A Pattern Language
for Water-Oriented Urban Development
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MANIFESTO

Towards a water-oriented urban development

Water is a precious element on our planet, which also plays a significant role in nearly all socio-
economic activities in our society.

However, with the intensified urbanisation process and climate change, more and more water
challenges, including flooding, drinking water scarcity and water pollution, have occurred in
many parts of the world.

Thus, itis high time that we switch towards a water-oriented urban development pathway, where
effort from all walks of life is well needed.

No matter whether you are a decisionmaker, a community planner, a farmer, a worker, a business
owner, a tourism investor, or a botanic student, you can be a valuable and unique contributorto a
sustainable water system.

By gradually weaving this water-oriented pattern language web in our future cities, in either a
bottom-up oratop-down manner, the landscape of urban areas could be redefined:

The boundary between agricultural production, the industrial zone and the residential zone will
be blurred, so the water loop can be fully circular to minimize the freshwater consumption. The
urban space will be built in a resilient way to ensure the citizens are fully protected from further
flooding events. The ecosystem will also be regenerated for the flourishment of the waterscape,
where the agricultural zone, natural reserve and urban areas will be interconnected with a
dynamic green-blue network to boost the local ecology.

More importantly, by integrating all types of programmes into people s daily life and daily
production, the mindset of people can be reoriented to a sustained commitment to the water

and nature.

In this way, a systemic change will take place on our planet, where a future-proof relationship
between humans and water could be expected!

Do not wait! The future isinyour hand.
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What does this booklet contain?
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This pattern book consists of 108 patterns in total to frame a water-oriented urban
development pattern web.

This includes 11 principles to obey, 3 leverage points to intervene in the system, 20
actions to take, 10 programmes to promote and 64 suggested measures.
Each pattern has its hypothesis and further practical implications.

The Pattern Catagory
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Explanation of the Evaluation Criteria

Transferability:How the pattern is
suitable for implementation in a
differentregions.

Water Safety: How can the pattern
protectus from flooding.

Water Quality: How the pattern
could improve the quality either in
the ecosystem or for the sake of
otheruse.

Water Quantity: How the pattern
can help improve of the amount of
water available for drinking or other

sectors

SDG's:Sustainable Development

Goals by the United Nations
Cgpage14—15
MEASURES

Wild Trail x64

The booklet allows you to find a pattern based on the topic that you want to explore, but
also offers you further knowledge on its relation with other patterns, its contribution to
different goals and its related stakeholders. You can either read in order to get an overall
impression of the pattern language or use the catalogue from page 12 to page 17 to have a
quick start from any pattern you are interested in.

Also, at the end of the book, you can find an example project constructed by this water-
oriented pattern language which will provide you with a possible visualization of the
implementation outcome.



Who is this booklet for?

The reader can also be anyone who want to play a part in mitigating the water issues.

Regional Waterplan and Strategy - PRINCIPLE LEVERAGE For example, if you are from following sectors, or if you want to invest in the following
. 0 i , sectors, you can choose from the suggested patterns to make your own contribution to
e 3 @ water-oriented urban development:
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City-sc?ale Planning and Strategy iACTION . PROGRAMME HH u
S E , :@%. Agricultural Sector Industrial Sector
% § v Cooperative . PGO4 Agro-tourism PGO5 Circular Production Open Day
% - ; % o R4 i PGO5 Circular Production Open Day PGO7 CircularKnowledge Forum
= i :’ : i PGO6 UrbanFarming PGO8 Cooperative Living Lab
el Neighourhood development and co-creation g —— PGO7 Circular Knowledge Forum PGQO9 CircularInternship Programme
: PGO8 Cooperative Living Lab PGIO  Vocational Education
E ).0) 86000 PGO9 CircularInternship Programme
g PGIO  Vocational Education MO2 Community Rainwater Storage Space
& M0O3  Constructed Wetland
= e o @ ® 6 MO2  Community Rainwater Storage Space M10 Grey Water Recycling Plant
Bleck level Lirban Desig‘ni Pmi'ed MO3 Constructed Wetland M1 Heavy Metal Recycling Plant
The Implementation Framework MO4  Hydroponic Vertical Farming M12 Nutrient Recovery Plant
MO5  SmartPaddy Field M13 Algae-based Material Hub
MOé Rice-fish System M25 Building without a Crawlspace
The booklet is written for multiple groups of readers. MO7  Agroforestry M26 Infiltration Boxes
MO8  Irrigation Water Reusing Greenhouse M27 Infiltration Pipe
If you are a planner or a designer, this pattern language could assist you to frame MO9  Greenhouse Complex M31  Storage below buildings
a strategy based on your own context and different scales. You can also use this M12  Nutrient Recovery Plant M55  Eco-Facade
pattern language to organize a co-creation activity with local communities. MI13  Algae-based Material Hub
M33 Floating Greenhouse
If you are from a local authority, or from an environmental sector or waterboard, M47  Ecological Polder Canal
this booklet might also offer you some inspiration for formulating a better M48  Crop Variation
governance strategy or a new programme. M49  Integrated Waterfowl Farming

M50  Mixed Aquatic Cultivation




OR, if you are a citizen who is passionate

about doing more for the water system and
ﬁ ﬁ making your neighourhood a better place,

[
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you can also engage more neighbours and

Tourism Sector OR, if you are from a knowledge promote the following patterns in your
PGO1  Interaction activities with water institution, further implementation community together!
PGO2  Public Parkforallages of the following patterns also needs
PGO3 Nature explorationroute your effort: PGO1 Interaction activities with water M23 Open Green Space
PG0O4 Agro-tourism PGO2 Public Parkforallages M28 Retention Pond
. . PGO6 UrbanFarming . .
PGO5 Circular Production Open Day 5607 CireularK e F PGO6 UrbanFarming M29 Rainwater Square/Sports field
5e08 Clrcu “ rlwova.e. geL (k))rum PGO8 Cooperative Living Lab M30  Retentionroofs
MO1 Protective Centralized Drinking Water Source 500 C.ooplethlve I\::.ngp . M31 Storage below buildings
MO5  Smart Paddy Field Ireularinternship Programme MO2  Community Rainwater Storage Space M35 Flexible Ground Floor
) PG10  Vocational Education .
MO6 Rice-fish System MO3  Constructed Wetland M37 Sealable Buildings
MO7  Agroforestry MO4  Hvd i Vertical Farmi M10 Grey Water Recycling Plant M38 Slow Traffic Bridge
MO9 Greenhouse Complex o Sy rozogg lfrtllga arming M17 Urban Water Channels M39 Green Waterbus
M15 Lowering Floodplain MO? R.mar':c] :S yre M19 Canopies forInterception M52 Wet Biotope
M6  NewRiverArm os A'ce'f shSystem M21  UnpavedArea M54  Rooftop Habitat
M17 Urban Water Channels grotorestry M22 Infiltration Strips M55 Eco-Facade

MM Heavy Metal Recycling Plant
M12 Nutrient Recovery Plant
M13 Algae-based Material Hub . . . )
M33  Floating Greenhouse In fact, no matter who you are, this pattern book will provide you with
M34 Buildings on stilts/(partly) in water . . . . . . . . .
. M48  Crop Variation multiple ideas and inspiration to embrace a sustainable relationship with
M38 Slow Traffic Bridge

M39  GreenWaterbus M49  Integrated Waterfowl Farming water in future urban development.
M40 Wild Trail M50  Mixed Aquatic Cultivation

M41 Wood Deck M55  Eco-Facade
M43 River Terrace Green Belt MGOT  Helophyte
M44 Swamp Forest

M45 Wet Meadow

MGO2 Floodable Wetland

M23 Open Green Space
M32 Floating Housing
M33 Floating Greenhouse

EVERYONE MATTERS in such a change!




PRINCI PI_ES 69p3g618_29 Basic design principles for a water-

oriented urban development

ACT'ONS C? page24-57 Actions needto be taken to tackle

the water challenges.
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Rainwater Grey Water Smart Manure as Wastewater
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Measures are concretized ways to realize
the actions on the previous pages.
Measures contributing to the same action
may have different performances.

MEASURES
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LEVERAGES AND PROGRAMMES
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PO1Circular Water Loop

Hypothesis

Closing the water loop helps us to save
clean water and manage the water
resource more efficiently.

Theoretical Back-up

Clean wateris a precious source forhuman transmission and treatment of water
society. It isimportant to close the water should also be part of the circular water
loop in the production and consumption economy(Sebastien Sauve, et al, 2021).
activities where more reuse, reduction

and recycling strategies should be

adopted(Arup,2018). Additionally, there are

opinions pointing out that the environmental

footprint generated by the production,
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Hypothesis

Having access to sustainable water
sources(such as rainwater and
recycled water) reduces clean water
consumption and mitigates the risk
of water scarcity.

Practical Implication

In addition to centralized drinking water
sources, it is wise for communities or
industrial zone to consider their own
decentralized backup water sources, such
as rainwater harvesting(AOTl) and grey water
recycling(AO2).

A certain degree of mixed land use could
facilitate the process. For instance,
combining residential zone and agricultural
zone together could promote to reuse of
wastewater forirrigation(AO5).

P11 Sustainable Water Supply

This patternIncludes:

AOT

AO2

Hypothesis

A circular agricultural production
system is essential to handle
the water-scarcity challenge
and minimize the impact of food
production on the biophysical
environment.

Practical Implication

One of the simplest ways to realize a circular
agricultural system is via recycling water(AO5
Wastewater to irrigation) and nutrients(AO4
Manure as Fertilizer) in the agricultural
production process. This will save resources
such as synthetic fertilizer and fresh water, but
also avoids soil and water pollution caused by
nutrient leakage.

Meanwhile, using new technology(AO3 Smart
Irrigation) to reduce fresh water consumption
in the agricultural production process offers a
long-term solution to feed the growing world
population.

P12 Circular Agricultural Production

This patternIncludes:

My
=B
AO3

AO4 AO5
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Hypothesis

Full use of raw materials and water
resources allows for a healthy and
future-proof industrial sector.

Practical Implication

A healthy industrial sector should not be
based on overproduction and consumption.
Instead, a long-run commitment to the
environment is significant. It requires the
circular consumption of water and other
raw material. This involves establishing a
series of new waste recycling and treatment
infrastructures(AO6 Industrial Wastewater
Recycling, AO7 Productive Wastewater
Treatment) that helps business owners to
adapt to the change.

In this process, innovation and knowledge
sharing activities are also important,
especially for small and middle-sized
companies. This could be realized by
launching different knowledge exchange
and education programmes, such as PGO9
CircularInternship Programme, PGO7 Circular
Knowledge Forum, and PG10 Vocational
Education.

P13 Circular Industrial Production

This patternIncludes:

AO6

PO2 Water Sensitive City

Hypothesis

Our future city ought to be water-
sensitive enough to get prepared for the
increasing extreme flood events brought
by climate change.

Theoretical Back-up

Instead of working against nature, the water  and natural-based solutions, many of the
management infrastructure in cities should  water-related risks could be cut down(UN-
be more resilient to handle the climate  water, 2018).

challenges in the future. By combining

existing grey water management methods

23



P21 Water Network Reviving

Hypothesis

Reviving the water network in the
region not only contributes to a
climate-proof water system but also
strengthens the city's image and
culturalidentity.

Practical Implication

Water network reviving includes making
more room for rivers(AO8) and revitalizing
the surface water network(AQ9) in the
cities. The latter can serve as a delayed
pathway for water in parallel with the
underground drainage system and has
the potential to be further combined with
other types of natural-based solutions
such as helophyte filters or bioswale.

At the same time, a water network is
also essential for cities with a history or
tradition with water, reviving waterways
inurban areas and integrating them with
public spaces offers chances toimprove
residents' attachment to water as well as
their belongings to the cities.

This patternIncludes:

AO8

Hypothesis

Delaying the stormwater by
infiltration and on-site storage cut
down the run-off load during intense
flooding and thus preserves the
cities from waterlogging problems.

Practical Implication

Delaying stormwater includes using the
vegetation to take in orintercept more
water(A10 green defence), improving
infiltration(All groundwater recharging)
and creating more retention zone(A12).
All of this assists to remove the burden
on the grey drainage system and
maintaining the balance of the natural
watercycle.

P22 Delaying the Storm Water

This patternIncludes:

A10 ATl Al12
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P23 Adapt to Major Flood Level

Hypothesis

Adapting the building to the
increasing flood level is the way to
live with changing climate.

Practical Implication

When densifying In a low-lying zone, new
building prototypes can be introduced
to minimize the loss of private property
caused by flooding. Depending on the
budget, this can be done by building on
the top of water directly(Al3) or adjusting
the ground floor(Al4) function or form of
the buildings.

This pattern Includes:

Al4

Hypothesis

Seeing surface water as an inseparable
part of the ecosystem is crucial to a
sustainable future.

Theoretical Back-up

Since the city has beenregarded as the root
of environmental problems, it now should
search forits solutions to act and perform
sustainably as an ecosystem (Tillie,2018) to
face the upcoming challenges. By shaping
the living environment to satisfy the demand
of the ecosystem, future urban areas should
be itself function as an ecosystem. In this

PO3 Ecologically Sound Waterscape

sense, the waterway in the urban area should
also carry out its ecological function. This
not only concerns biodiversity inside the
water body but also contains the ecosystem
of the embankment and even the quality of
groundwater that constantly flows into the
surface water system.

27
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P31 Footprint Minimizing

Hypothesis

Only by minimizing our disturbance
to nature can make sure the nature’s
flourishment.

Practical Implication

Minimising human’'s negative influence
on nature serves as the foundation of
ecosystem regeneration. This can be
done by prohibiting or limiting human
activities in areas that are restored for
nature( Al7 Keep nature wild). This also
concerns pedestrianizing more urban
spaces(Al5) and promoting green
transportation(Al6), so that further
emissions into the surface water,
air(which indirect cause water pollution
in the form of acid rain), and soil (which
affects the groundwater quality)could be
inhibited.

This pattern Includes:

f
o
Al5 Alé

Al7

Hypothesis

A riparian zone acts as an ecological
engineer for river health by
delivering a range of ecosystem
functions(Singh et al., 2021).

Practical Implication

The riparian ecosystem has its own
transitional natural characteristics(Nicola
et al.,, 2011) and concerns the survival and
health of all types of animals that either
nest next to the water, hunt for food in
the water or breed in the shallow riparian
zone. So, regenerating the ecosystem
from upland to wetland needs to choose
suitable types of local vegetation
instead of purely planting monotonous
vegetation along the river(Al8 Wetland-
Upland Transition). In the rural riparian
areas, agricultural production should also
learn to obey the natural food chain(Al9)
and contribute to local biodiversity. In
the urban area, a connecting biotope
network(A20) within the city should be
established to boost the ecosystem
within the urban area as well as the health
of the water system.

P32 Riparian Ecosystem Regeneration

This pattern Includes:

Al8 A19 A20

29
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LEVERAGE
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for a systemic change
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1.
ACTIONS

for a healthy
water system

Find the right actions to
take based on the aims and
situations.
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AO1 Rainwater Harvesting

Hypothesis

Collecting rainwater and using
it as an alternative source offers
a simple and effective pathway 20
to embracing sustainable water o ¢
consumption.

Theoretical Back-up and Practical Implication

Rainwater harvesting involves the collection  but may also have an impact on mitigating flood
and storage of rainwater with help of artificially  riskif combining the water storage function with a
designed systems. Yet usually done in a retentionspace(Al2).

centralized way(MOT), but it is also encouraged

on a neighbourhood scale (MO2) or even onina

private backyard. Such effort not only make a

change in handling the water scarcity challenge

Links with other patterns
Generalized by:

P
Sustainable &@

Water Supply

Co-exist well with:

Concretized by:

E

MO1 MO2 A12

AO02 Greywater Recycling

)/
Hypothesis ‘;1\ E )
: SO (2
Grey water recycling allows us to Ti ‘ m e
L4
A

handle the challenge between
population growth and the
uneven distribution of wastewater
resources.

~
W
\

Theoretical Back-up and Practical Implication

Greywater includes the household wastewater  methods(M10) to constructed wetlands(MO3).
from showers, hand-washing basins, laundry,

washing machines, and kitchen sewage, which  Also, the grey water from households can be
contributes to 50%-80% of the total domestic  recycled directly by the agri-food sector,
water consumption volume and can be easily  considering the nutrients init. Certain wastewater
reused after simple treatment(Filali et al.,2022) inthe industrial process, such as car washing, can
Greywater can be treated in multiple alsobereused.

ways, ranging from mechanical treatment

Links with other patterns
Generalized by:

Concretized by:

P11 m!
Sustainable ®
Water Supply

MIO MO3

39
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AO03 Smart Irrigation

Hypothesis [ \
oD

Smart irrigation maximizes 4\
water consumption efficiency P8 ]
by reducing water waste while )

[ )

maintaining plant health and quality
to ensure food security.

Theoretical Back-up and Practical Implication

Smart irrigation relies on the weather data or soil ~ temperature in order to optimize the smart water
moisture data to determine theirrigationneed of ~ consumption.

the crops(Malarie Gotcher et al., 2017). It can be

done in open field production with an automatic

irrigation system(eg. MO5 smart paddy field),

while indoor vertical farming(MO4 Hydroponic

Vertical Farming) offers more desired conditions

to control the soil moisture, air condition and

Links with other patterns

Generalized by: Concretized by:
P12 [ o]
Circular %%r
Agricultural

Production MO4 MO5

- AO04 Manure as Fertilizer

Hypothesis
Y PN
Manure, as a natural by-product of evEEEERI (-,
. 0 . - ‘
the livestock sector, is a valuable N .
source to offer nutrients to plants UL .
and thus can be used as ideal » . -
fertilizerif recycled properly. PN ¢
L5 G

Theoretical Back-up and Practical Implication

Animal manures contain multiple nutrients that
support the growth of crops. Meanwhile, it is a
prerequisite to maintaining the health of the soil

concentrate which can replace artificial fertilizer.
Another way is integrating the farming of fish and
livestock with crop farming(See M0O6 Rice-fish

(Leenstraetal., 2019). System, MO7 Agroforestry), where the manure
candirectly berecycled.

Manure or slurry can be recycled in multiple ways.

One is collecting the manure from livestock

farming fields and processing them into a

Links with other patterns

Generalized by: Concretized by:

P12

Circular ﬁ

Agricultural

Production MO6 MO7 MO9

41



AO05 Wastewater to irrigation AO06 Industrial Wastewater Recycling

Hypothesis Hypothesis

Recycling wastewater provides
areliable water source for
agricultural production and
controls the potential emissions
to surface water by wastewater
discharge.

Though dirty and toxic it seems,
there are precious elements in
industrial wastewater that ought to
be fully recycled and reused.

50 —G—
e —fg— *

Theoretical Back-up and Practical Implication

22
bao»@g \

Theoretical Back-up and Practical Implication

Nowadays, the discharge from many waste
treatment plants is still rich in nutrients and can
cause eutrophication to a water body, but It is
safe touse them as awaterresource forirrigation.
It is also a common idea to use greywater to
irrigate, especially bringing benefits to the
domestic practice.

However, when applied on a larger scale for

agricultural production, it is still suggested to
pretreat the greywater in advance to cater to the
different needs of crops (Filaliet al.2022). This can
be more easily realized in irrigation water reusing
greenhouses(M0O8) or greenhouse complexes
(MO9) where the wastewater flow can be better
controlled. But it is still possible to realize this
by directly integrating fishery with paddy field
farming(MQ6).

There are multiple ways to make water
consumption more circular based on different
types of manufacturing and it can be done either
within a single factory orin a collective way.

For example, in a car manufacturing factory,
water consumption rinsing, washing or cooling
can easily be recycled again after purification in a

grey waterrecycling plant(M10).

In terms of other toxic wastewater, sharing
wastewater treatment facilities could be
considered, such as nutrient recovery plant(M12)
or heavy metal recycling plant(M11) to stimulate
the reuse of the elements inside the wastewater
and facilitate wastewaterrecycling.

Links with other patterns
Generalized by:

Links with other patterns
Generalized by:

P11 _ P13
Sustainable ﬁ- @ Circular

Concretized by: Concretized by:

Water Supply Industrial

P12 MO8 M09 MO6 Production MIO M
Circular

Agricultural
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AO7 Productive Wastewater Treatment AO8 Give Back Room to River

Hypothesis Hypothesis

Water ¢
Shifting away from wastewater
treatment plants to water resource
recovery facilities allows for an
environmentally and financially ‘
sustainable wastewater treatment

sector.

Giving back more natural space
around the river helps us prepare
for uncertain future climate
challenges.

=== Biomass

Theoretical Back-up and Practical Implication Theoretical Back-up and Practical Implication

Traditionally, wastewater treatment is all about
removing the contaminants from the water in
order to discharge it safely to the environment.
However, it is high time to rethink how different
ingredients could be recovered from this
process. (World Bank,2020)

There are multiple choices for recovering

different resources from wastewater. It can be
processed by a physical or chemical method
which may generate heat for the surrounding
neighbourhood at the same time(M12 Nutrient
recovery plant). A biological pathway is also
becoming more popular as an easy way of
harvesting a large amount of biomass(M13 Algae-
based material hub).

Nature dynamics provides us with more
adaptable solutions to face climate challenges.
Making room for rivers could reduce the water
level of excess flows when exposed to large
floods and simultaneously contribute to water-
related biodiversity which improves water quality
(Deltares,2013).

To handle the tidal flooding of a river, removing
the existing dikes(M14 setback dike) and lowering
floodplains(M15) is usually the first step, and it
might involve relocating residents or restoring
farmland to wetland. This will lead to a floodable
wetland zone that might bring further tourism and
recreational functions. Meanwhile, creating a new
river arm(M16) could also be considered where

Links with other patterns
Generalized by:

Links with other patterns
Generalized by:

Concretized by:

Concretized by:

P13 P21

Circular Water Network K y

Industrial Reviving G

Production M12 M13 MGO2 M14 M15 Ml6
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Qﬁt‘ A10 Green Defense
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Hypothesis Hypothesis

Creating alternative water channels
in parallel with the existing
underground water network
mitigates the pressure on the water
management system during heavy
flooding.

Vegetations act as an effective
defence in flash storms and they
take in rainwater and protect the
soil from erosion.

Theoretical Back-up and Practical Implication Theoretical Back-up and Practical Implication

Inurban areas, an open drainage network could
be established by different forms of channels.
This includes urban water channels(M17), gutters
(M18), and natural ditches(MG03).

Natural ditches are the most ecological-friendly
choice. However, it takes more space and might
not be applicable in many urban contexts if not

integrated by a green corridor or community
parks. In this case, urbanwater channels are more
suitable for commercial or other types of public
spaces while more budget would be spent on
design and maintenance costs. Gutters can be
an alternative choice and it is easy to be installed
along with the pavement while the ecological and
esthetic valueislimited.

Creating green defence firstly involves planting
trees whose canopies(M19) intercept and in-
take rainwater. It is especially efficient when
handling flash stormwater in a short period,
while the performance of different types of
trees could differ. Especially in mountainous or
embankment areas, reinforcing the slopes with
vegetation(M20) could prevent landslides from

happening during heavy stormrain.

At the same time, vegetations offer other benefits
such as providing shades, cooling, increasing
moisture, taking in carbon dioxide emissions
and mitigating air pollution. So introducing
more urban trees and vegetation might achieve
many things in one stroke for cities. However, it

Links with other patterns
Generalized by:

Links with other patterns

Concretized by: Generalized by: Concretized by: Co-exist well with:

P21 P22
Water Network — Delaying the
Reviving Storm Water

MGO3 M17  MI8

M20 M16 M43

46 47



Hypothesis

Improving Infiltration in the
built-up areas ensures a stable
underground water level and also
helps citizens get rid of water
nuisance during the rainy days.

To recharge groundwater, making room for
unpaved areas(M21) is usually the effective and
intuitive measure to consider. On a city scale,
open green(M23) in urban areas is necessary. In
areas where pavement is unavoidable(such as
industrial zone, cycling and pedestrian path, and
public plaza), permeable material(M24 permeable
pavement)should be considered.

In densely built-up areas where urban
waterlogging happens from time to time,

A1l Groundwater Recharging

Theoretical Back-up and Practical Implication

infiltration of rainwater needs more artificial
management. In such cases, infiltration
stripes(M22), infiltration boxes(M26) and
infiltration pipes(M27) could be implemented to
assist the infiltration process. Also, a crawlspace
or basement space might also affect the
infiltration process. As a result, large scale
horizontal buildings, especially industrial buildings
could be built without a crawlspace(M25).

& A12 Retention Zone

Hypothesis

Enough retention spaces allow the
rainwater to stay during extreme
flood events and minimize the
pressure on the drainage system.

Theoretical Back-up and Practical Implication

There are many forms of retention space. Some
of them already have permanent water storage
capacity, such as a retention pond(M28), which
has a permanent pond area that could be used for
future consumption(M0O2, Community Rainwater
Storage Space) but also provides additional
storage capacity to buffer extra rainwater during
flooding events (NWRM,2015). Moreover, a natural
ditch or an urban canal, if properly designed to
allow a fluctuation in water level, can also work as
aretentionzone.

Other retention spaces might also be referred
to as ‘detention spaces’. They are usually dry
during the sunny period, but they can quickly
be turned into a rainwater buffer during storm
events. These include floodable wetland(MGO2),
bioswales(MG04), amphibious park(MG05),
rainwater square/sports field(M29), Retention
roofs(M30), Storage below buildings(M31). In this
way, they maximize the utilization of space and
improve the flood resilience of cities.

Links with other patterns
Generalizedby:  Concretized by:

Links with other patterns

Generalized by: Concretized by: Co-existwell with:

P22 4. 4 P22
Delaying the W Delaying y \ ,;,f’
Storm Water the Storm :
M21 M22 M23 M24 M25 M26 M27 MGO3 MGO4 Water MGO2 MGO4 MGOS M29 M3O M3 MO2
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a A13 Build on Water

A\~
g
Hypothesis

Using new technology and
construction method allows
buildings to float and protect the
vulnerable region threatened by
climate issues frominundation.

[ o o ol a g g gV W W S T W ¥ V3

Theoretical Back-up and Practical Implication

Building on top of the wateris not an old concept.
No matter in prehistoric pile dwellings around the
Alps orin the south area of China, buildings on
stilts (M34) were popular already in the ancient
world and stillhave a value today.

Modern technology also offers us new
solutions. In Amsterdam, a floating housing(M32)

Links with other patterns
Generalized by:

P23
Adapt to Major
Flood Level

Concretized by:

programme called Schoonschip has already
been realized to adapt to sea-levelrise. This
floating building prototype is also possible to
be considered for other types of functions, such
as a floating greenhouse(M33) to secure future
agricultural production under climate impact.

M32 M33 M34

Hypothesis

Adjusting the form or function of
the ground floor of a building could
secure the safety of residents and
minimize the impact on residents’
private property.

ﬁ A14 Ground Floor Adjustment

Theoretical Back-up and Practical Implication

The ground floor is usually the most vulnerable
level of a building during flood events. To
improve the water safety of the building, raised
construction(M36) is the most effective way to
safeguard the residents inside. Another measure
to cut down the flood risk is to use the ground
floor as a flexible public space(M35). It can be
used to hold public activities or bicycle storage

Links with other patterns
Generalized by:

P23
Adapt to Major
Flood Level

Concretized by:

on normal days. During emergencies, it can be
prepared for flooding. When the budgetis limited
or in areas where flooding is less often orintense,
sealable buildings(M37) could be a choice to
handle the water nuisance.

M35 M36 M3/



Hypothesis

Giving more public space to
pedestrians reduces the usage of
cars and provides the possibility
to embrace a more ecologically
friendly and socially just living
environment.

The emissions caused by cars have already
caused dramatic damage to the air, soil and
water. Thus, restricting the use of cars in certain
areas of the cities(such as riverfront areas and
natural reserves) are critical move to protect our
sensitive ecosystem. For example, a slow traffic
bridge(M38) could be encouraged in the city to
take the place of amotorway bridge.

Nextly, the car-oriented paradigm is also a major
barrier when transiting toward a water-oriented
city. The car-oriented urban not only affects
permeability but also takes up many urban

A15 Pedestrianized Public Space

Theoretical Back-up and Practical Implication

spaces that could have been used for more
meaningful functions with ecological and social
value.

By promoting a pedestrian-friendly district, many
water-oriented measures become possible.
The usage of the permeable pavement(M24) is
just the first movement. Actually, when a street
or other public plots are no more designed
for cars or car parking, more spaces could be
freed up for water-oriented elements, such as
bioswales(MG04), rainwater square(M29), wet
biotopes(M52) and amphibious parks(MGQO5).

Hypothesis

Embracing public transport
reduces the contaminations
caused by fossil-fueled vehicles to
air, soil and water.

+
) A16 Low-carbon Public Transport

Theoretical Back-up and Practical Implication

To transit from a car-oriented city toward a
sustainable city, a strong public transport
network is essential to enable people to
commute conveniently. This includes metros,
trams and buses. Especially, in cities where
the waterway network is dense enough, water
buses(M39) powered by green energy could be
considered in parallel with other modes of public
transportation. In this way, people could get close

to the water and appreciate the accompany of
waterin their daily life.

Note: Further experience could be learnt
from Dutch cities, such as Rotterdam, where
waterbuses and ferries have been an important
part of public transportation.

Links with other patterns Links with other patterns

Generalized by: Concretized by: Complementary: Facilitating: Generalized by: Concretized by:
P31 P31
Footprint MGO4 MGO5 Footprint
Minimizing Minimizing
M38 M24 @ M39



Hypothesis

Nature is not anyone's private
backyard. Keeping it wild and
respecting its rhythm is the way to
live with it.

Theoretical Back-up and Practical Implication

Though many natural reserves allow visitors, the
impact of human activities should be minimized
as much as possible. The most important is to
create a buffer zone(M42) to limit human activities
outside certain areas for the sake of wildlife. In
spaces where tourists are allowed, interventions
should be delicate enough to keep the original
soil and water linkage in the ecological zone. In
certain vulnerable ecological zones, especially
wetlands or jungles where ground layers are
more sensitive, wood decks(M41) should be
implemented. In other situations, a wild trail(M40)

A17 Keep Nature Wild

rather than a paved pathis suggested to keep the
wildness of nature.

Meanwhile, this action is not only suitable for
natural reserves. In fact, even in urban areas,
keeping nature wild is also important for creating
arobust ecological network. For example, wood
decks could also be used when designing a
community amphibious park(MGO5) and other
types of wet biotopes(M52).

Hypothesis

Naturally, the transition from
upland to the wetland is
complicated and is supported by
multiple types of vegetation and a
gradientlandscape.

Theoretical Back-up and Practical Implication

The formation of the riparian zone is a long-term
geographical movement, where the natural
landscape also evolves based on humidity and
soil types. Thus, a gradient change of vegetation
species could be found next to the river from
upland to wetland.

Such natural riparian landscapes could differ
from river to river, but also different sections of
one river. For example, some of them go through
avalley surrounded by a steep slope(usually in the
upstream or middle stream), where ariver terrace

A18 Wetland-Upland Transition

green belt(M43) could be established. Others
shape large and moisture floodplains, where
swamp forests (M44), and wet meadows (M45)
grow and flourish.

However, no matter many large rivers or small
streams, they all have littoral spaces(M46)
where the water level fluctuates in between,
the ecological condition of which is the most
sensitive and significant. Hence, it should be
emphasized when regenerating the ecosystem
of the surface water.

Links with other patterns
Generalized by:

P31
Footprint @ @
Minimizing

M40 M4l M42

Links with other patterns
Generalized by:

P32

Riparian
Ecosystem
Regeneration

Concretized by:

Concretized by:

M43 M44 M45 M46 MGO2
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Hypothesis

Regenerating the natural food
chain in agricultural production
improves the resilience of the local
ecological network and maximizes
the use of nutrients.

Theoretical Back-up and Practical Implication

Farmland could function as an ecosystem where
crops and livestocks have their own ecological
niches. However, modern farming methods have
largely destruct many of the natural cycles in
the agricultural production process where input
from pesticides and synthetic fertilizer become
ubiquitous.

To restore the ecosystem in farmland, one
common method is to diversify the crops in
the farmland(M48 Crop variation). In the polder
production zone, ecological polder canals are

A19 Revive Natural Food Chain

recommended to accommodate more diverse
species in the polder landscape. By adopting
integrated waterfowl farming(M49) and mixed
aquatic cultivation(M50), the surface water
ecology network in a polder agricultural zone can
be strengthened.

Combining livestock farming and crop farming
canalso contribute to the ecosystemiif less yield-
oriented, such as the rice-fish system (M06) and
other types of agroforestry(MQO7)

Hypothesis

Cities are not only homes for
humans. A well-connected urban
biotopes network gives home to
different types of flora and fauna
and keeps a strong ecosystem of
cities.

Theoretical Back-up and Practical Implication

Green and blue spaces are interdependent in
urban areas to form a flourishing ecosystem.
Thus, creating a strong urban biotopes
network, especially along the water network
is also fundamental for riparian ecosystem
regeneration.

There are many ways to strengthen the urban
biotopes network. Freeing up more open
soil areas(M51) for nature is the foremost
step. When designing urban green spaces,
vegetation diversity(M53) should be emphasized.

A20 Urban Biotopes Network

Reproducing wet biotopes(M52) in urban areas
brings the possibility for aquatic and amphibious
species to stay in an urban context. Moreover,
birds and insects should also be given attention
by providing them food and spaces with rooftop
habitats(M54) and eco facades(M55). All these
small creatures could strengthen the resilience
of the ecological network of the cities and
contribute to the long-run sustainability of water
ecology.

Links with other patterns
Generalized by:

Links with other patterns

Concretized by: Co-exist well with: Generalized by: Concretized by: Contains

P32 P32
Riparian ,@529 ﬁ Riparian
Ecosystem Ecosystem

Regeneration M48 M49 M50 MO7 MO6 Regeneration M52 M54 M55
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MO1 Protective Centralized
Drinking Water Source MO1

MO1

Hypothesis

Protecting natural water
sources is a crucial step to
guarantee the basic drinking
supply of a city.

Dongpu Reservior by Hefei Environmental Pr(,)l‘:,‘:tgli;:. etitution
Links With Other patternS https://m.huanbao-world.com/list.php?tid=119
Contains: . . .
MGO1Helophyte, Transferability I E B Contributionto SDG's
MGO8 Emergent Vegetation
High transferability to other areas SUSTAINABLE noswmon | 13 Rnov 15 oo
n " : DEVELOPMENT
Contribute to Principle: GOALS
Potential Facilitators P11 Sustainable Water Supply o
Contribution to Water System
Hydrology or meteorological services Complementary:
e . A17 Keep Nature Wild, Water Safety [l [l
*Tourism Sector: when visitings are M42 Buffer Zone _
allowed according to ecological - Water Quantity [l Ill Il Il
condition. Facilitated by:
PGO2 Public Park for All Ages, WaterQuality Il

PGO3 Nature Explorationroute
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M02 Community Rainwater

MO?2 Storage Space MO?2

Hypothesis

Having access to
decentralized rainwater
storage space allows local
community to have enough
water supply in dry period.

Links with other patterns

Contains: o '
MGO1Helophyte, Transferability Il E B Contributionto SDG's
MGO8 Emergent Vegetation
High transferability to other areas SUSTAINABLE noswmnoe § 13 Knov
) DEVELOPMENT
_ N Conponents of Action: OALS
Potential Facilitators AQTRainwater harvesting o
Contribution to Water System
In Residential Zone: Coexist wellwith:
Neighborhood committee M28 Retention Pond Water Safety
Localresidents .
In Production Zone: Facilitated by PG02,PGO1 WaterQuantity [l H B

Agrifood Sector, Industrial Sector

WaterQuality HIHH
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MO03

Hypothesis

Using constructed wetland to
purify contaminated rain
water and grey water helps
enhance perception of space
and create awareness of
waterrecycling.

Links with other patterns

Complementary: il Contributionto SDG's
MGO1Helophyte, Transferability [l HHHEHE

o High transferability to other areas SUSTAINABLE ASHTATON AOWELBENG
Alternative: DEVELOPMENT

M10 Grey Water Recycling Plant GOAL
Contribution to Water System

Potential Facilitators

‘ Contribute to:
Waste Management Services

AO2 Grey Water Recyclin
Neighborhood committee g e Water Safety
Localresidents el
‘ y: :
Agrifood Sector PGO2 Public Park for all ages Water Quantity Il Il l
Industrial Sector PGO8Cooperative Living Lab

Water Quality EERER
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MO04

Potential Facilitators

Agrifood Sector

Local Farmers

Innovators and Engineers
Knowledge Institutes

Hydroponic Vertical Farming

Hypothesis

Vertical farming saves the
land, water and increases
crop yields drastically and
is regarded as the future of
agriculture production.

Links with other patterns

Contribute to:
AO3Z Smart Irrigation

Facilitated by:

PGO5

Circular Production Open Day
PGO7

Circular Knowledge Forum
PGO9

Circular Internship Programme
PGIO

Vocational Education

Transferability

Technology and incentives needed.

Contribution to Water System
WaterSafety [l

Water Quantity |l Il H

Water Quality |

Contributionto SDG's

ZER0 12 RESPONSIBLE
SUSTAINABLE HUNGER CONSUMPTION
DEVELOPMENT ANDPRODUCTION

)

GCALS ﬂ'“ QO
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(o) MO5
Smart Paddy Field

Potential Facilitators

Agrifood Sector

Tourism Sector

Local Farmers

Innovators and engineers
Knowledge institutes

Hypothesis

Reducing water waste in
paddy fields is essential to
provide stable nutrients to
the populace in Asia under
climate change.

Links with other patterns

Complementary:
M47 Ecological Polder Canal

Alternative:
MO6 Rice-fish System,
M49 Integrated Waterfowl Farming

Contribute to:
AO3Z Smartirrigation,
AO5 Wastewater toirrigation

Facilitated by:

PGOS5 Circular Production Open Day
PGQO7 Circular Knowledge Forum
PGO8 Cooperative Living Lab

PGQO9 Circular Internship Programme
PGI10 Vocational Education

Transferability

Suitable for rice farming countries;
Knowledge andincentives needed.

Contribution to Water System
WaterSafety [l B

Water Quantity |l Il H

Water Quality |

Photo source

Smart Paddy Field System, by Century Ruitong, https://zhuanlan.zhihu.com/

Contributionto SDG's

IERO 12 RESPONSIBLE
SUSTAINABLE HUNGER CONSUMPTION
DEVELOPMENT ANDPRODUCTION

GOALS ﬁv“ QO

p/393404262

MO5
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MO06

MO6 Rice-fish System MO6

Hypothesis

The rice-fish system is a highly-
valued historical farming
method which optimizes the
resource flows in the field. It
brings economic, social and
environmental benefits to rural
areasin Asian countries.

Rice-fish Farming Experime

Links with other patterns . e
Complementary: Transferability Contributionto SDG's
M47 Ecological Polder Canal
‘ ‘ Applicable for south-eastern Asia while SUSTAINABLE i 12 S [ 15 o
. - Alternative:MO5 Smart Paddy Field incentives and knowledge are needed. E&ng (W ANDPRODUCTION "::
Potential Facilitators : . " A 4 CO —
Contribute to:AO4 Manure as Fertilizer Contributi to Water Svst —
,A19 Revive Natural Food Chain ontrioution to Water system
Agrifood Sector
Tourism Sector Facilitated by: Water Safety [l
Local Farmers PG04 Agro-tourism,
Knowledge Institutes PGO9 Circular Internship Programme Water Quantity [l
Ecological Department PGI10 Vocational Education

WaterQuality [l H
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MO07

/2

Potential Facilitators

Agrifood Sector
Tourism Sector

Local Farmers
Knowledge Institutes
Ecological Department

MO07
Agroforestry

Hypothesis

By integrating trees, shrubs
into crops and livestock
farming, it provides the
farmers with opportunities
of a healthy long-term
production.

Links with other patterns

Complementary:
M48 Crop Variation

Contribute to:A04 Manure as
Fertilizer,A19 Revive Natural Food
Chain

Facilitated by:

PGO4 Agro-tourism,
PGO9CircularInternship Programme
PGI10 Vocational Education

Transferability

Knowledge and incentives and
cooperation are needed.

Contribution to Water System
WaterSafety [l B

Water Quantity [l

WaterQuality [T

Photo source
Agroforestry for poultry systemsin the Nethe s, AGFORWARD, https://www
agforward.eu/agroforestry-for-poultry-systems-in-the-netherlands.htm

Contributionto SDG's

IERO 12 RESPONSIBLE 1 LIFE
SUSTAINABLE HUNGER CONSUMPTION ON LAND
DEVELOPMENT ANDPRODUCTION

GCALS K'“ QO i

Furtherreading: https://www

agroforestry-frequently-as

sda.gov/topics/forestry/agroforestry/
ed-questions

MO07
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MO8 Irrigation Water
MOS8 @ Reusing Greenhouse
el e R

Hypothesis 4 .
Mo SW [T

‘:“'l-a

Circulating the water flow
in greenhouse is vital to get
rid of intensive fresh water
consumptioninhorticulture

Photo source
By Greenhouse Management
https://www.greenhousemag.com/article/why-we-need-horticulturists-wapost/

Links with other patterns

Complementary: Transferability Contributionto SDG's
MO4 Hydroponic Vertical Farming
Technology and incentives needed. susTANABLE AT
Contribute to: EVEEOAWE’g ANDPRODUGTION
. . AO5 Wastewater toirrigation
Potential Facilitators : o QO

Facilitated by:PGO7 Contribution to Water System

Agrifood Sector Circular Knowledge Forum

Local Farmers PGO9 Water Safety ]
CircularInternship Programme
PGI10 Water Quantity [l 1

Vocational Education

Water Quality |
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M09
Greenhouse Complex

Hypothesis

Accommodating more
human activities and livestock
farming functions in the
greenhouse allows for a more
circular water utility in the

greenhouse.
Photo source
MILAN EXPO HORIZONTAL FARM // FIRST PRIZE Ex Aequo - Christian Sibilde issahm Jijakli, Klaus Ralph, Edrisio Bruletti TAW\E)&%:\)(LZ UM
LlnkS W|th Other patterns http://awrcompetitions.blogspot.com/2016/10/milan-expo-horizontal-farm-first-prize.htm
Complementary: Transferability Contributionto SDG's
MO4 Hydroponic Vertical Farming
Knowledge and incentives and =l 1 %ﬁﬁﬁh
Contribute to: cooperationare needed. DEVELOPMENT
. . AO4 Manure as Fertilizer. GOALS
Potential Facilitators CX)

AOS Wastewaterto irrigation Contribution to Water System

Agrifood Sector Facilitated by:

Tourism Sector PGO5 Circular Production Open Day, Water Safety N

Local Farmers PGO6 Urban Farming

Innovators and Engineers PGO8Cooperative Living Lab Water Quantity [l 1

Housing developer
Water Quality [l
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M10

M10 Grey Water Recycling Plant

M10
@ Hypothesis

A community mechanical
grey water recycling plant is
efficient to allow the industrial
zone to reuse the grey water
from the whole district.

MILAN EXPO HORIZONTAL FARM // FIRST PRIZE Ex Aequo - Christian Sibilde, Haissa

Links with other patterns ttp://awrcompetitions.ologspot.com

Alternative: Transferabi“ty . . . . Contributionto SDG's
MO3 Constructed Wetland
High transferability to other areas with SUSTAINABLE LT
Contribute to: certain cooperation I%E;V;hcx’lfg
Potential Facilitators AO2 Grey Water Recycling, o E

AO6Industrial Wastewater Contribution to Water System

Municipal utilities management Recycling

Waste Management Services - Water Safety

Industrial Sector, Local Factory Owners Facilitated by: |

Neighborhood committee PGI0 Vocational Education Water Quantity BEER R

Localresidents

WaterQuality
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MI1

2

Potential Facilitators

Industrial Sector

Waste Management Services
Local Factory Owners
Innovators and engineers
Knowledge institutes

80

Heavy Metal Recycling Plant

Hypothesis

A heavy metal recycles plants
recover valuable elements,
mitigating pollution risk from
industrial production.

Links with other patterns

Contribute to:
AO6
Industrial Wastewater Recycling

Facilitated by:

PGO5

Circular Production Open Day
PGO9

Circular Internship Programme
PGIO

Vocational Education

Transferability

Incentives,technology, investment and
cooperationneeded.

Contribution to Water System

Water Safety
Water Quantity [l

WaterQuality HIHH

: vironmental Protection Te ology Co,, Ltd
https ww.12345ep.com/product-item-12.htr

Contributionto SDG's

SUSTAINABLE 12 Gowneron
DEVELOPMENT ANDPRODUCTION
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M12

Potential Facilitators

Agrifood Sector

Industrial Sector

Municipal utilities management
Waste Management Services
Knowledge institutes

82

Nutrient Recovery Plant

Hypothesis

A nutrient recovery plant
is a choice for sustainable
wastewater treatment, where
phosphorus is harvested while
extra heat is generated as

energy supply.

Links with other patterns

Contribute to:
AQ7

Productive Wastewater Treatment

Facilitated by:

PGO5

Circular Production Open Day
PGO9

Circular Internship Programme
PGIO

Vocational Education

M12

https://www.mogroup.com/corporate/media

Transferability B

High transferability to other areas with
certaininvestment needed.

Contribution to Water System
Water Safety

Water Quantity [l

WaterQuality [T

Contributionto SDG's

CLEANWATER

SUSTAINABLE AND SANITATION 12 55&?.’.%
DEVELOPMENT ANDPRODUCTION
GOALS

o |CO
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M13

M13

Potential Facilitators

Agrifood Sector

Industrial Sector

Waste Management Services

Local Factory Owners ,Local Farmers
Innovators and engineers

Knowledge institutes

84

Algae-based Material Hub

Hypothesis

Using algae in wastewater
treatment not only removes
the contamination effectively
the but also allows for easier,
faster, and cheaper biomass
harvesting. (Mehariva et al.,
2021)

Links with other patterns

Contribute to:AO7
Productive Wastewater Treatment

Facilitated by:

PGO5

Circular Production Open Day,
PGO7

Circular Knowledge Forum
PGO8

Cooperative Living Lab

PGO9

Circular Internship Programme,
PGI0

Vocational Education

Raouf,N., Al-Homaidan, A. A., & Ibraheem, |. (

Transferability

Incentives,technology, investment
and cooperation needed.

Contribution to Water System

Water Safety
Water Quantity [l

WaterQuality HIHH

Contributionto SDG's

P LT 6 Hoswmnon [ 12 Seoser 13 Wv
DEVELOPMENT ANDPRODLCTION
GOALS

¥ |0
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M14

M14 Setback Dike

Potential Facilitators

Hydrology or meteorological services
*When considering the relocation

situation: Agrifood Sector .Local Farmers
.Localresidents

86

Hypothesis

By setting back the existing
dike, more room could be
created forrivers to safeguard
the local residents during the
flooding.

Links with other patterns

Contribute to:
AO8 Give Back Room to River

Complemantary for:
MGO2 Floodable wetland
M15 Lowering Floodplain,
M16 New River Arm

Facilitated by:
PGO3
Nature explorationroute

Transferability B

High transferability while support
and administration from government
needed

Contribution to Water System

WaterSafety HIH BB
Water Quantity [l
WaterQuality I H N

Photo source:
Room fortheriver,inthe Netherlands. https://nlintheusa.com/room-for-the-river/

Contributionto SDG's

CLIMATE

1 LIFE
ON LAND

susTainaBLe NEREH
DEVELOPMENT

GOALS

87



M15
M15 Lowering Floodplain

Hypothesis

Potential Facilitators

Tourism Sector
Hydrology or meteorological services
Ecological department

88

Lowering the floodplain
creates a larger buffer
zone to accommodate the
changing water level, which
also gives the possibility for
the riverfront ecosystem to
flourish.

Links with other patterns

Contribute to:
AO8 Give Back Room to River

Need M14 Setback Dike to
complete.

Facilitated by:
PGO3
Nature explorationroute

Room for theriver, https://www.rijk

Transferability IR

High transferability while support
and administration from government
needed

Contribution to Water System
Water Safety

Water Quantity [l
WaterQuality HHHE R

CLIMATE LIFE
SUSTAINABLE 1 ACTION 1 ON LAND

DEVELOPMENT
"

s
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M16

90

M16

New River Arm

Potential Facilitators

Tourism Sector

Hydrology or meteorological services
Ecological department

*When involving irrigation function:
Agrifood Sector, Local Farmers

Hypothesis

A new river arm next to
the main channel helps to
manage the water flow, which
not only prevent the flooding
issues but has the possibility
to ensure the irrigation water
quantity.

Links with other patterns

Contribute to:
AO8 Give Back Room to River

Need M14 Setback Dike to
complete.

Facilitated by:
PGO3
Nature explorationroute

Photo source
Room for theriver,
https://worldlandscapearchitect.com/room-for-the-river-nijmegen-the-netherlands-hns-landscape-architects/#.Yl6-suhBy3A

Contributionto SDG's

Transferability B

High trangferabi\ity while support and SUSTAINABLE (B e
administration from government needed DEVELOPMENT

GOALS

CLIMATE

1 LIFE
ON LAND

Contribution to Water System
WaterSafety [l H B

Water Quantity 1l Il H
WaterQuality [T



GOODHEALTH CLIMATE
SUSTAINABLE 1
DEVELOPMENT HONEERS .

GCALS

| &>




M18

M18 Gutters

Hypothesis

Open gutters make the
] drainage system visible
again and are also a cost-
benefit choice for separating
rainwater and sewage water.

Links with other patterns

Alternative:
MGO3 Natural Ditches,
M17 Urban Water Channels

Contribute to:

Potential Facilitators AO9 Create Mutiple Channels

Municipal utilities management Facilitated by:
Housing developer A15 Pedestrianized Public Space
PGO2 Public Park forallages

*When inindustrial zone:
Local Factory Owners

94

Photo source:
Bo02 Hammarby Sjostad, Stockholm, Sweden © atelier GROENBLAUW, Madeleine d'Ersu
https://www.urbangreenbluegrids.com/uploads/022-Bo02-Hammarby-Sjoestad-003-Madeleine-dErsu-472x630.jpg

Transferability Il EEE Contributionto SDG's
High transferability to other areas susTainABLE NERESH
DEVELOPMENT

O

Contribution to Water System
WaterSafety [l W

Water Quantity [l Il

Water Quality

M18
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M19
M19 Canopies

Hypothesis

Over ten percent of the
rainfall could be captured and
stored by the canopies of
trees (Leonard, 1961).

Links with other patterns

Complementary:
Mb5J3 Vegetation Diversity

Co-exist well with:
Potential Facilitators MGO6 Wet Soil Trees

Housing developer Contribute to:
Localresidents Al0 Green Defense
Ecological department

Facilitated by:
*Wheninindustrial zone: PGO2 Public Park for allages

Local Factory Owners

96

Transferability I E B

High transferability to other areas

Contribution to Water System

Water Safety
Water Quantity [l

WaterQuality

CLIMATE LIFE

SUSTAINABLE Soonnente | 13 Reton 19 tuwo

DEVELOPMENT
o

s’
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M20

M20 Slope Reinforcement with Vegetation

Potential Facilitators

Hydrology or meteorological services
Ecological department

98

Hypothesis

Using trees and vegetation to
reinforce the slopes prevent
landslides and soil erosion
during storms and also allows
biodiversity.

Links with other patterns

Complementary:
Mb5J3 Vegetation Diversity

Contribute to:
AlO Green Defense

Co-exist well with:
M43 River Terrace Green Belt

M20

Transferability I EHEE Contributionto SDG's

High transferability to other areas sustaivaeLe BTl RGREDS

Contribution to Water System

Water Safety
Water Quantity [l

WaterQuality
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M21

M21 Unpaved Area M21

Hypothesis

Leaving as much space
unpaved as possible in the
urban area benefits infiltration
thus mitigating the flood risk.

Links With Other patterns Copenhagen, https://w sla.dk/cases/sankt-kjeld w mx wr \

Specialized by: . . . ,
M22Infiltration Strips,M230pen Transferability . . . . . Contributionto SDG's
Green Space, MGO4 Bioswales MGO5 p—
Amphibious Park M52 Wet Biotope High transferability to other areas SLE’\SIE%;IM\EIE'E 13 Sonox

£y
Potential Facilitators Co-exist well with: M51 Open Soil Area @
Contribution to Water System

‘ Contribute to:
Housing developer

All Groundwater Recharging
Localresidents Water Safety
Ecological department Facilitated by: .
PGO2 Public Park forallages, Water Quantity

PGO6 Urban Farming
WaterQuality W
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M22

Infiltration Strips M22

f _.._..~...,;-Wfltﬂ’:;g.‘

Hypothesis

An infiltration strip on the
streets can temporarily stores
the rainwater and release
it slowly into the ground

afterwards.
Photo
: : Infiltration Stripsin H g
Llnks Wlth Other patterns https://www.urbangreenbluegrids.com/measures/urban-infiltration-strips
Contains: T 1 Contributionto SDG's
ransferabilit
MGO7 Hygrophyte y . . . . .
éllée(gr%aﬁve: | Ditch High transferability to other areas S‘évﬁfé’éﬁ?h? 13 imon
atural Ditcnes
MGO4 Bioswales GUALS '@

Potential Facilitators o
Contribution to Water System

Contribute to:

Municipal utilities management :

Housing developer All Groundwater Recharging WaterSafety [l B
Localresidents . , )

Also encouraged inindustrial zone: FeciliEiise oy Water Quantity [l

Local Factory Owners PGO2 Public Park forallages,

Water Quality [l
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M23
M23 Open Green Space

Hypothesis

Open green space in the
urban area accelerate
infiltration and mitigate urban
heat island effect.

A Links with other patterns

Complementary:
M19 Canopies for Interception
M53 Vegetation Diversity

Contribute to:

Potential Facilitators ATl Groundwater Recharging

Tourism Sector Facilitated by:

Neighborhood committee PGO2 Public Park for allages,
Localresidents

Ecological department

104

Transferability I E B

High transferability to other areas

Contribution to Water System

Water Safety
Water Quantity

WaterQuality

Contributionto SDG's

CLIMATE
SUSTAINABLE soontenme | 13 Setion

DEVELOPMENT
Fay

e |

M23
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Permeable Pavement

Hypothesis

Permeable pavement
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Links with other patterns

's

Contributionto SDG

Components of:

Transferability Il EEE

High transferability to other areas

E=
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13

SUSTAINABLE CITIES

SUSTAINABLE 11 ANDCOMMUNITIES

DEVELOPMENT

Al5 Pedestrianized Public Space

Contribute to:

GOALS

abe

ATl Groundwater Recharging

Potential Facilitators

Contribution to Water System

Water Safety

s.,
()
(@)
@©

s
O
S
=
..a
yDu

Qo

2.9

oS

ap

= N

=0
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L A

Municipal utilities management

Local Factory Owners
Housing developer

Al5 Pedestrianized Public Space

Water Quantity

Water Quality
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M25 Building without a

M25 Crawlspace M25

Hypothesis

Building without a crawlspace
make sure that the
groundwater level is staying
the same below the building
which benefits waterbalance.

Photo source:
20180423 Schema Kruipruimteloos bouwen [atelier GB]
https://www.urbangreenbluegrids.com/uploads/20180504-Schema-Kruipruimteloos-bouwen-atelier-GB-1300x650.jpg

Links with other patterns

Contributionto SDG's

Complementary: Transferability I BB
M24 Permeable Pavement ' -
M26 Infiltration Boxes Hglhtranzlferabmytodothlerareas susTAINABLE 13 cue
while needs to persuaae clients.
SR | | GOALS P S
Potential Facilitators Co exist well with: o

M27 Infiltration Pipe Contribution to Water System

Housing developer
Contribute to: WaterSafety [l Hl

Inindustrial zone: ATl Groundwater Recharging

Industrial Sector Water Quantity

Local Factory Owners
Water Quality

108 109



M26

M26 Infiltration Boxes

Potential Facilitators

Housing developer
Municipal utilities management

Industrial Sector
Local Factory Owners

10

Hypothesis

Infiltration boxes collect
rainfall and release it into the
subsoil and contribute to the
water balance in the paved
urban district.

Links with other patterns

Alternative:
M27 Infiltration Pipe

Contribute to:
All Groundwater Recharging

Transferability . . . . . Contributionto SDG's

High transferability to other areas SUSTAINABLE nosmmnoy [ 13 Jcrion

GOALS v |o

Contribution to Water System

Water Safety
Water Quantity

Water Quality



M27
M27 Infiltration Pipe

Hypothesis

The infiltration pipe system
not only allows water to
infiltrate into the surrounding
soil but also has the ability to
transport the rainwater flow
so as to collect it for future
consumption.

Links with other patterns

Alternative:
M26 Infiltration Boxes

Complementary for:
M28 Retention Pond,M29 Rainwater

Potential Facilitators Square/Sports field

Co-exist well with:
M25 Building without a Crawlspace
M24 Permeable Pavement

Housing developer
Municipal utilities management

Industrial Sector Contribute to:
Local Factory Owners A1l Groundwater Recharging

12

Transferability I E B

High transferability to other areas

Contribution to Water System

Water Safety
Water Quantity [l

Water Quality

CLEAN WATER 1 CLIMATE

SUSTAINABLE AND SANITATION ACTION

DEVELOPMENT
(o)

s’




M28

M28 Retention Pond

Potential Facilitators

Hydrology or meteorological services
Neighborhood committee
Ecological department

Hypothesis

Retention ponds collect
rainwater in heavy rain and
make it possible for future
consumption.

Links with other patterns

Contains:
MGOTHelophyte, M46 Littoral Space

Co-exist well with:
MO2 Community Rainwater Storage
Space, MGO5 Amphibious Park

Alternative:
M29 Rainwater Square/Sports field

Contribute to:Al2 Retention Zone

Facilitated by:PGOT Interaction with
water, PGO2 Public Park for allages

Transferability Il EEE

High transferability to other areas

Contribution to Water System

Water Safety

Water Quantity [l

Water Quality

https://i.pinimg.com/originals/2e/5a/6d/2e5a6d1197a748b00ada5fd180

Contributionto SDG's

SUSTAINABLE
DEVELOPMENT

GOALS

GOOD HEALTH
AND WELL-BEING

CLEANWATER
ANDSANITATION

CLIMATE
ACTION

M28



% M29 Rainwater Square/

M29 Sports field

Hypothesis

A rainwater square or sports
field allows people to enjoy
dynamic urban life during
sunny days while protecting
residents nearby from water
nuisance during rainy days.

Links with other patterns

Alternative:
M28 Retention Pond, MGO5
Amphibious Park

Potential Facilitators Contribute to:
Al2 Retention Zone
Hydrology or meteorological services

Housing developer Facilitated by:
Neighborhood committee PGO2 Public Park for all ages Al5
Localresidents Pedestrianized Public Space

Photo source

Joachim Drike(2015), Moist and wet meadows, https://www.naturschaetze-suedwestfalens.de/var/sauerland/storage/images/media/bilder/
naturschaetze/buchfotos/03_s1_ueberschwemmte-wiese _5559_jd/507689-1-ger-DE/03_S1_ueberschwemmte-Wiese_5559_JD_front
magnific.jpg

Transferability I B E B Contribution to SDG's

High transferability to other areas susTANABLE [Tl o bt ERES
DEVELOPMENT
GOALS

/v [ alils | ©

Contribution to Water System
WaterSafety [ B

Water Quantity

Water Quality
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M30

M30 Retention roofs M30

[}

= o

Hypothesis

Using the roof as retention
space not only delays the
rainwater flow but also has the
potential to be transformed
into arooftop garden or
farming space.

https://www.optigruen.com/system-solutions/retention-roof/overview-retentio

Links with other patterns

Contributionto SDG's

Specializedby: Transferability
M54 Rooftop Habitat ‘ = . . . .
High transferability to other areas sustainapLe [R Rttt B [ B RE e
Alternative: with certaininvestment and policy %E,‘V;’L%%mfg
Potential Facilitators M31Storage below buildings o - _‘b\/ ﬁaéﬁ @
Contribution to Water System

Housing developer Contribute to:

Local residents Al2 Retention Zone Water Safety
Facilitated by: Water Quantity [l

PGO6 Urban Farming
WaterQuality W



M3I
M31 Storage below buildings

Hypothesis

When there is not enough
empty space inside cities,
water storage space below
buildings improves the
capacity of rainwater storage.

Links with other patterns

Alternative:
M30 Retentionroofs

Contribute to;
Potential Facilitators Al2 Retention Zone

Housing developer
Localresidents

120

Transferability IR

High transferability to other areas
with certaininvestment and policy

Contribution to Water System

Water Safety
Water Quantity [l

Water Quality

Contributionto SDG's

3cumm
SUSTAINABLE 1 ACTION
DEVELOPMENT

GALS @

“h-as-parking-garage

M31



M32

Floating Housing M32

Hypothesis

Floating housing adapts to
the changing water level
like boats and offers a new
possible alternative for future
community life.

Photo source:
https://www.yankodesign.com/2020/12/20/these-floating-homes-in-amsterdam-are-designed-to-beat-the-rising-sea-levels-and-escape-

Links with other patterns the-growing-city-population/
Alternative: Transferability Contributionto SDG's
M34
Buildings on stilts (partly) in Technology, investment,and policy susanABLE  ERECH
water needed. DEVELOPMENT

L3 2

Potential Facilitators

Contribute to:A13 Build on Water Contribution to Water System

Tourism Sector Water Safety [l

Innovators and engineers Facilitated by:

Housing developer PGO4 Agro-tourism .
Water Quantity

Water Quality
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M33

M33 Floating Greenhouse

M33

Hypothesis

A floating greenhouse makes
it possible to produce food in
an efficient and land-saving
method, leaving out enough
space for surface water or
rainwater storage.

Links with other patterns

Contribute to:A13 Build on Water Transferability Contributionto SDG's
Technology, incentives and policy SUSTAINABLE [ATT0 12 Gsmenon [ 13 &itov
Facilitated by: needed. I&VEERVIIENST ANDPRODUCTION
Potential Facilitators o

PGO6 Urban Farming Contribution to Water System

Agrifood Sector PGO8 Cooperative Living Lab

Tourism Sector Water Safety [l Ml

Local Farmers _

Innovators and engineers Water Quantity [l i

Knowledge institutes

Water Quality

125



M34 Buildings on stilts

M34 (partly) in water M34

Hypothesis

Building on stilts above
water(or retention zone)
mitigates the flood risk while
giving more room for surface
water.

Links with other patterns

Co-exist well with: . . ,
A12 Retention Zone Transferability I HEH B Contributionto SDG's

CLIMATE

Alternative: High transferability to other areas SUSTAINABLE [ | il I Jit
M32 Floating housing, DEV;!;OPMENT
M35 Flexible Ground Floor o

Potential Facilitators C ibuti W S
| Contribute to:A13 Build on Water ontributionto Water System
Tourism Sector

‘ Water Safet
Housing developer Facilitated by: ater Safety
PGOlInteraction with water, .
PGO3 Nature explorationroute WaterQuanUty .

PGO4 Agro-tourism,
Water Quality
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Hypothesis

Making an open and flexible
ground floor for public use
minimises the potential risk
of any private property during
extreme flooding.

g Links with other patterns

Complementary:

M25
Building without a Crawlspace

Alternative:

M36 Raised Constructions,
Housing developer M34 Buildings on stilts/(partly) in
Localresidents water

Potential Facilitators

Contribute to:
Al4 Ground Floor Adjustment

a

.
&

e
|"!-'H ¥

n

Transferability B

High transferability to other areas while
land use policy might be needed.

Contribution to Water System

WaterSafety [l B
Water Quantity

Water Quality

https://aasarchitecture.com/wp-content/uploads/Team-REBEL

and DELVA Land
s-Kop-Zuidas

© Studionined

prese

Contributionto SDG's

GOODHEALTH SUSTAINABLECITIES
SUSTAINABLE ANDWELL-BEING 11 ANDCOMMUNITIES

GOALS A e
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Hypothesis

Raising the construction of
buildings in the low-lying zone
mitigates the flood risk for the
people living on the ground
floor.

Links with other patterns

Alternative:
M37 Sealable buildings
M35 Flexible Ground Floor

Potential Facilitators Contribute to:
Al4 Ground Floor Adjustment
Housing developer
Local Factory Owners

130

Transferability I E B

High transferability to other areas

Contribution to Water System

Water Safety
Water Quantity

Water Quality

Contributionto SDG's

SUSTAINABLE
DEVE!.OPMENT

(@)
L)

GOOD HEALTH
AND WELL-BEING

nfe




M37
M37

Potential Facilitators

Municipal utilities management
Hydrology or meteorological services
Neighborhood committee

Sealable Buildings

Hypothesis

Sealing the doors and
windows on the ground floor
keeps the water outside the
building during emergency
situations.

Links with other patterns

Alternative:
M35 Flexible Ground Floor
M36 Raised Constructions

Contribute to:
Al4 Ground Floor Adjustment

Photo source:

https://www.urbangreenbluegrids.com/measures/measures-for-separate-buildings/sealable-buildings/

Transferability Il EEE

High transferability to other areas

Contribution to Water System
WaterSafety [l

Water Quantity

Water Quality

Contributionto SDG's

GOODHEALTH SUSTAINABLECITIES
SUSTAINABLE ANDWELL-BEING 1 ANDCOMMUNITIES
DEVELOPMENT

e ﬁE@ﬁ
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A M338
M38 & Slow Traffic Bridge M38

Hypothesis

Protecting natural water
sources is a crucial step to
guarantee the basic drinking
supply of a city.

Links with other patterns

Contribute to: Transferabilit
Al5 Pedestrianized Public Space / . . . . . o
High transferability to other areas SUSTAINABLE o |11 eowontes: | 13 %ok
Facilitated by: GOALS
Potential Facilitators PGOJ3 Nature explorationroute
Contribution to Water System
Tourism Sector
Neighborhood committee Water Safety [
Localresidents )
Water Quantity

Water Quality HE
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M39

M39 Green Waterbus

Hypothesis

A waterbus powered by green
energy prevents pollution of
the water while connecting
people’s daily life with water
more.

Links with other patterns

Contribute to:
Al6 Low-carbon Public Transport

Potential Facilitators Facilitated by:
PGOI Interaction with water
Tourism Sector PGOJ3 Nature explorationroute
Innovators and engineers PGO4 Agro-tourism

Localresidents

Transferability

Technology, incentives and convenient
waterway connection .needed.

Contribution to Water System
Water Safety

Water Quantity

WaterQuality W

emnederland.com/nieuws/elektrische-waterbus-stuift-me

The prototype of the electric

GOODHEALTH
SUSTAINABLE ANDWELL-BEING
DEVE!.OPMENT

&
B

1 betoumines' | 13 v

M39



M40

Hypothesis

A wild trail allows people to
enjoy and appreciate the
wildness of nature in a eco-
friendly manner.

Links with other patterns

Alternative:
M41Wood Deck

Contribute to:
Potential Facilitators Al7 Keep Nature Wild

Tourism Sector Facilitated by:
PGOJ3 Nature explorationroute

Transferability Il B H B

High transferability to other areas

Contribution to Water System

Water Safety
Water Quantity

WaterQuality

M40

Contributionto SDG's

GOODHEALTH 15 LIFE
SUSTAINABLE AND WELL-BEING ON LAND

DEVE!.OPMENT ‘*\
GOALS 4\4/. b=




MA4]

Wood Deck

MA4] MA4]

Hypothesis

By using the wood deck in
the natural reserve, people
could visit nature elegantly
without damaging the natural
landscape.

Links with other patterns

Potential Facilitators

Tourism Sector

140

Alternative:
M40 Wild Trail

Contribute to:
Al7 Keep Nature Wild

Facilitated by:
PGO3 Nature Exploration Route

Transferability I E B

High transferability to other areas

Contribution to Water System

Water Safety
Water Quantity [l

WaterQuality HIHH

Contributionto SDG's

GOODHEALTH CLEANWATER LIFE
SUSTAINABLE ANDWELL-BEING soswmnon 1 19 G

DEVE’LOPMENT -~
GOALS Wi E | 2




MA42
Buffer Zone

Hypothesis

A buffer zone protects the
animals' daily activities in
natural reserves from the
disturbance of humans so as
to preserve biodiversity.

Links with other patterns

Contribute to:
Al7 Keep Nature Wild

Facilitated by:
Potential Facilitators PGO3 Nature Exploration Route

Ecological department

142

Photo source:
Grand Voyeux Natural Reserve by Territoires + Charles HenriTACHON + Nicolas Granger ©Nicolas Waltefaugle
https://www.gooood.cn/grand-voyeux-natural-reserve-by-territoires-charles-henri-tachon-nicolas-granger.htm

Transferability I B E B Contribution to SDG's
High transferability to other areas SUSTAINABLE LRIt
DEVELOPMENT

Contribution to Water System
WaterSafety [l

Water Quantity [l

Water Quality HE

M42
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M43

River Terrace Green Belt

M43 M43

Hypothesis

Creating a continuous
ecological zone along the
river terrace prevents soil
erosion and nutrients leakage
which guarantee both the
water quality and water safety.

1= 8 |
LI [

Links with other patterns https://cdn.britannica.com/12/189812-050-05F09500 ;
Complementary: Transferability
M19 Canopies for Interception
M53 Vegetation Diversity Transferable to areas withriver valleys. susTaNABLE LRt N RReS o
DEV;hOPMENT
Potential Facilitators Contribute to: .

A18 Wetland-Upland Transition Contribution to Water System

Tourism Sector

Ecological department Facilitated by: Water Safety

PGO2 Public Park forallages
Water Quantity

WaterQuality
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146

M44
Swamp Forest

Potential Facilitators

Tourism Sector
Ecological department

Hypothesis

Swamp forest is among the
most valuable ecosystem
on the earth, which takes in
water during the flooding, and
purifies the water naturally
while storing the carbons
effectively.

Links with other patterns

Conponents of:
MGO2 Floodable Wetland

Contains:MG0O6 Wet Soil Trees

Contribute to:
A18 Wetland-Upland Transition

Facilitated by:
PGO3 Nature explorationroute

Transferability

Transferability to areas with natural
swamp

Contribution to Water System

Water Safety
Water Quantity [l
Water Quality EERER

SUSTAINABLE
DEVELOPMENT

&y
s

CLEANWATER
ANDSANITATION

CLIMATE
ACTION

1

LIFE
ON LAND

~
~
“"
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MA45
Wet Meadow

MA45

Hypothesis

The wet meadows could
absorb the rich nutrients
accumulated by the water
runoff and feed different
types of animals and insects.

Links With Other patterns \ttps://www.naturschaetze-suedwestfalens.de/ isk::’:“? f‘;:’:
Conponents of: Transferability
MGO2 Floodable Wetland . . . .
High transferability to areas with T 6 Hoswmnon | 13 o N0
Contains:MGO7 Hygrophyte high soil moisture. %E;V;hong
Potential Facilitators o
Contribute to: Contribution to Water System
Tourism Sector A18 Wetland-Upland Transition
Ecological department Water Safety
Facilitated by:
PGO2 Public Park for allages Water Quantity [l

WaterQuality HIHH
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M46
M46 2% |ittoral Space

Hypothesis

The littoral space of rivers
and lakes provides food
and habitats for aquatic and
amphibious animals and it
thus plays an important role
in maintaining a healthy water
ecosystem.

Links with other patterns

Contains: Transferability I HEH B Contributionto SDG's
MGOTHelophyte GOODHEALTH CLEANWATER UFE
MGO8 Emergem \/egetatiom Hightramsferabi\ity to other areas gg\?{f&gﬁgh; AND WELLBEING ANDSANITATION 15 ON LAND
MGO9Floating Vegetation GOALS
Potential Facilitators o

Contribute to: Contribution to Water System

Tourism Sector A18 Wetland-Upland Transition W Saf

Ecological department ater satety
Facilitated by: .
PGOlInteraction with water Water Quantity [l

WaterQuality HHHE R
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Potential Facilitators

Agrifood Sector
Local Farmers
Ecological department

M47
Ecological Polder Canal

Hypothesis

In polder agricultural zone,
purification vegetation in
the polder canal ensures the
water quality and improve the
ecologicalresilience.

Links with other patterns

Contains:

MGO1Helophyte

MGO8 Emergent Vegetation
MGO9Floating Vegetation

Contribute to:
Al19 Revive Natural Food Chain

Facilitated by:
PGO4 Agro-tourism

Transferability

Suitable to polder agricultural areas.

Contribution to Water System
Water Safety [l

Water Quantity [l

WaterQuality [T

M47

htm

Contributionto SDG's

ESPONSIBLE
ONSUMPTION

RE
SUSTAINABLE L[4’
DEVELOPMENT ANDPRODUGTION

GOALS fe'e)
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M48

M48 Crop Variation

Hypothesis

Combining different crops
in the same land controls the
emission to the soil while also
improving the biodiversity in
the field.

Links with other patterns

Co-exist well with:
MO7 Agroforestry

Contribute to:
Al19 Revive Natural Food Chain

Potential Facilitators

Agrifood Sector Facilitated by:
Local Farmers PG0O4 Agro-tourism
Knowledge institutes PGO8 Cooperative Living Lab

Ecological department

Transferability B

High transferability while knowledge
support needed.

Contribution to Water System
Water Safety [l

Water Quantity [l

WaterQuality

ZER0
SUSTAINABLE 2 HUNGER
DEVELOPMENT

GOALS

12 toceror W15 i
ANDPRODUCTION
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MA49 Integrated

Waterfowl Farming

M49 M49

Hypothesis

Introducing waterfowl farming
to the rice farming offers
a more ecological-sound
pathway for paddy fields.

Photo source:
Integrating Waterfowl Farming with Paddy Field in Anhui Province

LlnkS W|th Other patterns by 21st Century Business Review

http://www.21cbr.com/article/85493

Complementary: Transferability Contributionto SDG's
M47 Ecological Polder Canal
Suitable to areas with paddy field. SUSTAINABLE NG prasm L
Contribute to; Incentives and knowledge needed. (¢ -~
Potential Facilitators AO4 Manure as Fertilizer GOALS E ’
A19 Revive Natural Food Chain Contribution to Water System
Agrifood Sector
Local Farmers Facilitated by: WaterSafety [l
Knowledge institutes PGO4 Agro-tourism .
Ecological department PGO08 Cooperative Living Lab Water Quantity [l Il

PGI10 Vocational Education
WaterQuality [l H
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Potential Facilitators

Agrifood Sector

Local Farmers
Knowledge institutes
Ecological department

M50
Mixed Aquatic Cultivation

Hypothesis

By integrating different
aquatic cultivation together
to mimic a natural ecosystem,
there will be fewer emissions
to surface water.

Links with other patterns

Complementary:
M47 Ecological Polder Canal
M46 Littoral Space

Contribute to:
Al19 Revive Natural Food Chain

Facilitated by:

PGO4 Agro-tourism

PGO8 Cooperative Living Lab
PGI0 Vocational Education

Transferability

Incentives and knowledge needed.
Suitable forareas with aquatic farming.

Contribution to Water System

Water Safety [l
Water Quantity [l

WaterQuality

M50

Contributionto SDG's

ZER0
SUSTAINABLE HUNGER
DEVELOPMENT

GOALS

CLEANWATER 1 LIFE
AND SANITATION ON LAND

~
~
“"
[]
—
—
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MJS1 MJS1

Hypothesis

Open soil space as much as
possible gives the potential
for the local flora to grow,
which lays the foundation
for the flourishment of the
ecosystem.

Links with other patterns tpsy v p0rto p1/_next/mage

Contribute to: Transferab”ity . . . . . Contributionto SDG's
A20 Urban Biotopes Network High transferability to other areas sustanasLe NCRECH 15 oo
0 DEVELOPMENT
ATl Groundwater Recharging o
Potential Facilitators o
Facilitated by: Contribution to Water System

Housing developer PGO2 Public Park for allages

Ecological department

Water Safety
Water Quantity [l

WaterQuality [l H
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M52
Wet Biotope

\ 2

M52

Hypothesis

Creating wet biotopes in the
urban areas helps amphibians
animals to find theirroom in
the city and thus strengthens
the urban ecological network.

Links with other patterns

Contains:

MGO6 Wet Soil Trees ,MGO7 Hygrophyte
MGO8 Emergent Vegetation, MGO9
Floating Vegetation

Specialized by: MGO3 Natural Ditches
MGO5 Amphibious Park

Co-exist wellwith: MGO4 Bioswales

Potential Facilitators

Contribute to:
A20 Urban Biotopes Network

Housing developer ATl Groundwater Recharging
Neighborhood committee

Localresidents Facilitated by:

Ecological department PGOTInteraction with water

PGO2 Public Park forallages

162

Transferability IR

High transferability to other areas while
climate condition should be considered.

Contribution to Water System

Water Safety
Water Quantity [l

WaterQuality HIHH

angning District Community Biotope Garden byShangh

nttps

Contributionto SDG's

GOOD HEALTH 1 5 LIFE
SUSTAINABLE ANDWELL-BEING ON LAND

DEVE!.OPMENT -~
OALS WYY I 2=

M52




M53
M53 Vegetation Diversity

Hypothesis

In a neighbourhood, the
presence of different types
of vegetation (both trees
and bushes, both ever-
green and deciduous) can
create stronger ecosystem
to accommodate more
creatures.

Links with other patterns https://www theguardian.com/lfeand

1ade-me-so-grateful-for-c

Complementary for: Transferability I HEH B Contributionto SDG's
M]Q Canoples . o ~ GOOD HEALTH 1:3
M23 Open Green Space High transferability to other areas SUSTAINABLE sowesene [ 19 ok o
M43 River Terrace Green Belt DEV;&:R"EE

Potential Facilitators M54 Rooftop Habitat

Contribution to Water System

Ecological department Contribute to:
A20 Urban Biotopes Network Water Safety
Facilitated by: Water Quantity [l

PGO2 Public Park forallages
WaterQuality



M54

Rooftop Habitat

M54 M54

Hypothesis

Creating green spaces with
diverse vegetation on the
rooftop can make a habitat
for small insects and attract
birds to hunt for food.

Links with other patterns tips:/flog

oSSl Transferability
Mb&3 Vegetation Diversity EEREN

High transferability to other areas SUSTAINABLE ARDNELLBENG
Co-exist well with: %E;V;!;g‘)APMEg
Potential Facilitators M30 Retentionroofs -
Contribution to Water System
Housing developer Contribute to:
Localresidents A20 Urban Biotopes Network Water Safety

Ecological department
Water Quantity [l

WaterQuality
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M55

M55 Eco-Facade

Hypothesis

Eco-facade provides room
forinsects, improves the
micro-climate of around the
buildings and save energy
consumption.

RARAARARARAARARRAARAAAARAARRARRAR

e Butes e Transferability W E B Contributionto SDG's
A20 Urban Biotopes Network
High transferability to other areas SUSTAINABLE w13 fetov 15 S

o
Cus?

Potential Facilitators

Contribution to Water System
Housing developer

Localresidents Water Safety
Knowledge institutes

Ecological department Water Quantity
*Also possible in industrial zone or office

building: Industrial Sector WaterQuality W



MGO1
MG Helophyte
01

Hypothesis

Helophytes not only
commonly work as effective
filters for wastewater
treatment but also is a natural
connector for terrestrial and
aquatic ecosystems (Coops,
H.,1996).

Links with Other Patterns

Components of:
M01,M02,M03, M28,M46,M47, M52

Contribute to:
AO1,A02,A12,A18,A19,A20

Facilitated by:
PG02,PG04,PGO1

Practical Implications

The Helophyte is macrophyte that has
purification capacities. They can be
either emergent plants or rooted floating
vegetations(Nanninga,2011) and are
most commonly used in the constructed
wetland(MO3) for greywater treatment. Though
there are much knowledge and experience of
the application of them greywater treatment in
developed countries such as the Netherland,
the functioning of different types of helophyte
might differ from area to area. So more research
still needs to be carried out on the performance
of helophytes in different contexts.

In bioswales(MG03) and other types of
ponds(MO1, MO2, M28), helophytes also play the
role of filtering the rainwater or surface water
runoff and add both ecological and aesthetic
value to the built-enviroment. However, it
should be noted thatitisimportant to use native
species and avoid invasive species.

Contribution to Water System
WaterSafety [l I B

Water Quantity |l Il 1
WaterQuality T HHE

Transferability B HEB

High transferability to other areas

Contributionto SDG's

GOODHEALTH CLEANWATER
SUSTAINABLE AND WELL-BEING AND SANITATION

GOALS WS o]
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MG
02

172

MGO02

Floodable Wetland

Hypothesis

Large wetland zone should be
given back to nature so that
they can change according
to the rhythm of natural water
cycle.

Links with Other Patterns
Specialized by:M44,M45
Complementary:MG08.MGO9
Contribute to:A08,A17,A18

Facilitated by:PGO1,PG02,PG0O3

Practical Implications

Many once natural riverplain zone is nowadays urban
space with concrete dikes. However, if a floodable
wetland zone is on the lowest part of the riverfront,
it can retent excess rainwater and tidal water during
flooding events. There are many existing cases
to remove current dikes and create large scale
floodable wetlands as a buffer zone next to the
river, including the famous ‘Room for river’ project
in the Netherland. In China, similar projects are also
launched in many cities, such as Weiliu Wetland Park
along the Wei River by Yifang Ecoscape.

When such projects are implemented under a
cross-disciplinary and multilevel governance
process with the socio-economic context
considered, more benefits and added values
(including flood risk management value,
recreational and tourism value, and ecological
value) are foreseeable(Zevenbergen et al., 2013).

Photo source

Joachim Drike(2015), Moist and wet meadows, https://www.naturschaetze-suedwestfalens
de/var/sauerland/storage/images/media/bilder/naturschaetze/buchfotos/03_sl
ueberschwemmte-wiese_5559_jd/507689-1-ger-DE/O3_S1_ueberschwemmte

Wiese_5559_JD_front_magnific.jpg

Contribution to Water System Contributionto SDG's
iatencatetAS HH B wve: [T N
DEVELOPMENT
GOALS

Water Quantity [l W
WaterQuality I H N

Transferability B HEB

High transferability to other areas

MG
02
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MG
03

MGO3

Hypothesis

Natural ditches work as an
open drainage system which
allows infiltration and can
contribute to biodiversity.

Links with Other Patterns

Complementary:M46
Alternative:M17,M18,M22
Components of:M52
Contribute to:A11,A09,A20

Facilitated by:PGO1,PG02,PG0O4

174

Natural Ditches

Practical Implications

Natural ditches can be used in both urban and rural
areas as an irrigation system, or supplementary
drainage system. But most importantly, unlike
an urban water canal(M17) with an artificial
embankment for contextual reasons or gutters(M18)
with a focus exclusively on water management
function, It has a natural littoral zone and can thus
accommodate multiple types of aquatic species.
This ecological feature makes it not only suitable
for water management but also has the potential
to be integrated with parks for children(since such
ditches are usually shallow and safe for children to
play around).

Proper but less frequent management is
recommended to let nature flourish on its own while
still maintaining a range of different conditions (such
as vegetation types difference and water level
differences)to benefit biodiversity(DEFRA,2021).
Thus, it is necessary to trace the ecological health
condition of natural ditches from time to time to
protect the well-being of local wildlife.

Contribution to Water System

Water Safety
Water Quantity |l

WaterQuality [

Transferability I B H B

High transferability to other areas.

Tt/ /www shinglecreek.ora/connactions. at.shingle
Contributionto SDG's

GOODHEALTH CLEANWATER CLIMATE
SUSTAINABLE ANDWELL-BEING AND SANITATION 13 ACTION

GOALS WA v |

15 oo

~
~
""
[]
—
—




MG
04
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MGO04

Bioswales

Hypothesis

A bioswale maximizes the
time that stormwater spends
in the swale while removing
the pollutantsin the water and
contributes to local ecology if
well designed.

Links with Other Patterns

Complementary:M46
Alternative:M22
Components of:M52
Contribute to:Al1,A12,A20

Facilitated by:PGO2

Practical Implications

A bioswale collects stormwater from rooftops
and streets before it goes to the sewers via
gutters(M18), ditches(M17 Urban Water Canals,
MGO3 Natural Ditches) or via overflowing from
Infiltration strips(M22, only during heavy rain).

It has a top layer with vegetation, where
hygrophytes(MGO7) that can handle wet soil
conditions are recommended. Below the layer,
gravel, scoria or other porous material could be
considered to provide more empty space for
rainwater(Groenblauw,n.d.). Aninfiltration pipe(M27)
or drainage pipe is usually paved under the second
layer to direct overflows to surface water bodies
or larger retention spaces nearby(can be M28
Retention Pond, M29 Rainwater Square/Sports
field, M31Storage below buildings).

Furtherreading: https://www.urbangreenbluegrids.
com/measures/bioswales/

Contribution to Water System

Water Safety
Water Quantity |l

WaterQuality HIHH

Transferability I B H B

High transferability to other areas with
certainknowledge needed.

GOODHEALTH CLEANWATER
SUSTAINABLE ANDWELL-BEING AND SANITATION
DEVELOPMENT
)
Sans®)

15 oo

~
~
““
[]
—
—

13 oo



MGO5

MG Amphibious Park

05

Hypothesis

An amphibious park turns
flooding events into an
attraction. It stores and
purifies the stormwater and
provides ecological services

to the local community.

Links with Other Patterns
Complementary:M45,M46
Alternative:M28,M29
Contribute to:A10,A11,A12

Facilitated by:PG0O2

Practical Implications

An amphibious park can be considered on a large
scale in a floodable wetland(MGO02) zone. However,
itis also possible toimplement it on a neighourhood
scale together with a retention pond or bioswale
in part of the neighourhood that are vulnerable to
urban waterlogging. It is also possible to integrate
wet biotope(M52) in such a park when a certain part
of the parkis designed to be a permanent pond.

Based on the weather condition and different
seasons, the landscape can change in an
amphibious park which allows different activities
and forms interesting experiences forlocal people.

Contribution to Water System
WaterSafety [l R

Water Quantity [l

WaterQuality [l

Transferability B HEB

High transferability to other areas with
certain cooperation needed.

Photo source
Yangpu Rainwater Parkin Shanghai by Zhuyun Jiang
http://wenhui.whb.cn/zhuzhan/cs/20200719/361651.htm

Contributionto SDG's

GOODHEALTH SUSTAINABLECITIES CLIMATE
SUSTAINABLE AND WELL-BEING 11 ANDCOMMUNITIES 13 ACTION

DEVELOPMENT
—’\4/'

GOALS

15 oo

MG

05
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MGO06

MG Wet Soil Trees

06

Hypothesis

Wet soil trees have adapted
to high groundwater levels
and some of them even
have special roots that allow
them to survive in long-time
flooded areas.

Links with Other Patterns
Components of:M44,M52
Contribute to:A10,A18,A20

Facilitated by:PG0O2,PG03

180

Practical Implications

Naturally, wet soil trees can be found near rivers
or form into a swamp forest (M44) since they can
handle high moisture. With their canopies(M19),
their values in both water safety management and
ecology are high.

Hence, when creating amphibious parks or other
spaces with retention functions, wet soil trees
are highly recommended since it can intercept
rainwater, provide shades and release oxygen to
support the health of the neighourhood. While there
are many common types of wet soil trees (such as
willows) which are easy to find around the world,
different areas should prioritize their own native
species with similar functions.

It should also be noted that during droughts
or especially hot summers, they may need
supplemental watering(Leonard,2021).

Contribution to Water System

Water Safety
Water Quantity [l

WaterQuality [

Transferability I B H B

High transferability to other areas with
certain ecological knowledge needed.

GOODHEALTH 1 CLIMATE

SUSTAINABLE AND WELL-BEING
DEVELOPMENT
)

s’

ACTION

LIFE
ON LAND



MGO7

MG Hygrophyte

07

Hypothesis

Though growing above
ground, hygrophytes adapt
to wet soil and moist air and
thus can stand during flood
conditions.

Links with Other Patterns
Components of:M20,M22
Contribute to:A10,A11,A18,A20

Facilitated by:PG0O2,PG03

Practical Implications

Hygrophytes are born in areas with plentiful
moisture, such as awet meadow(M45) orin a swamp
forest(M44).

Considering their resistance to moisture soil, they
are suitable for the design of infiltration stripes(M22)
and bioswales(MG04).

However, extra watering and management are
needed especially during drought season and this
can also depend on different types of hygrophytes.
Different areas should thus explore further to find
out their own cost-effective types of hygrophytes
when designing these retention spaces.

Contribution to Water System

Water Safety
Water Quantity [l

WaterQuality [

Transferability I B H B

High transferability to other areas with
certain ecological knowledge needed.

GOODHEALTH LIFE
SUSTAINABLE AND WELL-BEING 1 ON LAND
DEVELOPMENT

GOALS




MGO08

MG Emergent Vegetation

08

Hypothesis

Emergent plants have strong
ability to purify the water and
vitalize riparian ecosystem.

Links with Other Patterns

Components of:
MO1,M02,M46,M47,M52

Contribute to:
AO1,A18,A19,A20

Facilitated by
PGO1,PG0O2,PGO3

Practical Implications

Emergent plants grow along the bank. They
have their root in the deep bottom of the ponds
or rivers and thus stabilize shallow soils at the
waterfront(Utah State University, 2020), while their
leaves are above the water's surface.

They have commonly been used as
helophyte(MGOT1) filters in constructed
wetlands(MO3) with their strong purification
capacity.

They are also an important element for creating
an ecologically-friendly littoral zone(M46), which
takes in nutrients and carbon dioxides and provides
habitats for aquatic creatures. And emergent
vegetation thus also plays a significant role when
creating ponds (MOT Protective Centralized Drinking
Water Source, MO2 Community Rainwater Storage
Space,) and ditches(MGO3 Natural Ditches) as well
as designing urban biotopes(M52).

https://en.wikipedia.org/wiki/Pontederia_cordata#/media/File:Pic

Contribution to Water System
WaterSafety [l B

Water Quantity |l I
WaterQuality T HHE

Transferability B HEB

High transferability to other areas with
certain ecological knowledge needed.

hoto
ata, from Wikig
d,_Rideau_River.jpg

Pontec

Contributionto SDG's

GOODHEALTH CLEAN WATER
SUSTAINABLE ANDWELL-BEING ANDSANITATION

GOALS Wi

1 LIFE
ON LAND
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MG
09

MGO09

Floating Vegetation

Hypothesis

The floating vegetation
safeguard the water
ecosystem by cooling down
the water temperature,
preventing algae growth and
providing breeding space for
fish.

Links with Other Patterns

Components of:
M17,M46,M47,M52

Contribute to:
AO09 A18,A19,A20

Facilitated by:
PGO1,PG0O2,PG0O3

Practical Implications

Floating vegetation includes free-floating
vegetation(with no anchored roots) and submerged
vegetation (with anchored roots). Though they can
be attractive for a pond, it is suggested that floating
plants should not only cover more than 20% of surface
water considering their negative effects on oxygen
exchange and photosynthesis in the water(Clemson
University,2022). Meanwhile, the mobility of the free-
floating vegetation can be a threat in stormwater
ponds because it might disturb the function of the
rainwater ponds.

It should also be noted that most of the floating
vegetation has very fast growth rates and can cause
serious problems to the whole ecosystem when not
controlled properly. Thus they should be managed
under the guidance of the ecology and biologic
experts.

Contribution to Water System

Water Safety
Water Quantity |l

WaterQuality [l H N

Transferability I B H B

High transferability to other areas with
certain ecological knowledge needed.

GOODHEALTH LIFE
SUSTAINABLE AND WELL-BEING 1 ON LAND
DEVELOPMENT

GOALS
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% Interaction with water

Hypothesis Stakeholders

Municipal Government
Tourism Sector
Housing developer

Neighborhood committee
Localresidents

Interaction with water
allows people to grow an
attachment to water and
rediscover its social and

cultural value.

Transferability B BB N
GLEAN WATER 1 CLIMATE 1 LIFE

High transferability to other areas SUSTAINABLE ANDSANITATION ACTION ON LAND
DEV;LOPMENT

"

&

s’

Facilitating the following patterns:
MO2 M17 M28 M34 M39 M46 M52 MGO5S

2 oee
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Hypothesis

Creating public parks for
all ages improves citizens'
overall health and well-being
and fosters social coherence
and belonging.

PGO02
Public park for all ages

Stakeholders

Municipal Government
Tourism Sector

Housing developer
Neighborhood committee
Localresidents

*Whenin ecological zone:
Ecological department

Transferability W HBEE N Contributionto SDG's

High transferability to other areas SUSTAINABLE AOWHLSENG

DEVE,LOPMENT
GOALS —M/'
Facilitating the following patterns:

Al5 MOl MO2 MO3 MI17 MI18 MI9 M21 M22 M23 M24 M28 M29

Q000

M43 M51 M52 M53 MGO1 MGO3 MG0O4 MGO5 MGO6 MGO7 MG0O8 MGO9




%, _ PGO3
; N R Nature exploration route

Hypothesis Stakeholders

Provincial/Municipal
Government

Providing a route for people
to explore nature links people
with the ecosystem together
and creates an awareness
of environmental protection
imperceptibly.

Tourism Sector

Ecological department

Transferability W HBEE N Contributionto SDG's

. o GOODHEALTH
High transferability to other areas SUSTAINABLE soveitaene | 19 oviwo

DEVE’LOPMENT -~
oALS PV =

MO1 M4 M15 Ml6 M34 M38 M39 M40 M4l M42 M44

o SOBVOOE

MG02 MGO6 MGO7 MGO8 MGO9

Facilitating the following patterns:
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. o= PGO4
4 2=

¥rw+v Agro-tourism

Hypothesis Stakeholders

Agrifood Sector

Industrial Sector

Tourism Sector

Waste Management Services
Local Factory Owners

Local Farmers

Innovators and engineers
Neighborhood committee
Localresidents

Urban residents understand
and appreciate the food
production process better
through agro-tourism, which
forms a dialogue between
urban andrural areas.

(B T2 - 1-BET " &i
ik ES VTN - ; .. Transferability B N

‘ > ili i GOODHEALTH
High transferability to areas with SUSTAINABLE s | @ dsooworco |l 4B

agricultural culture. DEVELOPMENT /\/

&y
s

IR ST e T ey § Facilitating the following patterns:
o 5l . MOé6 MO7 M32 M34 M47 M48 M49 M50

o 000000 ®
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o ‘frﬁD PGOS5 Circular
rﬁ?m Production Open Day

Hypothesis Stakeholders
Making the industrial and Agrifood Sector
agricultural production Industrial Sector
process transparent to Tourism Sector
visitors during a certain time Waste Management Services
of the year not only connects Local Factory Owners
the consumers and producers Local Farmers
tightly but also brings Innovators and engineers
attention to the importance Neighborhood committee
of circularity. Localresidents

'; \C 2 . \ ; 1 Contributionto SDG's
e coms.r& n ‘b . ‘ .‘ Transferability
ol ~ |\ B e ; ‘ : DECENT WORK AND
8 O LT o PR Technology, incentives, investement SUSTAINABLE ECONOMIC GROWTH
and cooperationneeded. Pl
: GOALS ﬁ/i

Facilitating the following patterns:

MO4 MO5 MO9 MT1

M12
60RO

COUNTRYLIFE ,https
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PGO06
Urban Farming

Hypothesis Stakeholders

Agrifood Sector

Waste Management Services
Local Farmers
Neighborhood committee
Localresidents

Knowledge institutes

Bringing farming back to
the city blurs the boundary
between urban and rural,
offers new opportunities for
waste management in the
cities and creates added
income for farmers.

Contributionto SDG's

Transferability [l B B

i ili i R0
H\gh tfamsferab\\\iy to other areas with SUSTAINABLE [P 2% COODHEATH
incentives and policy needed. DEVELOPMENT

GOALS A
w

DECENT WORK AND
ECONOMIC GROWTH

Facilitating the following patterns:
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Hypothesis

Establishing a circular
knowledge forum provides a
platform for business owners,
researchers and consumers
to share their insights on the
circulareconomy.

Economy Conference

§ Lptesmber 30

¥ siNTEF | q i

The 4th Norwegian Circular

Stakeholders

Agrifood Sector

Industrial Sector

Waste Management Services
Local Factory Owners

Local Farmers

Innovators and engineers
Knowledge institutes

W— Y

TN

L

PN S
v v g

g Y
3 e

N

- "/
e
.l

1 ¢
' ‘\1\.{ 7“'" § ‘*.
AN

‘ A ) ’ Tl / | [
W A
e R VA o b A
AN \“ .\ ‘
A N M/// &
Transferability W B W Contributionto SDG's
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Facilitating the following patterns:
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0. 9  rcos
=] @ ¥ Cooperative Living Lab

Hypothesis Stakeholders

204

A cooperative living lab is
supported by real-time
data and feedback of the
experimental zone which
allows multi-disciplinary
cooperation between sectors
and institutions and thus
accelerates innovation and
knowledge sharing.

Agrifood Sector

Industrial Sector

Waste Management Services
Innovators and engineers
Neighborhood committee
Localresidents

Knowledge institutes
Ecological department

Transferability

Interdiscplinary cooperation and

coordination are needed.

Facilitating the following patterns:
MO5

M48 M49 M50

DS

M13

M33

8 DECENT WORK AND
ECONOMIC GROWTH

SUSTAINABLE [ B

DEVE!.OPMENT .

GOALS

13 fonon
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Hypothesis

Launching an internship
programme between
knowledge institutions and
business owners can largely
shorten the knowledge
exchange cycle between
theory and practice and
better orient research and
innovation activities.

Stakeholders

Agrifood Sector

Industrial Sector

Waste Management Services
Innovators and engineers
Trainees/University students
Knowledge institutes

Transferability Contributionto SDG's

\r‘ter’oxscphr‘ary cooperation a nd SUSTAINABLE 4 E#ﬁ(l;llavm

coordination are needed Pl I!ﬂ A

Facilitating the following patterns: e
MO4 MO5 MO6 MO/ MO8

OHO20

MT1 M12 M13

8 DECENT WORK AND
ECONOMIC GROWTH

o

4
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Hypothesis Stakeholders

Agrifood Sector
Industrial Sector
Waste Management Services

Local workers
Knowledge institutes

Emphasizing sustainable
technology and innovations
in vocational education
programmes ensures the
practice of sustainability
ideas and innovations on a
larger scale andlonger-term.

MO4 MO5 MO6 MO7 MO8 MIO MM
o
602000
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Contributionto SDG's

Transferability W B BN
QUALITY 8 DECENT WORK AND

} figh tra msferabi\ity to other areas while SUSTAINABLE 4] BT EoTN oA
incentives and investment needed. o,

Facilitating the following patterns:
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