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Abstract: This article takes the research articles related to “Blue Space and Public Health”
included in CNKI and WOS database as the analysis object, then analyzes and interprets the
research hotspots and progress in this field based on the visual analysis tool of the scientific
knowledge atlas, and on this basis, we put forward suggestions on the research and development

of blue space in our country. The results of the study show: (1) The health benefits of blue space



have received widespread attention since 2017, and the number of publications has risen sharply
in the following years; (2) The evolution of research hotspots in healthy blue space can be divided
into three stages: health risks caused by water pollution, the connection between public health and
blue space, and the quantitative evaluation of the health benefits of blue space. The content
focuses on the health promotion effect, mechanism and effect evaluation of blue space. The hot
spots in turn involve hydrotherapy interventions, activities in the blue space, public policies of the
blue space, and blue space environmental assessment; (3) The four main research lines are
summarized according to the 7 valid core clusters of the keyword contribution atlas for foreign
blue space; (4) The current research evidence and quantification of benefits are mostly
concentrated in the coastal area, and the research direction of blue space will expand to the

inland freshwater blue space in the future.
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Table 1 Research Hotspots Related to Blue Space and Health
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Introduction

The Outline of “Healthy China 2030 Plan in 2016 clearly puts forward that the establishment of a
healthy environment is an essential basis for constructing a well-off society in an all-round way.
At the beginning of 2020, the outbreak of the covid-19 pandemic further highlighted the necessity
of studying the healthy environment. At present, the research of domestic landscape and

planning industries in the field of healthy environment construction mainly focuses on the
influence of green space on health, and yet, the urban blue space is rarely investigated. A large
number of studies from developed countries in North America and Europe however, indicate that
urban blue space is capable of providing significant health promotion benefits. Under this context,
the studies on healthy blue space have become an emerging research field in China. This paper
sorts and integrates the research results related to blue space and health, explores the research
hotspots and directions in the field of healthy blue space, and grasps its research trend as a whole.
The research results will help to provide a certain theoretical basis and development direction for
the planning and design research of blue space relevant to the construction of healthy cities in

China in the future.

1. Concept Analysis and Data Source
In 1992, Gesler WM, a health geographer, first proposed the term “healing landscape”, which is
defined as facilities, buildings, places and surrounding environment conducive to restoring

people’s physical and mental health and maintaining health and happiness, including both natural



and artificial landscapes ™. In the studies on healing landscapes, the existence of water and its
health benefits have received attention in a wide range. Such studies show that water environment
has both physiological and psychological healing functions and is an important part of healing
landscape 2.

In 2013, Volker S proposed that the term “blue space” referred to “all spaces with visible surface
water in urban”!. In subsequent studies, foreign scholars mostly defined blue space as natural or
man-made outdoor water environment, which is mainly characterized by water, and it is a space
that enables humans to virtually access from the near-end (underwater, overwater or nearby) or the
far-end (can be seen, heard or perceived in other ways) .

In this paper, an information visualization software “Citespace” developed by JAVA language is
used to convert the data adopted from CNKI and Web of Science core collection database,
measure the main research paths in the field of blue space, and derive cluster view, time-zone
view and timeline view™ with analysis and interpretation, and sort the knowledge structure,
hotspot evolution and cutting-edge direction in regards with the research field.

The domestic progress studied in this paper adopts from CNKI database, in which blue space was
used as keyword to search with a time range from 2000 to 2020. 204 relevant articles were
obtained by filtering the retrieved contents in turn. Foreign research progress comes from Web of
Science core collection database. Firstly, the relevant search keywords of two major topics were
determined, among which the health-related keywords include health, healing, therapeutic
landscape and rehabilitation; and keywords related to blue space include blue space and water
environment. In order to ensure the integrity and accuracy of the data, thedocument type was set
as Article and Review, the language was set to English, and the time span was uniformly set from
2000 to 2020. Firstly, the subject search path was selected with blue space* and water NEAR/5
environment as the keywords respectively, and a total of 25,133 articles were obtained,;

secondly, 554,548 articles were obtained by retrieving keywords including health*, healing (the
search path was set as headings due to the wide range of keywords), therapeutic landscape and
rehabilitation* (subject retrieval path); thirdly, 25,133 and 554,548 articles separately obtained via
the retrieval of the two topics were matched with AND, and 423 articles related to health blue
space were accurately filtered out to form the sample database required, and the follow-up

research conclusions were drawn by reading and combing the articles in the sample database.



2. Evolution and Hotspots of Blue Space Research Under the Perspective of Health Healing
In recent years, the research on blue-green space has established links with key words such as
health care, health, depression, housing, the elderly, physical activities, welfare and policies, and
the research content has begun to expand to the field of public health and public policies.

2.1 Evolution and Hotspots of Blue Space Research Under the Perspective of Foreign Health
Healing

Taking the Web of Science core collection database as literature search engine, the Citespace
scientific knowledge atlas visualization software was used to sort out the research hotspots and
context related to international blue space and health, and a total of 423 relevant articles were
retrieved. Since the termination node of the time setting was the middle of 2020, the data in 2020
failed to represent the annual publications data. As shown in figure 1, foreign research on blue
space and health has come into people’s attention since 2011, and such research had

attracted extensive attention and made breakthrough progress from 2017 to 2019.

The time-zone view shows the research trend of foreign blue space. According to the “healing”
node first appeared in the keyword atlas in 2009, the research on hydrotherapy interventions for
children with Rett syndrome published by Lotan M was retrieved, which verified the importance
of water as an intermediary environment for the treatment of RS virus infected individuals for the
first time [*). From 2011 to 2018, the atlas keywords of “children”, “public health”,

“physical activity”, “blue space”, “ecological service”, “stress”,

mental health”, “coast”

and “climate regulation” were displayed successively. Relevant studies have begun to verify the
good ecological benefits in alleviating temperature and regulating climate as well as mental health
benefits in relieving stress and anxiety of blue space. The cluster value (Q) in the cluster atlas
reflects the modularity of the clustering network. The cluster atlas Q = 0.54 > 0.5 generated in this
paper indicates that the clustering result is reasonable and significant. The atlas shows 207

nodes, 698 connections and a density of 0.0327. According to the size of the node, we found that
the research hotspots focus on water, rehabilitation, healing landscape, environment, green space,
public health, blue space, exposure, perception, physical activities, mental health, etc. These
keywords are important context nodes to connect different research hotspots and promote research

and development. The institutional clustering timeline provides research institutions with



outstanding achievements regarding different research topics in this field, including Galea

S, Ministry F, Volker S, Wheeler BW, White MP, Bell S, Gascon M, Foley R, Van Den B,
Markevych I, Helbich M, etc.

2.2 Evolution and Hotspots of Blue Space Research Under the Perspective of Domestic

Health Healing

By filtering the retrieval contents from the database of CNKI, the researchers found that 204
relevant articles were published in China from 2000 to 2020. The trend of domestic publications
shows that the research on healthy blue space has seen a surge in publications since 2018, and the
attention had continued to grow by 2020 (figure 2).

Most domestic studies on blue space and health focus on the health of riverst”.. In recent years, the
research has begun to extend to the health-oriented waterfront planning and design, and on this
basis, the research on constructing healthy cities has been carried out.

The 204 domestic articles selected from CNKI database were imported into Citespace scientific
measuring tool to analyze the results more accurately. There are 25 nodes and 12 connections in
the map. Among them, the thinner connections with lower number indicate that the co-occurrence
relationship between nodes is relatively low. The results show that relevant research has also paid
attention to the relationship between human and nature, the relationship between waterfront and
city as well as its impact on citizens’ health behavior, and also introduced the concept of blue
space in recent years. Healthy blue space became the latest research hotspot. However, at present,
the relevance among hot words is below average , and an integrated research system has not been

formed.

3. Analysis on Principal Line of Research

3.1 Principal Line of Foreign Research

The clustering chart of hot words in foreign research on blue space and health shows that the key
research contents have generated eight clusters. Through the seven effective core clusters of water
safety, mental health, blue space, exposure of green blue space, public health, health of the elderly
and urban blue, combining with the hotspots in the research field (table 1), the author summarized
four major foreign research principle lines on blue space and health:

(1) Blue space and mental health: Nieuwenhuijsen MJ (2014) used remote sensing and smart



phone technologies to explore the potential mechanism between blue space and health (including
reducing stress, improving recovery capability, physical activities and social communication) !;
Gascon M (2017) systematically reviewed the quantitative evidence on the benefits of outdoor
blue space to human health and well-being for the first time ©!; Dzhambov AM (2018) studied the
mediating mechanism and variables between home green, blue space and symptoms of anxiety
and depression, and the results showed that blue space was conducive to mental health, but the
regulatory effect of physical activity was just observed in horizontal analysisi*®; Mizen A et al.
(2019) quantified the beneficial effects of getting exposed to green blue space on mental health!*!;
Britton (2020) systematically reviewed the blue nursing articles for the first time, emphasized

the psychosocial well-being provided by blue space, and proposed that the key tofuture research is
to deepen the understanding of the mechanism by which blue nursing can improve humans’ health
[12].

(2) Blue space, physical health and climate regulation: a study (2012) done in the United States
verified that aquatic sports was a new treatment for patients with chronic obstructive pulmonary
disease™; Volker S (2013) found that blue space was a possible factor to alleviate temperaturet*;
Schaefer SY (2016) proposed hydrotherapy and verified the effect of aquatic sports on the
elderly’s rehabilitation of hip fracture after stroke™; Grellier et al. (2017) signed the Blue Health
project, bringing experts from different disciplines together to study the relationship between
urban blue space, climate and health!!.

(3) Blue space and public health: Foley R (2015) explored that swimming in Ireland was a way of
interaction between healthy body and water in blue space, which can be used to guide broader
public health policies™: Volker S (2016) put forward a theoretical reference for the allocation
policy related to public health through the qualitative analysis on the importance of blue space”;
Mcdougall CW (2019) extended the study to the mechanism of linking exposure to

freshwater blue space with actual health outcomes!*®; Mishra HS etc. (2020) developed a tool for
assessing the environmental quality of urban blue space — Blue Health environmental assessment
tool™,

(4) Blue space and the health of the elderly: Kabisch N (2017) proposed that urban green and blue
space were generally capable of protecting the health of children and the elderly®®”; the latest

article (2020) from Health & Place adopted multi-level linear regression model and intermediary



effect model to study the way to promote biopsychology and community health, and the
mechanism linking blue space and elderly individuals’®!), and the research found that reducing
environmental hazards, relieving stress and promoting social interaction played an important role
in regulating the impact of exposure to blue space on the mental health of the elderly. Among
them, Britain, the United States, Germany and other countries are the main positions for healthy
blue space research: Britain: a preliminary study on coastal learning and outdoor health plan

was proposed!??; the waterways in inland city have been integrated into the blue space with
healing potential and extended to the grey, green and brown areas, which are centered on water
quality™. 1t is the second country following Germany that focuses on the correlation mechanism
between coastal distance and mental health?®. A positive correlation between inland waters and
health was discovered®®). The effect of blue-green space (wetland) exposure on stress relief was
quantified via low-cost wearable technology!?®!.

United States: the impact of green and blue space on the physical, psychological and social
well-being of the elderly was discussed. The different effects of bluegreen space were
distinguished, that is, blue space was particularly important for mental health, while green space
was crucial for community interaction and social well-being™®. The alleviating effect of walking
in blue space on cardiovascular diseases was verified®®. More accurate measurement of exposure
in freshwater blue space (inland lakes) was carried out'®). Germany: the mechanism of blue space
in urban open space enhancing health was studied, which meant the reduction of anxiety,
depression and stress. Roads, facilities and safety of urban blue space are the factors to evaluate its
quality ®%. It isproposed that the correlation between the use frequency of blue space and

walking distance as well as the health benefits of using blue space in highly urbanized areas is
more significant®.

3.2 Principal Line of Domestic Research

Domestic research on blue space has highlighted its role in maintaining biodiversity, absorbing
dust, reducing noise, mitigating heat-island effect, purifying environment, regulating microclimate
and beautifying landscape environment!®2. The principal line of domestic research is mainly
related to the planning and design of ecological engineering® with its focus on the health of
water.

From 2018 to 2020, the publications on blue space and health had shown a rapid upward trend.



Since covid-19 pandemic swept the world, more researchers have begun to pay attention to the
study of the impact of water environment on health behavior and introduced the concept of blue
space. The research contents have started to show solicitude for public health and well-being®*),
the relationship between human behavior psychology!® and blue space, the integrated

regulation method of blue-green space, the health-oriented vitality evaluation of urban waterfront
space and other aspects closely involved in health .

In recently years, the research results on the impact of blue space on the mental health of the
elderly are in abundance. However, so far, the systematic interdisciplinary research trend has
not yet been formed, mechanism correlation evidence and relevant quantitative indicators in line
with the current situation of domestic blue space have still been insufficient, and there are no
policies, rules and systematic design methods related to blue space even up to now. Future

research should gradually improve the above vacancies and maximize the health benefits provided

by blue space in combination with new technologies.

4.Conclusion and Discussion

At present, the academic research on blue space is in a booming stage. The current research that
quantifies its health benefits mainly focuses on coastal areas. As early as 2011, Volker S et al.
emphasized the relationship between inland water and health®®), however, no studies have yet
been done to explore the specific correlation mechanism between freshwater blue space and
mental health. In addition, existing studies generally use questionnaires and interviews to obtain
relatively subjective health index data, which is lack of objective universality. The latest research
results are trying to strengthen the quantitative evaluation in the development of urban blue space
with environmental assessment tools, and yet, there is high heterogeneity and error coefficients in
regards with measurement methods.

In the future, it is necessary to combine qualitative analysis with more scientific and intuitive
quantitative analysis to further determine the correlation mechanism between inland freshwater
blue space and health, the factors affecting benefits and the evaluation system. Apart from that, the
planning and design system of domestic health blue space based on quantitative evaluation should
be investigated further based on in-depth studies of foreign experience and combined with the

existing circumstances of China’s blue space.
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