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The 3-30-300 rule is a new guideline for urban forestry and urban greening, which is rapidly gaining interest
among city planners, international organizations and NGOs. However, the ecosystem service benefits of this new
guideline have not been quantified and there has been no research to date on how implementing the 3-30-300
rule may mitigate urban flooding. In this study, we use a gridded implementation of the rational method, with
flow attenuation included (ANaRM model), to assess the reduction in runoff that can be achieved by imple-
menting urban land-use change to achieve 3-30-300 targets in three European cities of contrasting size and
population: Aarhus Municipality (Denmark), Grad Velika Gorica (Croatia) and Paris Region (France). We find
that the creation of new green spaces and tree cover can greatly reduce peak pluvial surface runoff rate at-site,
and maintain peak flow reductions of several percent in sub-catchments of several square kilometres, including
reductions of over 10 % in some sub-catchments of over 20 km? in Paris. The specific interventions required to
meet aspects of the 3-30-300 rule vary between study areas, and the larger the interventions, the greater the
peak runoff rate reduction that can be achieved. This study highlights the importance of linking research with
policy in order to quantify the benefits of urban green infrastructure targets and show the real benefits of

implementing nature-based solutions.

1. Introduction

The 3-30-300 rule (Konijnendijk, 2021; Konijnendijk, 2023) states
that every citizen should be able to see three trees (of a decent size) from
their home, have at least 30 % tree canopy cover in their neighbourhood
and live no more than 300 m from the nearest park or green space (of at
least one hectare). While every urban area has its own context, hence its
own optimal solution, 3-30-300 was proposed as an objective and
easy-to-understand target that can start to be implemented immediately,
without the financial or time cost of developing a bespoke optimal so-
lution (IUCN, 2021). A number of cities, international organizations and
NGOs have explicitly adopted 3-30-300 targets (Future Woodlands
Scotland, 2021; Nature Canada, 2022; Nordic Council of Ministers,
2022; UNECE, 2021), and by setting objective targets, have potentially
accelerated provision of fair and equitable access to greenspace, helping
to meet target 11.7 of the United Nations Sustainable Development
Goals (SDGs) sooner (Tate et al., 2024). This is important, given the
impending arrival of the 2030 deadline set for this target (Arora and
Mishra, 2019) and the low provision of, and access to, open public
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spaces reported in the most recent (2023) edition of the Sustainable
Development Goals Report (United Nations, 2023).

There have been many studies on the benefits of urban forestry and
urban greening, focusing on the effects of visible street trees, tree canopy
cover and access to greenspace on mental and physical health (Elsadek
et al., 2020; Pérez-del-Pulgar et al., 2021), air quality (Grylls and van
Reeuwijk, 2022; Riondato et al., 2020; Jones et al., 2019), cooling
(lungman et al., 2023; Li et al., 2023), noise (Dzhambov, Dimitrova,
2014; Fletcher et al., 2022), and social issues (Garrett et al., 2023; Ryan
et al., 2023; Ulmer et al., 2016). Wolf et al. (2020) and O’Brien et al.
(2022) conducted detailed reviews of these and other benefits. However,
few studies have assessed the benefits of meeting 3-30-300 targets
specifically (e.g. Nieuwenhuijsen et al., 2022; Nordic Council of Minis-
ters, 2024), due to the recency of the concept. Furthermore, no studies
have been published (to our knowledge) evaluating the effects that
achieving 3-30-300 could have on reducing urban flooding, despite the
roles that some nature-based solutions (NBS), low-impact development
(LID), or sustainable drainage system (SuDS) devices, such as street
trees, rain gardens and detention basins, could have in achieving
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3-30-300 targets. Studies explicitly measuring the current status of
areas with respect to the targets defined in the 3-30-300 rule have found
that a minority of the residents assessed live in places that meet all three
aspects: for example, 37.3 % of people sampled across Florida (Koeser
et al., 2023), 12% in Toronto, Canada (Ling, 2021) and just 4.7 % in
Barcelona, Spain, using a surrogate measure for tree canopy cover
(Nieuwenhuijsen et al., 2022). However, comparisons are complicated
by the different methods used to account for tree visibility, such as
surveys (Koeser et al., 2023), estimates from photographs and satellite
images (Ling, 2021) and distance-from-building (Nieuwenhuijsen et al.,
2022; Owen et al., 2024a). Studies of Turin, Italy (Battisti et al., 2024)
and the Barranco district of Lima, Peru (Manyahuillca et al., 2024) found
that zero residents in either study area lived in a sub-district with at least
30 % tree canopy cover (a requirement of meeting 3-30-300), but that
visibility of trees and access to greenspace even varied widely between
the neighbourhoods of Turin, ranging from 2.2 km? to 15.5km? each,
and sub-districts of Barranco, each around 0.1-0.2 km?. A Europe-wide
study of 978 cities in 31 countries, considering the “300” aspect of the
rule only, estimated that only 38 % of urban Europeans live within
300 m of a green space (Pereira Barboza et al., 2021). Space in urban
areas is often limited, meaning that there are clear advantages to
extracting multiple benefits from every green intervention (Hansen and
Pauleit, 2014; Tate et al., 2024; Wang and Banzhaf, 2018; Jones et al.,
2022a). This creates a clear need to understand and quantify the mul-
tiple benefits of potential interventions: Suppakittpaisarn et al. (2017)
review 55 peer-reviewed articles on the human health benefits of green
infrastructure and green stormwater infrastructure specifically,
concluding that little research had focused on the latter. A more recent
evidence synthesis by Jones et al. (2022b) indicated that different types
of parks could have high and very high potentials for a variety of
ecosystem services, but a medium potential for water flow management.

Given the widespread international interest in 3-30-300, there is a
need to better quantify the potential effects on urban flooding of
implementing this rule specifically. This study evaluates the potential
reductions in urban flooding that can be achieved by applying the
3-30-300 rule in three contrasting case study areas: Aarhus (Denmark),
Velika Gorica (Croatia) and Paris (France). First, we describe the study
areas in their current state and show the land cover changes required to
bring them to a hypothetical 3-30-300 state using the methodology
described in detail by Owen et al. (2024a). Next, we describe the
Adapted Nature-based-solutions Rational Method (ANaRM: Miller et al.
2023). This is a simple tool that combines a grid-based rational method
approach with flow routing, accumulation and attenuation by water
bodies, and allows comparison of different high-resolution land-cover
scenarios. Using ANaRM, we present the estimated reductions in peak
flows achieved by changing land-use from the current to the 3-30-300
scenario in all case study areas. Finally, we discuss the mitigation of
urban flooding that can be achieved in the three study areas by imple-
mentation of the 3-30-300 rule, as well as the potential for meeting the
rule in each study area, and present the conclusions drawn from the
study.

2. Study areas and data

This study focuses on three European urban areas of contrasting sizes
and populations: Aarhus, Velika Gorica and Paris. Two land-use sce-
narios are created for each area: “current”, representing land-use circa
2015-2020, and “3-30-300", representing a land-use arrangement that
follows the 3-30-300 rule. The land-use/land cover layers for all six
scenarios are available online (Owen et al., 2024b). Results and dis-
cussion in each study area focus on a set of catchments ranging in area
from thousands of square metres to tens of square kilometres.

2.1. Aarhus

Aarhus municipality is located midway on the east coast of the
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Jutland peninsula, Denmark. On 01 January 2023, it had an area of
468.1 km? (Statistics Denmark, 2024a) and population of 361,544, of
which 290,598 lived in the city of Aarhus (Statistics Denmark, 2024b).
The municipality is built around and near a system of tunnel valleys
leading to Aarhus Bay, most notably the Aarhus Adal (river valley). Each
valley is a separate hydrological watershed. Elevation in the study area
ranges from zero to approximately 132 m above sea level.

The study area coincides with the municipality. It contains several
lakes, the largest being the connected Brabrand S¢ and Arselv Engse
(1.53km? and 1.00 kmz), through which the Aarhus River passes, and
the Ega Engs¢ (1.15 km?). Table 1 shows the land-use classes in the study
area for both the current situation (Fig. 1a) and one following the
3-30-300 rule (Fig. 1b).

Current land-use consists of an urban core expanding outwards from
Aarhus Port, surrounded by lower-density suburbs, giving way to agri-
culture (Fig. 1a). The main interventions required to meet the 3-30-300
rule in Aarhus were an increase in street trees and accessible greenspace
in the urban core (Midtbyen), additional greenspace at targeted subur-
ban locations (e.g. Tranbjerg, Tilst, Sabro), and an increase in publicly
accessible greenspace near to villages and small towns in the outer
agricultural areas (e.g. Beder-Malling, Harlev, Solbjerg) (Fig. 1b and c).

While the current scenario’s provision of publicly accessible and
nearby greenspace is such that only 2.6 % of the study area needed
conversion to greenspace to meet the 3-30-300 rule, much of the new
greenspace was created on agricultural land. However, agriculture
remained by far the predominant land-use in the study area. While
significant tree planting was required in the urban core, it was also
required throughout the suburbs and surrounds of Aarhus, although
with an uneven distribution. Tree cover was not greatly increased be-
tween the current and 3-30-300 scenarios and the new trees were
sparsely distributed, as visibility of trees was a bigger problem than
neighbourhood canopy cover in Aarhus.

2.2. Velika Gorica

Velika Gorica municipality is located in central Croatia, south of and
bordering the capital, Zagreb. On 31 August 2021, it had an area of
326.6 km? and population of 61,075, with the Velika Gorica urban area
accounting for 36.9 km? and 30,036 people (Croatian Bureau of Statis-
tics, 2022). The municipality is sited on a flat and fertile plain of the Sava
River with little variation in elevation.

The study area includes 41.89 km?, centred on the Velika Gorica
urban area. The only major water body is Jezero Cice (Cic¢e Lake), a
flooded gravel pit with an area of 0.96 km?. Table 2 shows the land-use
classes in the study area for both the current situation (Fig. 2a) and one
following the 3-30-300 rule (Fig. 2b).

In both cases, the study area is dominated by grass and agricultural
land (Fig. 2). The main change required to follow the 3-30-300 rule was
a conversion of private agricultural land to publicly accessible green-
space at the edges of the urban area, but some conversion of buildings
and mineral surfaces to greenspace (grass land-use) also happened

Table 1
Current and 3-30-300 scenario land-use in Aarhus study area.

Class Current (%) 3-30-300 (%) Change (%)
Building 5.5% 5.3% -0.2%
Mineral surface 10.0% 9.6 % —0.4%
Artificial grass 0.0 % 0.0 % 0.0 %
Grass 17.9% 21.1% 31%
Shrub 1.8% 1.8% 0.0%
Tree 12.4% 12.7 % 0.3%
Undergrowth 1.2% 1.2% 0.0 %
Agriculture 47.4% 44.7 % —2.7%
Bare Soil 21% 1.9% —-0.2%
Lake 1.4% 1.4% 0.0%
River 0.1% 0.1% 0.0%
Total 100.0 % 100.0 % 0.0%
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Fig. 1. Aarhus study area: current land-use scenario (a), 3-30-300 land-use scenario (b), conversions to grass and tree land-use between the two scenarios (c), close-

up of the Aarhus port area for the current (d) and 3-30-300 land-use scenario (e).

within the urban area (Fig. 2c). Very little increase in tree cover was
required to meet the 3-30-300 rule, indicating that almost all residents
already had sight of at least three trees from their home and all neigh-
bourhoods were already at or near 30 % canopy cover.

2.3. Paris

Paris is the capital of France. In 2020, the Paris department/
commune had a population of 2,145,906 and area of 105.4 km?, while
the Paris urban area had a population of 10,856,407 and area of
2846.0 km? (Insee, 2024). The urban area is built on relatively flat land

around the River Seine and, towards the south-west, the River Marne.
Elevation in the study area ranges from approximately 26 m above sea
level at the banks of the Seine in Rueil-Malmaison to 181 m above sea
level in Le Chesnay-Rocquencourt.

The study area consists of the Paris department/commune and its
three surrounding departments: Hauts-de-Seine, Seine-Saint-Denis and
Val-de-Marne, plus a 300-metre buffer zone, totalling 913.1 km?2 A
buffer zone is included in the Paris study area so that the 3-30-300 rule
can be met fully at the very edges of the departments surrounding Paris:
greenspace outside of the departments may fulfil part of the re-
quirements for dwellings within the department. The 2020 population of
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Table 2

Current and 3-30-300 scenario land-use in Velika Gorica study area.
Class Original (%) 3-30-300 (%) Change (%)
Building 4.9 % 4.2 % —0.7 %
Mineral surface 12.3% 11.4 % —-0.9%
Artificial grass 0.0 % 0.0 % 0.0 %
Grass 34.5% 39.5% 5.0%
Shrub 1.7% 1.7% 0.0 %
Tree 11.1% 11.1% 0.1 %
Agriculture 30.9 % 27.4% —-3.4%
Bare Soil 2.1% 2.0% -0.1%
Lake 2.5% 2.5% 0.0 %
Total 100.0 % 100.0 % 0.0 %

| ] 1 | Kilometres
0 05 1 2 3 4 5
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the municipality and three departments, excluding the study area’s
buffer zone, was 6,835,513 (Insee, 2024). Table 3 shows the land-use
classes in the study area for both the current situation (Fig. 3a) and
one following the 3-30-300 rule (Fig. 3b).

Current land-use is highly urbanized, with almost half of the study
area being building or mineral surface (Fig. 3a). Urban concentration is
highest in Paris department/commune and remains high in the sur-
rounding departments. Implementation of the 3-30-300 scenario
required a more than 20 % reduction in building and mineral surface
land-use, to be replaced by publicly accessible greenspace distributed
throughout the whole study area (Fig. 3b). A much smaller amount of
agricultural land and bare soil was also converted to greenspace in the

N

A

(©)

L L I IKilometres
0 0.25 0.5 0.75 1

Land cover classes [l Shrub
[ Building B Tree

I Mineral surface [ Agriculture
I Arificial grass [l Bare soil
I Grass B Lake

Fig. 2. Velika Gorica study area: current land-use scenario (a), 3-30-300 land-use scenario (b), conversions to grass and tree land-use between the two scenarios (c),
close-up of the area south-west of Jezero Cice for the current (d) and 3-30-300 land-use scenario (e).
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Table 3
Current and 3-30-300 scenario land-use in Paris study area.

Class Original (%) 3-30-300 (%) Change (%)
Building 18.0 % 14.2% -3.8%
Mineral surface 28.4 % 22.6 % —5.7%
Grass 17.6 % 27.3% 9.7 %
Shrub 7.0 % 7.0 % 0.0 %
Tree 24.4 % 24.8 % 0.4 %
Agriculture 2.3% 1.8% —0.5%
Bare Soil 0.7 % 0.5 % -0.1%
Lake 0.4 % 0.4 % 0.0 %
River 1.4 % 1.4 % 0.0 %
Total 100.0 % 100.0 % 0.0 %

more distant suburbs of the study area. It is noted that several existing
publicly accessible greenspaces in Paris are smaller than one hectare, so
did not qualify under the 3-30-300 rule.

Many new street trees were required to fulfil the visibility and
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canopy requirements, mainly within the municipality, on the right bank
of the Seine (1St-4th, 812t and 17120t arrondissements), where trees
were added along much of the length of most streets. Additional tree
cover was also required in a few specific suburban areas, and in more
rural areas where residential blocks are adjacent to (tree-less) agricul-
tural fields. Suburban and rural trees added for the 3-30-300 scenario
were usually clustered, suggesting that canopy cover rather than visi-
bility was the main tree-related concern in the departments surrounding
Paris department/commune.

2.4. Land cover and elevation data

Each study area defines its “current” scenario from different land
cover and elevation data sources. Land cover for Aarhus was based on
Knopp et al. (2023), corresponding to land-use in 2015. Land cover for
Velika Gorica was based on Knopp (2022), corresponding to land-use in
2016/17. Both were aggregated from sub-metre to 5-metre resolution.

L I L___ IKilometres
0 0.5 1 1.5 2

Land cover classes [l Tree

I Building [ Agriculture
I Vineral surface [l Bare soil
I Grass I Lake

B Shrub [ River

Fig. 3. Paris study area: current land-use scenario (a), 3-30-300 land-use scenario (b), conversions to grass and tree land-use between the two scenarios (c), close-up
centred on the ile de la Cité for the current (d) and 3-30-300 land-use scenario (e). Paris, Hauts-de-Seine, Seine-Saint-Denis and Val-de-Marne departments are

shown as black outlines on (c), while the study area is shown in light grey.
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Land cover for Paris was produced from several datasets:
MOS+ 2017-81 and Densibati (L’institut Paris Region, 2017), Coper-
nicus Small Woody Features 2018 (European Environment Agency,
2023), Copernicus Urban Atlas Street Tree Layer 2018 (European
Environment Agency, 2021), Vegetation Height 2015 (Apur, 2022), and
Cadastre vert - Masses vertes (Green land register - Green masses) for
Hauts-de-Seine only (Département des Hauts-de-Seine, 2012). Hence,
current scenario land-use in Paris corresponds generally to 2017, with
additional information from 2012 to 2018 included. The various land
cover datasets for Paris were initially vector data, but the combined
product was sampled to a 5-metre resolution raster for this study. The 81
MOS+ land-use classes were combined and simplified outside of and
prior to this study for use in related projects.

Land cover for the three study areas incorporated different classes
according to the data available for each city. Appendix A presents these
land cover classes and the standardized categories used for hydrological
modelling in this study. In Aarhus and Paris, some water belonged to a
general “water” class, while most belonged to either the “lake” or “river”
class. All “water” was reassigned to either “lake” or “river” as appro-
priate for this study, as modelled flow attenuation in ANaRM depends on
“lake” only. Reclassification was not required in Velika Gorica.

2.5. 3-30-300 scenario generation

This study applied one rule set to generate the “3-30-300” land-use
scenario from the current scenario in each study area, which were
applied in the following order:

1. every residential building is within 300 m of a contiguous area of
publicly accessible greenspace of at least one hectare.

2. every residential building has two pixels of “tree” land cover within
30 m.

3. Blue/green (i.e. “tree”, “shrub”, “undergrowth”, “grass”, “river”,
“lake” and “sea”) total at least 30 % land cover in every
neighbourhood.

This rule set is described in detail by Owen et al. (2024a), which uses
the same land-use scenarios as this study. In brief, residential buildings
not meeting rule 1 were identified and overlain with a square grid
measuring 212 metres (300 m on the diagonal), then the least-populated
block (area enclosed by roads) larger than 1 hectare in each 212 m grid
cell was converted to grass (existing blue/green cells were not con-
verted). Next, 30-metre buffers were placed around every residential
building and the number of tree pixels in each buffer counted. Where
this was less than two, extra tree pixels were placed, prioritizing loca-
tions lying within multiple buffers. Finally, a 300-metre buffer was
placed around every block, and the total percentage cover of blue/green
land uses was calculated in that buffer. Where this was less than 30 %,
additional trees were placed, prioritizing locations lying within multiple
buffers.

Each of the scenarios studied here is only one of the many possible
ways of arranging land-use to meet or exceed the 3-30-300 rule. Owen
et al. (2024a) configured the rules to minimize the number of residents
impacted and the total land-use change, within the constraint of full
automation of the rule set in a GIS at city-scale. Because of this
constraint, more land is converted to new public greenspace than is
necessary to meet the minimum requirement. All new public green-
spaces were initially set as completely grass, with individual pixels later
converted to trees if required to meet the “3” or “30” aspects of the
3-30-300 rule. Owen et al. (2024a) considered the “fully grass”
approximation to closely represent the initial state of new public
greenspace. Defining each “neighbourhood” as the 300-metre buffer
around each residential block led to many overlapping neighbourhoods
that did not relate to administrative boundaries. However, there is no
clear, agreed consistent definition of a “neighbourhood” in general, and
this definition did generate consistently sized neighbourhoods, with the
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“30” aspect met for every block. Overall, other scenarios using different
rule sets may achieve 3-30-300 goals with fewer, differently positioned
green areas, more trees, shrubs and/or undergrowth, or a completely
different spatial arrangement of land-use, all of which would have
different effects on runoff.

Due to the differing sizes and densities of urban areas, it may be more
difficult to achieve 3-30-300 in some cities (e.g. Paris) than others (e.g.
Velika Gorica). It may also be more difficult to achieve 3-30-300 in
certain areas of a city than others, as the current distance from the rule,
hence the amount of land-use change required to meet it, can vary
widely from neighbourhood to neighbourhood (e.g. Battisti et al., 2024;
Manyahuillca et al., 2024). However, the reason that the 3-30-300 rule
specifies “neighbourhoods” is to ensure that each area of a city inde-
pendently has sufficient tree cover and access to greenspace so that the
benefits are realized for every resident. This is specified explicitly by e.g.
UNECE (2021) and Nature Canada (2022).

3. Hydrological model

This study uses the ANaRM (Adapted Nature-based-solutions
Rational Method) model, described fully by Miller et al. (2023) and
implemented in the R programming language (R Core Team, 2023). It is
intended for rapid comparisons of different land-use scenarios and
ease-of-use without requiring high hydrological or programming
knowledge. ANaRM is underpinned by the Rational Method (HRL,
1981), which links peak discharge to catchment area, land cover and
mean rainfall intensity. However, unlike other rational method-based
models, ANaRM accumulates runoff along hydrological flow paths,
and attenuates runoff downstream of water bodies according to the size
of the water body and distance downstream. Input data for ANaRM
consist of a digital elevation model (DEM), land cover map with a spe-
cific category for water bodies (for attenuation purposes), runoff coef-
ficient for each land cover type and rainfall intensity. The model’s land
cover classes and spatial resolution are defined by the input data, so land
cover categories can be created and parameterized for specific urban
features, for example, to denote impermeable surfaces under a tree
canopy. In this study, we use a 5-metre DEM and 5-metre land cover map
for all cities, with land-use classes aggregated as shown in Appendix A.
Using these data, peak discharge, Qp (m®/s), for a grid cell is:

Qr=0.278 x 1.3 x Cy x i x A x FARL>*% @

Where 0.278 is a conversion factor between m%/s and mm/hr-km?, 1.3 is
the fixed value recommended by HRL (1981) for a dimensionless routing
coefficient, Cy is the mean runoff coefficient of the land upstream of the
grid cell, determined by the DEM, i (mm/hr) is the rainfall intensity, A
(km?) is the area of land upstream of the grid cell and FARL is the “Flood
Attenuation by Reservoirs and Lakes” index defined by Bayliss (1999).

The rational method’s performance relies on the selection of an
appropriate runoff coefficient for the catchment. In the case of a gridded
implementation, performance relies on the selection of an appropriate
runoff coefficient for each grid cell. In each scenario, each grid cell is
assigned a land cover type, and all cells of the same type are given the
same runoff coefficient. Appropriate runoff coefficients for each land
cover type are presented in Appendix B and are broadly equivalent to the
top of the ranges presented by Linsley et al. (1992).

The rational method is typically used in small catchments with short
concentration times (HRL, 1981), but in practice has been recommended
in guidance for use in catchments up to 250 km? (Pilgrim, 1987). The
reason that the rational method is typically not used in larger catch-
ments is because it does not model flow attenuation. However, the
ANaRM implementation of the rational method does model flow atten-
uation through water bodies (i.e. lakes). Furthermore, ANaRM has been
verified in a 74 km? catchment in Birmingham, UK (Miller et al., 2023),
against the UK regulator-approved methods WINFAP (Kjeldsen et al.,
2008; Wallingford HydroSolutions, 2021) and ReFH2 (Kjeldsen et al.,
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2013; Wallingford HydroSolutions, 2019), both of which model
increasing attenuation with increasing catchment area or flow path
length, and one of which (WINFAP) also models flow attenuation
through water bodies. To avoid applying ANaRM outside its intended
and verified range, we do not present results for any watersheds larger
than 50 kmz, or for flows in the Aarhus, Sava, Seine and Marne rivers.

The rational method provides a “snapshot” of peak flow, given a
constant rainfall rate. Due to the construction of the rational method,
peak flows scale linearly with rainfall rate; this is generally unrealistic
when considered over too wide a range of peak rainfall rates. This linear
scaling means that the percentage changes in runoff between two sce-
narios are constant if both are given the same peak rainfall rate. In this
study, a nominal constant rainfall rate of 10 mm/hour was used
throughout. While this does correspond to different rainfall rarities both
between and within the three study areas, this study focuses on per-
centage changes, which are unaffected by the choice of peak rainfall
rate. Previous validation of the ANaRM model (Miller et al., 2023) used
a constant rainfall rate of 3.54 mm/hr, equivalent to the mean hourly
rainfall rate of a 12.5-hour, 10-year return period event in the study
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catchment. The percentage changes in runoff reported in this study are
therefore suggested as indicative for similarly rare rainfall events (i.e.
10-year return period or 10 % annual exceedance probability), inde-
pendently of the nominal rainfall rate used in this study.

4. Results

Fig. 4, Fig. 5 and Fig. 6 show modelled peak runoff rate reduction
across the Aarhus, Velika Gorica and Paris study areas respectively,
while Table 4 reports peak runoff rate reduction and upstream catch-
ment area at selected points.

Several commonalities and differences can be observed by
comparing the three study areas. The maximum percentage peak runoff
rate reduction achieved in each study area was 73-75 %, in places where
an effectively impermeable land-use class was transformed to trees.
However, the most common large areas showing noticeable peak runoff
rate reduction were those corresponding to the locations of new
greenspace (grass). In all three study areas, much more land was con-
verted to grass than to trees, therefore the total flood mitigation effect of

Kilometres
24

Runoff reduction
B 70-75%
B 55 - 70%
B 60 - 65%
B 55 - 60%
I 50 - 55%
P 45 - 50%
[140-45%
[[7]35-40%
[ 130-35%
[ 25-30%
P 20 - 25%
B 15-20%
B 10-15%
B s-10%
5%
[ ]<1%

| | Kilometres

0.5

0.75 1

Fig. 4. Percentage peak runoff rate reduction across Aarhus study area (a) and port area (b) corresponding to sub-plots (d) and (e) on Fig. 1.
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Fig. 5. Percentage peak runoff rate reduction over Velika Gorica study area (a) and area south-west of Jezero Cice (b) corresponding to sub-plots (d) and (e)

on Fig. 2.

new greenspace was often greater than that of tree planting. In Aarhus
and Velika Gorica, new greenspace was most frequently sited on agri-
cultural land, while in Paris, it was most frequently sited on built land.
Hence, the effects of new greenspace on runoff were higher in Paris than
in Aarhus or Velika Gorica. Within most parcels of changed land-use in
any study area, there were thin pathways of lesser peak runoff rate
reduction. These corresponded to flow paths starting outside and topo-
graphically above the parcel, flowing through the parcel, and accumu-
lating flow from both the parcel, where land-use was changed, and land
upstream of the parcel, where land was either mostly or entirely un-
changed. Despite peak runoff rate reduction diminishing further away
from land-use interventions, some effect was still noticeable a long way
downstream of the interventions, shown as purple lines on Figs. 4-6. In
Aarhus and Velika Gorica, the rate of runoff from catchments of several
square kilometres could still be several percent lower under the
3-30-300 scenario than the current scenario, while in Paris, reductions
of over 10 % were present even for catchments of over 20 or 30 km?
(Table 4).

5. Discussion
5.1. Effects of implementing 3-30-300 on runoff

The effects on runoff of implementing 3-30-300 were greatest at the
locations where the land-use changes took place, but decreased as
catchment size increased and land-use interventions became a smaller
part of the catchment. This was found in a previous study using the
ANaRM model in Birmingham, UK (Miller et al., 2023) and agrees with
both a systematic review by Baker et al. (2021), which found little ev-
idence of urban forestry having large-scale effects on hydrology, and
Hutchins et al., 2021, which states that the effects of nature-based so-
lutions on flooding may be negligible unless they occupy a significant
portion of the total contributing area. Hence, it can be suggested that the
provision of new greenspace and street trees could reduce pluvial
flooding at the locations of these interventions, but would have dimin-
ishing effects at greater distances. However, the “300” aspect of the
3-30-300 rule means that any newly created greenspace would be in the
places most distant from existing large greenspaces, and hence would
lead to relatively large reductions in pluvial runoff and localized
flooding.

The greater peak runoff rate reductions seen in larger catchments in
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Fig. 6. Percentage peak runoff rate reduction over Paris study area (a) and area around ile de la Cité (b) corresponding to sub-plots (d) and (e) on Fig. 3.

Paris were due to the greater fraction of land-use change (i.e. the in-
terventions occupied a larger portion of the contributing area) when
compared to the other two study areas, and the higher initial runoff
coefficients of the changed land (primarily built land in Paris, primarily
agricultural land in Aarhus and Velika Gorica). Hence, implementing
3-30-300 has the greatest effect on urban flood mitigation in the
neighbourhoods that are currently the furthest away from meeting
3-30-300 targets. Implementing 3-30-300 in some suburban areas may
have a limited effect on flood mitigation, particularly in neighbourhoods
that already have large publicly accessible greenspaces, as there may be
little change required to meet the rule. However, those neighbourhoods
are already likely to have less pluvial flooding, relative to neighbour-
hoods further away from meeting the rule. It is noted that the 3-30-300
rule is intended to apply separately to each neighbourhood of a city,
with trees and adequately sized greenspace provided in targeted loca-
tions (UNECE, 2021; Nature Canada, 2022). Hence, as well as improving
equity of access to greenspace and visibility of trees, implementation of
3-30-300 may act to “equalize” flood risk across neighbourhoods and
reduce total city-wide flood risk.

5.2. Land-use conversion and spatial arrangement

Conversion to trees, on a per-square-metre basis, reduces runoff by
more than conversion to grass, as trees can intercept rainfall as well as
promote infiltration (Dowtin et al., 2023). However, much less land
must be converted to trees in order to meet the “3” and “30” aspects than
to grass in order to meet the “300” aspect in these scenarios.

The method of 3-30-300 scenario generation used in this study

minimized increases in tree cover but not greenspace (grass), due to the
differing requirements for the three components of the rule (Owen et al.
2024a). Because the 3-30-300 rule only sets minimum standards for
greenspace and urban tree cover, different feasible scenarios may pro-
vide more peak runoff rate reduction in more areas. However, additional
peak runoff rate reduction is generally achieved through additional
land-use conversion, which may extend the urban footprint if some
existing buildings are removed and replaced elsewhere. The rule set in
this study explicitly minimized the number of residents affected, but
care must still be taken to design any necessary replacement de-
velopments in a way that minimizes disturbance to nature. Conversely,
new development creates an opportunity to implement 3-30-300 and
sufficient flood management, as well as any other benefits, from the
start.

In order to meet the “300” aspect, built/agricultural land parcels
larger than 1 hectare were converted to grass only, which was consid-
ered to approximate the initial state of a new park without mature trees.
However, the 3-30-300 rules themselves do not require that the “300”
aspect be met solely by grass — it may also be met by provision of a
suitably sized forest, or a combination of grass and tree planting, either
of which would likely provide greater flood mitigation than grass alone
(Rahman et al., 2023). The presence of trees would also contribute to-
wards the “3” and “30” aspects of the 3-30-300 rule.

While large greenspaces are required to meet the “300” aspect of
3-30-300, Yang & Lee (2021) and Forman (2022) also demonstrate that
many smaller parks can have a greater total effect on overland flow
reduction than fewer larger parks of the same total area, while Thomas
et al. (2020) show a similar effect for woodland fragmentation on the
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Table 4
Percentage peak runoff rate reduction for catchments within Aarhus, Velika
Gorica and Paris study areas.

Catchment Area New grass ~ New trees Peak runoff rate
(km?  (km?) (km?) reduction (%)
Aarhus 1 48.2 0.93 0.17 1.1
Aarhus 2 10.3 1.40 0.012 6.1
Aarhus 3 6.75 2.28 0.032 14.3
Aarhus 4 1.16 0.44 0.00015 26.1
Aarhus 5 0.85 0.66 0.0011 29.7
Aarhus 6 0.18 0.0016 0.033 11.3
Velika Gorica 1 9.78 1.17 0.026 7.5
Velika Gorica 2 7.67 1.16 0.0019 9.2
Velika Gorica 3 4.75 0.51 0.00035 5.5
Velika Gorica 4 1.38 0.15 0 5.8
Velika Gorica 5 0.59 0.51 0 35.2
Velika Gorica 6 0.44 0.21 0 24.1
Paris 1 33.7 3.60 0.0067 10.4
Paris 2 33.5 3.42 0.11 9.8
Paris 3 29.5 4.93 0.16 13.8
Paris 4 17.9 2.34 0.00080 13.2
Paris 5 15.6 1.24 0.013 6.9
Paris 6 13.4 1.65 1.13 15.4
Paris 7 5.55 1.15 0.0016 18.5
Paris 8 5.47 0.46 0.00058 8.1
Paris 9 3.29 0.27 0.013 7.7
Paris 10 2.92 0.44 0.00058 13.1

hydrological benefits of ecosystem services in rural settings. Hence, the
clustering of greenspace into large areas encouraged by the “300” aspect
may not be optimal for urban flood mitigation; greater effects may be
achieved with more dispersed spatial arrangements.

The presence of “thin pathways” of peak runoff rate reduction show
that conversion to green or blue land uses upstream of an urban area can
reduce runoff rates downstream of the converted area, allowing more
capacity to accept runoff from unconverted urban areas.

Paris, and potentially other cities not studied here, contains many
small parks of under one hectare, which do not strictly qualify under the
“300” rule. A stricter interpretation of the 3-30-300 rule would require
larger greenspaces, increasing the flood mitigation potential of those
that are expanded, but would also discount non-qualifying (too-small)
greenspaces, allowing their removal and reducing or eliminating their
flood mitigation potential. Strict interpretation of the 3-30-300 rule
could therefore have mixed effects on urban flood mitigation, and just
meeting the rule may not be the most efficient way to reduce urban
flooding per unit area greened. While it is possible for small parks to
provide physical and mental health benefits (Ekkel and de Vries, 2017),
it is important to quantify this relative to larger greenspaces.

5.3. Relationship to sustainable drainage systems

In addition to the optimal spatial arrangement of green spaces
differing between meeting 3-30-300 and mitigating urban flooding,
many sustainable drainage system (SuDS) components are not optimal
for meeting 3-30-300. For example, swales, filter strips, trenches, rain
gardens, and soakaways are too small to contribute to the “300” aspect
and lack the trees required to contribute to the “3” aspect. Permeable
paving, geocellular storage and flow control structures do not contribute
to meeting 3-30-300 at all. Infiltration basins, if large enough, can
contribute to the “300” aspect and mitigate urban flooding by accu-
mulating surface water from surrounding areas. However, they must
infiltrate the accumulated water rapidly, as they are not fully accessible
greenspaces whenever there is standing water (although with careful
design a degree of accessibility can be retained even when full of
accumulated water).

Green roofs are one option to add permeable surfaces to urban areas
without removing buildings, and roofs designed for recreation and
aesthetic value often require thicker substrate layers with more organic
content, resulting in high capacities for water storage and outflow
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attenuation (Yio et al., 2013). However, making a green roof a publicly
accessible greenspace adds cost, weight and maintenance requirements
to the design (Shafique et al., 2018), and few buildings have a physical
footprint large enough to provide a greenspace of the one-hectare
minimum size stated in the rule. It is noted that Paris already has a
few vegetated rooftops larger than one hectare in area: for example, the
Jardin Atlantique, above the tracks and platforms of Montparnasse
railway station, has an area of 3.4 ha, while the Coulée verte
René-Dumont has an area of 6.5 ha (Jim, 2017). However, the Coulée
verte René-Dumont also has a length of 4.7 kilometres, illustrating how
few opportunities there are to build rooftop parks over multiple hect-
ares. This study did not consider the potential to provide new accessible
greenspaces of one hectare or larger via green roofs, due to the perceived
limited opportunity to do so. It should also be noted that the original
definition of the 3-30-300 rule has a stated focus on urban trees.
Ponds and wetlands can provide considerable water storage and
fluvial flow attenuation, but the 3-30-300 rule traditionally focuses on
canopy cover when calculating the “30” aspect. However, Konijnendijk
(2023) does suggest that other vegetation be included in certain cir-
cumstances, like high-density or arid cities. The multiple ecosystem
service benefits of ponds and wetlands (Carter, 2015; Ekkel & de Vries,
2017; Pedersen et al., 2019) suggest that it may be legitimate to extend
the “30” aspect to include them. Ponds and wetlands then become a
land-use that is beneficial for 3-30-300 and urban flood mitigation.

5.4. Practical applications for urban planning

Challenges in implementing the 3-30-300 rule vary between the
three case studies. Practical implementation of the “300” aspect in full in
Paris is unlikely to be possible, due to the requirement for 88.7 km? of
new greenspace, the land for which is mostly obtained by converting
86.8 km? of the current 423 km? of buildings and mineral surface. In
contrast, only 0.66 km? of buildings and mineral surface are converted
in Velika Gorica, and there is an abundance of unbuilt land around the
existing urban area into which new urbanization could be placed,
although at the expense of nearby agricultural land. Similarly, just
2.82 km? of impermeable land were converted in the Aarhus study area.
The 3-30-300 scenarios in this study were designed to minimize the
number of affected residents, but removal of any building implies the
probable construction of replacement floorspace, which may extend the
urban footprint. In all three case studies, agricultural land is most at risk
from this. From both a 3-30-300 and urban flood mitigation perspec-
tive, forests and publicly accessible greenspace are preferable to agri-
cultural land. However, agricultural land often provides other benefits,
and may be publicly accessible in certain cases, helping to achieve the
“300” aspect without conversion. It is important that this be considered
when implementing 3-30-300 over an urban area and its surrounds.
Inclusion of mature trees where agricultural and residential areas meet
can also help to achieve the “3” aspect without land-use change on either
side.

Tree cover was increased by only 1.55 km? in Aarhus and 0.03 km?
in Velika Gorica. New trees were sparsely distributed, indicating that
neighbourhoods were generally at 30 % green/blue coverage, but three
mature trees were not always visible from every home. In Paris, an
additional 3.67 km? of trees were required, mainly within the munici-
pality on the right bank of the Seine (1st-4th, 8th-12th and 17th-20th
arrondissements), where trees were added along much of the length of
most streets. Additional tree cover was also required in a few specific
suburban areas, and in more rural areas where residential blocks border
agricultural fields. Trees added in suburban and rural areas were usually
clustered, suggesting that neighbourhood green/blue coverage was
lacking in the lower-density departments surrounding Paris municipal-
ity, as well as the high-density centre.
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5.5. Study limitations

This study is the first to quantify urban flood mitigation resulting
from application of the 3-30-300 rule. Here, we discuss limitations of
this study.

The three case study areas considered here represent diverse urban
typologies, from large- to small-scale, heavy to light urbanization.
However, all three share a temperate, no-dry-season climate, so the
findings from this study may be less applicable to urban areas in other
climates. Similar modelling in arid and tropical climate zones would be a
useful avenue for further work.

The grass-only representation of new parks in the 3-30-300 sce-
narios in this study will not represent their long-term flood mitigation
potential in many cases — newly planted trees within parks would be
expected to mitigate increasing flood risk as they grow, suggesting that
potential urban flood mitigation is underestimated. Due to a lack of
information otherwise, all agricultural land was assumed inaccessible to
the public. Given the correct information, it is likely that less conversion
away from agricultural land would be required to meet the “300” aspect
in all case studies.

ANaRM estimates the flow attenuation downstream of water bodies,
but not the lesser attenuation of flow that would be expected in a river or
a long overland flow path, again suggesting that the model outputs
presented here may underestimate the urban flood mitigation provided.
However, the potential for underestimating attenuation in large rivers is
somewhat countered by the pre-existing recommendation that ANaRM
only be used for catchments up to tens of square kilometres.

Infiltration and detention basins were discussed previously as a pri-
marily runoff-reducing intervention that could also fulfil the “300”
aspect of 3-30-300. ANaRM can implement these basins through
modification of both the land cover scenario and DEM. As this study did
not consider modification of the DEM, it could not model these basins. In
order to design basins that become usable as public greenspace soon
after the end of a storm, infiltration and/or hydraulic models are
required, to determine the total volume directed to the basin and the
rate at which water is infiltrated and/or released.

6. Conclusions

The 3-30-300 rule was proposed in 2021 as an objective and easy-to-
understand target for urban forestry and urban greening, and rapidly
adopted by a number of cities, international organizations and NGOs.
However, due to the recency of the rule, there is limited research on the
benefits to urban areas of meeting the 3-30-300 rule. This study is the
first to assess the effects of implementing 3-30-300 on peak runoff rate
reduction, considering three urban areas in Europe of contrasting sizes
and populations: Aarhus (Denmark), Velika Gorica (Croatia) and Paris

Urban Forestry & Urban Greening 104 (2025) 128661

(France). The ANaRM gridded hydrological model was used to assess
runoff under two land-use scenarios in each urban area, all at 5-metre
resolution: “current”, representing measured land-use in the mid- to
late-2010s, and “3-30-300”, representing one arrangement of green-
space and tree cover that meets the 3-30-300 rule.

The main hydrological benefits provided by implementation of the
3-30-300 rule were found in the areas where new greenspace and tree
cover are implemented, with greater than 70 % peak runoff rate
reduction at the locations where built land is converted to tree cover.
This implies that the interventions required to meet 3-30-300 are most
effective at reducing pluvial flooding. It is notable that the “300”
requirement of the rule prioritizes locating new greenspace in neigh-
bourhoods poorly served by large greenspaces. Hence, implementation
of 3-30-300 generally reduces pluvial runoff most in the neighbour-
hoods with the highest existing runoff coefficients and serves to
“equalize” urban flood impacts across neighbourhoods. While the effects
of land-use change on peak runoff rate reduction were lessened by dis-
tance, peak runoff rate reductions of several percent were still possible
within sub-catchments of several square kilometres, implying a reduc-
tion in river flows. However, the total conversion to greenspace and
increased tree cover required to meet the 3-30-300 criteria was too
small to have a greater effect than this at city-scale in the three cities
studied here. The 3-30-300 rule was not developed foremost to mitigate
urban flooding. Hence, other interventions may reduce urban flooding
more efficiently, albeit potentially at a cost to other ecosystem service
benefits. However, large greenspaces can both meet the “300” aspect of
the rule and provide large-scale urban flood mitigation if they are
designed to accumulate water from their surroundings and either infil-
trate it or release it at an attenuated rate that is still sufficient to clear it
for public use soon after the end of a storm event.
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Appendix A. Land cover classes in data provided for study areas, and standardized land cover classes

Aarhus Velika Gorica Paris Standardized
Building Building Building
Building: lowest rise Building
Building: low rise Building
Building: mid rise Building
Building: high rise Building
Building: highest rise Building
Built parcel Building

Mineral surface
Artificial grass

Mineral surface
Artificial grass

Grass Grass
Shrub

Shrub round

Shrub linear

Evergreen Evergreen
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Mineral surface
Artificial grass

Mineral surface

Grass Grass
Shrub Shrub
Shrub round Shrub
Shrub linear Shrub
Evergreen Tree

(continued on next page)
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(continued)

Aarhus Velika Gorica Paris Standardized

Deciduous Deciduous Deciduous Tree

Undergrowth Undergrowth
Agriculture Agriculture Agriculture

Agriculture: Agriculture

intensive, temporary

crop

Agriculture: Agriculture

intensive, permanent

crop

Agriculture: Agriculture

extensive

Bare soil Bare soil Bare soil Bare soil

Water Water Lake or River

Lake Lake Lake Lake

River River River River

Sea Sea

Unclassified Unclassified Unclassified

Appendix B. Runoff coefficients for land cover classes in study areas

Class Runoff coefficient

Building 0.95

Mineral surface 0.92

Artificial grass 0.70

Grass 0.35

Shrub 0.35

Tree 0.25

Undergrowth 0.30

Agriculture 0.55

Bare Soil 0.45

Lake 1.00

River 1.00

(Unclassified) 1.00
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