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Abstract: Despite growing recognition of nature-based solutions (NBS), there remains a research
gap in understanding their implementation in urban areas, which poses a significant challenge for
urban forest development. Therefore, our paper aims to explore the intersection of NBS with urban
forests (UF), identify current barriers, propose strategies to maximize the potential of urban forests
as nature-based solutions (UF-NBS) in effectively improving the resilience of urban forests, and
enhance the service capacity of urban forest ecosystems. To achieve our objective, we conducted
a comprehensive analysis that included a bibliometric review to summarize the evolution of the
UF-NBS literature and classify UF-NBS types for the first time. Subsequently, we identified and
organized current challenges faced by UF-NBS. Additionally, we proposed an original technological
framework system for urban forest development based on NBS principles. The results show the
significance of UF-NBS for enhancing urban resilience and human wellbeing, with multiple successful
implementations in both China and Europe, validating their effectiveness. However, the implementa-
tion of UF-NBS faces several challenges, including inadequate financing, the gap between scientific
knowledge and practical implementation, the absence of region-specific information, and the need
for interdisciplinary collaboration. This study contributes to establishing a scientific theoretical
basis for integrating UF and NBS and provides a systematic approach for decision-makers in urban
forest management. Future research should focus on exploring the integration of UF within the NBS
framework and prioritize knowledge sharing, international cooperation, and education initiatives to
promote the global adoption of UF-NBS and address pressing urban challenges.

Keywords: nature-based solutions; urban forest; sustainable management; Citespace; bibliometric
analysis; green spaces; urban resilience; human wellbeing

1. Introduction

At the beginning of the 21st century, urban areas faced increasing global social, eco-
nomic and environmental problems. Population growth, urbanization, and climate change
are particularly concerning issues [1–3]. The United Nations forecasts that urban areas
will accommodate 68% of the world’s population by 2050 [4]. Furthermore, metropolitan
regions are experiencing growth and expansion [5]. The ongoing process of urbanization is
causing various interconnected pressures, including the densification of built-up regions
and the loss or degradation of natural habitats [6]. Additionally, climate change is leading
to an unprecedented increase in extreme climatic events, such as heat waves, flooding,
and droughts [6], as well as rising ocean levels [7]. All these challenges can significantly
impact the resilience of cities and the wellbeing of their inhabitants [1,5]. To address the
challenges of the current Anthropocene, both individuals and cities urgently need efficient
and effective solutions [5].
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Nature-based solutions (NBS) encompass effective and adaptive actions directed at the
protection, sustainable management, and restoration of natural or improved ecosystems,
thereby addressing societal challenges and delivering benefits for human wellbeing and
biodiversity [8]. Urban forests (UF) are an important part of urban ecosystems and act as
an active green infrastructure (GI) [9–11]. They play a crucial role in addressing climate
change [4], enhancing the quality of the urban ecological environment, providing ecological
wellbeing beneficial for the physical and mental health of the public [12], and improving the
resilience and recovery capacity of urban ecosystems [13]. Therefore, urban forests, as an
integral part of nature-based solutions [14], have a significant impact on both the resilience
of urban ecosystems [15] and the resilience and function of urban forests themselves in
providing ecosystem services (ES) [16].

However, urban forest ecosystems are particularly fragile and exposed to considerable
risk [17] due to the impact of urbanization on climate change [18], the presence of urban
forests in diverse and unpredictable urban landscapes [14], and the inherent fragmentation
of the urban forest landscape [15]. More than half of the plant species in urban regions are
already exceeding their tolerance for present climate conditions [17]. It is predicted that by
2050, over 70% of plant species will be at risk of extreme heat and drought events in urban
settings [17]. The vulnerability of urban forests has a significant negative impact on the
enhancement of ecosystem service values [19]. NBS is an essential approach to enhancing
ecosystem services [1]. Thus, employing NBS in the planning and management of resilient
urban forests offers multiple benefits, including enhancing public engagement with nature
and ensuring the sustainable provision of high-quality ecosystem services [20].

Despite growing recognition of NBS, there remains a research gap in understanding
their implementation in urban areas, posing a challenge in urban forest development. In
light of these challenges, our paper aims to explore the intersection of NBS with urban
forests and identify current barriers through a comprehensive review of the existing lit-
erature. Our goal is to maximize the potential of urban forests as nature-based solutions
(UF-NBS) in effectively improving the resilience of urban forests and enhancing the service
capacity of urban forest ecosystems.

To achieve this goal, we conducted a bibliometric analysis to systematically summa-
rize the development of UF-NBS articles over time. Within the framework of NBS, we
thoroughly classified and summarized the types of UF-NBS for the first time. Next, we
brought together and organized current challenges facing UF-NBS. Finally, we provided
valuable information on future research and applications of UF-NBS. Additionally, we
presented an original technological framework system for the development of urban forests
based on NBS.

In the context of climate change and urbanization, this study will establish a scien-
tific theoretical basis for integrating urban forests and nature-based solutions in research,
provide a systematic approach for decision-makers in urban forest management, and
emphasize the importance of UF-NBS in enhancing urban resilience and human wellbeing.

2. The Importance of Urban Forests in Nature-Based Solutions for Urban Ecosystems

Urban forests (UF) are defined as networks consisting of all woodlands, groups of trees,
and individual trees located in urban and peri-urban areas, such as forests, street trees, trees
in parks and gardens, and trees in derelict corners [21]. In contrast, ecosystem services (ES)
emphasize the ecological functions of UF that are directly experienced, used, or employed
to generate distinct quantifiable benefits for humans [22,23]. These include supporting
services, such as soil formation and photosynthesis, that maintain the conditions for life
on earth; provisioning services such as food and timber; and regulating services such as
climate change and water quality as well as cultural services such as recreational and
spiritual benefits [24]. On the other hand, green infrastructure (GI) refers to a strategically
planned network of high-quality natural, semi-natural, and cultivated regions designed
and managed to deliver various ES and protect biodiversity [21,25,26]. Moreover, UF
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serves as the foundation of GI, connecting rural and urban areas and enhancing a city’s
environmental influence [21].

The United Nations Environment Assembly (UNEA-5) defined the NBS as “actions to
protect, conserve, restore, sustainably use and manage natural or modified terrestrial, fresh-
water, coastal and marine ecosystems which address social, economic and environmental
challenges effectively and adaptively, while simultaneously providing human wellbeing,
ecosystem services, resilience and biodiversity benefits” [27].

Urban forestry, with its well-established and effective set of practices and methods
for implementing NBS [28,29], is highly suitable for playing a key role in achieving the
ultimate objectives of urban NBS [23]. Moreover, urban forest planning and management
align effectively with a nature-based solutions framework because trees offer a diverse
range of services to our communities [30]. Urban forests as nature-based solutions (UF-
NBS) are a subset of nature-based solutions (NBS), as highlighted by the Clearing House
H2020 initiative [31]. It highlights the significance of tree-based urban ecosystems [14] in
promoting human health, wellbeing, and biodiversity [32,33]. UF-NBS is recognized as a
cost-effective and locally adaptable systemic intervention to provide environmental, social,
and economic benefits [28,32,34,35]. UF-NBS has a close connection with urban forests as a
spatial entity [32,36,37] and actions related to the expansion, protection, and maintenance
of urban forests [14]. UF-NBS, as a spatial entity, encompasses various elements, including
urban forests, tree clusters, specific types such as street trees or promenades, and trees
located in urban parks or gardens, with the spatial context of these UF-NBS deemed
relevant [14]. Particularly noteworthy is the incorporation of urban green spaces (UGS)
within this framework, emphasizing the potential for UF-NBS to be tree-dominated urban
ecosystems [38]. UF-NBS actions encompass tree planting, afforestation, reforestation,
and monitoring of trees and forests [14]. Hence, UF-NBS has the capacity to deliver
diverse benefits by providing ecosystem services, including the regulation of air quality,
the provision of food and water, and the potential for restoration and recreation.

In China, various Top-Down UF-NBS actions have been implemented, such as the
National Forest City initiative and the Beijing Plain Area Afforestation Program. The
National Forest City initiative in China, which began in 2004, promotes UF-NBS as a
key strategy for achieving sustainable urbanization and serves as a global exemplar for
innovative development approaches. By 2022, 218 cities in 27 provinces were given the
prestigious title of “The National Forest City”, while more than 440 cities are actively
engaged in greening initiatives to attain this recognition [39]. The Beijing Plain Area
Afforestation Program (BPAP), initiated by the municipal government in Beijing in 2012,
demonstrates effective top-down UF-NBS planning, offering a model applicable to rapidly
urbanizing cities with limited land for urban greenspace. BPAP successfully increased
forest coverage from 14.8% in 2011 to 25% in 2015 by planting over 70,000 hectares of
forest with a survival rate exceeding 95%, making it an impressive afforestation project in
high-density urbanized area [40].

Moreover, there are some innovative UF-NBS projects currently taking place through-
out Europe [41]. The Barcelona Nature Plan is a decade-long UF-NBS initiative aimed at
enhancing and expanding green spaces and biodiversity in Barcelona. The objective is to
achieve an increase of 1 square meter of urban greenery per resident by 2030, a total of
160 hectares [41,42]. Barcelona’s efficient management of green infrastructure, particularly
through this Plan, has resulted in the city being awarded the designation of ‘European
Forest City 2022’ by the European Forest Institute [43,44]. ForestaMi, a UF-NBS initiative in
Milan, was established in 2018 with the objective of planting three million trees by 2030,
aiming to transform the city into one of the greenest in Italy. Currently, with 427,475 trees
already planted, ForestaMi seeks to enhance living conditions and mitigate the impacts of
climate change [45]. Bankside Urban Forest, launched in 2007 in one of London’s oldest
and most historic areas, integrates forest ecology into streets and spaces to enhance public
spaces for people and wildlife, increasing neighborhood resilience and greenery. Since its
start in 2007, this UF-NBS action has successfully completed more than 25 projects, planted
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over 250 trees, expanded the green cover in the local neighborhood by over 1000 m2, and
enhanced over 10,000 m2 of public space in the area [46].

3. Status of Nature-Based Solutions Applications in Urban Forest Development
3.1. Quantitative Analysis of the UF-NBS Literature

The timezone of keywords can reflect the knowledge evolution process of UF-NBS,
clearly illustrating the changes and mutual influences of research hotspots [47,48].

In this section, the literature visualization analysis method is used to collect and
analyze data. Firstly, we collected data by retrieving English literature on NBS and UF-
NBS from the Web of Science (WOS) Core Collection, using the following keywords:
“nature-based solutions” OR “nature-based-solutions” OR “nature based solutions” OR
“nature-based solution” OR “nature-based-solution” OR “nature based solution”. The
time range was set from 1 January 2000 to 31 December 2021. A total of 22,981 papers
were obtained. Further refinement of the search results included selecting document type
“articles” and language “English.” After reading titles, abstracts, and author keywords to
exclude irrelevant literature, 837 documents were obtained. Among the 837 NBS papers,
275 relevant UF-NBS papers were selected based on keywords such as “urban forest”,
“urban tree”, “urban green space”, “urban park”, “urban garden”, “street tree”, and “(blue)
green infrastructure”. After reviewing the titles, abstracts, and removing any duplicates,
275 documents related to urban forests/urban trees/urban parks/urban gardens/urban
green spaces/street trees/(blue) green infrastructure were selected as the dataset for UF-
NBS analysis.

Furthermore, literature visualization analysis was conducted using Citespace 5.8.R3
software as the research tool. Developed by Dr. Chaomei Chen of Drexel University,
Citespace is a scientific literature analysis software based on Java language [47]. The
software is used to draw the timezone of keyword diagrams. Finally, the timezone of
keywords diagrams was visually analyzed based on the theory of literature visualization
analysis [49–52], resulting in the following findings.

In the context of NBS research, studies related to urban forests have evolved through
three main stages (Figure 1). During Stage 1 (2016–2017), the research primarily operated at
a macro-level of UF-NBS. This phase was characterized by a focus on critical areas such as
ecosystem services and green infrastructure, both playing pivotal roles in enhancing urban
resilience and sustainability. The initial phase of UF-NBS led to the creation of extensive con-
ceptual concepts that had a significant influence. Significantly, certain research directions
established during this phase, particularly those related to air quality, health, and green
space, have continued to attract attention. In Stage 2 (2018–2019), the research paradigm of
UF-NBS experienced a transition toward the meso level. This phase prominently concen-
trated on exploring facets related to public health and wellbeing, delving into topics such
as accessibility to green spaces and environmental justice. During Stage 3 (2020–2021), the
research orientation shifted toward microscopic investigation, focusing on elements such
as air particulate matter and nitrogen dioxide, illustrating a profound assessment at the
molecular level. This reflects significant advancements in the development of the UF-NBS
field, highlighting the essential role of urban forests in mitigating challenges associated
with climate change and urbanization.
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3.2. Qualitative Analysis of UF-NBS Typology

Eggermont et al. proposed three distinct types of NBS [54]. Type 1 consists of no
or minimal intervention in ecosystems, aiming to maintain or improve the delivery of a
range of ES both inside and outside of these conserved ecosystems, such as protection
of mangroves and the establishment of marine protected areas [55]. Type 2 refers to the
definition and implementation of management methods that develop sustainable and
multifunctional ecosystems and landscapes, whether they are extensively or intensively
managed. This approach aims to enhance the delivery of selected ecosystem services
compared to what could be achieved through more traditional interventions, such as
innovative planning of agricultural landscapes and promoting diversity in tree species and
genetics. Type 3 involves the active management of ecosystems by highly invasive methods
or even the creation of new ecosystems, such as artificial ecosystems like green walls and
green roofs, and thus, they are the most “visible” solutions [32].

We used the categorization principles mentioned above and followed a hierarchical
structure proposed by Castellar [36]. To classify UF-NBS actions into their respective NBS
types, we included examples from different sources [8,14,32,54,56]. The technological
measures of each action, along with their corresponding functionalities and the urban
challenges they address, are summarized in Table 1. Furthermore, with reference to the
12 challenges that can be addressed by NBS proposed by Dumitru et al. [32], we categorize
the main challenges that can be addressed by UF-NBS based on the functions provided by
UF-NBS (Table 1).
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Table 1. UF-NBS primary technical measures, corresponding functions, and key challenges are
addressed in various NBS context categories.

NBS
Typology

UF-NBS
Actions

UF-NBS
Activities

UF-NBS
Functions

Main Challenges
Addressed Reference

Type 1

UF-NBS
Planning

• Strategies

Short- and long-term urban
tree-planting and stewardship goals
A roadmap for implementation
and monitoring

• Principles

Species selection
Spatial configuration
Site selection
Match trees to their planting sites

• Increase biodiversity
• Maximize the urban cooling effect
• Improve air quality
• Reduce stormwater runoff
• Increase carbon storage
• Improve the forest sustainability
• Improve human health

and wellbeing

Climate resilience
Water management
Green space
management
Biodiversity
enhancement
Air quality
Health and wellbeing

[24,30,57–68]

UF-NBS
Conservation

Create and preserve natural habitats
Ecological corridor construction
and optimization

• Prevent biodiversity loss
• Promote ecological connectivity
• Nature conservation

Green space
management
Biodiversity
enhancement

[65,69,70]

Type 2 UF-NBS
Management

• Adjustment

Species adjustment
Structural adjustment
Density adjustment
Color patch adjustment

• Monitoring

Tree monitoring
Tree watering
Tree pruning
Tree grading
Tree rejuvenation
Tree removal
Weeding
Maintain suitable site conditions

• Other

Soil improvement
Understory vegetation management
Pest management
Source control of pollution

• Increase canopy cover
• Increase species diversity
• Increase tree sizes
• Improve carbon sequestration
• Provide stopover habitat for birds
• Improve environmental justice
• Build resilient city
• Mitigate climate change

Climate resilience
Green space
management
Biodiversity
enhancement
Air quality
Social justice and
social cohesion
Health and wellbeing

[30,57,71–83]

Type 3 UF-NBS
Creation

• Planting

Afforestation
Reforestation

• Increase urban tree cover
• Increase carbon sink
• Provide ecosystem services
• Mitigate climate change

Climate resilience
Water management
Air quality
Place regeneration
Social justice and
social cohesion
Health and wellbeing

[30,61–64,83–91]

• Spatial Units

Urban parks and gardens
Botanical gardens
Orchards
Hedges/shrubs/green/fences
Street trees

• Enhance canopy cover
• Provide shade
• Support sustainable cities
• Improve human health and

wellbeing
• Support people’s connection

with trees
• Improve environmental equity
• Build resilience

[5,60,68,92–98]

• Technological Units

Green wall
Green facade
Vegetated pergola
Vegetated grid pave
Green roof
Green alley

• Place greenery without
occupying street space

• Enhance urban environment
• Improve urban biodiversity
• Habitat provision for insects
• Carbon sequestration
• Mitigate heat island effect
• Stormwater management
• Improve buildings performance
• Enhance human wellbeing

[99–116]

In Type 1 NBS, the main focus of UF-NBS actions is primarily on the aspects of planning
and conservation. The UF-NBS planning actions involve the creation of strategies, such as
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the establishment of long-term and short-term plans and goals for urban tree planting and
management [57], as well as roadmaps for carrying out and monitoring these plans [58].
The implementation process is guided by principles that take into account factors such as
the selection of species, allocation of space, determination of location, and identification of
suitable locations for tree planting. By implementing these initial measures, the groundwork
can be established for the effective urban implementation of UF-NBS in subsequent phases,
while simultaneously fulfilling various functions. In terms of ecological functions, a varied
species composition boosts urban biodiversity [59], while a carefully designed spatial
arrangement optimizes the cooling effect of urban forests [60], enhancing local air quality,
decreasing surface runoff [61], and increasing carbon storage [30,62–64]. Essentially, this
leads to improved forest sustainability [65], and ultimately, a better environmental quality
in the city [66], which has a positive effect on human health and wellbeing [24,67,68].
An effective planning methodology can efficiently tackle six urban challenges: climate
resilience, water management, green space management, biodiversity enhancement, air
quality, and health and wellbeing. Additionally, UF-NBS conservation involves establishing
and preserving natural habitats and refuges, along with optimizing the construction of
ecological corridors. This is essential for preventing biodiversity loss [69], promoting
ecological connectivity [65], and contributing to nature conservation [70]. Thus, the primary
challenges addressed by UF-NBS conservation action include green space management
and biodiversity enhancement.

In Type 2 NBS, the primary action of UF-NBS is management, which involves the ac-
tivities of adjustment and monitoring. Adjustment activities encompass species adjustment,
tree species replanting, structural adjustment and optimization, density adjustment, and
color patch adjustment. Monitoring activities include forest monitoring, tree monitoring,
tree watering, tree pruning, tree grading, tree rejuvenation, tree removal, weeding, and
maintaining suitable site conditions [57,71–73]. In addition, other measures involve soil
improvement, understory vegetation management, pest management, and source control of
pollution. The three aspects of management activities can bring various benefits to different
levels. To begin with, improving the health and sustainability of trees includes augmenting
the canopy cover [57,74], increasing species diversity [75], and promoting the growth of
larger trees [76], as well as improving the ability of carbon sequestration and storage [77].
Furthermore, promoting diversity in various aspects entails factors such as protecting bio-
diversity [30], encouraging the presence of different bird species and endangered species in
urban areas, and creating stopover habitats for bird species during their migratory jour-
neys [78–80]. Ultimately, a more resilient city can be achieved through the enhancement
of environmental justice [30,81], the implementation of an efficient city-focused tool for
climate change mitigation [62], and the promotion of more ecological services [82]. There-
fore, urban challenges such as climate resilience, green space management, biodiversity
enhancement, air quality, social justice and cohesion, as well as health and wellbeing, could
be addressed.

In Type3 NBS, UF-NBS creation primarily involves three categories. The first category
is planting, which includes afforestation, reforestation, and urban tree planting. Its pri-
mary function is to increase forest cover rates, especially by enhancing urban tree cover
in cities [61,83–88], and serve as a carbon sink by fixing and storing carbon [30,62–64].
Additionally, it provides various ecosystem services [89] and contributes to mitigating
climate change [90,91].

The second category, referred to as spatial units, includes urban parks and gardens,
botanical gardens, orchards, hedges, shrubs, greens, fences, and street trees. These elements
primarily contribute to enhancing canopy cover [92], providing shade [60], supporting
sustainable cities and communities [5,68,93], improving human health and wellbeing,
fostering people’s sense of connection with and appreciation for trees [94], and promoting
environmental justice [95–97], ultimately contributing to urban resilience [98].

The third category consists of technological units, encompassing green walls, green fa-
cades, living walls, vegetated pergolas, vegetated grid paves, green roofs, and green alleys.
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These units primarily serve the purpose of placing greenery in urban areas without occupy-
ing street space and enhancing the urban environment [99]. They also play a crucial role in
promoting urban biodiversity [100–102], creating habitats for insects [103], sequestering
carbon, improving air quality [104–107], reducing temperature [106], mitigating the heat
island effect [108–111], managing stormwater [112], enhancing building performance [113],
and ultimately improving citizens’ quality of life and wellbeing [114–116]. As a result,
the creation of UF-NBS can address the following challenges: climate resilience, water
management, air quality, place regeneration, social justice, and social cohesion, as well as
health and wellbeing.

4. Key Challenges in Urban Forests as Nature-Based Solutions Research
and Implementation

The lack of adequate finance is a major challenge in the development of NBS and
UF-NBS [117]. First of all, due to the often long-term and spatially constrained nature of the
benefits associated with these solutions [6,118–120], uncertainty exists regarding the values
that an NBS can deliver [29]. Consequently, this uncertainty may impose financial pressures
on government departments [121]. In addition, the absence of public funding for NBS
in urban settings is also linked to restricted municipal budget flexibility and insufficient
monetary transfers to the local level, resulting in financial constraints for municipalities
and low levels of public investment in NBS [122,123]. Therefore, it is essential to assess
their value from a long-term perspective and diversify funding opportunities for NBS and
UF-NBS research. In particular, local governments need a long-term perspective on fund-
ing to ensure stability, reduce uncertainty, and facilitate voluntary action for sustainable
transition [105]. Moreover, strengthening collaboration between the government and the
private sector and broadening the sources of funding is key [123,124]. This approach not
only brings in the expertise and financial support of the private sector but also combines the
government’s top-down governance model with the flexibility of the private sector [125],
which is key in demonstrating the potential and value of NBS in promoting economic
prosperity and human wellbeing [126]. Moreover, the participation of private actors facili-
tates a more effective distribution of risks associated with long-term illiquid investments
in infrastructure [127]. Another significant issue is that current methods for valuing and
accounting, used to assess and quantify the benefits resulting from NBS interventions,
are deemed inadequate [123,128]. This insufficiency complicates the conversion of NBS
benefits into monetary terms, leading to inadequate investment and excessive exploitation
of natural resources [129,130]. Therefore, there is a need to concentrate on formulating
evaluation frameworks that consider the variety and duration of benefits in investment de-
cision making. Enhanced accounting techniques, encompassing a range of benefits offered
by NBS, are anticipated to boost their capacity for generating money [123]. Moreover, the
ideas of natural capital (accounting) and ecosystem service supply have the potential to
enhance the capacity of financial decision-makers to allocate funds toward NBS by offering
a transparent accounting framework for expressing the benefits of NBS [131].

The gap between scientific knowledge and practical implementation significantly
hinders the efficient utilization of UF-NBS [132–135]. While the theoretical foundation
of NBS is well-established, its practical application, especially in urban forests, remains
underdeveloped [23]. Additionally, NBS, as a novel approach within complicated socio-
ecological systems [6], suffers from a lack of comprehensive understanding, leading to
uncertainty in implementation procedures and associated benefits [117,136]. Currently, the
primary knowledge source is from the academic domain [137], with insufficient evidence
on development, implementation, and management processes [117]. This limitation notably
impedes public acceptance [138]. Hence, there is a critical need to effectively communicate
the importance of NBS and UF-NBS to government officials and the public [23]. Conse-
quently, developing easily understandable instructions for UF-NBS that align with public
expectations and implementing them in practical settings is essential [23].
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The efficient use of UF-NBS may face obstacles due to the absence of region-specific
information, which might affect the implementation of strategies. Therefore, it is es-
sential to incorporate an understanding of local circumstances when considering these
approaches [34,131,139–142], avoiding one-size-fits-all solutions [140,143] and breaking
path dependence [117,141,144]. Concurrently, another significant challenge is establishing
effective partnerships among stakeholders [142], especially between local governments and
communities [145]. Local citizens play a pivotal role in enhancing the development and
management of NBS, particularly in ‘tailoring solutions to local context’, with their invalu-
able knowledge significantly improving the chances of achieving successful outcomes [146].
Additionally, collaborating with local organizations, especially community groups, not
only fosters trust but also promotes responsible ecosystem management and the acquisition
of social knowledge, which are crucial for increasing socioecological resilience [90,125].
Moreover, the practical viability of UF-NBS theory relies on its integration into workable
governance frameworks [147]. However, there is a lack of comprehensive stakeholder
research, resulting in an inadequate understanding of policy and planning [148]. Further-
more, the governance framework for UF-NBS is currently under development as it is a
relatively new idea [149]. Therefore, the main objective at this stage is to combine existing
theoretical knowledge with practical project fundamentals [29], systematically identifying
the significant challenges in implementing UF-NBS, particularly at the governance level.

The successful implementation of NBS and UF-NBS also needs the simultaneous solu-
tion of social, political, economic, and scientific issues across various actor groups [150,151].
Nevertheless, it has been observed that the field of urban forestry, especially in university
programs, has weaknesses in incorporating sociology/anthropology, economics, engineer-
ing, and public affairs/public policy disciplines [152]. More importantly, urban forestry
and urban forestry syllabuses noticeably do not have essential concepts derived from
the social sciences [152]. Similarly, practitioners also need to incorporate different types
and systems of knowledge and values when designing and implementing NBS, including
various aspects of urban management, biodiversity, governance, and social innovation
within a socio-ecological system [151,153]. By doing so, the aim is to ensure that these solu-
tions are comprehensible and acceptable to a broad spectrum of stakeholders [29,146,151].
Furthermore, the lack of qualitative research methods connected to UF-NBS suggests a
limited comprehension of human–nature relationships [154–156]. This may be attributed to
the fact that qualitative methodologies do not always yield findings that can be applied to
the broader population. Their application is lengthy and thus expensive when compared
to their quantitative counterparts [156]. To gain a more comprehensive understanding,
it is recommended to incorporate qualitative research approaches alongside quantitative
methods [154,155,157,158]. Meanwhile, institutional fragmentation, also known as ‘sectoral
silos,’ represents a significant obstacle [117]. Various departments within an organiza-
tion typically work based on their unique vision, regulations, and responsibilities and
utilize their specialized terminology [146]. Thus, developing a common comprehension of
NBS/UF-NBS and their benefits is crucial for successful partnerships [125].

5. Suggestions and Future Prospects for Urban Forest Nature-Based
Solution Development
5.1. Suggestions

By incorporating the hierarchical classification of NBS proposed by Castellar et al. [36],
we developed an initial technical framework system for urban forest development based
on NBS (Figure 2).

This framework integrates the concept of NBS into the development of UF, aiming
to create a forest city that addresses the needs of the public, the environment, and the
economy in the face of climate change, considering natural resources, urban hazards, and
land use. Our approach aims to enhance multiple ecosystem services provided by the
UF-NBS, following the principle of naturalism. Depending on the various categories of
urban forests, we will implement appropriate technical measures during different phases
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of construction, maintenance, and operation. For instance, firstly, during the construction
phase, we will consider factors such as the choice of tree species, spatial arrangement, and
site selection. Next to that, at the management and maintenance stage, our focus will be
on effectively managing and maintaining the urban forest based on aspects such as tree
health, public safety, and ornamental features. Finally, over the UF operation period, the
primary objective should be managing the overall scale of the forest, its landscape, and
the vegetation and litter in the understory. In this way, we aim to improve the quality
of existing urban forest and its management based on the principles of NBS, creating a
more resilient city that respects and adapts to nature, fostering a harmonious relationship
between humans and the natural environment.
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5.2. Future Prospects

While there has been a noticeable increase in research on the theory and practice of
NBS, fewer studies have specifically delved into the context of urban forests within the
realm of NBS. To effectively implement urban forests as NBS in cities, there is a need
for further exploration into the current status, issues, and future trends of urban forests
within the framework of urban NBS studies. Simultaneously, the UF-NBS research domain
is currently expanding and has the potential to include landscape architecture, urban
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planning, and other design-related sub-disciplines. In the future, the focus should be on
promoting sustainable development by enhancing green spaces in cities, improving urban
ecosystems, increasing ecological services and benefits, and ensuring human wellbeing and
health [159]. Therefore, it is crucial to develop mechanisms and technologies to facilitate the
sharing of knowledge and create dedicated platforms for exchanging experiences related to
UF-NBS. These platforms, whether limited to specific regions or worldwide, are designed
to facilitate the sharing of ideas, collect feedback, address problems quickly, and create a
comprehensive database of knowledge in the long term [160]. In addition, this approach
has the capacity to attract investment and broaden funding opportunities [125]. Moreover,
it is essential to create customized educational and training initiatives focused on NBS
and UF-NBS to cater to the needs of various stakeholders, including professionals and the
general public. These programs should provide not only appropriate education but also
employ diverse communication channels, such as newspapers, television, radio, and the
Internet, to convey information, foster public comprehension of concepts, and promote
acceptance of new terminologies [138].

The concepts, ideas, and methods of NBS and UF-NBS are currently being explored,
and there is still a need to discuss and define its measures [54]. It is important to fur-
ther study the fundamental characteristics of NBS measures, enhance the coordination
and integration of NBS at urban scales, improve the effectiveness and sustainability of
the UF-NBS framework [161], and promote scientific standards and guidelines to guide
practice. Engaging in the global UF-NBS initiative through international cooperation and
simultaneously crafting localized outcomes based on the distinctive features of different
regions and adapts them to local conditions [161]. Additionally, future studies need to
incorporate the principles, methods, and international experiences of UF-NBS into the
development of urban forests and ecological environmental protection [162,163]. At the
same time, there is a need to enhance the education system for sharing knowledge about
this innovative concept, foster greater collaboration within the region, establish an effective
management framework, advance the integration of national case studies with urban forest
development, and facilitate the establishment of a global community united in the pursuit
of a shared future through international cooperation in the field of NBS [164].

6. Conclusions

In conclusion, this study conducted a comprehensive analysis of the UF-NBS liter-
ature, identifying key trends, classifications, and challenges in the field. The findings
highlight the significance of urban forests as nature-based solutions for enhancing urban
resilience and human wellbeing, with multiple successful implementations in both China
and Europe validating their effectiveness. However, the implementation of UF-NBS faces
several challenges, including inadequate financing, the gap between scientific knowledge
and practical implementation, the absence of region-specific information, and the need
for interdisciplinary collaboration. Addressing these challenges is crucial for advancing
the effectiveness of UF-NBS initiatives. The proposed technological framework for UF
development provides a foundation for future research and implementation efforts. Future
research should focus on continuing to explore the integration of urban forests within
the NBS framework and to prioritize knowledge sharing, international cooperation, and
education initiatives to promote the global adoption of UF-NBS and address pressing
urban challenges.
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