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Abstract
Blue–green space (BGS) is an important component of the Earth's environment, and BGS research and practice have 
become an increasingly important part of climate change adaptation and mitigation. In this review article, we conducted 
a bibliometric assessment on the science and practice of BGS worldwide. Our results showed that (1) the number of BGS 
studies has been growing rapidly since 2017, and the intensity of international collaboration has increased markedly; (2) BGS 
research hot spots were ignited by and focused on environment problems and evolved over time. Examples include, but are 
not limited to, boosting the composite functions and synergistic effects of BGS in climate change adaptation and mitigation 
(particularly stormwater management and thermal environment regulation), enhancing ecosystem services (biodiversity 
and carbon), and promoting human health (physical and mental); (3) the collaborative planning and system construction of 
BGS will be a major development trend in the future; and (4) research on synergistic mechanisms, collaborative planning, 
and BGS spatial pattern optimization has largely been theoretical, and there is a shortage of empirical quantitative research 
and there are few real-world examples of BGS in socio-ecological practice. These set the stage for further advancement of 
BGS science and practice.
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1 Introduction

Urbanization has extensively impacted the global ecological 
environment, leading to increasingly frequent extreme cli-
mate events [Howe (2021), p. 3 of 17], severe degradation of 
natural habitats [Namkhan et al. (2022), p. 3], and significant 
loss of biodiversity [Lv et al. (2023), Sun et al. (2022), p. 
2 of 10], among other effects. Issues related to human set-
tlements and health have become increasingly prominent. 
For decades, researchers and planners have been studying 
the mechanisms of human-mediated disturbance to natural 
environments [Gu et al. (2022), pp. 1–2]. They have also 
been exploring restoration techniques for damaged habitats 

[Yuan et al. (2022), pp. 3–4, Kuo et al. (2021), pp. 2–9] 
and ways to optimize human-dominated environments [Guo 
et al. (2021), p. 2, Du and Lin (2023), p. 3]. As vital com-
ponents of the biosphere and ecosystem, blue spaces (water 
bodies) and green spaces (vegetation), collectively known as 
blue–green spaces (BGS), have emerged as key focal points 
for ecology and spatial planning researchers. The influence 
and interaction mechanisms of the blue and green spaces 
on the environment [Fan et al. (2022), pp. 8–11], climate 
[Zhou et al. (2023), p. 10 of 11] and human health [Zhou 
et al. (2022), pp. 5–6] have been continuously studied and 
confirmed.

In the past decade, research on blue and green spaces has 
evolved from viewing them as separate landscape elements 
(green spaces or water bodies) [Wolch et al. (2014), Zhang 
et al. (2014)] to considering their integration as blue–green 
spaces (BGS) within an integrated ecological infrastructure 
[Sanchez and Govindarajulu (2023), p. 1 of 7]. Concepts 
such as blue–green space (BGS), blue–green landscape 
(BGL), and blue–green infrastructure (BGI) have been pro-
posed to facilitate this integration. Research and practice 
now focus on the spatial relationships [Xue et al. (2022), 
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Sander and Zhao et al. (2015), p. 4 of 16], overall landscape 
effects [Fan et al. (2022), p. 9, Li et al. (2021)], synergistic 
mechanisms [Shi et al. (2020), Wu et al. (2018), p. 658], 
and the development of an integrated planning approach for 
BGS, BGL, and BGI [Sanchez and Govindarajulu (2023), 
p. 4, Puchol-Salort et al. (2021), p. 8].

Research on using BGS for heat island mitigation [Yu 
et al. (2020), p. 5], biodiversity enhancement [Donati et al. 
(2022), p. 5], and human health promotion [Labib et al. 
(2020), pp. 13–15] has been the subject of several reviews. 
However, most of these reviews have focused on limited 
aspects of BGS and lack comprehensiveness. In this paper, 
we aim for a more systematic understanding of the current 
state of BGS research. Using bibliometrics, we sorted and 
summarized the available publications on BGS, BGL, and 
BGI. Taking blue and green space as a single, integrated 
entity, we have summarized the current state of BGS 
research and progress achieved. In addition, we analyze 
the global key ecological issues that may be affected by 
BGS. We also outline development trends in the integrated 
development of BGS and discuss the future needs of BGS 
research.

1.1  Definitions and connotations of BGS/BGL/BGI

Blue–green space (BGS) defines a specific area 
characterized by water bodies (blue space) and vegetated 
areas (green space) [Sander and Zhao (2015), p. 194]. This 
concept focuses on a distinct area featuring various land 
surface attributes unified by similar visual hues. Blue–green 
landscape (BGL) is defined as a landscape type consisting of 
“blue” elements (including oceans, lakes, rivers, fountains, 
and streams) and “green” elements (such as parks, gardens, 
and forests) [Finlay et al., (2015), pp. 97–98]. This term 
highlights a complex landscape amalgamating two distinct 
landscape schemes. Blue–green infrastructure (BGI) is 
considered an interconnected network of both natural and 
engineered landscape components, incorporating water 
bodies as well as green and open spaces [Lamond and Everett 
(2019), p. 1 of 10]. It underscores a multifunctional system 
that adopts more nature-friendly approaches to address 
urban ecological issues. These issues include managing 
urban flood risks, reducing heat island effects in cities, and 
boosting biodiversity in and around urban environments 
[Oliveira et al. (2022), p. 2 of 16]. While these three concepts 
are fundamentally rooted in the elements of blue water and 
green vegetation, they have been progressively refined and 
enhanced in both form and function. Indeed, BGL and BGI 
can be viewed as advancements and extensions of BGS in 
terms of both their structure and utility. Consequently, in 
this paper, all research related to these three concepts is 
collectively addressed under the term “BGS.”

1.2  The wide application of bibliometrics

Bibliometric analysis has become a crucial method for 
encapsulating the intellectual framework of various 
research fields [Donthu et al. (2021), p. 288]. Its capacity 
to process substantial amounts of scientific data, coupled 
with mapping analysis tools, enables the visualization of 
knowledge, thereby facilitating a rapid grasp of a research 
field's developmental context [Liu et al. (2021), p. 2 of 14]. 
The popularity of the bibliometric methodology has surged 
recently, largely owing to the widespread availability and 
efficacy of bibliometric software [Donthu et al. (2021), p. 
295]. Three bibliometric software packages are often used 
together: CiteSpace, VOSviewer and Scimago Graphica 
[Shen et al. (2023), p. 20]. CiteSpace was developed for 
use in field analysis, frontier analysis, and evaluation of 
progress in scientific research progress [Zhao et al. (2022), 
p. 2, Li et al. (2022), p. 3]. VOSviewer was developed by 
Leiden University in the Netherlands [Eck et al. (2010)]; it 
analyzes and presents a clear clustering network and node 
connections [Tamala et al. (2022), p. 2]. This software 
can analyze the problems in the research field by means 
of cluster view, label view, density view, etc. Scimago 
Graphica conducts analyses through graphical description 
[Wei et al. (2022), p. 3].

In this study, bibliometric analysis is employed to 
systematically examine the structure and dissemination of 
knowledge within BGS, BGL, and BGI. The objective is 
to provide a comprehensive overview and visualization of 
these areas. Additionally, the study aims to delve into the 
research status and trends in BGS, identifying emerging 
themes and shifts in focal points through bibliometric 
analysis. Ultimately, the goal is to derive more effective 
optimization strategies and development directions for 
BGS.

2  Methods

2.1  Literature retrieval in WOS using three 
keywords

The Web of Science (WOS) is a widely utilized database 
for bibliometric analysis, encompassing a comprehensive 
collection of published papers indexed in SCI, SSCI, 
A&HCI, CPCI, and BKCI. Recognized as a highly 
authoritative citation indexing platform, it accurately 
reflects research advancements across various fields. 
Consequently, this study also selected WOS as the 
primary source for literature data. A preliminary search 
was conducted in this database using “blue green space,” 
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“blue green landscape,” and “blue green infrastructure” 
as distinct search keywords. Under the condition of 
publication time (default 1985 until the final retrieval 
date), retrieval results were intersected, and the deadline 
chosen for literature retrieval was December 31, 2022. We 
limited the literature types to “articles” and “reviews” and 
specified the publication language as English.

2.2  Literature selection according 
to the established filtering criteria

Our initial searches yielded 2898 papers. Using the titles and 
abstracts of preliminary search papers as filtering criteria, 
1707 duplicate papers were deleted because of the similar-
ity of the three concepts. In total, 871 documents that failed 
to meet the screening criteria (similar research fields and 
research objects containing both blue and green spaces) were 
eliminated from the remaining 1191 papers. The research 
fields covered in this study are specifically confined to Envi-
ronmental Science, Environmental Studies, Green Sustain-
able Science Technology, Public Environmental Occupa-
tional Health, Ecology, Remote Sensing, Urban Studies, 
Regional Urban Planning, and Biodiversity Conservation. 
Consequently, the final research sample selected for review 
consisted of 320 papers. After a thorough examination of 
the content of the remaining papers, an additional 30 papers 
were included based on references checks. Ultimately, 350 
documents were selected that focused on combining blue 
and green space as a unified object for structural or func-
tional research. The steps for paper selection are depicted 
in Fig. 1.

2.3  A bibliometric analysis procedure using three 
softwares

We employed three bibliometric software tools (CiteSpace 
5.1.R7, VOSviewer v1.6.18, and Scimago Graphica) 

to conduct a quantitative analysis of the 350 selected 
papers. The analytical results included basic bibliometric 
information and clustering. The specific methods and steps 
we adopted were as follows:

(1) Based on the WOS database and final literature 
sample, CiteSpace 5.1.R7 was used to analyze the 
basic information from each publication, including 
keywords, authors, institutions, and countries 
represented. Following screening and verification, the 
final dataset for bibliometric analysis comprised 350 
papers published between 2012 and 2022. The time 
slice was set to 1 year.

(2) Using VOSviewer v1.6.18 and Scimago Graphica 
software, the distribution characteristics of the 
countries represented in the papers and the extent 
of cooperation intensity between different countries 
were analyzed. Results from VOSviewer v1.6.18 were 
exported to Microsoft Excel to summarize the number 
of papers issued by each country. Then these results 
were imported into the Scimago Graphica software 
to create a country distribution map and the country 
cooperation intensity map through data-matching 
adjustment.

(3) CiteSpace 5.1.R7 was used to cluster documents 
with strong co-citation relationships and to analyze 
their timelines. This process yielded 130 nodes, 368 
links, and seven content clusters. Nominal terms were 
extracted from the titles, keywords, and abstracts of 
the clustered documents, and used to name the cluster 
content.

(4) Finally, VOSviewer v1.6.18 was used again to analyze 
research hot spots derived from the seven content 
clusters identified in the previous step, extract the 
high-frequency vocabulary used in each cluster, and 
analyze the strength of connections between them. 
Subsequently, we summarized the prominent research 

Fig. 1  Literature selection steps 
and results
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directions in BGS research and identified the key 
scientific issues that require future study.

3  Results

3.1  The quantitative analysis of literature in time 
series and different countries

Figure 2 depicts a clear upward trend in BGS research over 
the past 10 years. The change process can be divided into 
three stages: early (2012–2014), midterm (2015–2017), and 

recent (2018–2022). During the early stage (2012–2014), the 
number of published papers was very few, yet these papers 
received a relatively high number of citations. These initial 
studies were foundational and significantly influenced subse-
quent BGS research. In the midterm stage (2015–2017), the 
number of papers increased, though the annual publication 
rate remained low. In contrast, the recent stage (2018–2022) 
witnessed a dramatic surge in BGS research, with the annual 
number of published papers rising from 22 in 2018 to 150 
in 2022.

Assessments of publication countries and their col-
laboration intensity (Fig. 3) reveal that BGS research is 

Fig. 2  Yearly changes in the 
number of publications related 
to BGS

Fig. 3  Distribution of publication countries a and their collaboration 
intensity b in BGS research (the size of the circles varies proportion-
ally with the number of papers published by each country, ranging 

from small to large. The colors intensity and thickness of the lines 
vary from weak to strong, indicating the strength of cooperation 
between countries)
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conducted extensively on a globally scale, with signifi-
cant contributions from China, the USA, and European 
countries. The countries with the highest number of pub-
lished papers are China (71 papers), the UK (65 papers), 
and the USA (53 papers). Germany (38 papers), Poland 
(31 papers), and Sweden (24 papers) ranked fourth to 
sixth in terms of publication numbers. Papers from these 
counties accounted 80.57% of the total publications and 
also displayed the greatest collaborative intensity, both 
within their own institutions and with other countries.

3.2  The collaboration network of publishing 
institutions and authors

Table 1 shows the top-ten paper publishing institutions, 
authors, and countries. The University of Exeter in the UK, 
Professor Erik Andersson from the University of Helsinki, 
and China rank first in their respectively categories. 
Professor Erik Andersson's primary focus is on the role of 
BGI in providing ecosystem services, as well as on spatial 
analysis methods related to BGI proportion and boundaries. 
He has also collaborated extensively with Professors Timon 
Mcphearson and Dagmar Haase.

According to the collaboration network of publishing 
institutions and authors (Fig. 4), early collaborations had 

Table 1  Statistics of the top-ten 
paper publishing institutions, 
authors, and countries

Institutions
(Top 10)

Number 
of articles

Authors
(Top 10)

Number 
of articles

Countries
(Top 10)

Number 
of 
articles

University of Exeter 11 Erik Andersson 6 China 71
Humboldt University 7 Timon Mcphearson 5 England 65
Helmholtz Centre for 

Environmental Research
6 Payam Dadvand 4 USA 53

Chinese Academy of Sciences 5 Berry Gersonius 4 Germany 38
Stockholm University 5 David N Barton 3 Poland 31
The New School 5 Mireia Gascon 3 Sweden 24
Lund University 5 David Martinez 3 Italy 20
University of Nottingham 5 Dagmar Haase 3 Spain 18
University of Leeds 5 Sara Borgström 3 Australia 16
East China Normal University 5 Kim Vercruysse 3 The Netherlands 15

Fig. 4  Analysis of the coopera-
tion network between publish-
ing institutions and authors (the 
size of each dot is proportional 
to the number of documents 
published by each author, and 
the lines represent cooperative 
relationships)
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a significant impact on subsequent literature. During the 
midterm period (2015–2017), there was an increase in the 
number of collaborating institutions and authors. A key col-
laboration in this period involved New School University in 
New York City and the Cary Institute of Ecology, focusing 
on developing nature-based solutions to climate change chal-
lenges. The impact of this collaboration persisted until 2020. 
In the later period (2018–2022), collaboration between insti-
tutions and scholars increased markedly. Notable institutions 
during this period included the Universities of Exeter and 
Leeds in the UK, Humboldt University in Berlin, Germany, 
and the Chinese Academy of Sciences. The Hong Kong Uni-
versity and Southeast University in China had notably close 
cooperative relationships with the universities of Leeds and 
Exeter. East China Normal University and Shenyang Archi-
tecture University also collaborated with Peking University 
School of Public Health. Overall, research conducted at 
Chinese institutions forms the core of BGS research. Cur-
rently, the most active research collaboration is between the 
Chinese Academy of Sciences and the University of Exeter.

3.3  The frequency and popular time analysis 
of keywords in published articles

As shown in Table 2, the most frequently occurring keyword 
in the sample literature is "city," appeared 50 times. This 
indicates that BGS research primarily targets urban 
environments, with less focus on rural areas. Secondly, 
studies on the ecological services of BGS, as well as its 
value in promoting human movement and health, began 
appearing frequently starting in 2017. Research on climate 
change, biodiversity, disaster exposure, and resilience 
restoration, although fewer in number, emerged around 
2019. These findings suggest that research on the added 
value and multifunctionality of BGS has expanded over 
time, paralleling the growing awareness of the challenges 
faced by human settlements.

3.4  The cluster and visual analysis of research hot 
spots

As shown in Fig. 5, research on BGS has concentrated on 
five hot spots: ecosystem services, environmental and climatic 
challenges, stormwater regulation and storage, human health 
and well-being, and urban planning. These research hot spots 
have evolved over time from focusing on single issues to more 
complex, interconnected studies, gradually expanding into 
broader fields. The BGS knowledge network map demonstrates 
this shift from research initially centered on basic structures 
and single service functions of individual spaces to studies 
on network structures and complex functions involving both 

spaces as essential urban infrastructure. Ultimately, research 
aims have progressed toward the layout and planning of BGS, 
following a logical sequence of identification, analysis, and 
problem-solving. However, research on practical BGS plan-
ning is still in its early stages and remains relatively limited.

Based on the analysis of hot spot clustering and their inter-
relationships in BGS research, we summarized and analyzed 
progress in four key areas of BGS research: climate change 
adaptation and mitigation, promotion of human health, 
enhancement of ecosystem services, and spatial planning 
practice.

Table 2  Statistical analysis of the frequency and popular year of key-
word appearance

*Frequency, total number of times the keywords appears in the 
retrieved documents, which highlights the researchers to that 
keywords. Year, average year in which the keywords appears in 
the retrieved documents, reflecting the relative popularity of the 
keywords

Order Frequency* Keywords Popular year*

1 50 City 2017
2 41 Ecosystem service 2017
3 23 Green infrastructure 2017
4 23 Impact 2018
5 18 Benefits 2018
6 17 Management 2017
7 16 Blue–green infrastructure 2018
8 15 heat island 2019
9 15 Nature-based solution 2017
10 14 Urban 2018
11 14 Physical activity 2015
12 13 Health 2017
13 13 Infrastructure 2017
14 13 Vegetation 2019
15 12 Mental health 2018
16 12 Climate change 2018
17 12 Air pollution 2018
18 12 Temperature 2020
19 11 Land use 2018
20 11 Stormwater management 2019
21 10 Design 2019
22 10 Areas 2019
23 10 Climate 2020
24 10 Urban planning 2020
25 9 Urbanization 2017
26 9 Restoration 2019
27 9 Challenges 2019
28 8 Biodiversity 2020
29 8 Framework 2020
30 8 Exposure 2020
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3.4.1  Progress and deficiencies of BGS research in climate 
change adaptation and mitigation

Research on the role of BGS in climate change adaptation 
and mitigation can be clustered into 61 keywords (Fig. 6), of 
which “green infrastructure,” “impact,” “heat island,” “city,” 
and “stormwater management” have the largest node degree, 
the highest frequency of occurrence, and the strongest con-
nections to other keywords. The scope of this research is 
primarily focused on the urban scale, with particular empha-
sis on the ability of BGS to mitigate temperatures in urban 
heat islands and manage urban stormwater. For example, 
research on urban heat island effects have revealed that 
blue and green components possess distinct cooling paths, 
interaction effects, and mitigation mechanisms during rapid 
urbanization [Yang et al. (2020), p. 10, Gunawardena et al. 

(2017), pp. 1050–1052]. The synergistic cooling achieved 
by integrated BGS is increasingly recognized as a promis-
ing approach to mitigate urban heat island effects [Shi et al. 
(2020), p. 2, Wu et al. (2018), pp. 659–662]. Optimized 
design and planning methods for BGS aim to maximize 
these synergistic cooling effects [Du et al. (2017), pp. 9–10]. 
Factors such as the size, shape, spatial pattern, morphologi-
cal characteristics, and landscape composition and configu-
ration of BGS all affect the intensity of cooling that can be 
achieved [Cruz et al. (2021), pp. 6–10, Jiang et al. (2021), p. 
6 of 29]. However, the optimal proportions and morphologi-
cal characteristics of BGS to maximize its synergistic cool-
ing effect remain uncertain and warrant further investigation.

Urban stormwater flooding, triggered by extreme rainfall, 
is another extreme climate phenomenon in cities. In recent 
years, more large cities have been affected by flood disasters 

Fig. 5  Visual analysis of the development of research content and hot spots over time

Fig. 6  Hot spot visual analysis 
of BGS research in climate 
change adaptation and mitiga-
tion
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due to extreme rainfall, posing serious threats to human 
life, natural habitat, and socioeconomic development. 
To mitigate the influence of urban flooding and conserve 
urban water resources, the co-benefits of BGS have been 
recognized. Additionally, there is increasing understanding 
of the potential of nature-based solutions and the synergistic 
functions of BGI [Ahmed et al. (2019), p. 7 of 21, Alves 
et al. (2020), pp. 11–12].

Some scholars have conducted preliminary explorations 
into the synergistic functions and development strategies 
of BGS as integrated infrastructure. They regard BGS as 
a nature-based solution with potential to improve urban 
climate adaptability and ecological resilience [JingShu 
(2020), pp. 7–9]. In fact, the current concept of BGI extends 
previous models such as low-impact development, water-
sensitive urban design, and sponge-city construction [Chang 
et al. (2018), p. 377]. One objective of these concepts has 
been to enhance the structure of green spaces and water 
bodies to mitigate climate change and manage urban 
stormwater [Sorensen et al. (2021), pp. 3–5]. However, 
due to the involvement of multiple disciplines and interest 
groups, the implementation of BGI is still in its nascent 
stages. Our literature analysis reveals that quantitative 
studies and mechanistic analyses of the multiple effects 
and climate mitigation functions of BGS and its integration 
into urban infrastructure, are limited. The interactive effects 
of BGS/BGI on climatic extremes (e.g., urban stormwater 
management and urban heat island mitigation) also require 
further investigation.

3.4.2  Progress and deficiencies of BGS research in human 
health promotion

Research on promoting human health through BGS can 
be categorized by 34 keywords. Terms such as “physical 
activity,” “mental health,” “exposure,” “health,” and “ben-
efits” appeared frequently and have strong node degrees 
(Fig. 7). Research in this area analyzed how the layout of 
BGS influences people’s relative exposure to and access to 
blue or green space, as well as its effects on human behav-
ior, physical health, and mental health [Labib et al. (2020), 
pp. 9–13]. The most commonly used research methods 
include social surveys and sensory perception [Fisher et al. 
(2021), p. 3], along with research that combines the struc-
tural characteristics of material spaces with quantitative 
indicators of human health [Tan et al. (2021), p. 2, Lin 
et al. (2021), p. 2 of 18].

Numerous studies have indicated that the fast-paced 
nature of city life, compounded by COVID-19 pandemic 
lockdowns, has reduced opportunities for residents to 
connect with nature. This reduction in nature contact 
could induce and exacerbate mental health issues [Pouso 
et al. (2021), p. 2]. Specific characteristics of BGS, such 
as the presence of natural sounds, high species richness, 
and abundant vegetation and water coverage, are perceived 
as restorative to human health, leading to improved well-
being [Fisher et al. (2021), p. 2 of 13]. Exposure to BGS 
has both direct and indirect positive effects on human 
health by restoring human perception, relieving stress, 

Fig. 7  Hot spot visual analysis 
of BGS research in promoting 
human health



13Socio-Ecological Practice Research (2024) 6:5–20 

regulating mood, and improving air quality [White et al. 
(2021), p. 6 of 12, Rygal et al. (2021)].

The positive effects of exposure to BGS on children’s 
cognitive development have been verified. The benefits 
include the inhibition of impulsive behavior, the promotion 
of prosocial behavior, and the stimulation of the imagination 
[Heezik et al. (2021), pp. 5–7]. BGS can also play a role 
in health interventions and adjunctive treatments aimed at 
improving the quality of life for individuals with dementia 
[Wu et al. (2021), pp. 1607–1609], emotional disorders 
in adolescents, attention deficits, prosocial disorders, and 
attention-deficit hyperactivity disorder (ADHD) [Dzhambov 
et  al. (2018), pp. 228–231]. Consequently, age and sex 
differences should be considered in the planning and design 
of future BGS. Further research is needed on the synergistic 
mechanisms and regulatory effects of BGS on human health. 
In particular, studies focused on optimizing BGS design 
to enhance human health and quality of life require more 
intensive investigation.

3.4.3  Progress and deficiencies of BGS research 
in enhancement of ecosystem services

Research on ecosystem services provided by BGS encom-
passes 41 keywords, with “ecosystem services” occupying 
the most central position. Terms such as “management,” 
“city,” “green infrastructure,” “blue–green infrastructure,” 
“nature-based solutions,” and “urban” all have strong con-
nections to “ecosystem services” (Fig. 8). Although “vegeta-
tion” and “thermal comfort” are positioned at the periphery 
of the knowledge network, they bridge the two different 
scales of “urban” and “city,” and are related to "ecosystem 
services."

In these studies, the ecological resilience and multiple 
benefits of BGI have been extensively examined. The 
ecosystem service value of BGI in improving urban 
air quality and recreation [Menconi et al. (2021), p. 2], 
regulating temperature and stormwater [Veerkamp et al. 
(2021), pp. 4–6], increasing biodiversity [Nguyen et al. 
(2021)], achieving carbon neutrality [Guo et al. (2021), 
pp. 12–14], and promoting urban sustainable development 
[Li et  al. (2017), p. S12] is increasingly recognized. 
Researchers and planners concur that BGI can be viewed as 
a comprehensive, interdependent ecosystem, and that nature-
based solutions can be utilized to improve climate resilience 
and the provision of ecosystem services in urban areas 
[Langemeyer et al. (2021), pp. 7–9]. The ecosystem services 
provided by BGI are influenced by the extent of vegetation 
and water areas, as well as their proximity to city centers 
[Dai et al. (2021), p. 4]. However, “ecosystem services” 
is a broad concept encompassing ecology, social services, 
and human well-being. The extent to which ecosystem 
services can be amplified by coordinating the provision of 
BGI remains uncertain. Construction methods and optimal 
spatial arrangements for optimizing the compound effects 
of BGI on ecosystem services require further research and 
clarification.

3.4.4  Progress and deficiencies of BGS research in planning 
practice

Research on planning practices for BGS encompasses 38 key-
words, with “green infrastructure,” “infrastructure,” “cities,” 
“design,” and “impact” having high node degrees (Fig. 9). 
Research associated with these terms addresses topics like 
stormwater management, climate change adaptation, land-use 

Fig. 8  Hot spot visual analysis 
of BGS research in enhancing 
ecosystem services
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management, health effects, and thermal comfort. Both 
domestic and international industry organizations, as well as 
experts and scholars, have actively explored the integrated 
development and collaborative planning of BGS based on its 
distribution and multiple functions. BGS has been recognized 
as a distinct category of infrastructure in urban planning prac-
tice [Zhou et al. (2020), p. 13 of 22, Sorensen et al. (2021), pp. 
7–9]. The primary goals of such research include optimizing 
land-use structure, addressing urban flooding issues, improv-
ing urban climate adaptability, and enhancing thermal comfort 
in urban areas. International organizations such as the Inter-
governmental Panel on Biodiversity and Ecosystem Services 
(IPBES) and the Intergovernmental Panel on Climate Change 
(IPCC) regard BGI as a nature-based solution for bolstering 
urban adaptation and resilience [Borie et al. 2021, p. 8, Mac-
edo et al. (2021), p. 3].

Authorities in Stuttgart, Germany, and Melbourne, 
Australia, are striving to improve the urban climate through 
the construction of BGI. Seattle, USA, and Rotterdam, the 
Netherlands, aim to reduce surface runoff by increasing BGS. 
Many Chinese cities regard BGS as a crucial element in the 
development of sponge cities and resilient cities. Zhou et al. 
(2020)) developed a planning support tool for the layout 
and integral optimization of urban BGI [Zhou et al. (2020), 
pp. 4–7 of 22]. Pepe Puchol-Salort et al. (2021) introduced 
a system-based Urban Planning Sustainability Framework 
(UPSUF), which integrates sustainability evaluation, design 
solutions, and planning system process into a Geographical 
Information System. This framework's goal is to incorporate 
blue–green solutions into urban planning [Puchol-Salort et al. 
(2021), pp. 1–3]. These planning approaches aim to promote 

the harmonious coexistence of natural and artificial systems 
through BGI planning interventions, thereby creating better, 
healthier, and more comfortable living environment. In 
China, guided by the concept of ecological civilization, cities 
have explored the integration of BGS into city infrastructure 
development goals. Following the compilation of national 
territorial spatial planning in 2020, such integration has 
been widely proposed. Planning interventions include the 
construction of Beijing’s blue–green ecological network, 
focusing on the integration of BGS and human–water 
harmonies [Lei (2012)]; the development of urban and rural 
BGS networks in the Pearl River Delta, guided by green 
urban design [Wang et al. (2021)]; and BGS planning based 
on thermal environment simulation in central Shanghai [Du 
et al. (2019), pp. 7–9].

4  Discussion

4.1  The changing process of BGS research themes

Drawing on the quantitative analysis outlined earlier, the 
study investigated the research themes related to BGS across 
various stages of its development, as summarized in Table 3. 
Collaborative research on BGS began to gain momentum 
around 2012. Prior to 2015, studies predominantly focused 
on the positive impacts of BGS, specifically in regulating 
human activities and mitigating mental stress. Between 2015 
and 2017, BGS came to be recognized as a crucial ecological 
component and an integral part of urban infrastructure. 
During this period, the conceptual connotations and 
functions of BGS were greatly expanded. Researchers 
hoped to alleviate ecological problems produced by rapid 
urbanization in the past and to find nature-based solutions 
to climate change by exploring synergies functions of 
BGS in ecosystem services and climate regulation [Li 
et al. (2017), pp. 15–16]. Since 2018, emerging challenges 
such as extreme high temperature, intense urban rainfall 
and flooding, and biodiversity loss became increasingly 
prominent in BGS research. During this period, the focus 
of BGS research was to exploring the coevolution between 
cities and nature, and to finding systematic nature-based 
solutions to those challenges.

In the recent development stage (2018–2022), govern-
ment managers have increasingly focused on the coordi-
nated management of BGS, particularly in China, where 
collaborative planning projects on BGS have seen a nota-
ble rise. Driven by practical planning needs, researchers 
are progressively emphasizing BGI as a nature-based solu-
tion. They are integrating this concept with urban gray 
infrastructure, such as pipe networks, to improve rainwater 
regulation and storage capabilities [Alves et al. (2020), 
p. 12]. As cities come under pressure from increasingly 

Fig. 9  Hot spot visual analysis of BGS research in spatial planning 
practice
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severe extreme weather events associated with climate 
change, researchers have redoubled their efforts to under-
stand the role of BGS-related ecological services in alle-
viating temperatures in urban heat islands and managing 
urban stormwaters [Shi et al. (2020), Yang et al. (2020), 
p. 10]. Influenced by the sudden outbreak of new coronary 
pneumonia (COVID-19), the positive effects of BGS on 
air purification and the relief of mental stress have been 
re-emphasized [Pouso et al. 2020, p. 2]. The distributional 
fairness and accessibility of BGS to city residents have 
also been widely discussed [Nghiem et al. (2021), pp. 6–7, 
Liu et al. (2021), pp. 8–9]. The positive effect of BGS in 
reducing mortality rates has been affirmed [Labib et al. 
(2022), p. 9]. Investments in BGI are increasingly con-
sidered by urban managers and planners to address urban 
flood problems [Pallathadka et  al. (2022), pp. 11–12, 
Kaur et al. (2022), p. 11]. Furthermore, the methods and 
strategies for integrated development, collaborative plan-
ning, and network construction of BGS are being actively 
explored and practiced [Puchol-Salort et  al. (2021), 
Sorensen et al. (2021), p. 8 ].

As time has progressed, investigations of BGS have 
become more abundant, and the number of disciplines 
involved has diversified. Research on correlations between 
the structure and function of BGS has intensified, and 
it has produced advances that range from mechanistic 

understanding of the role of BGS to the analysis of its 
feedback regulation.

4.2  The policy‑driven BGS research in China

China holds the distinction of having the highest number 
of publications in the field of BGS. The policy orientation 
and development concept of the Chinese government 
have been pivotal in accelerating the growth of this field. 
China has a deep understanding of the ecological issues 
associated with rapid urbanization during the past decades, 
and appreciates the importance of achieving healthy and 
sustainable urbanization through the construction of 
“ecological civilization” [Wu et al. (2021), Zhang et al. 
(2022), p. 2]. Since 2012, reports of the three congresses 
of the Communist Party of China (the 18th, 19th, and 
20th Congresses) have emphasized the importance of 
constructing an ecological civilization [Zhang et al. (2016), 
p. 1], of achieving conservation objectives, and restoring 
damaged environments [Chen et al. (2023), p. 2]. A series 
of ecological concepts such as the “community of life” and 
the “harmonious coexistence of nature and mankind” have 
been proposed as basic requirements for the high-quality 
development of China's territorial space [Gao et al. (2022), 
p. 13]. Under the new territory spatial planning system in 
China, the properties, synergy, and indicator system of BGS 

Table 3  Analysis of research themes and status of BGS across various development stages

Development stage Main research themes Development status

Early stage
(2012–2014)

alleviating the effects of urban heat islands [Hathway and 
Sharples (2012)]

reducing stormwater flows and reusing rainwater [Rozos et al. 
(2013)]

affecting human activities [Amoly et al. (2014)]

The synergistic effects of BGS were initially recognized

Midterm stage
(2015–2017)

provision of ecological services [Andersson et al. (2015), 
Dou et al. (2017)]

improvements to human mental health and well-being 
[Gascon et al. (2015), Finlay et al. (2015)]

climate change mitigation and adaptation [Voskamp and Ven 
(2015), Kabisch et al. (2016)]

The synergistic effects of BGS have increasingly garnered 
attention

Recent stage
(2018–2022)

enhancing environmental quality [Wang (2021)]
increasing urban resilience [Joyce et al. (2018)]
improving human health [White et al. (2021)]
enhancing urban comfort through cooling and humidification 

[Shi et al. (2020), Hu et al. (2020)]; regulating urban 
stormwater with gray infrastructure via nature-based 
solutions [Ncube and Arthur (2021)]

providing ecosystem services such as carbon storage, 
biodiversity protection, cultural benefits, and human well-
being [Veerkamp et al. (2021)]

integrative development, collaborative planning of BGS 
[Puchol-Salort et al. (2021), Sorensen et al. (2021)] and 
investments in BGI [Pallathadka et al. (2022), Kaur et al. 
(2022)]

Research on the synergistic effect of BGS has shown 
explosive growth in quantity and expansion in scope
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have been explored and studied [Duo et al. (2022)]. The 
Chinese government even regards BGS development as a 
key component of planning for ecological spaces across 
the national territory in the new era [Ministry of Natural 
Resources (Ministry of Natural Resources of the People’s 
Republic of China (2020) Guidelines for the compilation 
of the Municipal Land Space Master Plan. Natural 
Resources [2020], No. 46, p. 11 of 44 2020), p. 11 of 44]. 
The proportion of BGS in built-up areas is set to become 
a guiding index for the future creation of national garden 
cities [Ministry of Housing and Urban–Rural Development 
(Ministry of Housing and Urban-Rural Development of the 
People’s Republic of China (2022) Notice of the Ministry 
of Housing and Urban-Rural Development on Printing and 
distributing Administrative Measures for the Application and 
Selection of National Garden Cities, Jiancheng [2022], No. 
2, p. 15 2022), p. 15]. According to the “National Garden 
City Selection Criteria” of 2022, a BGS proportion greater 
than 45% and 43% in built-up area has been included as a 
key evaluation indicator for national ecological garden cities 
and national garden cities, respectively. This designation 
affirmed China’s emphasis on and affirmation of the 
importance of BGS for analyzing the consequences of urban 
ecology and the need for the collaborative construction of 
BGS. The amendment of these selection criteria is also 
anticipated to be a major driving force in advancing BGS 
research in China.

4.3  Lacunae and opportunities in BGS planning 
practice

Under the influence of major events, such as the global 
pandemic and increasingly frequent extreme weather, 
the positive co-benefits derived from the BGS have been 
further emphasized and studied. Scholars agreed that 
the integration of blue and green spaces and achieving 
synergies between them can improve ecological 
resilience and the health of human settlements [Oliveira 
et  al. (2022), pp. 7–10]. This approach to integrated 
development and collaborative planning of BGS has 
been extensively implemented in projects aimed at 
enhancing urban environments in various countries 
[Zhou and Wu (2020), pp. 1–2 of 22, Ahmed and Alam 
(2019)]. It is widely recognized that combining BGS 
multiplies the environmental benefits of each type of 
space. Nevertheless, there is a notable deficiency in 
comprehensive research on the integrated planning and 
collaborative construction of BGS. Furthermore, most 
of the current BGS planning strategies are grounded in 
empirical practices and theoretical frameworks. Examples 
of multi-scale socio-ecological practices that support such 
integrated planning are scarce. Socio-ecological practice 
is the human action and social process that take place in 

specific socio-ecological context to bring about a secure, 
harmonious, and sustainable socio-ecological condition 
serving human beings’ need for survival, development, 
and flourishing [Xiang W–N (2019), P. 7]. In the current 
socio-ecological context of climate change mitigation and 
the development of high-quality human settlements, the 
socio-ecological practice of BGS is of great significance. 
Currently, a lack of scientific technical standards and 
unified planning guidelines exists to facilitate the planning 
process of BGS, highlighting an urgent need for further 
research and development in this domain.

5  Conclusions

The objective of this paper was to summarize and 
categorize the progress and hot spots in international BGS 
research. We utilized bibliometric methods to conduct a 
statistical analysis of 350 papers selected from the WOS 
database. The results indicate a gradual increase in BGS 
research publications over the past decade. China, the 
UK, and the USA have been the three major contributing 
countries in this field. Additionally, there has been an 
increase in the collaboration intensity between different 
countries in BGS research. In the last five years, Chinese 
institutions have become central in both research and 
practice within this field. The principal research hot 
spots in BGS are problem-oriented, focusing on climate 
change adaptation and mitigation, enhancing ecosystem 
services, promoting human health, and spatial planning 
practice. Current research has confirmed the synergies 
and composite functions of BGS. However, mechanisms 
to achieve synergy, collaborative planning development, 
and the optimization of BGS spatial patterns are still 
largely theoretical. Therefore, we conclude that further 
exploration is needed in quantitative research and socio-
ecological practice to support BGS development. A 
critical issue for the sustainable development of human 
settlements is how to optimize the layout of BGS in 
terms of form and quantity to maximize its benefits. This 
question deserves further investigation.
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