporting negative impacts of climate change on 
certain socioeconomic sectors (Burke et  al. 2016; Hsiang et  al. 2017; Remoundou et  al. 
2015), indicating the importance of adapting to the impacts of climate change in national 
parks (Jopp et  al. 2010; Kaján and Saarinen 2013). Given that there is no correlation 
between preferred aesthetic services associated with forest landscapes and those associated 
with biodiversity (Graves et al. 2017), ways to sustain aesthetic ecosystem services in the 
alpine area should be developed as well as the conservation of biodiversity which previous 
research and actions focused on (e.g., Kudo et al. 2017).

It is noteworthy that the WTP for each dummy variable associated with alpine vege-
tation dropped at approximately regular intervals, with the visitors’ preference for alpine 
landscapes containing certain numbers of wildflower species being nearly linear (Fig. 4). 
This finding suggests that the utility associated with the vegetation in an alpine landscape 
has no threshold and thus provides valuable insight into developing climate change adapta-
tion strategies; the benefits of conserving alpine vegetation may be higher than the cost, 
even if some alpine species are lost and/or dwarf bamboo covers some areas. Furthermore, 
in our choice experiment scenario, the white flowers dominated the images, whereas the 
area of yellow and pink flowers was small; however, the WTP for each dummy variable 
associated with alpine vegetation dropped at approximately regular intervals. Thus, our 
results also imply that visitors’ preferences for vegetated alpine landscapes are affected not 
by the area and/or dominance of each alpine species but by the number of species and/or 
flower colors. In a study of fields of wildflowers in a forest setting, Graves et al. (2017) also 
found that color diversity significantly affected visitors’ aesthetic preferences. These results 
also support the importance of biodiversity conservation for aesthetic cultural services.

Snow patches also play an important role in the aesthetic services of alpine landscapes. 
According to our survey, the disappearance of snow patches decreased visitors’ apprecia-
tion for the alpine landscape. Although the impact of the loss of snow patches on WTP was 
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smaller than that of alpine vegetation, their disappearance would have a negative impact 
on the benefits for park visitors. Our analysis showed that visitors have a potential WTP of 
approximately 12.672 USD to protect snow patches (Fig. 4). It indicates that the national 
park might lose a minimum of approximately 0.887–1.267 million USD per year due to 
the loss of snow patches in summer with the assumption that the Daisetsuzan National 
Park has approximately 0.07–0.1 million visitors in summer. To date, most alpine land-
scape studies have focused on glaciers and have concluded that they play an important role 
in the aesthetics of alpine environments (Hermes et  al. 2018; Schirpke et  al. 2016). We 
found that snow patches, despite being much smaller than glaciers, are also aesthetically 
important to visitors. Our findings provide useful information regarding the valuation of 
remaining snow patches as a landscape component, and suggest that policymakers need to 
implement both adaptation and mitigation measures by considering how much people lose 
their benefits without the measures. Because global warming makes it difficult to sustain 
snow patches until summer (Yokohata et al. 2021), it is recommended not only to adjust 
the mountain-climbing season and/or tailor hiking trails for glacier tourism under climate 
change (Bury et al. 2011; Chevallier et al. 2011; Salim et al. 2021), but also enhance the 
climate change mitigation strategy.

Our analysis uncovered the heterogeneity of visitors’ preferences for alpine vegetation 
and snow patches (Table 3). The image-based choice experiment is known to cause greater 
preference heterogeneity (Shr et al. 2019); however, preference heterogeneity was less for 
the worst-case scenario. Although most visitors did not appreciate landscapes composed 
of vegetation without flowers, the preference heterogeneity for better scenarios was signifi-
cantly greater than zero. For example, for three plant species with flowers, the distribution 
of the preferences followed a normal distribution with a mean of 1.838 and variance of 
0.369. This indicates that some respondents appreciated the alpine landscape composed of 
some types of flowers, whereas other respondents were unwilling to pay for the preserva-
tion of the landscape much. These findings indicate that managers can easily build con-
sensus on the need for climate change adaptation through a description of the worst-case 
scenario. On the other hand, the goals of climate change adaptation—whether conserving 
three wildflower species or two, for example—may be controversial. These results are con-
trary to those of a previous study that assessed the aesthetic value of flowers in forested 
areas (Graves et al. 2017). A possible explanation for the different results could be partly 
affected by the status quo bias. Our study evaluates visitor preferences based on climate 
change scenarios; in other words, in our choice experiment, respondents were asked to val-
uate future alpine landscapes with reference to the current situation. This status quo bias 
could have affected some respondents’ preferences. Consequently, this caused preference 
heterogeneity. The present study, therefore, implies the importance of where to place the 
reference point of discussion in a changing environment particularly attributed to climate 
change: current state, worst-case scenario, medium scenario. For example, when environ-
mental managers communicate about climate change adaptation strategies to citizens, they 
should carefully select where to place the reference point because it possibly affects public 
preferences for adaptation strategy goals. Our findings regarding visitors’ aesthetic prefer-
ences heterogeneity provide valuable insights for environmental managers as they develop 
these goals.

The preferences for snow patches are not heterogeneous, meaning that the WTP of 
almost all respondents decreased with a decline in snow patches. Therefore, for most visi-
tors, the presence of snow patches is important to the aesthetic value of alpine landscapes. 
Although snow patch conservation mostly depends on climate change mitigation strategies, 
park managers can adapt through measures such as the development of climbing routes to 
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view the existing snow patches. Our analysis indicated that the WTP for snow patches was 
12.672 USD per visitor, allowing for the development of these adaptive measures.

Finally, our study also provides important insights for addressing climate change in 
the alpine areas of national parks. As shown in Table 3, the coefficient of the alternative-
specific constant was significantly negative, which implies that visitors’ benefits decrease 
without measures for climate change adaptation. These decreased benefits are associated 
with alpine ecosystem services, and the economic loss is estimated to be approximately 
17.632 USD per visitor. Although the alternative-specific constant includes some factors 
affecting the choice of “no adaptive management of alpine environments” (because this 
option was always presented as scenario 3), these results highlight the need for adaptive 
management for climate change in order to maintain the social benefits associated with 
alpine landscapes in national parks.

Although our findings should contribute to the development of adaptive management 
for climate change in alpine areas of national parks, there are some limitations to applying 
our results to actual policymaking. For instance, our target group included only domes-
tic visitors to the national park. The Japanese government has been trying to increase 
the number of foreign visitors to the country’s national parks, which implies that it is 
also important to understand foreigners’ aesthetic preferences. Non-visitors (i.e., local 
residents and general citizens) are also important stakeholders because they too receive 
aesthetic benefits from alpine landscapes (Assandri et  al. 2018; Schirpke et  al. 2016; 
Yoshimura and Hiura 2017).

Furthermore, our study also includes challenges in the evaluation of the annual loss 
of social benefits associated with alpine aesthetic landscape degradation. Firstly, we 
only considered the impact of climate change on alpine landscapes in summer, and our 
sample includes only summer visitors. However, climate change also affects alpine land-
scapes in other seasons, including the timing and quality of the color change in autumn 
foliage (Koide et al. 2019; Liu et al. 2019). Park visitors in each season may also have 
different preferences for alpine landscapes. For example, the benefits for autumn vis-
itors possibly depend on the quality of the leaf colors rather than snow patches and 
alpine flowers. Moreover, the aesthetic alpine ecosystem services are also available for 
the local residents and the general public. Thus, our result can be insufficient for the 
valuation of the annual economic loss associated with alpine landscapes. Therefore, 
future studies are required to address this issue while focusing on multiple stakeholders 
and different seasons.

Second, we calculated the annual economic loss associated with the alpine aesthetic 
landscape degradation based on the data observing only the number of visitors by using a 
sensor camera. To assess the economic loss more accurately, further research needs to ver-
ify the exact number of visitors and derive more detailed visitor characteristics. The use of 
mobile phone location data and SNS data has the potential to play a vital role in overcom-
ing the challenges, which have been addressed in recent studies (e.g., Jaung and Carrasco 
2020; Kubo et al. 2020; Sinclair et al. 2020).

Finally, there are also limitations regarding stated preference methods, including our 
scenario. We sincerely designed the image-based survey to focus on aesthetic value; 
however, the value might include other benefits, owing to the respondents’ perception of 
images. Furthermore, although our choice experiment survey focuses on climate change 
adaptation strategies, we did not present detailed information about the realistic measures 
supported by the visitors’ donations. Despite the fact that our scenario mainly addresses 
climate change adaptation, maintaining snow patches can be achieved using climate change 
mitigation measures. To understand the measures supported by visitors, further research is 
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recommended to address park visitors’ preferences for climate change measures, including 
both mitigation and adaptation strategies.

5  Conclusions

Our analysis revealed that park visitors prefer alpine landscapes with snow patches on 
mountains and some types of alpine flowers, whereas the invasion of alpine vegetation by 
dwarf bamboo and the disappearance of snow patches due to climate change substantially 
deteriorates the perceived value of the landscape. The monetary value associated with 
alpine flowers was estimated at approximately 100.915 USD, and that of snow patches was 
12.672 USD. Suppose the number of people who visit the park each summer is approxi-
mately 0.07–0.1 million; therefore, a total of 7.951–11.359 million USD might be lost in 
the local economy due to climate change-induced summer landscape degradation annu-
ally. However, since the aesthetic value associated with alpine landscapes is not exclusively 
enjoyed by summer visitors, that the estimated value is the minimum of the loss values. In 
addition, the annual economic loss without measures for climate change adaptation was 
estimated as 17.632 USD per visitor. Therefore, sustaining the aesthetic value of alpine 
landscapes in national parks via climate change adaptation has potentially significant eco-
nomic benefits; the present study highlights the importance of climate change adaptation 
measures (Salim et al. 2021). We believe that this study contributes to the development of 
climate change adaptation and mitigation strategies by considering the benefits for society 
from ecosystems.

Appendix

In a random parameter logit model, utility (U) can be described as an observable compo-
nent (V) and a random error component for unobservable factors (ε) with independent and 
identically distributed assumptions (Louviere et  al. 2000; McFadden 1974; Train 2009). 
An individual respondent (i) chooses an alternative (j) in period (𝑡), which maximizes util-
ity, as shown in equation (1):

where b is the population mean for the coefficient vector, νi is a vector of random varia-
bles that capture the individual unobserved heterogeneity, and Γ is the nonzero elements of 
the lower triangular Cholesky matrix, which refers to the standard deviation of individual 
specific parameters around the population mean. This model can incorporate unexplained 
preference heterogeneity through random terms in the distributions of parameters (Hess 
and Rose 2009).

The alternative j was chosen by individual (i) if Uij > Uik for all k ≠ j. Thus, the probabil-
ity that a respondent chooses the alternative j from choice set C is represented as follows:

(1)
Uijt = f

(
Vijt, �ijt

)
= Vijt + �ijt

Vijt = ��
i
xijt

�i = b + Γ�i,
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If the term εijt is identically and independently distributed as the extreme value type 
1, we can calculate the expected probability that alternative j was chosen by individual 
respondent i using a multivariate probability density function β. The expected probability 
(Eij) is presented in the following equation:

These parameters are estimated by simulated maximum likelihood techniques that max-
imize the simulated log-likelihood function because the integral of estimating this model 
does not have a closed form (McFadden and Train 2000; Train 2009).
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