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A NOVEL TYPOLOGY FOR 
URBAN FORESTS AS 
NATURE-BASED SOLUTIONS



Urban forests as nature-based solutions contribute to sustainable urban development.

• … increase the evidence about benefits from restored urban ecosystems by mapping how urban forests are 
used/managed as NBS, surveying societal perceptions and demands in Europe and China and by preparing 
a comparative case study analysis in 10 paired cities between China & Europe

• … analyse the respective policy frameworks in Europe and China, e.g., to make a business and investment 
case for urban forests as NBS

• … establish a collaborative learning process focusing on inner-city afforestation, air purification, heat-wave
mitigation, outdoor recreation, river catchment restoration, mining site restoration, urban regeneration, 
socio-cultural integration and other services

• … develop user-friendly UF-NBS tools such as guidelines for cost-effective urban ecosystem restoration, a 
benchmarking tool and an online application
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CLEARING HOUSE is a Sino-European project jointly coordinated by the European Forest Institute (EFI) and 
the Research Institute of Forestry at the Chinese Academy of Forestry (CAF-RIF). Together with 10 cities and 
urban regions, the CLEARING HOUSE project will …
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“Mission 
Statement”

• UF-NBS as subset of nature-based solutions generally comprising tree-based 
green infrastructure

• Important tools to build more resilient, more livable cities and facilitate 
sustainable urban development: Trees and forests as proven nature-based 
solutions to address environmental and societal challenges 



Objectives of the UF-NBS typology

• Provide a standardised Sino-European UF-NBS typology: Take inspiration from existing 
typologies, e.g., GREEN SURGE (Cvejić et al., 2015), Nature4Cities (Nature4Cities, 2018), Urban 
Nature Labs (Eisenberg & Polcher, 2019), ThinkNature (Nikolaidis et al., 2019), and consider 
findings from a literature review (review.clearinghouseproject.eu)

• Provide grounding knowledge, e.g., for the tools to be developed in CLEARING HOUSE
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Nature-Based Solutions

• NBS represent solutions that are “inspired and 
supported by nature, which are cost-effective, 
simultaneously provide environmental, social 
and economic benefits and help build resilience. 
Such solutions bring more, and more diverse, 
nature and natural features and processes into 
cities, landscapes and seascapes, through locally 
adapted, resource-efficient and systemic 
interventions.” (EC, 2015)

• NBS are “actions to protect, sustainably manage, 
and restore natural or modified ecosystems, that 
address societal challenges effectively and 
adaptively, simultaneously providing human well-
being and biodiversity benefits.” (IUCN)
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Nature-Based Solutions

• NBS to deliver a range of ecosystem services: 
Multifunctional solutions to address 
challenges using nature and natural processes 
(Sgrigna, 2021)

• Umbrella term touching upon and/or evolving 
previous, neighboring concepts (Almenar et 
al., 2021; Somarakis et al., 2019) 

Ecological restoration

Ecosystem-based disaster risk reduction

Ecosystem Services

Green-Blue Infrastructure

Urban Forestry
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Urban Forests as Nature-Based Solutions

Conceptual definition of the Urban Forest

The urban forest is defined to comprise all trees 
in the urban area (Konijnendijk, 2003). This 
includes city parks and urban forests, gardens 
with trees, trees on streets or in public 
squares, and any other green spaces with 
trees, such as riparian corridors, rooftops, and 
nurseries (Endreny, 2018; Davies et al., 2017). 

Green-blue infrastructure (GBI)

In the context of an urbanized environment, 
green and blue infrastructure is to be 
understood as all natural and semi-natural 
landscape elements that (could) form a green-
blue network. It can refer to landscape elements 
on various spatial scale levels: from individual 
rows of trees to complete valley systems 
(Green4Grey, Vlaamse Landmaatschappij). 
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Urban Forests as Nature-Based Solutions

Proposition I

UF-NBS present themselves as “compositions 
of things”2, hence, describing their 
composition as well as spatial context and/or 
institutional and management characteristics 
may result in distinct types of UF-NBS

2 later here referred to as green, blue, and grey
landscape elements

Proposition II

Previous research has emphasized that in urban 
systems, many different factors—particularly 
landscape and urban patterns, i.e., the urban 
morphology—affect conditions and thus 
ecological functions and ecosystem service 
delivery at multiple spatiotemporal scales 

(e.g., Alberti, 2005; Alberti & Marzluff, 2004; 
Bierwagen, 2005; Holt et al., 2015; Koc et al., 
2016; Pan & Du, 2020; Wang et al., 2019; 
Whitford et al., 2001)
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Photo: David Allen, http://net2.org.uk/?paged=4 Photo: FAZ

Two realizations of a common type of green element (green verges) exemplifying that composition may be a key aspect. Whilst the example on the left 
cannot be considered an UF-NBS, the example on the right constitutes a part of the urban forest and may thus also be an UF-NBS. 





1,

Describe UF-NBS on the basis of 
characteristic traits, including, e.g., 

morphology (form, composition), 
spatial context and arrangement 
(topology), function, institutional 
characteristics etc.

2, 

Consider the notion of UF-NBS as
spatial entites of the GBI, as well
as in terms of representing
actions/types of interventions

Concept and 
design
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Concept and 
design

Methodologically,

• Semantic modelling: process of 
organizing (unstructured) 
information to express 
relationships amongst entities 
(their semantics)

• Ontology as knowledge
management system for the 
typology

• Ontology as formal description of 
knowledge (as a series of 
statements of facts, i.e., axioms) 
about entities relevant within a 
given domain (a subject). It thus 
provides a vocabulary of terms for 
use in a specific domain and 
describes relationships between 
terms (Baader et al., 2004). 

Technically, 

• the proposed ontology is 
implemented using Web 
Ontology Language (OWL)

• We propose to use Controlled
Natural Language to alleviate
problems in readability of  
OWL declarative statements
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Tree

Street

Row of trees

Identify relevant 
entities
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Tree Row of trees

Object grouping

Linear-Group

is a 

is composed of

has grouping

Relationships
between entites are
modelled through

properties

Through properties, 
we model traits
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This is a trait

Let‘s formalize a row
of trees



Street

Row of tree
is composed of

Tree alley

is adjacent to

Through traits, we
differentiate and 

define types of UF-
NBS
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Entities can be part
of the definition of 

other entities



Formalization of green landscape elements, including tree as a core entity, and proposing 

trees traits for subsequent linking to databases.
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Conceptualization of elements of the green-blue infrastructure as entities derived from 

green landscape elements and/or blue landscape elements.

Let us consider those

landscape elements 

as „building

blocks“…
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Examples of formalized types of green-blue infrastructure elements, and by extension UF-

NBS: Treed area, forest, and riparian forest. Formal declaration of synonymous terms wood 

and floodplain forest. 

How is a forest (stand) defined?

Generally, a forest can be understood as an area 
dominated by trees. Janssen & Rosu (2015) consider a 
tree-dominated area those areas with a canopy cover of 
at least 50%. 

Moreover, following FAO (2018), a forest is a portion of 
land bigger than 0.5ha (5000m²), covered by forest 
trees. 

… and build a forest!



Group Type Remark

Forests as natural and semi-
natural areas

Treed area (wood), forest, riparian forest (floodplain forest)

Urban food forest, 
plantations

Orchard, nursery, forest plantations

Urban green areas Riverbank green, urban park, botanical garden, historical park, 
allotment garden, community garden, neighbourhood green space, 
house garden, courtyard green

Generalized as parks and 
gardens

Associated with urban 
networks

Green verge, margin, railroad bank, single street tree, tree alley

Other Cemetery, arboretum

Associated with buildings 
and structures

Green roof, green wall, balcony green, atrium, vegetated pergola

Overview of formalized types of (UF-)NBS, conceptualized as elements of the green-blue infrastructure.
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Conceptualization of nature-based solutions, setting out from green-blue infrastructure 

elements concept, and from the actions/interventions notion.
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Now, how does a 

GBI become a 

NBS?

And what about

actions?



Group Characteristics Type Remark

Implementation action Seek provisioning of additional 
benefits/ecosystem services through 
implementation of additional UF-NBS

Afforestation, wetland construction Generalized as 
greening

Restoration action Seek the improvement of ecosystem 
services delivered by a given UF-NBS

Reforestation, wetland restoration, 
orchard restoration, enrichment 
planting (species diversification)

Generalized as 
greening

Management action Seek the maintenance of current 
ecosystem service delivery

Tree monitoring, forest monitoring, tree 
pruning, tree watering, pest 
management, forest conservation

Overview of formalized types of (UF-)NBS, conceptualized as actions.
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Setting out from NBS, we define the concept of urban forest, and finally formalize the notion 

of UF-NBS.
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And so, when do 

we consider NBS 

to be an UF-NBS?



Concept and 
design

Methodologically,

• We propose to use an ontology as
knowledge management system
for the typology

• Implemented through semantic
modelling: process of organizing 
(unstructured) information to 
express relationships amongst 
entities (their semantics)

• Ontology as formal descriptions of 
knowledge (as a series of 
statements of facts, i.e., axioms) 
about entities relevant within a 
given domain (a subject). It thus 
provides a vocabulary of terms for 
use in a specific domain and 
describes relationships between 
terms (Baader et al., 2004). 

Technically, 

• Ontology implementation in 
the Web Ontology Language 
(OWL)

• Use Controlled Natural 
Language to alleviate problems
in readability of  OWL 
declarative statements
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Comment: ‘Define classes and their taxonomy:’.

Every tree is a woody-vegetation.
Every woody-vegetation is a type-of-vegetation. 
Every type-of-vegetation is a green-landscape-element.

Comment: ‘Relationships between concepts and ecosystem 
services:’.

Every type-of-vegetation contributes-to Transpiration .

Every-single-thing that contributes-to Transpiration
provides-ecosystem-service Regulation-Of-Air-
Temperature-And-Humidity .
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• „Understood“ by software tools

Machine-readable knowledge representation

• Enable querying of knowledge

• Infer information from provided data

Support reasoning and inference

• Include additional bodies of knowledge

• Link databases and models

Re-usable end extendible
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http://www.sebastianscheuer.eu/data/documentation/index-en.html


Discussion, conclusions, and outlook

• Started with identifying core entities, including the tree concept, to propose a traits-based
approach to formalize UF-NBS entities

• With regard to both UF-NBS as spatial entities and as actions, and including overarching concepts

• In comparison to other typologies, limited expressiveness in regard to certain sub-taxonomies, e.g., 
parks and gardens: elements such as pocket park, town park, precinct park, large urban park not 
included, not found to be universally distinct

• Review and expand on defining traits, establish a common understanding: Semantic modelling and 
ontology building as an interative process
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Discussion, conclusions, and outlook

• Opprtunities for re-use include, e.g., 

• Building of UF-NBS inventories

• Classification and assessment tools

• Knowledge-based applications

• Implementation of decision-support systems
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