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Concept
Roots/origin and 
definition

Current focus Governance focus Use in urban context
Application in 
(planning) practice

NbS
New concept, 
definition still under 
debate/development

Dealing with multiple 
societal challenges; 
biodiversity seen as 
central to solution

Integrative and 
governance-based 
approaches are 
embraced

Urban focus from the 
start

Still needs to be 
developed, but has a 
strong action focus 
(problem solving)

GI

Concept with a 
history of about two 
decades; in Europe 
more recent; 
definition quite well 
established but also 
divergent

Broad socio-
ecological focus, with 
major role for 
landscape 
architecture and 
landscape ecology

Participatory 
planning processes 
are favoured

Well established Very well established

ESS

Longest history and 
definition well 
established, although 
still debated

Biodiversity 
conservation by 
(economic) valuation 
of services provided 
by nature

Focus on governance 
aspects, participation

Urban ESS have been 
in focus only more 
recently

Partly established, 
but needs 
operationalisation 
through other 
concepts (such as GI, 
NbS)

Pauleit, S, et al. (2017) Nature-based solutions and climate change – four shades of green. In: Kabisch, N., et al. (eds.) Nature-based 
solutions to climate change adaptation in urban areas, pp, 29-49, Springer



Nature-based solutions
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Biodiversity and ecosystem services.

Copy from nature (European 
Commission 2016).

Actions to protect, sustainably 
manage, and restore natural or 
modified ecosystems

Trade–off and synergies 
(International Union for the 
Conservation of Nature, 2009)

NBS can provide over one-third of 
the cost-effective climate mitigation 
needed between now and 2030 

Stabilising global warming until 
below 2 °C, 

Achieving nature’s mitigation 
potential of 10-12 gigatons of CO2 
per year.



Blue-green infrastructure
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Blue infrastructure => water 
elements, such as rivers, canals, 
ponds, wetlands, floodplains, and 
water treatment facilities. 

Green Infrastructure => ecological 
systems, both natural and 
engineered, that act as living 
infrastructure.

Green and blue infrastructure (GBI) 
=> the individual parcels of 
natural space and features
within both our urban and rural 
spaces that when connected, 
deliver quality of life and 
environmental benefits for 
communities and the nature that 
thrives within them as a result.



BG infrastructures
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Multifunctionality as the key assessment
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NBS and blue-green infrastructure

Review on green infrastructure 
multifunctionality

Assessment of green infrastructure 
multifunctionality

Interaction between children and nature 
via green infrastructure

Green infrastructure as arena for active 
learning



Key aspects of multifunctional GI
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Key clusters of multifunctionality
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Korkou et al. 2023



How to assess multifunctional GI?
Korkou et al. Submitted to Landscape and 
Urban Planning Journal 



Definition and estimation of function indicators
Function Indicator

Cultural services  Social encounters Social media visibility 

Cultural services  Recreational Sum play features 

Cultural services  Accessibility  Seating capacity                   

Cultural services  Recreational    Water elements 

Cultural services  Science The use for nature observation 

Cultural services  Accessibility  Facilities for sports 

Cultural services  Accessibility  The total length of the connected path system                          

Cultural services  Accessibility  Distance to nearest public communication 

Cultural services  Accessibility  Path network linkages 

Cultural services  Accessibility  Bicycle route                   

Cultural services  Accessibility  Bicycle parking capacity 

Cultural services  Accessibility  Pedestrian areas 

Cultural services  Accessibility  Universal design 

Cultural services  Educational  Use for education                            

Cultural services  Cultural information Number of events 

Cultural services  Sense of Heritage  Sculptures outdoors  

Cultural services  Sense of Heritage  Archaeological 

Cultural services  Sense of Heritage  Religious features 

Cultural services  Sense of Heritage  Geological features 

Provisioning services  Food production  Food production potential 

Regulating services  Stormwater management  Potential water retention 

Regulating services  Stormwater management  Drainage lines 

Regulating services  Carbon sequestration  Potential C sequestration 

Regulating services  Noise mitigation  Silence 

Supporting services  Refugium Habitat for threatened species 

Supporting services  Biodiversity support Indicator species 

Supporting services  Biodiversity support Structural diversity     



Estimation of multifunctionality

Each GI unit’s multifunctionality was assessed using:

➢ the average MF 

➢ the effective MF

The average MF was estimated as the arithmetic mean across functions 

The effective MF was estimated using Hill numbers and calculated using the 
MF package in R 

This index explains the effective number of performed functions and the 
arithmetic mean of the measured functions

The estimation of MF was performed for the complete set of 27 indicators, 
in which 9 indicators explain the core of ecosystem services. 

• These are 1) the use of GI for educational use by nearby schools, 2) the use of 
the unit for nature observations, 3) potential food production, 4) structural 
diversity as a proxy for biodiversity potential through heterogeneity, 5) habitats 
for threatened species, 6) habitats for indicator species, 7) stormwater retention, 
8) stormwater drainage lines, and 9) carbon sequestration potential



Statistical analyses

A combination of approaches was utilised to define the 
structure of the indicator dataset, explore the relationships 
between indicators and properties of the GI units, and 
estimate the effective MF. 



Correlations and function bundles



Estimates of multifunctionality



Relationships between effective 
multifunctionality and site characteristics

The SEM model revealed variations in support for 
the different constructs and discrepancies in the 
weight of the indicators on these constructs. 

Overall, the measurement model demonstrated a 
moderate fit to the data. 

Concentrating on the core dataset, which contains 
fewer indicators for cultural functions, resulted in 
a more balanced contribution to multifunctionality 
from the supporting, provisioning, regulating, and 
cultural constructs.

Incorporating welfare, accessibility, and 
straightforward supplementary features like 
seating capacity into the cultural construct 
reduced the contribution of indicators related to 
supporting, regulating, and provisioning services.



Contributions to city-wide multifunctionality

There were similarities across typologies, with 
the same pattern of subsetting and substituting 
functions.

The core data set had a higher degree of 
function subsetting. The full data set made 
different contributions to the city-wide MF by 
providing more unique functions across GI units

Analysing the relationships between base 
characteristics and beta diversity indicated that 
age, shape of the GI unit, and tree-height 
variation explained a few of the contributions to 
city-wide MF, but the models were weak. 

In a planning context, the contribution of the 
base properties to city-wide MF was moderate 
at best.

Estimates of total function abundance dissimilarity (beta-diversity) for the different

types of green infrastructure investigated (means with a half 95% CI) for a full dataset

of 27 function indicators (above) and a reduced dataset with 9 core function indicators

(below). The total dissimilarity was split between subsetting or substitution of

functions across units, where a high proportion of substitution indicated a turnover of

functions between units.



Next steps
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From complex assessment to a 
simple framework

• Analytical tools for policy makers 
and busines sector

Experiment to other cities



Thank you
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