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The Three-Points Sponge Policy
approach; toward an enhanced
multi-level resilience strategy

Frans H. M. van de Ven™*2*, Chris Zevenbergen™?23,
Mila Avellar Montezuma™?3, Zihang Ding?, William Veerbeek™*
and Shiyang Chen™?24

!Deltares, Delft, Netherlands, ?Delft University of Technology, Delft, Netherlands, *IHE Delft Institute
for Water Education, Delft, Netherlands, *Chinese Academy of Urban Planning and Design, Beijing,
China

Urban water management is confronted with more frequent, more extreme
weather events. This paper introduces the Three-Points Approach (3PA) into
Sponge City concept, to create a novel framework aimed at guiding water
management interventions across local, urban, regional, and river basin scales.
The 3PA integrates three domains—Day-to-day, Design, and Extreme —offering
a nuanced strategy for flood and drought risk mitigation, also for extreme
events. Notably, the 3PA emphasizes the fusion of blue-green infrastructure
(BGI) with conventional gray approaches to enhance both multifunctionality
and resilience in extreme weather conditions. The study identifies critical issues
of implementing this Three-Points Sponge Policy (3PSP) approach, including
spatial and temporal scales, transitioning from gray to blue-green infrastructure,
asset management, data handling, and effective communication. Interventions
spanning various spatial scales and addressing flood protection, drought
resilience, and water quality are explored in a first and indicative application
in Zhengzhou. The case study distills key design principles, highlighting the
imperative of never shifting problems, embracing ecosystem-based adaptation,
seeking synergy between interventions, and incorporating adaptability into
designs. The 3PSP approach emerges as a holistic framework that considers
both risks and benefits, contributing valuable insights to the discourse on
integrating urban and river basin water management, improving our ways of
dealing with extreme weather events while maximizing the day-to-day benefits
of our interventions.

KEYWORDS

Sponge City, Three-Points Approach, green-gray infrastructure, extreme events,
spatial scales, principles, resilience, planning
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1 Introduction

Both the Netherlands and China suffer from extreme weather
events. Cloudbursts cause destructive waterlogging, periods of
extreme rainfall cause pluvial, fluvial and groundwater flooding
(Handmer et al., 2012; O’Donnell and Thorne, 2020) as well as water
quality issues, while periods of drought cause water shortages,
depletion of water resources, water quality issues and economic and
ecological losses (Liu et al., 2018; Machairas et al., 2022; Montanari
et al,, 2023). Since 2008, an average of more than 20 million people
has been internally displaced each year by extreme weather-related
events, with storms and floods being the most common (IPCC,
2022). In Europe, floods are the most common and costly natural
disaster (World Health Organization, 2002). Managing flood risks
is one of the biggest challenges cities are currently facing, not only
due to their density of people and valuable assets but also because
flooding is likely to increase substantially due to climate change
(Tkachenko et al., 2016). In the summer of 2021, many villages and
cities in Europe were also hit by an unprecedented extreme
rainstorm (Tradowsky et al., 2023). In China, most of the large and
rapidly expanding cities are at risk of pluvial flooding, as
demonstrated by the catastrophic events which recently hit Beijing
region (2023), Ningbo (2013), Wuhan (2016), Shenzhen (2019),
Guangzhou (2020) and Zhengzhou (2021), all of them resulted in
serious economic impacts and casualties (Chan et al., 2021).

Extreme droughts are equally destructive to society, economy, and
nature, the more because they trigger water quality deterioration, land
subsidence, foundation problems and so on (Hoogvliet et al., 2012).
Water shortages, amongst others, reduce agricultural and industrial
production, threaten public water supply and public health, and have
catastrophic consequences for biodiversity. Our concern about
flooding has led us to implement ‘enhanced’ drainage systems with
faster discharge rates to prevent waterlogging, inadvertently elevating
the risk of drought.

In various studies, the Three-Points Approach (3PA), first
developed by Geldof and Kluck (2008) and elaborately described by
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Fratini et al. (2012), has received significant attention as a
comprehensive framework for enhancing the resilience of stormwater
systems (Fratini et al., 2012). For instance, under the umbrella of the
Chinese European Water Partnership (CEWP), a recently launched
Policy Brief has advocated for the integration of this approach
alongside the Sponge City methodology in the planning and design of
urban water infrastructure (CEWP, 2022). This combination allows
for the accommodation of diverse rainfall intensities, thereby
enhancing the adaptability and effectiveness of stormwater
management strategies. The approach also involves integrating blue-
green infrastructure with conventional gray infrastructure, resulting
in what is referred to as green-gray infrastructure (GGI).

The objective of this paper is to review the Chinese Sponge City
approach to integrated urban water management (IUWM), including
flood and drought, to discuss potential improvements by integrating
the Three-Points approach, and to explore its consequences for spatial
planning, data collection, engineering resilience and land and water
governance. Furthermore, it will address the challenge of achieving
systemic integration between hydrological engineering and urban
design at the scale of the city and its related river basin. A first start
was made with applying this new approach in a case study in
Zhengzhou and the Huai River / Yellow River basin (Avellar
Montezuma, 2023; Ding, 2023). This process led to the identification
of key design principles and provided an initial overview of potential
interventions essential for developing a robust resiliency plan.

2 Different approaches to (urban)
water management

Integrated approaches to urban water management have been in
existence for several decades, but their popularity has surged since the
early 1990s. Integrated urban water management (IUWM) aims to
effectively manage various sub-systems of the whole urban water
cycle, including stormwater, wastewater, water supply, groundwater,
water quantity and water quality (Fletcher et al., 2015). In Japan,
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IUWM originated from efforts to address peak runoffs using
infiltration technologies (Fujita, 1997). In the United States, the focus
was largely on managing stormwater quality (Feng et al., 2022), while
in the Netherlands and other Western European countries, the
emphasis was on limiting stormwater peaks entering combined-sewer
systems to avoid polluting combined sewer overflows and street
flooding. For example, the city of Copenhagen is retrofitting part of
its road system to convey floods to parks and canals (City of
Copenhagen, 2012) after a cloudburst in 2011. And the city of
Amsterdam is rolling out its Amsterdam Rainproof program
(Amsterdam Rainproof, 2021), including numerous large- and small-
scale interventions in the streetscape to this end. Consequently, the
spatial consequences of the interventions and their effect beyond the
urban boundaries became part of IUWM. Similarly, the emergence of
Sponge City Concept (SCC) in China was a response to the increasing
flood damages caused by rainstorms (MoHURD, 2014).

2.1 Different ‘western’ approaches to IUWM

IUWM forms the basis for Water Sensitive Urban Design
(WSUD), which aims to transform the impact of urban development
on the natural water cycle. By managing the entire urban water cycle,
WSUD seeks to enhance resource efficiency, generate economic
benefits, and improve social and environmental outcomes (Fletcher
etal, 2015). WSUD integrates “water sensitivity” and “urban design,”
where “water sensitivity” entails recognizing water as a finite and
vulnerable resource critical to livability, influencing behaviors of
individuals, organizations, and governmental bodies. “Urban design”
involves shaping neighborhoods, districts, and cities to create
functional, attractive, and sustainable urban areas through planning
and architectural design. WSUD ideally leads to the development of
Water Sensitive Cities (WSC), as the ultimate goal (Wong, 2007).
According to the Australian National Water Initiative, WSUD is
defined as the integration of urban planning with the management,
protection, and conservation of the urban water cycle, ensuring
alignment with natural hydrological and ecological processes
(Commonwealth of Australia [COAG]|, 2004). Therefore, WSUD and
SCC promote water sustainability and environmental protection,
closely tied to urban design, with a focus on optimizing opportunities
within the water cycle.

Sustainable Urban Drainage Systems (SUDS) are technologies
designed to counteract the excessive runoff resulting from
urbanization by encouraging infiltration, detention, retention, and to
treat stormwater pollution as close to the source as possible. In the
UK, they are referred to as SuDS (Sustainable Drainage Systems),
while in the USA, they are commonly known as BMPs (Best
Management Practices) (CIRIA, 2007). Although SUDS primarily
focus on stormwater as a component of the urban water cycle, the
ideal approach is multifunctional. SUDS rely on natural processes like
evapotranspiration, infiltration, and natural treatment, often
complementing traditional “gray” infrastructure. Hence, they are also
referred to as Nature-Based Solutions (NBS) or as green or blue-green
infrastructure (BGI) - we prefer the latter term. Effective
implementation of combinations of SUDS is in the USA referred to as
Low Impact Development (LID) (Fletcher et al., 2015).

Green or blue-green infrastructure (BGI) entails a planned
approach to incorporating nature and water into urban areas, to
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provide benefits to residents. BGI utilizes natural or semi-natural
systems to manage water resources effectively while delivering critical
ecosystem services such as pollution filtration, water treatment, flood
risk reduction, and mitigation of high urban temperatures.
Maximizing the benefits and value of BGI investments is an area of
increasing attention within the scientific community, project
development and the finance sector. It is becoming more evident that
the broader value of BGI should be considered when addressing any
aspect of water systems (Browder et al., 2019; European Commission,
2020; Water Europe, 2021). Like gray water infrastructure, BGI is
designed to handle storm events up to the design storm (s). Storms
exceeding this will make the system fail and damage will occur. Smart,
hybrid combinations of these blue-green solutions with gray solution,
the so-called green-gray infrastructure (GGI) will be more resilient,
reliable and helps minimizing damage of extreme weather conditions.
Examples of GGI are already available; developing more is an
innovation challenge (Water Europe, 2021).

The International Water Association introduced the Principles for
Water Wise Cities in 2016, aiming to promote sustainable and resilient
urban water management. These principles serve as a framework for
urban leaders and professionals to develop and implement their vision
for sustainable urban water systems and resilient planning and design.
By embracing these principles, urban leaders, water managers, and
stakeholders are encouraged to collaboratively address water
management challenges and implement water-wise strategies,
fostering the creation of flexible and adaptable cities.

2.2 Sponge City approach

In line with these developments, China launched its Sponge City
approach and program. As illustrated by Figure 1, this development
builds on earlier steps in urban drainage research and practice in China.

After the first official debut at the Central Urbanization Conference
in 2013, the Sponge City concept was formulated and in 2014 the first
technical guideline was published, outlining the technical framework of
Sponge City construction (MoHURD, 2014). Performance indicators on
six aspects were formulated, i.e., water ecology, water environment, water
resources, water safety, institutional system building & implementation,
demonstration effects (MoHURD, 2015). The call for local Sponge City
project proposals sets general principles of downscaling Sponge City
indicators to city level and more sectoral integration (Ministry of
Finance, The Ministry of Housing and Urban-Rural Development, The
Ministry of Water Resources, 2016). In 2018 the official national standard
was released for evaluating sponge effects (MoHURD, 2018). Since 2022
more attention is paid to flood safety and waterlogging (MoHURD, 2022).

Driven by the central government’s policy, the Sponge City
concept and the planning approach cascaded down to local levels,
with more detailed local interpretations and planning procedures.
Stormwater is to be managed by at-source measures, en route
conveyance, and end-of-pipe measures. Water retention is required as
part of the ecological indicators. The capacity to retain water of this
‘sponge’ is determined by an indicator called VCRa (Volume Capture
Ratio of annual rainfall). For areas with significant water-related
historical or social values, water culture is also considered in their
sponge planning (Chen et al., 2021). For example, in Nanjing the
Sponge City approach covers the topics flood safety, water ecology,
water environment, water resources and culture.
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et al,, 2021; Avellar Montezuma, 2023).
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Throughout the years, the focus of the Sponge City Program has
evolved, expanding beyond the enhancement of water environments
to encompass the critical aspects of water security and pluvial flood
protection. The task of “focusing on solving the problem of urban
flood control” was added for the first time in Notice on launching the
Second  Batch
Demonstration Program across the Entire Region under “14th Five-Year

of Comprehensive Sponge City Construction
Plan” (Ministry of Finance, The Ministry of Housing and Urban-Rural
Development, The Ministry of Water Resources, 2022) in 2022,
compared to the previous rounds of Sponge City selections (Ministry
of Finance, The Ministry of Housing and Urban-Rural Development,
The Ministry of Water Resources, 2014, 2016, 2021). The catastrophic
floods of Zhengzhou on July 20, 2021, a pilot city of Sponge City
Program, played a crucial role in propelling a switch of focus in
Sponge City construction. The Investigation report on this so-called
“720” Cloudburst in Zhengzhou, Henan (State Council, 2022)
uncovered that approximately 56% of Sponge City investments were
used in landscaping and greenery without sponge function, which
raised a wide discussion and reflection on Sponge City’s tasks.
Recently, the approach of stormwater management has evolved
beyond a focus on discharge capacity alone. Instead, there’s a growing
emphasis on the importance of combining storage and discharge
capabilities. This shift toward a dual strategy of both storage and
discharge is highlighted in Xinhua (2021). By 2025, the central
government of China has mandated that each city must establish an
urban drainage and pluvial flood prevention engineering system that
adheres to the principles of “on-source reduction, pipe network
discharge, a balanced combination of storage and discharge, and
emergency response to excess storm runoffs” These systems should
be designed in accordance with local conditions in each city (State
Council, 2021). Technical standards and national research &
development projects are aligned with this new policy. For example,
the Code for Urban and Rural Drainage Engineering Projects requires
the layout of urban stormwater systems should adhere to the principle
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of “combination of green, blue and gray” and “combination of storage
and discharge” (MoHURD, 2022); Research and Application of Key
Techniques for Urban Pluvial Flood Risk Prevention and System
Control includes the study on synergistic pluvial flood prevention
methods of storage and discharge balance of blue-green space and
construction land (Ministry of Science and Technology, 2021).

2.3 The three-points approach to (urban)
water management

The Three-Points Approach (3PA) has been developed with the
ultimate goal to identify and select interventions which jointly
minimize the risks of floods and droughts and at the same time
provide multiple functions to maximize the benefits and co-benefits
of these measures. Hence, this framework serves as a guidance to
facilitate integrative planning and design for water management
interventions (Geldof and Kluck, 2008; Fratini et al., 2012). The 3PA
(see Figure 2) divides storm events in three groups. The first group
comprises significant rain events, which are taken into account when
designing the service level of the drainage system. These occurrences
are less frequent, typically happening once every 10years. They
encompass a range of storms, varying in duration, such as short-lived
bursts and longer-lasting downpours—commonly referred to as 2-h
and 24-h design storms. The second group consists of extreme storms
that surpass the magnitude of these design storms. Given their
magnitude exceeding the design criteria of the drainage system,
instances of waterlogging, flooding, and associated damages are likely.
The third category is the group of little to normal rain events,
happening day-to-day. While the boundaries between these categories
lack precise mathematical definition, urban water management
strategies can be delineated into three distinct domains: (1) Design
domain; (2) Extreme domain; (3) Everyday domain. Each domain
necessitates a tailored approach to the planning and design process,
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with the ultimate goal of integrating the outcomes into a cohesive
final plan.

This 3PA was developed for rainfall and drainage, but can also
be constructed for drought. We could make a distinction between a
normal, regular drought, a drought that we have prepared (designed)
the water management system for, and an extreme drought that is
more severe than we have prepared for.

The service level of our protection system is defined in the Design
domain, by the criteria for the design of facilities that will protect us
from damage of flooding and drought. These facilities can, if planned
and designed carefully, become a valuable, multifunctional asset for
society day-by-day, strengthening physical, ecological, economic and
ecological values and services. Maximizing the benefits of these
facilities in the day-to day situation is the goal of the Day-to-day
domain of the 3PA. On the other hand, minimization of the physical,
economic, social and ecological damage — while maintaining the
benefits and services in the Day-to-day and Design domain - is the
central objective for the water management interventions in this
Extreme domain. Substantial damage and casualties can often
be avoided with smart zoning, design and simple facilities.

The Three- Points approach has proven useful for urban flood risk
management under climate change (Fratini et al., 2012; Sorup et al., 2016;
Lerer etal., 2017). All three domains are to be considered in the design of
interventions, aiming to maximizing the threshold, coping, recovery, and
adaptive capacity that is needed to reduce the vulnerability of our
environment now and on the long run (De Graaf et al., 2007).

Water management facilities for flooding and drought, with high
value for society and ecology, are the so-called blue-green
infrastructure (BGI) solutions. These solutions make use natural
processes to control water quantity and quality. By landscaping, soil
improvement, selected vegetation and specific surface and subsurface
constructions the natural processes are mimicked and/or boosted, not
only to improve water management but also to provide a wide range
of ecosystem services. Rather than the traditional mono-functional
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gray drainage solutions, often hidden underground, invisible for the
public, N like rain gardens, bioswales, green roofs, wet detentions
ponds, wetlands - up to porous pavement and rain tanks — help create
an attractive blue-green environment for humans and biodiversity.
Facilities can be located on public land, but also on private properties.
Minimizing the damage in extreme, rare weather conditions
requires careful spatial planning, building design and contingency
planning. Priority is to provide extra protection for vital infrastructure
and vulnerable people. Damage to public services and economic
activities can often be prevented, or at least reduced, by adapting the
landscape (Roosjen et al., 2022), the streetscape, land and building
levels. Blue-green infrastructure like emergency detention reservoirs
for flooding, and tanks, reservoirs and strategic groundwater stocks
for water supply during extreme droughts can mitigate the damage.
Development of innovative green-gray infrastructure will result in
more effective solutions (Water Europe, 2021). Vertical and horizontal
evacuation routes as well as emergency supplies and the availability of
equipment for evacuation and recovery after the flood help
minimizing the damage too. And, last but not least, awareness and
preparedness of the population is crucial to minimize damage.
Figure 3 presents a conceptual depiction of the benefits and costs
associated with infrastructure relative to the magnitude of a rainfall
event. Failure of the conventional, gray approach during extreme
events that exceed the size of the design load leads to substantial
damage; costs rapidly increase with storm size, as essential functions
and services are failing en recovery is costly. The introduction of the
blue-green approach brought an increase in the benefits in the
day-to-day and design domain, due to the co-benefits and ecosystem
services provided by these facilities, up to storm events these facilities
are designed for. Overloading them causes a rapid increase in damage,
equal to the conventional gray approach. Consequently, the benefit/
cost ratio line lies above the line of the conventional approach but
drops to about the same level for very extreme events. Employing a
Three-Points Approach with green-gray infrastructure (GGI) not only
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FIGURE 3
Conceptual image of costs and benefits of the conventional gray approach to flood risk management, the blue-green approach and the Three-Points
approach using green-gray infrastructure as they develop over the three domains of rainfall event sizes.

maximizes everyday benefits; the GGI is designed to also mitigate the
damage in the event of system overload from heavy rainfall. Direct
damage, indirect damage due to the failing of functions and services
and recovery costs are to be minimized as an essential part of the
comprehensive planning and design process. The benefits/cost ratio is
now maximized in the day-to-day and design domain and drops much
more slowly in the extreme domain, as direct, indirect and recovery
costs are minimized with the application of green-gray infrastructure.

The representation for drought is analogous, although the absolute
values for benefits and costs will be different.

The Sponge City approach lacks to address events in the Extreme
domain and therefore cannot deal with low probability and high-damage
events (Fu et al., 2023). This equally holds for the other approaches to
integrated urban water management. Implementation of the 3PA with
green-gray infrastructure (GGI) and damage minimization solutions
requires a well-directed, coherent transition process to change planning,
policies, regulations, organization, and financing of the water management
atlocal, regional and river basin scale. A number of issues to be addressed
in this transition process is elaborated on the next section. Further to the
results of CEWP’s CECoSC-project and inspired by the issues brought up
by Fratini et al. (2012) and Ministerie van Infrastructuur en Waterstaat
(2022) we explored the impact on water and spatial planning at various
spatial scales, timescales, the development of green-gray infrastructure,
the consequences for asset management and monitoring, the
interdisciplinary communication and consequences for the governance
of safety and resilience.

3 Issues in the novel approach to
urban, regional and river basin water
Mmanagement

3.1 Spatial scales

Floods and droughts are not confined to a single spatial scale;
hence a multiscale approach is crucial, (Zevenbergen et al., 2008). The
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integration of multiscale design follows from the application of the
Three-Points Approach at each spatial scale, as a broad spectrum of
interventions to address flood and drought challenges across a range
of spatial scales is to be considered. At the local level, the design
predominantly focuses on stand-alone solutions that provide
immediate flood and water shortage mitigation, thus enhancing
climate resilience. However, local-level solutions alone can hardly ever
fully address the broader flood and drought risks. Therefore, it is
necessary to extend its application to the scale of the city and the entire
river basin and find a coherent set of interventions (Sui and Van de
Ven, 2023). We ought to speak no longer of a Sponge City approach,
but rather of a Sponge Policy approach, with interventions at building,
street, district, city, region and river basin scale.

Guiding for the planning of interventions are the local water
system, soil, and subsurface (Ministerie van Infrastructuur en
Waterstaat, 2022). Planning through spatial scales therefor requires
thorough knowledge of the local, regional, and supra-regional water,
soil and subsurface system to avoid less-effective interventions.
We also need to understand how the spatial scales and the
interventions are interconnected; they depend on each other to work
under all conditions, technically, but also economically and socially,
hence requiring effective coordination and alignment among
stakeholders across the urban and rural landscape. Networks of
interconnected solutions tend to perform better than stand-
alone interventions.

The Dutch policy brief on water soil and subsurface (Ministerie
van Infrastructuur en Waterstaat, 2022) builds on the principle that
problems should never be shifted, neither in space, nor in time and
not from private to public land; solving problems as close to the
source as possible is essential. Figure 4 shows a combination of the
3PA with the spatial scales and some examples of interventions. As
can be seen, solutions to maximize the benefits and to achieve the
required service level are often blue-green and local in nature, while
measures to minimize damage at regional and basin scale are gray,
green or a combination of the two, depending on the availability
of space.

frontiersin.org


https://doi.org/10.3389/frwa.2024.1361058
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org

vandeVenetal.

10.3389/frwa.2024.1361058

domain day-to-day design extreme
capture - retain, .
P 5 gt ; store - detain -
objective infiltrate - purify ROy = protect
neighborhood
ity

scales

type of hybrid strfuct;lrest

interventions green gre rastructure
FIGURE 4
Three Points approach with related potential interventions and their spatial scales (adapted from Zhang et al,, 2022). Blue-green infrastructure,
contributing benefits in the day-to day and design domain, is found mostly at the local, neighborhood scale, or at district or city scale, while gray
interventions to provide a specific service level for drainage are mostly at district to city scale. Interventions to deal with extreme event often take place
at the catchment scale and can be gray as well as green. Green-gray infrastructure is meant to contribute to all three domains and to cover all scales.

3.2 Timescales

Operationalisation of the 3PA also requires an integration of
temporal scales in which the short-term time window (forecasting of
extreme weather events; early warning), and the long-term time
window (predictions/foresight of gradual changes and trends which
impacts the hydrological cycle such as urbanization and climate
change) are jointly considered and synergies between selected
interventions are maximized at the local, city and basin scale (Van de
Ven et al., 2005).

With respect to the short-term time window, this includes
decisions on how best to prepare the water system for the incoming
rainfall (e.g., pre-empty detention reservoirs through anticipatory
measures), and decisions to be made during extreme rainfall event.
Such operational decisions can be identified in a number of ways,
ranging from basing on experience to using some pre-defined set of
control rules or a sophisticated optimisation methodology. Short- and
medium-term forecasts, aimed at supporting anticipatory water
management, involves temporal/reversible interventions, emergency
plans and early-warning systems.

With respect to the long-term time window interventions range
from single, localized measures to water-sensitive urban
transformation at the scale of a neighborhood and city scale to the
catchment scale. The time window to be considered normally expands
when the spatial scale increases as interventions at the whole
catchment scale generally have longer response times than those at
local scale. Most measures are constructed for decades to come. To
minimize the risk of lock-in, the interventions considered should
allow adjustments in their construction and operation over time
(Haasnoot et al., 2019). A certain degree of flexibility enables to adapt
to changing conditions such as changing rainfall intensities and

infiltration rates of the catchment areas.
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3.3 Gray to blue-green to green-gray
infrastructure

Water management in rural and urban areas is traditionally
aimed at rapidly draining any surplus of water, to avoid water logging
and damage. Drains with minimal land use - hence, subsurface pipes
in urban areas - and maximum conveyance capacity, if necessary
combined with strong pumps, are used to this end. Consequently,
flooding problems were shifted downstream. Moreover, the drained
area became sensitive to damage during extreme droughts; additional
water is then to be supplied from outside or from local groundwater
resources. Precious drinking water is sometimes used for low-end
purposes, and groundwater resources became overexploited. It is
now realized that more local water detention capacity is needed to
reduce runoff and make local water available during periods
of drought.

Blue green infrastructure (BGI) solutions help to create detention
capacity, and many provide groundwater recharge; moreover, many
BGI facilities clean the water through natural purification processes.
A wide variety of solutions exist. BGI is known for its co-benefits.
Many ecosystem services are provided in addition to the water
management services, such as biodiversity, recreation, supply of food
and/or building materials. See, e.g., Urban Green Blue Grids or
Climate ADAPT. To get a glimpse of the diversity (Figure 5) provides
a brief selection of BG solutions.

Planning, design, construction, maintenance and operation of
BGI are multi-disciplinary challenges and require expertise and skills
not (yet) widely available in drainage engineering and construction
practice (Vollaers et al., 2021). Think of spatial planning, landscape
design, horticulture, forestry, health and pest control, maintenance,
governance, financing and so on. As some of these facilities are on
private land, privately owned and operated, involvement of the citizens
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is a prerequisite for successful implementation. They too have to learn
how to manage the facilities and to make use of its ecosystem services,
in order to maximize its benefits and minimize the damage in case the
facility becomes overloaded. This makes implementation of BGI a
learning process for all stakeholders, creating new relations with other
disciplines, departments and sectors.

The reliability of BGI's water management services is different
from the gray drainage practices and not guaranteed in extreme
weather conditions. Examples of poor performance are detention
basins that are still partially filled by earlier rainfall when that heavy
storm comes, the limited water treatment performance of a BG facility
in winter cold, or the harmful algae blooms in wetlands during
periods of drought. BG facilities can be overloaded, by hydraulic
loading or with pollution. To better deal with and to minimize damage
of extreme events new combinations of BGI with gray and smart
technologies are needed. Such hybrid green-gray infrastructure (GGI)
solutions for water management, water supply, stormwater and
wastewater treatment are the innovation challenge of the near future
(Water Europe, 2021).

3.4 Asset management, data and
monitoring

The introduction of BGI and GGI facilities brings new
requirements for asset management, monitoring and data handling,
compared to the asset management of our gray water infrastructure.
BGI/GGI facilities are essential elements of the drainage and water
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management system, like sewer pipes, culverts, pumps and weirs.
Monitoring their performance and timely interpreting the collected
data is an essential part of managing these assets (Geberemariam,
2017). This starts with registering the BGI and GGI facilities in a
standardized way in a formal asset register, just like sewer pipes and
other gray infrastructure. In the Netherlands this follows national
guidelines. Standardizing the registration system is ongoing.

More and more data is being collected remotely, through remote
sensing and telemetry of water levels, flow and quality. Online information
is available and often (partly) publicly accessible. Warning systems are in
place in case certain levels are exceeded. Real time control systems are
coming up, often combined with forecasting systems, to issue warnings
and take action when there is a risk of exceeding any alarm level. The rise
of artificial intelligence will boost this technological development,
contributing to a water-smart society in which the value of water is
permanently optimized (Water Europe, 2023).

These
consequences for (the debate on) data protection / data availability

technological developments will inevitably have
and on the responsibility of organizations and persons regarding the
monitoring of facilities, the data that is produced, their interpretation
and analysis and the actions taken - or not - by individuals in specific

observed or forecasted situations (Water Europe, 2023).

3.5 Communicating risk

The implementation of blue-green and green-gray solutions
necessitates the involvement of additional stakeholders compared to
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those involved in traditional gray solutions. These new stakeholder
groups encompass the parks and green departments, traffic, housing,
and health departments, emergency services, other contractors for
installation and maintenance, additional suppliers, consultants,
landscape architects, local businesses, residents, property owners,
schools, and more. All stakeholders must familiarize themselves with
the characteristics of the new solutions, including their construction,
properties, performance in both extreme and normal conditions,
maintenance requirements, monitoring protocols, as well as
understanding their strengths and weaknesses. New skills and
capacities are to be developed, new rules, new language, regulations
and contracts. Communication is the key to collaborative learning,
needed fora successful implementation.

a hard job;
opportunities for maximizing the benefits and for minimizing

Communicating risk as communicating
damage is easier. Introduction of the 3PA and introduction of BGI
and GGI requires new communication lines in a new network of
stakeholders, often aimed at collaborative learning. Excursions to
see demonstration projects, meetings with front-runners and
evaluations of field practices help to build confidence in the new
approach and related solutions.

The transition toward this new approach to water management at
the local, urban to catchment scale is a complex quest, making it
inherently time-consuming. Time is a scarce resource in this process,
yet it remains a prerequisite for the successful adoption of the
new approach.

3.6 Governance of safety and resilience

Governance plays a crucial role in enhancing safety and resilience
in water management. Effective governance entails management
approaches that consider the interconnectedness of various aspects of
water management, such as flood control, drought management, water
quality, and ecological protection. It requires active public
participation, adequate financial resources, novel business and
operation models, proactive planning for future scenarios, robust
enforcement mechanisms, and continuous knowledge sharing for
capacity building, embedded in a robust legal and regulatory
framework and an adequate organization; this all at the local urban,
regional, and river basin scale (Ministerie van Verkeer en Waterstaat,
1997; IPCC, 2023). To operationalize the 3PA, local actors require
enhanced capacity and an empowered role for planners and residents,
including access to more effective planning support tools to be able to
deal with and evaluate the technical, financial, organizational, and
regulatory aspects of alternative plans.

Each of the 3 domains of the Three Points Approach are to
be covered by a solid, coherent governance structure. Good
governance enables the coordination, cooperation, and integration of
efforts across these different domains, scales and issues, leading to a
coherent management strategy. The complexity of this planning and
implementation process can however lead to significant delays and
stagnation. Parallel and collaborative planning, design and
implementation are essential to keep the speed and to create wide
support and acceptance of the final plan. Such complex collaborative
actions can best be coordinated by a process manager (Van de Ven
et al,, 2005), responsible for smoothening and accelerating decision
making by each of the involved stakeholder parties.
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4 Application of the Three-Points
Sponge Policy approach: a
proof-of-concept in Zhengzhou,
China

A first and conceptual trial of the applicability of the Three-Points
Sponge Policy approach for water management planning and design
was started for the city of Zhengzhou. Zhengzhou as the capital of
Henan Province is situated in the Huai River Basin, on the southern
bank of the Yellow River. The city has a population of over 12 million
people. Historically, Zhengzhou has experienced a number of
devastating floods, the most notable in 1931. This flood was caused by
extreme rainfall and the failure of several dams upstream. The disaster
resulted in the deaths of over 150,000 people and left millions
homeless. More recently, in July 2021, Zhengzhou experienced
another catastrophic flood. The daily rainfall of 624 mm observed at
Zhengzhou National Meteorological Station on July 20 is 3.4 times the
maximum since the station was built (189 mm, on July 2, 1978). This
extreme rainfall caused flooding throughout the city, resulting in the
deaths of over 300 people and a direct economic loss of 40.9 billion
RMB. In response, Chinese government launched a large-scale rescue
and recovery effort.

Employing the Three-Points Sponge Policy approach to identify
and select interventions for the planning and design of a cohesive,
resilient water management system across all spatial scales presents a
complex challenge. Therefore, a ‘research by design’ approach was
employed to combine potential interventions, system characteristics,
and design principles in an iterative process, resulting in a
comprehensive design (referred to as ‘alternative’). Two pilot areas of
Zhengzhou, both seriously flood-prone and affected by the 2021-
flood, were selected for analysis and design at the local scale:

o (B1) Longzi Lake Smart Island, situated in a 15ha artificial
ecological lake in the New District. Contemporary urban
development; Medium density with high ground space index.

« (B2) Shangdu Historical and Cultural District in the old city of
Zhengzhou. Older area; High density with low ground space
index and limited space for interventions.

Figure 6 provides a photo impression of the streetscape in the
two areas.

Redesigns were studied at the street, neighborhood, city and
catchment scale, as shown in Figure 7.

As Zhengzhou is located in the very upstream part of the Huai
River basis the concern of the water manager should be to avoid
shifting problems downstream. Stormwater detention and water
quality protection are the highest priorities to create enabling
conditions for water management and ecological restoration
downstream. Actions further downstream in and along the Huai River
and in the delta are of limited importance for the water management
of Zhengzhou city.

Design efforts were consequently focused on the two pilot areas
and how these could be reconstructed to minimize the damage of
extreme weather events while maximizing the benefits in the
day-to-day situation. This is illustrated in Figure 8 with a redesign of
an existing street in Shangdu Historical and Cultural district.

At street, city and basin level we have selected a set of interventions
of blue-green and green-gray infrastructure to be implemented across
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FIGURE 6
Representative streetscape of Longzi Lake Smart Island (left) and Shangdu Historical and Cultural district (right) (Avellar Montezuma, 2023).

FIGURE 7
Top line: The two pilot areas in Zhengzhou; Bl is Longzi Lake Smart Island and B2 is Shangdu Historical and Cultural district. White areas indicate a

prolongation of existing green spaces into green connections such as ecological corridors, bioswales, etc. Middle line: Flood hazard map of the two
areas; substantial parts are at risk. Lower line: Neighborhoods as part of the city, as part of the catchment (Avellar Montezuma, 2023).
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the various spatial scales. The next step will be to assess their
effectiveness, taking into account the interactions and synergies
between these interventions at the spatial scale of the urban district,
city, and catchment area. Which will lead to system-integration, i.e.,
the formulation of a coherent and efficient set of interventions,
possibly in several alternative plans.

10.3389/frwa.2024.1361058

As demonstrated in this case study, applying the 3PSP approach
enables to go beyond the limitations of conventional approaches
targeting isolated, often monodisciplinary solutions. The process of
selecting an integrated and effective set of BGI/GGI interventions
(alternatives) across all scales demands a co-creative, multi-
disciplinary planning approach. This complex and iterative process
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requires active participation of numerous stakeholders and the use of
interactive planning tools such as the Adaptation Support Tool (Van
de Ven et al., 2016; McEvoy, 2019) or the Climate Resilient City Tool.!
The responsibility for evaluating the alternatives and for making a final
choice rest with local and regional authorities. By working in this way,
the comprehensive 3PSP approach ensures a well-informed decision-
making process that considers the nuanced interactions between
different interventions across the spatial scales.

5 Discussion and outlook

Cities in both Europe and China are increasingly suffering from
flooding by extreme rainfall, drought and related heat stress and
water quality problems. Climate change, ongoing urbanization and
aging/decay of existing water management infrastructure together
are the major drivers. New approaches to integrated urban water
management (IUWM) are continuously being tested and revised to
address these challenges in an effective way, such as Low Impact
Development, Water Sensitive Uran Design and the Sponge City
approach. These approaches all foster the widespread deployment
of multi-beneficial blue-green infra solutions for creating protection
up to a certain design or service level, while providing ecosystem
services and other benefits. Minimizing the damage in case the
water system becomes overloaded - by extreme rainfall, river
flooding, extreme drought and or related issues - is not explicitly
considered in these planning and design approaches. This equally
holds for the systemic integration of interventions at different
spatial scales, from local to catchment scale.

While analyzing the applicability of the Three-Points Approach as
a potential way to strengthen the Sponge City approach to IUWM in
the Zhengzhou case study, a number of design principles have been
highlighted as essential terms of reference for planning multi-level
resilient interventions. These principles are from different sources, but
equally important for the quality of the final plan:

Never Shift Problems, neither in place nor in time: This principle
underscores the importance of not to shift issues from an area to
downstream, from the present to the future, or from private to
public land (Ministerie van Infrastructuur en Waterstaat, 2022).
o Use blue-green infrastructure and natural processes to ‘build with
nature’ and manage water quantity and water quality, where- and
whenever possible. Their adaptability to changing conditions is
high and their ecosystem services are attractive (European
Commission, 2020). Integration with gray solutions can make
them perform better in extreme conditions (Water Europe, 2021).

Seek synergy between flood and drought mitigating interventions.

Detention (sponge) capacity is needed for both flood and drought

risk reduction (Ministry of Finance, The Ministry of Housing and

Urban-Rural Development, The of Water
Resources, 2014).

« Embrace a water and soil systems perspective, where local soil

take

Ministry

and subsurface conditions precedence, while

1 https://crctool.org/en/
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simultaneously comprehending the dynamics of surface and
groundwater systems at both the local and river basin scales. A
deep understanding of these systems is crucial for developing
robust solutions (Ministerie Infrastructuur
Waterstaat, 2022).

« Incorporate adaptability into the design: Given the uncertainty

van en

of the future and the inevitable changes of requirements,
interventions should possess inherent flexibility to accommodate
changing conditions, emerging ideas, and evolving preferences
(De Graaf et al., 2007).

« Embrace open access to data: Multifunctional solutions have
many stakeholders involved in the planning, implementation,
management, and maintenance of all the water management
systems’ elements. Sharing all available data on quantity and
quality is essential for balancing their interests (European
Union, 2021).

» Good governance: The existing regulations, policies, organization,
financing mechanisms and operational capacity to implement
and maintain the facilities should match with the proposed
interventions. If not, this governance context needs adaptation
for a successful implementation (Ministerie van Verkeer en
Waterstaat, 1997).

This list, likely incomplete, was used and found useful to
discuss and evaluate alternative ideas in a qualitative way in the
case study.

In conclusion, it is essential to plan and design water systems at
al spatial scales for, with and by extremes beyond the design load, to
minimize the damage they can do. While designing, assume it will
flood - and the flood will be extreme. And do the same for droughts.
The current approaches to IUWM are missing this component, not
only the Sponge City approach (Fu et al., 2023). Different types of
floods and droughts require different management strategies,
including structural and non-structural interventions. Evident is that
vulnerable people, critical infrastructure, and the local fauna need
extra attention and protection under such extreme
weather conditions.

At the same time the benefits and services provided by these
planned interventions can be maximized. By combining blue-green
and gray solutions for water management at the urban and
catchment scale the benefits of nature-based solutions are combined
with the robustness of gray solutions and smart control
technologies, to perform better under extreme conditions (Water
Europe, 2021).

By adopting the Three-Points Approach (3PA) as an overarching
framework to guide existing planning practices like the Sponge City
approach, both the risks as well as the benefits of planned interventions
are being considered in a holistic way. To achieve integration into a
Three-Points Sponge Policy approach, it is essential to apply a portfolio
of interventions which covers the three domains of the 3PA. These
interventions should be implemented across a range of spatial scales,
from local to catchment scale, creating interconnections and
coherence between different components of the system. This however
requires communication, cooperation and co-creation of departments,
authorities and stakeholders that so far have separated roles and
responsibilities. Considering all aspects and issues of the Three-Points

Sponge Policy (3PSP) approach, including the spatial scales, relevant
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time scales as well as the governance issues related to the
stakeholder
participation, organization, financing, et cetera — and the consequences

implementation legislation, communication,
for performance monitoring and asset management in planning and
design is a learning process for all participants. As demonstrated in a
first conceptual pilot application, this 3PSP approach structures and

supports this process.
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