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A B S T R A C T   

Urbanisation and climate change have increased the need for equitable access and visibility of urban green and 
blue spaces (GBS), to promote the sustainability and resilience of cities and to improve the well-being of their 
inhabitants. In this paper, we test an implementation of the newly proposed guideline to achieve equitable 
greening, the 3–30–300 rule, in three European cities: Paris Region (France), Aarhus Municipality (Denmark), 
and Grad Velika Gorica (Croatia). In this analysis, every residential building should have at least three viewable 
trees, 30 % neighbourhood GBS cover, and a GBS of at least 1 hectare within 300 m. Our results show that none 
of the cities currently meet any of these three components, and the three cities differed in which rules were most 
closely met. In our implementation, substantial changes were needed in all cities to meet the guidelines: 12.6 % 
of Paris, 10 % of Aarhus, and 18.4 % of Velika Gorica’s urban footprint were converted to grass or tree cover, 
with implications for >100,000 buildings and >900,000 inhabitants. Our study discusses how existing conditions 
in each city impacted the viability of meeting the rule and proposes key considerations for future imple-
mentations of such guidelines, drawing on examples of innovative GBS already implemented globally.   

1. Introduction 

Cities and their inhabitants continually face new challenges as ur-
banization and climate change cause increases in temperature, noise, 
pollution, and stress (Huang et al. 2020). Urbanization has resulted in 
predominantly constructed landscapes in cities, fragmenting urban 
green and blue spaces (GBS) and placing enormous pressures on local 
and global ecosystems (Young, 2011; Haaland and Bosch, 2015; Kumar 
et al. 2019; Lin et al. 2020; Konijnendijk, 2023). Urban GBS are places 
with vegetation or water and can be highly heterogeneous in shape, size, 
and composition, including spaces such as parks, shrubland, urban for-
ests, roof gardens as well as water bodies like ponds, rivers, reservoirs, 
and the sea (Breuste et al. 2013; Weber et al. 2014; Li et al. 2015; Art-
mann et al. 2019; Jones et al. 2022a). The role of GBS is increasingly 
recognised as essential, helping cities adapt to and mitigate climate 
change and provide extensive ecosystem services that benefit social, 
economic, and environmental well-being (Breuste et al. 2013; Kabisch 

et al. 2016; O’Brien et al. 2017; Artmann et al. 2019; Zuniga-Teran et al. 
2020; Fletcher et al. 2022; Jones et al. 2024). However, differences in 
the visibility, proximity, or accessibility of GBS can underpin inequities 
in the received benefits, with disadvantaged population groups often 
losing out (Cruz-Sandoval et al. 2020). 

In response to these challenges, the United Nations 2030 Agenda for 
Sustainable Development aims for cities to become more safe, acces-
sible, inclusive, sustainable, and resilient (United Nations. 2015; 
Kabisch et al. 2016; Sikorska et al. 2020; Battisti et al. 2023; Konij-
nendijk, 2023; Ordóñez et al. 2023). Numerous cities have addressed 
this goal by introducing green initiatives and guidelines such as the 
ambition to achieve a 30 % canopy in cities including Barcelona, Bristol, 
Canberra, Seattle, and Vancouver (Konijnendijk, 2021; Conway et al. 
2023). 

Due to the demand for and the cost of land, introducing new grassy 
and forested areas in cities is difficult, expensive, and sometimes 
seemingly impossible (Karteris et al. 2016). Cities have addressed these 

* Corresponding author. 
E-mail address: danowe@ceh.ac.uk (D. Owen).  

Contents lists available at ScienceDirect 

Urban Forestry & Urban Greening 

journal homepage: www.elsevier.com/locate/ufug 

https://doi.org/10.1016/j.ufug.2024.128393 
Received 23 February 2024; Received in revised form 3 May 2024; Accepted 30 May 2024   

mailto:danowe@ceh.ac.uk
www.sciencedirect.com/science/journal/16188667
https://www.elsevier.com/locate/ufug
https://doi.org/10.1016/j.ufug.2024.128393
https://doi.org/10.1016/j.ufug.2024.128393
https://doi.org/10.1016/j.ufug.2024.128393
http://creativecommons.org/licenses/by/4.0/


Urban Forestry & Urban Greening 98 (2024) 128393

2

challenges through innovative green infrastructure, with examples such 
as retrofitting buildings and creating vertical green spaces. For example, 
in cities such as Paris, Rotterdam, and Hamburg, existing buildings and 
infrastructure such as railway stations and yards as well as main roads 
have been covered by large-scale GBS (Maldonado, Melissa, 2000; Tillie 
and van der Heijden, 2016; Hansestadt Hamburg, 2023). Similarly, in 
high density cities such as Singapore, to overcome the lack of 
ground-level space, they are aiming to integrate 200 ha of vertical green 
spaces into high-rise buildings by 2030 (Kosorić et al. 2019). However, 
according to Young (2011), most GBS initiatives are small, 
individual-led projects, rather than community or metropolitan-wide 
scale. Therefore, in response, a new, comprehensive, city-wide and 
evidence-based guideline for urban forestry and greening was proposed 
in 2021; coined the ‘3–30–300 rule’ (Konijnendijk, 2021, 2023). 

The 3–30–300 rule is a simple, easy-to-remember and easy-to- 
understand guideline with three main components/targets: each work-
place, school, or home should have a minimum of three viewable trees, 
30 % neighbourhood tree canopy cover, and be within 300 m from their 
nearest green space of 1 hectare (ha) (Konijnendijk, 2021, 2023). The 
rule aims to provide transferable targets and offers a benchmark for 
cities to create and improve equitable access to trees and green spaces, 
resulting in improved city and resident health, well-being, and resilience 
(Konijnendijk, 2021, 2023; Browning et al. 2023). The benefits associ-
ated with each component are widely documented in the literature: 
visibility of green space from a home/window has been associated with 
better mental health and restoration (Ulrich, 1984; Ekkel and de Vries, 
2017; Larkin and Hystad, 2019; Sikorska et al. 2020; Nieuwenhuijsen 
et al. 2022); 30 % canopy cover has been associated with reduced 
temperatures, less urban heat island-related mortality, better sleep, and 
reduced stress (Barboza et al. 2021; Daland, 2023; Koeser et al., 2023); 
and access to urban green spaces within 300 m has a statistically sig-
nificant impact on residents’ self-reported health (Wu and Kim, 2021), 
increasing rates of physical activity (Neuvonen et al. 2007), lowering 
blood pressure, and encouraging more social interactions (Grazulevi-
ciene et al. 2014; Tillie and van der Heijden, 2016; Ekkel and de Vries, 
2017). 

Since the announcement of the 3–30–300 rule (Konijnendijk, 2021), 
a number of studies (Nieuwenhuijsen et al. 2022; Battisti et al. 2023, 
Browning et al. 2023; Koeser et al. 2023) have explored the rule and 
have looked at the extent to which some urban areas currently meet, or 
fail to meet, the rule. However, no study has yet quantified or tried to 
implement the changes that would be required to meet the rule. 

The aim of this study was to i) create an automated, systematic, and 
reproducible rule-based approach, applicable in cities of different 
shapes, sizes, and population densities in order to ii) explore the feasi-
bility and quantify the changes that would be required to meet the 
3–30–300 rule. We explore this rule as it has great potential impact for 
planning as it can supplement existing greening initiatives. It achieves 
this by not only increasing the presence of GBS, but specifically 
increasing the equitable distribution of GBS in cities. 

Our study creates a GIS rule-based approach using high resolution 
land cover and open-access data in three contrasting European cities: 
Paris Region (France), Aarhus Municipality (Denmark), and Grad Velika 
Gorica (Croatia). Using the rule-based approach, we quantify the 
changes in land cover that would be required to satisfy every component 
of the 3–30–300 rule. With minor adjustments, we follow the guidance 
outlined in Konijnendijk (2023), defined as follows: every residential 
building has visibility of three trees, every neighbourhood has a 30 % 
green or blue space cover, and every residential building is within 300 m 
of its nearest green space of one hectare. In the discussion we present the 
challenges as well as the opportunities that implementing the rule might 
bring, to provide insight on the feasibility to implement the 3–30–300 
rule, and how the uniqueness of each city can prevent, or promote that 
intention. 

2. Materials and methods 

This section outlines the three study sites selected, the data used, the 
definitions of the three components, and a description of the spatial 
processes and optimisation/selection processes implemented in the rule- 
based approach to meet the rule in all three cities. To increase the 
transparency and reproducibility, a flow diagram of the rule-based 
approach is included (Fig. 2) and the land cover scenarios have been 
made openly available (Owen et al., 2024). 

2.1. Study sites 

The three cities in this study are: Paris Region (France), Aarhus 
Municipality (Denmark), and Grad Velika Gorica (Croatia). The three 
urban areas represent different sizes, population counts, and population 
densities (Table 1, Fig. 1). Paris is an example of a large European city, 
with over 6.5 million inhabitants within its four central départements 
and it’s characterised by fragmented GBS towards the core city centre 
(Fig. 1a, Table 1). In contrast, the size and population of Aarhus and 
Velika Gorica are much smaller, with just under 335,000 and 30,000 
residents respectively (Table 1). The population density in Paris is high, 
over three and a half times the population density of Velika Gorica and 
nearly four and a half times the population density of Aarhus (Table 1). 

Each of the three cities in this study has already adopted or is 
planning to implement nature-based solutions to address the increasing 
challenges that they face. In Velika Gorica, to address the threat of urban 
expansion, the city has set a goal of 40 m2 per capita of public green 
space by increasing the green area coverage in the city from 1 km2 to 
1.6 km2 (REGREEN, 2020). In Aarhus, to address pressures such as 
urban densification and pluvial flooding, the city aims to double GBS 
area and increase forested land by 60 % by 2030 (REGREEN. n.d.). 
Lastly, in Paris, multiple green initiatives have been adopted to address 
the limited amount of green space per capita and pressing challenges 
such as the urban heat island effect. By 2020, as a part of the C40 
network, Paris aimed to build an additional 100 ha of green roofs largely 
through requiring vegetation to be planted on all new buildings (C40. 
2015). Since then, Paris has adopted a new scheme and now aims to 
plant 170,000 new trees by 2026 (World Economic Forum. 2022). 

2.2. Data 

2.2.1. Physical environment: land cover, accessible green space, urban 
footprint, and roads 

2.2.1.1. Land cover. In this study, land cover maps as raster data in GIS 
software are used to represent the existing GBS in each city. The land 
cover files used in this study are high-resolution, 5 m land cover data, 
created using a combination of remote sensing datasets, described 
below. Land cover classes are documented in Table 2, and differ slightly 
for each city, depending on available data for the classification. For the 
Paris Region, land cover was computed using the MOS+ 2017 dataset 
(Institut Paris Region. 2020a), along with additional information 
retrieved from a vegetation height dataset (Atelier Parisien d’Urba-
nisme, 2015) and the green cadastre (Département des Hauts-de-Seine, 
2012). In Aarhus Municipality, the dataset described in Knopp et al. 
(2023) was used. For Velika Gorica, land cover was computed from 

Table 1 
Descriptive statistics of the three study cities.   

Paris* Aarhus Velika Gorica 

Total population 6,656,128 334,084 28,879 
Total Residential Buildings 583,236 83,476 4,519 
Urban footprint (km2) 731.9 163.1 11.6 
Population density (population/km2) 9,094 2,048 2,490  

* The four central départements of the Paris Region 

D. Owen et al.                                                                                                                                                                                                                                   



Urban Forestry & Urban Greening 98 (2024) 128393

3

Fig. 1. Land cover in the urban footprint of a) Paris’ four central départements, b) Aarhus, and c) Velika Gorica.  
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bi-temporal World-View 3 imagery and a normalized Digital Surface 
Model (nDSM) which is used to model the height of features such as 
structures and vegetation, above the ground (Knopp, 2022). 

2.2.1.2. Accessible green space. Whilst the land cover data identifies the 
presence of GBS, additional data sources are required to identify pub-
licly accessible GBS. In Paris, an accessible green spaces data layer is 
readily available and made openly available by L’Institut Paris Region. 
2020b. In Aarhus, we delineated accessible green spaces using cadastral 
data, removing the building footprints from publicly accessible land 
such as public institutions, cemeteries, and sports and leisure. These 
spaces were then dissolved (except for public schools and cemeteries) if 
the distance between adjacent spaces was less than or equal to 25 m, 
unless intersected by a primary road or motorway. In Velika Gorica, we 
also defined accessible green spaces using cadastral parcels. The land use 
type and accessibility (private or public) were derived using datasets 
from Grad Velika Gorica’s webgis (Grad Velika Gorica, n.d.), and pub-
licly accessible green spaces were defined as land use types such as 
public park and playgrounds, cemeteries, and sports and recreation. In 
each city, only publicly accessible green spaces of greater than or equal 
to 1 ha were used for this analysis. 

2.2.1.3. Urban footprint. In each city, the 3–30–300 rule was applied to 
residential buildings within the urban footprint. The urban footprint 
incorporates both the built-up area and any enclosed GBS that would be 
considered part of the urban fabric by a resident – i.e., it includes 
existing areas of GBS. For Aarhus and Velika Gorica, we apply the 
3–30–300 rule to the entire urban footprint. However, in Paris, the rule 
was only applied to the urban footprint of the four central Départements, 
the second-tier administrative subdivisions of France. 

For each study site, we used a consistent approach to delineate the 
urban footprint within each administrative boundary using the world 
settlement footprint (https://geoservice.dlr.de) as input data, adapting 
methods in Jones et al. (2019) and Fletcher et al. (2021). The urban 
footprints were created by first generating a Binary Settlement map 
which uses focal statistics with a circular moving window at a 250 m 
radius. Areas with the proportion of urban above a threshold value of 0.2 
were selected and buffered by 300 m. In the delineation of each urban 
footprint, a 10 km2 exclusion threshold was implemented and in each 
study site, some specific areas were added or removed as needed. For 
example, in Aarhus, the neighbourhood of Risskov, the lakes Brabrand 
and Årslev Engsø, and forests south of Aarhus down to Moesgaard were 
added to the urban footprint, while the coastal area of Ajstrup Strand 
was excluded. For Grad Velika Gorica, the airport and military areas in 
the north and northwest were excluded. 

2.2.1.4. Roads. This study used OpenStreetMap (OSM) road layers 

(Geofabrik, 2023). The road layers were used to delineate city blocks. 
These blocks were then used in the 300-component to create new GBS 
areas, and in the 30-component to help define individual neighbour-
hoods (Fig. 2). OSM roads were converted to city blocks using the Pol-
ygonize tool in QGIS v3.4. 

2.2.2. Buildings and residents 
The residential population of each city in this study is represented as 

the number of inhabitants per building footprint. This information is 
readily available for Paris (Instutit d’Aménagement et d’Urbanisme 
d’Ile-de-France) and Aarhus. For Velika Gorica, we combined a digital 
elevation model with building footprints to approximate the number of 
storeys per building. Overlaying this dataset with gridded population 
data, we estimated population numbers for each residential building. 
For each city, only buildings with population were used (omitting in-
dustrial and institutional buildings) in all components and cities to 
ensure consistency. 

2.3. Interpretation of how to meet the rule 

In this section, we define each of our 3-, 30-, and 300-components 
and highlight any differences from the original guidelines outlined in 
Konijnendijk (2023). How these rules were implemented and optimised 
is described in Section 2.4 . 

2.3.1. Definition of three visible trees 
Konijnendijk (2023) states that every resident should be able to see 

three trees from their home, school, and place of work. The selection of 
three trees specifically is not supported by scientific evidence, however, 
it is used as a proxy for visible greenspace, which is associated with 
increasing contact with nature and is better for citizens’ mental health 
and restoration (Sahraoui et al. 2016; Larkin and Hystad, 2019; Konij-
nendijk, 2023). 

Defining the visibility of three trees from a building is challenging. 
Some studies measure the visibility of trees from households by con-
ducting surveys and window-view analyses (Browning et al. 2023; 
Koeser et al. 2023), others quantify street greenery using computer 
vision (Zhang and Dong, 2018), and others define visibility of trees as 
the presence of trees within a buffer with varying distance thresholds, 
ranging from 15 m to 100 m (Nieuwenhuijsen et al. 2022; Battisti et al. 
2023; Daland, 2023). 

Our study defines the visibility of three trees as the presence of at 
least two, 5 m resolution tree raster cells, within a 30 m buffer from 
every building. Firstly, we select 30 m as a distance threshold as this 
threshold is suggested in Konijnendijk (2023), the author of the 
3–30–300 rule, and this threshold has been used in other studies on the 
3–30–300 rule (Battisti et al. 2023) where trees within 30 m are deemed 
close/visible. Secondly, we assume that two 5 m raster cells are equiv-
alent to three trees. We make this assumption as it may be necessary for 
a cell to contain more than one street tree to register as ‘tree cover’ in 
satellite data. This assumption is supported by ground truthing carried 
out by the authors on urban street trees, and from the findings in 
Pretzsch et al. (2015), where some of the smallest mean crown radius 
from 22 common urban tree species indicate that an individual tree may 
not fill a single, 25 m2 raster cell (smallest mean crown radius for Silver 
Birch and European Ash = 1.6 m). 

2.3.2. Definition of 30 % green and blue space cover 
The 30-component, as defined in Konijnendijk (2023), suggests that 

every neighbourhood should aim for 30 % canopy cover. Konijnendijk 
(2023) recognises that achieving a 30 % canopy cover may be chal-
lenging or even unattainable, particularly in high-density cities or arid 
environments due to spatial and environmental constraints. In such 
cases, Konijnendijk (2023) suggests that the rule should allow some 
flexibility, and instead cities should strive for 30 % vegetation cover 
rather than specifically tree cover. Green spaces other than trees can also 

Table 2 
Distribution of land cover classes in Paris Region, Aarhus Municipality, and Grad 
Velika Gorica.   

Land cover in urban footprint (%) 

Land cover class Aarhus Paris Velika Gorica 

Building* 13.4 12.2 12.1 
Mineral surface 20.4 13.1 16.3 
Built parcel n.r. 13.2 n.r. 
Bare soil 3.7 0.7 2.1 
Artificial grass 0.03 n.r. <0.01 
Grass 28.6 18.6 30.0 
Shrub* 5.0 8.1 2.5 
Trees* 13.8 23.5 10.5 
Water* 0.8 1.9 0.2 
Agriculture* 14.2 8.7 26.4 

n.r. - not represented in that classification; 
* These classifications are aggregated values. For example, trees consist of 

deciduous and evergreen, water consists of lakes, river, and the sea. 
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provide valuable ecosystem services. They improve citizens health and 
well-being, reduce air and noise pollution, eliminate surface runoff, and 
reduce surface temperatures (Armson et al. 2012, 2013; Hartig et al. 
2014; Zhang and Dong, 2018; Bird et al. 2022; Miller et al. 2023; Kumar 
et al. 2024). 

We take and expand this wider interpretation to include all blue 
space, alongside green spaces. Despite its importance for cities, urban 
blue spaces such as coastal areas, rivers, and lakes are often underutil-
ised and not considered in planning and policymaking (Bolund and 
Hunhammar, 1999; Haase, 2015). We suggest that blue spaces should be 
considered alongside vegetation cover as they can provide similar ben-
efits to green spaces, including restoration, facilitating social in-
teractions, and lowering psychological distress (Völker and Kistemann, 
2011; Nutsford et al. 2016; Ekkel and de Vries, 2017). Alongside mental 
health and well-being benefits, urban blue spaces also provide other 
valuable ecosystem services such as flood risk mitigation/storm water 
retention, air cooling, and habitat provision (Haase, 2015). We include 
urban blue spaces because they are ubiquitous in humid tropical and 
temperate zones, particularly in Europe (Bell et al. 2021), and are 
increasingly seen as equally important to green spaces in recent concepts 
such as the 15-minute city (see Liu et al. 2022). 

Another consideration for this component is how a neighbourhood is 
defined. It is widely recognised that there is a lack of an agreed, clear, 
and consistent definition of a neighbourhood (Kearns and Parkinson, 
2001; Baffoe, 2019). Some studies define them as allocentric zones, 
which are neighbourhoods delineated using administrative boundaries 
(Browning et al. 2023). However, this brings challenges as varying sizes 
of administrative boundaries can impact how well each unit meets the 
rule (Battisti et al. 2023). 

Our study adopts more of an egocentric approach (Browning et al. 
2023), where we define a neighbourhood as a fixed distance buffer 
around every block of buildings (process described in Section 2.4 and in 
Fig. 2). A 300 m buffer represents a five-minute walk and this approach 
creates a more localised representation of individual neighbourhoods, 
providing a more refined-scale to measure compliance to the 

30-component. 

2.3.3. Definition of 300 m from GBS of 1 ha 
For the 300-component, we use the definition of the World Health 

Organisation (WHO. 2017) and Konijnendijk (2023) who state that 
every citizen or home should be within 300 m of a public green space of 
at least 1 ha (0.01 km2). Many other studies and urban policy guidelines 
have adopted similar thresholds, typically varying between 300 and 
500 m from the nearest green space, to represent a leisurely five or 
ten-minute walk (Artmann et al., 2019; Konijnendijk, 2023) and a 
greenspace size of either 0.5, 1, or 2 ha (Kabisch et al. 2016; Konij-
nendijk, 2021, 2023; Battisti et al. 2023). The size of the greenspace is 
important as larger green spaces are associated with higher rates of 
recreational opportunities and preference (Cohen et al. 2010; Konij-
nendijk, 2023). However, achieving this rule, particularly in 
high-density cities or inner-city areas, is difficult. 

2.4. Implementation and optimisation of the 3–30-300 rule 

In this section, we describe the type of interventions introduced and 
how each of the components defined above are implemented in each of 
the three cities. To meet all three components, new green spaces (trees 
and grass) must be added. We add all new GBS to the high-resolution 
land cover data sequentially, updating the land cover after each 
component, and ultimately finish with two land cover maps (scenarios) 
for each city: a baseline and a 3–30–300 scenario (with all in-
terventions). All baseline and 3–30–300 scenario land cover maps are 
openly available (Owen et al., 2024). Existing studies which have 
explored the 3–30–300 rule have evaluated each component indepen-
dently. However, we believe that when implementing the rule in a 
real-world application, the components should be implemented 
sequentially. We propose that a logical implementation order is 
300–3–30, since implementing each one in this order contributes also to 
meeting the remaining components. 

Fig. 2. Flow diagram of the rule-based approach to the 3–30–300 rule.  

D. Owen et al.                                                                                                                                                                                                                                   
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2.4.1. Intervention type and location - overview 
For the 300-component, interventions must ensure that every per-

son, and so every building, must be within 300 m of their nearest 
accessible green space of 1 ha. To meet this component, we identify the 
buildings which do not meet the guideline and subsequently select 
blocks of land to convert to GBS. In the selected blocks to convert, all 
non-GBS land cover are converted to grass, representing a large new 
area of public green space. Whilst new areas of public green spaces are 
unlikely to consist of only grassy areas, grass is implemented as it more 
closely represents the initial state of a new publicly accessible GBS. The 
selection process of these new blocks of GBS is outlined in Section 2.4.3 
and in Fig. 2. 

To meet the 3- and 30- components, we add new trees. Deciduous 
trees were used as the default new tree type since deciduous trees are the 
dominant type in our study cities (Banzhaf et al. 2021). New trees were 
introduced, where possible, on land covers other than built surfaces (e.g. 
buildings, roads, etc.) such as agricultural land and bare soil. However, 
if necessary, we would implement new trees on the edges of built sur-
faces, such as the edges of roads and car parks. 

All interventions in this rule-based approach are implemented to 
residential buildings within the urban footprint (urban footprint defined 
in Section 2.2.1 ) and with the intention of minimising the number of 
inhabitants impacted and the total amount of land cover change 
required, while still retaining a rule base that can be automated in GIS at 
city scale. However, some buildings currently not meeting one of the 
rules are at the edge of the boundary of the urban footprint. In these 
cases, some of the interventions may be implemented outside the urban 
footprint. All interventions were subsequently clipped to 300 m from the 
urban footprint boundary. 

2.4.2. Ordering of the 300-, 3-, and 30-components 
The 300-component is introduced first because it requires the most 

space, and open areas of vegetation, mainly consisting of grass, can more 
easily be converted to trees which would be necessary to satisfy the 
subsequent 3- and 30-components. The 3- and 30-components both 
require planting trees, however, of these two components, the 3-compo-
nent is placed first as any new trees planted within 30 m of a property 
will also contribute to a neighbourhood’s overall green and blue space 
cover in the 30-component. 

2.4.3. Rule-base and process optimisation 
In this section, the processes for implementing all rules are outlined 

in the flow diagram (Fig. 2) and described in the following text. 
For the 300-component, we first identified the buildings that did not 

meet the rule by buffering all accessible green spaces greater than or 
equal to 1 ha by 300 m. We then selected all buildings in the negative 
space beyond these buffers. To identify possible areas which could be 
converted to GBS to meet the rule, we created candidate blocks of land 
by polygonising the OSM road layer to create discrete blocks of land 
separated by roads, and selected only those blocks equal to or greater 
than 1 ha (our target greenspace size). To avoid converting every block 
of land greater than 1 ha, we designed a selection process that mini-
mised the land converted and the potential population affected. This was 
achieved by overlaying a 212 × 212 m grid over buildings which were 
not within 300 m of an existing green space and selecting the block with 
the smallest population and the smallest surface area within each grid 
cell to convert to GBS. The dimensions of the grid ensures that if any 
portion of a selected block intersects a given cell, when buffered by 
300 m, it will serve any building within that cell. 

For the 3- and 30-components, we also used buffers to identify the 
buildings/neighbourhoods which did not meet the rule. In the 3-compo-
nent, we buffer every building by 30 m and in the 30-component, we 
buffer every neighbourhood by 300 m. For both components, we 
computed zonal histograms to count the number of cells from each land 
cover to identify buildings that had less than two tree raster cells, or 
neighbourhoods which had less than 30 % green and blue space cover. 

To meet each of the components, we then reclassified raster cells, 
preferably non-built land, to deciduous trees. To minimise the number of 
new trees implemented, our selection process only converted the 
required number of cells to meet the guideline thresholds and prioritised 
cells which were within multiple building/neighbourhood buffers, 
which meant that a single new tree in these cells would serve more than 
one building/neighbourhood. 

3. Results 

3.1. Existing conditions 

Each city differs in the extent to which it currently meets each of the 
three components in the 3–30–300 rule. Paris nearly met the 3-compo-
nent, Aarhus the 30- and 300-component, and Velika Gorica the 3- and 
30-component. However, currently none of the cities fully achieve any 
of the three targets (Table 3). 

The 3-component appears to be the easiest to achieve, with nearly 
three-quarters of all buildings in Aarhus, and nearly (but not quite) all 
buildings in Paris and Velika Gorica having visibility of three trees 
(Table 3). Similarly, for our 30-component, over two thirds of neigh-
bourhoods in Paris and over 95 % of neighbourhoods in Aarhus and 
Velika Gorica have at least 30 % GBS cover in their neighbourhoods 
(Table 3). Despite widespread GBS across each city, the 300-component 
appears to be the hardest component to achieve, and also illustrates the 
biggest disparities across the three cities. Paris, as a result of high pop-
ulation density, notably less grass, and more built surfaces, has 56.6 %pt. 
(percentage point) and 39.2 %pt. fewer buildings that meet the 300- 
component, relative to Aarhus and Velika Gorica respectively (Fig. 1; 
Tables 1, 2, 3). 

Although just over two thirds of all neighbourhoods in Paris, and 
95 % of neighbourhoods in Aarhus and 98 % in Velika Gorica currently 
meet our version of the 30-component, it is worth testing the differences 
in compliance under different interpretations of this component of the 
rule (Table 4). Under the original definition of the 30-component and 
counting tree cover alone, there is a substantial decrease in the number 
of buildings and population that meet the guideline, with a maximum of 
just over 8 % of neighbourhoods meeting the threshold value in Paris. 
When the definition is expanded to include grass as well as tree cover, 
the maximum rises substantially from 8 % to 98 %, and even the lowest 
figure for Paris is 65.5 %. 

3.2. Implementing the 3–30-300 rule 

This section explores the implementation of the 3–30–300 rule. In 
each section, we calculate the number of people/buildings that currently 
do not meet the guideline and quantify the land that would need to be 
transformed to meet each respective component. As outlined in the 
methodology, each component is implemented sequentially and the 
revised order in our study is 300–3–30. 

3.2.1. 300-component 
As illustrated in Table 3 and Table 5, Paris has the lowest percentage 

of buildings and population within 300 m of an accessible GBS of 1 ha. 
In Paris alone, this equates to over 350,000 buildings and over 3.5 

Table 3 
Summary statistics of how well existing conditions in each city satisfy the 3–30- 
300 rule.   

Paris Aarhus Velika 
Gorica 

Current status with respect to 3–30-300 Rule 
(% achieved)    

3-component (buildings)  96.9  73.2  99.6 
30-component (neighbourhoods)  68.9  95.0  98.0 
300-component (buildings)  39.4  96.0  78.6  
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million people not meeting the guideline (Table 5). 
Across the three cities, a total of 5112 of our defined city blocks and a 

total of 106 km2 are converted to GBS to meet the 300-component 
(Table 5). The city requiring the greatest changes is Paris. In Paris 
alone, meeting the 300-component could potentially require the 
removal or retrofitting of over 100,000 buildings and potentially impact 
over 950,000 citizens (Table 5), depending on how this is implemented. 

Within the rule-base used, all buildings within the converted blocks 
are omitted from all subsequent rules, i.e. the land cover is assumed to 
change to a non-built surface (see the discussion for alternative options). 

3.2.2. 3-component 
Once the 300-component had been implemented, we then explored 

the changes needed to satisfy the 3-component. Over 9500, 21000, and 
13 raster cells were converted to trees in Paris, Aarhus, and Velika 
Gorica respectively (Table 6). 

The number of trees needed in each city is influenced by its urban 
form. For example, in Paris, due to the higher building density, the 
number of trees needing planting was notably less than the number of 
buildings which do not initially meet the 3-component (Table 1; 
Table 6). This is because for every new tree raster cell, the higher density 
means that a new tree is more likely to serve multiple buildings. 
Conversely, in Aarhus and Velika Gorica, on average, nearly one new 
tree raster cell is needed per building to satisfy the component (Table 6). 

Differences in urban form between Paris and Aarhus also influenced 
the type of land cover that was converted to newly planted trees 
(Table 6). In both cities, most of the raster cells that are converted to 
trees were natural green spaces, including grass and shrubs, or agri-
cultural land. However, in central Paris, due to less availability of nat-
ural green or blue spaces, or agricultural land and bare soil, substantially 
more built surface was converted there (Table 6). 

3.2.3. 30-component 
Following the implementation of new trees and grassy areas from the 

300- and the 3-components and with the modification of the rule to 

include all GBS, more neighbourhoods now meet the 30-component. 
Compared to the initial status of each city in Table 3, Paris, Aarhus, 

and Velika Gorica now have approximately 25.5 %pt., 2 %pt., and 1.5 % 
pt. more neighbourhoods that meet the 30-component respectively. 
Despite a notable increase, Paris continues to have the lowest proportion 
of neighbourhoods meeting the 30-component while Velika Gorica re-
quires the least change in land cover (Table 7). 

As with the 3-component, in order to meet the 30-component, there 
were different changes to land use in the three cities. For example, in 
both Aarhus and Velika Gorica, a roughly equal amount of mineral 
surface, agricultural land, and bare soil would need to be converted 
(Table 7). However, in Paris, the type of land cover converted was more 
unbalanced. Nearly 95 % of all the land converted to meet the rule in 
Paris included built surfaces such as mineral surface and built parcel, 
totalling over 3 km2. 

3.3. Summary of total interventions 

Overall, to satisfy the 3–30–300 rule in each city, substantial changes 
had to be made to increase the current level of GBS within the urban 
footprint: 12.6 % of Paris, 10 % of Aarhus, and 18.4 % of Velika Gorica 
were converted to GBS (Table 8). Most interventions were in Paris, 
which alone includes over 90 km2 of new trees and grassy areas 
(Table 8). In each city, the largest intervention was the introduction of 
new areas of grass as a result of the 300-component in order to create 

Table 4 
Comparison of the current situation of each city against different interpretations 
of the 30-component; the percentage of neighbourhoods with a 30 % cover of: 
tree canopy, green space (trees, grass, and shrub), and green and blue space 
combined.  

Interpretations of the 30-rule Paris Aarhus Velika Gorica 

Tree canopy (% neighbourhoods)  8.3  2.6  0.0 
All green spaces (% neighbourhoods)  65.5  94.1  98.0 
All green and blues spaces (% neighbourhoods)  68.9  95.0  98.0  

Table 5 
Summary statistics of buildings and population that currently do not meet, and 
the land cover change required to meet the 300-component. Percentage of the 
total number of buildings or population in parentheses.   

Paris Aarhus Velika 
Gorica 

Number not meeting 300- 
component    

Residential Buildings 353,605 
(60.6 %) 

3,347 (4 %) 967 
(21.4 %) 

Population 3,646,461 
(54.8 %) 

13,479 
(4 %) 

4,044 
(14 %) 

After implementing 300- 
component    

Blocks converted to GBS 4,936 135 41 
Buildings impacted 112,238 

(19.2 %) 
3,251 
(3.9 %) 

870 
(19.3 %) 

Population impacted 960,435 
(14.4 %) 

10,960 
(3.3 %) 

3,560 
(12.3 %) 

Land converted, km2 88.8 15.1 2.1  

Table 6 
Summary statistics of the land cover change by type to meet the 3-component 
(after implementing the 300-component). Percentage of total* number of 
buildings or population in parentheses.   

Paris Aarhus Velika 
Gorica 

Number not meeting 3- 
component    

Residential Buildings 16,006 
(3.4 %) 

21,675 
(27 %) 

12 (0.3 %) 

Population 236,228 
(4.1 %) 

94,751 
(29.3 %) 

54 (0.2 %) 

After implementing 3- 
component    

Raster cells converted to trees 9,601 21,242 13 
Land Cover classes converted to 

trees (km2)    
Built Surfaces 0.10 0.01 0.00 
Natural Green Spaces 0.14 0.35 0.00 
Agriculture and Bare Soil 0.00 0.17 0.00 
Total 0.24 0.53 0.00 

Notes: 
* Total number of buildings and population refers to that after removing the 

buildings impacted by new blocks of new GBS 

Table 7 
Summary statistics of land cover change to satisfy 30-component. Percentage of 
total* number of neighbourhoods in parentheses.   

Paris Aarhus Velika 
Gorica 

Number not meeting 30-component    

Neighbourhoods (% of total*) 1,585 
(5.6 %) 

219 
(3 %) 

1 (0.5 %) 

After implementing 30-component 
Land cover classes converted to 
trees (km2)    

Mineral surface and built parcel 3.22 0.34 0.01 
Agricultural land 0.14 0.40 0.01 
Bare soil 0.07 0.28 0.01 
Total 3.43 1.02 0.03 

Notes: 
* Total number of neighbourhoods refers to those created after removing the 

buildings impacted by new blocks of new GBS 
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several new publicly accessible GBS of 1 ha. 
In Paris and Aarhus, interventions occurred most commonly in the 

core inner-city centre, where high concentrations of built surfaces 
require the repurposing of several blocks of buildings into grass and a 
substantial increase in the presence of street trees (Fig. 3; Fig. 4). Despite 
much better overall existing status of GBS in Aarhus relative to Paris 
(Table 3), the inner-city centre contrasts with the land cover of sur-
rounding areas, with a higher proportion of built surfaces and notably 
less green and blue spaces at present (Fig. 4a). Consequently, to meet the 
3–30–300 rule, several blocks of buildings were repurposed as green 
spaces and most streets needed a substantial increase in tree canopy 
cover (Fig. 4b). 

Whilst the total area of new GBS implemented is greatest in larger 
cities such as Paris and Aarhus, Velika Gorica had the highest proportion 
of the urban footprint that was changed to meet the rule. At least 18 % of 
the urban footprint was converted to new GBS, with interventions 
consisting primarily of new grassy areas (Table 8; Fig. 5). 

4. Discussion 

None of the cities in this study currently meet any of the components 
of the 3–30–300 rule, although some were close. The three cities differed 
in which components were nearly met, Paris nearly met the 3-compo-
nent, Aarhus the 30- and 300-component, and Velika Gorica the 3- 
and 30-component. For all study cities to meet the rule and strive to-
wards spatially and socially equitable access of GBS, they would be 

required to make considerable changes to the current land cover. Our 
study shows that the changes required also varied spatially within cities, 
with most interventions required in core, inner-city centres, particularly 
in Paris and Aarhus. 

Differences between and within cities could be a result of a multitude 
of factors including historical reasons, cultural character, financial 
reasons, infrastructural reasons, or spatial constraints such as shape, 
size, and density (Kabisch et al. 2016; Richards et al. 2022; Browning 
et al. 2023). The heterogeneity of each city and the amalgamation of 
these influencing factors is one of the key challenges to implementing a 
single, transferable, rule-based green initiative, such as the 3–30–300 
rule. 

A key constraint for cities seeking to achieve the 3–30–300 rule, 
particularly in higher density areas and compact cities, is the pressure 
for space (Kabisch et al. 2016; Browning et al. 2023). Particularly in 
Paris and Aarhus, core inner-city centre neighbourhoods’ access to GBS 
appears notably lower than the city-wide average due to the higher 
concentration and density of built surfaces. Therefore, spatially, urban 
centres are likely to be the locations where it is hardest for cities to 
achieve the 3–30–300 rule. 

Battisti et al. (2023) mention that the hardest component to achieve 
is the 30-component. Using the original definition of the 30-component, 
this study concurs as Table 4 shows that no neighbourhoods in Velika 
Gorica, and very few in Aarhus and Paris have more than 30 % tree 
canopy cover. However, in our study, as we include all GBS in our 
definition of the 30-component, the hardest component appears to be 
the 300-component. This is because interventions must consider how 
several hectares of new GBS could be incorporated. In contrast, the 
component with the highest current compliance and perhaps the easiest 
to achieve is the 3-component. Planting individual trees in urban centres 
is far more achievable, requiring much less space and can be achieved 
through planting both in public spaces such as along streets as well as on 
private residential land (Shakeel and Conway, 2014) such as domestic 
gardens. 

To introduce new, large GBS such as those required in the 300- 
component, cities may need to be innovative, adaptable, and creative. 

Table 8 
Summary statistics of all interventions, showing total area (km2) and percentage 
of urban footprint in parentheses.   

Paris Aarhus Velika Gorica 

New tree areas 3.7 (0.5 %) 1.5 (0.9 %) 0.03 (0.3 %) 
New grass areas 88.7 (12.1 %) 14.8 (9.1 %) 2.1 (18.1 %) 
Total new GBS* 92.4 (12.6 %) 16.4 (10 %) 2.1 (18.4 %)  

* Some interventions included in the calculation will have been implemented 
up to 300 m outside the urban footprint (see explanation in Section 2.4.1 ) 

Fig. 3. Extent of changes to meet 3–30–300 rule in Paris’ 2nd Arrondissement, showing a) the current land cover and b) implementation of the 3–30–300 rule, with 
many new parks and extensive new street trees. 
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Some cities have already exemplified this by placing parks on top of 
existing large infrastructures. For example, in Paris, the railway station, 
Gare Montparnasse is entirely covered by a 3.5 ha Atlantic Park (Mal-
donado, Melissa, 2000). In Rotterdam, novel large-scale green and blue 
areas such as roof parks over railway yards have been introduced (Tillie 
and van der Heijden, 2016). In Hamburg, the city is building a giant 
green roof cover over sections of the A7 motorway crossing Hamburg 
city, the largest of its kind in Germany, with the aim to reduce noise and 
air pollution and increase connectivity and recreational benefits (Han-
sestadt Hamburg, 2023). 

Reinventing the way buildings are designed and used in the future 

can also offer opportunities for increasing GBS in dense urban settings. 
For example, in Singapore, they are overcoming the lack of ground-level 
spaces by utilizing the vertical space and will integrate 200 ha of 
building greenery into high-rise buildings by 2030 (Kosorić et al. 2019). 
This will be achieved by creating whole floors of ‘garden’ within tower 
blocks, often on multiple levels up the height of a building. These so-
lutions show that it is possible to retain buildings, while simultaneously 
providing additional green space, in ways that might satisfy the 
3–30–300 guidelines. However, many existing buildings are not built to 
a specification that allows this sort of retrofit, making widespread 
implementation challenging. 

Fig. 4. Example of changes required in central Aarhus, showing a) Current landcover and b) after implementing the 3–30–300 rule.  

Fig. 5. Example of changes required near the centre of Velika Gorica, showing a) current landcover and b) after implementing the 3–30–300 rule.  
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To explore more realistic implementations of the rule as it is likely to 
be interpreted by city planners, our study modifies some of the com-
ponents to take account both the wider interpretation of GBS and rec-
ognising the benefits also provided by other types of GBS beyond just 
trees (Jones et al. 2022a). The components could be adapted further, 
where appropriate. We suggest that one of these key modifications 
should be the recognition of smaller GBS in core, inner-city areas. In 
these areas, space is at a premium, and facilitating new green spaces 
greater than 1 ha may not be achievable. Whilst the size of greenspace is 
associated with higher rates of recreational opportunities and preference 
(Cohen et al. 2010; Konijnendijk, 2023), in intensively built cities, more 
pocket-sized parks could be implemented. Pocket parks are a newer 
form of GBS created from residual land and are accessible and attractive 
to local communities (Labuz, 2019; Gkentsidis et al. 2021; Rosso et al. 
2022) and easier to implement. More pocket parks could effectively 
distribute the psychological, physiological, and physical benefits of GBS 
to urban inhabitants by increasing possible recreational activities and 
encounters with nature (Rosso et al. 2022) where large GBS are unat-
tainable. It is possible that several of these smaller parks could provide 
equal services to residents and compensate for the lack of larger green 
spaces (Ekkel and deVries, 2017). However, such smaller parks would 
not provide the same benefits for biodiversity (Strohbach et al. 2013; 
Beninde et al. 2015) and may not provide similar levels of co-benefits 
such as cooling or noise mitigation (Hutchins et al. 2021). 

A key strength of the 3–30–300 rule is its emphasis on equity. While 
existing greening initiatives in the three study cities have already ach-
ieved improvements in green space cover, their placement is often tar-
geted for specific purposes (e.g. improving groundwater quality, 
increasing biodiversity, or reducing hot-day temperatures), and these 
may not have considered social aspects explicitly. Often, a targeted 
approach is necessary or desirable, for example to reduce localised 
surface water flooding. The 3–30–300 rule may achieve equity of access 
to GBS but still fail to address problems in specific locations so these 
approaches should not be seen as contradictory, rather they should be 
seen as complementary. 

4.1. Limitations and considerations 

This section reflects and considers a number of limitations and 
challenges of measuring and implementing the 3–30–300 rule. A 
methodological challenge is that the guidelines set in Konijnendijk 
(2023) are only guidelines and thus do not include clear-cut methods on 
how to implement them (Battisti et al. 2023). Therefore, studies with 
different definitions and interpretations of the rule, as well as different 
methodological approaches, could yield different results. This limitation 
applies particularly to the 3-component, where the visibility of trees 
from a building is challenging to define. In our study, we adopted a 
proximity-based approach, where we assume that the presence of trees 
within a pre-defined distance is visible. This definition presents several 
limitations as it relies on the assumption that firstly, all trees within that 
distance are visible, and secondly, a single 5 m raster cell could contain 
more than one tree. Without a very sophisticated, and computationally 
expensive, line-of-sight analysis we cannot accurately delineate or 
measure the visibility of individual trees (Larkin and Hystad, 2019; Wu 
and Kim, 2021). Our method also excludes larger trees that would be 
visible from a distance, e.g. above roof tops. 

As well as methodological approaches, this study and the 3–30–300 
rule pose future challenges and implications for planning. One of the 
most prominent challenges of this rule will be deciding how and where 
interventions are implemented. Our rule base has some simple optimi-
sation steps to identify and prioritise areas for change, but it does not 
consider if and how green infrastructure could be added in those loca-
tions (for example, if existing infrastructure could be retrofitted) and so 
would need to be far more sophisticated when implementing such an 
approach in reality. Furthermore, the location of proposed GBS should 
be considered carefully, to avoid potential disbenefits. The placement of 

new GBS solely to meet threshold requirements may fail to acknowledge 
interacting factors. For example, in enclosed streets (street canyons) 
such as those in central Paris and Aarhus, an increase in street trees 
could reduce wind speeds and dispersion and consequently increase 
local pollutant concentrations (Kumar et al. 2019). Therefore, place-
ment of interventions should be designed to meet the requirements of 
the rule whilst also maximising biodiversity and other benefits (Beninde 
et al. 2015; Fletcher et al. 2022), and minimising adverse outcomes. 
However, there may be trade-offs between optimum locations for one 
service and optimum locations for others (Jones et al. 2022b). 

Another limitation is that the quality of new and existing GBS are not 
considered. This is a limitation because in this study, we assume that 
inhabitants will use their nearest park and that by meeting the guideline 
thresholds, inhabitants will have equitable access to GBS. This is not 
always the case, especially if the parks lack adequate facilities or are 
perceived as unsafe (Zhou and Kim, 2013). As well as proximity, poli-
cymakers and planners must also consider the quality of new and 
existing green space by measuring characteristics such as their facilities, 
amenities, accessibility, and safety (Kabisch et al. 2016; Konijnendijk, 
2023). 

Implementing the 3–30–300 rule is expected to have positive im-
plications for socioeconomic equity with the potential to tackle current 
environmental justice issues of the disparity in access to GBS and their 
associated ecosystem services. However, efforts to meet the rule can 
present new challenges for planners. For example, neighbourhoods 
where the rule can most easily be applied, may be home to more affluent 
residents, potentially increasing socioeconomic inequalities. Alterna-
tively, regreening which benefits deprived neighbourhoods can lead to 
’green gentrification’ whereby the arrival of more affluent people in-
creases property prices (Cavicchia, 2021) and displaces existing resi-
dents (Zuk, 2014). However, since the 3–30–300 rule aims to increase 
green space equity across the whole city, green gentrification effects are 
unlikely as they tend to be caused by highly localised improvement of 
the urban landscape. 

4.2. Conclusions 

Overall, the long and short-term functions provided by GBS are 
largely beneficial to both human and environmental health and well- 
being (Kumar et al., 2019). Equitable access to GBS is increasingly 
important due to urbanization and climate change induced pressures. 
This is why transferrable guidelines such as the 3–30–300 rule can 
encourage cities, national governments, and international organisations 
to develop successful urban greening initiatives (Konijnendijk, 2021). 
The 3–30–300 rule can be seen as complementary to existing targeted 
GBS interventions which may be necessary to address specific problems, 
adding an equity lens to urban green space planning. To further 
encourage the implementation of such initiatives, future studies should 
aim to measure and quantify the ecosystem service benefits provided by 
the 3–30–300 rule, to provide evidence on their effectiveness in 
addressing urban challenges. 
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