Document downloaded from:
http://hdl.handle.net/10251/63509
This paper must be cited as:
Perales Monparler, S.; Andrés Doménech, I.; Andreu Álvarez, J.; Escuder Bueno, I. (2015).
A regenerative urban stormwater management methodology: the journey of a Mediterranean
city. Journal of Cleaner Production. 109:174-189. doi:10.1016/j.jclepro.2015.02.039.

The final publication is available at
http://dx.doi.org/10.1016/j.jclepro.2015.02.039

Copyright Elsevier

Additional Information

A regenerative urban stormwater management
methodology: the journey of a Mediterranean city
Sara Perales-Momparlera, Ignacio Andrés-Doménechb, Joaquín Andreub, Ignacio
Escuder-Buenob
a
b

PMEnginyeria. Avda. del Puerto, 180-1B. 46023 Valencia. Spain.

Universitat Politècnica de València. Instituto Universitario de Investigación de Ingeniería
del Agua y Medio Ambiente (IIAMA). Cno. de Vera s/n. 46022. Valencia. Spain.

Abstract
Urban drainage patterns are altered by increasing urbanization and rapid
conveyance and discharge of runoff, leading to increased flood risk, diminish of
aquifer recharge and degradation of receiving waterways. These effects are
expected to escalate with climate change. In response, alternative and more
sustainable drainage practices with a holistic approach have been developed,
although their wide-scale implementation has been limited largely due to socioinstitutional barriers. This paper presents an innovative regenerative urban
stormwater methodology for transition management at city level, containing two
main enablers to overcome the barriers that drag out progress. First, a
structured set of activities, the ‘wheel’, to guide and document the process,
which is steered by a group of regional actors. Then, a visual and effective set of
indicators that monitors and assesses the progress achieved and identifies the
strategies to move forward. Its successful application to Benaguasil, a
Mediterranean city, reveals that by integrating the views and strategies from
actors at different but interconnected scales and following a structured but
flexible methodology, it is possible to make progress in only few years and have
a promising future ahead.
Keywords: Built environment, Mediterranean cities, Regenerative, SuDS,
Transition management, Urban stormwater management.
Abbreviations: CSOs, Combined Sewer Overflows; DST, Decision Support Tool;
ERDF, European Regional Development Fund; RWG, Regional Working Group;
SuDS, Sustainable Drainage Systems; USWM, Urban StormWater Management.
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1. Introduction
Urban drainage patterns are altered by increasing urbanization and soil sealing,
leading to increased flood risk and diminish of aquifer recharge (European
Commission, 2012). Traditional practice in many countries considers urban
stormwater as a waste product instead of a precious resource, and its rapid
conveyance and discharge contributes to the degradation of receiving
waterways: combined sewer overflows (CSOs), diffuse pollution, etc. (AndrésDoménech et al., 2010; Campbell et al., 2004). These effects are expected to
escalate with climate change: extreme rainfall changes in the range 10-60% may
lead to changes in flood and CSOs frequencies and volumes in the range 0-400%
depending on the system characteristics (Willems et al., 2012); action cannot be
further delayed and needs to be taken with an adaptive approach that involves,
in addition to investments, active learning and consideration of the
interrelationship of the economic and social challenges facing cities around the
world (Arnbjerg-Nielsen et al., 2013; Gasper et al., 2011).
In response, alternative and more sustainable drainage practices with a holistic
approach (also considering energy efficiency, social amenity, biodiversity, urban
heat island effect, etc.) promoting sustainable urban drainage systems (SuDS)
have been developed and implemented in many cities in the last 20-30 years
(Marsalek and Chocat, 2002; Novotny et al., 2010), although only a limited
acceptance can be found around the Mediterranean (Castro-Fresno et al., 2013;
Charlesworth et al., 2013; Chouli et al., 2007; Perales-Momparler and VallsBenavides, 2013), where there is a need to create showcases to demonstrate the
feasibility and suitability of new solutions in the long term (Casal-Campos et al.,
2012).
Despite the multiple benefits of SuDS (Apostolaki et al., 2006; Charlesworth,
2010; Lundy and Wade, 2011; USEPA, 2008), their wide-scale implementation
has been limited (Brown, 2005), with many cities investing heavily in the
conventional approach (Wong and Brown, 2009). Insights from different studies
on integrated urban water management reveal that barriers are largely socioinstitutional rather than technical (Brown and Farrely, 2009; Rauch et al., 2005)
and recommendations call for collaborative planning and multi-stakeholders
platforms that involve civil society (Potter et al., 2011; Sanchez-Rodriguez,
2009; van Herk et al., 2011) to deliver a shared vision for the cities of the future
(Binney et al., 2010).
Hence, a radical change is required in culture as well as institutions (Pal-Wostl et
al., 2008) in order to limit and potentially reverse damage to ecosystems
(Pedersen-Zari, 2012). Consideration must be given to the interrelationship of
urban stormwater management (USWM) with other sectors (e.g. energy,
transport, urban planning, health) (du Plessis, 2012) through a systems thinking,
building capacity, building natural and social capital approach, which are the
aspirations of regenerative design and development (Cole, 2012b).
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Transition management emerges in the literature as a sound governance
approach to bring about the required change of paradigm (Frantzeskaki et al.,
2012; Tukker and Butter, 2007). However, there is a need for research that puts
cities in focus rather than countries or buildings (Cole, 2012b; McCormick et al.,
2013). Existing conceptual models need to be updated and improved to address
the complex reality of urban areas (Ferguson et al., 2013a; Sanchez-Rodriguez,
2009), and the question of what tactical and operational transition management
looks like needs to be addressed (Loorbach and Rotmans, 2010). With much of
the literature focusing on barriers to change, successful case studies are required
(Brown et al., 2009) with positive vision and narratives to encourage collective
action to solve environmental problems (Smith and Raven, 2012), transitioning
towards regenerative urban built environments.
The aim of this paper is therefore to develop a methodology, with a conceptual
framework, specific method and tools, placing the focus on municipal
infrastructure systems or sub-systems (USWM in this case). With a place-based
holistic view, the proposed methodology allows for the understanding and the
characterization of the current situation in a process that guides future actions to
move towards the desired regenerative urban built environment concept.
This methodology has been applied to Benaguasil, a Mediterranean city where
stormwater management is the local authority’s responsibility but has been
historically guided by mainstream conventional drainage practices. The paper
shows how, by taking a multi-dimensional and trans-disciplinary approach to
solve environmental problems, future actions can be properly addressed.
Working with academia has been essential to develop wider evidence base (Hoxie
et al., 2012). In this case, a sequence of research projects has advanced the
innovative approach to stormwater management in Benaguasil, but it is
contended that this methodology could be applied to any urban context.

2. Proposed methodology
Under the well-known slogan ‘think global, act local’, cities in the 21st century
face the enormous challenge of catalyzing, intensifying and accelerating
sustainable urban transformations, that can be defined in two dimensions: first,
drivers of ‘radical’ change, such as governance and planning, innovation and
competitiveness, and lifestyle and consumption; and, second, ‘multi-dimensional’
sustainable urban structures, which include resource management and climate
mitigation and adaptation, transport and accessibility, buildings, and the spatial
environment and public space (McCormick et al., 2013).
Without losing this holistic view, the methodology presented herein places the
focus on ‘resource management and climate mitigation and adaptation’, in
particular in USWM, proposing processes that can bring about the required
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change, shaped by the place-based approach of the regenerative sustainability
paradigm (Mang and Reed, 2012).
2.1. SuDS as a regenerative development instrument
A relatively new and flexible approach to urban stormwater management has
emerged that makes a switch from piped engineered systems to practices and
systems that use and enhance natural processes (infiltration, evapotranspiration,
filtration, retention, reuse) to mimic the site predevelopment hydrology.
Known under different names across the globe, the term Sustainable Drainage
Systems (SuDS) is used throughout this article to refer to this approach. SuDS
currently in use include green roofs, rain gardens, permeable pavements,
infiltration basins and daylighting of culverted water bodies; they can be
combined with conventional techniques (pipes) and retrofitted into existing
drainage systems. While conventional drainage focuses on stormwater quantity
management (rapid collection and conveyance to receiving bodies, without
previous treatment in many cases), SuDS place equal emphasis on water
quantity, water quality, amenity and biodiversity, the three spheres of the SuDS
‘triangle’ (Woods-Ballard et al., 2007). In addition, there are other benefits that
SuDS can provide (specially the vegetated devices) that are important to
consider in a changing climate. Carbon sequestration and storage, urban cooling,
flood resilience, human-health and well-being have been incorporated by
Charlesworth (2010) into the representation of SuDS, baptizing the new one as
the SuDS ‘rocket’.
Best practice utilizes a chain of SuDS devices, a ‘management train’, to mimic
natural catchment processes as closely as possible. This prioritizes prevention
and control of water at source (i.e. green roofs, pervious pavements,
bioretention areas) before considering site or regional controls (i.e. wetlands,
ponds) (Woods-Ballard et al., 2007), although this is not always the approach
followed in practice (Bastien et al., 2010). In mimicking nature, SuDS can
provide ‘ecosystem services’ such as water resources, flood protection,
biodiversity, climatic regulation, recreation, aesthetic inspiration, opportunities
for social interaction, stress reduction, environmental education, healthier and
more livable cities (Apostolaki et al., 2006; Jones and Davis, 2012; Hamel et al.,
2013; Novotny et al., 2010), contributing to the positive integration with, and
restoration of, local ecosystems (Pedersen-Zari, 2012), and can help cities
transition towards more sustainable environments which are more resilient to
changing future conditions (Lundy and Wade, 2011).
However, it is important to integrate strategic resource management with urban
spatial planning (Agudelo-Vera et al., 2011), which for stormwater management
includes adapting urban layout to existing water corridors and patterns (Perales
et al., 2011). Moreover, promotion of character in townscape and landscape
“rooted in the context and its social-ecological narratives” (du Plessis, 2012)
4

must be embraced by the different agencies working in the region (Biddulph,
2011). Hence, a new representation for the regenerative approach to stormwater
management is proposed: the SuDS ‘landed rocket’ (Figure 1). In doing so, we
incorporate the connection to the place, in a way that people “are vitalized and
become intrinsically motivated to care for it” as a result, bringing about “the
transformation of our cities into places that are life enhancing and regenerative”
(Mang, 2009).

Figure 1. The SuDS landed rocket (after Woods-Ballard et al., 2007 and Charlesworth,
2010).

From the above, we understand that, if properly designed and integrated, SuDS
could comply with the three insights that form the basis of the regenerative
paradigm (du Plessis, 2012): a) necessity to follow a development approach
based on how nature works; b) interpretation of the world as an ever-changing,
impermanent and inherently unpredictable set of processes; and, c) the notion
that humans participate in the production, transformation and evolution of the
ecosystem in which they find themselves.
The desired transformation of cities, from the lens of USWM while understanding
the breath of the whole system, is depicted conceptually in Figure 2. It builds on
work by Reed (2007) and incorporates four representations of stormwater
practices nested into the SuDS ‘landed rocket’ (Figure 1). They relate to the
nested levels of progression towards a regenerative design: while green design is
primarily directed at doing ‘less harm’, sustainability is a ‘neutral’ state that
provides the necessary base condition to permit regenerative capabilities to
evolve (Cole, 2012b). Regeneration is about engaging the “entirety of what
makes a place healthy”, entering an ‘evolutionary spiral’ in which three essential
5

aspects catalyze the design process: “understanding the master pattern of place;
translating the patterns into design guidelines and conceptual design; and,
ongoing feedback – a conscious process of learning and participation through
action, reflection and dialogue” (Reed, 2007).

Figure 2. Trajectory of Environmentally Responsible Stormwater Management (after
Reed, 2007).

The ‘Leapfrogging’ concept (Jefferies and Duffy, 2011) applies to Figure 2. Cities
currently in the lower part of the trajectory could find paths to avoid
intermediate practices (i.e. going directly from conventional practices to
regenerative ones for new and retrofitting schemes), and developing cities could
avoid mistakes and limitations of the slow route.
2.2. Steering the wheel: the ‘Sustainable Transition Management Cycle’
Sustainable transitions such as those which move towards a regenerative
approach to stormwater management have additional complexities to many
historical transitions, as they are goal-oriented, addressing persistent and new
environmental collective problems, which with achievement do not offer obvious
local, immediate, visible and tangible user benefits (Geels, 2011). In addition,
scale and context-dependencies of cities present huge challenges to a transition
toward sustainability/regeneration (Næss & Vogel, 2012). This makes the
participation of public authorities and civil society crucial to a sustainable
transition (Elzen et al., 2011).
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Governance and planning, in particular the way for stakeholders to collaborate,
have been identified as critical to transformative change towards urban
sustainability (McCormick et al., 2013), and transition management emerges as
an innovative approach for dealing with the complex, uncertain and multifacetted problems of water management (van de Brugge and Rotmans, 2007).
SWITCH (Sustainable Water Improves Tomorrow’s Cities Health) was an EU
funded action research program which overall goal was to catalyze change
towards more sustainable urban water management in the ‘City of the Future’
(van der Steen and Howe, 2009). A final output of this project is ‘The SWITCH
Transition Manual’, whose purpose is “to provide a coherent methodology to
enable a city to change its water system from today’s state into a better
condition in the future” (Jefferies and Duffy, 2011).
In the methodology presented in this paper, we make use of part of the SWITCH
project transition framework to guide the cities’ ‘regenerating trajectory’, which
has been selected for its city-water approach that builds on transition theory.
‘Steering the wheel’ should not be viewed as a way to control societal changes;
by contrast it is a method for the exploration in a reflexive manner of a new city
governance approach (Nevens et al., 2013).
Building upon four different approaches to transitioning (the multi-phase
concept, the multi-level perspective, transition management and strategic niche
management), the ‘SWITCH Transition Framework’ (Duffy and Jefferies, 2011) is
intended for decision makers at national and local scales, being of great
assistance also to urban water practitioners and decision makers in the urban
water sector.
At the core of the framework, lies the so called ‘Sustainable Transition
Management Cycle’, which consists of ten activities that take place at three
management levels (Figure 3): Strategic, where long-term ambitions and goals
are formulated, requiring strategic thinkers that are open to change and
reflection; Tactical, aiming to gain societal support and attention for
sustainability objectives and intermediary goals, by developing networks and
coalitions that can identify and overcome structural barriers; and, Operational,
based on short-term experimenting with innovations that have potential to
materialize the strategic vision, informing actors about specific barriers in
different environments (Loorbach, 2007). These levels do not represent a
hierarchy and although different types of actors participate at each level, a
diverse set of competencies and skills are required across all levels (Jefferies and
Duffy, 2011).
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Figure 3. The Sustainable Transition Management Cycle (Adapted from Duffy and
Jefferies, 2011).

The Sustainable Transition Management Cycle is driven by the SWITCH so called
‘Learning Alliance’, a stakeholders group made up from government bodies, user
groups and research institutions that bring new ideas, techniques and
innovations into a city, and has strong powers of influence in commissioning and
nurturing projects that demonstrate the implications of the transition being
promoted in the city. Throughout this paper, the Sustainable Transition
Management Cycle will be referred to as the ‘wheel’, whereas the ‘Learning
Alliance’ will be the Regional Working Group (RWG). A frontrunner capable of
effectively engaging relevant stakeholders in the region is crucial for the creation
and coordination of an RWG that endures with time.
We propose to use the ‘wheel’ to classify the activities carried out in the case
study, so an assessment can be made of the strengths developed over time as a
way to ‘measure’ the progress achieved along the transition pathway. The
numbering of the activities does not imply any implementation order, as
strengths can be developed in any sequence. However, numbers have been
added in Figure 3 to facilitate the consequent analysis.
2.3. Institutional work on innovation trajectories
Barriers to advancing sustainable urban water management have been identified
as largely socio-institutional rather than technical (Brown and Farrely, 2009),
justifying placing the focus on institutions (Geels, 2004), the actors and their
strategies when analyzing socio-technical transitions to sustainability (Díaz et al.,
2013). Brown et al. (2013) highlight the importance of institutional work on
transition management, suggesting that “more emphasis should be given to this
interplay between frontrunners, visions and experiments on the one hand and
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institutional strategies and structures on the other”. Hence, the formation of new
networks such as the RWG, where each member can be a frontrunner in their
institution, plays an important role in framing sustainable urban development
(Woolthuis et al., 2013).
Although it is common to represent transitions at the system scale (Geels and
Schot, 2007), we focus our transition analysis on one part of the system
(Loorbach and Rotmans, 2010), i.e., USWM versus urban water management.
Furthermore, conceptualizing the SuDS ‘landed rocket’ as an individual
‘constellation’ within the USWM system, it is possible to identify what type it is
according to its ‘degree of influencing’ (‘share of power’) of the overall system
(de Haan and Rotmans, 2011): regimes are the most powerful, niche-regimes
have moderate power, niches have low power and pre-niches have no power.
This classification has been used by Ferguson et al. (2014) to identify the stage
of maturation of an individual constellation over time, using the multi-phase Scurve (Rotmans et al., 2001) and its four stages of a transition: predevelopment, take-off, acceleration and stabilization. Consequently, when
identifying the maturation stage of the constellation of study and its alignment
with the established regime, work by Ferguson et al. (2014) provides some light
on the type of institutional work required to support the innovation maturation
(Figure 4).

Figure 4. Identification of the type of institutional work required for supporting key
maturity stages (Adapted from Ferguson et al., 2014).

9

To complete the analysis, we use the classification of ‘institutional work’ by
Ferguson et al. (2014) to present enablers and barriers found in the case study,
and compare them with the main type of barriers found by Brown and Farrely
(2009).
2.4. A regenerative urban stormwater management methodology
The methodology we propose for approaching the concept of regenerative urban
built environment focuses on municipal infrastructure systems or sub-systems (in
this case USWM) with a holistic view. This is a step forward from the more
common situation where it is applied to buildings or particular developments
(Cole, 2012b). It is intended to be used at a local level, with a place-based
approach that integrates and frames planetary issues (such as energy and global
warming) “in manageable, meaningful and, literally, grounded context” (Reed,
2007).

Figure 5. A regenerative urban stormwater management methodology. Solid arrows
show the route between tiers and link the cyclical steps within Tier 3. The dashed arrow
represents the possibility to refine concepts during the process.
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This methodology (Figure 5) is based on that proposed by Mang and Reed
(2012), adapted to deal with USWM, and includes the framework and the method
and tools previously described in this section, with the aim of advancing the
SuDS ‘landed rocket’ (the constellation) within the vision of a regenerative built
environment. It is structured in 3 tiers: Tier 1 presents the thinking behind tiers
2 and 3, the desired paradigm: a regenerative built environment; Tier 2
depictures the theoretical framework (Figure 2), that enables comprehending and
visioning of the complex systems analyzed, USWM in this case; and, Tier 3
provides practical method and tools for advancing in the desired direction,
“engaging the people who will need to sustain and develop the process over
time” (Mang and Reed, 2012).
A theoretical application of this framework would start in Tier 1 by defining which
is the desired paradigm and continue with depicting the framework to journey
towards it, Tier 2. Then the proposed method and tools presented in Tier 3 would
be followed in a cyclical way, starting from scratch. However, real cities might
have travelled part of the journey without framing it within a conceptual model
and formal definition of Tiers 1 and 2 could happen on the way. This is what
happened in Benaguasil, the case study presented in sections 3 and 4. In
addition, progress within Tier 3 could suggest refinements of concept in Tiers 1
and 2 (e.g. adding a new parameter along the x axis in Figure 2).
In Tier 3, the first step is to examine the strengths already developed within the
wheel activities (Figure 3) and the relative degree of influence of the SuDS
‘landed rocket’ within the current USWM system. This analysis allows depicting
the stage within the constellation maturation curve and the alignment with the
established regime at present. Consequently, the type of institutional work
required for supporting key maturity stages is identified (Figure 4), which can be
linked to particular activities programmed to develop strengths within the wheel.
After a period of time, the analysis will be conducted again, assessing the
progress achieved and planning the following turn of the wheel.
Strengths developed within each turn of the wheel can be color coded. The size
of the balls that represent the constellation stages are linked to their ‘degree of
influencing’ of the overall system (i.e. the most powerful, regime, is represented
with the biggest size ball). Hence, the wheel, together with the picture of the
constellation maturation stage and trajectory, provide a visual and effective set
of indicators to track progress and plan for future actions.
In the case study presented in sections 3 and 4, strengths developed are
identified by naming actions undertaken within each activity, and expert
judgment determines whether the strength has been developed lightly or
strongly, as well as determining the SuDS ‘landed rocket’ maturation stages and
trajectory. The alignment with the established regime is conducted by examining
enablers and obstacles for each type of institutional work presented in Ferguson
et al. (2014). Future research could lead to a parametric analysis being proposed
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for this examination. Furthermore, while we focus on the institutional work
required depending on the constellation’s alignment with the established regime,
the methodology itself leaves the door open to embrace in the future additional
tools and methods.
For simplicity, throughout the rest of this article we use the word SuDS to refer
to the SuDS ‘landed rocket’ concept.

3. Urban stormwater management in Benaguasil: the journey.
The methodology presented has been applied to the journey of Benaguasil, a
Mediterranean city, towards a regenerative built environment. With a mild and
semi-arid climate, Benaguasil has an average annual rainfall of 432 mm, with
very strong seasonality. As many Mediterranean cities, it experiences very high
peak rainfall intensities that concentrate in short periods of time, which together
with city characteristics such as high population density (4 750 hab/km2 in
Benaguasil) and large impermeability, difficult urban stormwater management.
This section presents a longitudinal narrative of the case study research,
establishing three key transitions states: historical, current and future (Brown et
al., 2009; Duffy and Jefferies, 2011). The analysis of whether the actions
undertaken have influenced the desired change and to what extent is presented
in section 4.
The focus of the narrative and the consequent analysis is in the current state,
which comprises activities that although not yet completed are well defined and
planned. In-depth detail is given to the interplay between frontrunners and the
institutions.
3.1. The ‘place’ and its historical relationship with water (ancient times
to 2008)
Located 20 km inland from the city of Valencia (in the western Mediterranean on
the Spanish coast) and currently counting with over 11 000 inhabitants,
Benaguasil has appreciated the value of water from ancient times, being
essential for its agricultural based economy (Grau, 1995). Research by Nicolau
(1990) brings to light documents from XIV to XIX centuries that reveal
Benaguasil strong relationship with water: the main water supply source was the
Turia river, from which water was gravity-transported using irrigation channels
for drinking, housing and agricultural use, being as well the energy source for the
flour mills. During rainy periods, when the river water turbidity was high,
drinking water used to be manually extracted from few wells located in the ‘villa’,
and cisterns were used to provide fresh water in summer periods.
Nowadays the town faces three major problems in terms of urban water
management: frequent pluvial flooding and backup flows from overloaded
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combined sewers into dwellings, pollution of water courses from CSOs and high
energy consumption. Believing that the solution could not come only from
increasing the capacity of conveyance and treatment facilities, the Municipality of
Benaguasil started to think ‘out of the box’, understanding that a more natural
approach and raking up traditional practices might be needed.
3.2. Transitioning towards a regenerative urban stormwater
management (2008-2015 and beyond)
Since 2008, Municipality of Benaguasil has been involved in several research
projects at European level, looking for an alternative regenerative approach to
traditional stormwater practice. Table 1 shows the chronology of the projects in
which AQUAVAL and E2STORMED are the cornerstone projects, while the
involvement in the SUFRI project and the PiP program built up on the efforts to
achieve the desired transition.

Table 1. Stormwater related European projects in which Benaguasil has been involved.

The narrative focuses on detailing the actor dynamics and the institutional work
that is taking place in this phase, whereas the more technical aspects of the
experiments are briefly mentioned. The main activities related to Benaguasil are
shown in Table 2, which follows the activity classification of the Sustainable
Transition Management Cycle.
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Table 2. Main activities undertaken during the stormwater related research European
projects in which Benaguasil has been involved.

3.2.1. Building the bridge
The importance of individual frontrunners seen in the literature (Smith, 2007;
Brown et al., 2013) is confirmed in this case study. In 2008, the first author of
this article envisaged the opportunity to form a consortium in the Valencian
Region of Spain to apply for European funding, in order to promote this
innovative approach which was little understood in the country at that moment
(Castro-Fresno et al., 2013; Perales and Andrés, 2008).
The partnership comprised two municipalities in the region (Xàtiva and
Benaguasil), the frontrunner’s consultancy firm, a UK University as an
international expert on SuDS and a regional public entity that deals with EU
relationships in the role of ‘communication partner’. It counted with Diputació de
València (county council) as co-financer for the construction of the proposed pilot
SuDS sites. The project was approved for European Regional Development Fund
(ERDF) co-financing and started in January 2010.
The inclusion of the Municipality of Benaguasil in AQUAVAL started its
relationship with the ‘ignition’ frontrunner, who is linked to Universitat Politècnica
de València (UPV). This link to the university located in the same region
promoted the town to be one of the case studies for the pilot application of the
14

SUFRI methodologies (Escuder-Bueno et al., 2012), highlighting the difficulty for
local authorities to develop Municipal Action Plans against Flood Risk. UPV offered
and agreed with Benaguasil Council’s representatives, to develop such a Plan for
the town as an additional task to the project. Following numerous meetings and
conversations with local and regional stakeholders (local police, works’ brigade,
etc.) the Municipal Action Plan against Flood Risk for Benaguasil was approved by
the Local Council in 2012, being the first Plan to be approved in the Region of
Valencia under the current legislation.
3.2.2. Crossing the bridge
The guiding principle of AQUAVAL was to “make the best use of municipalities’
landscape and morphology in order to integrate water infrastructure using SuDS,
adding social and environmental values” (Perales-Momparler et al., 2013).
Three inner-city areas were selected and retrofitted to accommodate run-off
from nearby surfaces, decreasing the flow rate and volume of stormwater that
enters the combined sewer networks (frequently causing CSOs) or freely flows
through the streets (occasionally flooding dwellings). The selection process
(Casal-Campos et al., 2012) took 7 months, during which the responsible
municipal councilor, the local technical architect and the regional SuDS expert
meet 5 times, 2 of them also involving the international partner. Local
stakeholders gained knowledge on this innovative stormwater management
approach during the process, which led them to propose changing the projected
impermeable car park of the new municipal swimming pool for a permeable one
within the same budget. This car park was the first pilot constructed in
Benaguasil using the new approach (increasing the number of pilots to four).
The four SuDS schemes were equipped with suitable instrumentation, and
monitored for a year both in terms of runoff quantity and quality (Millán et al.,
2013; Perales-Momparler et al., 2014).

Table 3. Participation of stakeholders in meetings.
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Being the SuDS demonstration sites the core of the AQUAVAL project, additional
groups of activities were undertaken (Table 2), including the creation and
coordination of an RWG involving in the project actors from across the region in
the water sector, public and private (with a high representation of design
professions, e.g. architects and engineers, and the economic sector). The status
of the ‘communication partner’, a regional public entity that deals with EU
relationships, was essential in the successful response of the actors to the call to
form the RWG, not only for the number of attendees (Table 3), but for the
political and managerial representativeness, which attracted the attention of the
media, with the opening ceremony of the public indoor swimming pool permeable
car park (2nd RWG meeting) being broadcasted by the regional TV at premium
midday news program.
Despite the interest roused, this RWG only met twice at the first part of the
project due to the fact that the ‘communication partner’ had to abandon the
project in December 2011 and was not replaced.
3.2.3. On the road
In April 2012, the authors and the Municipality of Benaguasil envisaged that
boosting this regenerative sustainability approach within the town and up-scaling
and influencing standard practices would “require a programmatic rather than a
single project-based approach” (McCormick et al., 2013). With this idea, and the
will to extend this approach to other Mediterranean regions and link water
management to other sectors such as energy, the E2STORMED project was born,
approved for co-financing from the ERDF, and started in January 2013. It
addresses the challenge of improving energy efficiency in the urban water cycle
in Mediterranean cities by the use of innovative stormwater management
systems. With 6 operational partners (local authorities) in charge of the
implementation in their cities of the management tools developed by the two
academic partners, it became feasible to verify the applicability of the theoretical
practical tool and to demonstrate its real value for the municipalities (EscuderBueno et al., 2013).
In the case of Benaguasil, the most significant effort was at the beginning of the
project in selecting the actors to form part of the E2STORMED RWG. The
objective was to form a reasonable size group that allowed for a productive
dialog, formed by key local and regional entities in urban planning, water and
energy sectors, represented by a mixture of political, technical and managerial
background actors. They would form the basis, the ‘core’ group, bringing in other
stakeholders at different stages of the journey as considered appropriate. Due to
the lack of strong community associations, citizens are not formally represented
in the RWG at this moment, although their interests and needs are constantly
taken into account (due to the relatively small size of the town, politicians are
close to the citizens).
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This time the General Directorate of European Projects and Funds in the
Valencian Region convened the selected actors and successfully hosted the first
meeting, after which two additional ones have followed until May 2014 with a
considerably constant number of attendees (Table 3).
To date (May 2014), in addition to cultural-cognitive institutional work on SuDS
(putting in value results for the AQUAVAL monitoring campaign) and transition
management, activities have focused on the identification of the problems faced
by Benaguasil (frequent pluvial flooding, CSOs and high energy consumption)
and the objectives that the strategy shall pursue (as an initial step of the
visioning exercise). These objectives are (as per agreed on 2nd RWG): reducing
CSOs; protection of receiving water bodies; reducing energy consumption in the
urban water management; landscaping integration of infrastructures; aquifer
recharge; optimization of drinking water use.
E2STORMED experiment activities consist of the selection of two areas within the
city (an urban area that could be retrofitted and a future urban expansion) and
the application of the Decision Support Tool (DST) developed by universities
(Escuder-Bueno et al., 2013) to compare two different drainage scenarios in each
area (one with conventional drainage infrastructure and one with the SuDS
regenerative approach). In addition, a green roof has been retrofitted in a public
building in Benaguasil, and its effects in energetic and hydraulic terms are being
monitored.
The fourth European program involving Benaguasil is ‘Pioneers into Practice’ (PiP)
(Table 1), hosting regional and international professionals/PhD students
committed to tackle the climate change challenge. Pioneers are assigned
sustainability-related work tasks during their 4-week placements (i.e.
involvement in Benaguasil green roof design and monitoring), which turns on
more professionals being aware of, and gaining experience on, regenerative
stormwater management practices in the region and abroad.
It is worth mentioning that Benaguasil project activities are being echoed by
RWG members using their own channels. Achievements at regional and
international level with the AQUAVAL project are effective empowerment tool and
fuel frontrunners expectations: selected as an example of good practice at
European level (Progress Consulting S.r.l. and Living Prospects Ltd., 2011);
nominated as finalist for the Novatech Awards, in the “City or catchment scale
strategies” category (www.novatech.graie.org); and most important, included as
example of the new indication to promote the use of SuDS in all urban areas of
the Valencian Region added in the revision (under approval process) of the
regional plan for flooding prevention (Resolution of 31st October 2013).
Elicit a consensus vision for Benaguasil desirable future will be the main goal of
the remaining RWG meetings, which is expected to be inspired on the
regenerative USWM framework (Figure 2) and visioning exercises from the
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literature (de Haan et al., 2014). This vision will be shaped by interactive
backasting (Næss & Vogel, 2012; Quist et al., 2011) coupled with the
development of Benaguasil Strategic Action Plan (Ferguson et al., 2013b; Truffer
et al., 2010) for enabling the transition towards a regenerative stormwater
management, taking as a starting point the draft Benaguasil Sustainable USWM
Plan developed during AQUAVAL.
3.2.4. Looking ahead
It is the interest of the Municipality of Benaguasil to keep steering the wheel,
learning from the past and preparing the next round of transition. Coalitions and
collaboration between the RWG current members could make it possible, while
aiming for a closer involvement of the regional productive fabric, with new work
niches (i.e. specialists in green roof and other vegetated SuDS construction and
maintenance) but also with the adaptation of more traditional sectors (i.e.
ceramic and concrete) in the search for new products applicable to the
regenerative approach.

4. Analyzing the journey to date and envisioning the future
The application of the proposed methodology to Benaguasil is an example of how
it can be used even when the journey started prior to explicitly formalizing the
desired paradigm and the visioning for USWM (Tiers 1 and 2). We identified that
one cycle of Tier 3 had occurred before Tiers 1 and 2 where defined. Afterwards,
in Tier 3 a second turn takes place, with more envisaged to follow.
The methodology, as applied in this case study: a) reconnects human aspirations
and activities with the evolution of natural systems; b) brings a new way of
thinking about how stormwater is managed in the built urban environment, c)
gives the role of ‘gardeners in and of place’ to practitioners decision makers;
and, d) works developmentally (taking systems to the next level), which
according to Mang and Reed (2012), are the premises of a regenerative
methodology.
SuDS mimic natural hydrology in urban environments while providing healthier
and more livable cities. This methodology links stormwater management with
other systems such as energy, and acknowledges that the SuDS approach needs
to be integrated with a wide range of other strategies (Charlesworth, 2010). It
highlights the relevancy of stakeholder involvement (Brown et al., 2013) and
reconnects to the essence of place (which in the case of Benaguasil includes
‘raking up’ traditional practices like rainwater harvesting), enabling its
regeneration and evolution (du Plessis, 2012) in a stepped and cyclical manner.
Data collection was conducted by the authors, directly involved in the process
from the beginning. Afterwards, the longitudinal narrative presented in Section 3
was shared and agreed by Benaguasil council representatives. The analysis
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conducted herein by the authors follows opinions gathered from group interviews
with 20 main actors of the RWG and 8 responses to a structured questionnaire.
4.1. Advancing innovations by steering the wheel
According to Nevens et al. (2013), “applying transition management in a city
policy environment is a transition in itself”, and that it is the main differential
factor of the two turns of the wheel that we identify in Benaguasil transition to
date (Figure 6).

Figure 6: Set of indicators: identification of the strengths developed (upper part) and
SuDS maturation stage and trajectory (lower part) of Benaguasil journey towards a
regenerative USWM.

By analyzing the activities presented in Table 2, we conclude that by the end of
the E2STORMED project (June 2015) Benaguasil will have completed 2 turns of
the wheel towards the desired regenerative USWM, having developed strengths
in all activity types in different intensity during the process. Whereas in the first
turn we consider that SuDS (an innovative approach with no influence in USWM
practices at the beginning of the process) attained the niche stage in Benaguasil,
progression on the acceleration section of the maturation curve is slow despite
the application of transition management. This was predictable by looking at the
steepness with which transition scholars have pictured this transition phase over
the years.
As illustrated in Figure 6, the methodology that we propose provides a visual and
effective set of indicators of strengths developed and SuDS maturation stages
and trajectory progress achieved in Benaguasil in each cycle, highly important for
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understanding a multi-level and multi-dimensional process of change in which to
base transition management interventions upon (Brown et al., 2013).
4.2. Role played by actors and institutions
The main result of the analysis of this case study, in line with other experiences
in the literature (Brown et al., 2013; Loorbach and Rotmans, 2010), is the
relevant role of the actors involved in the process. While the partners of the
AQUAVAL project, through hard work and constant local political support in
Benaguasil, were able to achieve the niche stage for the SuDS innovative
approach, progression beyond that point was only marginally achieved (e.g.
indication to promote the use of SuDS in all urban areas of the Valencian Region
in regional legislation), although relevant.
Back-analyzing that first turn of the wheel, we think that the project partnership
had a good balance of regional actors (two local authorities, one local SuDS
expert firm, one strong communication partner and an overseas expert with an
academic background), which strength was reinforced with the involvement of
the ‘close by’ university (UPV) in monitoring and analyzing the SuDS pilot sites.
However, the composition of the RWG was not thoroughly discussed, ending up
being a too large group (with a high representation of design professions and the
economic sector) who did not have a clear role in the process, whereas other
potentially relevant actors were not present (e.g. River Basin Authority).
Reflection on the above led to the identification of the need for a methodology
that could guide the process towards the desired regenerative urban built
environment, in particular, in terms of selecting the actors with whom to
continue the journey. Insights from the SWITCH project and partner cities
experiences (Jefferies and Duffy, 2011) were crucial to deciding which RWG
members should steer the wheel. However, deciding the composition of a
stakeholders group is not straightforward (Reed et al., 2009). The main
difference in this second turn is that actors involved are aware that they are
actually steering the wheel, and a methodology is in place to guide them, without
relinquishing their power and duty of decision-making.
The fact that there are five additional Mediterranean cities in the E2STORMED
project that are also steering their wheels, gives Benaguasil a platform to shear
experiences with and learn from (with the valuable support of the two
universities), while the well thought composition of the RWG (local and regional
entities in urban planning, water and energy sectors, represented by a mixture of
political, technical and managerial background actors), provides a clear role for
each frontrunner. This ‘core’ group will be the one deciding what additional
stakeholders need to be brought into at different stages of the journey, as
considered appropriate. In the near future, it is scheduled that the identification
of which broader stakeholders to involve in this second turn of the wheel takes
place during the 4th RWG, engaging them for the 5th RWG (although it is
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expected to hold part of the meeting with only the ‘core’ actors present). By
engaging the remaining stakeholders (social scientists, ecologists, economists,
design professions, public health experts, business institutions, civil society,
community groups, the media) as required in this last part of the E2STORMED
project, the ‘core’ RWG members can disseminate the project results as a
common achievement, at the same time that with a shared vision, start to define
what could be the role of the other actors in the next turn of the wheel.
While there have been activities for the local community and they are plan to
continue (e.g. guided tour around SuDS pilot sites and historical water features,
such as water mills and irrigation channels), we envisage that citizens will have a
more relevant role to play in the future third turn of the wheel. Their stronger
involvement would also provide robustness to the journey, as at the moment,
and despite the active involvement of technical municipal staff, the process is
highly political steered, and electoral changes or political decision at local and
regional level could change the course of the transition (e.g. as was the case
when the ‘communication partner’ abandoned the AQUAVAL project and that
RWG did not meet again).
4.3. Requirement for further institutional work
Table 4 summarizes barriers and enablers that characterize the transition
towards a regenerative USWM in Benaguasil. From the information in this table,
the SuDS approach can be identified as ‘disrupting’ the established regime at the
three institution types: cultural-cognitive, normative and regulative (i.e., need
for new technical knowledge about SuDS, need to integrate ecologists, urban
planners, landscape architects, etc. in communities of practices and need for
private landowners to engage in providing source stormwater management).
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Table 4: Barriers and enablers in Benaguasil transition towards a regenerative USWM

Hence, supporting the SuDS approach maturation from niche to niche-regime will
require further actions in all institutional work types (cultural-cognitive,
normative and regulative) according to the hypotheses of Ferguson et al. (2014),
which are aligned with the Benaguasil experience to date:
-

First turn of the wheel: relating the potential benefits of SuDS (water
quantity, water quality, amenity, biodiversity, link to the place) with
impacts of landscape pressure (flooding, contamination of water courses,
impacts of climate change) has allowed progression form pre-niche to
niche, carrying mainly cultural-cognitive institutional work (e.g.
dissemination of scientific knowledge; technology testing with practical
experience on design and maintenance; gathering of empirical data from
experiments that confirms SuDS benefits at the same time that provides
learning experience for future applications). In addition, some preliminary
(not completed) work was undertaken in the normative (e.g. informal
networks; draft Benaguasil Sustainable USWM Plan) and regulative (e.g.
draft local ordinances for USWM) types of institutional work.

-

Second turn of the wheel: progress has been achieved by reinforcing the
cultural-cognitive type of work (e.g. developing and testing the tool for
decision makers; dissemination of pilot SuDS monitoring results to a
broader audience, including a regional conference for local councils) while
focusing on normative work (e.g. bringing together key regional actors
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that, with a holistic view, shear visions and concerns, and work together to
build a strategic program, with coordinated and co-supported actions,
towards the achievement of common goals), something that we consider
essential for the regulative mechanisms (e.g. municipal USWM ordinance)
to be successful.
-

Third turn of the wheel: we agree that further institutional work of all
three types is required to mature the SuDS innovation towards a
regenerative urban built environment. In particular, dissemination of
results from the newly-installed green roof (cultural-cognitive), the
commitment of regional institutions to implement the activities included in
the Benaguasil Sustainable USWM Plan and the regular use of the DST
(normative), and the approval of the municipal USWM ordinance
(regulative), are envisaged to be key steps in the next turn of the wheel.

The journey of Benaguasil also confirms that the acceleration section of the road
is much steeper that the pre-development one, as the more a disrupting
innovation approaches the regime, the more barriers need to be addressed.
Progress is slower, but possible with the support of a methodology as presented
in this article.
4.4. Envisioning the future
We believe that in Benaguasil the seed is there to enable, shape and speed up
the desired transition towards a regenerative USWM that evens the path for
other Mediterranean cities to follow. As concluded by Brown et al. (2013), to
influence the regime, the bridging function of the RWG, needs to “first focus on
generating understanding, collating evidence and nurturing relationships, then
build confidence amongst practitioners, up-skill and train a broad range of actors
within the sector, then focus pressure towards generating policy shifts”. The
Benaguasil case study can contribute, together with other experiences rolled out
in a city context (Nevens et al., 2013), to ‘prove’ whether transition management
‘works’, bringing the particularity that transition had started before the
frontrunners were conscious of ‘steering the wheel’. Despite all of the above, a
successful transition is not guaranteed (Geels and Schot, 2007; Smith, 2007).
The transition in Benaguasil would benefit from testing emerging regenerative
design frameworks (e.g. Plaut et al., 2012) in one of the planned new
developments. It would be ideal for putting into practice concepts such as the
place-based approach, which in terms of stormwater management could include
reinforcing the role of the existing water mills and irrigation channels, and
recovering the rainwater harvesting tradition. Including educational signs that
guide the visitor along the tangible regenerative elements but also that tell the
story of how a trans-disciplinary team were involved in the design process,
during which “the role of the architect/planner/designer [shifted] to that of
facilitator of a process of revealing, rather than acting as master mind” (du
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Plessis, 2012), would make it a place where one is proud to live. This proposed
case study would bring light on how the notion of ‘place’ might accommodate
densely urban settings, as ‘stories of place’ presented in the literature are almost
exclusively non-urban (Cole, 2012a).
“How to measure and evaluate progress is a major aspect of bringing about
sustainability in urban contexts” (McCormick et al., 2013), and acknowledging
that the set of indicators that we have used in this case study has room for
further testing and improvement, its applicability on tracking the progress made
by the case study city represents an important step in the field.
Carefully observing the evolution of this case study, in particular the role of
institutions and their dynamics, would bring light into research needs identified
by others in the field (Nevens et al., 2013).

5. Conclusions
This paper presents an innovative methodology for approaching the regenerative
urban built environment concept focusing on municipal infrastructure systems or
sub-systems (in this case stormwater management) with a holistic view.
Building upon literature and practice that supports a flexible approach to
stormwater management in urban environments that mimic natural processes
and predevelopment hydrology (SuDS) as one way to, amongst others, help to
prevent and adapt to climate change, we highlight the relevance of the
connection to the place for adoption of best practices that conduct towards a
regenerative system. We incorporate it to the SuDS representation, naming it
the SuDS ‘landed rocket’.
The approach used in the Benaguasil journey towards a regenerative built
environment can enlighten the path of other urban areas that share the same
goal/vision but only see obstacles in their path. This urban scale case study
located in the Mediterranean shows how, by focusing in one part of the complex
system, while keeping a holistic approach, it is possible to make progress in only
few years and have a promising future ahead.
To overcome the barriers that drag out progress, we identify two main enablers:
a) A structured set of activities, the ‘wheel’, to guide and document the process,
which is steered by a group of regional actors, the RWG, with a trans-disciplinary
approach for systems-thinking, that starts with a stable small group of public
policy and the academia actors, and with a shared vision grows to involve the
remaining stakeholders as required (social scientists, ecologists, economists,
design professions, public health experts, business institutions, civil society,
community groups, the media); b) a visual and effective set of indicators, the
wheel and the constellation (the SuDS ‘landed rocket’) maturation stage and
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trajectory, that monitors and assesses the progress achieved and identifies the
strategies to move forward.
Integrating the views and strategies from actors at different but interconnected
scales (from river basin down to individual buildings), following a structured but
flexible methodology, opportunity emerges to combine efforts that catalyze the
switch towards an urban built environment that supports a genuinely sustainable
society.
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