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Preface

At the end of the 20th century, documents such as the World Heritage Guidelines or the
European Landscape Convention proposed new and challenging ways of conceptualizing landscape
assessment and governance. Consequently, in the recent two decades, numerous countries have
re-evaluated their national planning systems and landscape conservation policies.

Simultaneously, social media has grown into an extensive source of data with a certain influence
on how we regard spaces. Currently, numerous researchers are advocating the value of social media
data to better comprehend ecosystem services provision, use, and intensity. Through this, we may
also be in a more optimal position to understand how to recognize people’s patterns of behavior or
how they perceive the landscape.

The relation between social media and the latest conceptualizations of landscape allows us to
ask pertinent questions that are the base of this collection of chapters: Is social media useful for
administrations to recognize and adapt to changes in land use, patterns of mobility, or landscape
meaning? Is it bringing a more democratic understanding of the landscape and its conservation?
Does it serve local communities to express their feelings towards governance policies? Do any of these
factors align with the concepts laid out by international organizations, such as the [UCN, UNESCO,
or the European Council?

The aim of this Special Issue is to delve into the relationship between the contemporary forms of
landscape valuation and governance and present-day social media. The lines of research outlined by

the included papers focus on the current connections of social media with the following:

Traditional ecological knowledge (TEK) and governance decentralization;
Participatory scenarios and land planning based on online technologies;
Multi-scale processes and social-ecological resilience;

Spatio-temporal patterns for the maintenance of the living landscape;
Sustainable governance and rural landscape stewardship;
User-generated content (UGC) as a tool for landscape studies;

Inclusive and participatory land governance—a cross-country comparison.

This Special Issue comprises articles written by authors from a diverse geographic distribution
and different academic backgrounds. In total, the 11 papers collected here provide a multifaceted
collection of approaches to the afore-mentioned problem. First, we find research studies directly
focused on management—such as that of Yiwei Huang, Zhixin Li, and Yuhan Huang—which are
centered around Chicago’s public parks. Similarly, Aireona B. Raschke, Jeny Davis, and Annia Quiroz
explain the interesting and innovative proposals of the Central Arizona Conservation Alliance.

On the other hand, several papers focus on the management and appreciation of the tourist
population, for example, in relation to glacier destinations—authored by Fan Tang, Jianping Yang,
Yanxia Wang, and Qiuling Ge; urban wetland parks—by Jiani Zhang, Xun Zhu, and Ming Gao;
mountain landscapes in Beijing—by Tingting Ding, Wenzhuo Sun, Yuan Wang, Rui Yu, and Xiaoyu
Ge; and mountain landscapes in Western Sichuan—by Keying Ding, Mian Yang, and Shixian Luo.
In addition, some papers address the issues of user preference and the relationship between public
spaces and social networks more generally. This is the case of a paper on citizen satisfaction on the
Beijing waterfront—by Siya Cheng, Zheran Zhai, Wenzhuo Sun, Yuan Wang, Rui Yu, and Xiaoyu
Ge—and an interesting approach to social media content in an article by Diego Martin Sdnchez and
Noemi Gémez Lobo, who work on a case study of Tokyo’s Rinshinomori Park.

In addition, this Special Issue is completed with two papers related to research projects that

vii



employ social networks to the recognition, assessment, conservation, and communication of Spanish
post-industrial landscapes. One is authored by Angeles Layuno Rosas and Jorge Magaz-Molina, and
the other by Graziella Trovato.

This Special Issue closes with a paper that critically evaluates the use of predictive tools to
determine the future interest in the landscapes around us, authorized by Nicolas Marine, Cecilia

Arnaiz-Schmitz, Luis Santos-Cid, and Maria F. Schmitz.

Cecilia Arnaiz Schmitz, Nicolas Marine, and Maria E. Schmitz
Editors

viii
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Abstract: User-generated content (UGC) is a relatively young field of research; however, it has been
proven useful in disciplines such as hospitality and tourism, to elicit public opinions of place usage.
In landscape architecture and urban planning, UGC has been used to understand people’s emotions
and movement in a space, while other areas and additional functions are yet to be discovered.
This paper explores the capability of UGC in revealing city-scale park management problems and the
applicability of social media as a future tool in bridging visitor feedback to city parks and recreation
department staff. This research analyzed the spatial characteristics and patterns of Google Maps
review quantity, rating score, and review comments. The results of this pilot study indicate the
spatial and structural features of the Chicago parks and demonstrate distribution problems, financial
investment priority concerns, park usage characteristics, and user preferences of the park attributes.
Findings affirm that user-generated online reviews can be used as an alternative and self-reporting
data source to effectively assess the natural performance and users’ experience of city parks and can
potentially serve as an evaluative tool for public park management.

Keywords: user-generated content (UGC); park and recreation; Google Maps; online views;
park experience

1. Introduction
1.1. Urban Parks and Parks-and-Recreation in Cities

Urban parks are defined as delineated open space areas, which are mostly dominated
by vegetation and water, and generally reserved for public use [1]. Parks vary in size; while
most urban parks are large, some can be small and are called “pocket parks”. Parks are
usually defined by authorities, are typically owned and managed by their local municipality
and/or government agencies, and aim to provide sports, physical activities, cultural and
environmental programs to local residents and visitors [2]. Urban parks and public open
spaces are crucial to livable and sustainable cities and towns. The experience of nature
in urban environments can elicit positive feelings and beneficial services that satisfy the
social functions and psychological needs of its users [3]. They are important assets to
cities and have been shown to provide tremendous benefits to urban dwellers” wellbeing.
For example, the presence of natural assets and components in an urban context can
reduce stress [4] and provide a sense of peacefulness [5]. Live plantings, such as trees and
grass in outdoor spaces, may promote social connectedness [6]. Trees, water, and open
spaces, especially attractive ones, are also associated with higher house prices and have the
potential to bring economic benefits to the surrounding neighborhood [7].

Land 2022, 11, 211. https://doi.org/10.3390/1and 11020211
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Urban parks should be inclusive for urban dwellers and visitors as the accessibil-
ity, quality, and availability of urban parks impact life in cities [8]. In the United States,
the municipality’s parks” management agency, typically its parks and recreation depart-
ment, plays an important role in monitoring an accessible and equitable distribution of
urban parks to visitors. According to the Park and Recreation Professional’s Handbook,
with the current challenges the world faces, including inequity, obesity, polities, and technol-
ogy development among others, park and recreation professionals have many opportunities
to engage with people’s leisure time, understand people’s needs, and continue to play a
stronger role in improving lives [2]. As public amenities and a form of public investment,
urban parks should serve communities fairly, especially for those with inadequate access
to private recreational activities, such as low-income populations, older adults, youth,
and ethnic minorities [9].

1.2. Current Park Management Strategy Challenges

A city’s parks and recreation department is responsible to provide places and pro-
gramming that help residents and visitors of all ages, backgrounds, and economic and
social status stay healthy and learn new skills. With large quantities of facilities and huge
areas to manage, doing this job likely faces many challenges. Some frequently mentioned
challenges include:

(a) New methods are required to keep information up to date.

Traditionally, and even today, the standard practices to monitor park usage and
performance are surveys, questionnaires, and observations. For example, Cohen et al.’s
two-year study looked at the relationship between park usage, park characteristics and
demographic factors. They surveyed 51 park directors and more than 4000 park users and
residents, and conducted observations on 30 parks in a Southern California metropolitan
area [10]. Chiesura distributed 750 questionnaires to understand the significance of na-
ture in citizens” well-being and the contribution to the sustainability of the city [1]. Ina
case of neighborhood parks performance assessment in New Orleans, the researchers
conducted observations on a total of 39 neighborhood parks with more than 170 activity
areas. To maintain research rigidity, the observations were conducted six times per day,
with a half-hour interval over a three-hour period [11]. Those methods provide a sufficient
dataset if conducted right. However, they are typically limited by staff capacity in terms of
time and number of employees, can be potentially costly to conduct, especially regularly,
and are not always spatially explicit [12].

Many internal and external factors and changes may impact park visitation and usage,
and it may be difficult to maintain up-to-date information under current monitoring meth-
ods. For example, Zhang and Zhou found that transportation accessibility is a significant
factor in park usage [13]; however, city administrators normally do not conduct a survey
of park usage before and after the construction of every new bus stop. The same story
applies to the COVID-19 pandemic, that typical information generating methods, such as
questionnaires and surveys, are not sufficient to draw any meaningful conclusions on how
the usage pattern or visiting groups change over time, or under particular circumstances.
Adopting and implementing new methods to generate data about gathering patterns,
popular programs, and immediate concerns is an urgent task for parks and recreation
departments to undertake.

(b) Data collection and park performance measurements require improvement.

As the recreational division owns or maintains a large and complicated array of pro-
grams located in different places that are aligned with different operating models, and target
various customer groups, maintaining a simple and consistent way of data collection and
performance measurement is challenging. Previously and currently, as aforementioned,
data is often collected via surveys and questionnaires to solicit community feedback. How-
ever, those methods are often lacking in fidelity due to the lack of participation of certain
populations, especially those who are marginalized. For instance, Scott and Munson’s
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study revealed that low-income family members’ park usage were limited by many reasons,
including fear of crime, health conditions, transportation, and costs. Moreover, members of
low-income groups have always been under-sampled, due to reasons such as busy work
schedule or family duties [14]. The city of Seattle’s Recreational Evaluation Plan pointed
out that to prioritize recreational services for underserved communities, additional data
collection and reporting is needed [15].

All data collection, analysis, and performance measurement require a certain level of
educational background, professional accountability, continued training and professional
development [16]. Who has the skillsets to do these analyses? How many times and
how often do park and recreational staff members normally conduct a survey? How are
data interpreted and how are those interpretations used for future park development
and planning? How can community members be involved in data contribution and
monitoring performance evaluation processes? All these questions are important but
remain unanswered and ripe for novel solutions.

(c) Environmental justice problems and efforts from planning.

Research has found that green spaces are inequitably distributed within cities. Cities
in UK, Australia, Turkey, and the US, have reported that the so-called minority groups are
often disproportionally displaced to areas with less access to urban open spaces, and may
consequentially be exposed to greater health-related issues [17]. Byrne, Wolch, and Zhang
argue in their systematic review that although many recent park usage articles attempt to
explain differences in park visits based on factors such as race, gender, and age, they ignore
important social-spatial factors that may support park use. Geographical variables such as
residential location, park distribution, and facility supply must also be considered as poten-
tially relevant factors for park use and as such, require more in-depth investigation [17].

To battle with existing environmental justice problems, an equity-oriented approach
to landscape planning that better articulates park needs, recreational and health disparities,
and park resources distribution is required [18]. Some previous research, most of which
utilized ArcGIS and open city data, has begun to shed light on future planning efforts.
Previous discussed topics mostly include park proximity, acreage, and park qualities [19].
These quantitative analyses show multifaceted patterns of environmental injustice. How-
ever, to retrieve feedback and perceptions from residents and affected groups, additional
qualitative data needs to be acquired for further analysis.

(d) Insufficient budget and financial investment.

Another factor is sometimes drawn from insufficient funding from public entities.
Takyi and Seidel showcased a case study of parks in the city of Vancouver to illustrate the
fact that the indirect economic values of urban parks make it difficult to represent their
financial benefits. This affects the ability to assess the true costs and benefits for decision
makers. This adversely impacts the level of investment in the ongoing development of the
park, thereby limiting sustainable management of the entire park system [20]. To become
more effective in dealing with rising costs associated with providing basic services, park
and recreation agencies have had to become more business-like [21], which may lead to
uneven attention to all the parks in city.

1.3. User-Generated Content and Its Potential to Contribute to Landscape Governance

With the development of science and technology, as well as the proliferation of elec-
tronic device usages in daily life, the forms of information we can gather have also changed.
There has been a shift in mindset about how to collect and analyze data in public re-digital
formats to obtain better and more innovative results. User-generated content, or UGC,
is one form of data that has effects on society, economy, and individuals [22]. According to
Wyrwoll, UGC is content that is published on online platforms by users, through a process
that does not require users to be equipped with programming skills. Social media then
comprises platforms that contain user-generated content [22].
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The innovation of UGC is that it consists of different forms of data, which enlarges
the scope and aspects of the data characteristics. It may help researchers further examine
the correlations of data content with other information, for example, demographic records.
A traditional UGC unit consists of core data, or the content, and metadata, or the infor-
mation about the given piece of information, such as the date and time of publication,
the associated author information, and the number of views [22]. Moreover, one of the
benefits of UGC is that almost all the content is voluntarily uploaded by users, so the
content itself is unobtrusive, and reduces the researchers’ need to be directly involved in
data collection.

In terms of disciplines, journalism, computer science, media and culture, market-
ing, hospitality, and tourism are employing UGC research. The most researched social
media platforms are Twitter, Flickr, YouTube, Facebook, and Instagram, to name a few.
User-generated content is being used to understand customer needs [23], such as how it
may change users’ behavior and travel habits [24], and how it provides first-time users
the opportunity to understand a place by exploring the descriptions and opinions from
others [25].

The authors believe UGC has potential to contribute to a better understanding of
environmental experiences and landscape governance, and in turn with the generated
information, to help parks and recreation staff more efficiently manage entities within
their city scale. In the field of landscape architecture, several social media platforms have
been studied and have contributed to the understanding of user movements, perceptions,
and feature popularities within or outside parks. Examples include Flickr and Twitter
data which can showcase human visitation dynamics and indicate the equitability of park
access [26]. Flickr images can be analyzed to explore people’s perception and attitudes
towards a phenomenon in city parks [27]. Instagram posts can be collected and coded to
understand users’ emotions and activities associated with specific park features [28].

There is currently limited research utilizing Google Maps user reviews to understand
park management deficiencies or visitor feedback on park conditions. However, Google
reviews have been utilized in other fields, to examine airport service quality [29], restaurant
service and customer’s eating experience [30], students” educational experience and their
attitudes towards quality of teaching, course design, learning environment and support
received [31], and so on. Google Maps user reviews have also been used for branding
tourist destinations and to predict public perceptions of visiting places [32]. However,
as reported, few of these studies have focused on using the core data, the content metadata,
spatially explicit information, or the other values associated with the core data.

This project is a pilot study intending to make breakthroughs in this area, through
further use of metadata, especially the spatial attributes of core data, and to analyze
the relationship between core data, metadata, and other data that exists within the city
boundary on websites. This analysis may help to support the use of UCG as a relevant
assessment tool for future park management of any city. The objective of this paper is
to use Google Map reviews of Chicago public parks as an example of UCG to determine
a relationship between popularities of reviews together with their spatial pattern, most-
discussed topics, and the corresponding relationship with household incomes, population
distribution, and the equality of regional development.

2. Data and Methods
2.1. Study Area

The authors chose the city of Chicago to conduct a pilot study for several reasons.
Chicago has long been an experimental mecca for urban design, planning, and landscape
architecture. In Dreaming the Metropolis [33], Cronon described the importance of land
geography in Chicago, and how the location of resources, transportation routes, and culture
shaped the city to what we know today. Chicago also has geographically related inequities
including health disparities [34], healthy food access [35], and transportation and mobility
issues [36]. Chicago also has one of the largest urban public park districts in the world
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staffed by 3000 full-time and 3000 seasonal employees in the 2000s [16]. The Chicago
Park District now has the stewardship of more than 8000 acres of open spaces, more than
570 parks, 30 plus beaches, and 50 nature areas [37]. Moreover, the city of Chicago has
public demographic data that are accessible to researchers, and Chicago’s parks also have
received large quantities of reviews on Google Maps which made the quantitative analysis
abundant in samples.

As aforementioned, the social media platform for this research is Google Maps. All the
parks analyzed in this research were registered as parks under the official Chicago Park
District website [38]. The core data reviewed in this paper are the review content, including
the comments and review scores, which range from 1 to 5, with 1 being the lowest and
5 being the highest for their satisfaction with the Chicago urban parks. The boundary of
this project follows the city boundary set by the planning and development department,
as shown by Figure 1. The reviews of the parks that were studied are drawn from the
amenity lists from the Chicago Park District. Pertinent to this paper, the Google review
average score, numbers of ratings, as well as the first five reviews are public data that can
be collected by anyone (see Figure 2).

l:‘ Far North Side
Northwest Side
. North Side
. Central Chicago
|i West Side
Southwest Side
. South Side

Far Southwest
Side
Far Southeast
Side

The City of Chicago

Figure 1. Chicago neighborhood maps. Adapted from Wiki commons.
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2.2. Data Collection

As a web-mapping service, user-generated reviews from Google Maps have previously
been used to analyze customer perceptions of theme parks, restaurants, and libraries [39,40].
We suggest that these reviews may also help understand the spatial patterns and the user
experiences of the public parks under study.

There has been a dramatic increase in the number of Google Map reviews received
since 2015 as compared with other review platforms [41]. Pertinent to this research, when
compared with other platforms such as Yelp or TripAdvisor, Google Maps also received
more reviews for public parks, especially for community parks that are relatively small,
providing inclusive information and samples for further analysis.

We retrieved records of 605 public parks in Chicago through Google Maps Application
Programming Interface (API). Based on the names and addresses of the public parks
from the Chicago Park District website (https://www.chicagoparkdistrict.com/ (accessed
on 6 July 2021)), as illustrated in Table 1, we collected the park attributes, geolocations,
park ratings, as well as the frequency and the content of reviews for each park up from
the beginning time that the review is available to August 2021. The collected attributes
of the public parks were further converted into spatial points with their corresponding
structural and non-spatial information in the Environmental Systems Research Institute
(ESRI) Shapefile format. We further extracted keywords of the collected reviews for each
individual park along with the total number of reviewers who mentioned the keywords in
their reviews (Table 2).
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Table 1. Park information collected through the Google Maps APL

Attributes Description

name Park name.

formatted_address A string containing the human-readable address of

this park.
lace id A unique identifier of this park, which can be used
placet with other Google APIs.
rating Park rating, from 1.0 to 5.0, based on aggregated

user reviews.

The total number of reviews of this park, with or

ti total i
user_ratings_tota without text.

lat Latitude of this park in decimal degrees.

Ing Longitude of this park in decimal degrees.

The URL (Uniform Resource Locator) of the official
Google page for this park. This is the Google-owned

url page that contains the best available information
about the place.
Table 2. Key words from the Google Maps Reviews.

Attributes Description

lace id A unique identifier of this park, which can be used
place with other Google APIs.

kev words Key words mentioned by multiple reviews that can

V- label the features of a park.
Kw_mentioned Total number of each keyword for all reviews.

To explore the relationship between the pattern of public park distribution and the
socioeconomic conditions of the surrounding communities, we also collected the 2019
household income information of Chicago residents at the census tract level (https://
datausa.io/profile/geo/chicago-il (accessed on 6 July 2021)), 100 m gridded population
structure data in 2020 from WorldPop (https:/ /www.worldpop.org/ (accessed on 6 July
2021)), 38 m human settlement history layer showing the presence of built-up in different
epochs [42], and the human modification layer in 2016 which shows the percentage of
human activities, such as urban infrastructure, agriculture, mining, or transportation,
in each 1 km pixel [43]. We further summarized the map of the percentage of children
under the age of 15 from the WorldPop population structure data.

2.3. Methods
2.3.1. Web Crawler and Web Content Parsing

The web crawler, also known as a spider [44] or an automatic indexer [45], is a powerful
technology that collects data from web sources by iteratively extracting web contents from
a list of URLs, which are also called seeds. In our data collection process, the URLs for all
parks shown in Table 1 are considered as the seeds of the web crawler and corresponding
web pages are stored by accessing these seeds. Since web pages are built using text-based
mark-up languages (HTML and XHTML), with data distributed in the contents, same
class information is typically encoded into similar pages by a common script or pattern.
After crawling the web pages, we identified and scraped web elements with the targeting
information using the Selenium package in Python. All data stored in web elements found
by Selenium were saved and cleaned using regular expression [46] to remove the redundant
and noisy records. Figure 3 shows a subset of the data collected and cleaned:
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place_id
ChlJvX8aF-EIDogRws8sWkRmL60
ChlJgXs7PIckDogRS2CeQDg4BAY
ChlJb2Z0dB_TD4gRIOp_StKNk80

key_words

All kids:18 house:9 play:8 walk:8 pool:5 basketball:5 peaceful:4 community:3 baseball:3 restaurants:3

All kids:18 play:6 basketball:6 football:4 swimming:4 house:3

All sandbox:15 splash pad:11 toddler:8 swings:6 clean:6 water feature:5 structures:3 parents:3 slides:3 benches:3

ChlJOeKUdVMrDogRmMZVEmMCCSdE All beach:10 walk:6 benches:5 lake:4 trees:4 bike path:3 water:3

Figure 3. A subset of the collected and cleaned data. The left column represents the unique park
identifier and the right column contains the key word information.

2.3.2. Kernel Density Estimation

As an important nonparametric technique in statistical analysis, kernel density estima-
tion (KDE) is used to estimate the probability density function of a random variable [47].
Kernel density estimation has been widely used for multiple purposes such as spatial data
smoothing, hot spot detection, and risk prediction [48-50]. When dealing with geospatial
information, KDE generates a density surface where each cell is rendered based on the
kernel density at the pixel center. For each observed geographic point, KDE fit a kernel
function, assuming that each observation is continuously spread within its kernel window.
Given by 1 observed points p;, the predicted density p(x) at a new location x is determined
by the following formula:

n : . 2\ 2
plx) = rlz ; %POP(Pi) (1 - (M) ) , fordist(pi,x) <r )

where r represents the search radius, function pop(p;) represents the population field,
which serves as the weight on each observation, and dist(p;, x) computes the distance from
each location x to the observation p;.

Following Equation (1) above, we further generated the equally weighted kernel
density map in ArcGIS Pro to show the spatial pattern of the public park distribution in
Chicago, with each pixel on the resulting image indicating the number of public parks per
square meter.

2.3.3. Global Moran’s I and Getis—Ord Gi* Statistics

To understand the spatial patterns and to validate the significance of the park ratings
and of the number of ratings of the different parks reviewed, we conducted spatial autocor-
relation analysis and calculated both the global Moran’s I and Getis—Ord Gi*. In general,
Moran’s I compares the similarity of the value at the current location with its adjacent
locations [51]. Getis—Ord G* identifies spatial clusters where high or low values are ob-
served [52].

We used global Moran’s I to measure the spatial autocorrelation among ratings and the
number of ratings received for each park based on its location and the value simultaneously.
This spatial autocorrelation analysis measures the overall pattern of the Chicago public
park distribution, which ranges from clustered, random, to dispersed [53]. The Moran’s I
statistic for spatial autocorrelation is calculated as:

_n L N wij(xi — ) (xj — )
So (X — ‘u)z

where x; is the value of the observation i, n is the number of the observations, y is the mean
of the observation, wj; represents the spatial weight between i and j, and S is the aggregate
of all weights.

A large and positive Moran’s I indicates a high similarity between the parks and their
adjacent parks in terms of the rating or number of ratings received, and a negative value
represents the dissimilarity when compared with adjacent parks.
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The Getis-Ord Gi* Statistic evaluates the significance of local pattern and clusters
of public parks [54,55]. By testing each park within the context of neighboring features,
Getis-Ord Gi* identifies the clusters. An observation with a high value and surrounded by
high-value points can be called a statistically significant hot spot and can be identified by
the Getis—Ord Gi* statistic. The Getis—Ord Gi* can be calculated as following:

o = Yy wixj — Y wijx

1

3)
nyi wﬁf (Z]":] wf'f)z
T

where x; is the value of the observation 7, 1 is the number of the observations, w;; represents
the spatial weight between i and j, and S is calculated as

n n 2
5= J REL (Z“ xj) 4)
n n

In our analysis, a high value of Getis—-Ord Gi* indicates that the total park ratings or
the total number of people evaluating parks in the neighborhood is high relative to the
average of all public parks in Chicago. Likewise, a negative value indicates a low value
cluster and a value approaching to 0 means the intermediate condition.

2.3.4. Review Keywords Analysis

To reduce the dimensionality of the scraped park reviews and explore the features
of the public parks in Chicago in terms of management improvement, keywords of park
reviews and their corresponding frequency of being mentioned were exploited to explore
what features are of most concern to visitors. First, the keyword frequencies for all parks
were aggregated together and the top 10 mentioned keywords were visualized to give
a big picture of the park features of most concern. Second, we stratified park reviews
according to their ratings to illustrate the potential differences in park attributes, conditions,
and environments that lead to differences in park ratings. The pie charts of keywords are
then generated for parks with ratings ranging from 1 to 2 (1 park), 3 to 4 (22 parks), and 4
to 5 (329 parks) stars (scores). When we scraped the review data, there were no parks in
Chicago rated between 2 to 3 stars on Google Maps and some parks do not have reviews.
Finally, 6 parks in different geographical locations are manually selected as examples to
illustrate differences of features that visitors mentioned.

3. Results and Conclusions
3.1. Spatial Patterns of Public Parks in Chicago

Overall, both park location and the most frequently rated parks are significantly
clustered by Lake Michigan, with a densely populated zone of public parks extending from
North Side to Far Southeast Side of the city. The spatial patterns seem be controlled by
the distance to the urban infrastructure, local socioeconomic conditions, and park users’
behaviors. Figure 4 shows the kernel density map of the public parks in Chicago. Central
Chicago and west of the West Side have the most observed dense park distribution in
the city.
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Figure 4. Kernel density map of public parks in Chicago.

The results of the spatial autocorrelation analysis indicate the patterns of park ratings
and rating numbers at both the global and local scale. In terms of the global spatial
autocorrelation, as summarized in Table 3, there are clustered distributed patterns for
park ratings and rating numbers for all public parks in Chicago. This finding implies
that high-rating parks are located close to each other in space and the most-visited parks
are also spatially clustered together. For the patterns of park rating, an extremely high
critical score (z-score) of 4.4 and a very small p-value of 0.000011 were received from the
statistical test, representing that it is statistically significant and allowing us to reject the
null hypothesis that the pattern is randomly distributed. Parks with similar ratings are thus
highly clustered across the space and there is less than 1% likelihood that this clustered
pattern is a result of random chance. As for the number of reviews made for each park,
a z-score of 2.13 and p-value of 0.033 indicates a less than 5% likelihood that this clustered
pattern occurred by chance.
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Table 3. Global spatial autocorrelation results.

Attributes Moran’s I z-Score p-Value
Park rating 0.089 4.40 0.000011
Park rating numbers 0.035 2.13 0.033

In terms of the local distribution, the hot and cold spots with respect to the park ratings
and rating numbers were detected through the Getis—Ord Gi* statistic. A hot spot on the
map represents a cluster of parks with high ratings and a cold spot refers to low-rated parks.
We further overlaid the quantified hotspots with the 2019 household income information of
Chicago at the census tract level shown as the grayscale color scheme base map in Figure 5,
to illustrate the relationship between socioeconomic conditions in the neighborhood and
the park rating ranking distribution. The detected hot and cold spots with respect to
the park ratings and rating numbers are displayed as red and blue colors, respectively.
The identified hot and cold spots measure the relative degree of parks being high or low
in park ratings. Across all the public parks in Chicago, there is an average score of 4.36
on Google Maps Reviews, indicating there are a higher proportion of parks falling into a
high-score range in visitor perceptions (see Figure 5).

Rating Distribution of the Chicago Parks Rating Distribution of the Chicago Parks

144

v

' 1 11
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475

Park Rating

Figure 5. Boxplot and histogram of Chicago parks’ ratings.

According to the U.S. census tract household income information, the level of the
household income is directly identified in the base map of Figure 6a,b, showing that people
with a high level of income (USD 100 k~150 k annually) are more likely to live in several
neighborhoods, including Central Chicago, the North Side, the West End of the Far North
Side, Hyde Park in the South Side, and several neighborhoods in the Far Southwest Side.
As seen in Figure 6a for park rating clusters, which indicate the spatial autocorrelations of
park ratings, there are two significant hot clusters of high-rated parks by the Hyde Park
area and the North Side, and three significant cold clusters in the inner city, which are in the
West Side, and the Southwest Side, and some in the Far Southeast Side. While it is intuitive
to assume people live in a neighborhood that has both positively and negatively rated
parks, the distribution that we found implies that people living in hot clusters have a much
higher possibility of visiting parks that are all highly rated (with parks rated on an average
of 4.51 out of 5). On the other hand, people living in the cold clusters are less likely to have
opportunities and access to good-quality parks that are found in hot clusters if relying on
walking or biking distances, and by virtue of location, are more frequently proximal to
parks with low scores (with an average rating of 3.06 and 2.45 respectively out of a 5-score
system). A comparison of the average scores among these cluster indicates that, although
most parks in Chicago received a relatively high score in this Google rating system, those
cold clusters identified from our analysis were still, under common sense, poorly rated
online and had a relatively large difference from parks in the cluster of highly rated parks.
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The clusters of high-rating score parks on the map also correlate with income levels in
obvious way, which reaffirms the environmental justice issues discussed in the Introduction
section of this paper. Hence, some of the local socio-economic neighborhoods with lower
household incomes have lower quality parks and thus have a reduced chance to reap the
benefits of nature, which reaffirm an urban environmental and social injustice issue.
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Figure 6. The hot and cold spots detected through the Getis-Ord Gi* statistic with respect to the park
rating scores (a) and rating numbers (b). The household income of census tract in 2019 is colored
by grayscale.

In terms of the review and rating quantities, as shown Figure 6b, only one hot spot
for rating numbers is identified, which is in the downtown area, in the Central Chicago
neighborhood close by Lake Michigan. This finding indicates that public parks located in
downtown Chicago have been visited and reviewed the most. This makes sense, as they
are likely more accessible to greater numbers of people by virtue of their central location,
including tourists, who tend to cluster in downtown Chicago to visit its myriad attractions.
In addition, the spatial patterns of park rating and rating numbers also indicate that areas
with the most visited parks are not necessarily the places with more high-rating parks.
The downtown area in Central Chicago seen Figure 6b has a cluster of hot spots of reviews
with high statistical confidence but as mentioned above, has one hot spot of high-rating
parks on Figure 6a, which means the downtown area has parks with varying levels of
ratings. Conversely, neighborhoods with clusters of high- or low-ratings on Figure 6a,
for example the neighborhoods in the North Side and the West Side, had no significant hot
spots based on the number of reviews on Figure 6b.

We further examine the spatial relationship between the hot spots and cold spots of
park ratings with the population, the percentage of children, the percentage of human
modification, and the age of the urban built-up, as shown in Figure 7. Overall, clusters
of high-rating parks are within the zones of higher populated areas when compared with
those clusters of low-rating parks (Figure 7a). Clusters of high-rating parks are also more
likely to be in the regions where urban built-ups were constructed before 1975 while most
low-rating parks are in urban regions built in between 1975-1990 (Figure 7c). Although
there is little difference between the hot and cold spots in terms of their spatial distribution
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across the maps of child percentage and the degree of human modifications (how much
human activity has changed the wilderness), all of these park clusters are within regions
where there are higher percentages of children and higher human modification than all
other parks that are sparsely distributed (Figure 7b,d).
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Figure 7. Maps of the relationship between park ratings of Chicago and the spatial patterns of (a) the
total population of Chicago, (b) the percentage of children in the population who are under 15 years
old, (c) the epoch (before 1975, from 1975-1990, from 1990-2000, and from 2000-2014) of presence of
the human built-up, and (d) the percentage of human modification (how much human activity has
changed the wilderness).
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3.2. Keywords of Park Reviews by Different Ratings

As shown in previous figures, the review content can be categorized by its rating
scores, and further analysis can be done to understand the reasons behind higher or
lower reviews. To develop the overall picture of the park characteristics, the top 10 most-
mentioned keywords with respect to frequency are visualized in Figure 8. Referencing
Figure 9, the pie charts of the keywords were generated for parks with the star ratings
ranging from 1-2 (low-rating), 34 (medium-rating), and 4-5 (high-rating). Although there
are more parks falling into the star rating range of 4-5 and fewer in the range of 1-2, we still
use these numeric splits instead of the relative values of even splits based on the differences
of park ratings, to partition the keywords of the parks, in order to better simulate the actual
opinion of park users under the general intuition that a high rating represents a good
quality while a low rating implies dissatisfaction from previous visitors. The larger slice of
the pie chart represents a higher frequency of the word mentioned by park reviewers.

Top 10 Key Words of All Park Reviews

animals: 368
soccer: 368

play: 392

kids: 2890 lake: 465

32.8%
clean: 577
pool: 692
13.5%
12.4%
bears: 772

beautiful: 1190
walk: 1087

Figure 8. Pie chart of the top 10 park reviews: keywords frequency for all parks.

Results of the pie charts indicate that one park may be poorly perceived or unappre-
ciated by users because it might be occupied by people who are unhoused and have an
abundance of trash. Overall, ‘homeless people” and ‘bottles” are the two keywords degrad-
ing the rating of a park while ‘kids’, ‘beautiful’, and ‘walk’ are the three most-received
keywords for high-rating parks. People might rate a park as average due to a mix of positive
reasons, such as children’s play equipment, sport fields and courts, and negative reasons,
such as gang occupancy and the presence of people who are unhoused. We also identified
more sports-related keywords such as ball game, courts, pool, and gym for the medium-
rating parks than the high-rating parks. As for high-rating reviews, people used words such
as beautiful and clean to describe the characteristics of the park, and used keywords such
as animals they see, soccer, play, animals, beach, walk to indicate their favorite activities in
the park. Many of the high rating key words were related to nature and the park amenities
it provides. Park users might view these qualities as health-promoting environments.
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Top Key Words of the Park Review (Rating between 1 to 2)

homeless people: 4 50.0% bottles: 4

Top 10 Key Words of the Park Review (Rating between 3 to 4)
basketball court: 4
football: 4
summer: 5

baseball: 5

homeless people: 5

field: 5
gang: 6
game: 7

kids: 83

basketball: 14

Top 10 Key Words of the Park Review (Rating between 4 to 5)

368
play: 392

animals: 368
soccer:
kids: 2807

lake: 465

clean: 577
pool: 689

bears: 772
beautiful: 1190

walk: 1087

Figure 9. Pie charts of the park review keywords frequency by different ratings. From top to bottom:
rating 1 to 2, rating 3 to 4, and rating 4 to 5.
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In addition to the overall keyword distribution of the entire research area, six evenly
distributed parks through Chicago (Burnham Park, Grant Park, Horner (Henry) Park,
Marquette (Jacques) Park, McKinley (William) Park, and South Shore Cultural Center)
were manually selected to explore the park features and characteristics for a more detailed
analysis and individual park comparison. As shown in Figure 10, three parks are along
Michigan Lake (Burnham Park, Grant Park, and South Shore Cultural Center), and three
parks (Horner (Henry) Park, Marquette (Jacques) Park, and McKinley (William) Park) are
located inland. We generated 6 pie charts of the top 5 mentioned keywords respectively for
each park in Figure 11 to show the frequency and proportion of different types of feedbacks
from visitors.
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Figure 10. Distribution of 6 manually selected parks for keywords analysis.
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Top § Key Words of McKinley (William) Park Top 5 Key Words of South Shore Cuitural Center Top 5 Key Words of Bumham Park

fishing: 30

beautiful: 637

pokemon go: 54

Encons 0 river: 38
lake: 164

field: 21 beautiful: 19

golf: 24

walk: 100

shma 12
.b“um :u

lake: 66

parking: 26

beach: 71
pond: 25
19.1%

lake: 33

ducks: 29

Top 5 Key Words of Grant Park Top 5 Key Words of Horner (Henry) Park Top 5 Key Words of Marquette (Jacques) Park

beautiful: 12

basketball courts: 22
dog: 17
tennis courts: 28 Walk: 60
clean: 20
17.4%

baseball fields: 33
lugar: 23

21.2%

fountain: 248

Figure 11. Pie charts of 6 selected parks for keywords analysis.

These pie charts demonstrate that each park has provided dramatically different
features that attract visitors. For example, Grant parks have six features that share similar
weights, including soccer (activities), fishing, field, pond, and ducks. People prize their
visits to Burnham Park mostly because of its walking experience, its lake, and its beautiful
view. Users like Horner (Henry) Park due to its river, space, and its basketball court, tennis
court, and baseball fields. This keywords analysis would demonstrate a rough but bold
picture of different parks, and almost provide a short summary of the characteristics of
each park.

4. Discussion and Conclusions

As shown by the Chicago public parks Google Maps reviews, if well-utilized and
effectively monitored, they can be a valuable tool to be integrated into the current city park
system management. To respond to the previously mentioned challenges that parks and
recreation departments are facing, Google Map reviews have several characteristics that
are complementary to existing evaluation frameworks and strategies mentioned in the
Introduction:

(@) The evaluation and commenting are continuously live; hence, the information is
always up to date.

According to Google Product Director Russell, various channels are available for
people, business owners and consumers, and others to update map data and leave com-
ments. Google reviews of public parks are updated instantly, every time a visitor submits a
response and Google Maps is also updated constantly [56]. Therefore, parks and recreation
administrators have the capability to monitor users’ perception of the parks by simply
reviewing comments and monitoring the most recent scores of all city parks. What is
invaluable is that no additional effort is required to distribute surveys and analyze the
results, the feedback portal is always open, and the information is always current.

(b) Social media, especially Google Maps, is far-reaching, allowing any community
members to contribute.

Social media is widely used worldwide; hence, in terms of accessibility, social media
has the potential to become the most far-reaching and participatory tool in research. Ac-
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cording to the Pew Research Center’s report on social media usage from 2005 to 2015, 65%
of adults use social networking sites [57]. In terms of the social disparities aforementioned
in discussion of survey participation, low-income families are consistently under- sampled
in traditional methods [14]. Individuals with a higher level of education and higher house-
hold income still lead the way, but more than half (56%) of the lowest income household
residents use social media. Race and ethnicity are another impacting factor when public
hearings and design charettes are the methods used. Yet, according to the Pew Center’s
research, there is no notable difference between racial or ethnic groups who used social
media, with whites, Hispanics, and African Americans having 65%, 65%, and 56% use
respectively [57]. We are not saying that all people who use social media will contribute
to Google reviews; however, in terms of accessibility, it may be easier to leave comments
on social media than physically participating in a public workshop, or submitting another
online survey. People, regardless of their social status, post their opinions on Google
Reviews, when they have positive and negative feelings towards parks, if they have a
cellphone and Internet access. If the technology part can be bridged, Google Review has
potential to become a more far-reaching opinion gathering tool than any other applications
or digital survey tools.

() Social media data reveals and support discoveries of environmental justice issues.

The research findings shown in Figures 6 and 7 illustrate the relationships between
highly rated parks, poorly rated parks, household incomes, population densities, and level
of urban development. Though only one example and one aspect, this indicates the
possibility of integrating social media data to show systematic environmental injustice
issues in more spectra. Echoing with previous research that the analyses of park quality
could inform planning decisions [17], UGC offers an alternative way to get an overarching
visitors’ perception of park qualities. The method utilized in Figure 9 demonstrates the
qualitative potential to roughly exhibit issue keywords for researchers and data collecting
staff to start with. However, due to UGC’s incomplete nature, the comprehensive factors
behind environmental justice issues and limited park usage from particular groups require
other types of research, such as focus groups, interviews, and participatory action research.

(d) With thorough and professional analysis, social media records and results may even
guide a city’s finance and renovation priorities.

Figures 6 and 7 gave park managing staff a quick sketch of the general public’s
perceptions on what they like and where the parks need to be renovated. Currently,
Google Review has not been widely used in the field, and the present results are not close
to comprehensive or detailed. However, suppose a park district utilizes a similar UGC
component in the future to solicit and encourage residents and visitors to actively offer
feedback on the maintenance and status quo of all city parks. In that case, it may reveal
which parks currently attract social problems, what problems they are, and how the city
can improve those conditions. With the help of social media, even for cities having more
than 600 parks to maintain, the findings in Figure 6 offers clear guidance on where poorly
rated parks are located and the neighborhoods that need more financial investment to
improve people’s well-being and daily recreational opportunities. Park and recreation
administrators can then use the information to identify concentrated poorly rated parks
and invest money and social capital to improve them.

It must be acknowledged that, like other UGC, Google Maps review data has its
limitations and cannot be a sole source of information for park and recreation management.
That said, some interesting characteristics we examined are:

(1) Reviews, and sometimes rating scores, tend to be polarized.

Research has found that social media is related to political polarization and disin-
formation [58]. In this project, we found the reviews to be polarized. People tended to
leave comments that are either extremely positive or extremely negative. For example,
in one of the parks with 2649 valid comments, 1647 comments are associated with a rating
of 5/5 scores, 564 comments rated 4/5, 249 comments rated 3/5, 71 comments rated 2/5,
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and 112 comments rated 1 out of 5. In this case, the scores are not polarized. However,
the associated comment lengths can be greater when there are scores of 5 or 1. People
tend to share more when they have more to comment about, which is also one of the
characteristics of participating in social media.

(2) Data mining and scaping can be tedious and require professional skills and training.

Social media has characteristics like unstructured data, is subjective, and must be
solicited from a massive database. To use the data correctly and effectively, more than one
research method is needed, such that extraction, coding, content analysis, and identifying
relationships and statistical cluster analysis are essential [59]. This requires that those who
handle the data have enough training and experience to make the data useful. It also
requires other research team members to have additional eyes on data to make sure that
the analytical procedures are ethical, and that the data responds to the clear objectives
of the research. These criteria might be challenging for park and recreation departments;
however, this encourages forging a collaboration of park and recreation departments with
research institutions or local universities.

(3) Review quantities are key to convincing results. For parks with less comments, there is
greater potential for biased results.

Social media data and big data also has “noise,” which include advertisements, mar-
keting messages, robot-produced content, and/or non-relevant conversations. Some social
media have over 70% non-relevant or noise message content [60]. Hence, there needs to be
a large enough sample of reviews to reduce bias and increase objectivity. In this research,
the noise was between 20-40%, leading to a park with 600 reviews generating less than
400 reviews to work with. To expand the effectiveness of social media research about park
usage, extra effort is needed to ensure widespread, effective participation of park users.
Moreover, reviewers’ identity is difficult to identify, which may lead to false calculations or
false results of the research.

(4) Reporting bias still exists.

Though social media is far reaching and include more information and reach a wider
community than those who typically could participate in a community workshop, UGC
still has its natural reporting bias. Online reviews are inherently incomplete since they
would not capture the opinions of those who do not have access to internet, or who do
not leave their comments or write a review [61]. However, in some cases, these biases can
be eliminated by different strategies. As an example, research finds that people tend to
leave comments when they are satisfied compared to unsatisfied, suggesting that the bias
can be rectified by an inverse probability weighting approach [61]. Moreover, UGC can be
combined with other research methods, such as traditional sociological methods including
interviews and focus groups, and participatory methods, to retrieve additional data from
particular populations who are underrepresented in the world of social media.
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Abstract: Land managers are currently faced with a nexus of challenges, both ecological and social,
when trying to govern natural open spaces. While social media has led to many challenges for effective
land management and governance, the technology has the potential to support key activities related to
habitat restoration, awareness-raising for policy changes, and increased community resilience as the
impacts of increased use and climate change become more apparent. Through the use of a case study
examining the work of the Central Arizona Conservation Alliance’s social media ambassadorship
and its app-supported community science projects, we examine the potential and realized positive
impact that technology such as social media and smartphone apps can create for land managers and
surrounding communities.

Keywords: social media; land governance; community resilience; online technology; community
science; biodiversity conservation

1. Introduction
1.1. Social and Ecological Challenges Abound for Land Managers

Land managers are faced with a myriad of social and ecological challenges, which are
often compounded by a lack of sufficient resources and complicated social and ecological
objectives [1,2]. Among these challenges are climate change and the impact of invasive
species on the land, rapid urban development, habitat loss, and increased recreational use,
which can bring problematic behavior on trails, campgrounds, and backcountry areas [3].

There is a noted acceleration of global habitat loss, fragmentation, and degradation due
to a variety of human activities [4]. Rapid urban development and the growth of tourism
and its associated infrastructure has led to the increase of urban-wildland interfaces, which
are challenging to manage and present increased wildfire risk [5,6]. As needs for resources
have thus far increased in connection to land, changing patterns of consumerism and a
growing human population have also increased pressures on natural resources. Human
activities, even removed from growing urban areas, can cause detrimental changes to
habitats. These include the introduction of invasive species, increasing areas of edge
habitat, and the changing fire and weather regimes. All of these present land governance
challenges and can result in the loss of biodiversity and key ecosystem services [7].

These human-caused ecological challenges are compounded and linked with climate
change, and are impacted by generally high levels of uncertainty regarding best practices
for adaptable and effective management [8]. Climate change is already known to cause
ecological changes, from shifting the ranges of individual species to complete ecologi-
cal transformations. These changes may be incremental over the span of many years,
or caused by the increased intensity and number of disasters such as wildfires, floods,
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and storms [9,10]. Climate change also impacts local communities, often in detrimental
ways [11,12].

In conjunction with natural forces, land managers must also plan for and mitigate
changes to habitats due to human usage, including activities considered consumptive
(such as resource extraction) and nonconsumptive (such as outdoor recreation) [2,7]. Of
particular interest to this study are those “nonconsumptive” activities that have increased
in their intensity consistently over time, for example, hiking, camping, OHYV, shooting,
mountain biking, etc. This is taxing the natural infrastructure, impacting the health of the
landscape, and testing the innovation of land managers who are operating with limited
resources while trying to ensure the safety of users [13]. The growing intensity of use
is further complicated by changes in user behavior, influenced by traditional marketing,
social media, tourism trends, and global conditions (e.g., the COVID-19 pandemic) [14,15].

1.2. Demonstrated Negative Impacts of Social Media and Apps on Land Management and
Related Conservation

As with many aspects of modern life, social media and the use of phone applications
(henceforth, “apps”) has shaped the opportunities and challenges that land managers face
worldwide. Each may influence user behavior such that there is an increase in the intensity
of use in previously low-impact areas, degradation of sensitive habitats and archeological
sites, handling of wildlife and artifacts, and dangerous behaviors driven by online clout
culture and trends [16].

Among social media platforms, Instagram (i0S version 217.0; Android version 216.1.0.21.137;
Menlo Park, CA, USA) has received considerable attention in this regard, although all
platforms have the potential to cause similar issues depending on their level of popularity
atany one time [16,17]. Using Instagram as an example, social media can influence behavior
at scale by introducing large groups of people to landscapes previously unknown to them.
The patterns (both algorithmic and human) of popularity among posts and images of these
landscapes may drive some users to behave in ways perceived by them to receive more
attention on the platform [18].

The rapid increase in the popularity of places such as Horseshoe Bend, AZ, USA,
which has become an Instagram staple, has required infrastructural hardening of the site in
order to manage impacts of increased traffic [19]. Further, images with animals, showing
the account owner deeply immersed in the environment or depicting risky behavior, can
result in more popular posts. Some notorious results of this include the death of a dolphin
calf who was removed from the ocean by beachgoers and held for photographs for a
prolonged time [20] and the many images of recreational users approaching charismatic
wildlife such as bison [21]. Desire for depicted immersion also led to the degradation of the
California poppy super bloom in 2019 [22]. There is a growing rise in recreational users
who have damaged resources, and/or suffered injury and even death while posing for
photos in the hope of attracting interest on Instagram and other platforms [23,24].

Among apps not otherwise considered as social media platforms, AllTrails (iOS version
14.3.0; Android version 14.2.0; San Francisco, CA, USA) serves as an example of the impacts
these tools can have for land management. AllTrails is a popular crowd-sourced trail guide
and tracker with information on hiking, biking, and OHYV trails all over the world. While
this is a powerful tool for users looking to explore and navigate via their phones, guides
and maps are created by users, which means that they may represent non-established trails
and can lack important safety, permitting, and access information. Users may be accessing
sensitive areas and/or circumventing planned trail networks, and/or continue to use areas
designated for rehabilitation or trail closure, due to these guides. Land managers may also
find an increase in the need for rescues due to misrepresentation of trail conditions [25].
These guides can be edited and removed by land managers, but AllTrails only represents
one of many such apps and the scale of the user-base-produced guides far outstrips that of
land management staff [26].
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1.3. Potential for Support of Land Management and Associated Community Well-Being by Social
Media and Other Apps

Although the challenges presented by social media and other apps require the atten-
tion of land managers, there are also positive potential applications of these online tools
including support for conservation activities via data collection, awareness raising for
policy changes and increased community support, and enhanced community resilience to
natural disasters related to climate change and biodiversity loss.

Land management and conservation have considerable and immediate data demands
for informed decision-making. However, there is a lack of time or resources to collect
sufficient information, and often actions must move forward with the available data [27,28].
Community science is one method to supplement and address data needs, as apps can serve
as a means for collecting, collating, and even analyzing data [29]. Some common examples
of apps that can support data gathering and community science include iNaturalist (iOS Ver-
sion 3.2.4; Android Version 1.25.12; San Francisco, CA, USA), ESRI’s (Redlands, CA, USA)
Field Maps (iOS Version 21.4.0; Android version 21.4.0), and EDDMapS (iOS Version 1.0.9;
Android version 1.1.8; Tifton, GA, USA), among others. Some of these will be explored in
the case studies below.

Social media platforms can be used to elevate land manager messaging and create a
sense of community between the public and land managers. This facilitated communication
and increased transparency has been found to ease tension around changing policy and
increasing cooperation [30]. The sense of community and avenues for free discussion via
social media can also support inclusion, outreach and education, can increase support
for ongoing land management activities, and increase public engagement surrounding
planning processes [31,32].

Finally, research on community resilience would suggest that when properly applied,
social media and other online technologies may be effective tools for supporting commu-
nities through natural disasters, such as those linked to climate change and biodiversity
loss [33,34]. Community resilience may be defined as (1) a system’s ability to return to a
particular state after perturbations (such as natural disasters) and/or (2) an individual’s
ability to recover from disturbances (such as natural disasters) [35]. Social capital, or the
sense of community and goodwill among members of a group, is understood to be closely
linked with community resilience such that best practice would dictate the consideration of
both infrastructural and social mitigation of disaster impacts [36]. Of the nine elements com-
monly associated with community resilience across the literature, social media and other
online apps are likely to support five, including: local knowledge, community networks
and relationships, communication, preparedness, and mental outlook [37].

It will be key for land managers to utilize digital tools to their benefit in this age of
rapid change and social-media-driven trends. Ambassadorships and community science
programs are two potential methods for harnessing the potential power of these digital
tools to support land governance.

1.4. Introduction to the Central Arizona Conservation Alliance

The Central Arizona Conservation Alliance (CAZCA) is an initiative of Desert Botan-
ical Garden (DBG), founded in 2012 out of Phoenix, Arizona, USA. The Alliance, as of
2021, consists of more than 60 partner organizations including parks and recreation de-
partments at city and county levels, land managing federal and state agencies, and local
nonprofits working on biodiversity conservation and community well-being, with DBG
as the backbone organization [38]. The objective of CAZCA is to facilitate collaborative
conservation efforts across the Central Arizona region, with a focus on Maricopa County
and its associated HUC 10 watersheds, in order to create a network of natural open spaces.
This network includes habitat blocks across the urban-rural gradient, as well as habitat
corridors of varying sizes, and integrates already existing parks and preserves with habitats
that are yet to be protected. These lands would serve as recreational areas for local residents
and visitors, while maintaining thriving Sonoran Desert ecosystems.
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CAZCA is designed to accomplish this by leveraging expertise and resources from or-
ganizations across the region and working towards the vision outlined above, as guided by
the collaboratively developed Regional Open Space Strategy for Maricopa County (ROSS).
The ROSS integrated leadership and feedback from more than 50 partner organizations
to outline objectives for four primary goals includes: (1) protect and connect ecosystems
across the region, (2) sustain and restore habitats protected in the present and future,
(8) create spaces for local champions to love and support the network of open spaces, and
(4) continue this work via the coordination and elevation of partner organizations and
their work [39].

Functionally, as a fairly young collaborative conservation initiative as per the collective
impact framework [38], CAZCA has and continues to accomplish many of its goals via
collaborative programs and projects. Many of these focus on collective strategy develop-
ment and decision-making, as well as on-the-ground conservation efforts such as invasive
plant management and native plant material development. However, CAZCA has also
innovated on land management issues through the use of social media (Sonoran Insiders)
and community science using smartphone apps (Desert Defenders and Metro Phoenix
EcoFlora, henceforth, EcoFlora).

It is our objective to utilize three case studies from among CAZCA'’s programs, where
social media and smartphone apps have been successfully applied to land management
challenges and community resilience building, to illustrate the realized potential of digital
technologies and explore lessons learned and challenges faced.

2. Materials and Methods

We cover three different programs here to explore the role of social media and online
technologies in supporting land governance in the arid southwestern USA (Table 1). All of
these programs are collaborative in nature and focus on regions of varying sizes in Central
Arizona. This general spatial focus is determined by the study area of CAZCA, which is
defined by the location of our institution, Desert Botanical Garden in Phoenix, AZ, USA,
and the Regional Open Space Strategy for Maricopa County.

Table 1. CAZCA programs explored in this case study in order of examination.

Program Name Focal Area General Objectives Technology Utilized

Public education on land

Central Arizona, .
management, policy changes, Instagram

Sonoran Insiders

USA and responsible use.
Maricopa Count Ve E::: ;n (e)?iletgr sllr::riswe ESRI Field Maps,
Desert Defenders . p ¥ p . p . ESRI Collector,
Arizona, USA information on .
. ArcGIS Online
management strategies.
Phoenix Collect, analyze, and share - 1 oot SEINet,
. . urban biodiversity data and
Metro Phoenix Metropolitan . .o Instagram,
i information; increase the K
EcoFlora Area, Arizona, . Facebook, Twitter,
understanding and
USA Zoom

appreciation of plant life.

2.1. Sonoran Insiders” Programmatic Methodology

The Sonoran Insiders program seeks to create a community with local social media
influencers to elevate messages about responsible use and raise awareness of the work
performed by organizations to protect and maintain natural areas. The successes and
lessons learned from this work illustrate the power and potential for social media to
support land governance. It is a collaborative effort that includes leadership from CAZCA,
the National Forest Foundation, and the Tonto National Forest as of 2019-2021.

The primary social media platform of focus for this program was Instagram. This
platform was selected due to its historic impact on public lands and natural open spaces
globally [14,17]. Furthermore, it remains one of the most popular social media platforms,
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with roughly one billion users monthly in 2021 [40]. Instagram also strikes an impactful
balance between visual and written storytelling in a way that facilitates strong messaging
opportunities more suited to the needs of awareness-raising than Twitter (which previous
to 2021, edited image display sizes automatically and limited the characters of a single post)
or Facebook (which has severely cut its users” organic reach in recent years).

The Sonoran Insider social media ambassadors, or influencers that participate in the
program, were initially identified based on their location, follower counts, and the quality
of content in their Instagram feed. Local ambassadors self-selected, but no spatial boundary
was drawn for the project. The collaborative agreement with the ambassadors included
requirements for participation in in-person events, such that the participants themselves
could determine if they were close enough to attend regularly.

In terms of follower numbers, we determined that influencers with 800+ followers
would be ideal for our project needs and the resources available for the project. Our team’s
expert experience in the field indicated that this number would provide a robust minimum
follower count and would avoid excluding most passionate ambassadors with smaller
audiences. Furthermore, larger influencers often require payment for partnerships with
them and we did not have such funds. We also prioritized the quality of influencer con-
tent in regards to responsible recreation practices and stewardship. We initially recruited
local influencers who already demonstrated some interest in the outdoors or the envi-
ronment through the use of local outdoor recreation hashtags such as #hikearizona and
#explorearizona.

Ambassadors were then recruited through targeted digital outreach, either via direct
messages on Instagram or via email. Upon joining, they signed a non-formal agreement to
attend at least five events per year, create two to four posts on the events and another two
to four posts about related themes such as Leave No Trace, wildfire prevention, invasive
plant species management, etc. To assist the ambassadors with the sharing of key messages,
we developed briefs that succinctly summarized the theme, messages, and calls to action.
These include relevant hashtags, links, and sample text.

Some examples of responsible-use messages elevated by the program include: (1)
methods for preventing human-caused wildfire and (2) exploration of the damage that
off-trail recreation can have on microbiomes and non-charismatic species such as desert
biocrusts. With the large increase in usage of public lands throughout 2020 due to COVID-
19 impacts [41], ensuring these messages are reaching both new and long-term users is
a key to lessening the impact of recreation on habitats and infrastructure. This is being
accomplished at a scale that would not be within the budgets of many land managers [42].

2.2. Desert Defenders” Programmatic Methodology

There are a variety of invasive plant species (including buffelgrass (Cenchrus ciliaris),
fountain grass (Cenchrus setaceus), and stinknet (Oncosiphon piluliferum)) that are known to
threaten both local community well-being and the habitats of the Sonoran Desert. Some
outcompete native species for habitat and resources and impact the ecosystem services of
Central Arizona, while many vastly increase wildfire fuel loads which has led to larger, more
commonly occurring fires [43—45]. As these species are present across land jurisdictions
and at a large and rapidly changing scale, effective management requires cooperation and
sufficient data on where these species are, how their ranges change over time, and the
success of treatment efforts.

Except in a few cases, land managers in this region lack the resources to accomplish
all of this. CAZCA, with McDowell Sonoran Conservancy, Maricopa County Parks and
Rec, White Tank Mountains Conservancy, Friends of the Tonto, the City of Phoenix Parks
and Rec, the City of Tempe Parks and Rec, and Arizona Sustainability Alliance, set out
to address this challenge via technology-supported community science in a project called
Desert Defenders (DD).

The collaborative team has been utilizing ESRI’s Collector and Field Maps smartphone
apps to gather data annually on the presence of eight focal invasive plant species. With the
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support of these apps, the professional team trains volunteer, community scientists how to
identify the focal species and how to add data points on the regional map demarcating the
location of the plants to best support local land managers each year. The process of adding
data to the map is simple; community scientists download the ESRI Collector or Field
Maps app onto their smartphone after they are trained to identify the focal invasive plant
species. They then travel into the field, and use their smartphones and FieldMaps/Collector
to mark GIS points in real time with data about the plant species found, what stage of
life those plants are at, how many there are, and whether that area has been treated to
manage invasive plants previously. Mapping activities can be initiated quickly and adapted
to changing conditions, e.g., wildfires, early or particularly strong monsoons prompting
invasive plant growth. The same apps are then utilized to track and monitor treatments by
drawing polygons around those areas and can help determine best re-treatment approaches.

2.3. EcoFlora Programmatic Methodology

The EcoFlora project leverages community science to collect data on urban biodiver-
sity, specifically plant life, and enhances community relationships with nature through
technology, engagement, and communication. The project focuses on understanding the
impacts of urbanization, accessible biodiversity data, and increasing the understanding
and appreciation of plant life. By connecting with the community, contributing to local
conservation efforts, and studying urban biodiversity, the project contributes to building
community resilience.

EcoFlora is a collaborative project initiated by the New York Botanical Garden in
2016. In 2019, a National Leadership Grant from the Institute of Museum and Library
Services was awarded to the New York Botanical Garden and partner gardens to expand
the EcoFlora model across the United States. The partner garden recipients include the
Chicago Botanic Garden, Denver Botanic Gardens, Desert Botanical Garden, and Marie
Selby Botanical Gardens. Within the Desert Botanical Garden, the CAZCA team operates
EcoFlora in the Phoenix metropolitan area (Figure 1).

The project collects data on urban biodiversity through iNaturalist (https://www.
inaturalist.org/ (accessed on 11 January 2022)), a free web-based platform and app that is a
joint initiative of the California Academy of Sciences and the National Geographic Society.
Project members create observations with the mobile phone app, or upload images taken
with a camera to the website. Photos can be coupled with suggested identifications, various
annotations, and observation fields such as life stage, phenology, and associated organisms.
iNaturalist neatly houses projects and observation data on their servers for free. This data
is downloadable and open source, making it more accessible and useful for conservation
efforts, land managers, and organizations. EcoFlora compares data from iNaturalist with
the legacy data from the Southwestern Environmental Information Network (SEINet)
( https:/ /swbiodiversity.org/ (accessed on 11 January 2022)), a digital portal for floristic
information that provides open access to floras, herbarium data, and collections. Species
lists have been created with this comparison data and will provide preliminary information
about plant biodiversity changes in the Phoenix metropolitan area over time.

EcoQuests are monthly challenges in addition to the overall project that ask members to
observe specific species or ecological interactions. This is a venue for collecting specific data
and information, and for collaboration. Working with community scientists, EcoFlora can
provide supplemental data and support for other projects, organizations, and municipalities.
One example is the project collaborated with the Great Milkweed Grow Out (GMGO)
program at the Desert Botanical Garden to supplement data concerning western monarch
butterfly decline. The EcoFlora model can also be implemented and utilized by other
organizations; the Maricopa County Parks and Recreation Department modeled their
EcoBlitz program after EcoFlora.
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Figure 1. EcoFlora project boundary created with iNaturalist, using Google Maps data.

Engagement is the gateway to involvement and success in the project. Without an en-
gaged group of community scientists, the project would not be able to gather sufficient data
or increase community knowledge of biodiversity and plant life. The iNaturalist website
includes a direct messaging feature, and this was extremely helpful in the early stages of
the project to reach users already invested in using iNaturalist in the Phoenix metropolitan
area. Further engagement has been garnered with video conferencing software and apps,
such as Zoom (San Jose, CA, USA) and Google Hangouts, developed by Google (Moun-
tain View, CA, USA), which allow the project to host virtual events and information and
training sessions. This was essential when gathering in person was not feasible due to the
COVID-19 pandemic. In-person engagement has included bird watching, moth lighting,
and various botany-themed events. Through a monthly e-newsletter and social media and
associated apps, the project has been able to maintain engagement and communication
with members, inform them of project developments, and provide opportunities to increase
their environmental literacy and plant appreciation. Social media specifically has provided
the opportunity to communicate and engage with a wider audience.

3. Results

The quantitative social media and data-production results for each project will be
represented in this section, along with qualitative outcomes for the congruity of our case
study explorations.

3.1. Sonoran Insiders

Over the course of Y1, the number of Insider posts increased as the community of
ambassadors grew and the program engaged more with the participants through events,
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online discussions, and social media collaborations (e.g., Instagram take-over and Insider-
led hiking webinar). This trend culminated in the largest number of posts in December
2020 (n = 52; Figure 2).

Sonoran Insider Posts
60

40

Figure 2. Number of posts on Instagram with the hashtag #sonoraninsiders by month, from December
2019-December 2020.

The impacts of ambassador posts were measured via their reach on Instagram. The
term “reach” here refers to the number of unique users that saw the Instagram post using
the #sonoraninsiders hashtag on any given day. This number was calculated by adding all
of the followers of each account that engaged with the post using the hashtag. The Sonoran
Insiders hashtag was used 311 times during year one, accumulating 57,059 likes. We had
an annual reach of 5,996,329 people and an average monthly reach of 935,641 people. For
reference, the estimated cost of reaching 6 million people with an online ad campaign
could range from $18,000 to $60,000, with an average cost per thousand impressions of
$3-$10 across the main advertisement platforms [46]. Due to the focused nature of our
ambassador audiences, it is possible that the value of this outreach is underestimated, as
the posts produced are organically targeting relevant audiences to land managers.

Support for conservation is produced in two ways through this program: (1) by
elevating responsible-use behaviors to help protect sensitive environmental and cultural
elements of the landscape and (2) raising awareness for volunteer opportunities and
charitable support of conservation programs and events. Themes communicated through
this social media outreach are shaped by the leading collaborators of the Sonoran Insiders
program, in conjunction with other land-managing partners involved in the monthly events
on which messaging is based. For example, in early 2020, the program partnered with
the McDowell Sonoran Conservancy (MSC) for a behind-the-scenes tour of ecological and
restoration research run in the McDowell Mountains Preserve. MSC then led the crafting of
the brief, as well as the narrative and calls-to-action presented at the event itself.

3.2. Desert Defenders

The Desert Defenders community science mapping activities have been active from
December 2018 to July 2021, with increasing participation from local land managers over
time. This has produced a regional map (Figure 3) of the focal invasive species from
lands managed by Maricopa County Parks and Recreation, and the City of Scottsdale,
City of Tempe, and City of Phoenix parks and recreation departments. This map includes
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6824 observations from more than 100 community scientists. Table 2 illustrates the number
of data points for each of the focal invasive plant species.
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Figure 3. Example map for Desert Defenders; colored points represent different species of focal
invasive plants identified across the region as of Spring 2021.

Table 2. Focal invasive plant species and number of data points for each produced by community
scientists from 2018-2021.

Species Name (Common) Number of Data Points
Buffelgrass 659
Common sow thistle 66
Fountain grass 1788
Globe chamomile 1704
London rocket 600
Maltese star-thistle 159
Oleander 38
Sahara mustard 1130
Tamarisk 137
Unknown or other 251

There are several key impacts from this project. First, the data gathered by community
scientists through the apps has given land managers access to annual spatial data on
invasive plant species across the landscape (Table 2). In 2021, thanks to these efforts, a
regional map was created, with minimal monetary investment from land managers outside
of the modest staff time and the ESRI licenses necessary for volunteers to use the app. This
cost could be further limited through the use of free apps such as EDDMapS, launched and
maintained by the University of Georgia. In any case, this data allows for annual planning
for treatments that make the most efficient use of limited resources. It has also provided
information for the movement of invasive plant species across the region, facilitating
collaboration and management among land managers across jurisdictions.
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3.3. EcoFlora

Key impacts from the project include open-access biodiversity data, alleviating plant
invisibility and increasing support for conservation, and community resilience through
involvement in community science. As mentioned above, iNaturalist and SEINet are both
open-access platforms, making the data and collections gathered through EcoFlora available
to anyone interested in viewing or using them. The project began in February 2020 and
as of December 2021, 361 people have become project members and 37,319 observations
(21,175 plants) of 2577 species (1158 plant species) have been made by 252 observers, with
1802 identifiers (https:/ /www.inaturalist.org/projects/metro-phoenix-ecoflora, accessed
on 14 December 2021) (Figure 4). iNaturalist observations have provided a wealth of open-
source data, which would otherwise be extremely difficult to achieve without an abundance
of community scientists.

37,379 2,579 1,808 252 & Stats
Overview OBSERVATIONS SPECIES IDENTIFIERS OBSERVERS
Stats
37,379 2,579 63,853
Observations Species Identifications
Research Grade Unknown ® Arachnids ® Improving
Needs ID @ Protozoans @ Ray-FinnedF... Supporting
Casual ® Fungi @ Amphibians Leading
Plants ® Reptiles ® Maverick
@ Chromista @ Birds
® Mollusks ® Mammals
® Insects @ Other Animals

Figure 4. Screenshot from EcoFlora project page on iNaturalist website showing current project stats.

People and communities can directly participate in EcoFlora in a way that is not
intimidating or technologically overwhelming. Project members can make observations in
their own neighborhoods, in a place they have local knowledge of, and can connect their
lived experience with. They understand their needs, wants, and challenges, and feel the
ramifications of policy and daily changes better than those outside do. They are more likely
to notice a new plant species or understand where street trees that provide shade would
be most valuable. Through iNaturalist, project members can use the species information,
observation images, and maps to support conservation and intersectional environmental
efforts in their community. For the EcoQuest in October 2020, project members observed
624 ocotillo plants (Fougquieria splendens), bringing the total number of observations in the
Phoenix metropolitan area to 1056. With this observation data, community members can
see possible corridors for pollinators and wildlife that connect to open space (Figure 5). This
can be used by the community to advocate for connectivity corridors, in turn contributing
to landscape management efforts and community well-being through increased nearby
nature in urban areas [47]. Project members can communicate and build relationships with
one another through interaction on the iNaturalist platform and the project’s social media
accounts. These venues allow people to actively take part in community conversations
about urban biodiversity.
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Figure 5. iNaturalist map showing observations of ocotillo (Fougquieria splendens) and possible connec-
tivity corridors in the Phoenix metropolitan area, accessed on 5 January 2021.

Events hosted by EcoFlora give people the opportunity to connect with scientists,
local leaders, organizations, and professionals. EcoQuestions, for example, are virtual
question and answer sessions that provide the opportunity for project members and the
community at large to learn more about urban biodiversity and plant science. In total,
project events and training sessions have been attended approximately 270 times, with the
project having 1081 followers collectively on Facebook, Instagram, and Twitter. Increased
support for conservation ideally follows increased awareness and understanding of plant
life and biodiversity. Collaborations, events, and social media presence equate to the public
learning more about plants and biodiversity, alleviating plant invisibility (previously plant
blindness), or the tendency for people to overlook plants and view them with lower regard
than other life forms [48].

EcoFlora has a positive impact on the mental and physical health of the community
through encouraging physical activity and providing mental stimulation. Project mem-
bers have repeatedly stated that EcoFlora has provided them with an outlet, specifically
throughout the COVID-19 pandemic. Making observations can be done alone or when
socially distanced, and is an activity that can safely be done outdoors. EcoQuest challenges
also give project members something new to look forward to every month, contributing to
well-being through anticipation of future positive events [49].

4. Discussion

In regards to land governance, social media and other online applications are often
posed as challenges. For example, clout-chasing may cause users to engage in behaviors
that risk their safety or the natural resources themselves [23,24]. These tools can cause
rapid increases in area use over a relatively short period of time, making management
and infrastructure development a game of catch-up [19]. With limited resources, both in
terms of monetary support and staff capacity, land governance may be faced with resulting
changes that damage resources, degrade trust, and create new use-norms that undermine
conservation efforts.
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These are all serious concerns. However, much of the evidence for such impacts is
rhetorical, with increasing calls for closer studies of these impacts, to understand when they
manifest and how [32]. At the same time, there are large potential benefits for both users
and land managers that include increased equity of access and much-needed social support
for land governance activities. As we will demonstrate below, our models specifically
demonstrate the positive benefits of social media and other online applications (such as
iNaturalist and ESRI Field Maps) in regards to support for (1) biodiversity conservation,
(2) land governance and policy changes, and (3) building community resilience.

4.1. Sonoran Insiders

The Sonoran Insiders program contributes to community resilience in a variety of
ways in the face of disasters such as those caused by climate change and biodiversity
loss. In particular, when considering the common elements of community resilience as
identified by Patel et.al. in their 2017 systematic review [37] of the concept, four common
elements are positively impacted by this application of social media to land governance.
(1) Social media through the Insiders program has increased local knowledge around
land management, related disasters, and modes for community involvement in protecting
natural resources and local infrastructure from disasters. (2) The Insiders program builds
community networks and relationships between land managers and the public. (3) It
increases communication between and among land managers, program ambassadors,
nonprofit partners, and the public. (4) Through all of this, messaging and connections
formed through the project have the potential to increase hope among community members
and, thus, improve mental outlooks.

There is considerable need for volunteer support for land management activities
ranging from infrastructure maintenance to ecological research. Volunteers can be difficult
to recruit, and the costs for finding a sufficient volunteer force can include marketing costs,
as well as the time and capacity of volunteer coordinators (where available) [50]. Thus,
alleviating those needs through effective social media messaging can represent another
economic and social support for land managers.

Social media ambassadors and related social media communications have also pro-
vided support for land managers in cases of contested policy changes. For example, in 2021,
the City of Phoenix city council voted to institute trail closures during extreme heat days.
This decision was made following an increase in the number of rescues on the popular and
difficult Echo Canyon and Piestewa Summit trails, with the associated health impacts on
rescue personnel. While the rationale for these trail closures was logical and promoted
safety among both trail users and city staff, there was considerable pushback from some
sectors of the public to these closures [51]. A lack of cooperation with safety measures and
other land management policies can undermine safety and create resource sinks. Thus,
effective communication with trail-use communities is essential, in this case, among both
local users and tourists. Social media platforms, particularly those run by local influencers,
have the potential to reach both groups. Furthermore, communication from other users, as
opposed to perceived authority figures, can enhance the acceptance of new rules and use
patterns [52].

While this program has seen a variety of high-impact successes, even while at a pilot
stage, there are challenges to be accounted for when considering the social media am-
bassadorship model. First, while monetary investments are low compared to equivalent
marketing expenses, staff time may be considerable. Consistent engagement among am-
bassadors and between ambassadors and program staff is also essential for trust building.
This also requires a significant time investment by staff. For CAZCA'’s program, this was
mitigated through collaboration among several organizations, which allowed for sharing
of the planning, organizational, and community-building duties.

33



Land 2022, 11, 137

4.2. Desert Defenders

In conjunction with the raw data provided, the DD program bolsters land managers in
a variety of social ways. The training modules designed by the collaborative group include
extensive knowledge on the role of invasive plants in ecosystem shifts and increases in
wildfire risk for the community scientists. Thus, through involvement in the program,
members of the public gain hands-on conservation experience and have become advocates
and supporters for management efforts. In some cases, these community scientists have led
the mapping projects themselves in support of small municipalities, reached out to their
home owners associations (HOAs) about invasive plants in local landscapes, and raised
money to purchase equipment for invasive plant management efforts [29].

The data produced by the project also supports community resilience, particularly in
regards to pressing wildfire threats in the southwest. In particular, this data is essential for
the effective management of these invasive plant species such that the community and the
surrounding habitats can be protected from heightened wildfire risk and biodiversity loss.
Furthermore, this data supports preparedness in the community and can be used to identify
areas with high wildfire fuel loads. The process used to develop this data, via its reliance
on more than 100 community scientists across the region, also increases local knowledge on
the focal invasive plant species and their impacts on wildfire risk. Community scientists are
also provided with increased community networks and relationships with land managers
and scientists.

There are challenges to applying these ESRI apps to land management, however,
particularly in cases of limited expert capacity and volunteer coordination. While ESRI’s
GIS tools have powerful analytical capabilities, they are complex and require professional
levels of expertise to take full advantage of their functionality. In the case of this collabo-
rative community science project, the lack of a dedicated GIS professional has hampered
comprehensive use of the data gathered. Land managers utilizing similar community
science models would likely see more returns if a GIS manager can assist with the program.
Similarly, skilled volunteer coordination is an essential element of a successful community
science program, even with the support of powerful, user-friendly apps. Collaborators
with the Desert Defenders project have seen the most success mapping in cases of: (1) a
dedicated and highly trained force of stewards, (2) community scientists led by rangers on
joint mapping and removal efforts, and (3) single “champion” volunteers or interns who
take the lead in smaller areas.

4.3. EcoFlora

Of the aforementioned nine core elements most often associated with community
resilience, community science innately contributes to community resilience most strongly
through local knowledge, community networks and relationships, communication, health,
governance and leadership, resources, and mental outlook [37]. Community science
projects can become community networks, providing the opportunity for people to develop
relationships with one another that they may not have had otherwise, promoting social
capital, enhancing social cohesion and community trust, and contributing to community
resilience [36]. The data, information, and workload contributed by community scientists
can be used to shape policy or empower community involvement in local government and
leadership, and is at a wider range and frequency than could be accomplished by scientists
or land managers alone [53].

Community science can contribute to conservation by directly affecting the conser-
vation science influencing decision-making [54]. As mentioned previously, the project
collects a wealth of open-source data and information that can be used by the community,
organizations, or land managers. Educational resources, training sessions, and workshops
through the project give the community access to and experience with technological and
physical tools that exist indefinitely. Empowered with and given access to science knowl-
edge, tools, and experience, communities can be more involved in decision-making and
political advocacy, and feel more confident in conservation participation and activities
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surrounding urban biodiversity. This contributes to collective and self-efficacy, as well as
mental outlook, by providing people with a way to be directly involved in science and be
better prepared to respond to disasters such as wildfires. By making contributions that
help scientists understand more about urban biodiversity, gaining science knowledge and
experience, and contributing to local conservation efforts, EcoFlora project members are
building community resilience.

The EcoFlora project has not been without challenges, namely data quality, study area
considerations, and sustaining and growing engagement. Data quality can be lacking on
the iNaturalist platform. Observations by community scientists can be of poor quality, for
example, uploading out-of-focus images or cut flowers in a bouquet. The identification
feature of the iNaturalist platform does not require any kind of credentials. This can lead
to users making identifications at an exponential rate, simply to increase the number of
observations they have identified or to appear more knowledgeable. Other users can
make incorrect identifications simply because they are trying to learn and become better
at identifying organisms. To alleviate the data-quality challenge, the EcoFlora project has
created collateral to guide project members in making quality observations and has asked
local experts to assist in monitoring identification accuracy.

When deciding on the study area for EcoFlora, there were multiple factors to consider.
The Phoenix metropolitan area is a large and rapidly increasing region that does not
have a defined boundary. It consists of numerous cities and towns and has a variety of
land uses. Distinguishing urban, suburban, and exurban areas for the boundary was not
feasible, while previously created Keyhole Markup Language (KML) files did not exist.
Highways and roads can provide clean lines for a boundary, but they can inequitably divide
communities and create border vacuums [55]. In creating a study area, EcoFlora sought
to include the multiple parks that surround the Valley, be considerate of tribal lands, and
not exclude under-resourced communities. A hand-drawn boundary in iNaturalist was
created, using the CAZCA study area as a base and keeping these elements and objectives
in mind.

Initiating and sustaining engagement is a struggle that many smaller conservation
organizations face. EcoFlora is fortunate to have the backing and support of CAZCA,
DBG, and the EcoFlora partner gardens. Without this existing support, it would have been
substantially more difficult to make the public aware of the project. Even with this support,
engaging the community and drawing participants to the project has been challenging,
specifically considering the COVID-19 pandemic. It was not possible to host in-person
workshops and events that could increase interest and participation in the project with
large groups of people. Engagement has been largely virtual, which has presented its own
learning curve. When feasible, in-person events with limited attendance (10 or less people)
while following pandemic guidelines have resulted in fluctuating attendance. Without
the digital distribution of EcoFlora information through iNaturalist, DBG, and CAZCA,
along with online technologies such as video conferencing software, social media, and
e-newsletter, the project would not have been able to initiate or sustain the engagement
that it has.

5. Conclusions

Social media has often been considered a source of increasing challenges to land
management of public lands and natural open spaces worldwide, but these tools also
have supportive potential which is of considerable importance as natural disasters increase
with climate change and resource shortfalls for land managers become more common.
Our three case study programs illustrate a variety of ways that land managers can use
social media and other online applications (iNaturalist and ESRI FieldMaps) to enhance
governance and local well-being. We have demonstrated that each model provides support
for (1) conservation activities, (2) land governance and policy changes, and (3) community
resilience. In conjunction with this, two of the projects also provided spatial data relevant
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for land management via community science efforts that utilized online applications as
user-friendly data-gathering interfaces.

While capacity and expertise are necessary to launch ambassadorships and community
science, programs that make the best use of social media and online technologies ensure
resources can be kept to a minimum. Innovation and the potential for such efforts to
alleviate landscape governance and land management resource challenges is considerable.
The case studies outlined lend practical support for the application of different kinds of
online technologies to the challenges faced by land managers, and also outline models
for applying these tools in effective ways. They are shown to provide marketing and
outreach that might otherwise be cost prohibitive, while also building relationships and
trust between land managers, partner organizations, and the public [16,42,46]. Data on
changing conditions is also essential to effective landscape-scale governance and biodi-
versity conservation efforts, but the temporal and spatial extent of that need can also be
prohibitive without community support. Online technologies, particularly phone apps,
can facilitate the creation of community science projects that can supply data, while also
developing public support and understanding for land managers [28,29].

In conjunction with the various ways in which programs linked with social media and
online technologies support land managers directly, these efforts can enhance community
resilience to unprecedented changes in the environment and disasters such as wildfires,
hurricanes, and pandemics, among others. In particular, of the elements commonly identi-
fied across fields as elements of community resilience [37], those that have been found to
be positively influenced by these efforts include local knowledge, community networks
and relationships, communication, resources, preparedness, and mental outlook. The
impacts of social media and app-supported efforts by land managers could be further
improved through design and planning that explicitly targets community resilience as a
primary objective.

Finally, the challenges outlined in these case studies, as well as the moderate resource
needs of these models, can be sourced via collaborative efforts among organizations with
common goals. While complex, collaborative efforts facilitate the leveraging of limited but
shared resources for the greater good and also enhance the effectiveness of land governance
among varied assemblages of stakeholders and constituents [56,57].
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Abstract: Glaciers are attracting increasing attention in the context of climate change, and glacier
tourism has also become a popular tourist product. However, few studies have been conducted
concerning the image of glacier tourism destinations. To address this gap in the literature, in this
study, we extracted destination images from 138,709 visitor reviews of 107 glacier tourism destinations
on TripAdvisor using latent Dirichlet allocation (LDA) topic modeling, identified destination image
characteristics using salience—valence analysis (SVA), and analyzed the differences in glacier tourism
destination image characteristics across seasons and regions. According to the findings, the image of
a glacier tourism destination consists of 14 dimensions and 53 attributes, with landscapes and specific
activities representing the core image and viewing location and necessity representing the unique
image. We identified significant seasonal and regional differences in the image of glacier tourism
destinations. Finally, we discussed the unique image of glacier tourism destinations, the reasons for
differences in the images, and the characteristics of different glacier tourism regions. This research
could assist in the scientific management of their core images by glacier tourism destinations, as well
as in the rational selection of destinations and travel timing by glacier tourists.

Keywords: glacier tourism; perceived destination image; destination image uniqueness; user-generated
content; online reviews; TripAdvisor; latent Dirichlet allocation; salience-valence analysis;
destination management

1. Introduction

Mountains are among the most popular destinations for tourists, with their spectacular
landscapes, majestic views, and unique and comfortable valleys [1]. Although nature,
wilderness, topography, remoteness, and climate limit the development of mountain areas,
these features also represent the strengths of mountain tourism [2]. Mountain tourism
is growing at an unprecedented rate, playing an important role in the global tourism
landscape as an obvious means of achieving sustainable development in mountain areas [3]
and is considered an important tool for local economic development and environmental
management [4].

Glacier tourism in general is a subcategory of mountain tourism and plays an impor-
tant role in creating mountain landscapes and enhancing the connotation and visibility
of mountain tourism [5]. Glacier tourism has become one of the most popular tourism
projects worldwide, creating considerable value for tourists and local communities alike.
The distinctive landscape and artistic features of glaciers are perceived to provide aesthetic
value to tourists [6], and the evidence provided by glaciers with regard to climate change
makes glacier tourism extremely valuable with respect environmental education and pop-
ular science [7]. The value of glacier tourism has drawn a sizable influx of visitors. The
world’s most famous glacier tourism destinations include the Alps [8], New Zealand’s west
coast [9], Canada’s Columbia Icefields [10], China’s Greater Shangri—La [11], and others,
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with more than one million people visiting these locations each year. The arrival of tourists
brings enormous economic value to local communities. More than USD 81 million each
year is directly contributed to the economy by tourism associated with glaciers in New
Zealand [12], and benefits with a value of more than USD 71 million were generated by
tourism to China’s Jade Dragon Snow Mountain in 2016 [13]. Furthermore, glacier tourism
provides employment for local residents [14], and the building of related facilities may
provide some indirect economic advantages to local communities [15].

However, today’s mountain tourism is being hit by climate change and the COVID
pandemic. Because mountain tourist infrastructure and activities rely on alpine tempera-
ture, topography, beauty, and seasonal cycles, climate change is having and will continue to
have an impact on both current and future tourism growth in mountain regions, with con-
sequences for residents in tourism—dependent mountain communities [16]. The booming
glacier tourism industry has been negatively affected by the ongoing retreat of glaciers as
the climate warms [17]. Melting glaciers will degrade the quality of the glacial scenery [11],
increase the risk of rockfall during tourism activities [18], impair the tourist experience, and
decrease the number of tourists visiting glaciers. Between 2003 and 2009, the number of
visitors to Norway’s Jostedalsbreen National Park decreased by 38%. The primary causes
of this reduction were changes in glacier morphology and accessibility [19]. Another group
of academics believes that although climate change has accelerated the melting of glaciers,
it has also increased new glacier tourism opportunities and visitor motivation to engage in
“last chance tourism (LCT)” [20-22], which encourages tourists to experience this type of
tourism before it is endangered [23], increasing the number of tourists. In addition, despite
the considerable negative impact of the COVID pandemic on tourism, the therapeutic
effects of natural landscapes could bring more opportunities for tourism in a post—COVID
era [24]. Therefore, glacier tourism may remain popular over the coming decades or even
reach a new peak of development.

In this context, glacier tourism destination management is particularly significant.
The destination is the core of tourism [25], and the management of the destination is an
important factor affecting the development of glacier tourism [26]. Scientific manage-
ment of tourism destinations can assist with adaptation to the negative effects of climate
change [27], increase visitor satisfaction, and promote regional economic development.
However, the majority of existing research on glacier tourist destination management has
focused on climate change adaptation [8,28,29], suggesting that glacier tourism destina-
tions should adopt adaptive measures, such as management changes, developing new
activities, enhancing educational activities, and changing the seasonality and spatiality
of activities [5,27]. Such adaptive management measures represent a long—term strategy
oriented toward climate change, with the goal of achieving sustainable development of
glacier tourism. In contrast, the core image represents the main attraction of a glacier
tourism destination and is the main factor influencing the glacier tourism experience of
tourists. Targeting the needs of tourists and improving their satisfaction by improving the
core image of the destination is perhaps more effective in the short term. Destination image
is critical for destination management decisions and positioning [30]. Destination image
creates brand value, is a crucial competitive asset [31], and is a powerful management
tool for tourism [32]. Understanding the image of a destination helps tourism operators to
attract more visitors and predict their behavioral intentions [33]. Therefore, identifying the
image of glacier tourism destinations from the perspective of tourists is important for the
management of glacier tourism destinations. However, few studies have been conducted
concerning the experience of tourists at glacier tourist destinations and their perception of
the image of the destination.

Currently, there are two main paradigms for tourism destination image research: struc-
tured and unstructured [34]. The structured paradigm refers to researchers” attempt to
construct a framework for a destination image based on relevant theories, under which
subimages can be divided, mainly by means of structured questionnaires. The unstruc-
tured paradigm involves distilling and summarizing the respondents’ free descriptions of
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destination image to capture the destination image. Early destination image studies relied

mostly on structured questionnaire and interview data, but with the development of the

Internet, user-generated content (UGC) has proliferated, causing not only a paradigm shift

from structured to unstructured destination image studies, but also in traveler-generated

content (TGC), the data sources for destination image studies experienced a shift from
travel blogs to online travel reviews [35]. Thus, online travel reviews (OTR) based on social
media has become an important data source for destination image research.

Therefore, in this study we extracted images of glacier tourism destination and an-
alyzed the differences in their characteristics based on tourist reviews of glacier tourism
locations on TripAdvisor. Specifically, we wanted to achieve the following research objec-
tives (ROs):

1. The creation of an overall image of global glacier tourism destinations. Reviews of
glacier tourism destinations were aggregated by country, and the potential image
themes of glacier tourism locations in these countries were extracted separately and
finally combined to form the overall image of global glacier tourism locations.

2. Core image recognition of tourist destinations with glaciers. Features of the glacier
tourist destination’s image were analyzed using the significance and positivity of the
destination image as indicators.

3. An analysis of the image characteristics (indicating the degree of importance and
positivity of the image) of glacier tourism destinations in various seasons. Reviews of
glacier tourism destinations were gathered by season, and the destination images in
different seasons were extracted.

4. An analysis of the image characteristics of glacier tourism destinations in various re-
gions. The glacier tourist destinations were divided into six regions—North America,
South America, Nordic, the Alps, the Qinghai-Tibet Plateau, and New Zealand—and
the destination images were extracted for each region.

This study, on the one hand, closes a research gap concerning the image of glacier
tourism destinations and, on the other hand, may assist agencies managing glacier tourism
destinations to better understand the perceptions and experiences of visitors and therefore
make better management decisions. In addition, the reported results may assist travelers in
making trip decisions according to how closely their preferences match the image of glacial
tourism destinations.

2. Key Concepts and Definitions
2.1. Glacier Tourism and the Glacier Tourism Destination

Glacier tourism arose with pilgrimage, expedition, and mountaineering in the 18th
century; developed in the 20th century with mass tourism; and has been popular since
the 1980s with leisure and experiential tourism activities. There is currently no accepted
definition of glacier tourism due to the differing disciplinary backgrounds and research
objectives of scholars engaged in research in this field. Pralong and Reynard describe
glacier tourism as a synthesis of several types of tourism in glacier areas, such as geology
tourism, mountain tourism, and adventure tourism [36]. Liu et al. define glacier tourism
simply as tourism activities such as sightseeing, scientific research, exploration, and popular
science education that take place in a glacier area [37]. According to Wang et al., glacier
tourism refers to alpine tourist experiences or activities for which glacier resources or
glacial relics represent the primary attraction [38]. Purdie expands the scope of glacier
tourism by stating that in addition to activities that take place on a glacier, glacier tourism
also includes activities that take place in adjacent areas, such as on glacial lakes, glacier
inlets, or fjords [9]. Although a uniform understanding of glacier tourism has not yet
been established, it is evident that it consists of glacier tourism resources and glacier
tourism activities. A tourist destination is a location with unique natural or manmade
features that attract non—native tourists to experience a variety of activities [39]. Therefore,
unlike the concept of glacier tourism, the glacier tourism destination consists of glacier
tourism resources, tourism infrastructure, service communities, transportation access, etc.

41



Land 2022, 11, 1853

It is located close to the natural body of the glacier and within its surrounding extended
area [40]. Glacier tourism destinations can be regarded as market—oriented multifunctional
carriers based on glacier resources.

2.2. Tourism Destination Image

A tourism destination image is described as the totality of the impressions, feelings, and
beliefs of tourists about a destination [41]. It starts to take shape before tourists arrive, and
the visitor’s experience will cause their image of the destination to evolve dynamically [35].
Echtner and Ritchie construct the destination image using three axes: functional-psychological,
common-unique, and attribute-holistic, and propose a combination of standardized mea-
sures and open—ended questions to generate the destination image [34]. Gartner suggests
that a destination image comprises three parts: cognitive, affective, and conative [42]; this
definition has been widely accepted by tourism researchers [43,44]. The cognitive image
is constructed in the tourist’s mind based on facts about the destination and is the sum
of what the individual knows or believes about the destination [45]. The affective image
refers to the individual’s emotional responses or appraisals, which reflect their feelings
about the destination [46], and the identification of an emotional image helps tourists to
pursue benefits that match the emotions associated with the destination, thus creating a
more positive image of the destination [47]. Conative image is the motivation, preference,
or behavioral intention of the visitor after being influenced by cognitive and emotional
images [48]. Therefore, destination image theory proposes that cognitive and affective
images represent an individual’s subjective associations or impressions about the attributes
of a destination [42], and the conative image depicts the individual’s own idealized and
desired future condition [49].

In summary, in this paper, we define the destination image of glacier tourism as
the impressions, feelings, and behavioral intentions of tourists toward glacier tourism
resources and activities, tourism infrastructure, and other elements. It includes cognitive
images consisting of the glacier landscape, glacier activities, tourism transportation, tourism
services, etc.; affective images consisting of excitement, enjoyment, worthiness, etc.; and
conative images consisting of behaviors, such as willingness to recommend or revisit glacier
tourism locations.

3. Data and Methodology
3.1. Data Sources

The data used in this study were derived from glacier visitor online review data
from TripAdvisor. Depending on the source of information, the medium of destination
image formation can be divided into induced (emanating from the destination promoters),
organic (transmitted between individuals), and autonomous (produced independently
of the previous categories) [42]. Organic agents include, along with the experience itself,
the opinion of users and consumers that spreads through word—of —mouth marketing
(WoM) in conversations with relatives, friends, colleagues, or acquaintances [35]. As a
form of electronic word—of —mouth, online reviews contain a mixture of facts, opinions,
impressions, emotions, etc., published and disseminated to others by travelers [50], which
can influence the decision making of consumers and managers [51,52]. Consumers are
more likely to trust online consumer evaluations than information provided by the operator
because the former may contain important details that the latter is reluctant to make
public [53]. Furthermore, TripAdvisor, as one of the world’s top travel service platforms, is
involved in travel marketplaces in a variety of nations and languages. In February 2022,
the platform’s official website reported that it had amassed one billion online comments
and opinions. In addition, TripAdvisor protects its reputation by preventing bogus reviews
via a regulatory system, has established a certain level of credibility and user trust in the
sector, and has become a crucial database for researchers [54,55].
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3.2. Data Collection

Some research has offered pertinent listings for locations worldwide that are popular
for glacier tourism. We combined these listings and searched on the TripAdvisor website
using the keywords “glacier” and “snow mountain.” Following the consolidation of some
of the retrieved projects, such as “Mendenhall Glacier” and “Mendenhall Glacier Visitor
Center,” a total of 107 glacier tourism destinations (Figure 1) from 16 countries (Table 1)
were ultimately discovered. Using a Python crawler that we created, in June 2022, we auto-
matically crawled 138,709 glacier visitor reviews. The fields that were crawled contained
“username”, “hometown”, “comments”, “date”, and “score”. The earliest review in this set
was posted in July 2003, and the most recent was posted in June 2022. Our dataset includes
English, Spanish, Portuguese, Chinese, German, and other languages and was uniformly
converted to English by calling the Google Translate APL
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Figure 1. Location of the glacier tourist attractions. (The boxes indicate the name of the glacier,
the abbreviation of the country, and the number of comments from visitors. Data from https:
/ /www.tripadvisor.com/ (accessed on 12 June 2022)).

Table 1. Descriptive statistics of collected glacier travel reviews.

Country A ti\r]:c' t(i)(fns Reviews Percentage Country At::c' t(i)(fns Reviews Percentage
Argentina 14 37,169 26.80% India 3 2026 1.46%
Austria 9 4319 3.11% Ttaly 3 877 0.63%
Canada 10 13,566 9.78% Nepal 1 93 0.07%
Chile 5 6778 4.89% New Zealand 5 6042 4.36%
China 3 1197 0.86% Norway 4 1108 0.80%
France 6 11,881 8.57% Peru 1 693 0.50%
Germany 1 3334 2.40% Switzerland 12 17,466 12.59%
Iceland 10 6814 4.91% United States 20 25,346 18.27%
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3.3. Data Preprocessing

The text data produced by user comments are unstructured and contain a lot of noisy
information, which may seriously interfere with the results when used directly [56]. There-
fore, data preprocessing has become a fundamental step in text data analysis [44,57,58]. In
this study, the NLTK package in Python was selected for data preprocessing, comprising
a set of text processing packages for classification, tokenization, stemming, parsing, and
semantic reasoning. First, all text is converted to lowercase, and special punctuation is re-
moved. Secondly, word splitting and loading of stop words were performed. Then, the text
stop words were set, in addition to generic words such as “is”, “it”, “that”, etc. In addition,
the names of some glacier tourist places, such as “Zugspitze”, “Mendenhall”, etc., were
deactivated. Finally, POS filtering and word stemming were performed. Figure 2 shows
the process for achieving the research objectives.

Data collection Data pre-processing Image extraction

lower caseization
TripAdvisor reviews special punctuation
of glacier tourist word splitting

Latent Dirichlet

stop words Allocation

POS filtering
stemming

Salience-valence analysis

00000 Identify of image

) importance and
1071 reviews 5
emotion

Autumn (=] =]
(=]
Summer
Spring winter = = a
=]
Regional comparison Season comparison Dimensional salience-valence

analysis
Figure 2. Research process.

3.4. LDA Topic Model

Latent Dirichlet allocation (LDA) is a generative probabilistic model used to process
text data, representing text as a random mixture of potential topics in which each topic is
characterized by a distribution of words [59]. The use of the LDA topic model can allow
potential topics to be discovered from a large amount of unstructured textual big data [60],
which helped us to construct an image of glacier tourism destinations in the world. These
potential topics need to be named, usually with reference to the few words with the highest
probability within the topic, as performed by one researcher and determined by another
researcher. Figure 3 presents a graphical representation of LDA adapted from Blei et al. [59].
In the figure, a denotes the Dirichlet distribution of the first document topic, from which
the topic distribution of document 6 (polynomial distribution) is obtained, and from 6, a
series of topics (z) can be derived. 3 denotes the topic—word Dirichlet distribution, and the
word distribution (¢) (polynomial distribution) corresponding to topic z is generated by
sampling from (3. Finally, the words (w) are generated by combining z and ¢. One word is
extracted from each topic, and these words are connected to obtain a document. This is
repeated several times, generating a large number of documents in the corpus. Finally, it is
compared with the original document to determine the best way to distribute the points of
the Dirichlet distribution.
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Figure 3. Graphical model representation of LDA.

The scikit—learn library in Python makes it easy to implement LDA modeling. How-
ever, it is first necessary to determine the values of the four main parameters: alpha, beta,
n_topics, and n_iter (number of iterations). The corpus—level hyperparameters alpha (x)
and beta () directly affect the LDA results, with smaller alpha values implying fewer
dimensions per comment and smaller beta values resulting in fewer words per dimen-
sion [58]. Perplexity represents the uncertainty of the trained model with respect to which
topic a document (d) belongs; the lower the perplexity, the more effective the model [52].
Therefore, in this study, perplexity was chosen as the basis for determining the values of the
alpha, beta, and n_topic parameters. With reference to the experience of the Taecharungroj
study, the alpha was set between 1 and 0.1, and the beta was set between 0.1, 0.01, and
0.001 [58]. When constructing the overall image of global glacier tourist locations (RO1)
and determining the topic number, on the one hand, we required more theme numbers to
ensure a more comprehensive extracted image, but on the other hand, we required a lower
perplexity level. We ultimately set the number of topics to 5 when the visitor had posted
fewer than 1000 comments. When the visitor had posted more than 1000 comments, the
number of topics was set to 11. For the number of topics in RO3 and RO4, the number of
topics with the lowest confusion was selected. In addition, alpha was set to 1, and beta was
set to 0.1 for the lowest perplexity, and n_iter was taken to be 2000 to ensure convergence
of results.

3.5. Salience-Valence Analysis

To achieve RO2, in this study, we used the diagnostic tool salience—valence analysis
(SVA) developed by Taecharungroj et al. to identify the importance and emotional color
(positive or negative) of each image [57], where salience is expressed as the total number of
visitor reviews for the image, and valence is expressed as:

= (5 bubble reviews — Others bubble reviews)/(Total reviews of the image) 1)

Although TripAdvisor officially states that 5—bubble reviews from visitors indicate
excellence and 3—bubble reviews are the average, the average score for all reviews in this
study was 4.68. We observed that when tourists give a rating of fewer than 5—bubbles,
it means that the tourist destination has at least some factors that make tourists feel
dissatisfied. Therefore, in this study, we set reviews with 5—bubble ratings as “above
average” reviews and all the other levels as “below average” reviews.

4. Findings
4.1. Owverall Image of the Glacier Tourist Destination

Images of glacier tourism destinations (Appendix A, Table A1) in 16 countries were
extracted using the LDA model and aggregated to obtain a global glacier tourism desti-
nation image system consisting of 14 dimensions and 53 attributes (Table 2). Among the
14 dimensions, the landscape dimension was dominated by attributes such as mountain,
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landscape, glacier, ice, and glacial lake. The specific activities of glacier tourism included hiking,
skiing, cruising, and helicopter sightseeing. The most important means of transportation for
glacier tourism are cable cars, boats, and trains. Whale, bear, and seal were the main animals
encountered during glacier tours. The most important infrastructure items were roads and
visitor centers. Landscape features included color and magnificence. The price image was
mainly described in terms of tickets. The tourism environment included accessibility and
weather/climate. Viewing locations were specifically represented as viewpoints and viewing
platforms where visitors could take photographs. People and food were used as separate
dimensions and attributes, with people mainly indicating the atmosphere among visitors
and the type of companions. The visitor experience was mainly expressed in terms of
worthwhile, enjoyable, and kindness. Glacier tourism necessities included water and an oxy-
gen tank. The other attributes were results that were difficult to interpret, had little relevance,
or were modeled randomly or incorrectly. Appendix A Table A2 shows the image of glacier
tourism destinations in the attribute dimension and their main topic words.

Table 2. Results of overall destination images.

Dimension Percentage Attribute Percentage Dimension Percentage Attribute Percentage
Ice 3.70% Road 6.26%
Ice Field 1.19% Piste 0.13%
Glacier 4.41% Skywalk 1.08%
Snow 1.99% Local Infrastructure 13.99% Visitor Center 5.02%
Landscapes 30.83% Mountain 7.74% Restaurant 1.46%
Glacier Lake 2.26% Parking 0.04%
Valley 0.33% Color 1.98%
Waterfall 2.40% Sound 0.36%
Landscape 6.81% Landscape Features 4.37% Altitude 0.17%
Hike 8.81% Slope 0.53%
Ski 2.84% Magnificent 1.33%
Self—Driving Tour 0.91% . Price 0.09%
Soecific Activit 184000 Climb 0.83% Price 0.93% Ticket 0.84%
P Y 407 Ride Horse 0.15% Accessibility 459%
Cruise 2.17% T | Envi 8.00% Weather/Climate 2.64%
Helicopter Sightseeing 1.90% ravel Environment i Season 0.55%
Adventure 0.79% Crowdedness 0.22%
Cable Car 3.64% s . o Viewpoint 2.29%
Bus 0.84% Viewing Location 2.93% Viewing Platform 0.64%
. Troll Car 0.08% People 2.23% People 2.23%
Transportation 10.05% Train 1.84% Experience 0.71% Worthwhile 0.45%
Boat 3.54% Kindness 0.10%
Sledge 0.11% Necessity 1.30% Enjoyable 0.16%
Seal 0.35% Water 1.23%
Animals 3.37% Whale 2.01% o Oxygen Tank 0.07%
Bear 1.01% Other 0:30% Other 0.30%
Food 2.59% Food 2.59%

Figure 4 intuitively shows the salience—valence analysis at the dimension level of the
glacier tourist destination image. Figure 4 shows that the landscape is the most salient
(30.83%) and valent (0.63) image associated with glacier tourism locations, vastly outnum-
bering other images, showing that the landscape of glacier tourism destinations is the most
popular factor for tourists. The salience of specific activities (18.4%), infrastructure (13.99%),
transportation (10.05%), and tourism environment (8%) were also prominent and contained
many types of secondary attributes, which have a significant impact on glacier tourism.
Although the infrastructure salience was high, its valence (0.45) was lower than the overall
average, and building and maintaining improved infrastructure is a common challenge for
glacier tourism destinations. Among the other images in the dimension of glacier tourism,
animal salience (3.37%) was not high, although its valence (0.73) was the highest, showing
that it is a major highlight of glacier tourism. Conversely, price had a low salience (0.93%)
and the lowest valence (0.31). As one Australian tourist commented on Zugspitze in March
2018: “The view from the gondola is fantastic, but unfortunately the price—performance
ratio is not right at all”. Therefore, although the gorgeous landscape of glacier tourism can
provide a high—efficiency valence to tourists, the negative feelings induced by expensive
pricing must also be considered.
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Figure 4. Dimensional salience-valence analysis.

Figure 5 shows the attribute—level valence of the image of glacier tourism destinations,
with high attribute valence including seal (0.88), ice (0.77), whale (0.75), glacier (0.67), cruising
(0.65), color (0.65), and water (0.62). On the other hand, the attributes of price (—0.38), sled-
ding (—0.22), skywalk (—0.21), and enjoyed (0.02) had lower valence. Among the attributes,
although the infrastructure valence at the dimensional level was low, the valence of vis-
itor center (0.53) and parking lot (0.59) was high. Visitor centers are important in glacier
tourism for provision of information on glacier mechanisms and glacier recession [61], thus
deepening the experience of glacier tourism for tourists. For example, a visitor from Texas,
USA, commented in August 2018 on the Exit Glacier visitor center: “The park visitor center
is great and it is important to learn about the history and how our planet is changing”.
Another visitor commented: “If you are in the area, spare a day to drive to the glacier and
hike to the terminus. The visitor center at the beginning of the hike is small and throws
light on how the glacier has been retreating over the past few decades. The initial hike path
is paved and has signs that show where the glacier terminus was and how it moved back”.
As a result, visitor centers play an important role in educating visitors about science and
encouraging environmentally friendly behavior.

4.2. Seasonal Difference Analysis of GTD Image

Figure 6 shows the tree heat map of the image of glacier tourism destinations con-
taining three types of information: season, dimensional image, and attribute image. The
color indicates valence, and the block area indicates salience (i.e., the number of comments
accounted for). As shown in Figure 6, the average valence of the four seasons did not
differ significantly, with valence scores in the range of 0.52-0.56. However, summer (58,774)
had a substantially higher importance score than autumn (35,952), spring (25,038), and
winter (18,945), indicating that summer is still the peak season for glacier tourism locations,
although glacier scenery is more impressive in the winter. Appendix A Table A3 shows the
specific values of the seasonal image of glacier tourism destinations.
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Figure 6. Seasonal differences in the image of glacier tourism destinations.

In terms of image categories, the landscape categories did not vary considerably and
were mainly dominated by mountains, glaciers, and glacial lakes. Specific activities featured
in each of the four seasons, with self —driving and cruising activities occurring primarily
in the summer and fall, whereas skiing occurred only in the winter and spring, and hiking
occurred in all four seasons as the core glacier tourism excursion. In addition, images such
as roads, cable cars, prices, and weather/climate were also common to all seasons. Weather
can have a direct impact on glacier tour operations, with overcast and foggy circumstances
restricting visibility and accessibility to the glacier and affecting glacier tour activities, such
as helicopter tours and hikes [62] and therefore valued by visitors regardless of the season.
Accessibility is an image that was unique to summer. In the context of climate change, global
glacier melting has accelerated, often forming large crevasses or producing disasters, such
as ice avalanches and rockfalls, making glaciers difficult to access [63]. Rising temperatures
in summer cause rapid melting of glaciers and increased tourism instability, which in turn
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complicates tourist access to glaciers [64]; therefore, the image of accessibility occurred
mainly in summer.

In terms of image valence, although there was little difference in the average valence
of the four seasons, the valence characteristics of its internal dimensions and attributes
were significant. The image of the winter landscape (0.69) had significantly higher validity
than the other seasons, and winter and spring prices were more acceptable to visitors than
those in the summer and fall. Although skiing activities are only present in winter and
spring, visitors did not seem to be satisfied with them, in contrast to hiking and cruising,
for which the valence was consistently higher. The experience of emotional image (0.74) was
the highest—valence attribute in summer, indicating that tourists were highly satisfied with
the overall experience of glacier tourism in summer.

4.3. Regional Difference Analysis of GTD Image

Figure 7 shows the regional image of the glacier tourism destination consisting of
three types of information: region, dimensional image, and attribute image. The color
indicates the valence, and the number indicates the salience (number of comments). In
terms of the inner ring, which indicates the overall valence and salience of the image of
the region, the three regions of North America, South America, and the Alps had the most
reviews, accounting for roughly 87.5% of total reviews, showing that these three areas are
the world’s top glacier tourism destinations. In terms of image valence, the Nordic (0.65)
and South American (0.63) regions were the highest, followed by the North American
(0.53) and Alpine (0.52) regions, whereas the New Zealand (0.31) and Tibetan Plateau (0.06)
regions had the lowest valence. In terms of attribute image categories, North American
(18 categories) and South American (17 categories) regions had the most attribute categories
and were comprehensive glacier tourism destinations. In contrast, the New Zealand and
Tibetan Plateau regions had only 11 categories of attributes, and their glacier tourism
functions and elements were more singular. Appendix A Table A4 shows the specific
values of the regional image of glacier tourism destinations.
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Figure 7. Regional differences in the image of glacier tourism destinations.
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For the central ring, which reflects the dimension image of the region, the South
American region was most popular for its travel environment, landscape features, and
viewing locations, and its landscape and specific activities were most significant, although
visitors had a relatively poor impression of its infrastructure. The strength of the image
of the North American region lay in its specific activities and landscapes, which were the
main image of its glacier tourism destinations and which were highly valued and widely
recognized by tourists. Conversely, the high price of glacier tourism in North America was
one of its few criticisms. The Nordic region won over visitors with its superb landscapes,
and the viewing locations and infrastructure were equally popular with visitors, although
they did not rate specific activities, which were relatively few and not easy to access. The
Alpine region had the highest landscape, viewing location, and experience validity, as well
as higher price satisfaction compared to other regions. The Qinghai-Tibet Plateau region
had the lowest image valence of all the regions, with price (—0.11), tourism environment
(—0.07), and transportation (—0.04) having the worst image and only the scenic location
(0.47) having a slightly better image, whereas the rest of the image valence was negative
or close to zero. The landscape and specific activities in the New Zealand region were
relatively more popular with tourists but also had less valence than in other regions.

Finally, the outer ring reflects the image of a region’s attributes. With regard to
attributes under the landscape dimension, the naturalness of the landscape in the South
American region (0.76) was the most prominent; North America was the most popular
for glaciers (0.73); Northern Europe, as the region with the highest landscape valence, was
highly praised by tourists for its beaches (0.81), glaciers (0.79), and glacial lakes (0.75); the
Alpine region had the highest valence for mountains (0.68); the landscape of the Tibetan
Plateau region seems to be unrecognized by tourists, and its highest valence was only
0.32 for glaciers; and although the valley landscape was the most criticized in the Tibetan
Plateau Region, it was very different in New Zealand, reaching a valence of 0.56. In terms
of specific activities, those that are unique to each region included adventure and climbing
in South America, cruising and hiking in North America and Northern Europe, climbing
and skiing in the Alps, horseback riding in the Tibetan Plateau, and helicopter tours in New
Zealand. Although skiing was an image specific to the Alpine region, its satisfaction was
not high, and the same applied to horseback riding in the Tibetan Plateau region. In terms
of price, the valence of the regions was not low, with the exceptions of North America
and the Tibetan Plateau. Notably, accessibility appears in the images of South America,
Northern Europe, and New Zealand, suggesting that the approach and route to the glacier
were important to them. The image of viewing platforms in the Alps and the Qinghai-Tibet
Plateau was significant because glacier tourism in these two locations is mainly associated
with sightseeing at the top of mountains, making the construction of viewing platforms
particularly important.

5. Discussion and Conclusions
5.1. Discussion

The results of this study indicate that the image of glacier tourism locations consists
of 14 dimensions. Compared to previous studies, the five most common categories were
landscape, specific activities, transportation, infrastructure, and travel environment [34,43],
and the image dimensions of animals, price, people, and food were also consistent with
some previous research [45]. The difference is that the landscape features, viewing locations,
and necessities (e.g., oxygen bottles and water) are unique images of glacier tourism. Glacial
landscape features are an important reference for tourists, which produce the image of
tourist destinations, and the evaluation of the glacier landscape by tourists is based on
their perception and experience of glacier features, such as color, shape, texture, and
sound [65]. Viewing location is also crucial to glacial landscape sightseeing. For example,
tourists commented that the view of the golden mountain of sunshine (formed by sunlight
hitting the top of the mountain and being reflected by the glacier) on China’s Hailuogou
Glacier could only be seen from specific viewpoints. The image related to necessities
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was also significant because glacier tourism activities mainly involve hiking, and the
availability of water is indispensable; similarly, some glaciers are at high altitudes, and
the air is relatively thin, so tourists participating in hiking and climbing activities may
also need to carry oxygen tanks. In addition to the abovementioned cognitive images of
tourism destinations, in this study, we also captured the affective image of an experience
consisting of “worthwhile”, “kindness”, and “enjoyable”, a type of image that is often
difficult to capture in unstructured tourism destination image constructs [44]. The conative
image is more associated with the actions of the visitor after the trip, such as revisiting
and recommending the destination [48,66]. Thus, although the conative image cannot be
captured, the cognitive and affective images are sufficient to represent the overall image of
the destination [42,67].

Among the images of glacier tourism destinations, landscapes and specific activi-
ties have high salience and high valence and are thus the core images of glacier tourism.
Additionally, there is little of the human element to attract visitors to glacier tourism
sites, in contrast to the image of mixed tourism sites (e.g., city tourism), where culture,
entertainment, and experience are perhaps more important [44,45,58]. Similarly, the phe-
nomenon of lower infrastructure valence is easy to explain. Glaciers are usually located
in high—latitudes or high—altitude mountains far from urban areas, with fragile natural
environments that are prone to rockfall due to glacier recession [18], so the infrastructure
construction and maintenance costs of glacier tourism sites are higher than those of the
general tourism type, resulting in a lower valence of the image. The price image has the
lowest valence, perhaps because tourists are required to pay extra for the protection of
the glacier [68]. However, the high cost of travel is not unique to glacier tourism destina-
tions, and tourist dissatisfaction with travel prices seems to be common across all types of
travel [57,69,70].

The analysis of the seasonal image of glacier tourism destinations shows that glacier
tourism sites have distinctive summer and winter characteristics. Visitors were significantly
more satisfied with the winter landscape than the summer landscape, mainly because the
summer is affected by high temperatures, leading to snow melting and glacier recession,
whereas the low winter temperatures allow glaciers to be replenished by snowfall [71],
and the combination of snow with mountains and forests can itself have a strong visual
impact. Although tourist satisfaction with glacier skiing was not high, the number of glacier
skiing visits was significantly higher in winter than in summer because of snowfall and
microclimate fluctuations [72]; therefore, skiing is another feature of glacier tourism under-
taken in winter. Glaciers are more stable in winter, so for glacier tourism, glacier—climbing
activities are more appropriate in winter. Another advantage of winter glacier tourism is
the price [68]. As it is the low season, tour operators usually attract tourists by lowering
the prices of entrance fees and hotels [73], with the result that tourists are significantly
more satisfied with the price in winter than in summer. On the other hand, summer glacier
tourism is characterized by a diversity of landscapes, activities, and tourist service features;
comfortable temperatures; and a climate more suitable for outdoor sports [74], hiking to
experience the natural charm of the wilderness, or cruising the fjords to see glaciers and
whales [75]. As a consequence, the experience image of the summer received the highest
rating of the four seasons. The spring and fall seasons are not as distinctive as winter and
summer, but they are still good times for glacier tourism.

Although the main attraction of glacier tourism is wholly based on the geographic
environmental elements of the glacier destination [40], differences in regional characteristics
can produce different characteristics at different glacier tourism sites. The South American
and North American regions are well—developed and comprehensive glacier tourism
destinations, with diverse and efficient landscape types and tourism services. However,
the South American region is more prominent for adventure activities, such as hiking and
climbing in glacier areas. The North American region is more diverse, and in addition
to hiking, glacier tours by cruise ship, helicopter, or self—drive are also significant [76].
Northern Europe possesses the ultimate natural scenery, and cruises on glacial lakes are
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a key feature [77]. The Alps are a typical mountain glacier tourism destination, with
world —renowned glacier ski resorts featuring skiing, climbing, and sightseeing by cable
car and train [29]. The Qinghai-Tibet Plateau region is also a mountainous glacier tourism
area, but there is no skiing, and mountaintop sightseeing and horseback riding in the valley
are its specialties [78]. Glacier tours in the New Zealand region feature wilderness hikes
and glacier tours by helicopter [79].

5.2. Conclusions

In this study, we crawled 138,709 online reviews (text data) of 107 glacier tourism
destinations on TripAdvisor and extracted images of glacier tourism destinations using
the LDA theme model, with some interesting results. First, we found that the world
glacier tourism destination image system consists of 14 dimensions and 53 attributes.
Landscape and specific activities were the core elements of glacier tourism. Landscape
features, viewing locations, and necessities had unique significance for glacier tourism,
whereas infrastructure and prices were influenced by the environment of glacier tourism
sites, resulting in low valence. Secondly, the image of glacier tourism destinations varied
significantly on a seasonal basis, with summer glacier tourism sites having a variety
of image types, tourism features, and a comfortable climate. Glacier tourism in winter
was regarded as better in terms of landscape and price, and skiing activities were more
appropriate in winter. Finally, the regional differences in the image of glacier tourism
destinations were obvious. The world glacier tourism market is mainly concentrated in
South America, North America, and the Alpine region, and each regions has its own glacier
tourism characteristics.

Our study has certain theoretical and practical implications. We extracted images
of glacier tourism destinations based on tourist reviews of glacier tourism destinations
worldwide, complementing research on glacier tourist experiences and destination image
perceptions, as well as enriching unstructured research on destination images. In addition,
the destination image analysis method based on the LDA theme model and SVA proposed in
this study could help tourism managers to identify the key attributes of tourism destinations
for scientific decision making and planning to enhance their attractiveness. Finally, the
analysis of seasonal and regional variations in the image of glacier tourism destinations
presented in this study could help tourists match their preferences when choosing glacier
tourism destinations and the appropriate timing for their trips.

This study is subject several limitations that need to be addressed in future research.
First, the study sample may be biased; we used data from TripAdvisor glacier traveler
reviews, and glacier destinations and traveler reviews that did not appear on that platform
were not taken into account. Secondly, the crawled visitor comments were written in
multiple languages, and because of the large sample size, we converted them to English
uniformly by calling the Google Translate API, a process that may lead to changes in the
semantics of some words. In addition, for the image season analysis part of the destination,
we used the visitor writing date for the season classification; however, this date may lag
behind the visitor tour date, possibly biasing the results. Finally, traveler-generated content
belongs to the organic information sources of destination image, and it is an interesting
exercise to compare destination images derived from different information sources (induced,
organic, and autonomous) [80]. In addition, with advances in machine learning and natural
language processing capabilities, images and videos can serve as new sources of data in
the study of destination images [81].
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Appendix A

Table A1. Results of national LDA topics.

Argentina Austria Canada Chile China France Germany Iceland
Hike Mountain Adventure Accessibility Altitude Cable Car Snow Accessibility
Accessibility Slope Ice Field Worthy Cable Car Climb Train Glacier Lake
Ice Crowdedness Hike Mountain Kindness Ticket Mountain Mountain
Glacier Viewing Platform Skywalk Glacier Lake Accessibility People Restaurant Road
Boat Restaurant Glacier Lake Road Landscape Train Viewing platform Seal
Mountain Ice Self—Driving Tour Food Ticket Landscape Cable Car Boat
Food Ski Bus Landscape Landscape Season Weather Glacier
Landscape Accessibility Mountain Hike Season Ski Road Weather
Road Other Road Sound Oxygen Tank Mountain Ski Hike
Visitor Center Piste Viewpoint Viewpoint Viewing Platform Magnificent Climb Landscape
Color Cable Car Water Boat Weather Weather Ticket Viewpoint
India Italy Nepal New Zealand Norway Peru Switzerland United States
Ride Horse Cable Car Adventure Hike Waterfall Landscape Cable Car Waterfall
Mountain Slope Mountain Accessibility Troll Car Road Road SH ehcop_ter
ightseeing
Sledge Ski Hike Landscape Cruise Viewpoint Restaurant Hike
Viewpoint Mountain Glacier Lake Viewpoint Climb Hike Hike Visitor Center
Price Altitude Valley Road Accessibility Accessibility Mountain Cruise
People Glacier Weather Snow Bear
Enjoyable Weather Parking Ski People
Snow Visitor Center People Train Mountain
Accessibility Snow Mountain Weather Water
Road SH ehcop‘ter Hike People Glacier
ightseeing
Ice Valley Road Landscape Whale
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Table A4. Regional image of glacier tourism destinations.
Alpes Freq. % New Zealand Freq. % Nordic Freq. %
Landscapes (Glacier,
Landscapes (Ice, 6933 18.30% Landscapes (Landscape, 2000 33.10% Waterfall, Mountain, 4059 51.24%
Mountain, Landscape) Glacier, Snow, Valley) .
Glacier Lake, Ice, Beach)
Specific Activity (Climb, o Specific Activity (Hike, o Specific Activity o
Hike, Ski) 7385 19.50% Helicopter Sightseeing) 1844 3052% (Cruise, Hike) 767 9-68%
Transportation (Trian, o . o . o
Cable Car) 6706 17.70% Transportation 0 0% Transportation (Boat, Car) 1098 13.86%
Local Infrastructure Local Infrastructure (Road, N Local Infrastructure (Road, o
(Restaurant, Road) 4022 10.62% Visitor Center) 87 16.34% Visitor Center) 854 10.78%
Travel Environment Travel Environment
Travel Environment 0 0% (Accessibility, 742 12.28% (Accessibility) 444 5.60%
Weather/Climate) y
Viewing Location 5903 15.58% Viewing Location 469 7.76% Viewing Location 375 4.73%
(Viewpoint) (Viewpoint)
Price (Price, Ticket) 3418 9.02% Price 0 0% Price 0 0%
Experience (Worthwhile) 1961 5.18% Experience 0 0% Experience 0 0%
People 1549 4.09% People 0 0% People 325 4.10%
North America Freq. % Qinghai—Tibet Plateau Freq. % South America Freq. %
Landscapes (Landscape,
- . Landscapes (Landscape,
Mountain, Waterfall, 12218 31.40% Landscapes (River, 1422 42.88% Glacier Lake, Glacier, Ice, 17,324 38.81%
Glacier Lake, Ice Mountain, Glacier, Valley) .
. 5 Mountain, Natural)
Field, Glacier)
Specific Activity (Hike, e - s L. .
Helicopter Sightseeing, 10,69  27.49% Specific Activity 276 8.32% Specific Activity (Climb, 7673 17.19%
N > (Ride Horse) Hike, Adventure)
Cruise, Self—Driving Tour)
Transportation (Boat) 2165 5.56% Transportation (Cable Car) 259 7.81% Transportation (Boat) 2768 6.20%
Local Infrastructure (Road, 475 1252%  Local Infrastructure (Road) 362 10.92% Local Infrastructure 4579 10.26%
Visitor Center) (Visitor Center)
Land(sgallgteuieea;tures 2101 5.40% Landscape Features 0 0% Landscape Features (Color) 1843 4.13%
Travel Environment Travel Environment Travel Environment
(Weather/Climate) 0 0% (Season) 164 4.95% (Accessibility, 5028 11.26%
Weather/Climate)
Viewing Location 0 0% Viewing Location 239 7.21% Viewing Location 1944 4.35%
(Viewpoint)
Price (Ticket) 2400 6.17% Price (Price) 353 10.65% Price 2097 4.70%
Experience 0 0% Experience 0 0% Experience (Worthwhile) 1384 3.10%
People 967 2.49% People 241 7.27% People 0 0%
Food 1405 3.61% Food 0 0% Food 0 0%
Animals 0 0% Animals 0 0% Animals 0 0%
Necessity (Water) 2087 5.36% Necessity (Water) 0 0% Necessity 0 0%
Other 0 0% Other 0 0% Other 0 0%
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Abstract: The increasing number of visitors to wetland parks has caused varying degrees of impact
on wetland life. How to reduce the damage to wetland biodiversity caused by recreational activities
in parks, improve tourists’ recreational experience, and balance the relationship between the two
are urgent problems that need to be solved. Therefore, four urban wetland parks were selected as
subjects for this study. The present study utilized social media data to study the diversity of urban
wetland habitats and tourists” wetland landscape preferences from the spatial dimension and explore
the relationship between the two. This is a practice different from the traditional ecological research
(survey, measurement, monitoring, questionnaire survey) of wetland habitat diversity assessment.
The research revealed the following findings: (1) There was a significant positive correlation between
habitat saturation and positive artificial elements, such as landscape structures and aerial walkways;
(2) Landscape complexity is negatively correlated with landscape instantaneity and wilderness degree;
(3) Habitat diversity was negatively correlated with landscape instantaneity but positively correlated
with naturalness and positive artificial elements. This study proposes wetland habitat construction as
a strategy to optimize the management of habitat diversity in urban wetland parks and enhance its
ecological education function.

Keywords: urban wetland park; social media; habitat diversity; tourists” visual preference; mapping
of habitat units

1. Introduction

Urban wetland is a valuable natural resource in the city. However, the rapidly ex-
panding city has produced a lot of human interference and pressure. In order to solve
the problem of urban development and environmental destruction, people built urban
wetland parks [1]. Its construction goal is not always to provide ecological services but also
to undertake cultural and recreational functions. It is an integrated constructed wetland
(ICW) combined with human activities [2]. Nowadays, urban wetland degrades rapidly,
which is mainly caused by various human activities, such as recreational construction,
urban noise, and uncivilized behavior of tourists [3]. When the loss of urban wetlands
reaches a certain level, the watershed cannot provide effective water quality protection,
flood retention and storage, and wildlife habitat [4]. However, with the improvement
of people’s leisure awareness and the diversification of leisure needs, the frequency of
urban wetland park visits has been greatly increased. Running, fishing, taking a walk, and
viewing wetland scenery are the daily activities of residents here. Therefore, urban wetland
parks, as a part of the overall urban planning, have the most acute contradiction between
the protection of wetland resources and the construction of the park [5]. How to balance the
habitat diversity protection and recreation construction of wetland parks and combine the
functions of wetland ecosystems with landscape recreation activities are important issues
to improve the natural eco-efficiency of wetlands and the value of urban social functions.
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Recreation development and natural resources protection have always been the focus
of attention in related disciplines, and the theoretical applications of this research are
ROS [6], LAC [7], VERP [8], and other recreation development theories. Most of the
application fields are forest parks [9] and nature reserves [10], but there are few applications
in the research of urban wetland parks. Human beings are born with the desire to be
close to nature, a large number of studies in environmental psychology have proved that
the environment with natural elements has a positive effect on the recovery of human
health [11-13].

In the early stage, wetland research was focused on its biodiversity and ecological
service functions. Biological data and abiotic data of wetland parks are widely used as two
kinds of index systems to assess the level of biodiversity. In the study of biological data
indicators, the community structure of macroinvertebrates [14], birds and amphibians [15],
microbial flora [16], vascular plant community [17], and vole [18] can be used as the
indicator species of biodiversity in the selected habitat unit of this organism. However,
it is not clear whether it can represent the level of the whole wetland park, because the
interpretation percentage is about 20%, which has a certain bias [19]. The assessment of
abiotic data is mainly conducted through the sampling of environmental factors, such as
hydrology [20] and soil [21], in the wetland park. However, the sampling is complicated
and requires professional operation and evaluation. Then, some ecologists turned their
attention to the study of habitats. A habitat is the sum of ecological factors that act on
organisms in a particular area, and it is one or more spatial units of different scales and sizes.
Compared with the singleness of the former research index, all biological and abiotic factors
within the habitat diversity assessment are included for comprehensive consideration. In
this way, the results obtained have higher explanatory power and are more suitable to
be used as a substitute index to measure wetland biodiversity [22,23]. The establishment
of a landscape structure index system, such as area, perimeter, edge complexity, and
connectivity of habitat units, makes up for the deficiency of habitat space [24-26]. In
recent years, the visualization of habitat units has been achieved with the aid of computer
software [27-29]. Spatial data that can be easily measured and recorded enhances the
operability of wetland habitat diversity assessment. However, the research focus is still
on the ecological attributes of wetland parks, ignoring that it is also disturbed by human
recreation as a park. Conservation is not isolation. Now humans are gradually becoming
participants in the wetland ecological process. If the protection strategy of a wetland park
is proposed simply from the perspective of ecology while its recreational function as a
park is ignored, this is the result of a serious disconnection between experimental design,
management, and evaluation.

Tourists” landscape preference was found to be closely related to nature at the early
stage of the study [30]. Human beings perceive the natural environment through their brain
consciousness, thus generating landscape “element” preference and “spatial structure”
preference [31]. People prefer quantitative and measurable physical elements, such as
water [32] and plants [33], etc., while in their preferred spatial environment, they prefer
different habitats, such as wetlands with water surface [34], open lawns [35], and wetland
tree communities [36]. In addition, human beings can perceive biodiversity, which has
nothing to do with tourists’” personal attributes, such as age, occupation, and gender, but
has something to do with perception intensity and preference [37-40]. The wetland park
is favored by tourists because of its unique biodiversity, complexity, and naturalness [35].
Based on the close connection between green space and human preference cognition, as
well as the increasingly fierce conflict between “recreation construction” and “resource
conservation”, relevant scholars try to study biodiversity and tourists’ landscape preference
from the following three aspects: (1) Biodiversity can promote the ecological health of green
space around cities [41,42]. (2) The level of biodiversity will also affect human aesthetic
preferences. For example, Matthies studied people’s perception of species diversity through
experiments combined with practical studies [43,44]. (3) The relationship between species
richness and happiness. Jung et al. found through experiments that people have a positive
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evaluation of plant planting with rich species [45,46]. However, other studies have shown
that the relationship between biodiversity and recreation services is not always positive.
For visitors, aesthetics and naturalness are the most important attributes of urban parks,
while the attraction of plants and animals is secondary [47,48].

The rise of social media data provides a more comprehensive approach combin-
ing subjective and objective factors to the uncertainty of the relationship between the
two and brings new ideas to solve the contradiction between biodiversity conservation
and recreation construction. Big data, such as comments [49] and geographical location
information [50] released by a large number of tourists on social media platforms, are
increasingly widely used as the scientific basis for in-depth research on landscape prefer-
ences. Compared with traditional data, in the era occupied by social networks, big data
is more representative and spontaneous. In particular, the framing form and shooting
content of tourists” photos can reflect the interaction between humans and nature in the
dimensions of time and space [51]. As the research basis of landscape preference research,
photographs are now widely used in the research of the “Objective-element” paradigm
and “subject-perception” paradigm [52]. In the study of objective paradigm, comments
on social media are quantified, reflecting that the biophysical features of the landscape
are transformed into quantifiable parameters, such as type, diversity, line of elements,
area proportion, etc., which constitute the parameter indicators for landscape preference
evaluation [53-55]. The subjective paradigm takes the traditional Kaplan preference matrix
as the core theory [56] and reflects the human perception of landscape in combination
with comments and questionnaires on social media, such as naturalness, complexity, and
coherence [57,58]. The preference research based on photo analysis combines the practice
of environmental psychology and green space, which provides a certain reference value for
enriching the human space experience and developing the potential of natural recreation
space. Therefore, using social media data to study the public’s preference for wetland
landscapes can promote the development of a good “biodiversity perception” experience,
thereby better predicting the acceptance of biodiversity management measures, and realize
the construction of a “conservation-development-education” urban wetland park. Visitors’
awareness of wetland biodiversity will enhance their awareness and behavior of nature
conservation. However, there is a certain disconnection between habitat protection and
recreation space organization in wetland parks, which requires landscape architects to
make full use of environmental factors, such as water, sunlight, and heat, that affect the
growth of plants when designing recreation space in wetland, so as to create a spatial
organization that shows the inner organisms.

Based on the literature review, we found that the quantitative research scale of habitat
diversity was mainly concentrated in cities, nature reserves, and so on. Habitat studies
on park site scale tend to focus on ecological matrix and plant species but lack overall
research on green space design scale related to the ecological environment. Research on
the relationship between landscape preference and habitat diversity currently focuses on
the correlation of single factors, such as trees and water bodies in wetlands, while other
factors affecting wetland biodiversity, such as roads and structures in parks, have not been
systematically considered. Research on the relationship between landscape preference
and habitat diversity currently focuses on the correlation of single factors, such as trees
and water, in wetlands, while other factors affecting wetland biodiversity, such as roads
and structures in parks, have not been systematically taken into account. Under the social
background of big data, scholars have explored related aspects, such as recreation and
tourism, from different dimensions. However, in terms of biodiversity, the involvement
of pictures and location information data of social media big data has broadened the
research on the spatial coupling relationship between landscape construction and resource
conservation. Therefore, this study takes the urban wetland parks as the research object
and studies the following objectives based on practical cases:
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(1) Explore the real landscape preferences of tourists in urban wetland parks and en-
rich the research content related to biodiversity and tourists” preferences in urban
wetland parks.

(2)  Through the calculation and drawing of spatial data of an urban wetland park habi-
tat diversity map, combined with the geographical information location of photos,
explore the tourists’ preferred habitat spatial pattern to provide park managers and
designers with scientific and effective management and design suggestions.

(3) Deeply explore the influence mechanism of landscape preference and wetland habi-
tat diversity, try to change relevant biological factors, intervene in the biodiversity
protection of urban wetland parks, and achieve the unity of conservation and devel-
opment objectives so that urban wetland parks can play an important ecological role
while performing recreational sightseeing and science popularization and education
functions. We also seek to provide a reasonable reference for the later management of
wetland park habitat protection. This is extremely important for landscape architects
and urban park managers. A convenient and quick assessment method can provide
developers with scientific and effective site information, allow landscape architects to
participate in the protection of urban biodiversity, enhance the cultural and entertain-
ment value of wetland parks, and achieve a relative balance between the protection
and development of urban natural resources.

2. Materials and Methods
2.1. Study Area

Harbin and Changchun were selected as the research areas in this study. These two
cities are located in northeast China and are important central cities in this region, as
shown in Figure 1. With rivers passing through the cities, abundant tidal plain wetlands
are formed, which have a good natural foundation of ecological wetlands. By screening
15 urban wetland parks in Harbin and Changchun and considering the frequency of peo-
ple’s recreational trips and the number of comments on public media platforms, we selected
4 urban wetland parks that are free to the public in urban core areas, namely, Harbin Qunli
Wetland Park, Harbin Cultural Center Wetland Park, Changchun North Lake Wetland Park,
and Changchun Nanxi Wetland Park, see Table 1 for details.
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Figure 1. Location of the four urban wetland parks.
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Table 1. Basic information about the four wetland parks.

Park Name Total Area (m?) Wetland Area (m?) Wetland Type
Harbin Qunli 342,000 231,000 Natural wetlands, Artificial wetlands
Cultural Center 1,180,000 553,000 Swamp meadow, Prairie meadow
Changchun Beihu 11,970,000 3,765,000 Rivers, Lakes, Swamps, Constructed wetlands
Changchun Nanxi 310,000 112,000 Constructed wetlands, River wetlands

2.2. Data Acquisition

Basic quantitative data, such as the area and types of urban wetland parks, can be
obtained from the official website of the National Forestry and Grassland Administration
of China [59]. At the same time, Landsat 8 OLI_TIRS satellite data of four urban wetland
parks were downloaded from the Geospatial Data Cloud [60], corrected in combination
with the actual research, and the plan of the four urban wetland parks was drawn using
Auto CAD 2016 in order to calculate the area, perimeter vegetation area, and quantity of
wetland park [24]. Then, based on the shadow phase and multi-source remote sensing data
of Landsat 8 OLI, the four wetlands were classified into multi-feature vegetation [61,62].
Then, combined with the preliminary classification results, field research, and related data
records, the classification results were corrected and modified to prepare for the subsequent
statistics of habitat elements.

As for the acquisition of tourists’ visual preference data, the comment data of China’s
popular open social media platforms, such as Weibo [63], Ctrip [64], Two-step Road [65],
and Qunar [66], were captured and screened. These data included the text and image
content released by users during their visit to the wetland park and the gender of evaluators.
The time period used was from January 2017 to May 2022, so as to avoid the problem
of incorrect results due to the time difference in comment information. After screening
and deleting comments unrelated to wetlands, 2880 photos with geographic information
markers were obtained. According to the names of the corresponding parks, they were
coded as H—Qunli Wetland Park, W—Cultural Center Wetland Park, B—North Lake
Wetland Park, and N—Nanxi Wetland Park; the photo database of tourists” preferences
was constructed.

2.3. Data Preprocessing

In terms of data processing, both “subjective data- visitor preference” and “objective
data-habitat diversity of wetland park” were carried out at the same time, and a research
framework was built to achieve the final goal, as shown in Figure 2.

In the processing of tourists” visual preference data, the photos were firstly segmented
semantically [67,68] to identify the natural and artificial elements in the photos. The
landscape elements identified include blue sky, water, trees, lawns, flowers, roads, people,
buildings, landscape structures, facilities (garbage cans, lights, seats, publicity boards, etc.),
wooden piles, cement roads, wooden walkways, etc. [69]. Then, the segmentation results
of the establishment of the Java image processing library imagelO, and the use of computer
programming language to obtain the photo content proportion data, the segmentation of
natural elements, and artificial elements of the data for statistics and calculation, provided
the visual area ratio of each element in the photo. The habitat diversity data of wetland
park was calculated by the formula. We evaluated the habitat diversity of wetland parks
through statistics and calculation of objective data, such as wetland area, perimeter, and
number of habitat elements, and visualized the results. Finally, through correlation analysis,
cluster analysis, spatial coupling, and other methods, the characteristics of wetland habitat
units preferred by tourists were summarized and analyzed, and corresponding habitat
protection-development strategies were proposed.
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Figure 2. This shows the process for achieving the research objectives.

2.4. Visual Preference Indicator

According to the component proxy model [70], six indicators were selected as the
visual preference measurement of tourists, including perceived naturalness, diversity,
wildness, timeliness, and positive artificial elements. A measurement was calculated for
each sample, see in Table 2 for details.
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Table 2. Visual preference metrics and scoring principles [69].

Measure Value

Definition

Calculation References

Natural Vegetation Proportion 0-25% = 0; Kaplan and Kaplan (1989) [30]

Naturalness Naturalness of vegetation 25-50% = 1; 50-75% = 2; 75-100% = 3 Ulrich (1984) [71]
Diversity Rich landscape elements Number of landscape elements per view Kellert and Wilson (1993) [72]
House + road + other = 0; few artificial
Wilderness Degree of artificial construction independent elements = 1; wetlands with no Clay and Smidt (2004) [73]
artificial elements = 2; wild vegetation =3
@ La[;izzzzzf Cr}?fsr:;es with No time difference = 0; multi-season landscape = 1; Kaplan and Kaplan(1989) [30]
Temporality & single-season landscape = 2; meteorological P P

(2) Landscape attributes (water)
with weather characteristics

landscape = 3 Ulrich (1984) [71]

Positive artificial
element

Artificial landscape and local

None = 0; 1 element = 1; 2 elements = 2; 3 elements

architecture

and more =3

Arriaza M (2004) [74]

Negative
artificial element

Highways, industrial facilities,
electrical wiring

None = 0; 1 element = 1; 2 elements = 2; 3 elements

and more =3

Arriaza M (2004) [74]

2.5. Habitat Diversity Indicators
2.5.1. Division of Habitat Units

Habitat unit refers to the environment related to organisms, which can be divided
into spatial units in the ecosystem. Some abiotic factors together constitute the living
environment [75]. Its concept is constantly updated and developed with the passage of
time, and its essence reflects the characteristics of spatial or environmental patterns. In
terms of cities, it is formed by urban buildings, structures, vegetation, human activities,
and other factors [76]. Based on the urban park habitat classification system proposed by
Belgian scholar Hermy [25], this paper divided the habitats of four wetland parks into units,
see Table 3 for details. Habitat diversity was related to the area, and species richness was
related to habitat diversity while the area remains unchanged [24]. Therefore, we divided
the four wetland parks into 52 habitat units with an area of 50 m x 50 m, so as to facilitate
the study and exploration of other variables.

Table 3. Classification standard of habitat units in urban wetland parks [25].

Habitat Unit Type

Description of Habitat Indicators Scale Standard

(1)  Natural stand (natural or semi-natural forest vegetation)

(2)  Scrub (shrub)
(3)  Grass (herb) . :

Area elements/m? (4)  Tall vegetation (including reeds) z?;leiuz):zsftoreﬁ (deciduous forest) I;i:ag t: 1<0(1)(1nn£1,
(5)  Hydrological elements (waters)
(6) Islands
(7)  Parking lot (place where vehicles are parked)
(1)  Roads (belts for pedestrians and traffic services) Roads with a width of >2m (mfain

. (2)  Tree column (trees planted in column) “{ad/ secondary road);Roads with a

Linear elements/m (3)  Long span bridge width of less than 2 m (plank roads, >10m

(4) Landscape wall, etc. grass walks, air corridors); Shelter
forest, street tree column

(1)  Single tree or shrub s e

Point element/piece  (2)  Shallow water and sports fields within 100 m? Buildings, pavilions, sculptures, <100 m?
(3)  Infrastructure monuments

2.5.2. Habitat Diversity Calculation

Firstly, according to the classification criteria, the sample units were divided into
plane, linear, and point habitat elements. Then, the area, length, and number of each
cell are counted. Finally, the Shannon-Weill index and fractal index of each sample were
calculated, and habitat diversity (H), habitat saturation (H'), and landscape complexity (P)
were used as indicators to measure the level of habitat diversity in each sample [69]. Then,
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the results were analyzed visually using GIS, and a map of habitat diversity was obtained
for further analysis.

(4) Diversity of habitat

The habitat diversity index can reflect the difference between the actual biodiversity
level and the ideal biodiversity level in the study area, so the managers can intervene and
manage the landscape types in the site according to the index. Shannonville Diversity
Index was used to calculate the specific index. This index was constructed by Merglef and
Shannonville’s information measurement formula in 1958. It is one of the most widely used
indicators, and relevant scholars have used it to measure diversity at the species level. The
specific calculation formula is as follows:

H' =-Y7 (n;/N)In(n;/N) )

H’'—diversity index of habitat unit;

i—i-th habitat unit;

S—total number of habitat units;

n;—area, length, or number of habitat unit i;

N—total area, total length, or the total number of habitat units in the park.

(5) Habitat saturation index

The habitat saturation index is the ratio (%) between the actually measured diversity
index and the maximum possible diversity index H' ! max, which can be calculated, according
to Formula (3), and then the habitat saturation is calculated. For the specific formula, see (2):

!

H
S = —— x 100% 2
Hlmax ° ( )

Sax—rtotal number of habitat units.

1

Smax

H'yox = —In

©)

(6) Complexity of landscape

The complexity of the shape of landscape elements is both an ecological function
and a dimension of visual characteristics. Landscape complexity is one of the intersecting
indicators of ecology and environmental aesthetics, which can not only reflect the landscape
complexity of objective wetland habitats but also serve as a reference index for preference
prediction. In this study, the most representative morphological index calculation model
established by Krummel et al., the “girth—area” measurement index, is adopted:

S=0.25P//A 4)

P—The sum of the edge perimeters possessed by individual patches in the object area (m);
A—Total area of object area (m?);

2.5.3. Data Validation

Since the area proportion of various habitat elements in the photos can reflect the pref-
erence characteristics of tourists for habitat units, this study takes the preference database
obtained after semantic analysis of photos obtained from the internet as the research vari-
able and conducts a difference test to verify the degree of “affinity and disaffinity” between
elements. Since the sample data does not obey the normal distribution, non-parametric test
is chosen. In other words, SPSS 26.0 (Statistical Product Service Solutions, IBM) was used
to conduct K independent sample tests on sample data. It can be seen from Table 4 that
p < 0.05, there are significant differences among various element variables, and the data
are reliable.
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The proportion of landscape elements in the photo

0.4 A

3. Visual Preferences and Habitat Diversity
3.1. Analysis of Tourists” Landscape Preference Elements

According to the semantic segmentation of 2880 photos and the element proportion,
it is found that the landscape elements chosen by tourists are blue sky, trees, lawn, water,
men, cement road, shrubs, buildings, hydrophyte, structures, wooden walkway, flowers,
other plants, aerial boardwalk, facilities, steps, wooden walkway, and structure. Blue sky
accounted for 33.21%, followed by tall trees accounting for 12.40%; herbs and trees were
close to each other, accounting for 10.20%. Water area, as a popular area of wetland park,
accounted for 9.00%; Cement road represents artificial traffic, including hard paved square,
accounting for 6.10% of the total. Bush group and stairs are similar, accounting for 4.20%
and 4.10% of the total. As one of the representatives of seasonal landscape, aquatic plants
accounted for 3.00%; structures and wooden boardwalks are also popular in wetlands,
accounting for 2.80% and 2.50%, respectively. Other ground cover flowers and plants as
summer and autumn close-up elements accounted for 1.40%; artificial facilities, such as
garbage bins and transformer boxes (0.70%), are not preferred (see Figure 3 for detail).
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Figure 3. Photo element recognition statistics.

Then, the study produced statistics on the seasons of the photos, and it was found
that spring and summer were the peak seasons for tourists to visit the wetland park, while
winter had the least number of visitors. In this study, landscape elements preferred by
tourists in the four seasons are divided into natural elements (animals, plants, water surface,
natural revetment, snow and ice, sky, and sunset) and artificial elements (park facilities,
artificial landscape, road traffic) and are identified and counted according to the elements
in the photos and their proportions [69]. The statistical table is as follows (see Figure 4
for detail): In terms of plant preference, in spring people prefer trees in wetland parks
more. New buds and flowers, such as forsythia and elm blossom, in early spring become
the preferred ornamental characteristics of trees in spring, and the preference degree of
wetland landscape remains the highest among all elements. Birch, as a unique wetland
tree species in northeast China, has become the plant landscape with the highest tourist
preference. The preference degree of reed community landscape was the highest in summer
and autumn.

In wetland parks, people prefer natural elements to artificial ones, and this preference
is not affected by seasons, as shown in Figure 5. Plants were chosen as a preference by
visitors in summer, followed by winter, autumn and spring; The season with the highest
focus on artificial elements is summer, followed by winter, spring, and fall. This shows
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The proportion of landscape elements in the photo
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that people pay more attention to the construction of plants and artificial landscape when
visiting wetland park in winter, although the types of plants are relatively monotonous.
In terms of preference for natural elements, plants still pay the most attention to natural
elements in spring and summer, followed by water, sky, and animals. Insects and water
birds in summer are second only to water. In autumn, the natural elements of focus are color-
changing plants and reed swamps, while winter is snow, plants, ice, sky, sunset, animals.
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Figure 4. Focus on landscape elements in the four seasons (F1: the element with the highest attention
from tourists, S2: the element with relatively little attention, T3: the element with little attention).
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3.2. Correlation Analysis between Visual Preference and Habitat Diversity

Based on the correlation analysis between the habitat diversity index and preference
measure (Table 5), it is found that there is a significant positive correlation between habitat
saturation and active artificial elements, and a significant negative correlation between
landscape complexity and landscape wilderness and instantaneity. The naturalness, in-
stantaneity of landscape, and positive artificial elements play a positive role in promoting
habitat diversity. There was no correlation between habitat saturation and tourists” percep-
tion of naturalness, richness, wilderness, landscape instantaneity, and negative artificial
elements. There is no correlation between landscape complexity and naturalness, rich-
ness, or negative or positive artificial elements. There was no correlation between habitat
diversity and perceived richness, wilderness, or negative artificial elements.

Table 5. The correlation between the habitat diversity of the samples and the measure of visual
preference [69].

Habitat Saturation Landscape Complexity Habitat Diversity
Naturalness 0.239 0.014 0.355 *
Diversity 0.113 —0.023 0.186
Wilderness 0.211 —0.313* —0.186
Temporality 0.225 —0.514 ** —0.419 **
Positive artificial element 0.487 ** —0.218 0.304 *
Negative artificial element 0.099 —0.170 —0.129
Visual scale 0.088 —0.174 —0.011

*p <0.05*p<0.01.

(1) Correlation analysis between saturation and active artificial elements

The aerial walkway in the positive artificial element is proportional to the habitat
saturation of the wetland park. The higher the habitat saturation in the area with an aerial
walkway, the closer the actual biodiversity level is to the ideal biodiversity level. The air
corridor is the secondary spatial structure of the wetland park and the participation of
human beings in the vertical ecological process of the wetland park. This participation
method has been proven to be positive and effective in this study.

(2) Correlation analysis of landscape complexity, temporality, and wilderness degree

There is a significant negative correlation between landscape complexity and tempo-
rality, which includes the seasonal changes of autumn and winter plants and the meteoro-
logical landscape, such as snow and ice. High temporality means that there are snow and
ice and other meteorological landscapes in the field of view, so winter hampers visitors’
perception of wetland habitat diversity. The seasonal changes of plants can help tourists
perceive the diversity of habitats, and the landscape richness presented by autumn-colored
plants is more easily perceived by tourists. Summer visitors’” perception of landscape
complexity is at a moderate level.

There is a negative correlation between landscape complexity and wilderness degree.
The higher the landscape complexity, the better the ecology in the region. The lower the
wilderness, the more man-made buildings, roads, and other artificial elements are within
view and the less vegetation there is in the wilderness. This also confirms the conclusion
that the aerial walkway, a positive artificial element, is positively correlated with habitat
saturation. It shows that the ecology of the natural environment with artificial elements is
not necessarily bad, and moderate artificial construction is beneficial to tourists’ perception
of landscape complexity and regional biodiversity.

(3) Habitat diversity and temporality, naturalness, and positive artificial elements

The correlation analysis between habitat diversity and visual preference shows that
there is a close correlation between habitat diversity and the naturalness of view. The
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area of natural vegetation in the view of high naturalness is larger, and the higher the
habitat diversity index in the area is, the better the ecology is. The habitat diversity index
was negatively correlated with flowers and plants but positively correlated with trees and
aquatic plants. Here, we can understand that, to some extent, tourists prefer landscapes
with high vegetation naturalness, and the habitat diversity index in this region is also at a
high level.

There was a significant positive correlation between habitat diversity and temporality
within the horizon. The more temporality the landscape had within the horizon, the lower
the habitat diversity index, that is, the lower the habitat diversity in the landscape covered
by snow and ice in winter, which confirms the negative correlation between the landscape
complexity and the temporality and indicates the commonality of the visual aesthetic and
ecological characteristic indicators [54].

There was a positive correlation between habitat diversity and positive artificial
elements. Corridors, pavilions, and other landscape constructions in the park are the most
preferred landscape elements for tourists in spring, and the space carrying them is also a
concentrated area for tourists. Although the plant configuration in this area is rich in levels,
diverse in species, and high in habitat diversity, the spring season is monotonous, which
reduces tourists’ cognition of plant diversity.

3.3. Coupling Results of Visual Preference and Habitat Diversity

7

According to the location and content of tourists” photos, we formed the tourists
view analysis diagram in the sample space. Then, we superimposed the tourist horizon
analysis map and wetland habitat diversity map, analyzing and summarizing the coupling
results (Figure 6). According to the visual preference of tourists, it is divided into three
levels: high, medium, and low, and the habitat diversity level is described as high, medium,
and low. Based on the coupling results, tourists” visual preferences for typical wetland
landscapes can be divided into the following four modes: high preference-high habitat,
high preference-low habitat, low preference-high habitat, and low preference-low habitat.

The high habitat-high preference pattern consisted of a diverse wetland bubble, arbor,
and waterfront square habitat. The existence of this model proves that the maintenance of
good wetland habitats and tourists’ leisure activities can achieve a relative balance. Most
of the tourist activities in this habitat space are picnics and kite flying. The habitat in the
activity area is dominated by tall tree communities, so for this kind of habitat space, the
original supervision of plants and organisms in the habitat area should be maintained,
and corresponding supporting facilities should be added in the activity area to reduce the
impact of tourists on the environment.

The types of habitat combinations with higher habitat levels but lower preference
included linear traffic space, arbor habitat, wetland bubble habitat, aquatic plant habitat,
and point-like structure combination. Within wetland parks, the linear upper air corridor
is the main space for visitors to view and participate in the wetland habitat. This area
is a space where visitors often move. Visitors can enjoy the cool, take photos, get close
to the plants, and partake in other activities. Therefore, for this low-preference habitat
space, we should start from two aspects. On the one hand, the connection and protection
between artificial structures and the original wetland habitat should be strengthened, and
multi-level plant landscape design should be carried out near the linear space to form a
certain buffer protection area and reduce the damage to the internal wetland. To meet the
needs of tourists, it is important to improve their natural interaction experience. On the
other hand, proper ground space is added along the walkway for visitors to rest and stay,
increasing the length of the natural experience.

The entrance habitat combination of the park is the most popular type for visitors to
focus on, but its habitat level is not high. This type of space is dominated by the square
space, which is responsible for the function of the whole evacuation park and some activity
places. The functional-oriented habitat space does not affect its habitat diversity on the
premise of not changing its spatial function.
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Figure 6. Analysis of views of 4 urban wetland parks.

Undesirable habitats and low-elevation habitats are combined into waterfront roads
with no shoreline plants and swamps with single plant types. The existence of such habitats
confirms that tourists prefer man-made vegetation spaces. In view of such habitat space
problems, we should improve the vegetation design along the waterfront road according
to the park space tour route. After determining the dominant plant species, artificial
construction is carried out to construct the water-land ecotone formed from the water
area to the waterfront, further improving the habitat diversity of the wetland on the
basis of the original ecology and forming a stable ecological environment and ecological
community structure.

4. Discussion

Studies have shown that tourists do not blindly pay attention to natural elements in
wetland parks, instead having some unnatural elements as their first-choice recreational
element in the wetland. Moreover, in areas with obvious seasonal climate changes, the
season is the key to influencing tourists” preferences. There is a significant correlation
between wetland habitat diversity and tourists’ landscape preferences. Because of the
spontaneity and statistics of social media data, it is confirmed that people are born with
the perception of biodiversity [32]. Finally, cluster analysis and spatial coupling methods
were used to summarize four preferred habitat types of typical urban wetland parks,
and reasonable human intervention was carried out for different habitat types to improve
biodiversity to a certain extent [29,77]. At the same time, with the promotion of social media,
the computational dimension of the biodiversity experience is enriched, the ecological
education function of urban wetland parks is strengthened, and the dynamic balance
between recreation and conservation is expected to be achieved.

73



Land 2022, 11, 2284

In the study of tourists’ preference for wetland landscapes, tourists pay much more
attention to the tree communities in a wetland than the characteristic aquatic plant com-
munities in a wetland park, which is unexpected. This also proves that tourists can better
capture rare values of the wetland by freely choosing the location of photos [78]. The season
is an important factor affecting preferences and tourists” selection of wetland parks. People
prefer plants, water surfaces, and landscapes with pruning and artificial construction, for
example, people like tree-lined walking paths, rich artificial planting areas, lawns with
planted trees, swamps with water surfaces, and wide water surfaces [31,32,79,80]. So we
wondered what the purpose is of visiting wetland parks. Is it to experience the unique
landscape of the wetland, or to use it as a traditional park green space for participation
and activities? If tourists” comments on the park are combined, we can try to obtain the
purpose of tourists’ visit to understand the image of the wetland park in the minds of
tourists, guiding people to participate more in the perception of wetland biodiversity and
helping the management department to manage the core image of the wetland park [81].

Based on the mapping of habitat diversity and the location information data of tourist
photos, the coupling of habitat diversity space and tourist recreation space was realized, and
four typical types of habitat space were summarized. In practice, it has been proven that it
is convenient and effective to take habitat diversity as the primary indicator to measure
biodiversity, incorporate man-made landscape elements, such as squares and roads, into
habitats, and use spatial data, such as wetland area and perimeter, to assess the biodiversity
of urban wetland parks. It can help managers assess the status quo of biodiversity in
target areas under limited conditions [25,78]. The diversity of urban wetland habitats is
significantly related to the landscape preference of tourists. The aerial boardwalk, as a way
of human participation in the vertical ecological process of a wetland park, has been proven
to be positive for the protection of wetland park habitat diversity. Therefore, active artificial
construction is conducive to tourists” perception of habitat diversity in wetland parks. Based
on the commonality of ecological indicators and human visual indicators [54,82], more
visual and ecological indicators and objective adjustable indicators can be systematically
studied in future studies to determine whether there is a certain mediating effect between
the three, so as to further explore the relationship between tourists’ visual preference and
wetland biodiversity, thereby effectively intervening in the wetland more successfully. The
restoration of wetland ecological function is discussed in [83].

There is a clear lack of research on social media data in wetland parks. Although
tourists” photo data are the result of tourists” freely photographing and uploading to the
social media platform, the path where the photo was taken is the result of the designer’s
work, and the attention to the landscape is guided by the path to a certain extent. There
are some undeveloped areas of wetland parks, where the tourists cannot enter. It is
impossible to determine whether the undeveloped habitat types of different levels are
preferred by tourists. Therefore, it is necessary to use drones and other equipment in
future experiments to sample and shoot all the existing habitat types in the wetland park,
enrich the experimental data, set up corresponding questionnaires, and interview a certain
number of tourists. Regarding whether the social background of tourists will affect their
preference for wetland parks, relevant studies have proved that professional knowledge or
special hobbies will affect the preference of tourists [84]. However, since the data collection
did not include the social background of the photographer, it is uncertain whether the
tourists” preference for wetlands is related to a specific occupation, but it is clear that
women are more enthusiastic than men when it comes to sharing landscape photos. In
subsequent studies, corresponding questionnaires or survey interviews can be added to
obtain tourists” attitudes towards wetland habitat through a comprehensive survey of
wetland parks, which can provide certain landscape design suggestions for the planning
and designers of wetland parks, so as to maintain the original landscape characteristics of
wetland and enrich tourists” landscape experience.

In terms of theory, this study can be used as a basis for future research on the deep
mechanism of habitat diversity and tourists” landscape preferences by using social media
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data at the scale of a park habitat. In the application, it provides an effective and scientific
prediction method for the recreation path and space construction of the wetland park to be
constructed, provides specific design strategies for the management of the existing urban
wetland park in the cold region, and provides scientific construction and management
basis for both the protection of urban natural resources and the recreation development.

5. Conclusions

This study found that habitat diversity was positively correlated with positive artificial
elements, such as aerial boardwalk, pavilions, etc. The commonality of visual aesthetic
preference and ecological characteristic index is verified, that is, there is a certain correlation
between the habitat diversity of a wetland park and the preference of tourists, and tourists
have a strong perception of biodiversity and preference choice. We have the opportunity
to achieve a dynamic balance between habitat protection and recreation construction of
wetland parks by increasing or reducing artificial elements. (1) Set the activity space of
aggregation degree to improve the complex function of the entrance space; (2) increase
the aerial walkway to improve wetland saturation; (3) protect the winding shoreline of
the natural pond surface and improve the stability of the shoreline plant buffer zone;
(4) divide “whole” into “scattered” to improve the perception of wetland complexity in
winter; (5) rebuild the stagnation space of the community transition zone to avoid the
disturbance of stampede activity; (6) increase positive artificial elements to reduce tourists’
wilderness experience.

In future studies, the number of samples, habitat types, and coverage areas can
be further expanded to supplement and improve the feedback information of tourists’
preferences, such as obtaining basic information, including tourists” education background
and occupation, and exploring the influencing factors of tourists” wetland preference
characteristics in multiple dimensions. This study can be used as the basis of the deep
mechanism between biodiversity and tourists” landscape preference at the site scale and
provide a scientific basis for the construction and management of both urban natural
resource protection and recreational development.
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Abstract: Mountain area is one of the most important modern tourist attractions, and unique
mountain landscapes are highly appealing to millennials. Millennials post their travel photos and
comments on social media, and these media messages can positively influence other millennials’
travel motivations. To fully understand the attraction of mountain tourist destinations to millennials,
this study analyzed their landscape preferences using images posted on social media. As a case study,
we analyzed the landscape resources in Western Sichuan Plateau Mountain Areas (WSPMA). We
found that differences in genders, modes of transportation, and travel patterns of the millennials
influenced their preferences for mountain landscapes. Our results broaden the current knowledge
on mountain tourism from the perspective of millennials through social media data. Moreover,
studying the landscape resources in WSPMA can facilitate the analysis of regional advantages. This
will ultimately enhance tourism publicity and integrate various resources for tourism management

and planning in more targeted and attractive ways.

Keywords: Western Sichuan Plateau Mountain Areas; millennials; mountain tourism; social media
data; landscape preference

1. Introduction

Mountain tourism is developing at an unprecedented rate, thereby, turning to an
important branch of contemporary tourism. Thus, mountain tourism nowadays plays
an important role in the global tourism landscape, as it overlaps with people’s desire
to be close to nature and pursue health [1,2]. Mountain areas exhibit a certain degree of
fragility due to their biodiversity factors and environmental /natural resource sensitivity [3].
Mountainous regions have been inhabited by aborigines for a long time, constituting a rich
folklore and unique human landscape in such regions. All these characteristics make any
economic activity, including tourism, which draws attention to the cultural and natural
environment [4], result in the sustainable development of mountain areas being very
important [5].

Tourism in mountain areas, after a long period of economic success and deep envi-
ronmental transformation [6], has to be rediscovered [7]. The motivation stems from the
importance of the attractiveness of tourism resources to tourists and plays a key role in
tourism sustainability [8]. Also, the landscape richness is a determining factor for the devel-
opment of mountain tourism [9]. From the tourism perspective, many studies have focused
on the identity-related motivations in niche markets, such as backpacker tourism [10],
museum visits [11], and lifestyle travelling [12]. However, further empirical research is
needed to explore how identity-related motivations affect broader tourism decisions and
outcomes [13]. We argue that research on landscape preferences in mountain tourism has
important implications in mountain tourism development.

Millennials, defined as those born between the 1980s and 1995 [14], represent a very
large proportion of the population with high purchasing power compared with the other
age groups [15]. Most importantly, they represent the most important generation in the
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global economy, especially in tourism [16,17]. Consequently, there is a growing interest
in the role of millennials in mountain tourism [18]. Mountain tourism sustainability is
determined to some extent by the behavior of tourists [19], thus, studying the mountain
tourism behavior of millennials can contribute to achieving sustainable development.

Cavagnaro et al. reported that millennials demonstrate interest in themes such as nat-
ural resources and prefer destinations with significant natural resources [20-25]. Giachino
et al. [7] found seasonal differences in the millennials’ choice of nature tourism destina-
tions. Tieskens et al. [26,27] demonstrated that analytical studies on elements of mountain
cultural landscapes are of high research value in exploring tourists’ preferences for moun-
tain landscapes. Several studies have also shown that millennials show great interest in
sustainability issues in mountain tourism, and their participation is considered a necessary
prerequisite for the sustainability and improvement of nature tourism [28]. Meanwhile, mil-
lennials themselves exhibit an important influence on environmental sustainability [29-31].
In particular, Sharmin et al. [32] verified how millennial tourists” awareness of environmen-
tal sustainability influences their environmentally sustainable activities when they visit
nature reserves. Thus, state-of-the-art of nature tourism indicates that the preference for
natural and cultural landscapes in mountainous areas is a small but important determinant
of millennials’ travel motivation and landscape perception. It further affects their travel
behavior, and in turn affects mountain tourism sustainability. Due to this, research on
millennials’ natural and cultural landscape preferences in tourist destinations is significant
for promoting the sustainable development of tourist destinations. In particular, tourists’
preferred activities vary with age [33], gender [34], mode of transportation [35], and travel
patterns [36]. However, the differences in natural and cultural landscape preferences for
mountain tourism among millennials by gender, mode of travel, and trip structure is yet
to be studied in detail. Thus, a study on the differences in millennials” preferences for
mountain landscapes across different forms of tourism is highly desirable.

Millennials are the backbone of the population, and they extensively use online
social platforms to express themselves [37]. For millennials, it is important to co-create
experiences and to provide feedback on good or bad experiences during their trip [38].
Meanwhile, the information collected about millennials’ travel is also utilized to promote
and to develop some destinations [39]. Loda et al. [40] highlighted the importance of
millennials expressing their opinions by posting reviews and photos online in promoting
destinations. In addition, the potential and impact of the content they share (e.g., photos
and comments) cannot be neglected. Indeed, it is important to analyze the travel behavior
of millennials through social media data.

The rise of social media has opened promising prospects for landscape preference
research. Platforms such as Flickr and Instagram allow users to upload photos of their
environment and place them on digital maps to collectively provide a publicly available
database of volunteered geographic information [41,42]. One of the main advantages of
volunteered geographic information is characterized by its ability to provide insights into
popular spatial choices and preferences without experimental or survey bias [43].

Social media provides a common source of publicly available user-generated data
to gain insights into spatial choices and landscape preferences [27,44]. In this domain,
Richards et al. [45-47] used the spatial location of photographs, combined with the actual
content of the photographs, to ensure that only the relevant photographs were consid-
ered to retrieve the information about the users” landscape preferences. In the study of
Hausmann et al. [48], the content of photos from social media was analyzed to under-
stand visitors’ preferences for nature-based experiences in protected areas. Furthermore,
Tieskens et al. [26] analyzed the aesthetic preferences of cultural landscapes in the Dutch
river landscape through social media. All these studies confirmed an intrinsic link be-
tween the content of photos posted on social media and landscape preferences at the level
of natural or cultural landscapes. Although, the limited information obtained through
photographs makes it difficult to conduct extensive study, it provides non-negligible
research values. Using photos posted by tourists on social media, we can explore the
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landscape value of mountain tourism from a more subtle and specific research perspective,
which provides more research references for landscape researchers and tourism managers.
Therefore, we attempted to explore the landscape preferences of millennials in mountain
tourism by using photos posted by tourists on social media in two dimensions: natural
and human landscapes.

To sum up, mountain regions are important for tourism research. Thus, we can use
social media data to understand the landscape preferences of millennials in mountain
tourism. Such studies would be in line with the behavioral habits of millennials and will
help scholars in studying the landscape. The produced knowledge will not only open
new research directions, but will help the decision/policy-makers and tourist managers
to improve the tourism attractiveness in a tailored way. This is important for promoting
the sustainable development of mountain tourism. To this end, we used social media
data, (1) to understand the landscape preferences of millennials in mountain tourism
from both natural and human landscape perspectives; (2) to explore whether there are
differences in landscape preferences in mountain tourism among millennials based on
gender, transportation modes, and travel patterns; and (3) to provide reference suggestions
for sustainable tourism development and planning in mountain areas for the development
and utilization of landscape resources.

2. Materials and Methods

The use of big data to investigate human behavior, facilitates tourism destination
planning and management especially in the field of tourism [49]. We chose Ctrip (https://
www.ctrip.com, accessed on 10 July 2021), Xiaohongshu (https://www.xiaohongshu.com,
accessed on 10 July 2021), and Mafengwo (https:/ /www.mafengwo.cn, accessed on 10 July
2021), which are the popular travel social networking sites in China. We decided to use
tourism social media data to replace traditional research for the following reasons. First,
social media data can alleviate the limitations associated with sample size, time, location,
unresponsive bias, and self-reporting errors [50]. Second, the photos provided by users
capture the local environment and experience, which are based on real life rather than
on research reports [51]. Third, social media is an important medium for millennials to
release and receive tourism information, whose research impact is of great significance and
value [40]. Our study is based on the quantitative approach of content analysis of photos
posted by tourists on social media. The content analysis is a numerical research method for
objective, systematic, and quantitative analysis of literature content [52] and research on
communication [53]. People upload photos on the internet that they like or are interested
in, unless there are special instructions [33]. To this end, studying the specific landscape
elements that attract tourists is required by encoding the photo content based on landscape
characteristics, and by comparing the frequency of each element. Within this context, we
also analyzed the correlation between landscape elements and preferences [26].

2.1. Study Area

The mountain area in Western China is vast, with salient characteristics such as com-
plex ecosystem, lagging economic and social development, wide distribution of ethnic
minorities, and obvious landscape diversity [54]. The area is rich in natural and cultural
landscape resources, where the development conditions of mountain tourism are vastly
superior and are of utmost importance and significance. The Western Sichuan Plateau
Mountain Areas (WSPMA )are located in minority areas as a representative of the develop-
ment of mountain tourism in Western China [2], where tourism is an essential development
model for ethnic minority areas in Western Sichuan [55,56]. Due to this, we considered the
WSPTA, as a typical mountain tourism research destination with multicultural and rich
landscape resources, for our research study.
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2.2. Data Collection

Fashion or fame are the main factors affecting tourism destination selection [57,58]. In
June 2021, we searched “Western Sichuan tourism destination” in the Ctrip.com (accessed
on 10 July 2021) and selected the top 10 most popular tourism destinations as the specific
object for this study. They include world natural heritage sites, national scenic spots, and
4A or above representative tourism destinations (Figure 1). We also searched for photos
posted by users during their travel in the 10 tourism destinations which we chose through
Ctrip (https://www.ctrip.com, accessed on 16 July 2021), Xiaohongshu (https://www.
xiaohongshu.com, accessed on 16 July 2021), and Mafengwo (https://www.mafengwo.cn/,
accessed on 16 July 2021). The analysis of shared travel photos was applied to understand
the relevant outdoor recreational activities and preferences [33,42,47]. The principles for
filtering data are explained here in detail. First, comments posted by visitors without
any commercial behavior, were adopted to express the discriminatory criteria of their
own feelings and sentiments. Then, users were required to complete the information. As
mentioned, tourists’ travel preferences were affected by age [33], gender [34], mode of
transportation [35], travel pattern [36], and landscape preferences [42,47]. Therefore, we
also collected information on the age, motivation for travel, and gender of our sample. Note
that a sample must have a relatively in-depth process description and positive emotional
expression of tourist behavior. Finally, the comments with salient advertising messages
and copy marks were eliminated. The sample period was June 2020 to June 2021. After
screening, 1230 users (450 male and 780 female) posting content were identified as the
study sample, with 10,399 photos. Further, we explored millennials’ landscape preferences
for tourism in the WSPMA through image analysis.
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Figure 1. Study attraction locations.

2.3. Data Statistics

We identified the demographic characteristics of picture users by recording keywords
in social media comments, and summarized these types of user information: gender (male
and female), mode of transportation (self-driving, cycling, group following, and public
transportation), and travel patterns (individuals, friends, families, and couples).
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We applied the classification method based on the main themes in the picture [45],
and combined China’s national standard for classification, investigation, and evaluation
of tourism resources (GB/t18972-2003) (https://www.mct.gov.cn/, accessed on 25 July
2021). In particular, Cao [59], and Shi [60] classified resources in the natural and cultural
landscape, based on ethnic ecological areas and 11 subcategories: forest, waterscape, ice
and snow, bare land, meadow, weather, heritage, customs and festivals, architecture, folk
culture, and gastronomy (Table 1). Moreover, we quantified the number of pictures that
belonged to multiple categories and calculated the frequency of landscape elements in each
category (Table 2).

Table 1. Profile of landscape resource classification.

Main Category Subcategory Landscape Unit
Forest Alpine forest, Low mountain forest, Virgin forest, Slow slope forest
Waterscape Lake, River
Ice and snow Snow mountain, Snow covered land
Natural landscape Bare land River beach stone land, Alpine region

Sloping fields meadow, Lowland meadow, Pasture meadow, Wild

Meadow grassland, Lowland meadow
Weather Sunrise, Sunset, Seas of clouds
Heritage Building heritage
Customs and Festivals Ethnic customs, Ethnic art, Celebrations, Clothing
Human landscape Architecture Residential building, Temple, Villages and towns, Diaolou structure
Folk culture Folk belief, Religious belief
Gastronomy Food, Gastronomy esthetic, Dining environment

Table 2. Profile of landscape types frequency.

Item N Total Mean
natural landscape 1230 18,328 14.9
human landscape 1230 3039 2.47

forest 1230 3748 3.05

waterscape 1230 3104 2.52

ice and snow 1230 4359 3.54
bare land 1230 2869 2.33
meadow 1230 1898 1.54
weather 1230 2350 191
heritage 1230 475 0.39
customs and festivals 1230 480 0.39
architecture 1230 1670 1.36

folk culture 1230 255 0.21
gastronomy 1230 159 0.13

The data were analyzed using the IBM-SPSS 25 program. The results of the descriptive
analysis were interpreted via the Kruskal-Wallis rank sum test by calculating samples,
percentages, and frequencies based on the coding content described above. To further
investigate the variability based on gender, mode of transportation, and travel patterns
across the landscape types among millennials, we utilized Bonferroni adjustment for post-
hoc multiple testing of non-parametric tests of consumer behavior. The confidence intervals
were set at 95%, and differences in the associations were considered statistically significant
atp < 0.05 level.
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3. Result
3.1. Statistical Characteristics of Millennial Tourists

The sample of 1230 respondents consisted of 450 men (36.6%) and 780 women (63.4%).
This proportion is consistent with the previous findings from Kimbrough [61] as women
are keener to share on social media. From the mode of transportation perspective, 767
(62.4%) self-driving tourists accounted for a much larger proportion of trips than the 25
(2%) cycling tourists, 270 (22%) group tourists, and 168 (13.7%) public transport-using
tourists combined. We suggest that the reason why most people opt self-drive rather than
cycling is likely related to the high-altitude mountain environment of the WSPMA and the
fact that most of the beautiful scenery can be enjoyed while on the road. Moreover, from
the travel pattern standpoint, nearly 80% of tourists decide to travel in a group and only
20% travel alone. The relevant characteristics of participants are listed in Table 3.

Table 3. Basic information types of the samples.

Types Item N Percentage (%)
Gend Male 450 36.6
ender Female 780 63.4
Self-driving 767 62.4

. Cycling 25 2

Transportation Travel agency 270 22
Public transportation 168 13.7
Individual 288 234
Travel pattern With friends 632 514
p With family members 143 11.6
Couples 167 13.6

3.2. Photo Statistics

Photos are visual elements captured by a photographer at a particular time, showing
various landscape units. According to the landscape classification proposed in Table 1, we
coded and analyzed the landscape characteristics of each collected photo (see Figures 2 and 3).
According to the total number of landscape types in the photo, we regarded this as the
landscape preference of tourists [33].

3.3. Analysis of Millennials” Landscape Preferences

At this stage of the analysis, we evaluated the differences in the aesthetics of various
landscape types based on gender, mode of transportation, and travel pattern of the millen-
nials. Table 2 shows a collation of photos posted by millennials on trips to the WSPMA.
It reveals that natural landscape (14.9) appeared, on average, six times as often as human
landscape (2.47). Among the landscape subcategories, ice and snow (3.54) > forest (3.05) >
waterscape (2.52) > bare land (2.33) > weather (1.91) > meadow (1.54) > architecture (1.36)
> heritage (0.39), customs and festivals (0.39) > folk culture (0.21), gastronomy (0.13). All
landscape elements in the main category of natural landscapes appeared very frequently
in the photographs. The highest frequency was identified for the snow and ice landscapes.
For millennials, the appearance of meadows was the least frequent among all the natural
landscapes. The main category of human landscape in the photos is less frequent than in
the former, but the millennials also demonstrated an interest in architecture.

In terms of the millennials” gender differences in landscape preferences, Table 4
displays significant differences for waterscape (p < 0.001), weather (p < 0.001), heritage
(p < 0.001), and customs and festivals (p = 0.041). Further, Figure 4 shows that males have a
higher landscape preference for weather (665.99) and heritage (639.89), while females have
higher landscape preference for waterscape (658.06) and customs and festivals (626.51).
More multiple comparisons and results of gender details refer to Tables Al and A2.
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Figure 3. Landscape classification methods.

Table 4. Overall landscape preference difference.

Variable NL HL F w IS BL M Wt H CF A FC G

Gender 0.002 0.803 0.708  31.992 0.385 1.708 0.336 15.289  8.358 4.181 0.409 0.505 1.645
Transportation 3.768 6.275 4.050 30.09 18.188 4.394 93.808 3.749 13.813 24.736  5.823  26.704  8.992
Travel pattern 8.736  27.933 7977 8.583 18.734 4.704 77.800 7.233 27.675 25.997  26.262 12195  9.766

Note: NL, natural landscape; HL, human landscape; F, forest; W, waterscape; IS, ice and snow; BL, bare land; M, meadow; WT, weather; H,
heritage; CF, customs and festivals; A, architecture; FC, folk culture; G, gastronomy. The figures are the chi-square values, and the bold
ones represent significant differences (p < 0.05).
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Figure 4. Kruskal-Wallis one-way ANOVA independent sample multiple comparisons of gender.
Note: W: waterscape; WT: weather; H: heritage; CF: customs and festivals; A: architecture; FC: folk
culture; G: gastronomy; M: male; F: female.

Differences in millennials” landscape preferences for different modes of transportation
are shown in Table 4. As seen, the millennials have pronounced landscape preferences
for waterscape (p < 0.001), ice and snow (p < 0.001), meadow (p < 0.001), and heritage
(p = 0.003), customs and festivals (p < 0.001), and folk culture (p < 0.001). As also seen
from Figure 5, millennials traveling with travel agencies exhibit higher preference for
waterscape (693.58), compared with the other groups, and also exhibited higher preference
for ice and snow landscape (674.11) and gastronomy (636.27) than the self-driving groups
(IS =588.19, G = 606.98). However, there was lower preference for customs and festivals
(559.19) than the other groups. In addition, self-driving millennials disclosed a higher
landscape preference for meadows (681.49), compared with the other groups, while the
millennials that travelled by public transportation exhibited a higher landscape preference
for heritage sites (665.66) than the other groups. For millennials, significant preference
differences were also found between multi-landscape preferences and different modes of
transportation. More multiple comparisons and results of mode of transportation details
refer to Tables Al and A2.

Differences in millennials’ landscape preference were based on different travel patterns.
Table 4 shows the progressive significance value in the natural landscape (p = 0.033), human
landscape (p < 0.001), ice and snow (p < 0.001), meadow (p < 0.001), and heritage (p <
0.001), customs and festivals (p < 0.001), architecture (p < 0.001), folk culture (p = 0.007),
and gastronomy (p = 0.021), is less than 0.05. From Figure 6, we found that individual
millennial tourists showed higher landscape preferences for customs and festivals (676.94),
but lower landscape preference for meadows (488.41) than the other groups. Millennials
travelling with friends had great landscape preferences for human landscapes in heritage
sites (638.9), architecture sites (645.27), and gastronomy (625.19). Millennials travelling
with family showed higher preference for natural landscapes (687.26) than individual ones
(587.96), but lower preference for human landscapes (478.02) on multiple sides, especially
in architectural landscapes (497.4). More multiple comparisons and results of travel pattern
details refer to Tables A1 and A2.
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Figure 5. Kruskal-Wallis one-way ANOVA independent sample multiple comparison of mode of transportation. Note: W:

waterscape; IS: ice and snow; M: meadow; H: heritage; CF: customs and festivals; G: gastronomy; Sd, Self-driving; Ta, Travel
Agency; Pt, Public transportation.
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Figure 6. Kruskal-Wallis one-way ANOVA independent sample multiple comparison of travel pattern. Note: NL: natural
landscape; HL: human landscape; IS: ice and snow; M: meadow; H: heritage; CF: customs and festivals; A: architecture; FC:

folk culture; G: gastronomy; Ind: Individual; Wf: With friends; Wfm: With family members; Cp, Couples.



Land 2021, 10, 1246

4. Discussion

We selected the mountainous region of the WSPMA as the study area and exam-
ined the landscape preferences of millennials from the perspective of natural and human
landscapes. This analysis was performed using social media data while considering the
effects of different genders, modes of transportation, and travel patterns on tourist destina-
tion preference.

We found that, in contrast to the findings of Krueger et al. [62], self-driving travel is a
prominent feature of mountain tourism among millennials. This may be on account of the
plateau climate of WSPMA, and because most of the beautiful scenery is along the way,
rather than in a tourist destination. Compared with public transportation, self-driving is
more flexible in terms of time and travel freedom, thus, leading to better enjoyment of the
unique landscape of the mountain area. We also found that architectural culture emerges
most frequently in the human landscape, seemingly because the local architecture has a
very strong and unique ethnic cultural style.

At the level of natural landscape, millennials demonstrated substantial interest in
mountain forests, waterscape, ice and snow, and bare-land landscapes. Notably, their
common denominator is the superiority and uniqueness of mountain natural landscapes.
This indicates that natural factors are the primary drivers of the millennials” preferences
for mountain destinations. This finding agrees with the findings of Higham’s [20], who
suggests that millennials show a high interest in natural landscapes. We also found that the
millennials have different landscape preferences based on differences in genders, modes of
transportation, and travel patterns for specific mountain landscape elements.

First, in terms of gender, both male and female groups expressed different landscape
preferences. In particular, women have a higher aesthetic preference for waterscape than
men, while men show a higher landscape preference for weather landscapes than women.
Among the tourists with different modes of transportation, those travelling in a group
cared more about the natural scenery of the mountainous areas of the WSPMA, especially
waterscape and ice and snow landscape. In contrast, tourists travelling by car preferred
meadow landscapes. Moreover, individual tourists were more inclined to visit ice and
snow landscapes compared with the tourists using other modes of travel. There was a
striking contrast in the preference results for meadow landscapes as family tourists clearly
exhibited a higher preference for natural landscapes than individual tourists.

Likewise, with respect to human landscape, this study identified some prominent
differences. In terms of gender, females expressed a higher preference for customs and
festivals landscapes than males, while males showed a significantly higher preference for
heritage landscapes. In terms of different modes of transportation, self-driving visitors
showed more preference for customs and festivals, and folk culture; public transport
visitors showed more preference for heritage, customs and festivals. This indicates that
self-driving and public transport visitors are the main visitors among millennials who are
interested in human landscapes. We did not expect a higher preference for food tourism
among visitors travelling in a group, which is different from the commonly observed
pattern with group tours. In terms of different travel patterns, individual tourists expressed
a clear preference for heritage, architecture, customs and festivals, especially, customs and
festivals. Compared with the preferences for natural landscapes, individual tourists were
one of the main clienteles for human landscapes. More specifically, couples preferred folk
culture landscapes. In such landscapes, many photos of the couples were captured using
local ethnic elements. It should also be noted that family tourists expressed notably less
interest in human landscapes than the other three categories of visitors.

The combination of the landscape preference results for natural and human landscapes
likely unravels in the following pattern. Family trips and group self-driving trips prefer
landscapes where they can relax, talk, and indulge in outdoor activities. This drives their
preferential choice toward meadow landscapes. Family trips take into account the older
and the younger members of the family, who enjoy more bonding time and relaxation
in a natural environment, thus influencing the preference of this group for architectural
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and other cultural landscapes. The collation of photographs showed that millennial girls
prefer landscapes where people photography can be taken, while boys prefer ornamental
landscapes, in line with the gender preference results. Those who travel individually are
more attracted to the human landscapes of ethnic minorities in the WSPMA, arousing their
desire to explore history, folklore, and ethnic culture.

5. Conclusions

There are three main contributions of this study.

First, our findings broaden the current research results related to mountain tourism [1].
We innovatively studied the natural and human landscape preferences of millennials
for mountain tourism based on social media data. The research results showed that the
geographic content determined from social media can be used as a reliable substitute for
traditional survey methods and used to explore tourists’ landscape preferences in mountain
tourism. In future research, the drivers behind these preferences and the strengths and
weaknesses of each landscape element can also be investigated. This will ultimately
improve the competitiveness of mountain tourism from a detailed perspective.

Second, these findings improve the understanding of tourists” preferences for land-
scapes and reveal useful tourism management implications. In particular, decision/policy-
makers and tourism managers need to understand the landscape preferences of tourists [48],
the specific subdivision of landscape elements and tourist demographic characteristics can
help government and managers conduct more targeted tourism management, planning,
and promotion. To our knowledge, the mountain tourism populations and landscape
preferences have not been studied to an appropriate extent to date [7].

Third, our findings enrich the research related to social media in landscape prefer-
ences. Among the current studies on landscape preferences, landscape studies based on
social media data have increasingly become a research hotspot. However, to the best of
our knowledge, there are few studies on landscape preferences for mountain tourism
through social media [63], so our study complements the research on social media in
landscape preferences.

Based on the research of Tieskens et al. [26,27], our results confirm that millennials
with different genders, modes of transportation, and travel patterns have their own pref-
erences for mountain landscapes. These differences have important implications in the
marketing management and design planning of scenic areas. These can help the govern-
ment and tourism managers to analyze the advantages of local landscape resources and
position products and services according to the aesthetic preferences of different groups
for different landscapes. Thus, making tourism promotion and tourism planning more
relevant and attractive.

Millennials” preference for natural landscapes can promote a sense of nature conserva-
tion, thereby, promoting sustainable behavior towards nature [39,40,49]. At the same time,
landscape preferences affect tourism behavior and enhance place attachment, thus, strength-
ening the willingness to protect these natural areas. Decision/policy-makers and tourism
managers should focus on the conservation of natural ecosystems when planning mountain
tourism. While carrying out tourism promotion, the unique natural scenery of the WSPMA
and nature conservation-related promotion should be performed through the various social
media platforms commonly used by millennials. In terms of cultural landscapes, Xu's [64]
study confirmed the preference of millennials for cultural landscapes. In response to the low
preference for cultural landscapes among tourists on family trips, decision/policy-makers
and tourism managers can enrich the form of ethnic activities, so that children and the
elderly can be more involved in ethnic cultural activities and experience ethnic cultural
features in an interesting way. Children and the elderly can learn about the diverse cultures
of the WSPMA through the medium of information reception commonly used by children
and the elderly, thus enhancing their interest in cultural landscapes.

On a more detailed level, scenic area operators can create different types of narration
(viewpoints or storytelling lines) along the road according to the functional needs of the
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various visitors to the landscape. For instance, meadow landscapes can be established
with space for relaxing, to create a better experience for visitors. In line with the results
of Hargittai [65], we found that women are keener to share on social media, so landscape
operators can target female groups and create spots that are suitable for photographing
people. Tourism managers should use social media to promote high-quality local specialty
restaurants to meet the demand for food from people that do not prefer group tours.

6. Limitations

This study had some limitations. First, the size of the samples and collection time
were imperfect. Due to the incomplete demographic information from social media data, it
was challenging to study education [66] and income [67]. Furthermore, some sample sizes
were too small to be analyzed, namely, the transportation by cycling was excluded because
its size was too small. Second, there is an inherent limitation in social media data. More
specifically, compared with extensive surveys, this method cannot be used to evaluate the
impact of social factors on shared content [68], although, social media data are authentic
and objective [69].

These limitations do not impact the value of our findings as we strictly focused on
the millennials and conducted relevant discussions and research based on their reliance on
social media. Overall, our findings certainly contribute to the currently scanty knowledge
about the millennial generation in the sustainable development of mountain tourism.
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Appendix A

Table A1. Kruskal-Wallis one-way ANOVA independent sample multiple comparison.

Variable Gender Transportation Travel Pattern
Mean Mean Mean

Item Rank SE Item Rank SE Item Rank SE
Male  616.04 0414 Sd 61644  0.308 Ind 58796  0.357
NL Female 61519  0.255 Cy 68896  0.842 Wit 605.82  0.326
Ta 631.12  0.398 Wim  687.26  0.705
Pt 575.18  0.478 Cp 638.18  0.613
Male 60422  0.236 Sd 61032  0.161 Ind 643.00  0.251
HL Female 622.01  0.135 Cy 61822  0.233 Wt 634.05  0.182
Ta 594.05  0.194 Wim  478.02  0.143
Pt 67323  0.386 Cp 615.60  0.339
Male 62657  0.137 Sd 60022  0.103 Ind 596.10  0.125
F Female 609.11  0.091 Cy 656.02  0.308 Wt 61320  0.111
Ta 64475  0.150 Wfm  689.90  0.242
Pt 632.21 0.182 Cp 59398 0217
Male 541.74 0.123 Sd 591.95 0.095 Ind 651.32 0.134
W Female 658.06  0.093 Cy 829.38  0.349 Wit 60552  0.107
Ta 69358  0.161 Wim 64814  0.252
Pt 56571  0.192 Cp 563.54  0.193
Male 60747  0.213 Sd 588.19  0.153 Ind 68822  0.218
IS Female 620.13  0.141 Cy 77730  0.533 Wit 585.63  0.172
Ta 67411  0.256 Wim  630.57  0.342
Pt 62191  0.292 Cp 590.25  0.335
Male 63247  0.149 Sd 606.46  0.106 Ind 604.64  0.113
BL Female 605.71  0.087 Cy 74150  0.340 Wit 61332 0.119
Ta 631.03  0.149 Wim  671.68  0.247
Pt 613.08  0.182 Cp 594.37  0.201
Male 62235  0.134 Sd 68149  0.109 Ind 488.41 0.076
Md Female 61155  0.090 Cy 523.16  0.154 Wt 62759  0.107
Ta 480.54  0.092 Wfm 67699  0.277
Pt 54489  0.118 Cp 73625  0.232
Male  665.99  0.107 Sd 61556  0.099 Ind 659.52  0.184
W Female 586.37  0.089 Cy 580.08  0.265 Wt 60557  0.081
t Ta 593.27  0.100 Wfm 57513  0.184
Pt 65624  0.163 Cp 61174  0.201
Male  639.89  0.068 Sd 61129  0.041 Ind 61595  0.065
H Female 60143  0.030 Cy 519.00  0.000 Wit 63890  0.046
Ta 605.18  0.040 Wim  531.89  0.024
Pt 665.66  0.119 Cp 597.76  0.100
Male 59641  0.046 Sd 62528  0.037 Ind 67694  0.051
CF Female 62651  0.032 Cy 756.34  0.187 Wit 601.15  0.040
Ta 559.19  0.038 Wim 56390  0.053
Pt 640.38  0.067 Cp 608.02  0.069
Male  623.02  0.126 Sd 610.51 0.090 Ind 60690  0.152
A Female 611.16  0.081 Cy 50196  0.174 Wit 64527  0.103
Ta 617.21 0.122 Wifm 497.40 0.073
Pt 65245  0.218 Cp 61882  0.174
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Table A1. Cont.

Variable Gender Transportation Travel Pattern
Mean Mean Mean
Item Rank SE Item Rank SE Item Rank SE

Male 621.18 0.029 Sd 637.96 0.023 Ind 596.35 0.029
Female 61222  0.022 Cy 556.96 0.080 Wt 625.26 0.027

FC Ta 563.95 0.035 Wifm 575.29 0.052
Pt 604.54 0.045 Cp 646.03 0.040

Male 60694  0.028 Sd 606.98 0.018 Ind 607.47  0.022

G Female 62044  0.016 Cy 559.00 0.000 Wit 625.19 0.024

Ta 636.27  0.030 Wim  576.86 0.025
Pt 629.43 0.041 Cp 625.75 0.036

Note: NL, natural landscape; HL, human landscape; F, forest; W, waterscape; IS, ice and snow; BL,
bare land; M, meadow; WT, weather; H, heritage; CF, customs and festivals; A, architecture; FC, folk
culture; G, gastronomy; Sd, Self-driving; Cy, Cycling; Ta, Travel agency; Pt, Public transportation; Ind,
Individual; Wf, With friends; Wfm, With family members; Cp, Couples.

Table A2. Multiple comparison results.

Mean . Mean .
Variable o 0 Difference Std. Error Adj I.IStEd o 0 Difference Std. Error Adj l.IStEd
Group Group () Sig. Group Group (1)) Sig.
NL Ind Wim —99.302 36.301 0.0037
HL Wfm Cp —137.577 38.187 0.002
Wifm Wit 156.024 31.037 0.000
Wifm Ind 164.974 34.287 0.000
w Pt Ta 124.823 33.411 0.001
Sd Ta —98.870 24.060 0.000
s Sd Ta —83.555 23.857 0.001 Wi Ind 102.589 24.505 0.000
Cp Ind 97.964 33.525 0.021
M Sd Ta —196.417 21.865 0.000 Ind Wf —139.184 22.395 0.000
Pt Sd 133.764 26.320 0.000 Ind Wim —188.580 32.225 0.000
Ind Cp —247.845 30.639 0.000
Wi Cp —108.661 27.408 0.000
H Ta Pt —59.430 21.824 0.019 Wifm Ind 84.062 22,994 0.002
Sd Pt 53.325 18.919 0.014 Wifm Wi 107.007 20.815 0.000
CF Ta Sd 64.642 17.072 0.000 Wifm Ind 113.042 25.438 0.000
Ta Pt —79.594 23.707 0.002 Wi Ind 75.793 17.679 0.000
Cp Ind 68.926 24.186 0.026
A Wifm Ind 109.495 32.049 0.004
Wfm Cp —121.415 35.694 0.004
Wifm Wi 147.863 29.011 0.000
FC Ta Sd 72.510 14.850 0.000 Wifm Cp —70.737 24.254 0.021
G Wifm Wi 48.331 16.473 0.020

Note: NL, natural landscape; HL, human landscape; F, forest; W, waterscape; IS, ice and snow; BL, bare land; M, meadow; WT, weather;
H, heritage; CF, customs and festivals; A, architecture; FC, folk culture; G, gastronomy; Sd, Self-driving; Ta, Travel agency; Pt, Public
transportation; Ind, Individual; Wf, With friends; Wfm, With family members; Cp, Couples. 2. We keep only significant multiple comparison
results in the table.
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Abstract: An important part of Beijing’s ecological pattern, mountain landscapes are also the most
important natural tourist destinations in Beijing. The unique mountain environment in Taihang and
Yan Mountains attracts Beijing and foreign tourists alike. Tourists publish travel photos and comments
on social media, which provides a new opportunity for a systematic evaluation of these mountain
parks based on social media data. To fully understand the developmental status of mountain
landscapes in Beijing, this paper comparatively evaluates 45 mountain landscapes in Beijing based
on social media data. Using big data capture, semantic network analysis, importance-performance
analysis (IPA), etc., it explores the composition of tourist groups in mountain parks, the preferences of
the tourist groups, and the relationships between park tourists and different influencing factors, and
evaluates the recreational experiences of tourist groups. The development of recreational activities
was found to be more important to local tourists than scenic sites for foreign tourists. According to
gender differences, women were more interested in recreational experiences than men, while men
were more interested in the park’s landscapes. According to the IPA, tourists were satisfied with the
overall recreation offered by mountain landscapes. The perceptual experience was dominated by
visual perception, followed by smell; touch, hearing, and taste were of minor importance. Using
social media data to analyze mountain landscape resources in Beijing can provide useful insights
into the advantages of these landscapes under a variety of site conditions, strengthen local mountain
resource development and tourism publicity, integrate tourism management and planning resources
in a targeted and attractive manner, and enhance ecological leisure services.

Keywords: mountain landscape; perceived destination image; social media data; Beijing; China;
social media data; text analysis; important-performance analysis (IPA); tourism sustainability

1. Introduction

The construction of urban forests is an important measure for adapting to China’s
national conditions and developmental stage, promoting urban and rural ecological con-
struction, and enhancing residents’ ecological welfare. Beijing, as the capital city, is re-
sponsible for the construction of the ecological civilization. In 2020, Beijing formulated
the Beijing Forest City Development Strategy (2018-2035). As an important mountain
resource in Beijing, Taihang-Yan Mountain also plays an important role in the forest city
development strategy. The forest city refers to an urban area in which buildings such as
offices, houses, hotels, hospitals, and schools are almost entirely covered by plants and
trees of different kinds and sizes for protecting the urban ecological environment. In the
overall construction of the forest city, the vision of building a healthy mountain forest has
been put forward. The Beijing Mountain area is an important water conservation area and
ecological barrier in the capital, and it is the main ecological recreation area. By developing
and using mountain resources, it is the goal of forest city construction to build an ecological
development demonstration area that is suitable for living, industry, and tourism, as well
as a model area that displays Beijing’s history, culture, and beautiful natural landscape.
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Mountain tourism is an important part of contemporary tourism. Because of their bio-
diversity, rich environmental resources, and rich history and culture, mountain landscapes
can satisfy people’s desire to be close to nature and pursue health, so mountain tourism is
playing an increasingly important role in global tourism patterns [1]. The development and
use of a mountain landscape are of great significance in the construction of a forest city, so
it is necessary to pay more attention to and study them. Research and analysis of mountain
landscape resources play an important role in urban development. Mountain landscape
tourism resources are important for attracting tourists, and the richness of the landscapes is
an important factor in developing them [2]. From the perspective of tourism, many studies
focus on factors related to tourist identity, such as gender, age, mode of travel, and so
on. However, further empirical research is required to explore how the factors related to
tourists themselves influence broader tourism decisions and results. Therefore, studying
what landscapes tourists prefer in mountain parks is of great significance in promoting
ecological service function and developing mountain tourism.

As per Cavagnaro et al., modern tourists show a strong interest in topics related
to natural resources and like to visit destinations with important natural resources for
recreational activities [3-8]. Giachino [9] and others found that modern tourists show
seasonal differences in their choices of natural tourist destinations. Selecting a holiday
destination is heavily influenced by the image of tourist destinations. The tourist destination
image (TDI) consists primarily of impressions (45%), perceptions (27%), beliefs (18%), ideas
(18%), and representations (15%). In scientific doctrine, one of the most commonly cited
definitions of image is something that can be described as the sum of a person’s beliefs,
ideas, and impressions of a particular location [10].

Tieskens et al. [11] proved that the analysis of elements of mountain cultural landscapes
has a high research value in the exploration of tourists” preference for mountain landscapes.
Studies have also shown that analyzing modern tourists’ visiting behaviors can promote
sustainable mountain tourism development, and their participation is considered necessary
for sustaining and improving natural tourism. At the same time, tourists themselves
show an important impact on environmental sustainability [12]. Therefore, to promote
the sustainable development of tourist destinations, it is of great significance to study the
natural and cultural landscape preferences of modern tourists in such destinations. Tourists’
preferred activities also differ with age [13], gender [14], mode of transportation [15], and
travel mode [16]. However, it remains to be studied in detail whether modern tourists’
preferences for natural and cultural landscapes of mountain parks differ due to these
factors. Therefore, it is necessary to study the differences in modern tourists’ preferences
for mountain landscapes when using different travel modes.

The arrival of the era of big data has also provided a new opportunity for the eval-
uation of mountain park landscapes. In recent years, taking users as the research object,
research using big data basically focused on four aspects: mobile phone signaling data,
satellite positioning, social media data, and photo analysis with geographical location
information [17,18]. The development of modern information technology, especially the
popular Internet technologies, such as social media, as a platform for the public to obtain
information and publish opinions, has a large number of valuable comments on people,
events, products, etc. [19], making it an important source of data that can help evaluate
personal emotions, perceptions, opinions, and interests [20]. A large amount of content for
evaluation is posted on social media; this data enables textual analysis and sentiment anal-
ysis and allows one to study people’s preferences for places [21-23]. The research usually
uses high-frequency words and semantic network analysis methods to measure and predict
users’ preferences, such as the travel preferences of outbound Chinese tourists [24], the
differences in mental models between tourism marketers and travelers [25], the image per-
ception of specific places [26], and even the services of hotels and other service facilities [27].
One can combine photos with geographical location information with the characteristics
of places to effectively predict the number of visits to places and infer people’s habits and
preferences to help in urban planning and ecological construction [28-33]. The widely
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used importance-performance analysis (IPA) method was first put forward in 1977 when
it was used to analyze product attributes [34]. This method, as a diagnostic model biased
toward qualitative research, can help managers identify noteworthy resources and services
and provide guidance for landscape planning and construction. Because of its simplicity,
intuition, easy operation, and easy interpretation, it has been widely used in landscape
architecture in recent years to study the demand characteristics of park visitors [35], recre-
ation situations [36,37], the supply-demand relationship of the cultural ecosystem [38], and
S0 on.

In short, mountain landscapes play an important role in the construction of Beijing’s
forest city, the promotion of the functions of ecological services, and the development of re-
lated tourism resources; social media data are used to understand the landscape preferences
of modern tourists in mountain tourism, identify the differences in landscape evaluations
by crowds with different characteristics, and evaluate recreational experiences. The aim of
this research is to investigate the demographic characteristics and landscape preferences
of tourists visiting the 45 mountain landscapes in Beijing by classifying photos based on
the associated text uploaded by users to social media. Through an in-depth semantic
network analysis of social media comments published by users, the relationships between
the evaluations of the mountain landscapes in Beijing and the demographic characteristics
and geographical locations of the users will be identified. In addition, the differences in
tourists’ landscape evaluations based on the different genders and regions will be explored.
The landscape characteristics of different mountain systems and 10 administrative divisions
are also compared. Finally, through an IPA, tourists” satisfaction in terms of (1) recreation
provided by the mountain landscapes in Beijing and (2) experiencing these landscapes via
the five senses will be analyzed. This study will provide a theoretical basis for the key
points and developmental directions of the construction and improvement of mountain
landscapes, leading not only to a new research area but also helping policymakers and
tourism managers improve the attractiveness of regional tourism. The Taihang-Yan Moun-
tain area of Beijing is of great significance for the sustainable development of mountain
landscape resources.

2. Research Method

Using big data to study tourists” behavior is beneficial for the planning and man-
agement of tourist attractions, especially in the field of landscape architecture. In this
study, we selected Dianping (https://www.dianping.com, accessed on 10 June 2022),
Trip.com Group (https://www.ctrip.com, accessed on 10 June 2022), and Mafengwo
(https:/ /www.mafengwo.cn, accessed on 10 June 2022), all of which are the mainstream
social media websites for tourism in China. Social media data were used instead of tra-
ditional research methods for the following reasons: (1) Social media data can reduce
the restrictions related to insufficient sample size, time, place, and self-reporting errors.
(2) The photos provided by users record the local environment and experience, which is
more authentic. (3) Social media are an important medium for modern tourists to publish
and receive tourism information, and the content has important research significance and
value. This research is based on the quantitative analysis of photos and evaluation of
texts published by tourists on social media. Content analysis is a digital research method
for objectively, systematically, and quantitatively analyzing the contents of texts. People
upload photos that they like or are interested in on social platforms. Therefore, the contents
of the photos were coded and analyzed according to landscape features, and the specific
landscape elements that attracted tourists were studied by comparing the frequency of
each element. The relationships between various landscape elements and preferences of
crowds with different characteristics were analyzed. At the same time, keyword extraction,
emotional and semantic network analysis, and IPA were performed on the comments
published by tourists on social platforms; then, the differences in landscape evaluations
under different factors were explored.
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2.1. Research Object

In all, 45 representative mountain landscapes in Beijing were selected as the research
objects (Table 1, Figure 1). Generally, in Beijing, the mountains are clear and dangerous,
and the terrain rises in steps, forming several levels of viewing platforms. Geological
structure and lithology differ greatly, and the landforms are diverse and colorful. The
higher the altitude of a scenic mountain, the more natural the scenery is; the lower the
altitude, the more anthropic the scenery is. Religious temples are found on most of the
tops or foothills of the cultural landscape mountains, indicating that religious culture has a
profound influence on the mountains in the suburbs of Beijing. As well as being favored by
residents, the temples are also revered by the royal family, illustrating the nexus between
religion and politics. Beijing’s two mountain spaces, Xishan and Beishan, have significantly
different associations with the scenery. A large number of scenic mountains are mostly
associated with the content of the Great Wall in Beishan, Beijing, forming a natural cultural
landscape similar to the Great Wall. The West Mountains in Xishan are devoid of Great
Wall cultural landscapes, with the exception of the enemy towers along the River City.

Table 1. Basic information on mountain landscapes.

Serial Mountain District Score Distance to the Driving Time to
Number Range City Center (km) the City Center (h)
1 Fragrant Hill Park Talhang Haidian District 4.75 32 km 0.75h
Mountain
2 Badachu Park Taihang Shijingshan 480 29 km 075h
Mountain District
3 Ming Tombs National -y, 1 \fountain Changping 455 54 km 1h
Forest Park District
Shangfang Mountain Taihang Fangshan
4 National Forest Park Mountain District 4.60 80 km 15h
Xishan National Taihang 5 _—
5 Forest Park Mountain Haidian District 4.80 34 km 1h
Beigong National Taihang g
6 Forest Park Mountain Fengtai District 4.75 20 km 0.5h
Jiufeng National Taihang L I
7 Forest Park Mountain Haidian District 4.60 40 km 1h
Miaofeng Mountain Taihang Mentougou
8 National Forest Park Mountain District 4.55 55 km 15h
Baishui Temple . Fangshan
9 Forest Park Yan Mountain District 4.65 67 km 1h
Fahai Temple Taihang Shijingshan
10 Forest Park Mountain District 4.00 39 km 075h
Yaji Mountain . . —_—
11 Forest Park Yan Mountain ~ Pinggu District 4.80 75 km 125h
Laobagoumen . Huairou
12 National Forest Park Yan Mountain District 4.60 160 km 4h
Dayang Mountain . Changping
13 National Forest Park Yan Mountain District 385 40 km Ih
Jingzhi Lake . Changping
14 Forest Park Yan Mountain District 4.30 28 km 1h
Yunmeng Mountain Taihang . A
15 National Forest Park Mountain Miyun District 4.5 85 km 15h
Xiayunling National Taihang Fangshan
16 Forest Park Mountain District 4.20 74 km L5h
Tianmeng Mountain Taihang Mentougou
7 National Forest Park Mountain District 4.65 40 Ih
Shuanglongxia Taihang Mentougou
18 Dongshan Forest Park Mountain District 4.60 92:2 km zh
Nanshiyang Grand Taihang Mentougou
19 Canyon Forest Park Mountain District 450 91.8 km zh
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Table 1. Cont.

Serial

Mountain

Distance to the

Driving Time to

Number Name Range District Score City Center (km) the City Center (h)
Badaling National Taihang Yangqing
20 Forest Park Mountain District 4.65 67.6 km 0:9h
21 Baihujian Scenic Area Taihang Changping 415 45 km 1h
Mountain District
22 Yunmeng Mountain Taihang Miyun District 455 85 km 15h
Scenic Area Mountain
o . Taihang Fangshan
23 Bairuigu Scenic Area Mountain District 4.55 85 km 22h
24 Guyaju Scenic Area  Yan Mountain Yanging 465 92 km 25h
District
Baihua Mountain Taihang Mentougou
2 Scenic Area Mountain District 4.65 120 kem 3h
26 Yaji Mountain Yan Mountain ~ Haidian District ~ 4.80 42 km 1h
Scenic Area
Yangtai Mountain Taihang . A
27 Seenic Area Mountain Pinggu District 4.45 90 km 2h
28 Fenghuangling Taihang Haidian District ~ 4.70 53 km 09h
Scenic Area Mountain
Shenquanxia Taihang Mentougou
2 Scenic Area Mountain District 4.0 55 km 1h
30 Zhuijiuyu Scenic Area  Yan Mountain Cha.ngf'nng 4.15 62 km 1h
District
31 Shentangyu Yan Mountain Huairou 4.60 65 km 12h
Scenic Area District
32 Qinglongxia Yan Mountain Huairou 465 75 km 2h
Scenic Area District
. . Taihang Fangshan
33 Baicaopan Scenic Area Mountain District 4.65 120 km 25h
Baiyanggou Taihang Changping
s Scenic Area Mountain District 4.30 63.8 km th
Jiangjuntuo Taihang Fangshan
% Scenic Area Mountain District 3.80 45 th
36 Yunfeng Mountain y, | \fountain Miyun District 455 120 km 3h
Scenic Area
37 Linlong Mountain Yan Mountain Huairou 425 75 km 2h
Scenic Area District
38 Jiugukou Scenic Area Yan Mountain H1.1a1r.0u 4.10 78 km 1.3h
District
39 Xianjugu Scenic Area Yan Mountain ~ Miyun District 4.45 125 km 1.7h
40 Taoyuan Xiangu Yan Mountain ~ Miyun District 420 101 km 15h
Scenic Area
41 Penghewan Yan Mountain ~ Miyun District ~ 4.20 105 km 124h
Scenic Area
42 Bailongtan Scenic Area  Yan Mountain ~ Miyun District 3.85 105 km 124h
43 Yunxiugu Scenic Area Yan Mountain Miyun District 4.20 175 km 2.32h
44 Hudongshui Yan Mountain ~ Pinggu District 445 103 km 1.8h
Scenic Area
45 Qianling Mountain Taihang Fengtai District 465 30 km 1h
Scenic Area Mountain

Note: Social media has given an overall possible score of 5.

2.2. Data Collection and Statistics

The data collected in this paper are from 45 representative mountain landscapes in
Beijing (visited on 10 June 2022) that were manually searched on the website of the Beijing
Municipal Bureau of Landscaping and Greening. They included national-level scenic spots
and representative tourist destinations of Grade 3A or above. From high to low, China’s
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tourist attractions are classified into five levels, from AAAAA (the highest level) to A (the
lowest). After AAAAA and AAAA, AAA (3A) is the third highest level of quality for tourist
attractions. In addition, web crawler tools were utilized on Dianping, Trip.com Group, and
Mafengwo to crawl for information on the evaluation of the 45 mountain landscapes and
photos of the 45 selected mountain landscapes released by tourists. By analyzing users’
evaluative social media texts and uploaded and shared travel photos, tourists” demand
for recreational activities and their landscape preferences can be understood. From the
perspective of data content screening, first, the comments adopted were those published by
tourists without any commercial activities, and the language that expressed their feelings
and emotions was used as the criterion. As mentioned above, tourists” travel preferences
were influenced by gender, mode of transportation, travel mode, and landscape preferences.
Therefore, we also collected information about users’ gender, transportation mode, and
travel mode. Finally, we eliminated comments with prominent advertising information
and copyright marks. The sample period was from January 2021 to June 2022. There were
37,572 photos of the 45 mountain landscapes, totaling more than 2.82 million words. Most
of the crawled comments were made between January 2021 and June 2022.

.g Pinggu District

U_,?(

Figure 1. Distribution of the 45 representative mountain landscapes in Beijing.
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2.2.1. Data Collection and Preprocessing

The automatically crawled social media data contains a significant amount of noise, so
it is necessary to remove the noise data from the text data. To begin with, news information,
advertising information, and explanatory texts published by public accounts were removed,
and only original content published by individuals was retained. Among the photos posted
by users, some photos were primarily based on pictures, and the text description was
often too short (for example, only the names and locations of mountain attractions were
included); at the same time, there was also content that mentioned mountain attractions;
however, the actual description content or evaluation did not follow. A comment that had
little relevance to mountain attractions was discarded, as these data were deemed invalid
and must be removed. Thus, 20 images were randomly selected from the reserved text
for manual verification and removal of invalid information. When the data is invalid, the
above operations will be repeated until a valid image with comment data is selected. A total
of 31,367 valid images were obtained from 13,990 users, along with 1,631,972 characters.

In terms of data processing, the user information published by social media websites
and the keywords in social media comments published by users were extracted, the de-
mographic characteristics of the image users were determined, and the following types
of user information were summarized: gender (male and female), mode of transportation
(walking; using the subway;, a taxi, or a bus; and using a self-driven mode of transport), and
travel mode (lone travelers, friends and classmates, families, and couples). Accordingly,
the tourism behavior of users was quantitatively analyzed.

2.2.2. Image Recognition and Statistics

On the basis of China’s national standard of “Classification, Investigation, and Evalua-
tion of Tourism Resources” (GB/T18972-2017), we divided landscape resources into eight
types: physiographic landscape, water landscape, biological landscape, astronomical and
climatic landscape, buildings and facilities, historical sites, tourist purchases, and cultural
activities (Table 2). On this basis, we quantitatively analyzed 31,367 tourist photos and
calculated the frequency of each landscape resource type (Figure 2).

Table 2. Classification of landscape resources.

Main .
Category Subcategory Basic Types
Natural landscape complex Hills, mesas, valleys, and beaches
Geological and tectonic traces l.zrach;:ed lan.dscapii fg)‘lc}ed.lar;cflscaﬁ &
Physiographic stratigraphic section, and biological fossil point
landscape ill- -
p Surface morphology Hill-shaped landsc(jzlpe, peak-columnar landscape,
ravines, and caves
Natural marks and natural phenomena  Strange natural phenomena and natural landmark
. Recreational river sections, waterfalls, and ancient
River system . .
river sections
Water Lake and marsh Recreational lakes, pools, and wetlands
landscape
Groundwater Springs and buried bodies of water
Ice and snow area Snow fields and modern glaciers

Biological landscape

Woodland, single and bushy trees, meadows, and

Vegetation landscape fower fields

Aquatic animal habitat, land animal habitat, bird

Wildlife habitat habitat, and butterfly habitat
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Table 2. Cont.

Main
Category

Subcategory Basic Types

Astronomical and
climatic landscape

Sun, moon, stars, aurora, and natural or artificial

Astronomical landscape light phenomena

Clouds, fog rime, rain rime, extreme and special

Weather and climatic phenomena climate displays, and phenological phenomena

Buildings and facilities

Places for social and commercial activities, military
sites and ancient battlefields, places for cultural
Cultural landscape complex activities, places for recreation and leisure, places
for religious and sacrificial activities, and places
for memorials and commemorative activities

Characteristic blocks, landscape buildings and
spaces with viewing functions, bridges, dams,
caves, mausoleums, landscape farmland,
landscape forest farms, and specialty shops

Practical buildings and core facilities

Image markers, viewing points, pavilions, platforms,
buildings, pavilions, sculptures, archways, forest of
steles, porches, tower buildings, landscape trails,
flower lawns, fountains, and rock piles

Landscape and sketch architecture

Historical sites

Material cultural relics Architectural relics and movable cultural relics

Folk literature and art, local customs, traditional

Immaterial cultural relics X o\ .
costume decoration, and traditional performing arts

Planting, forestry, animal husbandry, aquaculture

Agricultural products products, and aquatic products

Tourist Industrial products Daily industrial product and tourism
purchases P equipment products
Handmade arts and crafts Stationery, fabrics, l.?ur.niture, ceramics,
and paintings
Personal activity records Local people and local events
Cultural . o . -
activities Festivals and seasons Religious activities and temple fairs, agricultural

festivals, and modern festivals

2.2.3. Text Analysis

A total of 45 representative mountain scenery spots in Beijing were analyzed based on
their average star ratings. In order to highlight the differences between different mountain
landscapes, the study utilized the tools of “word frequency analysis” and “social network
and semantic network analysis” in ROSTCM6 developed by Wuhan University in order
to quantify image data in order to generate a collinear network diagram of keywords in
tourists” comments on parks and scenic spots, further exploring the core factors that affect
mountain landscape evaluations. Using a network diagram, the core elements and deep
reasons that affected the evaluation of the mountain landscapes were explored further and
the correlation between each element and the evaluation was explored using SPSS tools.

2.2.4. IPA Model Building

To further explore the present situation, problems, and development directions of
mountain landscapes in Beijing, the importance-performance analysis (IPA) method was
used to analyze tourists’ satisfaction and experience in terms of the five senses. IPA, which
was proposed by Martilla and James, is used to compare customers’ expectations before
consumption with their perceived achievements after consumption, and to comprehen-
sively evaluate the performance of each attribute [39]. Since the early 1990s, IPA has been
widely used in service industries [40], including service satisfaction evaluations [41], re-
gional attraction analysis [42], tourism policy formulation [43], and scenic spot satisfaction
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evaluations [44]. In the satisfaction survey, the IPA method requires respondents to evalu-
ate the indicators of the designated survey object in terms of importance and satisfaction
in order to form the IPA matrix (Figure 3). The IPA matrix takes tourists” expectations
(importance) as the horizontal axis, tourists” satisfaction (performance) as the vertical axis,
and the total average as the separation point of the X-Y axis. The space is divided into four
quadrants, and the meanings of each quadrant are as follows: the first quadrant is the area
of advantage retention, the second quadrant is the area that can be maintained without
too much improvement, the third quadrant is the slow improvement area, and the fourth
quadrant is the area that needs to be improved. The recreational elements in the related
literature on the evaluation of mountain landscape recreation were summed up, the words
featured with a high frequency in the evaluation texts were extracted and evaluated, the
specific elements worthy of attention in mountain landscapes were integrated, tourists’
recreational satisfaction and evaluation factors in terms of the five senses were determined,
a vocabulary of recreational satisfaction and elements related to the experience of the five
senses was generated (Tables 3 and 4), and each index for each element in the obtained
textual data was identified and counted as the result of the importance of each element
index in the IPA. The text was classified by emotion, and the frequency of each factor index
in positive comments was used as the result for satisfaction. Using the IPA method, based
on the results of the textual analysis of social media data, this paper evaluated the satisfac-
tion provided by the mountain landscape in terms of recreation and the experience of the
landscape via the five senses and further explored the future direction of development of
the mountain landscape.
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Figure 2. Images of the classification of mountain landscape resources.
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Figure 3. IPA quadrant diagram.
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Table 3. Evaluative indexes of tourist satisfaction with mountain landscapes in terms of recreation.

Evaluation Term Indicators Indicator Definition
Natural landscape (A1) Rivers, streams, and other natural landscapes
Plant landscape (A2) Trees, flowers, and other plant landscapes
Landscape Animal landscape (A3) Squirrels, ducks, hedgehogs, and other animal landscapes
quality (A) Astronomical landscape (Ad) Seas of clouds, rimes, rainbows, and other
astronomical landscapes
Historical and cultural landscape (A5) Temples, ancient temples, ans:lgnt buildings, gardens, and
other characteristic landscapes
Outdoor recreational activities (B1) Hiking, ferrying, plc'nlckmg,‘ a.n.d other outdoor
recreational activities
Recreational Leisure activities (B2) Taking photos, hiking, walking, and other leisure activities

activities (B)

Fitness activities (B3)

Sports, hiking, fitness, and other activities

Humanistic activities (B4)

Burning incense, praying for blessings, and other
humanistic activities

Tourism
experience (C)

Ticket cost (C1)

Park fares and charges

Parent-child experience (C2)

Suitability for parent-child activities

Emotional experience (C3)

Comfort, pleasure, happiness, and other
recreational emotions

Air and environmental quality (C4)

Environmental quality, air freshness, and
weather conditions

Sense of crowded space (C5)

The number of visitors and the degree of space crowding

Infrastructure (D)

Traffic accessibility (D1)

Connectivity of internal and external roads

Public service facilities (D2)

Parking lots, toilets, trash cans, and other service facilities

facilities (D3)

Recreational and entertainment

Slides, cable cars, cableways, and other
recreational facilities

Navigation signage system (D4)

Guide systems, signage, etc.

Catering and convenience facilities (D5)

Restaurants, catering, food sales, etc.

Safety facilities (D6)

Railings, fences, and other safety equipment
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Table 3. Cont.

Evaluation Term

Indicators

Indicator Definition

Management
services (E)

Facility maintenance (E1)

Maintenance and management of public facilities
and infrastructure

Park management services (E2)

Park management, public security maintenance, etc.

Planning layout (E3)

Park areas, planning and design, route planning, etc.

Table 4. Evaluative indexes of the experiences of mountain landscape tourists in terms of the

five senses.

Senses Term

Indicator

Indicator Definition

Visibility of plants (F1)

Visibility of trees, grass, flowers, etc.

Visibility of animals (F2)

Visibility of squirrels, ducks, hedgehogs, etc.

Visibility of natural landscapes (F3)

Visibility of the landscape, rivers, streams, etc.

Visibility of celestial phenomena (F4)

Visibility of celestial landscapes (sea of clouds, smog,
rainbow, etc.)

Vision (F)
Crowd disturbances (F5) The number of pez};lgizgi Ctt}il(e): r{:;reseru:e or absence
Landscape recognizability (F6) Special sites
Visibility of roads (F7) The line, shape, color, etc. of the roads
Others (F8) Environmental visibility, etc.
Sounds of humans (G1) Moderate vocals
Sounds of plants (G2) Sound of the wind blowing through the plants
Hearing (G) Sounds of animals (G3) Sounds of birds, insects, and other animals
Sounds of broadcasts (G4) Sounds of broadcasts
Sounds of water (G5) Sound of flowing water
Others (G6) Sounds of wind, rain, etc.
Smell (HD) Smell of air/water (H1) Smell of the air and water emanating from the landscape
Smell of plants (H2) Smell of the scent emanating from the plants
Feel of sunlight (L1) Feel of the balance of light and shadow
Feel of wind (L2) Feel of the wind environment
Feel of water (L3) Feel of water flowing through the landscape
Touch (L) Feel of temperature (L4) Feel of the landscape temperature
Touch of the road (L5) Feel of the comfort of road contact
Touch of animals (L6) Lack of mosquito bites
Others (L7) Touch of plants, etc.
Food sales (K1) Purchase of food
Taste (K)

Taste of food (K2)

Taste of food, spring water, etc.

3. Research Results and Analysis

3.1. Demographic Analysis of Tourist Groups

Among the 13,990 users who submitted reviews, there were 2882 men (32.4%) and
6014 women (67.6%). It was not possible to distinguish the gender of the remaining users by
using public data. It can be seen that women were keener to share their travel experiences

on social media.
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From the point of view of the mode of transportation, among the review users,
3485 (94.2%) were self-driving tourists, accounting for far more than walking tourists
(16, or 0.4%), subway tourists (62, or 1.7%), bus tourists (115, or 3.1%), and taxi tourists
(23, 0.6%). Most tourists chose to travel by car, which is probably related to the unique
geographical location and landscape characteristics of the mountains. Self-driving is more
convenient for reaching the destination and enjoying the beautiful natural scenery along
the route.

From the perspective of travel patterns, among the review users, 56.3% chose to travel
with their families and only 1.8% chose to travel with their partners. See Table 5 for a
statistical analysis of the tourist groups.

Table 5. Statistical analysis of the tourist groups.

Type Quantity Percentage
Male 2882 324
Gender Female 6014 67.6
Walking 16 0.4
Using the subway 62 1.7
Transportation Using a bus 115 3.1
Using a taxi 23 0.6
Using a self-driven vehicle 3485 94.2
Alone 417 12.1
With friends and classmates 1025 29.8
Travel mode With family 1937 56.3
As a couple 65 1.8
Had children 946 489
Family Had an elderly person 68 3.5
Had both children and
120 6.2
elderly people
Had other relatives 803 414

3.2. Analysis of the Landscape Preferences of Tourist Groups
3.2.1. Overall Analysis of Tourists’ Landscape Preference

Based on the classification of landscape resources summarized in Table 2, 31,367 tourist
photos were analyzed quantitatively for landscape elements. Tourists” landscape prefer-
ences were determined according to the following order: physiographic landscape (9807, or
31.4%) > buildings and facilities (9000, or 28.8%) > biological landscape (5377, or 17.2%) > water
landscape (4090, or 13.1%) > historical sites (1030, or 3.4%) > astronomical and climate
landscapes (885, or 2.9%) > cultural activities (781, or 2.6%) > tourism purchases (162,
or 0.6%).

3.2.2. Analysis of Landscape Preferences Based on Crowds with Different Characteristics

According to the differences in the gender, transportation mode, and travel mode of
the tourists, the landscape preferences of the different groups were statistically analyzed.
As far as gender is concerned (Figure 4), men and women tended to prefer the same types
of landscapes, and they all showed an obvious preference for landscapes, architecture,
and facilities, which is probably because mountain landscapes are dominated by natural
landscapes, such as valleys and gullies, and tourists mainly go to scenic mountain spots for
sightseeing, so the photos taken are mainly of buildings and places for sightseeing in the
landscape. Table 6 presents an analysis of the images shared by people of different genders;
men preferred physiographic landscapes, followed by biological landscapes and buildings
and facilities, while women preferred water landscapes, followed by astronomical and
climatic landscapes and cultural activities. From the perspective of humanistic activi-
ties, compared to men, women showed a greater preference for recording their personal
activities during travel.
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Figure 4. Analysis of tourists” landscape preferences and its difference among different genders.

Table 6. The frequency with which landscape types were visited by each gender.

Types of Landscape Number of People Number of Photos Average Value
Resources Male Female Male Female Male Female
Physiographic 894 1993 2663 4576 298 2.30
landscape
Water landscape 345 837 848 2185 2.46 2.61
Biological landscape 501 1094 1284 2446 2.56 2.24
Astronomy and 77 175 180 440 234 251
climatic landscape
Buildings and 826 1674 2109 4091 255 244
facilities
Historical sites 153 313 299 520 1.95 1.66
Tourist purchases 30 61 46 81 1.53 1.33
Cultural activities 56 205 108 506 1.93 2.47

Figure 5 shows the differences in tourists” landscape preferences when using different
modes of transportation. Irrespective of the mode of transportation, tourists preferred phys-
iographic landscapes, buildings and facilities, biological landscapes, and water landscapes.
However, this choice was more obvious when using a self-driven vehicle. Figure 6 shows
the differences in tourists’ landscape preferences according to their different modes of travel.
Tourists who traveled with their families and partners preferred buildings and facilities,
followed by physiographic landscapes, and the degrees of interest were similar between
biological landscapes and water landscapes. Tourists who traveled alone or with friends
and classmates were more interested in landscapes than in buildings and facilities, and their
interest in biological landscapes was also greater than their interest in water landscapes.
With regard to the different types of landscape resources, there were certain differences in
tourists’ travel patterns. As can be seen in Figure 7, tourists who traveled with friends and
classmates preferred astronomical and climatic landscapes and tourism purchases.
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Figure 7. Analysis of tourists’ travel mode preferences with respect to different landscape
resource types.

3.3. Landscape Evaluation and Analysis of Tourist Groups

To further understand tourists” preferences for recreation types and feelings regarding
Beijing’s mountain landscapes, word segmentation and word frequency analysis were
performed by using ROSTCMBS to evaluate the texts of the review users, and the 30 words
related to recreation and emotional experience with the highest frequency were extracted
(Figure 8). By and large, tourists tended to show seven recreational behaviors related to
mountain landscapes: climbing, rafting, hiking, fitness, camping, picnicking, and sight-
seeing. Moreover, their emotional experiences were dominated by positive words, such

o characteristic”, and “beautiful”, all of which show a positive

i

as “suitable”, “convenient”,
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attitude. It can be seen that tourists loved the overall landscapes and environments of the
mountains. The authors of this study extracted the texts of positive reviews by users for
semantic network analysis and generated a positive semantic network diagram (Figure 9).
The texts of negative user evaluations were also extracted for semantic network analysis,
and a negative semantic network diagram was generated (Figure 10). The nodes represent
high-frequency vocabulary elements, and the density of connections between elements
represents the co-occurrence frequency. The factors of positive evaluations of the mountain
landscape were mainly reflected in the beautiful scenery, suitability for outings, traffic
accessibility, recreational facilities, and parent-child experiences. The negative factors of
the evaluations were mainly reflected in tickets, transportation, infrastructure, and park
management services. Although the overall evaluation of the mountain landscape is high,
it does not necessarily imply that the parks are well-managed. The management of a forest
park involves many complex aspects that are not readily apparent to the public. Negative
feedback recorded on social media indicates that tickets, transportation, infrastructure, and
park management services may not need to be improved, rather, the meaning implies that
the management mode may need to be reviewed.
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Figure 9. The semantic network of positive evaluations.
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Figure 10. The semantic network of negative evaluations.
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3.3.1. Differences in Mountain Landscape Evaluations by Groups with Different Characteristics

The semantic network analysis of the evaluative texts of local and foreign tourists
showed (Figures 11 and 12) that the main mountain landscape elements that local and
foreign tourists focused on were different. In the user sample, users with undisclosed
regional information were excluded. In all, 10,869 local tourists and 1042 foreign tourists
were included. Local tourists paid more attention to mountain climbing and recreational
experiences, transportation time, infrastructure, fare collection, and parent-child activities.
The focus of foreign tourists was mainly on the degree of fame of scenic spots, scenery,
scenic environment, consumption cost, and traffic time. It can be seen that local tourists
paid more attention to the development of recreational activities, while foreign tourists
preferred to register their arrival at the scenic spots.
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Figure 11. The semantic network of local tourists’ evaluations.
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Figure 12. The semantic network of foreign tourists’ evaluations.

According to the semantic network analysis of textual data from people of different
genders (Figures 13 and 14), male users mainly focused on mountain climbing, infrastruc-
ture, and traffic accessibility, and female users paid more attention to the scenic quality,
scenic environment, convenient transportation, recreational activities, parent-child experi-
ences, and infrastructure. It can be seen that women paid more attention to recreational
experiences than men did.
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3.3.2. Differences in Mountain Landscape Evaluations in Different Geographical Locations

Among the 10 administrative districts in which mountainous landscapes are dis-
tributed in Beijing, Haidian District had the highest comprehensive star rating, reaching
4.73 stars, followed by Fengtai District (4.7 stars), Yanqing District (4.65 stars), and Chang-
ping District (4.22 stars) (Table 7). The overall evaluation of the mountain landscape was
high, which shows that the parks were well-managed and popular with tourists.

For further investigation, the factors that influenced the evaluations of mountainous
landscapes—such as the population density, the number of permanent residents, the GDP
of the administrative district, the GDP per capita of the administrative district, the average
distance from the city center, and the average driving distance from the city center of
the administrative district—in each scenic area were analyzed. The correlation analysis
using the SPSS tool (Tables 7 and 8) showed that there were no significant correlations
between the evaluations of mountainous landscapes and any of these factors. In other
words, visitors’ evaluations of mountainous landscapes were not related to these external
factors, and the internal factors of a scenic area may be more important in influencing the
evaluation of a landscape.

The semantic network analysis of the textual evaluations of the mountain landscapes
in the Taihang Mountains and Yan Mountains showed that (Figures 15 and 16) the main
landscape elements that tourists in the different mountain ranges paid attention to were
also different. The analysis showed that the Taihang Mountains mainly have national
forest parks, while the Yan Mountains mainly include scenic spots. Tourists paid more
attention to the experiences of mountain climbing and recreation in scenic spots when they
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enjoyed recreation in Taihang Mountains, while tourists visiting the Yan Mountains for
recreational activities paid more attention to the traffic accessibility of scenic spots and
the time spent in traffic to visit them. The scenic value of the water system landscape in
the Yan Mountains was higher, and tourists preferred to go to mountain parks in the Yan
Mountains for waterscape viewing and swimming experiences.

Table 7. Factors of different administrative regions were used in the correlation analysis.

Population Number of Per Capita GDP of the Average Average
Average Dpe nsit Permanent GDP of the District Distance from  Driving Time
Rating Star (ppl /km);) Residents District (1,000,000,000 the City from the City
PP (10,000 People) (10,000 CNY) CNY)? Center (km) Center (H)
Haidian District 473 7515 323.7 26.27310 8504.6 40.2 0.93
Fengtai District 4.70 6628 202.5 9.03506 1829.6 20.0 0.75
Changping District 4.22 1612 216.6 4.94829 1071.8 56.2 1.0
Yanqing District 4.65 173 34.6 5.62138 194.5 79.8 1.7
Fangshan District 441 650 131.3 5.78751 759.9 78.5 1.62
Pinggu District 4.57 481 45.7 6.22000 284.1 89.3 1.68
Huairou District 4.44 210 441 9.80000 432.6 73.25 2.1
Miyun District 432 240 52.7 6.83000 360.3 112.63 1.75
Shijingshan District 4.40 6684 57.0 14.14737 806.4 34 0.75
Mentougou 458 271 393 6.84000 268.8 75.67 175
District
2 One billion yuan.
Table 8. Correlation analysis.
Population Number of per Capita GDP of the
. Permanent P Average Average
Density as . GDP of the District as per X ..
Average Residents as e Distance Driving
. per the District as per the Latest .
Rating per the Latest from the Time from
Latest the Latest Yearbook . .
Star Yearbook City Center the City
Yearbook (10,000 Yearbook (100,000,000 (Km) Center (H)
(Ppl/Km?) ’ (10,000 CNY) CNY) 2
People)
Pearson
correlation 1 0.386 0.221 0.439 0.472 —0.342 —0.124
Average -
rating star coefficient
& Sig. (two-tail) 0.270 0.540 0.204 0.168 0.334 0.732
Number 10 10 10 10 10 10 10
2 One hundred million yuan.
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Figure 15. The semantic network for the Taihang Mountain landscape.
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Figure 16. The semantic network for the Yan Mountain landscape.

The semantic network analysis of the textual evaluations of the mountain landscapes in
different administrative divisions showed (Figures 17-19) that the mountain landscapes in
the different divisions had their own characteristics but they also had similarities. Haidian
District has Xishan National Forest Park, which has beautiful scenery, as its main tourist
attraction. Shijingshan District’s mountain landscape is characterized by Badachu Park,
offering rich recreational activities. Fangshan District and Miyun District have similar
mountain landscape features, and both are dominated by a natural water system landscape;
recreational activities there are characterized by ferrying. The mountain landscape of
Fengtai District is mainly characterized by wildlife viewing. Huairou District, Pinggu
District, and Yanging District are rich in the historical sites of mountain landscapes, but
they have different characteristics. The mountain landscape in Huairou District is steep and
suitable for outdoor activities, such as bungee jumping. The mountain landscape in Pinggu
District has a certain religious color. Yanqing District is rich in cave sites with a strong
historical background. The Mentougou Mountain landscape is rich in natural scenery,
but its characteristics are not obvious. Fangshan District, Miyun District, Fengtai District,
Huairou District, and Shijingshan District are all suitable for parent-child activities.
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Figure 17. The semantic web of mountain landscapes in various administrative regions (From left to
right: Changping District, Fangshan District, and Fengtai District).
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Figure 18. The semantic web of mountain landscapes in various administrative regions (From left to
right: Haidian District, Huairou District, and Miyun District).
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Figure 19. The semantic web of mountain landscapes in various administrative regions (From left to
right: Pinggu District, Yanging District, Mentougou District, and Shijingshan District).

3.4. IPA of Tourist Groups’ Recreational Experiences
3.4.1. Analysis of Satisfaction in Terms of Recreation

In a comprehensive IPA of tourists’ satisfaction in terms of recreation in mountain
landscapes in Beijing (Table 9, Figure 20), most of the indicators were concentrated in the
first and second quadrants, indicating that tourists” overall satisfaction with the mountain
landscapes was high. The mountain landscapes were shown to have greater advantages in
terms of natural landscapes, plant landscapes, outdoor recreational activities, parent-child
experiences, and emotional experiences, but public service facilities, traffic accessibility,
ticket cost, and park management services needed to be improved.
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Table 9. Importance and satisfaction scores of tourists’ satisfaction in terms of recreation.

Main Category Serial No. Subcategory Importance Satisfaction
Al Natural landscape 0.1034 0.6669
A2 Plant landscape 0.0688 0.6982
Landscape quality (A) A3 Animal landscape 0.0358 0.7259
A4 Astronomical landscape 0.0068 0.6744
A5 Historical and cultural landscape 0.0324 0.7017
Bl Outdoor recreational activities 0.0770 0.6628
. L B2 Leisure activities 0.0370 0.6713
Recreational activities (B)
B3 Fitness activities 0.0227 0.6814
B4 Humanistic activities 0.0020 0.7626
C1 Ticket cost 0.0527 0.5624
C2 Parent-child experience 0.0484 0.6826
Tourism experience (C) C3 Emotional experience 0.1196 0.7087
C4 Air and environmental quality 0.0318 0.7206
C5 Sense of crowded space 0.0134 0.5506
D1 Traffic accessibility 0.1365 0.5885
D2 Public service facilities 0.0771 0.6132
D3 Recreation and entertainment facilities 0.0253 0.6641
Infrastructure (D) . .
D4 Navigation signage system 0.0099 0.5762
D5 Catering and convenience facilities 0.0082 0.5828
D6 Safety facilities 0.0268 0.5737
E1 Facility maintenance 0.0016 0.5093
Management services (E) E2 Park management services 0.0499 0.6014
E3 Planning layout 0.0130 0.6738
0.0435
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Figure 20. Comprehensive IPA of satisfaction in terms of recreation.
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The IPA (Table 10, Figure 21) of mountain landscapes in different mountain ranges
showed that tourists were more satisfied with the overall recreation offered by the mountain
landscapes in the Taihang Mountains than those offered by the Yan Mountains. Tourists
loved the mountain landscapes in the Taihang Mountains in terms of plant landscapes
and outdoor recreational activities, while the mountain landscapes in the Yan Mountains
were more distinctive in terms of historical and cultural landscapes and leisure activities.
In terms of traffic accessibility, public service facilities, ticket cost, and park management
services, there was a need for further strengthening and improvement of the facilities. The
plant landscapes and the outdoor recreational activities offered in the Yan Mountains had
higher importance but a lower satisfaction rating than the average. Therefore, the mountain
landscape in the Yan Mountains needs to be improved.

Table 10. Importance and satisfaction scores of tourists’ satisfaction in terms of recreation in different
mountain systems.

Taihang Mountains Yan Mountains
Main Category Serial No. Subcategory
Importance  Satisfaction = Importance  Satisfaction
Al Natural landscape 0.0902 0.6655 0.1457 0.6696
A2 Plant landscape 0.0754 0.7166 0.0479 0.6064
Lan;isca(}ze A3 Animal landscape 0.0409 0.7399 0.0193 0.6309
ualit
a y & A4 Astronomical landscape 0.0078 0.6672 0.0036 0.7241
A5 Historical and cultural 0.0284 0.6989 0.0452 0.7073
landscape
B1 Outdoor recreational 0.0793 0.6750 0.0696 0.6186
activities

Recreational B2 Leisure activities 0.0344 0.6633 0.0456 0.6906

activities (B)
B3 Fitness activities 0.0246 0.6758 0.0165 0.7078
B4 Humanistic activities 0.0012 0.7935 0.0044 0.7358
C1 Ticket cost 0.0521 0.5721 0.0544 0.5328
c2 Parent-child experience 0.0498 0.6962 0.0437 0.6332
Tourism c3 Emotional experience 0.1176 0.7138 0.1260 0.6933

experience (C) Air and envi |
C4 irand environmenta 0.0331 0.7281 0.0277 0.6921
quality
C5 Sense of crowded space 0.0149 0.5540 0.0086 0.5314
D1 Traffic accessibility 0.1363 0.5888 0.1371 0.5874
D2 Public service facilities 0.0790 0.6139 0.0710 0.6106
D3 Recreationand 0.0263 0.6895 0.0219 0.5663
entertainment facilities
Infrastructure (D)
D4 Navigation signage system 0.0101 0.5667 0.0095 0.6087
D5 Catering and 0.0075 0.6094 0.0104 05219
convenience facilities

D6 Safety facilities 0.0247 0.5774 0.0335 0.5649
E1l Facility maintenance 0.0507 0.4750 0.0018 0.6047
Management E2 Park management services 0.0507 0.6031 0.0474 0.5958

services (E)
E3 Planning layout 0.0141 0.6725 0.0093 0.6800
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Figure 21. IPA of satisfaction with recreation in different mountain systems.

3.4.2. Analysis of the Experience of the Five Senses

A comprehensive IPA of the experiences of tourists in the mountain landscapes in
Beijing in terms of the five senses (Table 11, Figure 22) showed that most of the indicators of
the five senses were concentrated in the second and third quadrants, implying that tourists
did not pay much attention to the overall sensory experience of the mountain landscapes,
and the overall satisfaction of the tourists was high in terms of sight, smell, and touch,
but low in terms of taste. Visual and olfactory landscape elements—such as visibility of
plants, visibility of animals, landscape recognizability, and smell of air/water—in the first
quadrant can continue to be developed; visual and taste elements—such as visibility of
natural landscapes, visibility of roads, and food sales—in the fourth quadrant need to be
improved and enhanced; and auditory and tactile landscape elements—such as the sounds
of plants, sounds of animals, feel of sunlight, feel of water, and touch of the road—in the
third quadrant need to be gradually improved.
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Table 11. Importance and satisfaction scores of the experience of the five senses.

Main Category Serial No. Subcategory Importance Satisfaction
F1 Visibility of plants (F1) 0.2269 0.6973
F2 Visibility of animals (F2) 0.1179 0.7259
F3 Visibility of natural landscapes (F3) 0.1538 0.6478
Vision (F) F4 Visibility of celestial phenomena (F4) 0.0227 0.6743
F5 Crowd disturbances (F5) 0.0152 0.5548
Fo6 Landscape recognizability (F6) 0.1069 0.6962
F7 Visibility of roads (F7) 0.0547 0.6438
F8 Others (F8) 0.0355 0.7037
Gl Sounds of humans (G1) 0.0111 0.7265
G2 Sounds of plants (G2) 0.0007 0.6364
Hearing (G) G3 Sounds of animals (G3) 0.0030 0.7500
G4 Sounds of broadcasts (G4) 0.0052 0.6076
G5 Sounds of water (G5) 0.0032 0.5859
G6 Others (G6) 0.0032 0.6701
H1 Smell of air/water (H1) 0.0582 0.7584
Smell (H)
H2 Smell of plants (H2) 0.0035 0.7570
L1 Feel of sunlight (L1) 0.0311 0.6474
L2 Feel of wind (L2) 0.0076 0.7682
L3 Feel of water (L3) 0.0071 0.5556
Touch (L) L4 Feel of temperature (L4) 0.0389 0.6747
L5 Touch of the road (L5) 0.0322 0.6282
L6 Touch of animals (L6) 0.0175 0.7026
L7 Others (L7) 0.0013 0.6829
K1 Food sales (K1) 0.0415 0.6423
Taste (K)
K2 Taste of food (K2) 0.0011 0.6364

For the landscapes of different mountain ranges, the IPA (Table 12, Figure 23) showed
that, similarly to the conclusion regarding tourists” satisfaction with recreation, tourists’
satisfaction with the mountain landscapes in terms of the five senses was higher for the
Taihang Mountains than for the Yan Mountains. The Taihang Mountains were characterized
by the visibility of plants, the visibility of animals, landscape recognizability, the smell
of air/water, and other visual and olfactory landscape elements that were highly valued,
while the tourists in the Yan Mountains attached more importance to the visibility of natural
landscapes, landscape recognizability, the visibility of roads, smell of air/water, and the
feel of temperature, as well as other visual, olfactory, and tactile landscape elements. That
is, tourists in both mountain landscapes attached more importance to visual and olfactory
sensory feelings. In terms of sensory elements in urgent need of key improvement, for the
Taihang Mountains, more attention should be paid to improving the visibility of natural
landscapes, the visibility of roads, and food sales, and for the Yan Mountains, more attention
should be paid to the visibility of plants, the visibility of animals, and food sales. Thus, it is
clear that both need to improve the sensory experiences of vision and taste.
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Figure 22. Integrated IPA of the experience of the five senses.

Table 12. Importance and satisfaction scores of the experience of the five senses in different moun-
tain systems.

Taihang Mountains Yan Mountains
Main Category Serial No. Subcategory
Importance  Satisfaction = Importance  Satisfaction
F1 Visibility of plants (F1) 0.2519 0.7166 0.1519 0.6012
F2 Visibility of animals (F2) 0.1367 0.7399 0.0610 0.6288
F3 Visibility of natural 0.1210 0.6418 0.2528 0.6565
landscape (F3)
Vision (F) F4 Visibility of celestial 0.0265 0.6689 0.0114 0.7126
phenomena (F4)
F5 Crowd disturbances (F5) 0.0170 0.5703 0.0097 0.4730
F6 Landscape recognizability (F6) 0.0950 0.6982 0.1428 0.6923
F7 Visibility of roads (F7) 0.0495 0.6144 0.0704 0.7063
F8 Others (F8) 0.0360 0.7295 0.0343 0.6221
Gl Sounds of humans (G1) 0.0108 0.7631 0.0119 0.6264
G2 Sounds of plants (G2) 0.0006 0.5385 0.0012 0.7778
G3 Sounds of animals (G3) 0.0029 0.7727 0.0034 0.6923
Hearing (G)
G4 Sounds of broadcast (G4) 0.0023 0.6538 0.0139 0.5849
G5 Sounds of water (G5) 0.0024 0.6000 0.0058 0.5682
G6 Others (G6) 0.0033 0.6933 0.0029 0.5909
H1 Smell of air/water (H1) 0.0607 0.7717 0.0506 0.7106
Smell (H)
H2 Smell of plants (H2) 0.0038 0.7356 0.0026 0.8500
L1 Feel of sunlight (L1) 0.0319 0.6617 0.0284 0.5991
L2 Feel of wind (L2) 0.0080 0.7784 0.0063 0.7292
Touch (L)
L3 Feel of water (L3) 0.0059 0.6148 0.0106 0.4568
L4 Feel of temperature (L4) 0.0367 0.6718 0.0460 0.6818
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Table 12. Cont.

Taihang Mountains Yan Mountains

Main Category Serial No. Subcategory - - - -
Importance  Satisfaction = Importance  Satisfaction
L5 Touch of the road (L5) 0.0328 0.6265 0.0303 0.6336
Touch (L) L6 Touch of animals (L6) 0.0206 0.7152 0.0084 0.6094
L7 Others (L7) 0.0013 0.6207 0.0016 0.8333
K1 Food sales (K1) 0.0416 0.6646 0.0412 0.5746
Taste (K)
K2 Taste of food (K2) 0.0012 0.7037 0.0008 0.3333
oY
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Figure 23. IPA of the experiences of different mountain systems in terms of the five senses.

4. Conclusions

This study investigated the demographic characteristics and landscape preferences
of tourists visiting the mountain landscapes in Beijing by classifying photos based on the
associated text uploaded by users to social media. In this study, more tourists in mountain
landscapes chose a self-driving mode of transportation, which was closely related to the
geographical locations of the mountains in the urban countryside. In terms of travel mode,
they preferred to travel with friends, classmates, or family members. Regarding landscape
preferences, geographical landscapes, buildings, and facilities were the most preferred,
followed by biological landscapes and water landscapes; the interest in tourist purchases
was the lowest. Tourists’ landscape preferences were related to their gender, transportation
mode, and travel mode. Men’s perception of landscapes was more direct, and they were
more inclined toward geographical landscapes and biological landscapes, while women
were more emotional, preferring to record the beautiful scenery and personal activities
during the trip. The influence of different transportation modes on landscape preferences is
not obvious, and the difference is small. Tourists who traveled with friends and classmates
preferred astronomical phenomena, climatic landscapes, and tourist shopping. Compared
to other sources, the three sources selected in this paper are more representative and
provide more images with evaluative significance. The images presented in guides and
blogs tend to be more illustrative. For the purpose of studying tourist destination imagery,
prescriptive, evaluative, and normative components are valuable conceptualizations. The
present study employs both quantitative and qualitative methods of analysis in a quasi-
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empirical manner. Using this hybrid approach, factual results based on sample data can be
developed alongside interpretive results intended to enhance conceptual understanding.
As a result of this study, important scientific and practical implications are generated in
terms of theoretical frameworks, techniques, and insights, providing a theoretical basis
for the key points and developmental directions of the construction and improvement of
mountain landscapes.

In this research and analysis of tourists” evaluative texts, tourists’ recreational be-
haviors in mountain landscapes were focused on seven aspects: climbing, rafting, hiking,
fitness, camping, picnics, and sightseeing. There were some differences between the posi-
tive and negative factors in the overall evaluation of mountain parks in Beijing. The positive
evaluation factors of mountain landscapes were mainly focused on the environment, traffic
accessibility, recreational facilities, and parent-child experiences, while the negative factors
were mainly reflected in tickets, traffic, infrastructure, and park management services.
Therefore, in the construction of mountain landscapes, it is necessary to moderately re-
duce consumption costs, adjust traffic planning, and improve accessibility, infrastructure
construction, and the park management and service level.

Local tourists were found to pay more attention to the development of recreational
activities, while foreign tourists preferred to visit scenic spots. In terms of gender dif-
ferences, women paid more attention to recreational experiences than men, while male
tourists paid more attention to the park landscapes themselves. Different mountain ranges
and administrative divisions of mountain parks affected tourists’ landscape evaluations,
and the characteristics of mountain landscapes in different geographical locations could
also be reflected through the analysis of the evaluative texts.

An IPA of how satisfied tourists were with the recreation offered by the mountain
landscapes and their experiences of the landscapes via the five senses was conducted.
The results showed that tourists were satisfied with the overall recreation offered by the
mountain landscapes. Mountain landscapes offer natural landscapes, plant landscapes, out-
door recreational activities, and parent-child activities, which can be satisfying in terms of
tourists” emotional experiences. However, there is an urgent need to improve and upgrade
public service facilities, transport accessibility, ticket costs, and park management services.
It is necessary to improve park infrastructure construction, optimize the road transport
system, improve accessibility, reduce consumption costs, develop management methods,
and upgrade park management services. However, in terms of the five senses, tourists
did not pay much attention to the overall sensory experience of mountain landscapes.
Compared with other aspects, vision played a dominant role in the perceptual experience,
followed by smell; the perceptions of touch, hearing, and taste were low. Therefore, more
attention should be paid to the creation of the sense of a landscape in the construction of
scenic spots.

A comparative evaluation of Beijing’s mountain landscapes based on social media data
can provide comprehensive information on the advantages of mountain landscapes, thus
promoting their development and the construction of a forest city. Accommodation facili-
ties, however, remain an important tourist resource that should be considered. An analysis
of tourists’ landscape preferences can help the government and managers of scenic spots
manage, plan, and promote tourism in a more targeted manner. The analysis of tourists’
evaluations can help managers grasp the current situation, advantages, and disadvantages
of scenic spots and decide quickly and intuitively on a developmental direction. These data
are of great significance for the planning, design, construction, development, and manage-
ment of different mountain landscapes and can help the government and managers analyze
the advantages of local landscape resources, make up for the shortcomings, improve the
service level, and environmentally improve the park and landscape quality according to
the aesthetic preferences of different tourist groups, making Beijing’s mountain landscapes
more attractive for sightseeing and enhancing their competitive advantage in the future.

As this research environment is unique, some limitations must be acknowledged.
The theoretical and methodological frameworks adopted are useful for conceptualizing
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specific phenomena within specific cultural contexts (e.g., Chinese information sources).
Nevertheless, scholars should exercise caution when extrapolating these findings to other
populations. It may be necessary to repeat this experiment with other sources or methods
in order to determine more predictable results. It is also recommended to more deeply
examine the pattern of target images and the meaning of the images. Researchers can, for
example, examine in greater depth the prescribed dimensions of destination imagery for
short-haul tourists.

As a result of the nuances of this study and the cases of tourists from various countries
visiting Chinese destinations, future research can take several directions. It will be interest-
ing to identify the challenges that local tourism marketers may encounter in gaining access
to the information sources preferred by tourists in China and abroad. It is also possible to
disseminate the marketing strategies of tourist attractions through various channels, such
as official websites, social media, and other promotional channels. Future research on the
tourism image of Beijing, China can therefore refer to other news and online platforms at
home and abroad to gain a more comprehensive understanding of the produced image. As
a final point, it is necessary to clarify how previous experiences at these tourist attractions
affect tourists” use of destination images and information sources.
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Abstract: Urban blue—green space is essential to the normal functioning of the urban landscape
ecosystem, and it is also a significant metric for assessing the quality of urban human settlements.
In China’s territorial space planning, the overall planning strategy’s implementation depends on
constructing the blue-green space network in the urbanized construction area. This paper used
85 typical riverside parks in Beijing’s blue-green space as the research object, collecting and analyzing
multiple social media user data. It explored the main factors that influenced people’s satisfaction with
the landscape design and sensory perception of urban waterfront green space from the perspectives
of parks beside different river systems, parks of different types, and parks in different districts.
The distinction between urban waterfront green space evaluation was further discussed through
variance analysis. The research revealed the following findings: (1) by comparing the total number of
park reviews in different seasons, it could be observed that tourists evidently preferred the spring
landscape, and the winter landscape construction of waterfront green space needs to be improved.
(2) By comparing the review stars of different parks, it could be observed that tourists appreciated
parks with multiple functions, excellent recreation facilities, complete management services and
parks close to the city center. Functions and services became important influencing factors for park
evaluation. (3) There was room for improvement in water ecology in the river landscapes of parks
adjacent to various river systems, and people paid more attention to the level of service facilities.
(4) According to different categories of parks, people’s demand for service facilities, activity organiza-
tion, cultural displays and other aspects was different. (5) Among parks in different districts, people
preferred the distinctive animal and plant landscapes and recreational activities of parks in districts
on the outskirts of the city. According to the conclusions, suggestions were made for optimizing and
improving Beijing’s waterfront green space, providing managers with technical support and a basis
for decision-making.

Keywords: riverside park; social media; landscape design satisfaction; sensory perception satisfaction;
importance—performance analysis

1. Introduction

China’s “Notice of the Ministry of Natural Resources on Comprehensively Carrying
out Territorial Space Planning Work” issued in 2019 stipulates that “the control scope
and balanced distribution requirements of urban structural green space, water bodies
and other open spaces within the urban development boundary” [1]. It indicates that,
under the new context of implementing the strategy of ecological civilization construction,
territorial space planning will constantly reinforce the construction strategy of ecological
space development and protection pattern. As a result, the overall planning orientation will
shift from urban expansion to ecological constraint [2], and the blue—green space system as
the urban ecological space network will receive significant attention.

Traditional ecological space consists primarily of green space made up of parks and
green corridors and blue space made up of rivers and wetlands [3]. Changes in the global
climate and the acceleration of urbanization have spawned strategies and methods to
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ensure the safety of urban rainwater, such as sponge cities. The combination of blue space,
such as rivers and lakes, and green space has also received more attention [4,5]. Therefore,
as an essential component of the urban landscape ecosystem, blue—green space can maintain
the regular operation of the urban landscape ecosystem. Moreover, it improves citizens’
high quality of life [6-8], which positively affects residents” physical and mental health [9].
Urban livability, social stability, and economic prosperity depend on in-depth research
on improving urban blue-green ecological space [6,7]. Currently, ecological functions,
such as microclimate regulation [10], rainwater storage [11], and health promotion [12]
of waterfront green space in blue—green space, have been extensively studied by scholars
domestically and internationally. However, few scholars have placed them in the context
of the era of sustainable urban construction and development.

Beijing contains more than 200 rivers that are part of the following 5 major river
systems of the Haihe River Basin: the Daqing River System in the southwest, the Yongding
River System in the west and south-central region, the Wenyu River-North Canal River
System in the central and southeast region, the Chaobai River System in the northeast
and eastern region, and the Ju River-Jiyun River System in the eastern region [13]. The
urban water system and adjacent green space are intertwined, forming a diverse public
open space network that ultimately constitutes Beijing’s blue—green space layout. As
a vital component of urban blue—green space, riverside parks are important nodes that
connect Beijing’s natural ecological and cultural recreation corridors and essential objects
for people’s evaluations of urban blue-green space [14]. To improve the quality of urban
blue—-green space, it is essential to evaluate the function evaluation and optimization
direction of urban riverside parks.

Most current studies that evaluate the green space and park landscape along the water-
front are based on traditional research. Numerous issues, such as high cost, limited content
categories, small data sample size, and insufficient collection time, limited the universality
and precision of the research results [15-18]. As the popularity of network information
technology has increased, so have the opportunities for citizens to participate in the evalua-
tion of urban parks. Many valuable and diverse comments are posted by users on various
social media platforms on the Internet [19], which serve as comprehensive data sources for
assessing users’ emotions and opinions on events [20]. Numerous scholars [21-23] have
identified this data information as a tool for public participation in practice due to its diverse
content categories, large data sample size, and intense immediacy. Currently, social media
data are separated into two categories for various natural landscape studies. On the one
hand, it uses photos with geographic location information to predict the number of visits to
infer people’s travel preferences, in combination with the actual situation of the site. It guides
space planning based on public information feedback [24-26]. On the other hand, it collects
text data and obtains the image description of the destination [27], the usage profile of the
place [28,29], and other elements after conducting a thorough analysis. By using network so-
cial media as a platform to conduct various research and understand the city with bottom-up
ideas, people can participate in the planning and optimization of urban space. This aspect is
more conducive to building a livable environment that meets people’s requirements [30-32],
thereby increasing people’s sense of happiness and fostering a harmonious and stable society.

The realization of urban space’s service value heavily depends on people’s sensory
experiences. Consequently, based on the ecological principle of landscape sensibility, it is
possible to fully comprehend the needs of residents by investigating the impact of the status
quo of blue-green space on individual residents. The ecological principle of landscape
sense aims for sustainable development and studies land use planning, construction, and
management from the perspectives of natural factors, physical perception, psychological
perception, and the social economy [33,34]. Through the evaluation of the waterfront green
space in the urban blue—green space, it is crucial to analyze the optimization strategy of
park functions from the two perspectives of the park’s landscape design factors and visitors’
sensory perception factors.
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Using social media data to study the characteristics of people’s recreational experi-
ences can quickly and comprehensively understand people’s needs and satisfaction levels
for various factors of urban riverside parks [35]. It helps city managers create famous
waterfront landscapes to maintain and improve urban ecosystem services [36] and closely
connect people and urban ecosystem services. However, from the users’ perspective, com-
parative research on the service function evaluation of waterfront green space in Chinese
urban blue-green space through quantitative analysis of massive text data is lacking.

Given this research gap, we chose Beijing, with its numerous river systems, as a case
study for the investigation. Beijing, the capital of China, is one of the world’s megacities. It
was founded and flourished on the water. The urban development essentially followed the
pattern of “water system-Garden-Imperial City—capital city”. The central area of ancient
Beijing was a collection of lakes, and the city grew gradually on the ancient Yongding
River Ferry [37]. Consequently, the problems faced by Beijing’s blue—green space are not
only universal but also typical and, in many ways, unique. In addition, the current urban
construction in Beijing has changed from incremental development mode to stock renewal
mode, and urban renewal will become the hot spot and focus in the future for a long period
of time [38]. In recent years, significant exploration and practice of urban renewal has been
carried out in Beijing, but it mostly focuses on old residential areas, old buildings, old
factories and other types, and less attention is paid to the riverside green space, riverside
park and other kinds of blue-green space near old residential areas. As an important
part of the sustainable development of urban planning, the renewal and construction of
blue-green space is also very necessary.

This paper aimed to explore the core landscape value of waterfront green space in
terms of tourists’ recreation and perception, and excavate the key points to be improved in
the planning and construction of existing parks, in order to play a certain reference role in
the function optimization of Beijing riverside parks, so that the waterfront landscape in Bei-
jing’s blue—green space can meet the needs of ecological humanities and the requirements
of the new era of China. Based on different classification criteria and from the perspectives
of recreational elements and perceptional elements in the blue-green space, this paper
analyzed the factors that affect the evaluation satisfaction of various riverfront parks by
using the text data analysis method of social media, and compared the evaluation results
of 85 riverfront parks in the blue—green space of Beijing from multiple perspectives. The
following four characteristics were identified:

(1) Compare the number of comments at different times based on the collected social
media text data;

(2)  Explore the overall evaluation of parks in different water systems, categories and
locations based on the weighted average of rating stars;

(3) Study the factors that influence people’s satisfaction with landscape design and
sensory perception of various parks based on importance-performance analysis;

(4) The differences in the satisfaction of park evaluation factors between parks adjacent to
different river systems, parks of different types, and parks in different districts, based
on one-way analysis of variance.

2. Literature Review

Cities, water systems and green space are closely related to each other. Water systems
are an important organization system of urban open space [39]. Waterfront green space,
under the organization of urban water systems, constitutes an urban open space system in
which blue and green spaces are interwoven, which results in social and economic benefits,
as well as important ecosystem service functions in the city. Since the popularity of urban
blue and green space is increasing, a large number of investigations and studies have
shown that urban blue and green space has public benefits, such as the positive role of
promoting public health. Blue-green spaces have played a role in the health of those living
in Japanese megacities by providing a place to reduce stress and mental strain during the
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coronavirus pandemic [40]. Knight et al. [41] have proven the necessity of improving the
ecological quality of blue and green space to enhance residents’ life satisfaction.

The evaluation of blue-green space and waterfront green space provided valuable
directions and suggestions for blue—green space planning and urban green space renewal.
Some scholars have studied and analyzed the environmental quality, aesthetic quality,
aging suitability and other aspects of blue and green space and waterfront green space.
Mishra et al. [42] proposed the Blue Health Environmental Assessment tool (BEAT) to
evaluate the multiple environmental factors that influence people’s access to, use of, and
health promotion of blue spaces, in order to support evidence-based planning for ur-
ban blue space development as a public health resource. Subiza Perez et al. [43] devel-
oped a Perceived Environmental Aesthetic Qualifications Scale (PEAQS), which surveyed
331 respondents in 3 locations and summarized the conditions under which people have
aesthetic perceptions of blue-green space. Min et al. [44] proposed that environment,
function and transportation were the most important factors that affect the elderly’s overall
satisfaction with waterfront open space through observation of and interviews with the
elderly, providing a reference for urban blue and green space to meet the needs of the
elderly and improve the service level.

First proposed by Martilla and James in 1977, importance—performance analysis (IPA)
was used to compare customers’ pre-consumption expectations and post-consumption
satisfaction, as well as the customer’s evaluation of the performance status of each product
attribute [45,46]. The application of IPA to the service industry began in the early 1990s [47],
including the evaluation of specific service satisfaction [48], the study of the attractiveness
of designated areas [49], and the formulation of tourism policy [50]. In recent years, IPA
has been utilized extensively in landscape architecture to examine the characteristics of
visitor demand [51] and the recreation situation [16,52]. Liu et al. [53] used IPA to identify
the most pressing problems in Shanghai’s public spaces on both sides of the Pujiang River
and to determine the direction of improvement. In the study of the tourism experience of
Haizhu National Wetland Park, Lin et al. [54] used IPA to find out the imperfect aspects
of park construction and service, and proposed improvement strategies for the park to
improve tourists” satisfaction. Zheng et al. [55] constructed a perception evaluation model
based on sentiment analysis and IPA to evaluate the landscape perception of Beijing
Yuyuantan Park.

One-way analysis of variance, or ANOVA, is a statistical method widely used to
analyze experimental data. In essence, ANOVA is a hypothesis test. It analyzes and
com-pares the data fluctuations under a certain influencing factor to infer whether there
is a significant difference between the population. If there is a significant difference, it
indicates that the influence of this factor is significant [56]. ANOVA is also widely used
in landscape architecture to infer whether two things are related. When studying the rela-
tionship between landscape configuration characteristics and the urban heat island effect,
Connors et al. [57] used ANOVA to test whether different land uses were significantly corre-
lated with different landscape indicators and land surface temperature. Gao et al. [58] used
ANOVA to infer whether there were differences in visual behaviors of visitors observing
different types of forest landscape space.

The research in this paper conducted IPA on the recreation elements and perception
elements of urban waterfront green space based on social media texts, and made scientific
and detailed adjustments and improvements to the index system of the IPA of recreation el-
ements, so as to make it more consistent with the spatial characteristics of urban waterfront
green space and the evaluation text of tourists. In terms of tourist perception, the evaluation
model of tourist perception elements in this study added indicators such as water sound,
water and wind contact, which made up for the shortcomings of the previous evaluation
index system of landscape perception. In order to further explore whether the scores of
riverfront parks are correlated with different classifications of riverfront parks, SPSS tools
were used to conduct a one-way analysis of variance. If the results showed correlation,
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multiple comparison analyses for each index factor were carried out to investigate the
differences between index factors in various blue—-green spaces in detail.

3. Materials and Methods
3.1. Study Area

According to our survey, at present, there are problems in Beijing riverside park,
such as its single function, inconvenient transportation, slow driving system, and lack of
waterfront activity space. There is a strong demand for waterfront environment quality
improvement and facility function supplement [59]. In addition, the Beijing Urban Master
Plan (2016-2035) proposed to build a green space structure of “one screen, three rings,
five rivers and nine wedges” in the city [60], in order to strengthen water ecological
environment governance, restore the ecological functions of rivers and lakes, and ensure a
good urban ecological environment. Therefore, this study selected 85 parks as the research
object (Figure 1), which are an important part of the blue-green space in Beijing and are
adjacent to the following 5 major water systems: Yongding River, Daqing River, North
Canal River, Chaobai River and Jiyun Canal water systems, and compared them with three
social networks, Dianping [61], Ctrip [62], and Mafengwo [63].

Olympic Forest Park 44 Kangzhuang Park
Chaoyang Park 45 Bihai Park

Beijing Wenyu River Park 46 New West Fengqu Wetland Park

Jiangfu Park 47 Xihongmen Starlight Ecological Culture Leisure Park
Red Scarf Park 48 Daxing Ecological Civilization Education Park
Majiawan Wetland Park 49 Lotus Pond Park

Qingfeng Park 50 Nanyuan Forest Wetland Park

Side Park 51 Fuhai Park

Jintian Park 5 Changping New City Riverside Farest Park
Dongba Qianmu Lake Park 53 Future Science City Waterfront Park

Bahe Changging Garden 54 Wenyu River Baigezhuang Ecological Wetland Park
Jiangtai Riverside Park 55 Pingzhuang Country Park

Pingfang Park 56 Beijing Garden Expo Park

Longtan Park 57 Green Dam park

Beijing Zoo 58 Beijing Wild Animal Park

Beihai Park 59 Niantan Park

Shichahai Park 60 Langfa Urban Forest Park

Taoranting Park 61 Shougang Park

Xihai Park 62 Yongding River Leisure Forest Park
Houhai Park 63 Beijing Winter Olympic Park

Lianhua River Park 64 Lianshi Lake Park

‘The Summer Palace 65 Shijingshan Sculpture Park

Yuyuantan Park 66 Yongding River Park

‘Yuanmingyuan Relic Park 67 Mencheng Lake Park

‘The Black Bamboo park 68 Jinglang Island Park

Haidian Park 69 Sanjiadian Pucao Wetland Park

Daoxiang Lake Natural Wetland Park 70 Riverside Century Square Park

Cuihu Wetland Park 71 Jingxi Eighteen Pools

South River Park 72 Pearl lake

Tayuan City Forest Park 73 Yeyahu National Wetland Park

G rast Park 78 Shi =

Dongjiao Wetland Park 75 Changyang Park

Dongjiao Forest Park 76 Niukouyu Wetland Park
Tongzhou Canal Park 77 Liuli River Wetland Park

City Green Heart Forest Park 78 Qinglonghu Park

Xihaizi Park 79 Hanshigiao Wetland Park

Taihu Park 80 Shunyi Olympic Water Park

Business Fujin Park 81 Chaobai River Cross-country Park
Wenyu Riverside Forest Park 82 Beijing Jinhai Lake Scenic Area
Nanhaizi Park 83 Pinggu Wetland Park

Yizhuang New Town Riverside Forest Park 84 ~Xiaolong River Park

Tongming Lake Park 85 Pinggu New Town Riverside Forest Park
Wangxing Lake Country Park

Figure 1. The distribution of riverside parks in 85 blue—-green spaces.

In addition, the parks were divided into seven categories based on the park direc-
tory information officially released by the Beijing Municipal Bureau of Landscape and
Afforestation [64]. Comprehensive parks refer to parks with complete functions, complete
facilities and diverse content, which can meet the needs of different people for recreation.
Community parks refer to parks where residents in a certain area of residential land carry
out daily leisure activities nearby. Historical parks refer to garden scenes that can reflect
garden building techniques in a specific historical period and have an impact on the change
and cultural development of the city. Specific parks are parks that focus on creating special
themes and building specific service content with leisure functions. Gardens are smaller
parks that are convenient for nearby residents and workers to use. Ecological parks refer to
parks that are located outside the urban construction land and assume multiple functions,
such as natural landscape displays and popular science education publicity. Natural parks
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are areas open to the public in the natural protection area system, which have the functions
of leisure and popular science education.

The administrative location of the parks was divided into the following three categories
based on the planning documents of the Beijing Municipal government: six central districts
(Dongcheng District, Xicheng District, Chaoyang District, Haidian District, Fengtai District
and Shijingshan District), inner suburbs (Daxing District, Tongzhou District, Shunyi District,
Changping District, Mentougou District, Fangshan District), and outer suburbs (Huairou
District, Pinggu District, Miyun District, Yanqing District), to ensure the accuracy and
recognition of classification.

3.2. Analysis Process

This paper constructed an evaluation framework of typical blue—green spaces in
Beijing based on social media data for the study of landscape satisfaction (Figure 2). Firstly,
based on the proportion of the reviews on the three platforms, the weighted average of
review stars was carried out to obtain the average rating stars and evaluation result of each
park. Then, the basic database text was extracted by crawling and screening the data on
the open platform of social media. The text segmentation of the data and the list of high-
frequency words were extracted, and the indicator elements were formulated and adjusted
as the index system of blue—-green space experience. The index system was divided into
landscape design index elements and sensory perception index elements, and the frequency
analysis was carried out to obtain the results of word frequency importance. The IPA
evaluation model was constructed based on the importance analysis results obtained from
the analysis of the proportion of positive emotion text, and the difference comparison of
evaluation results of various spaces was finally formed.

Data collection and
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Social media

[

IPA evaluation
model

Blue-green space
experience index system

Comparison of the differences
in the evaluation results of

Data Text - Invalid data
. Data filtering
open platform crawl extraction removal
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Figure 2. Evaluation framework for the study of landscape satisfaction of typical blue-green spaces
in Beijing.

3.3. Data Processing and Index Design

Multiple influential social media platforms in China provided the data for this study,
including Dianping, Ctrip, and Mafengwo. The data included the text and image content
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published by users in a particular space, the gender and region of the rating stars, and other
elements. The time period used ranged from 1 January 2006 to 31 December 2021, thereby
avoiding the problem of incorrect results due to poor comment information timeliness. In
addition, a preliminary screening of the collected information was conducted to obtain valid
texts with sufficient information and high approval; finally, 352,837 comments, totaling
51,319,471 words, were obtained. The ratio of foreign visitor reviews to local visitor reviews
was 1:6, and the ratio of male visitor reviews to female visitor reviews was 1:3.

Since there is no apparent space between words in written Chinese, we must segment
the sequence of Chinese character strings arranged at equal distances to process the infor-
mation [65]. Therefore, we use tools for word segmentation to analyze the acquired text
data and remove any words that lack actual meaning. The research used the ROSTCM6
software to perform word segmentation and word frequency analysis on the text data, and
a word frequency table was generated.

This study referred to the park landscape evaluation system [52,66] and the visitor
perception evaluation system [67] in the blue—green space recreation evaluation literature.
It combined them with the existing high-frequency word data from two aspects of park
design and individual perception elements. The high-frequency word data were screened,
checked, and classified, and a landscape design factor evaluation system with 4 major
indicators and 17 factors (Table 1) and a sensory perception factor evaluation system with
5 major indicators and 18 factors (Table 2) were developed.

Table 1. Evaluation index system of landscape design.

Evaluation Term

Indicators Indicator Definition

Landscape (A)

Activity (B)

Infrastructure (C)

Management (D)

Natural ecological environment (A1) Environmental quality, beautiful scenery, etc.

Plant landscape (A2) Trees, leaves, flowers, etc.
Animal landscape (A3) Ducks, birds, fish, squirrels, frogs, etc.
River landscape (A4) Water, rivers, lakes, ponds, etc.

Culture, history, royal, red walls, ancient pavilions, the Hall of
Abstinence, circular mounds, ancient trees, etc.
Exhibition halls, temple fairs, sacrifices, gardening, etc.
Boating, camping, mountain climbing, picnics, tents, etc.
Dancing, walking, taking pictures, resting, etc.
Exercise, sports, running, cycling, gym, etc.
Highway, subway, bus, driving, walking, distance, location, etc.
Parking lots, restrooms, toilets, trash cans, etc.
Navigation, maps, explanations, etc.

Catering, restaurants, kiosks, ice cream, commodities, etc.

Historical and cultural landscape (A5)

Humanities activities (B1)
Country activities (B2)
Recreational activities (B3)
Fitness activities (B4)
Transportation accessibility (C1)
Public service facilities (C2)
Navigation signage system (C3)
Food and beverage facilities (C4)

Consumer spending (D1) Ticket price, free, charge, consumption, etc.
Services provided (D2) Management, attitude, reservations, complaints, quality, maintenance,
queuing, etc.
Planning layout (D3) Planning, routes, areas, buildings, spaces, etc.

Science education (D4) Popular science, exhibitions, learning, knowledge, etc.

Table 2. Evaluation index system of sensory perception.

Senses Term

Indicators Indicator Definition

Vision (E)

Hearing (F)

Smell (G)

Touch (H)

Taste (L)

Visual identification (E1)
Vision of plants (E2)
Vision of water (E3)

Vision of animals (E4)
Vision of humans (E5)

Vision of special sights
Vision of trees, grass, flowers, etc.
Vision of water
Vision of wild ducks, squirrels, birds, etc.
Moderate number of people and no interference

Vision of roads (E6) Vision of the line shape, color, etc. of the road
Sound of voice (F1) Moderate voice
Sound of broadcast (F2) Sound of broadcast

Sound of birds, insects, etc.
Sound of water flow
Fresh air and good water quality

Sound of animals (F3)
Sound of water (F4)
Smell of air and water (G1)

Smell of plants (G2) Smell of plants

Feel of sunlight (H1) Feel of the balance of light and shadow
Feel of wind (H2) Feel of wind
Feel of roads (H3) Comfortable roads
Feel of water (H4) Hydrophilic experience

Contact with animals (H5)
Food available (L1)

No mosquito bites
Food available
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3.4. Evaluation Model and Method

Through the social media text analysis results, this study evaluated the satisfaction of
riverside parks in the blue-green space using the IPA method. In the IPA analysis chart,
visitor expectations (importance) served as the horizontal axis, visitor satisfaction served
as the vertical axis, and the overall average value served as the separation point of the
X-Y axis, resulting in a four-quadrant evaluation model (Figure 3). The first quadrant
involves the area that continues to strive to develop, including the experience factors
that visitors value and are satisfied with. The second quadrant entails the area that does
not need much improvement, including the experience factors that visitors think are not
significant, but nonetheless make them very satisfied. The third quadrant is the area that
needs gradual improvement, including the experience factors that visitors believe are
unimportant and unsatisfactory. Finally, the fourth quadrant involves the area that requires
major improvement, including the experience factors that visitors value but are unsatisfied
with [68]. The visitor expectations (importance) were evaluated by the frequency of each
factor; visitor satisfaction was measured by the proportion of positive emotional texts in
the text data. First, we determined the corresponding quantity and frequency of each index
factor based on the two major index systems, then graded the evaluation text by referring
to a Likert-scale satisfaction grading method. The “1-5 star ratings” of the evaluation
text corresponded to “very dissatisfied”, “dissatisfied”, “average”, “satisfied”, and “very
satisfied” [16]. Specifically, evaluation texts with more than 4 stars were considered positive
emotional texts. Finally, the number and ratio of positive emotional texts were determined
for each index factor to evaluate user satisfaction with the factor.

High |Area that do not need much improvemené Area that continue to strive to develop
Low importance - High satisfaction High importance - Low satisfaction
g :
S E
B e fosesecsnnnnnnnaaceesssonnnnnnaaaeeesssaes
[} H
- .
7 :
=
[s+]
wn
Low Area that need gradual improvement :  Area that need major improvement
Low importance - Low satisfaction High importance - High satisfaction
0 Low High
Importance

Figure 3. IPA evaluation model diagram with four areas.

3.5. Analysis of Variance and Comparison

In this study, SPSS tools were used to conduct a one-way analysis of variance and
multiple comparison analyses for each index factor [56] to investigate the differences be-
tween index factors in various blue-green spaces. In addition, the data used in ANOVA
enabled further comparative analysis based on the result data obtained from the IPA
analysis and all variables were parameterized to facilitate tests used to check their nor-
mality and homoscedasticity, with the obtained p-values. Therefore, the use of ANOVA
was feasible.
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4. Results
4.1. Comparative Analysis of the Changes in the Number of Reviews in Different Seasons

Based on the selected reviews with a long time span, the changes in the total number
of park reviews from spring (March-May), summer (June-August), autumn (September—
November) and winter (December—February) from 2006 to 2021 were compared (Figure 4).
As can be observed from the figure, the total number of comments in the four seasons
generally increased, and the slower growth or sharp decline in the number of comments in
2020 and 2021 was related to the weakened travel intention of tourists after the outbreak
of COVID-19. Due to the increasing needs of tourists for a better life, the use of tourism
social media has become more extensive with the increase in park recreation activities,
and the sample size of comments has increased. Therefore, the differences in the total
amount of comments in the four seasons after 2016 have significantly increased. The total
amount of comments in winter was the least, and the total amount of comments in spring,
summer and autumn was relatively higher. Tourists” interest in the typical blue-green
space in Beijing increased year by year, and they prefer the landscape in spring, summer
and autumn, which was related to the climate conditions and the life form of native plants
in Beijing. Especially in the past two years, the number of comments was significantly
higher in spring, probably because of the rich plant landscape and good water landscape in
spring. While maintaining the landscape in spring, summer and autumn, the construction
of waterfront green space should enhance the attraction of the park’s winter landscape, so
as to give full play to its role in social economy and social ecology.
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Figure 4. Comparative analysis of the changes in the number of reviews in different seasons.

4.2. Comparative Analysis of Riverside Parks Beside Different River Systems
4.2.1. Rating Star Analysis

According to the statistics (Figure 5), the rating stars of riverside parks from high
to low followed the following order: parks beside the North Canal River System, parks
beside the Jiyun River System, parks beside the Daqing River System, parks beside the
Chaobai River System, parks beside the Yongding River System. The parks beside the
North Canal River System receive the highest score, which may be related to their superior
geo-graphical location, the large number and variety of parks, the relatively comprehensive
coverage of the user demands of all populations, and the large number of samples. The
high scores of the parks adjacent to the Daging River System and the Jiyun River System
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may be attributable to the late construction date, newer facilities, and the small sample
size. Meanwhile, the low scores of the parks adjacent to the Chaobai River System and
Yongding River System may be attributable to the fact that the service facilities in the parks
are relatively old and do not meet the needs of all users. Therefore, in order to meet the
needs of the public, it is recommended that scientific and reasonable space improvements
should be implemented.
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Figure 5. The average stars of riverside parks beside different river systems.

4.2.2. Importance-Performance Analysis Based on Spatial Landscape Design and Visitors’
Sensory Perception

From the perspective of spatial landscape design, importance-performance analysis
for parks with different river systems (Figure 6) revealed that most of the factors that
involved parks beside the North Canal River System were in the first and second quadrants.
Meanwhile, only “humanities activities” were in the third quadrant, indicating that people
were highly satisfied with all aspects of the parks beside the North Canal River System and
were more attentive to the humanities activities. The parks adjacent to the Yongding River
System highlighted the following three factors: “river landscape”, “country activities”, and
“public service facilities”, which were in the fourth quadrant, indicating that people were
satisfied with the Yongding River Park as a whole. However, due to its imperfections, it
needed to be improved in the areas of river management, river landscape construction,
and park services. Only one factor of the “service provided” in the fourth quadrant for the
parks along the Chaobai River System indicated that people were extremely satisfied with
all aspects of the parks along the Chaobai River System, but expected the park’s service
level to be enhanced. Most of the factors of the parks adjacent to the Daqging River System
and the Heji Canal river system were in the third and fourth quadrants. It indicates that
these parks have significant room for improvement in all aspects, especially regarding the
“river landscape”, “natural ecological environment”, and “consumer spending”. These
were related to the fact that most of these parks were built relatively late, far from the city
center, large in size, it was difficult to refine the landscape construction fully, and they were
difficult to manage and maintain.

The importance-performance analysis of parks with different river systems (Figure 7)
revealed, from the perspective of visitors’ sensory perception, that people were most
satisfied with parks adjacent to the North Canal River System. In contrast, their satisfaction
with “crowd interference” was slightly lower. It was likely because the parks adjacent
to the North Canal River System were closer to the city center, were constructed earlier,
and had more comprehensive service facilities, making them more familiar to visitors.
As a result, more visitors chose the parks adjacent to the North Canal River System as
their travel destination, which affected the park’s experience. Most parks adjacent to the
Yongding River System were in the first and second quadrants. However, they required
improvement in terms of “vision of water”, “crowd interference”, “vision of roads”, and
particularly “vision of water”. This was likely because the surrounding industrial areas
impacted the water quality of the parks. The distribution of factors in the parks adjacent to
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”ou

the Chaobai River System was relatively even, and the “visual recognizability”, “vision of
water”, and “feel of sunlight” needed improvement, consistent with the park’s distinctive
landscape. Visitors’ recreational experiences were hampered by inadequate construction
and inadequate humanization of facilities. In addition, the factors of parks beside the
Daginghe River system and the Jihe River system were primarily located in the third and
fourth quadrants, and the aspects of “vision of water”, “vision of animals”, “vision of
plants”, and “smell of air and water” needed improvement. It indicates that the ecological
environment of these parks beside different river systems needed improvement, which may
be related to the fact that the Daqing River and Ji Canal watersheds were mostly located in
the suburbs, the construction of these parks was late in the year, and their management
services were still imperfect.
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Figure 6. IPA model of riverside parks beside different river systems based on spatial landscape design.
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4.2.3. One-Way Analysis of Variance and Multiple Comparison Analysis

From the one-way analysis of variance, it was determined that among the 17 landscape
design indicators, water parks differed significantly in their satisfaction compared to histor-
ical and cultural landscapes, recreational activities, and services provided. Consequently,
based on the results of the IPA analysis, several factors were chosen for additional multiple
comparison analysis (Table 3).

Table 3. Multiple comparison analysis of landscape design indicators of riverside parks beside
different river systems (only some important data are displayed here; all data can be found in the
Supplementary File in the Supplementary Materials).

A5 B3 C2 Ca D2

Mean Dif.
a-Jy

Mean Dif. . Mean Dif. . Mean Dif. . Mean Dif.

Sig. (—J) Sig. a—J) Sig. a—J) Sig. (—)) Sig.

oo oo

0.1405 *
0.3114 *

—0.1405 *
0.2289

0.0210 0.1116 * 0.0090 0.1172* 0.0190 0.0695 0.3830 0.1278 * 0.0060
0.0090 0.2318 * 0.0050 0.0990 0.2990 0.3734 * 0.0170 0.1862 * 0.0360
0.0210 —0.1116 * 0.0090 —0.1172* 0.0190 —0.0695 0.3830 —0.1278 * 0.0060
0.1320 0.1237 0.2410 —0.0279 0.8210 0.4162 * 0.0400 0.0449 0.6920

* a (parks beside the North Canal River System); b (parks beside the Yongding River System); ¢ (parks beside the
Dagqing River System); e (parks beside the Jiyun River System); Sig (short for significant difference, which is a
statistical term for the evaluation of data differences in statistics).

The evaluation satisfaction of parks adjacent to the North Canal River System was
relatively high. The differences between the North Canal River System and other river
systems predominated in each index. The historical and cultural landscape (A5) of the
North Canal River System and the Jiyun River System differed significantly. The cultural
and historical landscapes of the North Canal River System, the Yongding River System,
and the Chaobai River System Park were reported as reasonably good. It may be because
most historical parks with a rich cultural heritage are located near the North Canal River
System. In contrast, the Daqing River System and the Jiyun River System primarily
comprised ecological parks that were recently constructed. The North Canal River System,
the Yongding River System, and the Jiyun River System had notably different recreation
activities (B3) and service offerings (D2). It may be because the Jiyun River System Park
was constructed later in the year, and various garden management service facilities were
not yet complete. In addition, it was located far from the city center, transportation was
inconvenient, the number of visitors was relatively low, and various activities were not
carried out to their full potential.

The results of the one-way analysis of variance revealed that among the 20 sensory
perception indicators, there were significant differences in the satisfaction of different water
parks in the following 5 aspects: visual identification, vision of animals, vision of humans,
odor of plants, and feel of roads. Consequently, based on the results of the IPA analysis,
several factors were chosen for additional multiple comparison analysis (Table 4).

Table 4. Multiple comparison analysis of sensory perception indicators of riverside parks beside
different river systems (only some important data are displayed here; all data can be found in the
Supplementary File in the Supplementary Materials).

E1 E4 E5 G2 H3

Mean Dif.
a-)

Mean Dif. . Mean Dif. . Mean Dif. . Mean Dif.

Sig. I-j) Sig. (1—J) Sig. a—j Sig. (1—J) Sig.

0.1034 *
0.3138 *
—0.1034 *
0.2104 *
0.2563 *

0.0443 0.1219 * 0.0058 0.1644 * 0.0281 0.2204 * 0.0106 0.2590 * 0.0072
0.0020 0.1164 0.1669 0.0197 0.8904 0.1601 0.3305 0.4131* 0.0262
0.0443 —0.1219 * 0.0058 —0.1644 * 0.0281 —0.2204 * 0.0106 —0.2590 * 0.0072
0.0471 —0.0054 0.9513 —0.1447 0.3427 —0.0603 0.7291 0.1540 0.4285
0.0473 —0.0137 0.8997 —0.0901 0.6272 0.2275 0.2858 0.4113 0.0852

* a (parks beside the North Canal River System); b (parks beside the Yongding River System); ¢ (parks beside the
Dagqing River System); e (parks beside the Jiyun River System); Sig (short for significant difference, which is a
statistical term for the evaluation of data differences in statistics).
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Regarding visual identification (E1), parks adjacent to the Jiyun River System were sig-
nificantly less pleasing than those adjacent to the North Canal River System, the Yongding
River System, the Daqing River System, and the Chaobai River System. The following
reasons were speculated: (1) the parks adjacent to the North Canal River System included
historical parks, special parks, and ecological parks, among others. Specifically, the his-
torical parks featured a variety of distinctive garden structures, and the landscape was
generally recognizable. (2) Most parks adjacent to the Jiyun River System were natural and
ecological parks, which were located far from the city center, had a large area, and had
high maintenance and management costs, making it challenging to meet the diverse needs
of visitors. In terms of the vision of animals (E4), vision of humans (E5), smell of plants
(G2), and feel of roads (H3), the parks adjacent to the Yongding River System provided
a lower level of satisfaction than those adjacent to the North Canal River System. It may
be because, compared to the parks along the Yongding River System, the parks along the
North Canal River System had superior management, more accessible facilities, a more
beautiful environment, and greater accessibility regarding traffic. Among all the sensory
perception factors, the satisfaction with the vision factor varied the most between parks
adjacent to different river systems. In contrast, satisfaction with the other factors was
relatively balanced. The parks adjacent to the North Canal River System were the most
ideal regarding sensory perception, while the parks adjacent to the Jiyun River System had
room for improvement.

4.3. Comparative Analysis of Riverside Parks of Different Types
4.3.1. Rating Star Analysis

According to the statistics (Figure 8), community parks are the parks with the highest
rating that were generally welcomed by people. Comprehensive parks and historical parks
were given high rating stars and similar scores, indicating that comprehensive parks with
diverse content, suitable recreation and supporting management service facilities, and
historical parks with profound history and cultural deposits, excellent maintenance and
management, and strong scientific and educational significance were favored by most
tourists. The scores of specific parks, ecological parks and nature parks are relatively
low, indicating that parks with specific content or form and natural landscapes are not
able to attract the majority of people, and can be further improved in terms of the theme
characteristics and natural landscape. The gardens have the lowest rating, which may be
related to the small number of samples, the small scale and the small proportion of residents.
The service radius of the park can be further optimized, and public service facilities can be
improved to provide residents with a better leisure and recreation experience.
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420
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Comprehensive Community Historical Parks Specific Parks Gardens Ecological ~ Nature Parks
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Figure 8. The average stars of riverside parks of different types.
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4.3.2. Importance-Performance Analysis Based on Spatial Landscape Design and Visitor
Sensory Perception

According to the importance—performance analysis of parks of different types (Figure 9),
from the perspective of spatial landscape design, most of the factors of comprehensive parks,
community parks, historical parks, and specific parks were in the first and second quadrants.
Only “humanities activities” of the comprehensive park was in the third quadrant, indicat-
ing that people were highly satisfied with all comprehensive park aspects. Meanwhile, the
satisfaction values that involved “public service facilities”, “services provided”, and “con-
sumer spending” were relatively low; hence, the infrastructure and management services
of these parks must be further improved. Only “humanities activities” and “navigation
signage system” were in the third quadrant, indicating that people were more interested in
community parks. It meant that the guide and identification system of community parks
and the types of community activities could be further improved and enriched, as they were
closely related to the convenience and comfort of community life. The distribution of the
factors of historical parks and the park evaluation score demonstrated that the satisfaction
of people’s awareness of historical parks was the highest, but “animal landscape” still
required improvement. The low level of satisfaction with “services provided” in specific
parks may be attributable to the need for more detailed management and maintenance of
those parks. Most factors in the ecological park were in the first and second quadrants; a
few were in the area where the first and second quadrants intersected with the third and
fourth quadrants. Among them, the “river landscape” required improvement, which may
have been necessitated by the fact that some natural river channels had been altered by
canalization, thereby destroying the original ecological environment. The nature parks
and gardens were primarily located in the third and fourth quadrants. In addition to the
factors of “animal landscape” and “humanities activities” in natural parks, which were in
high-satisfaction areas, other aspects needed improvement. It may be because most natural
parks were located far from urban areas, and the management services were not yet ideal.
The low level of satisfaction with the park may be attributable to the small sample size.
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Figure 9. IPA model of riverside parks of different types based on spatial landscape design.

From the perspective of visitors” sensory perception, the importance—performance
analysis for parks of different types (Figure 10) revealed that most visual perception factors
were in the first and fourth quadrants. It indicates that visual perception was significantly
more critical than other sensory perception needs. In terms of different park types, most of
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the factors of comprehensive parks, community parks, historic parks, and specific parks
were in the first and second quadrants, indicating that people were relatively satisfied
with the sensory perception of various aspects of these parks. However, there were still
factors that needed improvement. Among them, “feel of roads” satisfaction was generally
low, particularly in underdeveloped community parks. Most ecological park factors were
within the average satisfaction category, but “vision of water” and “vision of animals”
needed to be improved significantly. It may be due to the ecological parks” damage to
the natural water environment and animal habitats and the length of time needed for
restoration. Finally, most garden and natural park factors were in the third and fourth
quadrants, indicating that people’s satisfaction with all aspects of sensory perception in
these parks was relatively low and that all factors required improvement. Again, it was
related to the remote and suburban regions with verdant mountains and forests, significant
temperature variations, and variable climates.
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Figure 10. IPA model of riverside parks of different types based on visitors” sensory perception.

4.3.3. One-Way Analysis of Variance and Multiple Comparison Analysis

Except for the natural ecological environment, river landscape, country activities,
fitness activities, and navigation signage system, the one-way analysis of variance revealed
that among the 17 landscape design indicators, there were significant differences in satisfac-
tion between the parks of different types in all other aspects. Consequently, based on the
results of the IPA analysis, several factors were chosen for additional multiple comparison
analysis (Table 5).

Comprehensive and historical parks had relatively high overall satisfaction, whereas
ecological and nature parks had relatively low overall satisfaction. The differences between
each index were most pronounced between comprehensive parks, historical parks, and
specific parks, as well as between nature and ecological parks. Especially concerning his-
torical parks and specific parks, each index displayed glaring differences. Comprehensive
parks and historical parks with plant landscapes (A2) and animal landscapes (A3) differed
significantly from specific parks from the perspective of each index due to their different
park type positioning. There were clear distinctions between ecological and historical
parks with cultural landscapes (A5). It may be because ecological parks focus more on
creating and maintaining natural landscapes. In contrast, historical parks focus more on the
continuation and inheritance of historical and cultural landscapes. Significant differences

140



Land 2022, 11, 1849

existed between natural and other types of parks regarding consumer spending (D1) and
services provided (D2). These differences were attributable to the vast area of natural parks,
their distance from the city center, and their high maintenance and management costs.

Table 5. Multiple comparison analysis of landscape design indicators of riverside parks of different
types (only some important data are displayed here; all data can be found in the Supplementary File
in the Supplementary Materials).

A2 A3 A5 D1 D2
I J Mean Dif. Si Mean Dif. si Mean Dif. si Mean Dif. si Mean Dif. si
a-j & a-j & a-J & a-j & a-j &
i 0.1272 * 0.0040 0.1598 * 0.0000 0.2169 0.0550 0.0547 0.2600 0.0691 0.1820
f j 0.1004 * 0.0160 0.0993 * 0.0160 0.1501 * 0.0450 0.0204 0.6590 0.0295 0.5500
k 0.0535 0.3930 0.0690 0.2710 0.3964 0.3560 0.2323 * 0.0020 0.2312 % 0.0030
i 0.1007 0.1740 0.1566 * 0.0360 0.2259 * 0.0280 0.0871 0.3000 0.1805 * 0.0460
g j 0.0739 0.3100 0.0961 0.1880 0.1591 * 0.0080 0.0528 0.5230 0.1410 0.1120
k 0.0271 0.7550 0.0658 0.4490 0.4053 0.3410 0.2647 * 0.0090 0.3426 * 0.0020
i 0.1514 * 0.0050 0.1962 * 0.0000 0.2724* 0.0070 0.0682 0.2520 0.1826 * 0.0050
h j 0.1246 * 0.0160 0.1358 * 0.0090 0.2056 * 0.0020 0.0339 0.5560 0.1430 * 0.0220
k 0.0777 0.2650 0.1055 0.1310 04519 0.2360 0.2458 * 0.0030 0.3447 * 0.0000
f —0.1272* 0.0040 —0.1598 * 0.0000 —0.2169 0.0550 —0.0547 0.2600 —0.0691 0.1820
) g —0.1007 0.1740 —0.1566 * 0.0360 ~0.2259 * 0.0280 —0.0871 0.3000 —0.1805 * 0.0460
! h —0.1514 % 0.0050 —0.1962 * 0.0000 —0.2724 % 0.0070 —0.0682 0.2520 —0.1826 * 0.0050
k —0.0737 0.2410 —0.0908 0.1490 0.1795 0.9880 0.1776 * 0.0140 0.1621 * 0.0350
f —0.1004 * 0.0160 —0.0993 * 0.0160 —0.1501 * 0.0450 —0.0204 0.6590 —0.0295 0.5500
) g —0.0739 0.3100 —0.0961 0.1880 —0.1591 * 0.0080 —0.0528 0.5230 —0.1410 0.1120
J h —0.1246 * 0.0160 —0.1358 * 0.0090 —0.2056 * 0.0020 —0.0339 0.5560 —0.1430 * 0.0220
k —0.0469 0.4460 —0.0303 0.6210 0.2463 0.8630 02119 * 0.0030 0.2016 * 0.0080
* f (comprehensive parks); g (community parks); h (historical parks); i (specific parks); j (ecological parks);
k (nature parks); Sig (short for significant difference, which is a statistical term for the evaluation of data
differences in statistics).

From the one-way analysis of variance, it was determined that among the 20 indicators
of sensory perception, different types of parks had significantly different levels of satisfaction
with each factor. Consequently, based on the results of the IPA analysis, several factors were
chosen for additional multiple comparison analysis (Table 6).

Table 6. Multiple comparison analysis of sensory perception indicators of riverside parks of different
types (only some important data are displayed here; all data can be found in the Supplementary File
in the Supplementary Materials).
E1 E3 E4 G1 H1
I J Mean Dif. si Mean Dif. si Mean Dif. si Mean Dif. si Mean Dif. si
a-y & a-j & a-j & a-yn & a-j &
i 0.1285 0.3350 0.0605 0.1630 0.1680 * 0.0010 0.1011 0.0640 0.0989 0.9210
f j 0.1081 0.2250 0.0532 0.2000 0.1186 * 0.0090 0.0770 0.1390 0.0655 0.9360
k 0.2373 0.9690 0.2147 * 0.0010 0.2731 % 0.0000 0.2544 % 0.0020 0.2204 0.8210
i 0.1283 0.4950 0.0888 0.2360 0.1514 0.0630 0.1023 0.2760 0.2132* 0.0450
g j 0.1078 0.5110 0.0816 0.2700 0.1019 0.2020 0.0781 0.3980 0.1799 * 0.0030
k 0.2371 0.9700 0.2431 * 0.0070 0.2564 * 0.0080 0.2556 * 0.0230 0.3348 0.3660
i 0.2030 * 0.0220 0.1418 * 0.0090 0.1829 * 0.0020 0.1342 % 0.0450 0.1548 0.3020
h j 0.1825 * 0.0070 0.1345 * 0.0100 0.1335 * 0.0180 0.1100 0.0900 0.1214 0.0800
k 03118 0.8380 0.2960 * 0.0000 0.2880 * 0.0000 0.2875 * 0.0020 0.2763 0.5820
f —0.1285 0.3350 —0.0605 0.1630 —0.1680 * 0.0010 —0.1011 0.0640 —0.0989 0.9210
) g —0.1283 0.4950 —0.0888 0.2360 —0.1514 0.0630 —0.1023 0.2760 —0.2132* 0.0450
1 h —0.2030 * 0.0220 —0.1418 * 0.0090 —0.1829 * 0.0020 —0.1342* 0.0450 —0.1548 0.3020
k 0.1088 1.0000 0.1542 * 0.0170 0.1051 0.1280 0.1533 0.0570 0.1215 0.9990
f —0.1081 0.2250 —0.0532 0.2000 —0.1186 * 0.0090 —0.0770 0.1390 —0.0655 0.9360
. g —0.1078 0.5110 —0.0816 0.2700 —0.1019 0.2020 —0.0781 0.3980 —0.1799 * 0.0030
J h —0.1825* 0.0070 —0.1345* 0.0100 —0.1335* 0.0180 —0.1100 0.0900 —0.1214 0.0800
k 0.1293 1.0000 0.1615 * 0.0110 0.1545 * 0.0240 0.1774 0.0250 0.1549 0.9820

* f (comprehensive parks); g (community parks); h (historical parks); i (specific parks); j (ecological parks);
k (nature parks); Sig (short for significant difference, which is a statistical term for the evaluation of data
differences in statistics).

The differences between comprehensive parks and historical parks were negligible,

and the differences in various indicators were primarily concentrated between comprehen-
sive parks and other types of parks, with the differences in vision factor being particularly
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pronounced. Among them, there were significant differences in visual identification be-
tween historical and ecological parks (E1). Historical parks focus more on the human
environment, whereas ecological parks focus more on the natural environment. There were
clear distinctions between nature and other types of parks, except for ecological parks in
their vision of water (E3) and vision of animals (E4), which were related to the different
construction purposes of natural parks. The protection of natural ecosystems and natural
landscapes received the most attention in nature parks, followed by ornamental, cultural,
and scientific values. The smell of the air and water in nature parks differed from that
of other parks (G1), which may be attributable to the nature parks” distance from the
city center, beautiful natural surroundings, and high air and water quality. There were
discernible differences between community parks and ecological parks in the quality of
sunlight (H1), which may be attributable to differences in the number of visitors, the reason
for their visit, and the location of the parks.

4.4. Comparative Analysis of Riverside Parks in Different Districts
4.4.1. Rating Star Analysis

According to the statistics (Figure 11), the average rating stars of riverside parks
in six central districts, districts of the inner suburbs and districts of the outer suburbs
decrease sequentially. The difference between the lowest and highest average rating star is
approximately 0.05, and the overall difference is small. The average rating star of the parks
in six central districts is the highest, possibly because they are located in the city center,
with long-term operation and sufficient management experience. The satisfaction of the
parks in the districts of the inner suburbs is moderate, which may be due to the proximity
of the parks to the city center and the variety and content of the parks. The average rating
star of parks in districts of the outer suburbs is the lowest, which may be related to the fact
that the parks are far away from the city center and are dominated by plant landscapes and
ecological recreation activities. Therefore, the positioning of the parks should be improved
to enhance the attraction of the parks.

4.74

Parks in Six Central Districts Parks in Districts of the Inner Parks in Districts of the Outer
Suburbs Suburbs

Figure 11. The average stars of riverside parks in different districts.

4.4.2. Importance-Performance Analysis Based on Two Aspects of Spatial Landscape
Design and Visitors’ Sensory Perception

From the standpoint of spatial landscape design, the importance—performance anal-
ysis for parks in different districts (Figure 12) revealed that most park factors within the
six central districts were in the first and second quadrants. The highly significant landscape
factors were also located in the first and second quadrants. A high level of satisfaction
was reported, but “humanities activities” needed to be improved. The residents of the
six central districts may have had a higher standard of living and higher expectations
and the evaluation criteria for parks may have been more stringent than in other areas.
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Consequently, the requirements for developing park cultural activities were more stringent.
All the factors of the parks in the districts of the inner suburbs were in the first and second
quadrants, indicating that they were relatively acceptable in all respects. The factors of
parks in the districts of the outer suburbs were primarily in the third and fourth quadrants,
with “animal landscape” and “recreational activities” located in the first and second quad-
rants, respectively. It may be due to people’s desire to be close to nature and to relax in the
suburban environment. However, satisfaction with factors such as “consumer spending”
and “services provided” was lower, likely because the time and cost of the park activities
did not match the satisfaction of the activities available in the parks.
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A2:Plant landscape
085 L A3:Animal landscape
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ne, B s Ab5:Historical and cultural landscape
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Figure 12. IPA model of riverside parks in different districts based on spatial landscape design.

The importance—performance analysis of parks in different districts (Figure 13) re-
vealed, from the perspective of visitors’ sensory perception, that most of the park factors
in the six central districts were in the second quadrant. In contrast, the first quadrant
contained only visual factors, indicating that the importance and satisfaction of visual
factors were high. In addition, the satisfaction of “crowd interference” and “feel of roads”
was low due to the park’s early construction in the six central districts, its proximity to
the city center, and increased visitors. In addition, some facilities have been utilized for
an extended period and have not been repaired promptly; therefore, the parks should
focus on mitigating the adverse effects of crowd congestion. Most of the factors of parks in
the districts of the inner suburbs were in the first and second quadrants, indicating that
the parks reported relatively high sensory perception scores. Meanwhile, the satisfaction
with “sound of broadcast” was the highest, representing visitors” recognition of the park’s
broadcast and explanation services. In addition, satisfaction with “the sound of water”
and “feel of water” was relatively low. It may be attributable to this region’s abundance
of water resources and park landscape, which led to people having higher expectations.
The sensory perception factors of parks in the districts of the outer suburbs were concen-
trated in the third and fourth quadrants. As a result, the sensory perception of these parks
was unsatisfactory. In contrast, the satisfaction of olfactory factors was relatively high,
indicating that the parks in this region possessed more significant advantages regarding
the smell of plants, air quality, and water quality. Among the sensory perception factors,
the visual factor was the most important, and satisfaction was relatively high. In contrast,
the importance and satisfaction of the tactile factor were relatively low. Therefore, park
administrators should prioritize enhancing tactile perception.
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Figure 13. IPA model of riverside parks in different districts based on sensory perception.

4.4.3. One-Way Analysis of Variance and Multiple Comparison Analysis

A one-way variance analysis determined that among the 17 landscape design indica-
tors, there were significant differences in the recreational activities and food and beverage
facilities satisfaction of parks in different districts. Consequently, based on the results of
the IPA analysis, several factors were chosen for additional multiple comparison analysis
(Table 7).

Table 7. Multiple comparison analysis of landscape design indicators of riverside parks in different
districts (only some important data are displayed here; all data can be found in the Supplementary File).

B3 C4
I J Mean Dif. Si Mean Dif. Si
-y & a-y &
1 n 0.1577 * 0.0450 0.2949 * 0.0391
m n 0.1387 0.0789 0.2818 * 0.0497

* 1 (parks in six central districts); m (parks in districts of the inner suburbs); n (parks in districts of the outer
suburbs); Sig (short for significant difference, which is a statistical term for the evaluation of data differences
in statistics).

Regarding recreational activities (B3), the satisfaction of parks in districts of the outer
suburbs was significantly lower than that of parks in the six central districts. The difference
between the satisfaction of parks in the districts of the inner suburbs and six central districts
of the city was insignificant. It may be attributable to the late construction of parks in
the districts of the outer suburbs, the low distribution density of parks, and the lack
of convenient transportation, all of which impacted the evaluation of park satisfaction.
Regarding food and beverage facilities (C4), the satisfaction gap between parks in the
districts of the outer suburbs and those in the six central districts and districts of the outer
suburbs was more pronounced. It indicates that the management of parks in the outer
suburbs was imperfect and that the facilities and services were not fully standardized. In
general, the improvement of landscape design factors of parks in different districts was
relatively symmetrical. The parks in the districts of the outer suburbs lacked recreational
activities (B3) and food and beverage facilities (C4), compared to the parks in the six
central districts. Consequently, we should concentrate on enhancing the overall landscape
construction and service management of the parks in the districts of the outer suburbs.
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The one-way analysis of variance determined that among the 20 sensory perception
indicators, the satisfaction of parks in different districts differed significantly, most notably
in the perception of plants, the perception of voices, and the perception of roads. Conse-
quently, based on the results of the IPA analysis, several factors were chosen for additional
multiple comparison analysis (Table 8).

Table 8. Multiple comparison analysis of sensory perception indicators of riverside parks in
different districts (only some important data are displayed here; all data can be found in the
Supplementary File in the Supplementary Materials).

E2 F1 H3
I J Mean Dif. si Mean Dif. Si Mean Dif. si
a-p & a-y & a-y &
1 m 0.0477 0.4868 0.1028 * 0.0423 0.0759 0.7428
n 0.0717 * 0.0215 0.1484 0.1622 0.3998 * 0.0057
m 1 —0.0477 0.4868 —0.0103 * 0.0423 —0.0759 0.7428
n 0.0240 0.8764 0.0457 0.6672 0.3239 * 0.0206

* 1 (parks in six central districts); m (parks in districts of the inner suburbs); n (parks in districts of the outer
suburbs); Sig (short for significant difference, which is a statistical term for the evaluation of data differences
in statistics).

Regarding plant vision (E2), relatively low satisfaction with parks in the outer sub-
urbs was reported. It may be because numerous ecological and natural parks in the outer
suburbs, which had a large area, were constructed late in the year and had a high mainte-
nance cost regarding the plant landscapes, while some had not yet even formed any plant
landscapes. Regarding sound of voice (F1) and feel of roads (H3), parks in the six central
districts had the highest satisfaction score, while parks in the districts of the inner suburbs
had the lowest satisfaction score. It was due to the long road journey in the outer suburbs,
the absence of a convenient road system, and the lack of smooth road surface repair.

Similar to the analysis of landscape design factors, the satisfaction with parks in
different districts regarding sensory perception factors was the highest in the six central
districts and lowest in the districts of the outer suburbs. Therefore, we should prioritize
enhancing the level of park construction in the districts of the outer suburbs. People tend
to pay more attention to the ecological quality of nature parks in the districts of the outer
suburbs, where the area required for activities is more extensive than parks in the districts
of the inner suburbs. Critical factors in the design and construction of nature parks include
adequate size and area and adequate and timely management and upkeep.

5. Discussion

The space was based on multiple social media text data collections from 85 typical
Beijing riverside parks. First, differences in the park star rating and visitor sentiment
of different river systems, types, and districts were analyzed. Second, IPA was used to
analyze the primary factors that influenced the satisfaction of landscape design and sensory
perception of different river systems, types, and districts. Finally, analysis of variance was
used to investigate the differences and causes of the satisfaction of certain factors among
various parks.

Liu [53] et al. proposed that infrastructure construction and ecological quality of
public space were important influencing factors after studying the factors that affect the
recreation satisfaction of riverside public space in Shanghai, and our conclusion is basically
consistent with their conclusion. Following the perspective of parks adjacent to different
river systems, the study determined that the parks adjacent to the North Canal River
System were closer to the city center, constructed earlier, had more comprehensive service
facilities, and were more familiar to visitors. Their overall satisfaction was the highest,
while the low satisfaction of a few parks was usually due to the imperfect facilities in
the parks. For example, there was no parking space, seats, toilets or other basic service
facilities in these parks, which made it difficult for visitors to drive there and stay and rest
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in the park for a long time. Therefore, the level of traffic inside the park could be further
optimized, the necessary service facilities could be increased, and the park function system
could be improved to reduce the negative impact of heavy traffic on park satisfaction. On
the other hand, the parks adjacent to the Yongding River System were close to industrial
areas and negatively impacted the natural environment. Therefore, ecological restoration
should be bolstered to enhance the quality of aquatic landscapes. At the same time, some
large-scale parks, such as Beijing West Eighteen Lakes Scenic Area and Pearl Lake Scenic
area, did not keep up with the maintenance and management of the natural landscape and
park-supporting service facilities, resulting in low satisfaction with the park. Therefore,
more attention should be paid to the areas that must be maintained and restored in the
park and one must also protect and improve the key and characteristic landscape of
the park, and realize the multi-faceted renewal and construction of the park. Most of
the satisfaction factors of the parks around the Chaobai River system were good. There
was a need to improve “visual identification”, “vision of water”, “feel of sunlight”, and
“services provided”. Taking Hanshiqiao Wetland Park as an example, the satisfaction
of “water view” was not high mainly because the water system in the park was not
strongly connected with the water system outside the park, the water quality was poor,
many wetland landscapes were blocked by fences, the management service system in the
park was also not comprehensive, and the road system in the park was not complete. To
enhance the level of service management, we should focus on the construction of distinctive
landscapes and the improvement of the facility systems in the parks, and strengthen the
relationship between the internal and external environment of the park. For the parks
adjacent to the Daqing River System and the Jiyun River System, the overall satisfaction was

i

relatively average and it is necessary to improve the “river landscape”, “natural ecological
environment”, “consumer spending”, “transportation accessibility”, “smell of air and
water”, “plant and animal landscape”, and “services provided”. Various park management
service facilities must be optimized, the types of park activities must be expanded, the
ecological landscape of the parks must be enhanced, the modes of travel to each park
must be expanded, and systematic facility maintenance and ecological restoration must be
performed regularly.

Concerning parks of various types, individuals have varying service requirements.
This finding supports previous studies conducted by other scholars in other cities.
Wang [29] et al. proposed that different types of parks required different optimization
directions. Comprehensive parks should prioritize improving transportation accessibility,
overall activity area, park functions, and infrastructure to meet the diverse needs of visitors
of varying ages. Through popular science awareness activities, historical parks should
focus on displaying and expressing history and culture to their fullest extent. Special parks
must be managed and maintained with greater care. The guide sign system and types of
community activities, closely related to the convenience and comfort of community life,
should be enhanced in community parks. Gardens should expand the distribution area
and increase the distribution location’s flexibility. Ecological parks should optimize the
ecological experience and strengthen the educational function of ecological science. Based
on preserving ecology, natural parks should improve various service facilities and increase
special attractions to increase their appeal to visitors.

This study also came to a conclusion that previous studies have never mentioned.
The parks in the six central districts could be improved in terms of “humanities activities”,
“vision of humans”, and “feel of roads”, when compared to parks in other districts. To
reduce the adverse effects of crowd congestion, the variety of humanities-related activities
should be expanded, and visitors to the park should be better organized. In addition, some
damaged structures should be repaired promptly. For parks in the districts of the inner
suburbs, the “sound of water” and “feel of water” provided relatively low satisfaction levels.
Therefore, the quality of the landscape should be further enhanced. The overall satisfaction
of the parks in the districts of the outer suburbs was relatively high; however, there was
room for improvement and the following actions should be taken: (1) one must optimize
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the internal traffic flow of the parks, improve the traffic conditions of the main entrances
and exits, and enhance the guidance for self-driving visitors; (2) increase the construction
of the parks’ distinctive landscape, enhance the level of park management services, reduce
park fees, save visitors time and money, and improve the parks’ actual accessibility; (3) for
natural parks in the outer suburbs, the ecological quality should be enhanced, sufficient
area and scale should be ensured, and maintenance should be performed promptly.

In addition, few previous studies have compared the number of reviews in different
seasons. Through analysis, this study found that fewer tourists chose to visit riverfront
parks in winter. Therefore, as an important part of urban blue-green space, riverside parks
can enhance the planting of winter ornamental plants and add winter park activities, such
as snow watching and skating, on the basis of ecological priority, so as to enhance the
attraction of winter landscapes and further improve the landscape benefits of the park.

In general, the renewal and upgrading of urban parks plays an important role in
the renewal and optimization of urban living environments. Managers must implement
appropriate strategies to strengthen ecological environment protection, increase the con-
struction of distinctive landscapes, and reduce the cost of tourism to enhance the recreation
experiences and happiness of visitors. Simultaneously, the park promotion must coor-
dinate with other urban planning projects to ensure the urban landscape ecosystem’s
stable operation and realize the city’s ecological value and sustainable development. It is
the primary direction for improving and optimizing waterfront green space in the urban
blue—green space.

6. Conclusions

This study analyzed social media text data for 85 typical riverside parks in blue-green
spaces in Beijing, a city with abundant river systems. As an innovative study, this work
broke through previous urban blue—green space research limitations. The optimization
analysis of waterfront green space in blue—green spaces was discussed from the users’
perspective. Concurrently, Internet technology was used to obtain a vast quantity of the
most recent information and data. An in-depth comparison was conducted based on
the park’s landscape design and the sensory perception of park visitors for the online
evaluations of parks adjacent to different river systems, parks of different types, and
parks in different districts. It was found that the evaluation of waterfront parks was
closely related to the nature of land use, the surrounding environment and the visiting
time of tourists. Enhancing their ecological function, improving park infrastructure and
management services are the main issues facing managers at present.

However, the types of people who utilize social platforms are predominantly elderly,
childless, and single. Consequently, there were still some flaws in the research findings. In
addition, many other studies were aware of this problem [29,55,69]. In the future, it may
be necessary to conduct offline questionnaires that are explicitly designed for the elderly
and children to remedy research deficiencies using traditional and modern techniques. We
hope that future research can improve the evaluation method of the park system further,
propose more scientific and reasonable strategies for the improvement of the functions
of waterfront parks, and provide more sustainable suggestions for the optimization of
urban blue-green space, which will play a significant role in the maintenance of China’s
urban ecosystem.

Supplementary Materials: The following supporting information can be downloaded at: ‘https:/ /www.
mdpi.com/article/10.3390/1and11101849/s1, Table S1: List of 85 riverside parks in blue-green space;
Table S2: IPA list of riverside parks beside different river systems based on landscape design; Table S3:
IPA list of riverside parks beside different river systems based on sensory perception; Table S4: Multiple
comparison analysis of landscape design indicators of riverside parks beside different river systems;
Table S5: Multiple comparison analysis of sensory perception indicators of riverside parks beside different
river systems; Table S6: IPA list of riverside parks in different types based on landscape design; Table S7:
IPA list of riverside parks in different types based on sensory perception; Table S8: Multiple comparison
analysis of landscape design indicators of riverside parks in different types; Table S9: Multiple comparison
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analysis of sensory perception indicators of riverside parks in different types; Table S10: IPA list of riverside
parks in different districts based on landscape design; Table S11: IPA list of riverside parks in different
districts based on sensory perception; Table S12: Multiple comparison analysis of landscape design
indicators of riverside parks in different districts; Table S13: Multiple comparison analysis of sensory
perception indicators of riverside parks in different districts.
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Abstract: Urban parks are places that have significant impact on the physical and mental health of
citizens, but they are also for safeguarding biodiversity and thus fostering human-nature interactions
in the everyday landscape. The exploration of these spaces through social media represents a novel
field of research that is contributing to revealing patterns of visitor behavior. However, there is a
lack of comparable research from a non-anthropocentric perspective. What if we could use social
media as a more-than-human communication medium? This research aims to reveal the possibility
of communicating the urban forest’s voice through the examination of the official Twitter account of
a metropolitan park in Tokyo. To this end, an analysis of the content of the messages is carried out,
focusing on the narrative voice from which the message is told, the protagonists, the action performed,
the network of actors deployed, and the place where it occurs. It is found that the majority of these
messages are delivered from a non-human perspective, where plants, animals, or meteorological
agents behave deploying complex networks of more-than-human interaction. The current study
reveals the latent potential of non-humans as possible agents within the realm of social media, which
can mediate the relationships between humans and their environment. It introduces a layer that can
be incorporated into future lines of research, as well as provides a model case that illustrates a good
practice in the management and communication of urban green spaces.

Keywords: twitter; more-than-human; urban forestry; urban park; Tokyo

1. Introduction

The climate emergency is driving a growing academic momentum in the more-than-
human dimension across disciplines such as urban planning, environmental studies, com-
munication, and urban geography. The anthropocene is the new geologic epoch that
recognizes human activity as having a major impact on geological time. Nevertheless, the
management of the planet is intertwined with forces conceived as both human and natural,
as different species have evolved co-constitutively with human communities [1]. As urban
populations continue to grow, an exponential number of publications are exploring the
importance of natural environments within cities. This ethical-political approach urges
abandoning the conception of cities as the antithesis of nature and considering them as
part of a “metabolic” relationship between society and nature, the city as an ecological
space [2]. The current study engages with such context exploring the perspective of the
urban forest itself. To aid a conceptualization that transcends the human as the reference,
this introduction provides a theoretical overview of the ecofeminist framework and the
philosophical background of co-producing urbanism with other species. Then, the litera-
ture on the intersection between social media and green spaces, and specifically Twitter,
are reviewed as novel tools for understanding the relationship with nature in the city.
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1.1. An Ecofeminist Perspective: Framing Communication beyond the Human

Transcending the anthropocentric worldview, ecofeminist thought adds a layer of
consciousness that contributes to creating a reality with greater awareness of recording
actions beyond the human. Haraway calls for creating a kinship with all forms of life,
including those agents of the environment that are co-shaping and co-creating our habi-
tats [3]. Communication scholars such as Plec highlight the “role of communication in
the construction and transformation of human relationships with the more-than-human
world” [4]. Rethinking conventional modes of social interaction, she criticizes the modernist
paradigm that denigrates narratives linked to other beings on earth.

Until this day, rhetoric based on technological progress points to humans as the only
ones capable of communicating. However, other forms of life constitute our environment
and constantly speak to us. Plec suggests “internatural communication”, an alternative
and inclusive significance that embraces other possibilities beyond human life forms. Puig
de la Bellacasa and Bennett bring to the forefront of the discussion notions of care that,
in conjunction with the co-production of the public sphere and its eco-social realities, can
engender new models of coexistence beyond human exceptionalism [5,6]. From multi-
species geography, Pitt proposes to engage more directly with plants and how they perform
to clarify “not just what plants mean to people but how they contribute to gardens” [7].

1.2. Co-Producing Urbanism with Other Species

New planning theories analyze multi-species use and occupation of space, recognizing
the capacity for action of other non-human entities. Various bodies co-produce our urban
spaces, and these bodies have diverse material dimensions. Their ecologies condition and
question conventional city planning that fabricate policies based on the culture-nature
separation. Urban planning continues to address ecology from a human angle, focusing on
establishing measures solely according to the human population [8]. Conceiving human
beings as part of a larger web implies generating new vocabularies and practices challenging
the dominant ways of knowing, towards more inclusive trans-species urbanisms [9].

The creation of multispecies planning tools and narratives would support the realization
of diverse urban futures that are more socially and environmentally just [10]. Empathetic
imaginaries of everyday practices and trans-species encounters emerge from examining
the city, vividly expressed by Gruen’s “entangled empathy” to create more-than-human
urban environments [11]. This notion urges us to reconsider what counts in urban planning,
going beyond “homo urbanis” as a benchmark for ethical action. It is necessary to assume
responsible interactions of care attuned to the urban ecosystem inhabited by diverse beings [12].
To analyze the interactional phenomena between nature and humans, urban green spaces
present a unique field of work to provide new theories and methodologies.

1.3. Social Media for Researching: Urban Green Spaces

Urban planning research has consistently focused on green spaces as essential elements
for human well-being [13]. Some of the main avenues of scholarship regard their impact on
health, sense of place, and community interactions—or their usage, in terms of when and
how people interact, as well as identifying barriers to their accessibility [14,15]. Emerging
technologies are advancing techniques for assessing human interaction with urban green
spaces. The evaluation of these relationships can be from an observational approach or
through technological devices that operate with big data. Social networks are a clear exam-
ple of the application of crowdsourcing methodologies, as they allow anyone connected
to the Internet to produce information. Recent studies on the intersection between the
performance of nature and user experience in urban parks demonstrate that social media is
potentially an effective evaluation tool for public park management [16]. User-generated
content serves as a vehicle for conveying visitor feedback to park staff, accessing opinions
about the use of a place, emotions, or the movement of people in a space [17].

Since 2018, among the emerging social networks in the research of urban green spaces,
Twitter appears as a powerful source to understand citizens’ feelings, satisfaction levels,

152



Land 2023, 12, 727

and behavior [18]. It allows communication of free statuses and messages with other
users connected to the network, with a limit of 280 characters per text, having open access
to different accounts. The ease of getting public data and a large number of users have
presented Twitter as a source valid and desirable [19]. Twitter data have contributed
to gaining insight into the sentiment variation between urban and natural land cover
types [20]. Geo-referencing tweets at the urban park scale also allowed linking well-being
to specific spatial and user characteristics [21]. Adding a cross-linguistic perspective, other
scholars have compared human demands and emotions in different cultural contexts [22].

There is a body of research using Twitter data to understand liveliness in public parks,
associating density, diversity, accessibility, travel demand, and human behaviors. To assess
the quality of urban green spaces, Twitter data are discussed concerning the morphology of
the built environment, pedestrian routes, and the variation in demographic characteristics
of visitors, whether gender, age, or ethnicity [23]. Some studies link large-scale geotagged
data to reveal temporal and spatial patterns and infer activity purposes [24]. Others identify
Twitter as a source for comprehending spatiality in urban parks and the ability to bond
people from various neighborhoods [25].

Most recently, in the wake of COVID-19, there has been a proliferation of studies
using Twitter to examine the interaction with urban green spaces during the pandemic.
Researchers found the potential of Twitter as a source of real-time information to enable
quicker engagement in emergencies, as well as a snapshot of the challenges faced by park
administrators. Some focused on the contested opinions on regulations in different coun-
tries, detecting the frequency of topics, and manually sorting the opinions by the research
team [26]. Other studies collected park-specific values, emphasizing the importance of
users’ behavior in informing management strategy [27].

1.4. Twitter, An Emerging Tool for Exploring Biodiversity

Twitter-based biodiversity research includes studies that utilize geolocation method-
ologies similar to those observed in the analysis of urban parks. For instance, this includes
applying them to assess the risk posed by visitor pressure in protected areas [28], or to clarify
user sentiment and characteristics in national parks [29]. Further research focuses on the eval-
uation of certain keywords to establish indicators of interest [30], to illuminate the main actors
around specific topics [31], or to determine the popularity of species both endangered [32]
and familiar [33]. Several studies have also explored the utility of Twitter as a tool for the
identification and monitoring of both invasive [34] and endemic species [35]. When it comes to
monitoring, Twitter serves as a powerful resource for getting citizens’ views on park policies.
It can magnify controversies or spark public discourse about biodiversity management [36].

However, as previously reviewed, digitized information generated through devices,
applications, sensors, or platforms is mainly person-centered. Lupton questions this human-
focused approach, reclaiming the collection of digital technologies as a registry of knowledge
forms about different aspects of life, including non-human ones [37]. The current study aims
to add to the social landscape of cities by exploring urban green spaces from the perspective
of the non-human. It contributes to filling the gap in the literature that uses Twitter as a
data source to explore the more-than-human world that speaks to us. Understanding data as
phenomena endowed with vitality, the critical curation of Twitter can create an awareness of
the natural realm of our parks, contributing to a better sense of the biodiversity in the city.

2. Materials and Methods
2.1. Case Study

In this scenario, Japan arises as a fruitful context that transcends the anthropocentric
worldview, presenting relational and ontological models that consider human and non-
human beings as interconnected and trans-agential. Shinto heritage and folkloric traditions
bridge boundaries between the human and the non-human, considering them together
as participants in collective life [38]. Japanese animistic cosmology overturns classical
Western dichotomies between what constitutes otherness, culture, nature, subject, and
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object. Japan subverts the hyper-stratified categories of knowledge in dualistic assumptions
that conceive humans as different and superior to other beings [39].

Despite being a country with an impressive presence of nature, two-thirds of its land
is forest, and the anonymous urban green spaces that serve populated neighborhoods of
its major city, Tokyo, often go unnoticed [40]. Close-to-home parks, elements that provide
contact with nature and allow recovery in case of emergencies, have proven to be essential
in planning [41]. Rinshinomori Park, a neighborhood-scale green space presents an ideal
case study to explore the intersection with nature in a dense urban fabric. Nestled in central
Tokyo, Rinshinomori Park has a great diversity of flora and fauna across its 12 hectares.
Additionally, it is also selected for its background as a center of experimentation in forestry,
which has produced a particularly biodiverse forest, with century-old tree species and a
significantly high canopy density. The park workers, who take care of the relations between
natural resources and citizens, are often invisible to the public eye [42]. However, they
have found in social media a way to narrate the spatial and temporal rhythms of green
space management and the life of other beings that inhabit the urban forest.

The Rinshinomori Park Twitter account, @ParksRinsi, presents a single voice, that of
the park, which in turn brings together multiple perspectives. Other Tokyo Metropolitan
Park Administrations also manage similar Twitter accounts, some of which started tweeting
even earlier, have gained a larger number of followers, or are more prolific in their posts.
However, by voicing tweets from the perspective of different urban forest actors, the
Rinshinomori Park Twitter account is representative of how social media can serve as
a more-than-human praxis. Park staff act as mediators, tweeting to give voice to those
agents who do not usually communicate, such as plants or animals that inhabit the urban
forest. They make visible all the beings beyond the human, including them, but also other
phenomena, such as meteorology or latent emergencies related to catastrophes. Through
consistent analysis of the short texts and images, it is possible to know who is exercising the
action and what is being represented, combining quantitative and qualitative evaluation.
The park’s Twitter account, as the object of study in this article, is a novel case study for
reporting on environmental issues that transcend the human-use perspective, and illustrate
how the park is a multi-species habitat.

2.2. Methodology

The existing body of scholarship provides several methods to deal with Twitter data.
A spatial-temporal investigation based on the geolocation of tweets is among the most
common ones [43], which can also be cross-referenced with other demographic [44] or eco-
logical data [28]. Other publications complement this analysis by focusing on the content
of the message, which can examine the appearance of certain keywords [45] or the feelings
and emotions evoked in the tweets [46]. Besides the studies purely based on sentiment
analysis [29], other works focus on the network generated by the messages [31], on their
popularity, or on the engagement they foster [47]. This article grounds the exploration
of urban forestry as more-than-human practice through the examination of the contents
posted on the official Twitter account of Tokyo’s Rinshinomori Park: @ParksRinsi. The
investigation follows content analysis methodologies, focusing on semantic aspects, dis-
tinguishing more-than-human terms [48], the analysis of the narrator’s perspective, and
identification of the actors’ network evoked in each message.

In comparison to the outreach levels of other parks within Twitter, such as Central
Park in New York with more than 200 thousand followers, @ParksRinsi has a local impact
profile, with around three thousand followers to date of this article, a number similar to
the rest of the Tokyo metropolitan parks. The account has been active since March 2016,
posting its first and representative message on Friday, April 1 of that same year: “Cherry
blossoms are in full bloom”. The current study will examine all tweets published since
then, until 25 June 2022, the date on which the first abstract of this article is prepared.

Among the total 1333 messages published during this period, 311 retweets and 14 replies
were excluded, to focus on the 1008 tweets with original content (Figure 1). All tweets were
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downloaded using Twitter API and sorted by date of publication. Then, each message was
translated from Japanese to English using DeepL API, and Google Translate for cross-checking.
The accompanying media—images and videos—were also downloaded to support the text
analysis. The content of each tweet was analyzed manually according to the following
categories: narrative voice, main actor, action, actor-network, and place. The narrative voice is
considered as the grammatical tense in which the action takes place—past, present, future—in
conjunction with the grammatical person—first, second or third, and singular or plural; it
is taken as an indicator to register the plurality of points of view registered in the different
tweets. Whether the main actor in each tweet is human or non-human is recorded as a critical
factor for identifying the type of relationship that unfolds. The action described in the tweet
is also documented, noting whether it corresponds to an anthropocentric view. Then, the
number of actors mentioned in each tweet is noted as the actor-network count, regardless of
their human or non-human character, to know the extent of the network implied by the tweet.
Finally, it is recorded whether the text mentions the specific place within the park, since in
some tweets it emerges as a determining factor that conditions the message. Once this analysis
is done, the patterns of more-than-human relationships found are extracted based on the main
actor and the network of actors involved in the tweet.

_— Narrative Voice
Media (

N images v | Main actor

e | M = i T
Iwitter — @ParksRinsi — 1333 | 1008‘ - ‘]},LH“\ —> ’l‘t)‘&‘\l‘ A Action /\)1,...”,{’ ’
§50 million | 2 A tweets original ese (7| English e
active users H H tweets il

Network
...t 311 Retweets . Place

a i : 1| 24 Replie
Selection Mining L

g translation analysis
Rinshino tk Twitter AP )

Deepl APl manual coding

Google Translate

Figure 1. Flow diagram of the methodology.

2.3. Analysis Example

If we take as an analysis example (Figure 2) the tweet of Thursday, 20 January 2022,
we can observe that the message is narrated in the present tense and in the first person
singular from the point of view of a non-human main actor: the aerial root. The central
action is to see, to notice, and a network of five actors is deployed: the swamp cypress itself,
the winter, the observer, the other two parks in Tokyo where it is possible to find the same
phenomenon, and the place within the park itself—the pond.

€D savonsn ~
[# [Rinshinomori Park Information]

Hi! I'am the #aerial root of the #swamp cypress in Kami-ike pond.

It's hard to notice me unless it's dry in winter.

I'am sorry for my small size.

Please see larger ones in Shinjuku or Inokashira parks.

# Swamp cypress

# Aerial root

# Inokashira Park

Narrative voice: Present, 1% person singular

Main actor: non-human, plant

Action: notice

Actor network: swamp cypress, winter, observer, Inokashira&Shinjuku parks.
Place: pond

Figure 2. Analysis example. Original tweet in Japanese, English translation and categories.
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3. Results
3.1. Content Analysis Categories

Narrative voice. As noted above, the narrative voice refers to the time and the point of
view from which the action is narrated. It is crucial when dealing with an urban forest, where
multiple temporalities differ depending on the perspective of each constituent subject. The
analysis shows that the narration can happen in the present, such as the appearance of a
certain flower, or it can herald future events, like upcoming neighborhood events or potential
weather disasters, as well as recall the historical past of Rinshinomori when it used to be a
public research facility (Figure 3). One of the characteristics found in the Rinshinomori Park
account is that every possible narrative voice can be found along its timeline.

@ParksRinsi 19 April 2016 \

[Rinshinomori Park Information]

These giant trees existed before the
experimental station was built: the
Oriental planetree, London
planetree and American planetree,
These are just a few of the trees
within the large park.

X /

Figure 3. Narrative voice. This tweet talks about the history of the park through the trees. Original
Japanese text and English translation.

Main actor: Identifying the protagonist was key to this analysis and required a detailed
breakdown of all messages. A total of 1097 protagonists were found (Table 1), which im-
plies that in a small but significant portion of tweets we can observe two protagonists. As
established earlier, two main categories were distinguished: human and non-human. This
division reveals that the majority of the messages, 57.2%, are performed by a non-human
protagonist, a significant result that reinforces the more-than-human communication ap-
proach of this account.

Table 1. Main actors count.

Human Main Actor Non-Human Main Actor
Professional Non-Professional Plants Climate Animal Others

staff/municipality 385 neighbors 49 plant 160 rain 39 bird 31 festivity /event 23
children/students 20 tree 129 temperature 27 insect 35 facility / furniture 13

volunteers/association 16 flower 22 wind/typhoon 21 reptile 9 park 9
- - fruit/seeds 18 season 20 fish 5 covid 10
- leaves 17 sun/sky 14 amphibians 3 pond 5

fungi 9 ice/snow 7 mammal 1 - -

(81.9%) 385 (18.1%) 85 (56.6%) 355 (20.4%) 128 (13.4%) 84 (9.6%) 60
(42.8%) 470 (57.2%) 627
1097

Regarding the Human group, several recurring actors emerge: park staff, neighbors,
volunteers and associations, or students and children. Within this group, there is a clear di-
vision between professionals and citizens, with 81.9% of the human protagonists featuring
park workers. This outcome is partially explained by the fact that the Twitter account is
managed by the park administration, but also underscores the existing barrier for citizens
to access natural resources. Still, it is noteworthy that 18.1% of the human main actors are
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neighbors, volunteers, or students. If we consider the Non-human group, the following
actor subgroups can be distinguished: plants, animals, climate and meteorological agents,
spatial elements, and others. Among these, the botanical realm appears most frequently
as the non-human protagonist of the tweets (56.6%), which is logical given that there are
more than 6100 large trees and most of the park’s surface is covered by dense vegetation
of great biodiversity. Of the remaining subgroups, 20.4% are related to meteorological
and climatic elements, an understandable aspect when trying to inform potential visitors
about the park’s status. Similarly noteworthy is the 13.4% of animal protagonists, where
birds and insects are the most representative. This might respond to the interest shown
from the neighbors’ side, since there is a community of enthusiastic wild bird photogra-
phers and, especially in summer, local children go out in search of beetles and cicadas to
capture (Figure 4).

/ @ParksRinsi

26 May 2022 \

[HEDHFAE

bt

]

SBEHNOERTIHRER
Soren
PENSERIES

(WZADEITEDRFEENE
TEI.EE%,)

¥ N AP /NS

#HoX

HERT

[Rinshinomori Park Information]

I guess I should do that thing
today...

I'll work hard tomorrow...

(It's time for the crows to leave
their nests. Please be careful.)

# Rinshinomori Park
# Crow

# Parent and child /

Figure 4. Tweet from the perspective of a crow. Original Japanese text and English translation.

Action. Considering the entirety of actions that appear in the park messages, there is a
great diversity of outcomes. As would be expected, verbs associated with human activities
appear repeatedly, for instance, those activities performed by the park staff that relates
to the practice of urban forestry such as plant, care, prune, harvest, or repair, (Figure 5)
or those related to the management of this kind of public space such as clean, organize,
research, test, open, prohibit, make, protect, or inform. Others express the daily life of the
park’s neighbors such as visit, enjoy, like, celebrate, sing, photograph, exhibit, sell, etc.,
as well as their active involvement with the urban forest’s inhabitants such as identify,
participate, cook, help, or build.

/ @ParksRinsi

01 September 2016 \

[HEHDZRARIER]

RAOAZ L THR
FyTl & RFDEKDBED
BICHWTEHEEPILEL
feoBIFE—EHHALLTTE

AA
Wo A

[Rinshinomori Park Information]

We have spread woodchips made
by crushing fallen trees from the
park on the wildflower path near
the east gate to make it easier for

visitors to walk. Please give it a try.
A A

/

Figure 5. Tweet expressing actions of care carried by the park workers. Original Japanese text and

English translation.
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Nevertheless, the frequent appearance of verbs related to non-human practices is
also remarkable, such as the actions of the plant kingdom such as bloom, fall, take root,
grow, sprout, or produce; or those performed by the animal community such as fly, hatch,
eat, sound, nest, attack, breath, step, or feed; as well as the meteorological ones such
as rain, blow, shine, change, rise, or destroy. It is worth mentioning the appearance of
verbs that reflect a sensorial perception of the park such as hear, smell, touch, bathe, or
play, which contrast with the strictly visual experience that has dominated 20th-century
urban planning.

Actor-network. By counting the actors that appear in each tweet, besides the protago-
nist, the aim is to reveal the plurality of the network involved in each message (Figure 6). It
is noteworthy that the vast majority of the tweets, almost 80%, deploy a network of at least
two actors, thus establishing multidirectional relationships and diversifying their scope.
This result is interesting when overlaid with the previous main actor category, indicat-
ing that most of the messages dealing with the urban forest deploy a more-than-human
actor-network.

64 (6.3%) - s 210(20.8%)

1 actor

2 actors
3 actors
4 actors
=5 actors

\ N Y,

Figure 6. Percentage of the tweets according to the number of actors involved.

133 (13.2%)

SHODS

Place. Only one-third of the tweets include the location within the park as part of the
message. By recording all these places, the following sets emerge: access, connections, open
spaces, water bodies, service centers, and community gardens (Figure 7). All these sites
have in common that they can be visited by neighbors, which indicates that the appearance
of the place in a tweet is a human-oriented message, although most of the park’s surface is
covered by a mass of trees.

MADKRAE
Rinshinomori Park ;:iel"d.t (1208 H)
rk limit, (12.08 Ha)

1. Service Center 76 Tree Canopy (6100 trees)
2. Access [21 Water Bodies

2a. north gate 1 Park zones

2b. west gate 1 Paths

2c. south gate 9)

2d. waterwheel gate 3| L 100m

2e. tsukushi gate 2)

2f. east gate 5) ithi
T 5 Location within the Tokyo 23 wards Neighborhood around the park

3a. paths 4

3. promenade 10

3c. southeast wall 1

4a. Pond

4b. Jabu-jabu pool
5. Open Spaces <42f

5a. platanus square 10|

5b. big square 10

5¢. forest square 8|

5d. day camp 4

5e. meeting square 11

5. toddler comer 4 [t

5. adventure square 9| 2p Y

5h. lawn square 12] X
6. Community Garden | 15|

2c

Figure 7. The number of times a specific place inside the park is mentioned in a tweet.
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The most recurrent set is the water bodies. The jabu-jabu pool is a small outdoor pool
for children which, besides operating exclusively in summer, is tremendously popular with
the residents. The pond is a small ecosystem, and although it is not accessible to humans, it
is a highly appreciated place in the neighborhood because it contains great biodiversity
that changes throughout the year. The service center is one of the most repeated places, as
it is where the park staff work, and also functions as an information and citizen center.

3.2. More-Than-Human Communication Patterns

Based on the categories of the main actor and the composition of the actor-network

involved in the tweet, the following communication patterns were found (Figure 8):

Human Main Actor Non-human Main Actor
02 October 2018
[Rinshinomori Park Information] ey [Rinshinomori Park Information®]
™ ‘The typhoon left a lot of debris in
£ Today, the plaza was crowded with the park, but today; volunteers and
g nearly 1000 elementary school high school students helped us to
] sudents due o overlapping collect it and thanks to the rest
Z school field erips. of the neighborhood, we are slowly
g getting back to the way it was
£ before the typhoon! Thank you all
:|=’._. for your support &
#Park #Rinshi-no-mori
#Thank you
4.1 Anthrop ic 4.4 Non-human agency
11 July 2022 [Rinshinomori Park Information] [Rinshinomori Park Information]
% Siace o scemn ol ediofin "Osk Tree Restaurant” is a
2 b i TRE long-established restaurant located
o] TOUmEL SOOI along the Adventure Plaza path.
Z Tll prune this hydrangea later... What would you ke to ondet
g oung lady?
g # Cicada .yon,g Il Kave the "A" course!
= # Hydrangea '
= # Summer, # Peanut Bug
& # Flower Chafer Beetle
S # Blue Admiral Butterfly
Z # Adventure Plaza
4.2 Caring interaction 4.5 Interspecies conversation
™ 22 April 2018 [#Rinshinomori Festival 30 March 2017 [Rinshinomori Park Information]
5 ? ). Informarion @]
B Cherry  Blossom  Status: the
2 Are you interested in joining the temperature has risen since noon
= fringed iris planting party? and the number of flowers has
S slightly increased, but there are
g Lec's increase the number of more cherry blossom viewers than
£ beautiful fringed iris plants under flowers, and the place is crowded.
g the wees of Rinshinomori I guess they are more interested in
5 dumplings than flowers!?
o (There seem to be many female
2‘5 visitors with children.)
4.3 Fostering participation 4.6 Forest collective voice )

Figure 8. More-than-human communication patterns. Anthropocentric communication: relation be-
tween only human actors; Caring interaction: communication from humans to non-humans; Fostering
participation: a human protagonist that involves a more-than-human community; Non-human agency:
the non-human actor that deploys a human network; Interspecies conversation: tweets depicting a
strictly non-human conversation; Forest collective voice: an event triggered by a non-human, engenders
a more-than-human actor-network.

Anthropocentric communication: This pattern reflects the communication from humans
to humans, and therefore represents the conventional relations on Twitter. In our case
study, this pattern is rather uncommon because it is easy for non-human actors from the
park to appear in the post. Still, event announcements, upcoming activities, rules, and
administrative information are some examples of this pattern.

Caring interaction: Another type of pattern observed is that in which humans address
non-humans. Considering that non-humans cannot understand this kind of message,
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it may still be a patronizing view in which a human speaks to a plant or animal from
an intellectually superior position. However, the value resides in the fact that most of
this group reports unnoticed everyday care practices performed by park workers. These
messages also create a first layer of attention to other beings by placing them as an audience.

Fostering participation: Other tweets are transmitted from a human protagonist in-
volving a more-than-human community of actors. This pattern contains messages that
call for citizen participation in natural events that are occurring in the park. In this way,
more-than-human interaction within a public space is encouraged or conditioned through
a social network.

Non-human agency: As previously established, we discover a majority of tweets where
the conventional sequence is inverted and non-humans have agency in the message. Within
this condition, a pattern of tweets emerges where non-humans are the protagonists of an
action involving humans. Paradigmatic instances are weather changes or possible natural
disasters, which affect the community of neighbors and workers.

Interspecies conversation: In this particular pattern, humans are completely excluded
from the message and purely non-human actors are recorded in the tweet. In these mes-
sages, forest communication is represented as we would perceive it if we were able to
translate codes that are foreign to our species. Some of these registered interspecies conver-
sations are flowering changes due to the advance of the seasons, or animals that share their
eating habits based on fruits from the park.

Forest collective voice: A final pattern represents the highest expression of actor inclu-
siveness in the message. The main actor is non-human acting within a more-than-human
network. Not only has the agency of the action been changed, shifting it to the non-human,
but a community that is both human and non-human is involved in the message.

4. Discussion

Our contribution to the existing body of research is twofold: on the one hand, to
reinforce Twitter as a fertile ground for research and, at the same time, to value the Rinshi-
nomori park Twitter account as an example of good practice to foster more-than-human
relations that can be extrapolated to the maintenance and administration of similar urban
green spaces.

4.1. Twitter as a Research Tool

As reviewed in the introduction, the existing literature regarding the use of Twitter
in the context of urban green spaces and biodiversity interaction is an emerging area of
research. Thus, a large proportion of the existing work aims to demonstrate its credibility as
a valid tool in the investigation of parks [49,50]. While other research has a more practical
outlook, we are proposing the application of this instrument as potential support in the
management of urban landscapes and ecosystems [51].

Already, an extensive body of scholarship is relying exclusively on the use of Twit-
ter [52] or its Chinese counterpart Weibo [53] as the only material of study. However, it is
equally common to find contributions that combine its exploration with other social net-
works such as Flickr [28] and Instagram [49], with demographic data [44], or with internet
searches and digital newspapers [30]. Other authors propose to supplement its utilization
with traditional sources such as field work [48], semi-structured interviews [49,50], or
surveys [51].

The worldwide coverage provided by this social network allows researchers to analyze
diverse case studies, situated on a broad range of spatiotemporal scales. Analogous to
the present investigation, which responds to the specificity of a single urban green space,
there are previous studies circumscribed to a single urban park [50,51]. Others use Twitter
to analyze several parks in the same metropolitan area [52], based on the comparison of
different cities in the same country [29], between countries [49], or even on a global scale.

Defining aspects when using Twitter as study material are the actors selected and
how information is mined for subsequent analysis. The possibility of accessing a global
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network has resulted in a tendency to deal with a large number of anonymous users [43].
To process an enormous amount of data, scholars frequently apply filters according to
geolocation or specific content in the messages. To a lesser extent, there are fewer studies
that use a single Twitter thread [48], or the content generated by a reduced number of
specialized accounts [47]. Building along this line, the present study is the first that relies
on the detailed analysis of the content generated by a single account, contributing with a
novel approach to the existing body of research.

4.2. Rinshinomori Park Twitter Account as Good Practice for More-Than-Human Communication

The data processing procedure is consistent with existing research methodologies,
with the automated steps first and then ending with authors screening tweets [27]. The vast
amount of information provided by social networks and big data has led to a proliferation
of automatic analysis methodologies [28] assisted by machine learning, which yield quanti-
tative analyses. However, in this paper, as in others [45], the information is coded manually
to perform a qualitative analysis that needs a fine-grained semantic understanding that
would otherwise be very difficult to carry out automatically. On a different note, and in
line with other studies [35], this article highlights the use of images associated with tweets
as analysis tools, which are complementary to the textual content.

Twitter is an instrument frequently used by citizens to convey their demands to
public decision-makers, resulting in a rich repository of policy-related opinions. For this
purpose, previous studies systematically analyzed the textual content of the collected
tweets following sentiment analysis modeling techniques [54]. The current study shares
the intention to ensure that research results inform park managers. However, rather than
inferring the specific needs of the public, the aim is to give visibility to non-human actors
in a public park.

Other scholars have measured “urban life” by tracking the relationship between spatial
structures and human behaviors via Twitter. Adopting a locally sensitive analysis, they
have added data on points of interest and walking behaviors to the methodology, revealing
hidden correlations between the shape of streets and their liveliness [55]. The current study
adds to the responsibility of the ongoing reconstruction of planning theories by adding a
hidden layer in the public sphere of members beyond the human realm.

Human-centered perspectives feature plants as mere background constituents of
landscapes without treating them as individual entities [7]. As mentioned above, recent
studies have used Twitter data as a source of information to examine the interaction between
people and green city spaces [43]; however, the present study advances the discussion by
using Twitter data to understand the “perspective of the urban forest” itself.

Previous research centers on events or uses where the human being is the focus [22].
In the current study, Twitter is explored as a means of creating a cybercommunity where
voices of the more-than-human are recorded, moving from Twitter as “a data source to
inform human use of urban green spaces” to a data source that informs about how the park
behaves. Thus, times and events related to nature can be understood from its viewpoint,
an alternative filter that disrupts the anthropocentric view of the urban environment.

While the use of Twitter intends to enable real-time response to urgent situations,
allowing administrations and city planners to adapt their communication skills [54], the
current study complements this approach by using Twitter data to understand the perspec-
tive of the urban forest as perceived by humans. Twitter analysis on how to communicate
the voices of the more-than-human increases environmental awareness, not only among
citizens but also among the actors involved in the design and management of public space.
In addition to enhancing physical and mental health on a daily routine, such messages can
serve to encourage greater citizen participation in the maintenance of urban forests, with
better involvement in public maintenance policies.

Participatory observation elicits empathy and produces awareness, even if it does not
lead to full understanding. The interpretation of animal communication has implications
for the communicative relationships that mediate the public [56].
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4.3. Limitations

Although the intent of our study was not to carry out a demographic sampling, but
rather to show Twitter as a potential channel for raising public awareness of biodiversity
and getting the park’s voice heard, it may suffer from the biases pointed out in the previous
literature. Twitter is a biased medium regarding gender, age, or nationality. The receptors
of the “forest tweeting” would be the habitual users of this type of social network, young
people and men, with an underrepresentation of other population groups such as elderly
women or low-income earners [26]. In addition, the fact that the park staff are the ones
that are tweeting brings the dilemma that arises when humans use their voice to humanize
animals, treating them as people or speaking for them [57].

When it comes to language interpretation and translation, previous studies already
found limitations in capturing nuances about sentiment and understanding perception.
Automated sentiment analysis of big data was not sufficient, applying manual coding
analysis, defining categories, and using a mixed qualitative and quantitative review [41].
We share with other studies the limitation that scarce information in short texts may lead
to misinterpretation by the researchers, although human ratification brings a nuanced
understanding of subtle language expressions as irony. As an improvement, the role of
covariates such as seasonal rhythms could be included in the analysis to achieve high
accuracy [20].

5. Conclusions

Taking a critical position nourished in the previous theoretical body around the role of
social media in urban studies, this article has insisted on changing Twitter’s conventional
human perspective to a more-than-human one that allows us to generate a different world-
view to inhabit the city as a shared space with other beings. For this purpose, the Twitter
account of Tokyo’s Rinshinomori Park was carefully selected as a case study because it
is considered a valuable practice in communicating the voice of the urban forest. It was
decided to meticulously analyze all the content published to date in a qualitative manner,
in search of those characteristics that would allow us to understand how this practice is
being performed. Following the analysis, the appearance of non-humans as protagonists
in more than a half of the tweets is evidenced, thus conditioning the activities that are
communicated. It is also revealed how, when tweeting, this urban forest deploys complex
actor-networks, which connect a plurality of diverse agents and which manifest themselves
in different patterns of more-than-human communication. This exploration has illustrated
flora and fauna’s agencies as producers of the urban milieu, revealing the park’s voice in
its own right. These tweets tell stories of interactions between various actors so that other
social media users can unveil a latent layer that was otherwise invisible.

Additionally, the current study provides an innovative, replicable methodology that is
consistent with the existing literature that uses Twitter as research material. It reveals the
latent potential of non-humans as possible agents within the realm of social media, which
can mediate the relationships between humans and their environment. This introduces
a layer that can be incorporated into future lines of research, such as the possibility of
combining it with citizen science methodologies based on sentiment analysis or geolocation,
which would identify which particular park areas and attributes are more visited and
represented to extract behavioral use patterns related to biodiversity. It could also be
combined with social media engagement studies to detect species which appeal to the
neighbors. This paper also illustrates a model case that could be extrapolated to other
contexts as a good practice in the management and communication of urban green spaces.
Joining the efforts of other researchers, we expect that the more-than-human perspective can
serve as a basis for future planning guidelines that encourage biodiversity as a constituent
part of park design. Through broadcasting the park’s voice, the dynamics of the natural
environment can be better understood, and Twitter emerges as a potential tool for urban
design and planning. In this way, more-than-human interaction within a public space is
encouraged through a social network.
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Abstract: The paper aims to draft how phenomena such as abandonment, territorial disarticulation,
environmental pollution, socioeconomic imbalances, and heritage consideration issues that surround
landscapes where industrial activity has ceased are reflected on social media in Spain. The research
focuses on the most popular social media platforms in Spain: Instagram, Facebook, and Twitter.
A manual sample strategy was conducted to ensure an individualized approach to user-generated con-
tent. Sampling was carried out separately for three aspects: (1) keywords at a general level, (2) terms
used to define industrial landscapes, and (3) recognition of significant industrial landscapes related to
governmental facilities built in the 20th century, wherein we take into account three potential profile
types: (i) individuals; (ii) NGOs/associations and/or public administrations; and (iii) academics. The
results show that social media platforms are widely used as tools to disseminate information about
industrial landscapes, but the contributions of each platform are uneven and incomplete in relation
to the reality of post-industrial landscapes. However, it is worth recognizing the added value that
their possible interaction brings as a reference for current civic debates. How social media contributes
toward mitigating the difficulties of recognition, comprehension, and protection of post-industrial
landscapes is emphasized in our conclusions.

Keywords: social media; industrial landscape; post-industrial landscapes; assessment;
conservation; communication

1. Introduction

The European Landscape Convention (Florence, Council of Europe, 2000) [1] advanced
the idea of “landscape” as “any part of the territory as perceived by the population, whose
character is the result of the action and interaction of natural and/or human factors...”,
summarizing some earlier statements and assertions contained in previous international
UNESCO charters and documents. Ideas such as the need to renew heritage concepts
through a cross-cutting approach comprise a symbiotic set of natural and cultural elements
(tangible and intangible) in which a social group recognizes its identity and is committed
to transmitting it to future generations in an improved and enriched way (Conference of
Stockholm, 1998) [2].

The European Landscape Convention emphasizes the management of landscape as
a favorable economic resource for communities as well as an element of identity, both
in spaces of exceptional beauty or in the most ordinary and degraded ones. Hence, the
document opens the way to improving and preserving the landscape from cultural, environ-
mental, ecological, and social perspectives. As such, a debate has emerged around industrial
and post-industrial landscapes as a type of cultural landscape subject to heritage protection.

The processes of de-industrialization and the consequent possibility of heritage as-
sessment of landscapes resulting from the obsolescence of industry are current phenom-
ena occurring on a global scale [3]. The renovation of both the industrial structure of
Southeast Asia [4-6] and decarbonization programs for the electricity industry in Western
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countries [7-9] has impelled actions of integration of post-industrial legacy in cultural,
urban, and territorial strategies. Given the growing sensitivity toward post-industrial
landscapes, it is worth recognizing the spreading acceptance of “factory esthetics” and the
“industrial ruin” by disciplines derived from “industrial archeology” [10-13]. However, do
these actions, aimed at preserving the industrial heritage and landscape, respond to the
social demand of recognizing productive landscape as part of the community’s cultural
heritage? Is it possible to consider a more comprehensive approach to citizens’ sensitivities
beyond the administrative procedures or debates covered in the academic media?

As with most landscapes, the approach to industrial landscapes places us at a complex
crossroad due to (1) its subjective nature (emotional, mental, or cultural for each individual
or social group, sometimes showing polarities in terms of what an inhabitant/visitor per-
ceives and experiences); (2) its heterogeneous classification (depending on each productive
sector, the orographic conditions, the climate—environment context, etc.); and (3) its hybrid
tangible—intangible dimension and evolutionary and dynamic nature. In this frame, post-
industrial landscapes also include those landscapes that lack monumentality, which cannot
be catalogued but are part of economic identity and social networks, despite the difficulties
of being recognized and comprehended.

On the other hand, if landscape is a cultural construct based on the perception of
individuals and society, the final goal of landscape assessment should be to satisfy the
needs and interests of the community. This makes it possible to establish a comparison
between the objective and technical visions of a landscape and that based on subjective
and identity aspects held by societies, which constitute the builders and managers of land-
scapes whose essence is always to evolve as dynamic and developing organisms [14]. In
this context, it is worth reviewing the discussion of the cultural geographer John Brinck-
erhoff Jackson in his work A Sense of Place, a Sense of Time [15] regarding the need to
learn to read the landscape. JB Jackson identified a dichotomy that is still valid among
two perspectives: the esthetic approach based on perceptual-visual aspects to landscape
endowed with design and artistic qualities versus the phenomenological approach around
the development of places based on the uses and customs of their citizens, appropriate
for a more autochthonous reading of the landscape and to the recognition of its historical
evolution. David Lowenthal’s lessons [16] also have a place in this issue: encouragement
of the participatory and creative attitude of citizens in relation to their landscapes, the
importance of landscape management policies from local and social identities based not
only on the exploration of its growing economic value but also on the reaffirmation of its
affective dimension or the collective memory.

The dichotomy inherent to the landscape, between the livable and the visitable, and
the contrast between the social memory and the tourist image of landscapes [12], is linked
to the selective and subjective character expressed in the reading of the landscape. This
phenomenon is especially evident when it comes to highlighting partial images that exclude
other realities contained within the same place, or other readings that should be considered.
We enter fully into the definition of the social landscape; the landscape as a social and
identity construction, not only for the visitor but, above all, for the inhabitant, who becomes
an individual and a collective in the midst of a scenario of interaction and otherness among
various collectives. The diversity of parallel and non-exclusive symbolic constructions, as
well as the spaces in which the collectivity is self-represented, evolves upon all these bases.
The new ways for virtually inhabiting, comprehending, and registering a landscape, thanks
to the use of new technologies such as Google Maps, Street View, OpenStreetMap, Flickr,
or Mapillary, have transformed the traditional essence of the act of viewing a landscape.
Social media information plays an important role as an instrument to activate strategies
leading to the assessment, protection, and rehabilitation of post-industrial landscapes.

Regarding these arguments, international reference guidelines on industrial heritage
also integrate, in their methodological corpus, the attention to citizen participation and the
importance of dissemination, as stated in the Nizhny Tagil Charter on Industrial Heritage
(2003), derived from the International Committee for the Conservation of the Industrial
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Heritage [17]. Likewise, the Dublin Principles for the conservation of industrial heritage
sites, structures, areas, and landscapes (ICOMOS/TICCCIH, 2011) [18] confers substantial
value to the tasks of documentation and understanding of attributed values to industrial
sites, structures, and landscapes by both specialists and communities. Furthermore, the
need to support communication aspects through various channels using new technologies
is emphasized.

These premises connect with the concept of “digital cultural participation in heritage”,
in which new formulas for citizen involvement toward safeguarding cultural heritage are
proposed [19-22] at the same time that they can be inscribed under article 27 of the Uni-
versal Declaration of Human Rights. In the European framework, the Faro Convention on
the Value of Cultural Heritage for Society [23] encourages participation in cultural heritage
activities and fosters the development of heritage-related technologies and digital content,
where industrial landscapes should also be recognized. In the Spanish-speaking context,
we can highlight, among others, the results of the debate promoted by the 102nd issue of
the PH journal [24] that gathered 30 contributions. The PAYSOC project of the Andalu-
sian Historical Heritage Institute has also explored approaches to recognizing cultural
landscapes through virtual ethnography [25].

Social media platforms, as the new transnational scope virtual agoras, play a key
role in disseminating information, concerns, and interests in contemporary society, as well
as in the construction of collective imaginaries, esthetics, and global narratives. There
are several academic studies on the role of social media platforms in the dissemination
and conservation of cultural and natural heritage [26,27]. However, there are few that
specifically determine their contributions to industrial heritage [28-32]. In this sense,
the extent to which user-generated content contributes to the growing recognition of the
industrial landscape as a heritage resource, similarly to the identification of its elements
and values, does not have a consolidated scientific literature. This article is the first to
approach the role of social media in the collective cultural construction of the Spanish
industrial landscape.

Taking, as a case study, several examples linked to the industrial landscapes generated
by the state policy of Francoism (1939-1975) in the 1950s and 1960s, we analyze (1) the
characterization of the industrial landscape based on information disseminated through
social media (e.g., institutional, partner, or individual channels) to identify the cultural,
esthetic, or identity values attributed by community and (2) critical reactions to their
distortion or reuse for exploitative purposes.

Considering the post-industrial landscape as part of the identity of regions and their in-
habitants [33] as much as the difficulties for their assessment, protection, and management,
we aim to conduct a critical analysis of the role of social media as a tool in the identification,
assessment, and protection of obsolete industrial landscapes in Spain. How, when, and
where are these obsolete industrial sites considered as landscapes of heritage value? How
do social networks portray the challenges surrounding the regions where industrial activity
has ceased and where issues of abandonment, ruin, territorial disarticulation, environ-
mental pollution, and socioeconomic problems arise? What role do heritage approaches
play on public social media debates around deindustrialization? Based on these premises,
this study proposes a critical approach on how user-generated content collected on social
media can contribute to the construction and dissemination of information in an active
and interactive way. In this context, the prevalence of social (i.e., marginalized landscapes)
and academic stereotypes (i.e., sublimated landscapes) based on assessments of visual
experience stand out, as opposed to other considerations such as environmental, heritage,
or social factors.

The role of social media platforms in the cultural revitalization of industrial landscapes
is also explored. Despite adverse circumstances, the cultural, historical, technical, or esthetic
values attributed to these regions do not disappear, and these are susceptible to sustaining
cultural reactivation initiatives capable of offering economic alternatives to the development
of inhabited communities [34].
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Through the analysis of the information disseminated through social media as a support
for opinions and concerns, we seek to answer the following questions:

- What is meant by industrial post-industrial landscapes with regard to the different
agents involved?

- Could social media lead to a proactive role in the re-activation of these landscapes to
foster the interaction of all involved agents?

- Can user-generated content contribute to the identification of morphological, esthetic,
or sociocommunity parameters that suggest guidelines for articulating processes of
obsolete industrial landscapes valorization?

- What presence do memory and historical elements of landscape, both geographical
and anthropic, have on social media?

2. Materials and Methods

As is well known, social media refer to any digital tools that allow their users to
quickly create and share content. Given that this is the first approach to the role of social
media in the recognition of the industrial landscape in Spain, and lacking reference papers,
we propose to approach the subject, here, by working on some quantitative and qualitative
strategies to lay the basis for subsequent, more detailed studies.

In social media, a wide range of websites and applications are used. In this first approach,
we selected three of the most used social media platforms in Spain [35]: Instagram, a photo-
sharing app; Facebook, a news, information, and audiovisual content-sharing app; and
Twitter, an app for sharing short written messages.

Data collection was carried out from mid-September to the end of December 2022
with the aim of outlining the scope of terms related with the industrial landscape, and
the profiles and forums in which these concepts are handled, to identify different content
offered by the various social media platforms.

Search engine tools and metric analyses of these platforms were consulted directly
for keyword and/or hashtag tracking. We employed a manual study strategy in order to
ensure an individualized approach to user-generated content and identifying the type of
profile of origin and precise context, because this is the most effective way to determine the
level of involvement of different culture services of Spanish Public Administrations, which
have recently incorporated social media.

To this end, several keywords were monitored following previous studies by Campillo,
Ramos, and Castell6 [36] and Mariani, Di Felice, and Mura [37] that focused on audience pa-
rameters (followers and publications) and the level of user interaction (“likes” and “shares”
on Facebook; and reactions, retweets, and comments on Twitter). Sampling was carried out
separately for three aspects: (1) keywords at a general level, (2) terms used to define indus-
trial landscapes, and (3) recognition of significant industrial landscapes. In both sampling
and results, we took into account three potential profile types: (1) individuals; (2) groups,
that could be NGOs/ clubs/associations, and/or public administrations; and (3) academics.

2.1. Sampling 1

The first task involved tracking keywords in Spanish relating to both industrial (indus-
trial) and post-industrial (postindustrial) landscapes (paisajes) and heritage (patrimonio).
This preview of the subject explored the presence of landscape and industrial heritage
references on social media platforms of individuals, public administrations, and NGOs.

2.2. Sampling 2

A second task involved looking for industrial landscape images uploaded to social
networks by the three types of profiles mentioned: personal, NGO/association/club and
institutional, and academic.

The images were then analyzed using landscape characterization studies, based
on Lopez-Sanchez et al. [38], being applied to the three main categories of parameters
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(e.g., morphological, esthetic—perceptual, and social) that were further subdivided into
associated subparameters to draft 17 attributes (Table 1).

Table 1. Landscape characterization of sampling #2.

Parameters for Characterizing the Landscape

Associated Subparameters

Morphological analysis
(Identification of elements)
Territorial /urban/architectural /
infrastructures /populations/facilities /historical /geomorphology /
environmental problems

Architecture
Town planning
Heritage (authenticity, integrity)
Delimitation
Environmental problems

Esthetic-perceptive

Esthetic interest

(Qualitative assessment, from experts or users) Scale
Monumental/anti-monumental /degraded /presence Historicity
of stereotypes
Sense of identity
Collective memory
Social Personal experiences

(Assessment of the work memory,
experts or users)
Intangible heritage/perception of local population and users/
landscape as economic resource/tourism

Functionality
Documentary contributions
Tourist resources
Distortion or commodification
Critical reactions to transformation or rehabilitation of
heritage elements

2.3. Sampling 3

In a third step, we developed several case studies. Twelve prominent sites were se-
lected (Table 2), linked to industrialization actions promoted by the Spanish government as
part of a program of the National Institute of Industry (INI) created in 1941. These hubs were
the object of intense public propaganda campaigns in the mid-20th century and the sites
had been the subject of previous studies in terms of historical and heritage aspects [39-42].

Table 2. Studies sites of sampling #3.

Industry or Productive Space State Location Company Town State Location
INI—Instituto Nacional de Parq&ue
Industria . Urban Marqués de . .
(National Institute Active (Madrid) Sua'nc_es. Inhabited Periurban
of Industry) Canillejas
(Madrid)
ENASA—Empresa Nacional Periurban Ciudad Pegaso.
de Autocamiones (National Active (Madrid) Barajas Inhabited Periurban
Truck Company) (Madrid)
ENDESA—Empresa Nacional Undereoin Rural Compostilla.
de Elecrtricidad, SA (National decarbo, r?izatigon (Leén—Aragon— Ponferrada Inhabited Periurban
Electricity Company) Galicia—Almeria) (Le6n)
ENSIDESA—Empresa Periurban Llaranes.
Nacional Siderdurgica, SA Active (Asturias) Aviles Inhabited Periurban
(National Steel Company) (Asturias)
Minas de Rural El Arteal.
Rodalquilar Abandoned (Almeria) Nijar Abandoned Rural
(Rodalquilar Mines) (Almeria)
ENCASUR—Empresa Decommissioned Rural Poblado
Nacional Carbonifera del Sur and . Asdruabal .
. . (Ciudad Abandoned Periurban
(National Company of Coal environmentally Real-Cérdoba) (Puertollano—
from the South) restored Ciudad Real)
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In addition to the National Institute of Industry’s headquarters in Madrid, 5 of the
500 industrial establishments distributed throughout the Iberian Peninsula were selected.
The intention was to offer a varied representation of different industrial sectors, regions,
and current status. Their company towns were also selected.

We tracked the ongoing echo, on social media platforms (Facebook, Instagram, and
Twitter), of these industrial facilities and their adjoining worker settlements. The goal of
this sampling was to approach the recognition of the esthetic landscape values attributed
to these spaces and, particularly, to the attention they attracted on Instagram. Through our
selection of sites, we also sought to trace relationships that remain between the habitats of
20th-century workers and the original productive facilities.

Given the widespread use of company acronyms for the selected facilities, we chose
to track these shortened terms instead of the long official names. Company towns were
instead sampled on social networks for their popular names.

For these industrial hubs, which bring together productive spaces and workers” habi-
tats, we propose an analysis of the contents with the aim of assessing their degree of
recognition. The sampled images are classified according to the following parameters:
people, document, industrial profile, railway stamp, machinery and utensils, urban stamp,
architecture, dismantling, ruin, renewable, heritage event, or other.

With all the information collected in the three samplings, we conducted a comparative
analysis to determine:

- the differences among the three selected profiles;
- what are the most common variables;
- the differences in criteria and content between the different social media platforms.

3. Results
3.1. Sampling #1

Keyword sampling pointed to an uneven diffusion of concepts, as well as the generic
use of terms such as “industrial landscape” (paisaje industrial) or “post-industrial land-
scape” (paisaje postindustrial), and further screening was needed to identify the contents
required for our analysis (Table 3). Sampling on the term “heritage” (patrimonio) pro-
vided more precise findings. The search was limited by a manual quantitative registration.
Ranges, rather than exact figures, are provided in some cases: the lowest value being the
one collected by manual registration and the highest value being the one indicated by the
platform (usually 1000 in Facebook and 100 in Instagram).

Table 3. Results of sampling #1 with data relating to tags on the three social media platforms.

Post-Industrial Industrial Industrial Post-Industrial
Landscape Landscape Heritage Heritage
Facebook 41-1000 103-1000 14,000 0
Twitter 34 109 191 9
Instagram 8 2327 26,995 0

More detailed data on the industrial landscape were recorded on the Instagram and
Twitter profiles of the public administrations (Table 4). Dissemination was limited to specific
sites with figures of cultural protection that are widely recognized; there is surprisingly little
mention of hubs registered in the National Plan for Industrial Heritage or the 100 Spanish
TICCIH Elements.

Apart from these profiles of cultural services within regional and local administrations,
an important number of profiles dedicated to museums and other public entities should
be considered. Some examples are La fibrica de la Luz in Ponferrada (Fundacion Ciudad
de la Energia, @museo_energia), Fundacio de la Comunitat Valenciana Patrimoni Industrial i
Memoria Obrera de Port de Sagunt (@fcvportdesagunt), and Museu Nacional de la Ciéncia i la
Técnica de Catalunya (MNACTEC, Generalitat de Catalunya, @MNACTEC).
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Table 4. Results of sampling #1 for administrative profiles.

Instagram Twitter

Ministry of Culture and Sport

@culturagob (2248 publications) @culturagob (23 million tweets)

Trade unionist Marcelino Camacho’s archive

Mining loading dock at Almeria—Cable Inglés (Enlisted) Médulas, Almadén, and UNESCO sites (Enlisted)
Ribeira Sacra reservoir (Enlisted) Royal Glass Factory of Segovia (Enlisted)

Image of planes from the National Film Archive La Mancha windmill picture

San Isidro suspension bridge of Fraga (x2)

Spanish Institute of Cultural Heritage (IPCE)

No social media account @ipcepatrimonio (9665 tweets)

IPCE Industrial heritage conference

Budapest Bridge

San Sebastian-Donosti

Channel of Castille (x2) (Enlisted)

Contemporary industrial architecture of Asturias
River Tinto Mines (Enlisted)

Royal Glass Factory of the Segovia

Royal Tapestry Factory (Enlisted)

IPCE Dockyards and maritime heritage conference
Vizcaya truss bridge (Enlisted)

20th century agricultural settlements—Docomomo Ibérico
Cinema at Madrid—Palace of Music

Cultural Heritage Service of Castille & Leon Regional Government

@patrimoniojcyl (202 publications) @patrimoniojcyl (1886 tweets)

1st meeting on mining landscapes of Castille and Leén
Precautionary suspension of the demolition of Compostilla II
power plant

Sargentes de Lora Oil Museum (Enlisted)

Chanel of Castille (x2) (Enlisted) Barruelo de Santullan coal mine

Vallejo de Orb6 company town (Photographs of Bustiello Mining heritage of Ledn didactic units for scholars
(Asturias) company town) Lords of Eresma water mill (Enlisted)

Textile industry of Salamanca Acerias (water mills) on Duero River in Zamora
Las Médulas (x2) (enlisted) Channel of Castille (x2) (Enlisted)

Navafria Ironworks (Enlisted)

Rubagon collieries

Castille & Leon mining monuments (Enlisted)
Industrial Heritage Route in El Bierzo

Tourism Service of the Principality of Asturias Regional Government

@ turismoasturias (3449 publications) @ turismoasturias (29.1 million tweets)

Watermill (x6)

Penafura mines

Pozu Espinu—coal mine shaft (Enlisted)
Mining Museum of Asturias (x2)

Pozu Samuio—coal mine shaft (x3) (Enlisted)
Taramundi Ironworks (x5) (Enlisted)

Pozo Soton—coal mine shaft (Enlisted)

Smith work

Asturias Iron and Steel Museum

Niemeyer Cultural Centre (x2)

Path route close to Pozo Espinu—coal mine shaft (x2) (Enlisted)
Industrial warehouses of the Universidad Laboral de Gijon
Rioseco company town and Texeo mines

Mina Pozo Soton—coal mine shaft (x3) (Enlisted)

Industrial Heritage Route in Asturias

Iron Heritage Route in Lluanco

Museums and industrial tourism

Mining Museum of Asturias (x2)

Bustiello company town (Enlisted)
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Table 4. Cont.

Instagram Twitter

Department of Tourism, Culture, and Sport of the Andalucian Regional Government

@turismoand (1170 publications) @TurismoAND (40,900 tweets)
Industrial Tourism Innovation Forum

Rodalquilar Mines (Enlisted) Riotinto minig park (Enlisted)
Riotinto Mines (Enlisted) Tuna fishing gear

Mining loading dock in Huelva

Department of Culture, Tourism, and Sport of the Community of Madrid Regional Government

@patrimoniocm (1112 publications) @PatrimonioCM (17.4 million tweets)
. Atazar reservoir

Old taxi photography .
. . Old taxi photography

El Aguila brewery (x7) (Enlisted) El Aguila brewery (x7)

Qil station

Fulling mill of Colmenar Viejo

El Gasco Dam

Delicias Train Station (Enlisted)

Undeground Services—Pacifico power station (Enlisted)

Silo’s photography in PhotoEspafia Contest

Paper Factory—Photography of serie PELO

Plaza Castilla water tank

Petrol station on Aragon Road no. 388 (Enlisted)
Delicias Station (Enlisted)—archived photography

Another important contribution comes from the following associations, with an un-
equal presence on the various social media platforms: Hispania Nostra (@HispaniaNostra);
Asociacion Madrid, Ciudadania y Patrimonio (@madridcyp); Asociacion Vasca del Patrimonio
Industrial y de la Obra Piiblica (@AVPIOP); Asociacion INCUNA de Patrimonio Industrial (@so-
mos_incuna); etc. Standouts is the specific production dedicated to the enhancement of
industrial heritage produced by the project Patrimoniu Industrial de Asturias (@Patrimo-
niu_Ind) alongside the dissemination work at the citizen level of the architect Diana Sanchez
Mustieles PhD (@Patrindustrial). It is also worth highlighting the echo and dissemination
of the elements inscribed on the Spanish Architectural Heritage Red List of endangered
assets, carried out by Hispania Nostra (Figure 1).

Figure 1. Hispania Nostra’s Instagram post about the demolition of the cooling tower of the Velilla
del Rio Carrion thermal power plant.
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Actions against of the demolition of ENEL-ENDESA'’s thermal power plants in An-
dorra first (February 2021) and Compostilla later (December 2022) generated a significant
volume of content related to the defense of distinctive elements of the landscape on indi-
vidual accounts, NGOs/associations/clubs, or informal civic groups, with a notable echo
on Facebook and Twitter. This brought together different profiles across media, public
administrations, political parties and civic associations, public representatives, experts,
and citizens. Additionally, the active role of Twitter is relevant in the dissemination of
news and statements by the agents involved in the process of enlisting the cooling towers
and chimneys of Compostilla I based on their landscape value, at the request of citizens’
groups. There is also certain controversy on Twitter around the demolition of the Meirama
thermal power plant (Cerceda, Galicia). The support shown by environmental groups
such as Greenpeace Spain (@greenpeace_esp) in favor of the demolition had an important
echo. Such a position is contrary to complaints from cultural heritage defense groups such
as APATRIGAL (@apatrigal). Another example of citizen actions in favor of industrial
heritage with an important echo on social media platforms is that of the Plataforma en
defensa de la Fabrica de Armas de la Vega (@SalvemosVega). This is an initiative that calls for
the modification of the urban integration project of this former weapons factory linked to
INL and the preservation of its values and heritage elements.

In addition to numerous discussion groups that can be found on Facebook, this social
media platform has been identified as an important content niche for historical documen-
tation and dissemination of regional community memory. There are numerous groups
disseminating historical photographs, documentation, and information about industrial
legacy or specific regional areas.

3.2. Sampling #2

Up to 50 tweets that incorporate photographs or videos were selected from conver-
sations about industrial heritage. Table 5 shows some illustrative examples of various
recognizable profiles. Each of the selected photographs (and/or comments) was labeled
with a maximum of 4 variables among the 17 possible. In general, the esthetic—perceptive
and social categories are widely represented; the attributes of collective memory, historicity,
and heritage are the most frequent.

Table 5. Analysis of public publications (tweets) from Twitter.

Personal Profile

Academic Profile

Institutional Profile

@ALEJAND38485481, 17 May 2022
If they put it in, why do they put it in? The
megaphone is good for everything. Look, I see
you chained yourself to a windmill when you
were 90 years old.

@McMulligan3, 2 June 2022
This is yet another chapter in the destruction
of Aragon’s industrial heritage, in which
neither Endesa nor the General Directorate of
Heritage were able to keep up with their
workers or the specialists who guaranteed
their conservation and the assignment of
new uses.

@ENDESA. 13 May 2022
This is the blasting of the 3 cooling towers of
the Andorra thermal power plant, #Teruel.
A historic step toward
#FairEnergeticTransition in Spain.

ALEJANDRO @ALEJAND3848548
Enrespuesta a @jvillamon?._ 71y @E
Sila ponen por que la ponen. Sila quitan porque Ia quitan.El megafono vale

patoo
Miraaverqt

nado a un molino con 90 afios

C\ endesa®
térmica ce A

174



Land 2023, 12, 374

Table 5. Cont.

Personal Profile Academic Profile Institutional Profile
Assigned variables
Critical reactions Assessment of expert Morphological analysis
Environmental impact Perception of the local population Infrastructures
Documentary contributions Intangible heritage Facilities

Collective memory

Collective memory

Environmental issues

Expert profile

NGO/association/club profile

Institutional profile

@javirevilla, 24 November 2022
This is excellent news and as such it is to be
applauded. Heritage is defended and the
institution responsible for it is the @jcyl.
Congratulations on this decision that
safequards our #IndustrialHeritage.

@BierzoYa, 24 November 2022
Bierzo Ya requests to the Junta the declaration
BIC of the towers and chimneys of
Compostilla II [link] Are these elements
difficult to forget or to protect? BIERZO YA

@patrimoniojcyl, 24 November 2022
The @jcyl agreed today the precautionary
suspension of the demolition of the 4 towers of
the Compostilla power plant, located in
Cubillos del Sil #Leon, and initiated
proceedings toward its declaration as an
Asset of Cultural Interest with the category of
industrial property.

Javier Revilla @javirevilla - 24 nov.

Es una excelente noticia y como tal hay que aplaudirla.
El patrimonio se defiende y la institucion responsable de ello es la @jcyl.
Enhorabuena por esta decisidn que salvaguarda nuestro
#Patrimoniolndustrial.

leonoticias.com

La Junta paraliza el derribo la central de Compostilla en Cublllos del Si..
El consejero de Economfa, Carlos Feméndez Carriedo defiende que «es
un patrimonio del que nos sentimos orgullosos» e insiste en que desd.

PLATAFORMA CIUDADANA BIERZO YA @BierzoYa - 24 nov.

B Gieno st ko s deraion 8 ¢ s ey timencass
Compostilla Il - EL BIERZO DIGITAL EI elbierzodigital.com
@ dificil olvidar o dificil de reconocer? BIERZO YA

blerzo-ya-junt

elbierzodigital.com

Bierzo Ya solicita a la Juntala declaraci6n BIC de las torres y chimene.
El portavoz de la plataforma Bierzo Ya, Antonio Lopez, present6 este
miércoles una solicitud ante el servicio de Cultura y Patrimonio de la

io Castillay Le6n @patrimoniojcyl - 24 nov.
cords hoy Ia paralizacién cautelar e la demolicion de las cuatro
/a central de Compostila, ubicada en Cubillos del Sil #Ledn, e
iniciar la incoacion de expediente para su declaracion como Bien de Interés
Cultural con Ia categorfa e bien industrial

9} 1= Q1 & © e o s
Assigned variables
Assessment of expert Perception of local populations Assessment of expert
Heritage Collective memory Heritage
Historicity Historicity Esthetic interest
Scale Functionality Functionality

Personal profile

NGO/association/club profile

Institutional profile

@J_Merino_B, 6 February 2021
The channel and tower (former fire station) on
the front page of ABC still exists.
ENSIDESA veterans tell Hollywood movie
stories about the explosion.

@Patrimoniu_Ind, 30 November 2022
Do you know who were the architects who
designed the Llaranes settlement, a residential
complex comprising more than 1000
dwellings inhabited by workers, foremen and
other professionals from the ENSIDESA
factory? Find out via this link

@UPCTnoticias, 11 November 2019
The Cloud Factory, an environmental
regeneration project in a post-industrial
landscape. The final degree project of the
Asturian architect Daniel Sudrez seeks to
transform the urban facade of Avilés.

, Dawlad @)_Merino_B - 6 feb. 2021

Enrespuestaa @ eMontoto

La canalizacion y la torre (Antiguo parque de bomberos) de |z portada de
ABC, aun existen.

Los veteranos de ENSIDESA cuentan historias propias de pelicula de
Hollywood sobre esa explosién.

&

PATRIMONIU INDUSTRIAL @Patrimoniu_ind - 30 nov.

RZ¥ 4 4Sabes quienes fueron los arquitectos que disefiaron el poblado de
Llaranes, conjunto residencial compuesto por més de mil viviendas
habitadas por obreros, capataces y otros profesionales de la factoria de
ENSIDESA?

Descibrelo en el enlace

;g Tom

patrimoniuindustrial.com

Poblado Obrero de Liaranes - Patrimonio Industrial Asturias

Conoce la historia y estado de preservacion del Poblado Obrero de
Ularanes (Avilés) a través de textos, videos, fotografias y otros enlaces.

© (2] (V) &

UPCT | Universidad Politécnicade C... € @UPCTN.. - 11 nov. 2019
-a G Nubes, un proyecto de regeneracion amoiental en un
paisaje postindustrial.

El trabajo fin de grado de Arquitectura del asturiano Daniel Sudrez busca
transformar I fachada urbana de Avilés.

@ETSAE_upct

Noticia [[J bit.ly/2NBUeVy @

ihi Q1 02 Qs &
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Table 5.

Cont.

Personal Profile

Academic Profile

Institutional Profile

Assigned variables

Collective memory
Personal experiences
Historicity
Functionality

Assessment of expert
Architecture
Town planning
Esthetic interest

Urban design

Architecture

Functionality
Esthetic interest

NGO/association/club profile

NGO/association/club profile

Personal profile

@greenpeace_esp, 21 December 2022
This factory of climate change and health
damage is already in the history. The
demolition of the Meirama thermal power
station will mark a before and after, as a
symbol of coal burning disappears.

@apatrigal, 21 December 2022
Under the ideological flag of the false
environmentalism of the @mitecogob

(Ministry of Ecological Transition) our
industrial heritage is being destroyed,
causing an ecological footprint that we are
not being told about.

@devatrannquila, 24 December 2022
One other example of an interesting
intervention of historic industrial buildings.
The intervention at La Vega factory could take
reference from many of them.

R Tweetfijado

@ Greenpeace Espafia & @greenpeace esp - 21 dic.

Esta fabrica de cambio climatico y de dafios para la salud YA ES HISTORIA.

La demolicion de la central térmica de Meirama marcara un antes y un
después, pues desaparece un simbolo de la quema de carbén.

s YA ES HISTORIA

Deva @Devatranquia - 24 dic.
Un ejemplo més de una interesante intervencién en edificios industriales
histéricos.

Laintervencion en Ia fébrica de La Vega podria tomar referencia de
muchos de elos.

(\) Arquitectura Viva @arquitect viva - 23 dic.
L Ios antiguos talleres en

Gentro Cuitural
Studioninedots
‘Se conserva su esqueleto, cublertas y fachada exterior, Las nuevas

superficies vidriadas buscan abrirse al vecindario e inundar de luz
natural el interior.

arquitecturaviva.com/obras/transfor.

i »

Diciembre de 2022,
P> 6.145 reproducciones 0103 f:0:51 lafyirag?
i 10.2mil O3 0 36 QO e & 0121020 @
Assigned variables

Morphological analysis
Environmental problems
Personal experiences
Historicity

Heritage
Sense of identity
Collective memory
Critical reactions

Personal experiences
Architecture
Town planning
Critical reactions

3.3. Sampling #3

The dissemination of content about hubs linked to INI, and the terms proposed at the
beginning of this article as the basis of the case study, shows notable differences according
to the type of social media platform (Table 6).

The National Institute of Industry does not offer too many results and barely has
a presence on Instagram. It is only mentioned on Twitter and Facebook as a historical
reference, or in conversations with a strong political meaning with hardly any allusions to
landscape legacy or graphic references.

In the case of ENDESA (an acronym for the former National Electricity Company,
active between 1944 and 1998), a detailed analysis was discarded given the high volume
of content still associated with corporate advertising of the ENEL group in which it is
integrated. Instead, we chose to explore two iconic production centers: the thermal power
stations of Compostilla IT (Le6n) and Andorra (Teruel). Compostilla IT offers different results
depending on the social media platform; a notable echo about its landscape and heritage
value is found especially on Twitter as a result of the controversy about its imminent
demolition. Similar results were found in the case of Andorra (ENEL-ENDESA), with
limited presence on Instagram compared with the broad debate on Facebook and Twitter
(Table 7). Abundant content can also be found in inhabited urban hubs, such as the company
towns of Compostilla, Llaranes, and Ciudad Pegaso.
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Table 6. Results of sampling #2.

# Facebook Instagram (# Similar) Twitter
National Institute of Industry 12-1000 4 - (>40) *
Parque Marqués de Suances >100 23 8 90-100
ENSIDESA 68-1000 653 >23 162
Llaranes 79-1000 1000 >78 >500
ENASA <1000 1429 - 60
Ciudad Pegaso 44-1000 594 9 80-100
Rodalquilar >1000 21,000 2418 90-100
El Arteal 7-1000 37 - 5
ENCASUR 22-1000 11 - 77
Poblado Asdrubal 4)* (14) * - (62) *
ENDESA 19,000 15,000 - >100
Compostilla 200-1000 970 47 120

* No active hashtag, but term identified in conversations.

Table 7. Comparison of results between 2 ENEL-ENDESA thermal power plants subject to citizen-
driven heritage processes.

Twitter Facebook Instagram
CT. Compostilla IT >100 100-1000 7
CT. Andorra >100 100-1000 14

Based on the specific study carried out on Instagram, a reduced presence of industrial
production spaces located in rural areas outside tourist circuits is observed (Compostilla;
Andorra; ENCASUR; Arteal; etc.). This limited presence contrasts with that of urban
production facilities with recognizable urban profiles, such as ENSIDESA (Table 8). Spaces
such as the Rodalquilar Mines, inscribed in tourist areas with a consolidated brand image
and formal heritage recognition, enjoy notable diffusion. Much of the Instagram content
related to the inhabited company towns of Compostilla, Ciudad Pegaso, and Llaranes could
be aligned with landscape and heritage sensitivities (Figure 2).

Table 8. Results of sampling #3, with image numbers for each case study.

# ® @D @ ® ™M @© (A @) [RU RN (H (0) Visible

ENSIDESA 626 16 31 138 34 15 47 45 6 29 40 401

Llaranes 1012 21 10 8 5 1 164 42 1 12 315 579

ENASA 1429 6 123 2 1 650 21 18 2 2 181 1006

Ciudad Pegaso 586 13 47 1 1 6 72 22 35 142 339
Compostilla II 8 4 1 2 7

Rodalquilar 21,105 1 3 89 1 20 15 61 1 1642 1833

Compostilla 953 18 18 56 2 2 65 20 8 7 4 9 547 756
El Arteal 36 2 5 7 22 36
ENCASUR 12 4 1 1 4 2 12
P. Asdrubal 14 2 1 1 3 7 14
Inst. Nac. Ind. 4 1 2 1 4
Parque Suances 23 5 1 17 23

(#) publications attached to each term; (Visible) public or consulted publications. (P) people, (D) document,
(IP) industrial profile, (RS) railway stamp, (M) machinery and utensils, (U) urban stamp, (A) architecture,
(Di) dismantling, (RU) ruin, (RN) renewable, (H) heritage event, or (O) others.
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ANALYSIS OF THE GRAPHIC CONTENTS OF INSTAGRAM ASSOCIATED WITH THE POST-INDUSTRIAL SPACES

Parameters m People Document Industrial profile ~ ® Railway stamp
m Machinery Urban stamp m Architecture m Dismantling
Ruin m Renewable m Heritage event Others
Case study
ENSIDESA LLaranes Rodalquilar El Arteal

I y
»

ENASA Ciudad Pegaso ENCASUR P. Asdrubal

Instituto Nacional de Industria  Parque Suances

Ud

=

4

Compostilla Il Compostilla

(

n 4
W

Figure 2. Pie charts relating to public content of the selected case studies found on Instagram.

|

4

3.4. Synthesis

The global results show that:

There is participation, via personal profiles, in debates about the loss of heritage and /or
its degradation. The following factors tend to dominate: social aspects, dissemination of
historical content, and oral memory.

NGOs/associations/clubs and expert profiles contribute to debates and complaints.
They also disseminate information campaigns about industrial spaces or elements and
examples of conservation and rehabilitation. Social and morphological aspects predominate,
with an emphasis on community memory or complaints. Environmental and pollution
issues are not usually featured in discussions about industrial heritage conservation; this is
not the case for ecologist associations that support decommissioning programs.

Institutional profiles of cultural administration services are scarce and limited to dis-
cussing specific events. They are not particularly active in issues related to industrial
heritage. Administrations responsible for heritage issues tend to focus on disseminating
recurring content on landscapes or assets with a consolidated trajectory. Institutional atten-
tion to landscapes and industrial heritage on social media platforms is limited to the activity
developed by entities specialized in the field, such as museums or interpretation centers.

4. Discussion

This quantitative study is limited by no-cost search tools: Facebook does not provide
total data and Twitter is also limited. In addition, a manual count of the registers is not very
operational; without a detailed register, partial data are not very representative. Therefore,
manual counting is not a practical solution for obtaining data with these tools. Limitations
due to the privacy constraints of numerous publications must be considered, yet the
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differential value can be discerned in cases such as Instagram. Apart from the difficulties in
counting, the diversity of content in some cases does not correspond to the search field. For
example, in “ENDESA”, the sample relating to landscape that remains with respect to the
rest of the message (corporate advertising, news, reviews, etc.) is negligible.

In sampling #1, the hashtags that received more interest are industrial heritage > industrial
landscape > post-industrial heritage > post-industrial landscape. This could be interpreted
as a greater acceptance of historical heritage values linked to industrial memory, over the
recognition or understanding of the concept of post-industrial landscape.

In terms of content, several profiles could be distinguished whose content was aligned
to sensitive approaches and distinctive elements of industrial landscapes. In personal
profiles, especially on Twitter, complaints about the degradation and loss of heritage tend
to predominate. Instagram mainly showcases esthetic images linked to travel circuits;
however, the publications of heritage entities such as the NGO Hispania Nostra are likely
to garner some debate. A particular role is played by personal profiles of experts in
the given discipline who act on the different platforms as content disseminators and
dynamizers of debates and complaints. This is the case for Diana Sanchez Mustieles
(@Patrindustrial), J.J. Llera (@EspIndustrial), Diego Arribas (@McMulligan3), and Javier
Revilla (@javirevilla), among others. Groups and associations are very active when it comes
to disseminating news and informative campaigns about industrial spaces or elements,
especially on Facebook and Twitter. Twitter and Facebook are identified as spaces for public
debate and dissemination of citizens’ actions that often do not have fixed digital platforms
(websites or blogs). This is the case for the actions around the demolition of the cooling
towers of the Compostilla and La Robla thermal power plants, when Twitter and Facebook
served as a loudspeaker for civic heritage groups. Radio stations, local media, and political
parties’ profiles have also acted as disseminators of these types of content. In this sense,
social media platforms serve as documentary sources for tracking dynamics, historical
evolution, missing/obsolete functions, protection measures, and proposals for the recovery
of industrial heritage.

The scarcity of content related to industrial memory in institutional profiles is striking.
This phenomenon can be attributed to the lack of specific training of staff, the limited
political weight attributed to these spaces, and the limitations of a reduced workforce. The
dissemination of content by public administration is limited to very specific properties or
landscapes and does not cover all areas subject to cultural protection or equipped with
interpretation centers. There is a notable underrepresentation of industrial heritage and
landscapes over other types of historical and artistic heritage. A specific study on the
presence of content related to industrial heritage on social media profiles of competent
administrations is a possible avenue for future analysis.

In sampling #2, the overall morphological, esthetic—perceptual, and social aspects are
widely represented compared with the environmental aspect, which is directly mentioned
in limited cases. Results show the state of abandonment, ruin, regional disarticulation
of the industrial or post-industrial landscapes plus a growing demand for their patrimo-
nialization. References related to environmental issues are limited. However, there are
also socioeconomic issues in the background, and these should be analyzed separately.
Problems related to the disappearance of heritage legacy of geographically disadvantaged
regions could be related to findings presented by Barrio Rodriguez (2022) [43] regarding
the digital campaigns of the NGO Hispania Nostra.

In sampling #3, the study cases show mixed results. There is a quite reduced echo of the
industrial work attached to the National Institute of Industry as well as an uneven diffusion
of the industrial landscape of the different companies. For example, in ENASA, the images
of machinery stand out (64%), with the industrial and urban landscape of its factories being
limited. ENSIDESA (Figure 3) shows the largest sample and less dispersion in content
unrelated to the study; almost half of the analyzed content is related to the industrial profile
(45.6%). Rodalquilar, although with a representative number of publications dedicated
to the industrial profile or ruin (5%), returns content related to topics unrelated to the
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study. The situation with company towns is similar, with more than 25% of the analyzed
content alluding to topics outside the scope of this study. This question allows us to raise
the possibility that these enclaves have transcended their eminently industrial meaning,
turning into enclaves or place names capable of alluding to other issues of life. In the case
of ENDESA and Compostilla, it is worth mentioning that the “industrial profile” attributed
to the industrial town of “Compostilla” and its former thermal power plant offers a greater
number of publications than “Compostilla II”, which has a limited echo on Instagram.
However, it is possible that the volume of content associated with the landscape significance
of Compostilla II increases while the controversy surrounding its demolition continues.
Likewise, the inhabited towns of Llaranes and Ciudad Pegaso are the protagonists of an
important volume of content attached to the analyzed topics. In the user-generated content
studied in these towns are several references to civic actions of patrimonial recognition. On
the contrary, the abandoned company towns of Asdrubal or El Arteal have very limited
diffusion in social media, and their presence would be explained by the esthetic component
of their ruins.

llmg’lﬂm Q ensidesa @ V @ O @

Figure 3. Some Instagram photos tagged with the hashtag ENSIDESA.

Social media platforms, in their most basic design, serve to relay the latest news.
Undoubtedly, the great novelty of these digital media platforms is their interactivity and
the possibility of producing a dialogue between users that can amplify and enrich the news.
These platforms effectively constitute new forms, spaces, and times of social interaction as
well as new dimensions of culture. Therefore, the information that flows through social

180



Land 2023, 12, 374

media platforms somehow exceeds the mere means of communication, and is part of a new
social configuration—a new way of understanding and interpreting culture [44].

Our results indicate that, at a general level, the information collected on social media
platforms by individuals, groups, NGOs, and associations is likely to show the pulse
of certain sites. The processes of valorization of obsolete industrial landscapes need
a multidisciplinary study to which user-generated content contributes by highlighting
only some of the characteristics of such landscapes. According to Akehurst (2009) [45],
the credibility of user-generated digital content sources are trustworthy. In this sense, we
can state that social media platforms respond to a social demand for the recognition of
contemporary industry and the productive landscape as a community cultural heritage.
However, it is difficult to quantify their scope and level of dissemination. Moreover, based
on the social media platforms analyzed in detail (Twitter and Instagram), there is limited
space for text and therefore not enough margin for a complete reflection.

As for civic debates on social media platforms, it is worth recognizing their current
value in regard to the fact that they are practical cases of application of heritage considera-
tions on elements that have not often been the subject of academic or press attention. In
this sense, we could mention the novelty of the terms raised around the process of decar-
bonization that has opened up new avenues. The obtained results point to a remarkable
echo of concrete heritage actions, such as those surrounding the demolition of Compostilla
IT or Andorra, with a significant influence. More accurate case studies would allow us to
deepen this hypothesis. In addition, further studies could be oriented to the geolocation
of specific sites or elements, and their echo on social media platforms. It would also be
possible to identify recurrent elements over time.

In terms of its reach, Facebook stands out as the most used social media platform,
with people interacting and keeping places of historical memory alive. This is in agreement
with the general data, where Facebook is the second most visited website in Spain, only
after YouTube [46], and the one with the highest number of users [35,47]. Findings of
Liang et al. [26] also highlight Facebook being at the top of the rankings (30%), followed
by Twitter (19%), and other websites (12%). This shows that platforms that are text-based
are the most popular among the global audience. In our results, Twitter stands out as the
most used platform to report cases of abandonment, building demolition, etc. Twitter is
a platform that allows transmitting and maintaining the interest of an event, as pointed
out by the Social Media and Events Report 2011 [48], since most tweets related to an event
occur during its celebration (60%); a second peak arises thereafter due to the publication
of material that users share, representing 35% [36]. In addition, the use of hashtags and
their combination with others already consolidated on this platform allows fostering the
dissemination of the event in social media platforms. Campos-Dominguez [49] highlights
Twitter’s social role in political communication.

Instagram, on the other hand, produces a call-to-action effect on photos uploaded from
certain locations. Recently, researchers have noticed the so-called “Instagram effect”, which
implies that a point-of-interest becomes increasingly more popular when highlighted on
social media [50], independent of its capacity to absorb visitors. Our results indicate that
these are specialized content; industrial and post-industrial landscapes promote consid-
erably less interest than other unrecognized places, in agreement with findings from Falk
and Hagsten [32]. In this sense, Instagram can play a prominent role as one of the social
media platforms that use visuals to raise awareness of cultural heritage [28].

Last but not least, when analyzing the role of institutions and other administrations,
we found that the use of social media platforms to promote heritage is scarce and limited
to the dissemination of information, and therefore not for user interaction. Hidalgo Giralt
etal. [51] had already pointed out that the quality of information showcased on websites,
and the dissemination of digital content in cultural spaces, only reach average values; the
type of information they offer is basic, and user interaction is lacking.
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5. Conclusions

The role that social media platforms play in Spain in relation to the conservation of
industrial heritage and its revaluation has been studied for the first time. The sampling
carried out here was small and very fragmented. Given the enormous volume of data from
various platforms, we found that manual registration was difficult. Further screening is
required due to the fact that the keywords used have meanings that go beyond the field of
study. The use of hashtag tracking and metric analysis of social media platforms is required
for a more precise quantitative study. The use of systems for automating tracking processes,
such as Python scripts, could be considered for further analyses.

The findings of this study show that social media platforms can be used as tools to
disseminate information about industrial landscapes. Although they are considered com-
munication tools, their contribution is only partial in relation to the reality of post-industrial
landscapes. However, it is worth recognizing the added value that their possibility of inter-
action brings as a reference for current civic debates. To this extent, concepts that can be
incorporated into a theoretical discussion on the future of post-industrial landscapes can
be identified in social media debates. In this way, social media could play a proactive role
in the cultural reactivation of these landscapes. In addition, specific tracking analyses can
be oriented toward ethnographic and documentary tasks that could complement inventory
and cataloguing work.

Social media platforms have potential as essential tools for training, awareness of
collective memory, and social cohesion around industrial and post-industrial landscapes.
At the administrative and institutional level, launching social media platforms to encourage
industrial heritage as a touristic resource is vital.

The contents of social media platforms could contribute toward mitigating the difficul-
ties related to the recognition, comprehension, and protection of post-industrial landscapes.
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Abstract: The urban scenarios outlined by the environmental and economic crisis have fostered,
on one hand, the unstoppable gentrification of the most central neighborhoods of the cities; and
on the other hand, a growing associationism committed to cultural and environmental values,
which demands tools from academia to negotiate with the administration. An emblematic case
is that of Arganzuela, one of the three districts of the Spanish capital affected by the rise and fall
of industrialization (the freight railway in 1861 and the M-30 ring road in 1970). The burying of
these infrastructures began in 1990 with the Green Railway Corridor (PVF) operation, a year after
the inauguration in Paris of the Promenade Plantée on the disused railway lands, which allows
us to foreshadow new scenarios. The TRAHERE project researches the state of abandonment and
disaffection of the public spaces of the PVF using social networks as a connection platform with
participatory channels to promote its regeneration. The challenge is to convert the concept of transfer
of results into a more inclusive one of knowledge exchange, which implies a methodological change in
research, with an integrating perspective that combines urban historical studies with artistic practices
of production and postproduction for the dissemination of content on the networks.

Keywords: citizen participation; cultural landscape; industrial heritage; social media; postproduction

1. Introduction

The TRAHERE project is part of a little-explored line of landscape and urban studies
that address documentary and historical research from a contemporary perspective with a
clear vocation to become forums for citizen debate around the topics studied. As a national
precedent, we point out “Aqueous Madrid”, a documentary and artistic research that
considers the emotional reconnection of the city of Madrid with its watery past [1]. A
space for reflection and debate was curated by Malt Cayetano Molina in collaboration
with the International Biological Station DueroDouro’s “Water Project” [2]. Both projects
share the aspiration to combine the exactitude and depth of scientific and urban historical
studies with an artistic perspective, the consequence of a transversal approach, and a
careful postproduction process of the results in order to provide emotional experiences
that can be shared by citizens. In short, they seek to provide the didactic contents with an
aesthetic, contemplative, and operational dimension at the same time.

As a starting point we ask ourselves:

Can the use of digital technology and social networks promote a process of reappro-
priation based on a shared knowledge of the urban landscape and its transformations? If
that is the case, how can we carry it out from the universities?

If the concept of transfers of results entails “the dissemination of the results for their
implementation in society through professional practice” [3], the exchange of knowledge
through social networks implies an open attitude toward a shared knowledge within

Land 2023, 12, 31. https:/ /doi.org/10.3390/1and12010031 https:/ /www.mdpi.com/journal/land

185



Land 2023, 12, 31

the reach of all citizens. In this sense, a change of attitude is proposed here that, in
methodological terms, introduces the postproduction of results as a step after production
and prior to dissemination through academic channels and social networks. Thus, a
predominantly artistic practice is introduced into academic research. In fact, if the term
“production” is synonymous with creation, elaboration, and original composition through
the use of raw materials (from the Latin producere, in turn from ducere, meaning to drive
toward something in particular), the concept of “postproduction” arose in 1989 in the
digital culture as a set of operations that include dubbing, editing, mixing, and the eventual
digital elaboration of sequences with special effects of videos, photos, or music tracks that
precede the staging and/or marketing phase [4] (p. 2094).

The theoretical and conceptual framework is offered to us in this sense by the French
historian and art critic Nicolas Bourriaud, who has theorized about this practice. According
to Bourriaud, the contemporary creator acts as a disc jockey: rather than generating or
composing new forms, he reprograms and combines those that already exist based on his
information [5] (p. 25).

In this theoretical context, the objectives are, at a general level:

e  Encourage a more democratic conservation of the landscape.
e  Foster, at an academic level, a more democratic and open conception of research in the
field of landscape.

At a specific level:

e  To claim the care of the public space and its heritage, thereby promoting its knowledge
in line with a new sensibility.

e To apply historical and heritage knowledge to more open and participatory social
contexts through the use of storytelling techniques and the postproduction of results.

e Indicate strategies for the revitalization and enhancement of the public space by
establishing physical, virtual, and cultural networks through social media.

Therefore, we are trying to give a contemporary response to the complexity of the
contemporary landscape to an increasing presence of neighborhood associations in the
political life of cities.

Our case study, the Pasillo Verde Ferroviario de Madrid (PVF), meets the requirements
of a public space in a state of abandonment with a strong presence of neighborhood associ-
ations and that is very active on the social networks, which they use to share knowledge
about the urban landscape and to call for actions for its improvement and conservation.
Despite being the largest urban development operation carried out in the capital before
Madrid Rio, the residents of the area, and more generally of the city of Madrid, hardly
know its history. Citizens have discovered their public spaces during the pandemic, when
vegetation has taken over the city with an explosion of wild flora, especially around the
tracks and monumental stations of Principe Pio and Delicias, which are located at the
opposite ends of the area (Figure 1).

These starting conditions allow us to apply and validate our methodology through a
study and rigorous analysis of the area and through a proposal for the future linked both to
the river and to the postproduction of the results, which will in turn be disseminated to and
exchanged with the public and the institutions through social networks. In this way, the aim
is to turn the TRAHERE project into an operational tool for exchanging knowledge focused
on the shared care of the urban landscape, which entails a change in the methodology of
the research, as will be explained later (Figure 2).

We have chosen as an acronym of our project the word TRAHERE (TRAin HERitage
Experiences) because it is a Latin verb from which derives, through the Norman and by
successive adaptations, the word (French first and English later) train. From trahere (drag)
derives the vulgar traginare, in Old French (Middle English) trahiner (push something), and
from this the noun to which we refer, train, used in both French and English. TRAHERE
could also be summarized as TRAin HEritage REuse, thereby emphasizing the concept of
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reuse as a postproduction process in which unused materials find, with few means and
without the need for specialized intervention, a new life [6].

Figure 1. State of abandonment of the public space of the PVF: (a) surroundings of the Delicias station;
(b) wild flora on the roads. Photos by Ramon Gémez of Herba Nova for the TRAHERE project.
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Figure 2. Initial objectives. Source: TRAHERE’s own elaboration.

2. Case Study
2.1. Status of the Issue on the Area of Study

Studying the PVF means analyzing and measuring in qualitative and qualitative terms
the impact of the irruption, rise, and decline of industrialization in the city of Madrid—an
arc of two centuries whose analysis has allowed us to verify that in the case of the PVF, the
relation between the generation of public spaces and the defense and care of the industrial
landscape and its heritage is not entirely balanced.
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The specific bibliography on the Green Railway Corridor is brief. The most relevant
is formed by the publications of the Urban Consortium itself [7] and the subsequent ones
of its technical director, Alfonso Garcia Santos, who has detailed in several articles the
experience of management and technical materialization of the operation [8]. There are
brief useful reviews such as those from the guides of the Madrid City Council, in particular
the one published in 2016 and coordinated by Ramén Lépez de Lucio, Alvaro Ardura, José
Javier Bataller, and Javier Tejera [9] (pp. 44-47); and the 2014 guide of the Historical Service
of the Official College of Architects of Madrid (COAM) [10]. Both publications clarify, in
a summarized way, the responsibilities, main legal procedures, phases, and results of the
project. An important contribution is the study published in 1995 by geographers Dolores
Brandis and Maria Isabel del Rio, in which the repercussions of the project management
and the successive modifications in buildability and uses in the affected area are explained
in depth [11] (pp. 113-128).

Among the technical reports, we point out the evaluation of the Green Railway Corri-
dor carried out by Testing Consulting in 2003 for the Ministry of Planning and Cooperation
(MIDEPLAN) of Chile as an example of management along with seven other international
case studies such as Puerto Madero (Buenos Aires, Argentina), San Diego Downtown (CA,
USA), Paris Rive Gauche (Paris, France), and London Docklands (London, UK). The docu-
ment is accessible through the digital library of the Inter-ministerial Office for Transport
Planning (SECTRA). It thoroughly analyzes the management and financing model of the
operation on the basis of data largely provided by the Urban Development Consortium [12].

The recently published book The Urbanism of Transition: The Master Plan of Madrid 1985
by Carlos Sambricio and Paloma Ramos provides data and reflections of interest on aspects
related to the PVF [13].

An important book to help understand the grounds of the operation is Madrid Proyecto
Madrid 1983-1987, which collected the activity developed by the Municipal Management
during the years indicated in the title and was based on a series of operations that laid the
foundations of the Green Railway Corridor a few years before [14].

The original documentation of the Green Railway Corridor is distributed among
multiple files. All the monthly reports of the Technical Assistance to the Works of the
Green Railway Corridor of Madrid are kept in the deposit of the library of the Technical
School of Civil Engineers of the Polytechnic University of Madrid donated by Alfonso
Garcia Santos, who informed us of its existence and location. It is a set of approximately
200 volumes (from the end of 1989, when the operation started, until the end of 1996) with
detailed technical information that is especially related to the railway infrastructure. The
bulk of the photographic, graphic, and documentary documentation is kept in the Regional
Archive of the Community of Madrid (ARCM) and is organized in five volumes related to
the five sections in which the operation was structured (A-B-C-D-E). The documentation
relating to the new interchangers is kept in the General Archive of the Administration of
Alcald de Henares (AGA). The Museum of Science and Technology (MUNCYT) preserves
documentation relating to the multiple files and projects for restructuring the Delicias
station and its surroundings into the museum [15] (p. 153).

2.2. The Green Railway Corridor (PVF) Hypothesis and Objectives

The PVF was carried out between 1989 and 1996 through the 1st Modification of the
General Plan with the creation of an Urban Consortium formed by representatives of the
National Network of Spanish Railways (RENFE) and the City Council. The work involved
the regeneration of an urban corridor of 8 km in length between Puente de los Franceses
in the Moncloa district and the Delicias station in Cerro de la Plata. In other words, it
was a radical transformation of the northwest—southeast arc of the capital parallel to the
Manzanares River (Figure 3).
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Figure 3. The PVF and the scope of action between the Central District of the capital and the
Manzanares River. The parks of Principe Pio, Bombilla, Pefiuelas, Delicias, Mirador de Tierno Galvan,
Cobre, and Bronce stand out, as well as the central boulevard with a bike lane. Source: TRAHERE's
own elaboration.

The burial of the railway route was, in fact, the opportunity for the regeneration of
a portion of the city that occupies 163 Ha in the districts of Moncloa-Aravaca, Centro
(although tangentially), and Arganzuela. The area gained urban parks, intermediate spaces
between landscaped blocks, bike lanes, a central boulevard, and non-residential buildings
at no cost to the municipality. The cost in terms of industrial heritage, however, has been
high: many factories disappeared, some of them of architectural, typological, and cultural
interest; several buildings were reused without much sensitivity; and there is scarce tangible
railway heritage left that is basically limited to the Delicias station, which was converted
into the Railway Museum and the National Science and Technology Museum. In the case
of the Principe Pio station, it is safe to say that it has been mistreated in many ways, both in
the treatment of its surroundings and in a series of extensions unrelated to its initial use
that have trivialized and altered the legibility of the original station.

It was the consequence of the decline of the industrial fabric and the obsolete character
of the 19th-century single-track railway contour line that was intended for the transport
of goods. The process began at the Planning Office of the Municipal Management in a
climate of strongly politicized democratic construction. The burial of the railway route,
in fact, was the opportunity for fairer growth that was in line with planning aimed at
balancing the differences between a northern area of a privileged Madrid and a depressed
and underdeveloped working-class south. In addition, the city discovered the difficulties
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of continuing to grow to the north according to the guidelines of the Zuazo-Jansen plan
of 1929 due to, among other things, the existence of the neighborhoods of Fuencarral
and Hortaleza. This highlighted the development opportunities of a wide swath of the
city already immersed in a transformation phase and with abandoned plots and empty
interstitial areas due to the decline of the industrial sector. The possibility of designing and
shaping a new city with public parks, non-residential areas, and housing was foreshadowed
in a new development in the southwest of the capital [16] (pp. 43—46).

It was a question of modernizing the transport network via the execution of a modern
Network of Suburban and Metro Interchanges and at the same time regenerating the public
space as derived from the restructuring of the disused railway fabric.

The residents of Arganzuela, one of the three districts affected by the operation and in
turn composed of five neighborhoods of the capital, were responsible for the movement to
demand the burial of the rails, which crossed our study area on the surface and frequently
caused accidents [13] (pp. 250-255). This associative system was reactivated in 2002 to
claim a public use of the old Municipal Slaughterhouse and achieved its conversion into
a Cultural Center against the planned privatization, and finally in 2011, as a result of
Operation Madrid Rio, which is tangent to the one we are now dealing with, to defend the
district from a growing gentrification [17] (Figure 4).
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Figure 4. Activism of neighborhood associations of Madrid after the Democratic Transition. (a) First
protest of the neighborhood associations of Madrid in 1977 (Archivos de la Transicion [18]); (b) an
example of the presence of neighborhood associations on social networks: the current profile of the
Pasillo Verde Imperial Association on Twitter.

However, since the PVF ended in 1996, it has remained in a state of total abandonment.
Despite the beneficial effects of the operation, it was not publicized, probably as a result
of a zero-cost financing model, which forced the disused land to be rezoned on several
occasions to increase buildability and consequently its profitability. We found an urban
landscape in a state of degradation due to lack of maintenance and unknown to a large
part of the citizens. Publications, as we said, are scarce, and almost entirely driven by their
own creators.

We ask ourselves: what are the causes of this ignorance and lack of care?

As a starting point we find:

e  Loss of Industrial Memory and Disaffection.
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The PVF today lacks a recognizable identity. In general, the set of railway facilities
will be seriously compromised if the PVF chooses to replace the heritage landmarks with,
according to the testimony of the then director of the Consortium, Manuel Ayllén, a
symbolic framework of Masonic origin whose meaning is ignored by citizens and is not
related to the city and its memory [7] (pp. 10-14). The structuring elements and landmarks
of the PVF have a monumental character not related to the historical memory of the city,
although fragments of its railway past appear occasionally that are disconnected from its
original fabric and meaning. They are seen as solitary elements that are indifferent to the
urban fabric and its inhabitants. All this led us to relate, in an initial hypothesis, the loss of
neighborhood memory to disaffection.

e  The Loss of Connection between the Green Railway Corridor and the River.

The PVF never sought a connection with the river despite being settled precisely
on its old river terraces. In fact, “Terrazas del Manzanares” was the name given in the
early 19th century to the archaeological area located on the old bank of the river at an
approximate height of 600 m above sea level between El Pardo and Getafe. This area,
which affects the entire Railway Green Corridor, was the first settlement in Madrid and
has been logically close to the waters of the river since the Paleolithic, as evidenced by
the discoveries preserved in the Madrid-based Museum of San Isidro and other samples
in the Museum of History of the capital. The burial of the M-30 with Madrid Rio in the
first decade of the XXI century and the newly opened Plaza de Espana today allow us to
imagine new scenarios for the future: an urban continuum that connects the Green Railway
Corridor with the banks of the river through sustainable mobility and a greater biodiversity.
Between the river and rails is, in short, a proposal for an integrated return to the river in a
desirable circularity (Figure 5).
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Figure 5. Two diagrams that synthesize the circularity proposal. (a) The scope of the PVF in the old
fluvial terraces of the river. The following are distinguished: the downtown district, the area of the
PVE, and that of the old terraces. (b) The proposal for the connection project between the PVF and
Madrid Rio “Towards a desirable circularity”. Source: TRAHERE'’s own elaboration.

3. Materials and Methods, “Postproduction” vs. “Transfer”, and Academia in a Process
of Change

As has been explained, we distinguished in the research process between the “produc-
tion” of results and the “postproduction” of them. The first focused on the transfer of results
(book, book chapter, conference papers, and scientific articles) and the second on what
we understand as dissemination and exchange of knowledge through digital platforms,
physical and virtual networks and presence in public spaces. Both phases alternate and
overlap so that production and postproduction of results are understood in a relationship
of constant and mutual feeding.
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In both phases the approach must be, in our opinion, holistic, transversal, and integra-
tive. To achieve this, the first step is the formation of an interdisciplinary team with the
ability to combine humanities with sciences and the digital world, as well as a quantitative
analysis with a qualitative one, in functional, aesthetic, and patrimonial terms. A team com-
posed of an architect (Graziella Trovato, main researcher), an urban planner (Luis Moya),
a heritage manager (Melin Nava, granted for this project by the Carolina Foundation),
urban photographers (Davide Curatola Soprana and Ramén Gomez; the latter specializes
in wild flora and railway botany), and a digital design team (Diego Iglesias and Cristébal
Barios from Hyper Studio). The GIPC architects and researchers (Clara Alvarez Garcia,
Isabel Rodriguez de la Rosa, and Beatriz Salido) have also collaborated in graphic and
audiovisual production as well as in data editing and documentary research. The Pasillo
Verde Imperial Neighborhood Association, the largest of those present in the area, has
also been involved, especially in fieldwork and the location of disused buildings for their
possible transformation for public use.

3.1. Production of Results: Materials and Methods

As a basis for the landscape and urban analysis, the materials used in the first phase
of production of results were:

e  The General Plans: from the Castro Plan of 1860 until today, including the various
modifications of the General Plan of 1985 with which the PVF was carried out. This
documentation, which is kept in the Regional Archive, was unpublished because the
modifications, with the exception of the first, responded to the need to rezone the soil
in order to make bigger profits.

e  Historical cartography: 15 plans in total that included land register and topographic
plans and others related to plots of land from the years 1622 to 2020. In addition,
it includes four orthophotos from 1975, 1991, 1999, and 2020. These documents
were selected based on the degree of information provided to measure the impact of
industrialization in the study area.

e  Atotal of 850 documents that included various documentation from public and private
archives; photo libraries; newspaper archives; and municipal, regional, and state
libraries. They included unpublished and/or unreferenced documentation such as the
original plans of the railway contour line project of 1861 as well as other materials that
documented the creation and consolidation of the PVF in the 1990s.

e  Material obtained from fieldwork carried out throughout the research process. As we
stated previously, part of this process was carried out with the Pasillo Verde Imperial
Association via actions organized through its social networks (mainly Twitter and
Instagram) (Figure 6).

On this basis and with the use of graphic design programs (mostly InDesign, Auto-
CAD, and Photoshop), the method consisted of:

e Developing different location diagrams of the study area accompanied by quantitative
data on the of the operation in its entirety and the balances related to the area occupied
by the railway and industrial heritage, housing, and public and non-residential spaces
before and after the PVF.

e  Tracing the evolution according to the stages of the area from its origins (river terraces)
to the irruption of the railway (1861), the construction of the M-30 ring road (1970),
the burial of the railway (PVF 1990), and the burial of the M-30 (Madrid Rio 2011).

e  Mapping the documentation of archives and locating and indexing it to historical
plans and orthophotos. This allowed a spatio-temporal reading of the PVF understood
as a cultural landscape and the measurement from the quantitative point of view of
the heritage by identifying and differentiating between what has disappeared and
what has been transformed through reuse operations.

e  Photographing the public spaces and historical landmarks of the PVF and its area
of influence. To the urban signature photography (Davide Curatola Soprana), we
conferred an operative role in the critical sense that Zevi attributes to this word; that is
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to say, propositional (for the quantitative and qualitative analysis of the operation) and
at the same time contemplative. At a general level, we tried to capture and interpret
the complex transformation phenomena that affect the Green Railway Corridor today,
which we understand to be extensible to other areas of similar characteristics. These
processes can be either natural or man-made in public policies and citizenship. In their
interpretation, we understood that there was, in part, a solution: to indicate paths that
point toward new and different singularities (Figure 7).

Cataloguing the wild flora and railway botany in 142 files corresponding to the species
registered during the pandemic in a time arc of 5 months. Spontaneous species have
been one of the main protagonists of public spaces since the pandemic. The lack of
maintenance due to COVID-19, in the case of the PVF, must be added to years of
neglect by the administration. Far from constituting a threat to our environment, these
species are a source of environmental wealth and biodiversity. Moreover, as the photos
of the botanist Ramén Gémez show, they are beautiful and have a great richness of
shapes and colors. The cataloguing includes data on the origin of the species, habitat,
and ethnobotany, thus favoring the construction of multiple stories and tales. Gémez
makes it clear: there are no bad species, and they all contribute to biodiversity. In our
specific case, the railway corridors help channel biodiversity and, as demonstrated in
this study, the largest number of species (with two of them on the path to extinction)
have been registered around the stations of Delicias and Principe Pio and the remaining
tracks on the surface. This allowed us to defend the protection of these areas as urban
forests for public use at the height of a neighborhood protest calling for the temporary
cession by ADIF on the land between the aforementioned Delicias station and the
Regional Archive (the former El Aguila Brewery) of the development of a privately
managed leisure center.

Interviewing the main actors of the operation, including urban technicians, engineers,
and neighbors. The interviews were decisive for the research and highlighted the
contributions of representatives of the Neighborhood Association with their testimony
regarding the transformation of the neighborhood. Due to the pandemic, some of
the interviews were conducted via Zoom, which allowed us to record without added
costs and share previously selected graphic documentation on screen that enriched
the discourse regarding heritage in the final video.

Preparing, in a second phase, an Inventory and an Atlas of Heritage that included
what still exists and what has disappeared as well as what is in use and/or reused. For
its development, we considered the Green Corridor within a larger “area of influence”
between the current boulevards (in the route of the old Cerca de Felipe IV) and the river.
The methodology consisted of:

Creating an inventory of 170 heritage elements in the corresponding files. Each of
them included an image of the building that allowed it to be identified, the design
authorship in the different phases and eventual modifications, and the list of uses
and properties from a chronological perspective. There are 70 buildings that have
maintained their original use while 44 have disappeared, of which 10% disappeared in
the period in which the research was carried out (2019-2022). Additionally, three large
groups were found in a state of abandonment, the most prominent being the former
Museum of Military Pharmacy, which could be considered as the headquarters of the
Arganzuela Neighborhood Space (EVA), which was recently evicted from the old Fruit
and Vegetable Market near the Municipal Slaughterhouse by the current government.
Sequencing heritage elements in an Atlas presented as a visual journey through the
city “between river and rails”. This created a spatio-temporal sequence through the
area (both diachronic and synchronic) that was organized in the three sections in which
the entire analysis of the operation was structured (Puente de los Franceses-Imperial,
Imperial-Pefiuelas, and Pefiuelas-Delicias-Cerro de la Plata). The Atlas consists of
177 images from the archives that are alternated with contemporary photographs.
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« Hilo

@\ PasilloVerdelmperial &

@AVVerdelmperial

Paseamos el #parquedelachimenea con Luis Moya y
Graziella Trovato arquitectos urbanistas @ETSAMadrid
@La_UPM, con amplia experiencia disefiando parques
urbanos, para valorar actuaciones recientes #vallado y
posibles mejoras @

#regeneracionurbana #Arganzuela #PersonasSinHogar

10:39 a. m. - 15 mar. 2022 - Twitter Web App

5 Retweets 4 Me gusta

Figure 6. Fieldwork in the PVE. Action organized by the Pasillo Verde Imperial Association in the
Parque del Gasometro via Twitter. It reads: “We walked the #parquedelachimenea with the urban
planning architects Luis Moya and Graziella Trovato @ETSAMadrid @La_UPM, with extensive
experience designing urban parks, to assess recent actions #fencing and possible improvements
#urbanregeneration #Arganzuela #Homeless”.

Figure 7. Image by Davide Curatola Soprana from Urban Reports for TRAHERE. It intends to show
the state of abandonment, squatting, and (at the same time) the potential of this urban space.
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e  Finally, we considered as part of the methodology the elaboration of a proposal for
the future from the viewpoint of circularity and biodiversity to connect the PVF with
Madrid Rio: a proposal of return integrated to the Manzanares in a desirable circularity.

3.2. Postproduction of Results: Materials and Methods

The postproduction phase consisted of transforming the contents and documentation
described above into an audiovisual format. It must be taken into account that if the world
of theoretical production is linear, rigorous, organized, slow, distant, and timeless, digital
postproduction is multiple, selective, fast, and constantly changing.

The phases of the process can be summarized as:

e Development of narrative scripts (storytelling) aimed at an audience not necessarily
specialized but interested in understanding the city of Madrid, the transformations of
its urban landscape, its potential, and its possibilities for future development.

e  Selection of materials and techniques to transform the guides into different experi-
ences of the study area (collages and 3D animations) by preparing virtual tours and
augmented experiences that added temporalities to the physical space.

e  Selection of physical and virtual platforms and appropriate social networks to share
these experiences and improve results (Figure 8).

SOCIAL MEDIA USER /
INFLUENCER COLLECTIVE INTELLIGENGE

0006
oQoee
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Figure 8. Conceptual diagram of the research method in which the postproduction work was
combined with a presence on social networks. The purpose was collective intelligence and ultimately
the Sustainable Development Goal 11, which refers to cities, within the 2030 Agenda. Source:
TRAHERE'’s own elaboration.

4. Results

The storytelling scripts were outlined in the transformation of the material produced
into audiovisual content in MP4 video format of variable durations and resolutions that
ranged between 3 and 12 min and 720p and 1080p, respectively, depending on the destina-
tion network and whether it was recorded face-to-face or through a virtual platform. We
highlight five derivative scripts in five results described below:

e  The first virtual trip developed was a flight through the study area. It was a 3D
animation made using Google Earth that covered an itinerary between Puente de
los Franceses and Atocha. It was accompanied by indications related to the urban
landmarks of the PVF and its urban spaces and by sounds of the urban environment
(birds, tree leaves, and walkers) and the commuter train that currently runs through
the area next to the metro that was previously registered.

The second trip, which was of a documentary nature, was structured in three blocks:
Background: rise and fall of the industrial fabric.

The green railway corridor: the project, the works.

Future prospects.
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The tour immerses the viewer in the river terraces of the Manzanares: sequences of

images and selected shots of the riverbed alternate with the previously elaborated graphic
documentation to lay the foundation of the project proposal: if these were the terraces of
the river, now they have to go back the way they were. In the background, the sound of the
waters of the Manzanares and the birds that populate the area can be heard.

m Q entre rio y rafles "

The third trip, made by Curatola Soprana with sequences of images and shots taken in
different areas of the PVF, portrays daily life through its inhabitants.

The fourth journey, which is elaborated from the Atlas, is a space-time journey through
the area. It shows the transformations of the urban landscape and its heritage land-
marks. The sound was edited on the basis of the nostalgic theme “Just (After Song
of Songs)” composed and performed by David Lang for the soundtrack of Paolo
Sorrentino’s Youth (2016). It is a song to lost loved ones that was used in reference to
the demolished or abused heritage.

The fifth trip, which is presented as a sensory and contemplative experience, was
organized from the photographs of Ramén Gémez as a sequence of images of the plots
occupied by the wild flora that alternates general shots with others of details of plants
and flowers between rails, sidewalks, and pipelines.

The sixth trip, “Between river and rails”, consists of the design and curatorship of the
exhibition currently installed in CentroCentro, Cultural Center and Exhibition Hall of
the City of Madrid, housed at the Palacio de Cibeles [19] (Figure 9).

nicio

Publicaciones Productos Personas Empresas Empleos G

é Recomendar & Comentar r:] Compartir 1 Enviar

José Maria Ezquiaga Dominguez - Ter
Socio Fundador en Ezquiaga Arquitectura Sociedad y Territori...
Tmess ®

La exposicion Entre rio y railes es una invitacion a reflexionar sobre el impacto de
la industrializacién y de su declive en Madrid a lo largo del Pasillo Verde
Ferroviario, en las antiguas terrazas fluviales del Manzanares. Ocho kilén ...ver mas

NG

-

(5 Recomendar @ Comentar [:’_j Compartir 1 Enviar

Figure 9. The exhibition “Between river and rails” announced and commented upon on LinkedIn by

José Maria Ezquiaga, Head of Urban Planning of the Municipal Management in the 1980s and one of

the first promoters of the PVF who today is an expert on urban planning.

For the dissemination of results, a TRAHERE YouTube channel was created and linked

to the project website to seek the interconnection between the academic platform and
the digital channels and networks using a QR code and a project profile on Instagram
(username: entre_rio_y_ra-iles.trahere).
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The interviews conducted with the different actors involved in the PVF operation as
well as those with international experts and representatives of neighborhood associations
were edited, published on the TRAHERE YouTube channel, and referenced to the project
website [20].

All of the documentation prepared was shared with the neighborhood associations
that, in addition to collaborating in the previous phases as explained above, participated in
various acts of the dissemination of the results. This included sharing the presentation of
the book at the Ateneo de Madrid and the inauguration of the exhibition in CentroCentro
mainly through their Twitter channel (PasilloVerdeImperial: @AV VerdeImperial), as well
as materials and ideas: “if these used to be the terraces of the river, they must be so
again” (Figure 10).

< Hilo

wmd, PasilloVerdelmperial @8 @AVVerdelmperial - 20 may.
En respuesta a @AVVerdelmperial
""Si éstas son las #terrazasdelManzanares, deben volver a serlo”
Graziella Trovato @ETSAMadrid #PasilloVerde

O 1 e B L 2

-

el PasilloVerdelmperial @ @AVVerdelmperial - 20 may.
"El #PasilloVerde, gran desconocido, gané espacio para viviendas, pero
arrasé con el #patrimonioindustrial del que queda muy poco”

Graziella Trovato @ETSAMadrid

Figure 10. The presentation of the book Madrid, Between River and Rails [19] through a Twitter thread

197



Land 2023, 12, 31

of the Neighborhood Association. The images show a projection screen with the PVF study area,
analysis, and proposals. The neighbors shared and made the information and the objectives of
the research their own. The tweets read: “ ‘If these are the #ManzanaresTerraces, they must be so
again’ Graziella Trovato @ETSAMadrid #PasilloVerde” and “ “The #PasilloVerde, a great unknown,
gained space for housing, but destroyed the #industrialheritage of which very little remains’ Graziella
Trovato @ETSAMadrid”.

Through the exhibition, the TRAHERE project is present on the social networks of
the Madrid City Council (CentroCentro), including Twitter (15,400 followers), Instagram
(22,900 followers), and Flickr, where a complete photographic report of the room is avail-
able [21] (Figure 11).

= T

Figure 11. Image sequences of the exhibition “Between river and rails” on the Flickr profile of
CentroCentro, an exhibition hall and cultural center of the Madrid City Council, at its headquarters
in Plaza de Cibeles. Its curation was the result of a process of storytelling and postproduction of the
results of the TRAHERE research.

All of the videos were uploaded to a YouTube channel specifically created by Centro-
Centro for the exhibition and shared through the aforementioned page, where it is also
possible to download the brochure.

In addition to organizing face-to-face visits to the exhibition, there was a live one-
hour presentation on Instagram within the Asymmetric Reading Club directed by Maria
Fernandez and Juan Garcia Millan that included a tour and description of the different
sections that composed it and all of its material (Figure 12).

The video, which can be downloaded through this social network on the Asymmetric
Editions profile, has so far registered 428 visits [22].

The project has been shared on social networks by citizens. For some, it offers an
opportunity to reflect on the city’s past and its transformations with a certain nostalgia for
its lost heritage. Sometimes it is carried out through play: this is the case of Bico, who poses
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riddles about singular patrimonial elements little known by the public. In his tweets, he
provides data related to his recollections. In this instance, he shared one of the panels from
the exhibition “Between the river and rails” with images of the old Colomina factory on
Paseo de las Delicias that was transformed into a residential building in 1982 by Luis Moya
and Guillermo Cabeza [23]. Bico specifies that Colomina manufactured liquid carbonic
acid and was huge, facing two streets (Delicias and Embajadores) (Figure 13).
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alas 19:00h

e I Ver video

(b)

Figure 12. One-hour Instagram Live guided tour showing all the results and including the videos.
(a) The banner; (b) an image of a moment of the video documentary “Las terrazas del Manzanares”.

For others, it is an occasion for critical debate as one of the topics on how the models
for financing and management of public space can influence its conservation or abandon-
ment (Figure 14).
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se olvidan de la fabrica Colomina

ede verse?

hoy edificio de viviendas ;En qué via p
Paseo de las Delicias
Paseo de la Chopera
Paseo de las Yeserias
Paseo de Ia Esperanza
aaiMadrg ®Arganiuels

800D F

Lotizne de brea @ieo 27 oct

Zpuesta a @Capit

En el Paseo de las Delicias
Siempre me ha fascinado ese edificio

Una péna qué &se tramo del paseo esté tan degradado

Q1 t L :

quido v era enorme, tenia fachada a

Q ] L
(a) (b)

Figure 13. Twitter thread with a photo of a panel from the “Between river and rails” exhibition with
a riddle about the Colomina factory. Here, Bico shares his memories and presents new information

about the building before the remodeling. (a) Twitter thread; (b) project of Moya and Cabeza
from 1982.
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@ PasilloVerdelmperial @@ @AVVerdelmperial - 6 dic.
b "Entre Rio y Railes" @centrocentro destaca por las fotos, maquetas y
planos de numerosos archivos (publicos y privados) que nos invitan a
conversar &

@memoriademadrid @MuseoNacionald1 @rabasf @circoprice
@PatrimonioCM @ArchivosEst @BNE_biblioteca @FUNDACOAM
@rfabricatapices

Naranch @ Naranch_ - 1 nov.

. En respuesta a @madridete
Esta muy top la exposicién.
Plasma muy bien la transformacién del cinturén industrial céntrico + ffcc en
tejido urbano. Y como en este caso primé el ladrillo frente al “verde™.
Procesos similares sucedieron en Barcelona, Valencia o Bilbao.

Q1 u L &

Antonio Rguaz y @madridete - 1 nov.

En respuesta a @ Naranch_

Es curioso ver cémo en los folletos de la época presumian de que la
operacién no costaba nada al erario piblico. Bueno, si costaba, la cesién
de un montén de terreno para haver pisos. Una operacién que empezé a
gestar Tiero y que acabé Manzano. Normal que se acabara degradando.

O u L B )

Mostrar respuestas

Figure 14. Twitter thread by the Asociacién Pasillo Verde Imperial that included photos of neighbors
visiting the exhibition. A debate was generated around the “zero cost” management model and the
state of abandonment. Two neighbors indicated the photo of the authorities in the presentation of the
PVF model. Among the comments can be read the following: Naranch replying to @madridete: “The
exhibition is very top. It captures very well the transformation of the downtown industrial belt +ffcc
into urban fabric. And how in this case, brick prevailed over ‘green’. Similar processes took place in
Barcelona, Valencia or Bilbao.”; Antonio Rguaz: “It is curious to see in the brochures of the time how
they boasted that the operation did not cost the public treasury anything. Well, it did cost the transfer
of a lot of land to build flats. An operation that Tierno (Enrique Tierno Galvan) began to develop and
that Manzano ended. No wonder it ended up degrading.”.

5. Discussion

Fernando de Teran argued: “It is a very interesting and singularly satisfactory part
of the not always pleasant history of modern urbanism which refers to the way in which
the conceptual understanding of the action on the urban reality has been built (and the
legal attention and social valuation derived from it) to protect, defend and care for what
has been generically called cultural heritage. Until reaching the current situation, in
which the idea itself has widened, evolving and transforming from a mainly objectual
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perspective to another that is fundamentally environmental, which implies and incorporates
notions that come from ecology and an attention to the environment and leads to an
intention of general protection of biodiversity. All of which configures a much broader
and integrative understanding, which in reality supposes a certain redefinition of the
conditions of human intervention on the existing, including of course and in the first place
the inherited city” [15] (p. 8).

In our case, the study of the PVF gave us the opportunity to study and suggest a pro-
posal for the future of an area equipped with a strong associative fabric that, approximately
three decades ago, promoted a process of reuse of railway heritage that we continue to
debate today.

In the final phase of the research, a discussion forum was established with international
experts who endorsed our initial hypotheses and method of study and pointed toward the
process of reuse as the future of urban and architectural heritage to respond to the crisis of
resources in which we live. We cite, among the cases analyzed for their analogy with our
case study, the Paris Rive Gauche (France) and The Seven Railway Scales of Milan 2030
(Italy), which is predicted to be one of the largest urban regeneration operations of the next
decade [15] (pp. 230-270). Both reuse and recyclage are concepts that emerged, in fact, in the
middle of the energy crisis in the 1970s as an expression of the need to curb the consumerist
euphoria of the good life and promote the saving of natural resources. Reuse, in addition,
is in itself participatory because, unlike restoration and other intervention techniques in
heritage areas, it implies forms of appropriation that do not require technical specialization.
Our era manufactures objects of all scales with a vocation of precariousness and temporality
from a perspective of pure consumerism at the economic level and opportunism at the
political level. This inevitably affects our immediate surroundings, our desks, our houses,
our buildings, and our public spaces. Nowadays, thinking in terms of reuse, in our opinion,
is better defined as an act that comes from a broader awareness of postproduction and
inclusion rather than recycling. The prefix “post-", Bourriaud reminds us, does not indicate
a conceptual overcoming but a zone of activity and an attitude [5].

The urgency of this change is evident, and the continuous aggressions toward the
urban landscape confirm it. The TRAHERE project aspires, with its presence in public
spaces such as CentroCentro and the social networks, to contribute to this change.

6. Conclusions

This research project aimed to discuss the postproduction of the urban environment
through a process of the postproduction of academic results for their conversion into a
forum for urban debate.

Converting the concept of the transfer of results into that of knowledge exchange implies,
as we stated previously, a new approach to research. The digital age has imposed a
paradigm shift in which any barrier between the theorist (the researcher/narrator) and their
“spectator” has been erased. The critical distance imposed by the book as a physical object is
blurred in the “copy-paste” world of networks where everything is shared and commented
on and thus transformed. Hypertext, as McLuhan already warned us, resembles the
pre-alphabetic oral world where stories were enriched by new stories and characters in
their journeys from town to town [24]. Beyond the problems of regulation and control of
copyrights that all this poses, as well as the future implementation of blockchain systems
to defend institutional rights, the academic world faces new challenges that at the same
time involve the possibility of turning scientific research into shared knowledge that is
available to all citizens. After the publication of the book Madrid, Between River and Rails.
Past, Present and Future of the Railway Green Corridor [15], the first result of the research, both
the materials and the inspiring ideas of this project have been shared in physical (Madrid
City Council) and virtual (Twitter, Instagram and other mentioned networks) forums of
neighborhood associations and institutions (in addition to the City Council and the Spanish
Association of Landscape Architects, we mention the Railway Museum, among others)
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apart from citizens who warn of modifications and changes and interact with the contents
of the research (Figure 15).
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Figure 15. Presence of the research on Instagram through: (a) the profiles of the Railway Museum of
the Spanish Railways Foundation (FFE); (b) the Madrid City Council; and (c) a citizen (the prominent
architect and activist Carmelo Rodriguez, founder of Enorme Estudio).

All these stories in their various formats encourage new areas for reflection and debate
on the conservation of the urban landscape. In addition, they open up new avenues
for analyzing the current and future presence of academic research on social networks
through postproduction processes and the dissemination of results. Their tweets and
comments become part of the story and create new fields of reflection and avenues for
research (Figure 16).
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Figure 16. (a,b) Twitter thread from a citizen who made the story about the PVF his own and enriched
it with his memories. (a) It reads: “The Exhibition Between River and Rails that can be seen in the
Palacio de Cibeles is very interesting. It deals with the regeneration processes of the Arganzuela
area between the Green corridor and Madrid Rio. Surely some of you remember these panels” (... )
“The whole area underwent a huge transformation. Here you can see, for example, the beginning of
Pedro Bosch, Santa Maria de la Cabeza and Ferrocarril street, where the train used to go underneath
a tunnel until it passed Paseo de las Delicias”.
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Abstract: Cultural Ecosystem Services (CES) are undervalued and poorly understood compared to
other types of ecosystem services. The sociocultural preferences of the different actors who enjoy
a landscape are intangible aspects of a complex evaluation. Landscape photographs available on
social media have opened up the possibility of quantifying landscape values and ecosystem services
that were previously difficult to measure. Thus, a new research methodology has been developed
based on the spatial distribution of geotagged photographs that, based on probabilistic models,
allows us to estimate the potential of the landscape to provide CES. This study tests the effectiveness
of predictive models from MaxEnt, a software based on a machine learning technique called the
maximum entropy approach, as tools for land management and for detecting CES hot spots. From a
sample of photographs obtained from the Panoramio network, taken between 2007 and 2008 in the
Lozoya Valley in Madrid (Central Spain), we have developed a predictive model of the future and
compared it with the photographs available on the social network between 2009 and 2015. The results
highlight a low correspondence between the prediction of the supply of CES and its real demand,
which indicates that MaxEnt is not a sufficiently useful predictive tool in complex and changing
landscapes such as the one studied here.

Keywords: cultural ecosystem services; social media; geotagged photographs; maximum entropy
models; MaxEnt

1. Introduction

In the last ten years, there has been an increase in studies using social media geotagged
photos to analyze both people’s perception of their lived environment and their behavior
in it [1-3]. These photographs, and their accompanying information, have opened up
the possibility of quantifying landscape values that have been difficult to measure until
now, especially those related to cultural ecosystem services (CES). CES can be defined
as “non-material benefits people obtain from ecosystems through spiritual enrichment,
cognitive development, reflection, recreation and aesthetic experiences” [4] (p. 58).

Despite their relevance, CES evaluation remains disregarded and poorly understood in
comparison with the other material ecosystem services [5]. The socio-cultural preferences
of the various stakeholders who enjoy a landscape are intangible and challenging to
assess. Consequently, researchers usually resort to interviews, questionnaires, participatory
mapping and focus groups [6]. Yet, the growth of social media’s users and, particularly,
platforms where people post geotagged photographs have provided us with a large amount
of data on landscape perception. Numerous methods have unfolded to spatially define
CES, as well as to characterize and to visualize them [7]. The more common tend to bring
together quantitative and qualitative analysis, frequently combining land cover maps with
image cluster analysis and automated image recognition [8-13].
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Recently, a new line of research has been opened that consists of determining areas
that can potentially provide CES from the current distribution of geotagged photos. For
this purpose, distribution modeling software is used to identify degrees of significance of
different environmental variables in relation to the photographs and to identify potential
hotspot areas of CES. For example, well-known models, such as the Integrated Valuation
of Ecosystem Services and Tradeoffs (InVEST), have developed specific applications to
predict recreation and tourism hotspots and future patterns of use from social network
photographs [14]. It is more common, however, to use the open-source software MaxEnt in
this operation, a maximum entropy modeling software oriented, in principle, to biologists
to predict the distribution of species from current presence data. The use of MaxEnt in
relation to social appreciation of the environment is not new. The SolVES (Social Values for
Ecosystem Services) program, developed by the U.S. Department of the Interior, already
incorporates the use of maximal entropy modeling software to cross-reference social values
(aesthetic, biodiversity or recreational) with explanatory environmental variables [15]. By
crossing these data with environmental variables, it provides a map of suitable habitats
where these species may be present [16]. In the present case, the species presence layer is
replaced by that of georeferenced photographs to calculate the probability of a photograph
being taken in a certain place. In short, the potential supply of certain recreational services.

In fact, so-called affective computing has been making use of maximum entropy
models also in close relation to social networks and CES [17-19]. As a result, there has
been a growing number of investigations using georeferenced photographs and MaxEnt to
determine the potential supply of CES in a given geography. The advantage offered by this
software is that the presence data are sufficient to model the potential distribution. Further-
more, by means of jackknife resampling, it us allows to establish the degrees of relationship
between the presence of the photographs and the different environmental variables [20].
Specific applications of the study of geotagged social media photos using MaxEnt are
varied, both in terms of task and procedure. For example, Richards and Friess [11] use it to
study coastal mangrove forest habitats and potential visitor interest based on distances to
access points, communication infrastructure and viewpoints. Yoshimura and Hiura [21]
apply it to the island of Hokkaido by comparing an area of demand based on viewsheds
using geotagged photos as a viewpoint and a supply provided by cross-referencing data
with MaxEnt. Clemente et al. [22] apply it to a natural park in Portugal and study proximity
indices at different variables, assuming that the greater the distance, the lower the attrac-
tiveness of a biophysical component or infrastructure. More recent studies have increased
the scale of application to the whole European continent [23] or have added the location of
historical and cultural sites to the environmental variables, which brings a heritage reading
to the potential interest of the landscape [24].

These references coincide in that they obtain the georeferenced photographs from the
Flickr social network, mainly because of the ease with which they can be downloaded from
its API and because of the data it contains. The number of photos used in each study varies
greatly, from 250 to almost 7 million. This depends on the size of the study area, which, as
can be seen, is also very varied, ranging from small, protected areas to entire continents.
The photos are usually classified according to different CES or according to the elements
photographed, either manually or automatically (using, for example, Google Cloud Vision).
The environmental variables with which they are crossed are generally the same: land use
and land cover, geomorphology and co-communication infrastructures. Although other
variables such as heritage assets are often added. The final result is highly dependent on
these variables.

The references cited above use MaxEnt as a CES supply potentiality tool, but do
not question the effectiveness of this software itself. In general, they all validate the
quality of the models using the area under the receiver operating characteristic curve as a
parameter [20]. If this area, or AUC, is close to 1, the prediction is considered perfect, and
if it is below 0.5, the model prediction is considered to be as good as random. Therefore,
this method is validated by a result provided by the software itself and not on the basis of
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external checks. A review of the literature shows that, although several of the references
include in the discussion a critique of social media photographs as univocal representations
of the population’s interest [12,22,24], they do not criticize MaxEnt as a mechanism for
predicting their potential distribution.

Based on these arguments, this paper takes as its starting point a criticism that The
Natural Capital Project [14] had already made of predictive models: that they require
assuming that people’s responses to environmental variables will not change over time.
That is, the use of MaxEnt presumes that, in the future, people will continue to be attracted
or repelled by the same factors as today, and even that these factors will remain unchanged
over time. A question arises here: how valid is MaxEnt really in predicting potential interest
in specific CES? To answer it, this research consists of comparing the actual evolution of
social media geotagged photos with the prediction that MaxEnt would have made based
on passed information. To do this, we use the photographs uploaded to the Panoramio
social media network between 2006 and 2015 in the Lozoya Valley, a complex landscape
north of Madrid. The case study has been selected because it combines natural and cultural
values, because it is of great tourist interest and because previous work has shown changes
in the valuation of CES in recent decades [25].

Here, we question the validity of MaxEnt as a predictive tool for landscapes as complex
as those of the Lozoya Valley. The objectives of the study are the following:

i.  To determine the validity of social media geotagged photos as a basis, and of MaxEnt
as a tool, for predictive studies of future landscape users’ behavior.

ii.  To determine the differences between the quantification of the future spatial distribu-
tion of geotagged photographs and their real qualitative changes.

iii. ~To propose a comprehensive approach to the actual complexity of the photographs
uploaded by users to social networks to assess future CES interest.

2. Materials and Methods
2.1. Research Area

The study area, selected within the Lozoya Valley, covers approximately 776 km?, be-
longing to 25 of the 30 municipalities that constitute the valley. The Lozoya Valley (Figure 1),
is located in the northern Sierra de Guadarrama in the Lozoya river basin (Madrid region,
Spain). The area’s main connection with the rest of the region is through a single highway
(A-1 Route). The Lozoya Valley has its highest elevation at Penalara peak (2428 m a.s.l.) and
the lowest elevation in the adjoining area of the Lozoya rivers (100 m a.s.l.) and includes
30 municipalities. The Lozoya Valley is a heterogeneous landscape with forest, settlements,
water bodies such as reservoirs and a mosaic of traditional land uses containing pastures,
meadows, hedgerows, ash groves and riparian forests, all of which are well preserved in
most cases [26]. Over the centuries, the valley has come under different land uses and
rural activities which have shaped the landscape and their traditional way of living along
the centuries that have resulted in a region of great socio-ecological value. Currently, this
heritage landscape is under several categories of protection.

Thus, the Lozoya Valley is within the boundaries of the Sierra de Guadarrama National
Park (established in 2013) and the Sierra del Rincén Biosphere Reserve (2005), and it also
belongs to the European network of protected sites Natura 2000. Several areas inside the
valley also fall under other types of recognitions: (i) The Montejo de la Sierra beech forest
(Natural Site of National Interest, 1974, and subsequently UNESCO’s World Heritage Site,
2017); (ii) The Monastery of El Paular (Historical-Artistic Monument of Spain, 1876), and
(iii) the Neanderthals Valley (Cultural Interest Asset, 2004). Recently, the High Valley of the
Lozoya River has been proposed as a model of Heritage Cultural Landscape to UNESCO by
the Spanish National Plan of Cultural Landscape [27]. Because of this, the area is a touristic
hotspot appreciated by visitors to the Madrid region [26]. However, recent studies have
shown that increasing tourism and conflicting management legislation caused a rurality
loss and an urban sprawl throughout the territory, transforming the ancient agropastoral
landscape into a wilderness [28]. The comparison of surveys conducted with visitors in
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2007 and 2017 shows that these changes have had an impact on their way of understanding
the landscape of the Lozoya Valley: from valuing the cultural components more, to now
valuing the “naturalistic” ones more [26].

e Lozoya River

Highway network

I City of Madrid

MDT 50m

o 2414.04

B 440
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[ sierra del Rincén Biosphere Reserve
- Sierra de Guadarrama National Park
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[ ="

Figure 1. Map of the Madrid Region with the Lozoya Valley area of study in the north.

2.2. Materials

The basis of the study is the georeferenced photographs uploaded by users to the
Panoramio website between 2007 and 2015. Panoramio was a website specialized in sharing
georeferenced audiovisual material accessible as a layer in Google Earth and Google Maps.
It was active between 2005 and 2016, when it closed, although the layer on Google Earth
was available until January 2018. Panoramio is very similar to Flickr but, rather than a
social network per se, it is considered to be a means of sharing photos and videos by
users [24]. Sometimes both Panoramio and Flickr have been used to study the CES of a
place [29] and have been found to provide similar patterns of landscape values, at least on
the European continent [30]. Panoramio photos, as opposed to Flickr photos, are usually
obtained manually [31], although they can also be obtained through APIs [32]. In the case
of this article, the professional services of a company were hired to bulk download all the
photographs uploaded to Panoramio in the Region of Madrid between 2007 and 2015.

As a result of this operation, a list of 54,956 photographs was obtained, half of which
were located in the metropolitan area of Madrid. A selection of those located in the
municipalities that make up the study area reduced this number to 3192 photographs
located in the Lozoya Valley. Given that the references of studies of this type first make a
classification of the photographs based on the elements that appear in them, only those
photographs that could still be located on-line were taken for the sample. Before Panoramio
disappeared completely, the Mapio website (https://mapio.net/, accessed on 7 May 2022)
made an extensive transfer of its collection. Some of which can still be located today. An
automated search made it possible to locate and download a total of 1728 photographs that
serve as a starting point for the study. The attributes associated with the photos include
the username, upload date, title and hashtags provided by the user, and the location of the
photo. The biggest difference between the photos refers to the years in which they were
uploaded (Figure 2). Subtracting 91 that do not contain a date, most of the photos in the
sample were uploaded in 2007 (142), 2008 (752) and 2009 (442). The year with the least
number of photos is 2014 (18).
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Figure 2. Number of photographs per year in the Panoramio sample.

2.3. Methodology

This research compares the prediction of potential demand of CES in an area with the
actual demand. To do so, we use social media photos instead of species occurrences in a
species distribution modeling software for understanding the spatial distribution of people
preferences for CES. Actual demand is measured based on photo density. To correlate
both datasets this methodology followed a four-step process: (1) database preparation and
filtering, (2) variable selection and MaxEnt modeling, (3) modeling of the actual demand,
and (4) elaboration of a correlation matrix.

2.3.1. Georeferenced Database of Social Media Photographs

First, the images are classified according to a series of categories linked to CES and
the most represented elements (Figure 3). The classification is done manually and by two
different researchers, and the differences are then compared by a third one. The method
thus follows other manual classification methods used in similar studies [11,22]. In this
way, each photograph is assigned one of the categories in Table 1.

Only
photos

image AT
—-v--—‘—‘—-rv-

FILTER CLASSIFICATION PUD

Figure 3. Diagram of photograph database processing and sampling.

Table 1. Photographs categories.

Category Description
Natural system Majority presence of flora and fauna in a wild state.
Urban system Majority presence of architectural and urban elements
Rural system Majority presence of agrosilvopastoral elements.
Water bodies Majority presence of aquatic elements, very common in the zone.

Recreational activities
Cultural activities

Presence of people engaged in sports or walking activities
Presence of museums, monuments, food or typical products.
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The categories are divided into systems (natural or naturalistic tendency, urban ten-
dency and rural tendency) and activities linked to the CES (recreational and cultural). The
presence of bodies of water was added as a category in its own right after checking the fre-
quency with which they appeared in the photographs. The Lozoya Valley is characterized
by a hydraulic system that combines rivers and artificial elements such as reservoirs. Since
it is difficult to differentiate whether a user is photographing one of these bodies of water
on the basis of whether it is considered natural or artificial, the presence of water is taken
as a characteristic aesthetic value of the valley.

Once classified, a sieve is applied to the collection of images to remove unwanted
tendencies. This is common in research related to social network photographs, since there
are usually users who upload several photos on the same day, which can generate biased
deductions. For this purpose, the PUD (Per User Day) method is used, a form of screening
that avoids this problem based on randomly selecting, from the initial sample, one photo
per user per day [7]. Given that there are also methodologies that consider this type of
reduction in the original sample to be negative [33], and that this paper is oriented towards
a critique of an established method, the analysis is carried out with two samples: the
original, with 1728 photographs, and the PUD, with 709 photographs.

2.3.2. Data Processing and Confrontation

Once the photographs have been classified and screened, we proceed to their analysis
using MaxEnt. To do this, we divided the sample of photographs into two periods: one
used to develop the predictive model (Base Demand Sample) and the other with the actual
distribution of the photographs (Actual Demand Sample). For the first period, photographs
from 2007 and 2008 are selected, which account for approximately half of the photographs.
For the second period, we take the photographs between 2009 and 2015. The purpose is
to test how close the MaxEnt would have been to determine CES demand in the future.
This division of the database makes it possible to develop a predictive model from the
2007-2008 data and check whether it matches the actual demand up to 2015 (Figure 4).

COVARIANCE
AND
CORRELATION
MATRIX

Figure 4. Modeling and correlation diagram.

Therefore, we use as species the point data from the Base Demand Sample and transfer
it to MaxEnt 3.4.4 [20]. To this, we add a series of environmental variables: (1) 2006
land cover; (2) altitude; (3) average atmospheric temperature; (4) distance to roads; and
(5) distance to cultural assets. Except for the last one, the data come from open sources
(Table 2). All the variables are continuous, and the proximity indices have been calculated
using the Kernel tool in ArcMap 10.5.1. The MaxEnt model provides an ACISS file that will
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be used for comparison. In addition, it provides a measure of goodness of fit that quantifies
how closely the model is concentrated around occurrences.

Table 2. Environmental variables, source and processing.

Variable

Land Cover

Altitude

Average atmospheric temperature SDI of Spain

Distance to roads

Distance to cultural assets

Source Processing
Corine Land Cover 2006 (https://land.copernicus.
eu/pan-european/ corine-land-cover, Unificacion de categorias
accessed on 7 May 2022)
SDI of Spain (https:/ /www.idee.es/,
accessed on 7 May 2022) MDT as downloaded

Kernel from medium temperature

(station points)
SDI of Spain Kernel from road lines
Madrid Heritage Information System [34] Kernel from cultural asset points

On the other hand, we study the real evolution of the photographs from the Actual
Demand Sample (Panoramio photos uploaded between 2009-2015). Here, we conducted
a photograph points density study using the Kernel tool in ArcMap 10.5.1. With these
two layers (MaxEnt prediction from 20072008 data and density of photographs between
2009-2015) we performed a multivariate analysis using the Band Collection Statistics tool
(ArcMap 10.5.1 Spatial Analyst). This tool allows us to confront the variation of two or more
overlapping rasters. When requested, it computes covariance and correlation matrices. The
result matrix presents the variances of all raster bands along the diagonal from the upper
left to lower right and covariances between all raster bands in the remaining entries.

In our case, the final correlation matrix provides a correlation coefficient between
the MaxEnt layer (prediction) and the density layer (actual demand). The proximity of
this coefficient to 1 indicates that both layers vary similarly. That is, the potential and
actual demand intentions not only coincide at certain points but are distributed equally.
Therefore, we take the proximity of this coefficient to 1 as the measure of success of the
MaxEnt predictive model. The process shown in Figure 4 is carried out with both the
original sample and the PUD sample. From the one that is closest to 1 in the correlation
matrix, we check the correlation of each of the categories.

3. Results
3.1. Photograph Samples

The classification of the photographs reveals large differences between categories in
both the original and the unbiased or PUD sample (Table 3). In the former, photographs
tend to be of elements related to natural systems (455) and bodies of water (426) followed by
photographs related to urban environments (378). Photographs related to cultural activities
are the least present (68). As for the PUD sample, water bodies are the most photographed
(195), although closely matched by natural systems (190). After these categories, recreational
activities (123) and urban systems (128) are closely matched. Cultural activities are again
the least represented (29).

Table 3. Number of photographs in each sample and category.

Natural . Recreational Cultural

Sample System Urban System Rural System Water Bodies Activities Activities
Original sample 455 378 114 426 282 68
PUD sample 190 128 42 195 123 29

Percentage comparison of the two samples reveals very little difference between
them (Figure 5). The representation of natural systems changes by only one percentage
point when removing the bias of the original sample, and water bodies vary from 25% to
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d
16%

28%. Cultural activities, recreational activities and rural systems barely vary. The greatest
variation from one sample to another occurs among the photos of urban systems (from 22%
in the original sample to 18% in the PUD).

d
17%

Original sample PUD sample

Figure 5. Percentage of each category in each sample: (a) natural systems, (b) urban systems, (c) rural
systems, (d) recreational activities, (e) cultural activities, and (f) water bodies.

3.2. MaxEnt Modeling

Although there is little variation between the classes of photographs, the MaxEnt
models performed with each sample do change more (Figure 6). The potential demand
model from the original sample predicts a higher intensity in the southwest and northeast
extremes. In between, the potential is also intensified by the different settlements located
along the valley. The roads connecting them are also highlighted as points of potential
interest. When the model is performed from the PUD sample, however, it places more
emphasis on the southwestern part of the study area. The rest is shown as an area of low
potentiality, except for the northeast zone, which is more intense than the center, but does
not compensate for the more intense areas. The AUC, the standard measure of model
reliability, is 0.755 in the case of the original sample and 0.908 in the case of the PUD sample.
In both cases, it is much higher than 0.5, indicating reliability of the model. In the PUD
sample, it is very close to 1.

The jackknife values also reveal several differences (Figure 7). In the MaxEnt model
made from the original sample, the CES demand potential depends on the distance to roads
and land uses. This corresponds to the map itself, where the surroundings of towns and
infrastructure for road traffic are highlighted. The other variables (altitude, proximity to
cultural assets and temperature) do not seem to have much influence on the prediction. In
contrast, the model performed on the PUD sample shows a strong dependence on altitude
and temperature. If we take into account that distance to roads and land use are the least
influential variables, we observe that the change from the original sample to the PUD
sample provides opposite models in MaxEnt.
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Figure 7. Jackknife test applied to environmental values for each of the samples.

3.3. Actual Demand and Correlation

The photo density from the actual demand provides similar results for both the original
sample and the PUD (Figure 8). In both cases, there is a high concentration of photographs
in the southwest area, although there is a proportionate distribution of lower concentrations
throughout the rest of the Lozoya Valley. It is also noteworthy that in both samples, the
concentration in the southeastern area is significant. The correlation matrix between these
maps and their corresponding MaxEnt models gives a value of 0.30940 in the case of the
original sample and 0.435 in the case of the PUD sample. That is, in both samples there is a
low correlation (<0.5) between the actual demand and the potential demand determined
by the MaxEnt. In other words, if MaxEnt had determined a potential evolution in 2008
from the information available in the Panoramio network, it would not have provided a
model corresponding to the evolution of the photographs that actually took place.

Since the closest correlation occurs in the photographs of the PUD sample, we study
the correlation of the photographs on the basis of the different categories (Table 4). It is
observed here that the highest correspondence occurs in natural systems (65%) and outdoor
activities (64%), being the only ones with a correspondence in the variation of more than
50%. Urban systems, however, maintain a negative correlation, meaning that the actual
demand has more variation in intensity than the MaxEnt model.
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Figure 8. Density of photographs taken between 2009-2015 in both samples.

Table 4. Correlation between MaxEnt model and actual demand by category in PUD sample.

Natural . Recreational Cultural
PUD Sample System Urban System Rural System Water Bodies Activities Activities
Correlation
Base Demand
and Actual 0.651 —0.07 0.204 0.246 0.642 0.244
Demand

4. Discussion

This study tests the effectiveness of MaxEnt predictive models, based on a machine-
learning technique called maximum entropy approach, as a tool for land management
to detect hot spots of CES. With this objective, we have evaluated this software through
a set of photographs categorized according to their content in two different periods of
time. From the photographs taken in the study area during the first period, the potential
of the landscape for recreational use was estimated using MaxEnt. This estimate was
correlated with the photographs of the second period, obtaining a series of results that are
discussed below.

4.1. Photography Samples

The article presents the comparison of a predictive model of CES demand with the
actual evolution of such demand. The demand is identified here with the georeferenced
photographs uploaded to the Panoramio network by various users between 2007 and 2015.
Several studies use MaxEnt to estimate the predicted future demand from social network
photographs [1]. In contrast to the articles cited above, here we use photographs from
the Panoramio network instead of Flickr, as both have been identified as similar [24]. In
addition, some research defends the use of Panoramio over Flickr because it is a better
measure of the aesthetic value of a place, since its contents were more focused on landscape
and environment [35]. This is evident in the low number of photographs in our own
sample devoted to cultural topics such as food, monuments or ethnographic elements.
However, our sample of photographs reflects a high number of views of natural, urban
and aquatic landscapes.

The fact that both the original sample of photographs and the PUD maintain a similar
percentage classification by category indicates a certain consistency in the type of informa-
tion uploaded by users to this type of network. This means that, at least thematically, the
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screening of photographs on the basis of user and day does not have an influence. How-
ever, the development of the MaxEnt model with one sample and with another provides
opposite results. This means that spatially the PUD does have an impact. This allows
us to refine certain explanations of this screening method [7], as it subtracts spatial bias,
but not thematic bias. On the other hand, most of the photographs focus on natural or
aquatic elements. This, in line with certain criticisms of samples made up of georeferenced
photographs, could mean that, regardless of the type of sample, it will always be biased by
an interest in photographing non-anthropized landscapes [12]. Specifically, in the study
area, this is greatly influenced by the higher presence of photographs in the protected park
areas (National Park in the southwest and Biosphere Re-reserve in the northeast).

4.2. MaxEnt Models

Neither of the two MaxEnt models developed bore any resemblance to the actual
evolution of the distribution of the photographs except where a greater number of samples
were concentrated. In spite of this, both models had AUC parameters above 0.5 and even
close to 1. Interestingly, in most of the literature studied, the outcome of the models is closely
linked to the environmental variables that are incorporated into the MaxEnt [11,21,24]. In
our case, however, the dependence of the variables has changed greatly depending on the
sample type. This contradicts the claim that MaxEnt results do not depend on the point
sample size [24]. In reality, this is only true if the sample, when reduced, maintains a similar
spatial distribution.

As can be seen in the two models developed (Figure 5), the PUD has reduced the
number of photographs taken on the roads and settlements and, therefore, these factors are
no longer important for the calculation of the prediction. What this shows is that MaxEnt
is a program that is heavily influenced by high sample concentrations. A place, however
small it may be in relation to the rest, will be decisive in the model if a very high number
of points are located there. This is why some studies incorporate a percentage of points
randomly distributed over the studied area [21]. The dependence of MaxEnt on the type of
sample treatment is decisive. There are research methods that intentionally do not want
to reduce the photographs to PUD, if, for example, researchers want to study the widest
possible variety of images [33]. This means that different methods of spatial study from
social media photographs would get different results in MaxEnt, since they would treat
their samples differently.

Finally, several studies have shown certain changes in the public’s interest in the values
of the Lozoya Valley, with a tendency to value its wild aspects more highly [26,28]. Hence,
the greatest overlap in correlation occurs in natural systems and recreational activities.
However, the MaxEnt model predicts that there will be interest in infrastructure and
settlements in the original sample. This model, therefore, errs in that it lacks sufficient
complexity to adapt to changes in population interest. This is consistent with the criticism
made by the authors of the INVEST model of predictive models in general [14]. In the case
of the PUD sample, where MaxEnt predicts interest in locations at a certain altitude and
temperature, the model falls short in its prediction, since it is based on a much smaller
concentration of photographs.

5. Conclusions

In this article, we questioned the validity of MaxEnt as a predictive tool for landscapes
as complex as those of the Lozoya Valley. The following conclusions can be drawn in line
with our objectives:

i.  Photographs from social networks are valid for predictive modeling as long as they
are at sites that remain unchanged over time. If the configuration of the sites or the
interest of the people changes, a present sample is invalid for determining future
interest. On the other hand, MaxEnt is a program that allows us to determine with
some accuracy to which spatial variables a certain sample of photographs is related,
but it is very dependent on the concentration of these photographs. From the same
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sample, treated differently, it is possible to obtain models that are absolutely opposite.
Comparison with the real evolution of the distribution of photographs shows that in
complex and changing landscapes, MaxEnt is not useful as a predictive tool.

ii.  There is a difference between the quantification of the future spatial distribution of
geotagged photographs and their qualitative changes. MaxEnt establishes locations of
potential interest of the photographs independently of the photographed element. The
correspondence with the actual evolution of the photographs varies greatly depending
on each category. For some categories, the model is closer in its prediction, but for
others, the prediction is opposite to the actual evolution.

iii. ~This paper opens a comprehensive approach to the actual complexity of the pho-
tographs uploaded by users to social networks to assess future CES interest. Studies
using MaxEnt to model potential demand can use other testers besides the AUC. For
example, they can run the predictive model with a portion of the sample and use the
most current photographs to check how accurate it is. They can also run the predic-
tive models on a year-by-year basis, adjusting it according to the actual evolution of
the photographs in the following year. Taking into account that most of the studies
use time ranges of five or more years, this would allow us to establish rectification
coefficients from one year to another to improve a global predictive model.
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