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Abstract: Climate change is arguably the greatest challenge facing cities today. Its severe consequences
have created the need for sustainable urban planning. In this regard, Sustainable Drainage Systems
(SuDS) have contributed in recent years to alleviating environmental problems caused by soil sealing
and enhancing the resilience of cities to climate change. However, in most cases, the level of
implementation is limited to solving environmental problems caused by inadequate urban planning.
To change this, in recent years some countries have proposed recommendations to integrate these
systems into their urban planning regulations, but these have been general and have not defined
specific measures. This paper proposes to achieve this goal by using case studies of three countries
with similar characteristics (Spain, Italy and France). A common framework for the integration of
SuDS in planning has been proposed that can be exported to other similar places. The urban scales of
intervention have been defined (city, neighborhood and street), as well as the actions to be carried out
(analysis, planning and regulatory measures) and the urban plans to which they should be applied.
This proposal represents an advancement in the application of SuDS as a primary control measure.
This breakthrough will significantly improve the resilience of the cities of the future, making them
more resilient to the effects of weather and climate change.

Keywords: Sustainable Drainage Systems (SuDS); climate change; urban planning; regulations; Spain;
France; Italy

1. Introduction

Climate change is arguably the greatest environmental challenge facing us today, due
to its global dimension and its profound social and economic implications [1,2]. Semadeni-
Davies [3] suggests that an understanding of the risks and impacts, together with mon-
itoring and adaptation measures to address the problem, provides the basis for guiding
action to reduce vulnerability and increase resilience to climate change. Zhou [4] considers
that cities will be significantly affected by the intensification of weather events, such as
heavy rainfall becoming more dangerous or heat waves becoming more frequent. This
phenomenon is exacerbated by the continuous process of waterproofing that cities have
undergone throughout the 20th century. This process, known as ‘soil sealing’, is the cov-
ering of the soil surface with impervious materials as a result of urban development and
infrastructure construction [5], and it has generated numerous environmental effects [6],
in many cases irreversible, such as soil degradation, reduced biodiversity [7], increased
temperature in the city—the ‘heat island’ effect—and increased runoff [8], which has led to
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serious problems of flooding, contaminated water spills and collapsed sewage networks [9].
As the European Commission points out in its ‘Guidelines on best practice to limit, mitigate
or compensate for soil sealing” [10], this continuous process of expanding and sealing off
the built environment has meant that 67% of the 1000 km? of land urbanized each year in
Europe is now impervious.

To mitigate this, an approach to surface water management that reduces water quantity
(flooding) and water quality (pollution) and restores lost biodiversity and amenity is known
collectively as Sustainable Drainage Systems (SuDS). These systems have been used since
the 1990s as a measure to reduce the effects of soil sealing in urban areas and they are
known by different terms [11]: SuDS, LIDs (Low Impact Developments), BMPs (Best
Management Practices), WSUD (Water-Sensitive Urban Design), GI (Green Infrastructures)
or NbS (Nature-based Solutions), among others. While each of these systems has its own
unique characteristics, they also share common aspects. As Woods Ballard says in the
famous ‘The SuDS Manual’ [12], they are mainly designed to restore, as far as possible, the
natural hydrological water cycle altered by soil sealing, infiltrating, retaining and reusing
rainwater in the city. Their environmental benefits are very important in today’s climate
change context, contributing to the reduction of flooding and water pollution. Stormwater
runoff from urban areas is a major source of water pollution, carrying with it a wide range
of hazardous substances and other pollutants, mainly from vehicle use. This pollution has
a clear negative impact on rivers and coastal waters and on the biological communities that
live in these ecosystems [13]. Other benefits include increasing water resources [14], creating
a pleasant environment, facilitating carbon sequestration, reducing urban temperatures
and improving human health and well-being [15]. All of them constitute a more sustainable
approach to runoff management, going beyond the traditional approach that seeks to collect
and convey stormwater to sewer networks as quickly as possible, removing it completely
from the street surface [16]. Jones [17] points out that countries such as the United States,
the United Kingdom, Canada, France and Australia have long used these systems with
very positive results in improving urban resilience to climate change.

The design, operation and hydrological efficiency of SuDS is now well known, with
many studies published in recent years. This research has quantified the effectiveness
and impact of these systems in reducing flooding and water pollution [18-24]. However,
these systems are usually used as a palliative measure to solve existing problems in the
city, for example, to reduce the amount of water that collects on the road surface when the
sewage system does not have the capacity to absorb excess runoff. To combat the effects
of soil sealing and climate change in future cities, the paradigm of urban design must be
transformed; it must shift from a city designed for cars with high levels of imperviousness
to a city designed for people with more green and permeable spaces. In this way, urban
resilience will increase in the face of the growing effects of climate change. For this, the
integration of SuDS into urban planning is inevitable, in order to use these systems as a tool
of prevention, not as an afterthought [25]. The Council of Australian Governments (COAG)
defined it in 2004 in the ‘Intergovernmental Agreement on a National Water Initiative’ [26]
as ‘Water Sensitive Urban Design’. The CIRIA [27] described it in 2021 as the integration of
urban planning into the management, protection and conservation of the urban water cycle,
so0 as to ensure water management that is sensitive to hydrological and ecological processes.
Its application in the fight against climate change has become a priority in the last ten years,
giving rise to a new trend called ‘Water Sensitive Cities’ by the Joint Steering Committee for
Water Sensitive Cities (JSCWSC) in Australia in 2011 [28], whose main objective according
to Wong [29] is to make these cities more pleasant places to live in, resilient, sustainable,
recovering a more natural relationship between water and the city. The importance of
this new model of urban planning, which integrates urban drainage as another variable
into the planning process, is shown in some recent publications [30-32]. Nevertheless,
these publications only provide general recommendations for integrating SuDS into urban
planning, leaving their implementation open according to the urban legislation. Therefore,
some countries with the longest tradition in SuDS integration are developing their own
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recommendations or regulations to encourage the implementation of SuDS in the planning
phases of cities, for example, the UK [30], Australia [29], or the USA [33]. It can be seen that
even today very few countries are developing studies in this area; thus, it can be said that
there is a research gap on how to promote the integration of SuDS into urban planning.

This paper explores the following research question: is it possible to establish a
methodology that improves the integration of SuDS into urban planning? This study is
based on the hypothesis that this is possible in similar geographical and regulatory contexts.
To this end, this research has analyzed three countries with common characteristics (Spain,
Italy and France) and a common framework for integrating SuDS into planning has been
proposed, which can be exported to other similar places. The main objective of this work is
to advance the process of integrating SuDS into planning, promoting their use as a measure
of control at source and a change in the design model of cities. The lack of research to
demonstrate the benefits of integrating SuDS into urban planning makes it all the more
necessary to propose methodologies such as this, which can be applied to other countries
by adapting to the characteristics of each one, thus providing more information on these
benefits and promoting the integration of SuDS into urban planning regulations. This
breakthrough will greatly improve the resilience of the cities of the future, making them
more resilient to the effects of weather and climate change.

2. Materials and Methods

The methodology was defined based on the following question: what is essential in
order to integrate SuDS into urban planning? In order to answer this, it is necessary to ask
three different questions:

What are the objectives of SuDS implementation?
What should the application cases have in common?
What are the main planning tools and scales of urban planning in the application cases?

2.1. What Are the Objectives of SuDS Implementation?

e  The main objective of the integration of SuDS into urban planning must be the design of
urban environments closer to water and nature, where human activities can take place
without environmentally deteriorating the city. One of the most important publications
on SuDS and planning is “The Water Sensitive City: Principles for Practice” [34].
Wong and Brown consider in it that the integration of SUDS into urban planning
should (i) take advantage of different sources of water supply and at different scales,
(ii) provide ecosystem services, (iii) promote water-sensitive communities. On this
basis, the following principles should be taken as a starting point for the integration of
SuDS into urban planning regulations:

e  Cities must be planned to take advantage of the water resources they generate. The
high impermeability of urban environments generates a large amount of water that,
instead of being considered a threat, can be seen as a potential and a resource. Thus,
rainwater harvesting should be the first requirement. Therefore, the city must be
designed to retain, infiltrate and reuse rainwater.

e Cities must provide ecosystem services to the natural environment, so that they
contribute to the functions of the hydrological cycle. In this sense, urban morphology
can assist in naturalizing the behavior of water in the city. Street networks can be
planned to generate paths that transport surface water to places where it can infiltrate
and/or be reused, thus calming the torrential rainfall and considerably reducing the
probability of flooding.

e  (Cities must promote the creation of water-sensitive communities. The involvement of
the different urban social agents is a necessary condition for Water-Sensitive Urban
Design to become a reality in the cities. The paradigm shift that Water-Sensitive Cities
imply in city design requires establishing collaborative strategies with stakeholders so
that they are involved in decision-making.
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2.2. What Should the Application Cases Have in Common?

There are three main characteristics that the case studies should have in common in
order to define a common framework for integrating SuDS into urban planning: (i) climatic
and socio-economic characteristics, (ii) planning regulation structures, (iii) previous experi-
ence of implementing SuDS. These three aspects are met by the selected case studies. Spain,
Italy and France are three European countries close to one another and sharing a common
border. The climate is very similar in all three of them, with intense rainfall in the north
and periods of drought in the south. Because of this, they have problems of excess and lack
of water, necessitating a correct management of rainwater [35]. In socioeconomic terms,
they have similar populations (Spain 48 million, France 68 million, Italy 60 million) [36], a
medium to high level of wealth (Spain USD 1427 billion GDP, France USD 2958 billion GDP,
USD Italy 2108 billion GDP) and a very high Human Development Index (HDI) (Spain
0.905, France 0.903, Italy 0.895) [37]. Regarding urban planning regulations, the structure
and tools of the planning are very similar: national, regional and local tools. In addition,
land use policy in each of these countries is based on the protection of the environment;
therefore, the implementation of SuDS may contribute to this goal [38]. Finally, these
three countries have wide experience in integrating SuDS into projects and have even pub-
lished some recommendations for the implementation of SuDS into regulations: Spain [39],
France [40] and Italy [41]. These initiatives are a first step in promoting the integration
of SuDS into the regulations of these countries, which will make the implementation of
measures to achieve this goal in these countries more feasible.

2.3. What Are the Main Planning Tools and Scales of Urban Planning in the Application Cases?

Planning instruments are used to regulate the planning process in all countries, defin-
ing how cities will grow or how they will be renovated [42]. They are applied at different
spatial scales depending on the objective of the plan, generally at the national, regional
or urban level [43]. Given the ad hoc nature of SuDS, the most appropriate scale for their
integration into planning is the urban settlement scale. Therefore, the metropolitan area,
city, neighborhood or district, street and lot levels have been analyzed. In order to make
a proposal for integration in the field of urban planning, a review was made of the main
publications on planning regulations in the three countries: “El planeamiento urbanistico
espafiol’ of the ‘Ministerio de Transportes’ in Spain, ‘Urbanisme et aménagement du terri-
toire’ of the ‘Ministére de la transition Ecologique’ in France and ‘Pianificazione e governo
del territorio’ of the ‘Ministerio del Interno’ in Italy [44—-46]. According to these reference
documents, the name of the planning instruments in each country for which we can make
a proposal and the scale of their application are shown in Table 1.

Table 1. Planning tools and scales of application in the case studies [44-46].

City District Street

Spain PG.O.U.! PP.2 PU.3
France PL.U.* PD.Q.° PAU.°
Italy PRG.” PD.L.8 PD.U.°

1 Plan General de Ordenacién Urbana. 2 Plan Parcial. ® Proyecto de Urbanizacién. * Plan Local d’Urbanisme.
5 Plan Directeur de Quartier. ¢ Project d’Aménagement Urbain. 7 Piano Regolatore Generale. & Piano Di
Lottizzazione. ? Progetto di Disegno Urbano.

3. Results

Once the necessary information has been gathered and tested, it is possible to define
a proposal for integrating SuDS into urban planning regulations. Table 2 shows the
strategies that can be followed to integrate SuDS into urban planning, defining urban
scales of application, actions to be developed and urban regulations where they need to
be implemented. To facilitate the implementation of this proposal, the actions have been
divided into three application phases: the analysis to be carried out, the proposed measures
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and the possible regulations to be implemented in urban planning. These actions are

detailed in the following sections.

Table 2. Proposal for integrating SuDS into urban planning.

Scales Actions Urban Plans
Analysis
—Hydr.ologlcal study; define flooding areas. Spain: PG.O.U.
Ci Planning measures )
ity . . . France: P.L.U.
-Locate large green areas and multi-purpose spaces in flooding areas. .
. Italy: PR.G.C.
Regulation measures
-Establish a minimum ratio of m? of permeable area per m?.
Analysis
-Hydrological-hydraulic study; define blue corridors.
Planning measures Spain: PP
Neishborhood -Plan green corridors with SuDS. Fraflce' PD Q
& -Modification of the blue corridors and connection to the green corridors. o
. - . Italy: P.P.
-Involve stakeholders in the decision-making process.
Regulation measures
-Establish a minimum % of infiltration of urban runoff.
Analysis
-Hydraulic study; define slopes and flow directions.
Planning measures Spain: P.U.
Street Plot -Design road and pavement slopes to direct water to infiltration areas. France: PA.U.
-Convert building roofs to green roofs. Italy: PD.U.

Regulation measures
-Establish a minimum % of collected runoff water to be reused.

3.1. City Planning Scale

One of the main problems of Mediterranean cities is that they have a climate with torrential
rainfall, where a large volume of water precipitates in a very short time. Kundzewicz [47]
draws attention to the fact that this phenomenon has been increasing in recent years as a
result of the effects of climate change. Therefore, the infiltration of runoff by increasing the
permeability of urban spaces should be a key objective in urban planning. A specific study
of infiltration rates must be carried out in order to understand the dynamics of water and
the potential impact of drainage on buildings, and to anticipate possible problems caused
by direct water infiltration.

Thus, in the analysis phase, a hydrological study must first be carried out to under-
stand the urban drainage network. The flood studies carried out in the three countries
analyzed show the relationship between climate, flooding and land-use change, and high-
light the importance of carrying out these studies to identify the nature of floods and risks,
and to reduce uncertainty in decision-making [48-50].

The flow paths, runoff accumulation and infiltration rates should be detailed to identify
areas at risk of flooding [51] (Figure 1). The risk thresholds are mainly defined for a situation
where flooding prevents normal road traffic for cars and pedestrians and where there is
a risk to their safety [48]. The hydrological study will identify these areas and will be
repeated after the integration of SuDS to quantify the reduction of hazards in the flood
areas. The urban hydrological study should be integrated into the urban planning scale,
since in most countries it is compulsory to carry out a flood study only if there is a river in
the city, in order to avoid building in flood-prone areas [52].

In the measures phase, the main green areas and multifunctional spaces should be
located in the runoff accumulation areas to infiltrate as much water as possible. Multifunc-
tional areas are those that are usually used for urban purposes (squares, car parks, etc.) and
which, when it rains, can absorb rainwater due to their high permeability. In the less steeply
sloping parts of the city, permeable uses are a priority, as these are the areas most at risk of
flooding. Furthermore, it is necessary to involve the stakeholders in the decision-making



Sustainability 2024, 16, 2658

60of 11

o [ Jstreets
o Flow Route
B USGS Stream Gauge
@ USDA-ARS Rain Gauge &
3| | SSURGO Boundaries |
R RN

TS

R N Y 0% /6%
LRSS

process so that the proposed measures are agreed upon by all to ensure the success of the
proposals. The location of green spaces has an important impact on citizens, which is why
they were consulted at this stage to ensure the success of these measures.

> 4 $1 - Base - No Gl ~ 1 $1- Base - No Gl y. |
\ Runoff (m?) \ Accumulated Runoff (m?) L) >

[ Less than 100 [ Less than 250 y A~ :

[ 100- 110 I 250 - 500 A ||

B 110- 120 I 500 - 1000 o) |

I 120- 130 I 1000 - 2000 : =

I 130 200 Wm2000-4000 4 —

\/
Meters
300

Percent Increase
Infiltration (%)
[Ilessthan 8
Ems-12
i12-16

I 16- 20
. 20- 25

e e T

=t

TEEEE

=

Hia@um
& ‘gauiﬁ_

v Percent _ [S5 - S1
Metens Change = | " 51|~

Figure 1. Example of hydrological study: flow paths, runoff accumulations and infiltration [48].

In the regulations phase, it is very important that the plan sets a minimum permeable
surface ratio to ensure minimum infiltration in new urban areas and, as many studies
claim, to help reduce urban temperatures [53-55]. Greenpeace, for example, recommends
a 30% permeable and natural urban surface in cities for this purpose [56]. In this way, a
significant proportion of the runoff generated by the new development will be managed
by the green and multifunctional areas, reducing the amount of runoff that ends up in
the sewers. Furthermore, in built-up areas, paving projects should be carried out at a
neighborhood planning scale to improve infiltration. In conclusion, at an urban scale, the
integration of SuDS into regulations will reduce the likelihood of flooding, improve the
functioning of sewer networks and reduce the temperature of the city.

3.2. Neighborhood Scale

Another characteristic of Mediterranean cities is that they are steeply sloping, with
large differences in elevation between the upper and lower parts. This aggravates the
torrential nature of rainfall; therefore, it is very important to take measures to retain runoff
water, thus mitigating the effects of urban climate and topography [57]. To achieve this, it is
necessary to carry out a hydrological-hydraulic study in the analysis phase to identify the
blue corridors (flow paths), the streets with the steepest slopes (‘river streets’) and the roads
with low slopes that do not allow water to drain away from flooded areas (‘lake streets’). In
‘river streets’, the risk thresholds are defined for water velocities greater than 1 m/s and in
the ‘lake streets” when the water level exceeds 60 cm [49]. On the other hand, it is necessary
to identify the places where infiltration and retention SuDS could be implemented (green
and multifunctional areas) (Figure 2).

In the measures phase, firstly, green corridors with infiltration and retention SuDS
should be planned. SuDS for water retention should be implemented in the river streets
(retention ponds, detention basins, bioretention strips, wetlands, etc.) and SuDS for water
infiltration should be implemented in the lake streets (permeable pavements, rain gardens,
infiltration trenches, soakaways, etc.). These SuDS will form the green corridors of the
area. Secondly, the blue corridors should be modified to increase the time runoff spends on
the road and direct it to the green corridors where it can infiltrate. To achieve the longest
possible blue corridors, it is necessary to install runoff interceptors at road crossings to
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divert runoff to infiltration sites, thereby increasing runoff retention (Figure 3). In this way,
green and blue corridors are linked to improve runoff infiltration.

= BLUE CORRIDOR
a GREEN CORRIDOR

— RIVER STREETS

— = LAKE STREETS
' GREEN AREAS 55  MULTIFUNCTIONAL AREA
8 MILTIFUNCTIONAL AREAS

" FLOODING AREAS

Figure 2. Example of ‘river and lake streets’, connection of blue and green corridors [57].

Infiltration SuDS should be prioritized to reduce hazards in flooded areas. Retention
SuDS should be implemented in a second phase to reduce the speed of the water and the
damage it causes. Blue corridor modification should be implemented in a third phase to
increase the time runoff spends on the street and improve the function of the sewer system.

Finally, it is very important to involve neighbors in the decision-making process, even
though the design of streets and the location of green spaces can change the way people live
in the neighborhood. Involving skateboard users in the decision-making process is essential
to the success of these measures. To achieve this, it is necessary to run public awareness
campaigns and participatory workshops to increase the involvement of citizens in this
change of model [58]. On the other hand, it is necessary for the authorities responsible for
urban planning and drainage and sewage management to work together to mitigate the
effects of soil sealing and climate change. The main obstacle to the integration of SuDS in
cities is the lack of cooperation between administrations [57].

Figure 3. Example of runoff interceptors at road crossings [59,60].

In the regulations phase, a minimum percentage of runoff infiltration should be set
to ensure that the planning process for green and blue corridors and their connection
takes place. In line with Greenpeace’s proposal [56], 30% of the runoff generated by
urban developments could be self-managed by the urban project through the connection
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of green and blue corridors and infiltration drainage. To encourage this, fiscal measures
could be introduced that would provide financial savings for developers who comply with
these measures. In summary, at a neighborhood scale, the proposed measures will reduce
flooding, provide new ecosystem services to the natural environment and contribute to the
functions of the water cycle.

3.3. Street Plot Scale

As Van Mechelen considers [61], Mediterranean cities are also characterized by the
difficulty of maintaining vegetation in the streets due to long and intense dry periods.
It is therefore essential that rainwater is reused to maintain green areas throughout the
year, recharging the aquifer and maintaining soil moisture. In order to achieve this, in the
street plot scale, it is necessary to carry out a hydraulic study, analyzing the slopes and
flow directions in order to direct the water to the infiltration areas and not to the sewer
system. In the measures phase, it is necessary to design road and pavement slopes to
direct water to infiltration areas. For example, sidewalks and pavements should direct
runoff to rain gardens, and car parks should direct water to infiltration trenches (Figure 4).
Converting roofs to green roofs will also help to maintain vegetation on buildings. This
can improve air quality, increase the reuse of rainwater for non-consumptive uses and
increase available water resources. All these measures will keep the soil moist for longer
and allow more vegetation to grow, reducing the urban temperature and improving the
general environmental quality of the area. In the regulations phase, the plan will require a
minimum percentage of collected runoff water to be reused in green spaces and green roofs
to encourage the reuse of rainwater. In line with the proposal in the other cases, 30% of the
runoff could be infiltrated into green spaces and collected in green roofs. In conclusion, the
proposed measures at the street plot scale will be able to reduce pollution and temperatures
in the city, making urban areas better places to live.

Figure 4. Street design to improve rainwater collection and infiltration [58].

4. Discussion and Conclusions

This paper has shown that the current research situation in relation to SuDS is focused
on their design and hydraulic efficiency. There are numerous studies quantifying their
impact on flood reduction and water pollution and highlighting the benefits of these sys-
tems in the urban environment. However, most of these examples are palliative measures
to solve existing problems in the built city, generally the accumulation of surface water.
The integration of SuDS into urban planning regulations is now the main requirement in
order to adopt these systems as a prevention tool in planning, not as an afterthought, and
to combat climate change by improving urban resilience. Nevertheless, there is a lack of
research that develops proposals to integrate SuDS into urban planning regulations, which
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is necessary to ensure the adoption of these systems in new urban developments or urban
retrofitting projects. The different characteristics of countries make it difficult to define
methodologies to integrate SuDS into urban regulations; therefore, there is a research gap
on how to promote their integration into urban planning. This paper sought to answer the
question of whether it is possible to establish a methodology to improve the incorporation
of SuDS into urban planning in cities.

This study provides case studies of three countries with similar characteristics (Spain,
Italy and France) and proposes a common framework for the integration of SuDS into
planning that can be exported to other similar places. These case studies were chosen
because it is even more necessary to make progress in this area in the Mediterranean
countries, where both the topographical characteristics of the cities and the intense rainfall
cause serious environmental problems, urban degradation and an ever-increasing risk
of flooding. The results obtained show that it is possible to establish a methodology for
integrating SuDS into urban regulations. This proposal defines the three main urban scales
of intervention (city, neighborhood and street), the actions to be carried out (analysis,
planning and regulatory measures) and the urban plans to which they should be applied.

Most of the studies on the incorporation of SuDS into urban regulations only provide
general recommendations, leaving their implementation open according to urban legis-
lation, but without specifying measures for each case. This proposal therefore represents
a step forward in this process, promoting SuDS as a control measure in planning and as
a way to change the design of cities. This breakthrough will significantly improve the
resilience of the cities of the future, making them more resilient to the effects of weather
and climate change.
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