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EXECUTIVE SUMMARY 

The review of academic literature that is part of the CLEARING HOUSE knowledge repository is a key 
analytical tool for the creation of an evidence base on the impacts of UF-NBS on urban liveability, public 
health, biodiversity, and ecosystem services. The screening of academic literature based on a set of 
eligibility criteria resulted in an identification of 422 relevant records, that were analysed through a 
rapid review process. This analysis of records focused on selected key aspects including geographic 
context, nature-based solutions context, i.e., action conducted and/or type of corresponding green 
element studied, observed impacts, i.e., benefits/ecosystem services as well as ecosystem disservices, 
and research context including societal, economic or environmental challenges addressed, as well as 
methods and data used.  

Reviewed records focused on a total of 67 countries, predominantly located in the Americas, Europe, 
Asia, and Australia. 59 unique types of green elements were identified, with urban and peri-urban 
(riparian) forests, parks, street trees, and residential green most often mentioned. The most frequently 
described actions include monitoring actions, greening, afforestation and reforestation, ecosystem 
management, species diversification, and restoration actions; however, a significant number of 
academic records does not study a specific intervention. Common challenges providing the context of 
case studies include nature conservation and restoration, the management of green spaces, support 
of sustainable development, decision-making and planning, the improvement of public and human 
health and well-being and of the quality of life, and mitigation and adaption action. Benefits most often 
targeted or identified include the maintenance of biodiversity, the provisioning of recreational 
opportunities and restorative potentials, the increase of amenity values, the regulation of air quality 
and of temperature, thermal comfort and humidity. A pilot Sino-European comparison has been 
conducted in addition, to identify similarities and differences in the aforementioned analytical aspects 
more specifically between Europe and Eastern Asia/China. Furthermore, on the basis of these findings, 
a set of research questions has been identified for further consideration within the CLEARING HOUSE 
analytical framework.  

To ensure a rapid dissemination of findings, and to allow researchers and stakeholders access to these 
findings under their own analytical lenses, an interactive online dashboard has been developed. This 
dashboard can be accessed at http://review.clearinghouseproject.eu.  

 

  

KEYWORDS 
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1 Introduction and objective 

The compiled knowledge repository on UF-NBS based on academic literature review is a key analytical 
tool to help creating an evidence base for successful UF-NBS implementations and their impacts on 
urban liveability, public health, halting biodiversity loss and re-diversifying nature. The objective of the 
repository is threefold:  

�x First, to review existing English-speaking academic literature on nature-based solutions, 
ecosystem services, and urban forestry.  

�x Second, to structure, filter and systematize the reviewed records, to establish an interactive 
dashboard which allows a user to interactively query and filter review findings according to 
various criteria, and to visualize and summarize findings.  

�x Third, based on a broad assessment of relevant findings and a Sino-European comparison using 
the dashboard, to elicit key research questions for further research on UFBS have been distilled 
that help restore, reconnect and rehabilitate urban ecosystems and habitats for the 
strengthening of public health and wellbeing.  

The knowledge repository was developed in close collaboration with T1.1., inter alia capitalising on the 
UF-NBS typology developed under this task. Furthermore, the knowledge repository will feed into the 
Sino-European co-design event (T3.1) and the CLEARING HOUSE analytical framework (T1.5). 

The review of academic literature feeds into the CLEARING HOUSE knowledge repository. The review 
process is split between the European and the Chinese project partners. European partners (led by 
partner HUB) focused on the review of English-speaking records, whereas the Chinese project partners 
(led by University of Hongkong) focused on reviewing academic literature records available in Chinese. 
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2 Review process 

In principle, the review process consists of the following steps (Figure 1): (i) query of relevant literature 
in the SCOPUS database; (ii) the screening of records that were returned from the query; (iii) the 
processing and analysis of records from an internal data store collecting the output of a web-based 
paper survey; and (iv) the presentation of findings.  

The process is designed to allow for a continuous updating of findings in an iterative manner; if so 
done, the CLEARING HOUSE knowledge repository can be updated over the course of the project or, 
alternatively, used and re-used by other projects and teams. 

 

   
Fig 1: Overview of methodical and technical steps within the review process. 

 

 

2.1 Query 

The review of academic literature is based on the SCOPUS database as the largest multidisciplinary 
scientific database of peer-reviewed literature. We structured the literature review following the 
PRISMA guidelines (Moher et al., 2009; see also http://prisma-statement.org/). For the query we used 
the following code and key terms which reflect the objectives of the review to assess the effects or 
impacts of trees/urban forest as nature-based solutions on biodiversity, human health and well-being, 
and livability in cities.  

 

 

TITLE - ABS- KEY(urban) AND TITLE - ABS- KEY(tree OR forest OR nature)AND TITLE - ABS- �.�(�<���
�"�
�¼�
�"�
�E�D�V�H�G-
�V�R�O�X�W�L�R�Q�
�"�
�¼�
�"�
���$�1�'���7�,�7�/�(- ABS- KEY(biodiv* OR health OR well - being OR livability)  

TITLE - ABS- KEY(urban) AND TITLE - ABS- KEY(tree OR forest)AND TITLE - ABS- �.�(�<���S�O�D�Q�Q�L�Q�J�� �2�5�� �
�"�
�¼�
�"�
�J�U�H�H�Q-
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H�
�"�
�¼�
�"�
���$�1�'���7�,�7�/�(- ABS- KEY(biodiv* OR health OR well - being OR livability)  

TITLE - ABS- KEY(urban) AND TITLE - ABS- KEY(tree OR forest)AND TITLE - ABS- KEY(ecosystem W/5 service)AND TITLE - ABS-
KEY(biodiv* OR health OR well - being OR livability)  

 

 

http://prisma-statement.org/
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2.2 Screening 

In the screening process, records were first screened for the year of publication based on a decision to 
primarily focus on more recent records, where recency was broadly conceptualized as having been 
published within the previous decade (i.e., 2010�t2019 including). All records included as such were 
subsequently screened for availability, and if available, assessed for eligibility according to the 
following set of eligibility criteria:  

�x The record corresponds to (i) a case study; or (ii) the description of a project. 
�x The record considers (i) one or more types or elements of the green infrastructure; (ii) is about 

a (tree-based) nature-based solution (action or intervention); or (iii) is broadly connected to 
trees (e.g., through concepts such as tree cover, tree density etc.) as studied object. 

�x The record specifically describes the geographic area of study of a given spatial scale (e.g., the 
record may describe a case study at a specific locality at site or neighbourhood scale such as a 
given urban green space, or it may describe a study carried out at a set of localities such as 
cities within a region etc.). Review papers are typically not specifically locatable and have 
mostly been excluded from the record. 

�x The record describes�v for the geographic area/scale and in the context of the object or action 
studied�v specific (observed/estimated/modelled) desired or undesired effects or impacts, e.g., 
on biodiversity, public or individual health and human well-being, etc. As a consequence, for 
example, land-use change studies that do not consider such further effects of modelled 
changes were normally excluded. 

These criteria are broadly formulated on purpose, to allow including as many diverse tree-
related/induced effects on biodiversity, liveability, and public health and human well-being as possible.  

Figure 2 summarizes the number of assessed records (including endpoints) through the eligibility 
screening process. The initial SCOPUS query returned a total of 1290 unique records. From this set of 
records, 291 publications were excluded since they were published earliner than 2010. Conversely, 
999 records published in 2010 or later were included in the further screening process of which 229 
records could not be accessed. 771 accessible records were retrieved and screened for eligibility 
according to the criteria listed above. From these records, 349 records were excluded resulting in 422 
records which were included in the review and subsequently analysed.  
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Fig 2: Sankey flowchart of the records assessed in the eligibility screening process. From 1290 initially 
retrieved records, 422 records were finally considered eligible for analysis. 
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2.3 Data processing and analysis 

The analysis of eligible records focuses on a set of pre-defined criteria, as coordinated in the CLEARING 
HOUSE consortium (Table 1). The analysis criteria were chosen to cover a broad range of aspects, with 
a focus set on the desired impacts/effects of tree-based nature-based solutions, and associated 
societal/environmental challenges. To facilitate the analysis of records, and more specifically, the 
sharing of findings, a submission form was setup onine to allow reviewers to submit their results. The 
data submitted through this form is retrieved in spreadsheet format, and further processed. 

 

Table 1: Analysis criteria for the CLEARING HOUSE review of academic literature. 
Aspect Sub-aspect Description 

Geographic 
context 

Location Name of country and locailites (region, city, study site) 
Spatial Scale Applicable spatial scale, e.g., site-level/neighbourhood 

level, city level, regional level etc. 
Nature-based 
solution  
(action, type of 
corresponding 
green element) 

Associated type of element of the green 
infrastructure (object of study) 

Includes, e.g., different types of forests, street trees, 
green urban areas, cemetries, allotment gardens, etc.  

Species-related information Information on tree genus and tree species, and origin 
(native species), if available 

Action, intervention of study Includes, e.g., greening or monitoring actions 

Observed 
effects/ 
impacts 

Desired impacts/benefits The desired impacts and benefits/effects, targeted 
ecosystem services 

Undesired effects/trade-offs Undesired effects and trade-offs observed, e.g., 
ecosystem disservices 

Research  
context 

Challenge Contextual information, i.e., associated societal and/or 
environmental challenges  

Associated hazards and climate change Hazard context, i.e., associated natural or anthropogenic 
Type of study Type of study in respect to the methods used, e.g., 

quantitative, qualitative, or mixed methods 
Methods and data A brief summary of methods and data used, and/or 

broader themes of methods applied 

 

The preparation and processing of submitted data on findings from the analysis of have been 
implemented as a semi-automated workflow in the R statistical software with the following steps: 

�x Normalization of data: For example, many case studies did not focus on a single city, but a 
pair or group of cities. Such one-to-many (as well as many-to-many) cardinalities need to be 
resolved; 

�x Review and recategorization of submitted data as necessary, including the merging of rare 
categories into common themes, spell-checking etc.; 

�x Geocoding of relevant data, i.e., linking non-spatial information with geospatial data, 
including geocoding of localities/cities (thorugh querying for location coordinates from a web 
service), and of countries. 
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2.4 Findings presentation 

The processed data have been feed into an interactive online dashboard to present the findings in an 
interactive and individualised manner (Figure 3). This dashboard allows a user to interactively query 
and filter review findings according to various criteria, and to visualize and summarize findings. To do 
so, a R Shiny dashboard has been implemented and remotely deployed for access via the World Wide 
Web. The dashboard can be accessed by the public at: http://review.clearinghouseproject.eu. The 
objectives of the dashboard, i.e., the desired functions, may be summarized as follows: 

�x Filter findings by selected criteria including world region, associated societal/environmental 
challenge, targeted benefits, actions studied, and mentioned species-specific information 
(e.g., tree genus); 

�x Visualization of (filtered) findings in an interactive manner, including user-modifiable charts, 
tabulation of data, listing of relevant records and access of these records through their doi 
identification; 

�x Export of (filtered) list of records (bibliographical information on the relevant records), with a 
summary, if requested. Moreover, review findings can be included as one-hot encoded data 
(Géron, 2019) for spreadsheet export; 

�x Generation of a report of (filtered) findings, with summaries and visualizations of findings. 

 

 

Fig 3: Interactive dashboard for the presentation of review findings. 
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3 Review findings �t a global perspective on UF-NBS 

3.1 Geographic context 

The following maps visualize the number of mentions per country (i.e., the number of case studies or 
observations assessed from the analysed records) and the number of mentions per case study city 
overlaid (Figure 4). In total, case studies were found for 67 unique countries including USA, China and 
Australia covering the largest number of case studies. Similarly, the number of case studies for specific 
localities (cities) is shown in the map. In total, case studies were found for 326 unique localities (cities). 

 

 

 

Fig 4: Number for case studies per 
country and number of mentions 
case studies for specific cities 
(map) and records over time as 
the number of records published 
each year (histogram). 



    
 

Compiled knowledge repository on UF-NBS based on academic literature review (D1.2b) 
 

10 
�d�Z�]�•���‰�Œ�}�i�����š���Z���•���Œ�������]�À�������(�µ�v���]�v�P���(�Œ�}�u���š�Z�������µ�Œ�}�‰�����v���h�v�]�}�v�[�•���,�}�Œ�]�Ì�}�v���î�ì�î�ì���Œ���•�����Œ���Z�����v�����]�v�v�}�À���š�]�}�v���‰�Œ�}�P�Œ���u�u�����µ�v�����Œ���P�Œ���v�š�����P�Œ�����uent No 821242. The content 
of this deliverable does not reflect the official opinion of the European Union. Responsibility for the information and views expressed lies entirely with the 
author(s). 

 

3.2 Nature-based solution 

The analysis of all records in all regions identified 59 unique types of green spaces, or respectively, 
types of elements of the green infrastructure, that were studied or observed. As Figure 5 highlights, 
urban forests including remnant forests are by far the most studied type of elements of the green 
infrastructure. This is followed by studies which either study trees as elements of urban parks or public 
gardens; focus on trees on streets, boulevards, or promenades; or extend their perspective to peri-
urban forests. Furthermore, among the types of green spaces for which trees are studied there are 
also riparian forest (incl. remnant forest in riparian areas); residential/community green (excluding 
street, e.g., backyards, schools etc.); green roof; allotment and community garden frequently 
mentioned (see again Figure 5). 

 

  

Fig 5: Most-frequently identified types of green spaces. 

 

Species-specific information corresponds to data on the genus or species of trees or woody species. A 
majority of records (n=305, 72%) does not contain specific tree-related information. Only 117 (28%) 
records make mentions on specific families of trees, tree genera, or tree species (Figure 6 left). In order 
to retain data on as many tree genera or tree species as possible, in the few cases where no specific 
genus or species was given in the record, but only the tree family has been recorded, then this family 
is used instead of the genus. These records that make mention to species-related information allowed 
the idenfitication of 199 unique tree taxa, with Quercus and Acer mentioned most frequently followed 
by Tilia, Pinus, Platanus, Fraxinus, Eucalyptus, and Prunus (Figure 6 right).  
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Fig 6: Number of records with or without more specific species-related information (left) and frequency 
of tree taxa (right). 

 

The analysis of records identified 26 unique nature-based solutions actions and interventions. As 
Figure 7 shows, the three actions most often included is forest and/or tree monitoring, i.e., the regular 
and periodic measurement of certain parameters of forests and trees; ecosystem management action, 
i.e., the ensuring the long-term delivery of essential ecosystem goods and services by these distinct 
spatial entities (Smith & Harrison, 2016); as well as greening, i.e., the act of planting plants, the creation 
of urban green areas etc. Average frequencies refer to species conservation and species diversification, 
i.e., the maintenance of existing species or the introduction of novel species in planted areas, for 
example as a consequence of or for adaptation to climate change. This is followed by afforestation and 
reforestation action, i.e., the establishment of new or the intentional restocking of existing forests and 
woodlands, as well as forest conservation, i.e., the maintenance of forested areas (Pawar & Rothkar, 
2015).  

Less frequently listed are three actions refering to restoration. First, ecosystem restoration, i.e., the 
assisting in the recovery of ecosystems that have been (severely) degraded, as well as conserving of 
ecosystems that are still intact (Breed et al., 2020). Second, forest landscape restoration, i.e., the 
�^�}�v�P�}�]�v�P�� �‰�Œ�}�����•�•�� �}�(�� �Œ���P���]�v�]�v�P�� �����}�o�}�P�]�����o�� �(�µ�v���š�]�}�v���o�]�š�Ç�� ���v���� ���v�Z���v���]�v�P�� �Z�µ�u���v�� �Á���o�o-being across 
�����(�}�Œ���•�š�������}�Œ�������P�Œ�����������(�}�Œ���•�š���o���v���•�����‰���•�_���(�}���µ�•�]�v�P at the landscape level (Sabogal et al., 2015). Third, 
spontaneous afforestation, i.e., the abandonment of (former agricultural) land and the successive 
spontaneous afforestations. As shown in Figure 7, a substantial number of records (n=138) does not 
mention any specific action, as these case studies make observations of the status quo. 
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Fig 7: Identified nature-based solutions, i.e., actions and interventions. 

 

 

3.3 Observed desired and undesired effects/impacts 

Desired impacts can typically be mapped to specific ecosystem services provided by UF-NBS. The 
analysis of records identified 38 unique desired benefits. The benefits identified most often are the 
maintenance of biodiversity, ecosystem health and habitat as well as recreation, physical activity, and 
restorative potential; mirroring the objective to let trees and forest serve both an ecological/ecosystem 
health as well as human health benefits purpose. This dual objective is also mirrored by desired impacts 
mentioned with average frequencies such as the regulation of air quality; the regulation of 
temperature, thermal comfort and humidity; amenity values, aesthetical pleasure and attractiveness; 
as well as climate regulation (Figure 8). More specific desired impacts mentioned concern the sense of 
place/cultural heritage; hydrological cycle and water flow regulation; shading and management of 
solar radiation; and economic benefits. 

Observed undesired effects (trade-offs) correspond to various ecosystem disservices. The analysis of 
records identified 25 unique undesired effects/ecosystem disservices studied or observed. Among 
them, the displacement of endemic species, introduction of alien/undesired species; increasing 
temperatures and humidity and an associated decrease of thermal comfort; as well as (maintenance) 
cost were mentioned comparatively often (Figure 8). These undesired effects are the comterparts of 
the most frequent mentioned desired effects in terms of maintenance of biodiversity, ecosystem 
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health and recreation. This list of undesired effects for maintenance, ecosystem health and recreation 
can be extended by allergenic potential, reduced health and well-being and biodiversity and habitat 
loss, fragmentation and degradation. Mentioned with average frequencies are specific undesried 
effects refering to soil degradation; to damages to built-up elements and infrastructures; increased 
water consumption; and unsafe conditions/fear in green spaces.  

 

                

 
Fig 8: Identified desired impacts/benefits (upper chart) and undesired effects/trade-offs (lower chart) 
typically corresponding to specific ecosystem disservices. 
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3.4 Research context 

The analysis of records identified 26 unique challenges. As Figure 9 shows, conservation action; 
together with support of (sustainable) development, decision-making, planning and design are 
mentioned most frequently in the papers under study. If seen in combination, this allows to conclude 
on the need for supporting planning and decision-making process for conserving every aspects of 
nature and by this, as mirrored by Figure 9, contribute to public/human health and wellbeing (physical 
and mental). Under this umbrella, other challenges are mentioned focusing on more fine-tuned 
aspects referring to ecosystem health or restoration/rehabilitation; the management of green spaces, 
ecosystems, natural resources, and of protected areas; accompanied by ensuring quality of life 
(including attractiveness of place) as well as the mitigation and adaptation of hazards and climate 
change. Less frequent mentioned are economic challenges of funding and governance of nature-based 
solutions; as well as cost/cost-effectiveness. 

 

 

Fig 9: Frequency of identified challenges. 
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Figure 10 provides a synoptic view on the findings by putting different aspects into a common context 
through a flow (Sankey) diagram. Each flow corresponds to the number of records that are relevant to 
a specific combination of categories, that are in turn described by nodes. In the Figure, the nodes 
shown on the left correspond to societal/environmental challenges (shown in red); nodes 2nd from left 
correspond to benefits (shown in orange); nodes 2nd from right correspond to actions (shown in cyan); 
and nodes on the right correspond to types of green elements (shown in dark green). Displayed are 
only comparatively frequent flows (n > 20).  

Looking at Figure 10, it becomes apparent that conservation action; ecosystem, tree and forest health; 
ecosystem restoration/rehabilitation; the management of green spaces, ecosystems, natural resources, 
and of protected areas; as well as the support of (sustainable) development, decision-making, planning 
and design are the more prominent challenges driving actions that seek to provide the maintenance 
of biodiversity, ecosystem health and habitat as benefit. In the context of supporting (sustainable) 
development, decision-making, planning and design, but more so in the context of improving both 
public/human health and well-being as well as the quality of life/attractiveness of place as societal 
challenges, it is desired to achieve recreation, support of physical activity, and restorative potential as 
beneficial impacts, as well as to increase amenity value; improve air quality and regulate temperature, 
thermal comfort and humidity. The latter benefit is also in demand in the context of mitigation and 
adaptation action as socio-environmental challenge. 

Actions that appear to be typically linked to the maintenance of biodiversity, ecosystem health and 
habitat include afforestation/reforestation, forest conservation, species conservation and 
diversification, ecosystem management action, and forest/tree monitoring. The latter action is also 
often studied in the context of the remaining benefits. However, to supply recreation, support of 
physical activity and restorative potential; to improve air quality; and to regulate temperature, 
greening appears to play a crucial role as NBS action. Note that looking at Figure 10, the substantial 
number of records that focus on a status-quo, i.e., not focusing on a specific action, becomes again 
apparent.  

Types of green elements targeted by the actions mentioned above, or studied as status quo, often 
correspond to urban forests/remnant forests and peri-urban forests (particularly in the context of 
afforestation/reforestation and forest conservation), but also include urban parks/public gardens and 
street trees/boulevards and promenades (particularly in the context of greening as NBS action). 
Ecosystem management action; species conservation and diversification and especially forest/tree 
monitoring target all of these green elements.  
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Fig 10: Synoptic view of the knowledge repository on UF-NBS based on academic literature review. The Figure shows comparatively frequent flows (n > 10) and 
challenges (left, red), benefits (2nd from left, orange), actions (2nd from right, cyan) and types of green elements (right, dark green) as nodes.  
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4 Sino-European comparison 

In the following, we perform a pilot-kind of Sino-European comparison�x being closely connected to 
the core dual concept of CLEARING HOUSE�x for which the records of corresponding regions have been 
selected and analysed: for Europe, we selected Northern, Western, Southern, and Eastern Europe; 
while Eastern Asia basically consists of records with cases from China.  

Among the most-frequently identified the green elements of urban forest and urban gardens have 
been predominantly analysed in both larger regions. In addition, among the studied green elements 
ranging next, no clear difference between both regions is obvious: street trees, residential green, peri-
urban and riparian forest play an equal importance in both regions (Figure 11). Only among the less 
frequently studied green elements differences occur. While in Europe allotment and community 
gardens as well as trees associated to buildings (green roofs, green facades) play out much stronger, 
there are other green infrastructural elements which receive more attention in Eastern Asia in relative 
terms such as pocket park, plantation, and institutional/commercial green. Even only visible in the less 
frequently referenced classes of green infrastructure, these differences might be a good indicator of 
planning and governance schemes and priorities in both large regions which are an excellent starting 
point for further/future studies and also the practice part of CLEARING HOUSE (see chapter 5). 

For the identified actions studied, differences between both large regions are much more fine-tuned. 
While in both regions, forest/tree monitoring is among the most frequent study action, there are, in 
addition, ES management as well as greening actions being of high importance for Europe while these 
actions range in the middle for actions in Eastern Asia (Figure 12). Interestingly, a second major block 
of actions is similar in both regions with species conservation and diversification; afforestation, forest 
conservation and forest landscape restoration being the most frequent taken actions �t again, for 
Europe ecosystem restoration is completing this block. Clearer differences are visible again among the 
less frequent mentioned actions with actions for stewardship; management; social interventions, or 
multi-functionality being relevant for Europe but are not among the actions for Eastern Asia. And again, 
this hints to differences in land planning and governance schemes used and applied in both regions. 
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Europe Eastern Asia 

  

                                    

Fig 11: Most-frequently identified green element (upper charts) and identified actions (lower charts) comparing Europe and Eastern Asia. 
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For the desired and undesired effects of the studied interventions, both regions largely mirror each 
other, however, with certain differences. In both regions, maintenance of biodiversity; recreation and 
the regulation of air quality are�x�µ�v�•�µ�Œ�‰�Œ�]�•�]�v�P�o�Ç�����µ�����š�}���š�Z�����Z�����À�Ç���š�Œ���(�(�]�������µ�Œ�����v�����À���Œ�Ç�Á�Z���Œ���xthe most 
frequent desired effects (Figure 12). Similar, among a second block differences are hardly obvious with 
amenity values; regulation of temperature; sense of place; climate regulation; only the effect of 
amenities ranks a bit higher for Europe than for Eastern Asia. Climate change mitigation and adaptation 
UF-NBS seems to be one of the most important fields of application and knowledge exchange between 
both large regions although planning and management schemes (might) differ as the previous sections 
told us. 

Another difference between the desired effect in both regions are the fact that the provisioning of 
food; pollination and noise attenuation are only showing up among the European desired effects while 
soil conservation is of higher importance for Eastern Asia. As biodiversity; pest control in intact 
ecosystems seems to be key what nature can deliver to stabilise urban systems and making them 
resilient to change, strengthening the pollination-related topic(s) in CLEARING HOUSE in and for both 
regions could be a worthwhile effort. 

Clearer differences appear when comparing the undesired effects between the two regions (Figure 
12). In Europe costs (e.g. for maintenance) is the most frequent undesired effect which, in contrast, 
���}���•�v�[�š���‰�o���Ç���}�µ�š���š�Z���š���‰�Œ�}�u�]�v���v�š�o�Ç���]�v�������•�š���Œ�v�����•�]���X��While in both regions the displacement of endemic 
species; a decreased thermal comfort; fear/unsafe conditions and allergenic potential are among the 
most frequent undesired effects, it is water consumption and built-up damages which additionally play 
a role for Europe. Again here, allergenic potential as an ecosystem disservice linked to major changes 
in nature in and around cities, could be an important indicator pointing to change and thus being an 
early indicator for intervention. 
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Europe Eastern Asia 

                            

                 

Fig 12: Most-frequently identified desired (upper charts) and undesired (lower charts) effects comparing Europe and Eastern Asia. 
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Most of the identified societal/environmental challenges are the same and of the same relative 
importance in Europe and Eastern Asia with support of (sustainable) development, decision-making, 
planning and design; nature conservation; public/human health and wellbeing ranking top (Figure 13). 
An obvious difference is that in Europe the challenge of climate change adaptation ranks higher than 
in Eastern Asia which is a bit surprising and needs further study. 

 

Europe 

 
Eastern Asia 

 
Fig 13: Most-frequently identified societal/environmental challenges comparing Europe and Eastern 
Asia.  
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5 Conclusion and future key questions 

Having a compiled knowledge repository on UF-NBS as displayed in Figure 10 based on an international 
academic literature review following the PRISMA guidelines �t and the introduced dashboard as its 
core-tool �t could serve as the basis for several avenues of re-use and future research (Figure 14 and 
Table 2).  

 

 

Fig 14: Jigsaw piece of further research fields and implementation questions (see also Table 2). 

 

The research questions listed in Table 2 seems of a different role and particular importance in Europe 
and in Eastern Asia, more precisely, there are similarities and differences. In terms of the overall 
insights from the review, the fields of human public mental and physical health as well as quality of 
life is of great importance in both world regions. Both challenges seem to be key in terms of 
development goals (in line with SDG11) and thus also application ground for UF-NBS. Here, experiences 
exchange and best practice approaches will definitely serve for a successful further/future 
implementation of tree-based NBS. Ranking the most frequently used/applied green space types and 
UF-NBS reveals similarities between Europe and China, too: Trees as a part of the urban forest, as well 
as forest-type landscapes within and around cities are studied most with the goal to maintain or 
improve their biophysical functioning to secure human health. 

Further, the review has shown that forest and/or tree monitoring are well etsablished nature-based 
solutions actions and interventions. What is missing, however, is a stronger use of these tools for 
ecosystem management and greening action as well as the impact of residents�[ perceptions and 
expectations towards the look of urban green space on management decision and ES delivery 
(Research question 3 in table 2). Furthermore, to support decision-making, monitoring is also needed 
in terms of assessing and evaluating management and stewardship strategies including success & 
failure indicators and arguments (Research question 6), as well as a socio-political framing of UF-NBS 
including aspects of environmental justice (Research question 5). In Europe, these research avenues 
are slowly emerging since the last years. What is, in contrast, needed in both regions is an increasingly 
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differentiated perspective on the genus or species of trees or woody species. This is crucial for 
managing for biotic and abiotic stresses such as pests, fire, and pollution to improve tree health 
(Research question 1), the general vulnerability, such as by drought, of trees and associated UF-NBS 
(Research question 4), as well as the species selection for new plantings in order to increase diversity 
for service delivery and forest resilience (Research question 2). Moreover, to support policy in 
upscaling NBS, a stronger evidence base is needed in regard to the cost effectiveness and cost benefit 
of UF-NBS, also in comparison to non-tree based NBS interventions as well as grey, non-NBS 
alternatives (Research question 6). Such assessments appear to be under-reported in the academic 
literature. 

In terms of desired impacts the research on multifunctionality can be strenghtened in both regions. 
While in Europe there is an established debate on the linkages between urban forests and human 
health benefits such as noise attenuation and/or the potential for the provisioning of food (Research 
question 5), in Eastern Asia positive and negative synergies delivered by UF-NBS are strongly related 
to soil degradation (Research question 4). One aspect which is most critical in Europe are 
(management) costs which is calling for a stronger policy support in order to minimise and safe costs 
e.g. for planting strategies (Research question 2). Moreover, innovations are needed in terms of 
�‰�µ���o�]���>�‰�Œ�]�À���š�����‰���Œ�š�v���Œ�•�Z�]�‰�•���]�v���š�Z�����‰���Ç�u���v�š���(�}�Œ�������}�•�Ç�•�š���u���•���Œ�À�]�����•���]�u�‰�o���u���v�š���š�]�}�v�����v�����u���v���P���u���v�š 
(Research question 1). 

In addition, and in order to mitigate undesired impacts - esp. in terms of biodiversity and habitat loss 
in Eastern Asia and damages to built-up elements and infrastructures in Europe �t requires stronger 
links to other disciplines for future research initiatives such as linking urban forests to social and 
economic research (e.g. in terms of income generation, social network stimulation etc., Research 
question 5) but also to urban and infrastructure planning (RQ1). 

However, there are also obvious differences that could be identified between Europe and China (East 
Asia) using the academic review: actions such as stewardship; management; social interventions, or 
multi-dimensions and inclusive concepts such as multi-functionality being relevant for Europe are not 
among the actions having a particular importance for Eastern Asia. A further exploration of the role of 
urban governance and participative activism around UF-NBS in cities could be a promising task for 
GLEARING HOUSE explicitly including and discussing the experiences made in Europe and China to 
develop the overall co-design and co-management of UF-NBS further and in its full potential. We 
suggest making use of the idea of a contrasting comparison of the CLEARING HOUSE case studies here 
using both complex systems and assemblages theories which the results of the academic review clearly 
support. 
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Table 2: Questions for future reseach on UF-NBS based on the compiled knowledge repository. 
 

(1) What are management strategies for strengthening the adaptive potential of trees regarding climate change 
impacts while maintaining its multifunctional provision of benefits? 
�x availability of sunlight in street corridors and improvement of urban structure conditions, 
�x conservation of native species and prevention of tree mortality, allowing natural succession, 
�x �‰�µ���o�]���>�‰�Œ�]�À���š�����‰���Œ�š�v���Œ�•�Z�]�‰�•���]�v���š�Z�����‰���Ç�u���v�š���(�}�Œ�������}�•�Ç�•�š���u���•���Œ�À�]�����•���]�u�‰�o���u���v�š���š�]�}�v�����v����management, 
�x improve the ease of forest construction, participation in the planning process, and foster acceptance of UF-

NBS, 
�x managing for biotic and abiotic stresses such as pests, fire, and pollution in order to improve tree health. 

 
(2) What are successful planting strategies in terms of 

�x urban planting conditions (e.g., soil media composition and chemistry), 
�x planting location (particularly in regard to conditions within specific green elements, e.g., in bioswales/), 
�x species selection: (typically only few) species due to preferences and perceptions of people vs. (many) 

species to increase diversity for service delivery and forest resilience 

 
(3) What is the impact of perception on the provision and design of UF-NBS? 

�x perceptions of specific species (appearance, aesthetics),  
�x perceptions of the design of parks and green areas (serene, nature, rich in species), 
�x perception of socio-economic / socio-cultural conditions (e.g., park users, refuge space), 
�x (multi)-sensory perception, 
�x �����‰���v�����v���Ç���}�(���‰���Œ�����‰�š�]�}�v�•�W���š�Z�����]�u�‰�����š���}�(���Œ���•�]�����v�š�•�[���‰���Œ�����‰�š�]�}�v�•�����v�������Æ�‰�����š���š�]�}�v�•���š�}�Á���Œ���•���š�Z�����o�}�}�l���}�(��

urban green space on management decision and ES delivery. 

 
(4) Detect biophysical and functional traits of trees and forests in urban settings in terms of 

�x allergenic potential and systematic insight in positive and negative synergies delivered by UF-NBS, 
�x the role of the microbiome in the tree,  
�x functional and/or species diversity of trees and tree groups in different urban settings, 
�x decentral nature of UF-NBS,  
�x connectivity / fragmentation / vulnerability (e.g., by drought) of trees and associated UF-NBS. 

 
(5) Explore innovative UF-NBS aspects at the crossroad between different disciplines e.g. by 

�x linking urban forests and human health benefits and/or the potential for food production (trees result in 
the highest mental health benefits), 

�x linking urban forests to social and economic research, e.g., in terms of income generation, social network 
stimulation, aesthetics, 

�x socio-political framing of NBS (including aspects of environmental justice, environmental racism, urban 
political ecology). 

 
(6) How can science support the governance, management, and stewardship of UF-NBS in cities? 

�x sound evaluation of the diverging models including assessment of what runs well and what not as well as 
the scale of governance, 

�x success & failure indicators and arguments WHY UF-NBS work here and fail there (including learning from 
failures) 
 

The relatively low profile of economic assessments and cost effectiveness requires further research  

�x appears under-represented in the academic literature, 
�x upscaling of UF-NBS and substantive increases in city budgets to secure funding of NBS interventions will 

likely require a stronger evidence base, 
�x evidence on cost benefit additionally needed in respect of grey alternatives, but also when compared to 

non-tree based NBS interventions. 
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