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Disclaimer

The material in this presentation has been prepared by Cristina Calheiros and is general
background information about “Nature-Based Solutions for water in cities” as at the date

of this presentation.
This information is given in summary form and does not purport to be complete.

The information contained in this presentation is intended only for the persons to whom it
is transmitted and not to be reproduced or used for other means.
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Project: Nature-based solutions for a cleaner and safer Macao
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Aims to investigate ways to enhance the water quality of the
city’s coastal waters through the use of native wetland plants,
especially mangroves, as natural purifiers for water pollution.
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Talk:

Integration of Nature-Based Solution (NBS) in cities towards
managing water resources, offset the rising challenges from
water security to population growth and climate change.
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Raise awareness of the benefits of Green Infrastructure solutions
and NBS for water resources management.
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WWW.Nasa.gov

Image credit: ESA-Environmental Space Agency
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The Planet The System

J. Grebowsky/NASA GSFC

http://blueturn.earth/

Hardware | B84 Software | Bk{&:
Tangible space, where territorial division is  Functional and intangible space, with no
possible. specific territorial character.
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the Internatlanal
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DROUGHT HEALTH CRISIS

Climate change and water | 5@ {EELEI/K

A Water availability | 5] FH/K&
A Water quality | /K&
A Sea level rise | Y&EHE_EFF-

A Extreme events (floods and droughts) |
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The United Nations General Assembly declared 2021 — 2030 the UN Decade on
Ecosystem Restoration

Bringing nature into the city will help to support regeneration of overexploited ecosystems, and
offer the opportunity for job creation, food security and addressing climate change
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New UN Decade on Ecosystem

Restoration offers unparalleled
opportunity for job creation;food
security and addressingclimate

change
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Think green...
SIEY G

What can Nature
do for us?
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The landscape can be a ora
GREEN FII.TER. — GRAY FUNNEL |

filtering pollution as the rainwater
slowly sinks into the ground.

allowing pollution and toxins to be
washed into our waterways.
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...vegetation does not need the Humans...
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Ecosystem Services:
benefits people

obtain from
ecosystems

(MEA, 2005)
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GET BACK TO BASICS
...Promote Biodiversity
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Challenge: work with Nature
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Green Infrastructures

Cities providing Ecosystem Services through Nature
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# Water quality improvement | (4=Z/K'E

# Water management: stormwater, grey/blackwater as resources

| AKETREEE © DURZK - Dok/BAKE 5K E R

# Buffering aquatic ecosystems: effects of catchment urbanization

and climate change | ZKAEAERE ARG+ SB/KIEIT (LIRS
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Cities providing Ecosystem Services through Nature
ST i A K E AR TR R AR RE A F RS

# Flood mitigation: infiltration; detention; harvesting and safe passage
of flood water | /54t = A2 5 ik ; UKEERIZ 225 K

# Influencing urban micro-climates / mitigation of urban heat Island
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# Enhancing urban ecology and biodiversity | 55 7 4= BEF1 4= 915%
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The United Nations World Water Development Report
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Green infrastructure (Gl) | Nature-Based Solutions (NBS)
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“Green infrastructure (for water) uses | “Nature-based solutions (NBS) are inspired
natural or semi-natural systems such as | 3nd supported by nature and use, or mimic,

NBS to provide water resources | natyral processes to contribute to the
management options with benefits that improved management of water. “

are equivalent or similar to conventional
grey (built/physical) water
infrastructure.”

Fonte: https://unesdoc.unesco.org/ark:/48223/pf0000261594_por
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“NBS offer a vital means of moving beyond business-as-usual to address
many of the world’s water challenges while simultaneously delivering
additional benefits vital to all aspects of sustainable development”
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NATURE-BASED "JQ \f 5 Ups.cal_mg NBS will be central to
SOLUTIONS FORWATER Ll <7 ) ,,7 AR achieving the 2030 Agenda for
5 g o A R Sustainable Development. “
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for WATER

“The current situation, with ageing, inappropriate or insufficient
grey infrastructure worldwide, creates opportunities for NBS ...”

ERT > EEOROEMES R EAL - A EESA e - HNBSHE TIHE ...

Combining green and grey infrastructure approaches
can lead to cost savings and greatly improve overall risk
reduction
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Green infrastructure can:

e Improve connectivity, between existing nature areas in order
to counter fragmentation and increase their ecological
coherence.
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e Enhance landscape permeability and allow species dispersal,
migration and movement.
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¢ Provide multifunctional zones.
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Rescurces
efficiency

Water quabty ‘ Air quality
NBS have to be: . .

Agsthebics UM| mutigation

- replicated
- amplified NBS-related
Ecosystem Services

to get the real effect!

Biodwarsty Wed-being
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Source:Climate-KIC
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Nature-Based Solutions relations to existing key concepts (graphic: 1Lr6)
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EbA- Ecosystem-based adaptation

NBS \
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Gl- Green Infrastructure
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@ @ @ Bl- Blue Infrastructure
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EE- Ecological Engineering

ARETAE
‘ SuDs- Sustainable urban drainage systems
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Srategic Spatial Soft Performance
dimension || Planning || Engineering| dimension ESS- Ecosystem Services
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Choosing NBS | 7%4==NBS
¢ Based on Societal Challenges | E:i 1 ek
#% Based on Ecosystem Services | E:jA 4 HE 245 BT

& Based on mitigation and adaptation to Climate Change
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From: Enhancing the circular economy with nature-based s

. Published online December 03, 2019.46-72 doi:10.2166/bgs.2019.928
PUBLISHING
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olutions in the built urban environment: green building materials, systems and sites

Three scales of NBS
implementation in the built
environment:

“Green building systems
systems for the greening of
buildings...”

Dimitra Theochari (unauthorized use is not permitted).

“Green building materials are raw
and processed nature-based materials used
in the construction of the built
environment...”

Green building sites may be
open spaces directly adjacent to
buildings...are spaces for
establishing nature in Cities ...
providing opportunities for
biophilic design ...”

Copyright © 2020. International Water Association. All rights reserved

Green infrastructures: Integration /multifunctional /multilayer
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Hard engineering Soft engineering
...transfers pollution ...metabolizes pollutants
to another site on site...not pipes!
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Source: Low Impact Development: A Design Manual for Urban Areas, 2010

_ " NBS towards water management and
Conventional I %%ﬁ circular economy

| NBS 7 Bt /K& RS T R A

ROTATION

FLANTATYN

* Sponge cities* | JBHRIR ™

Current centralised vs. future decentralised and NBS based concepts for urban sanitation.

B A ST A R vs. AR ANBS By EERRER Sy Bk A s -
Source: F.Masi, A.Rizzo, M.Regelsberger (2018). The role of constructed wetlands in a new circular economy, resource oriented, and ecosystem

services paradigm. Journal of Environmental Management.
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Summary of some of the benefits provided by green infrastructure (Gl)

(reported by O’Neil, 2014)

Dimension

Contribution of green infrastructure to sustainable development

Economic

—50% of capital costs in relation to traditional drainage solutions

4.5 °C of temperature regulation using green roofs and walls

£2.3M of annual contribution of trees through air purification

+40% commercial trading within town centers including green infrastructure

Environmental

9.1% of suspended particles removed by urban vegetation

3.16 kg of carbon stored in Im” of green space

3 dB reduction due to the use of grass instead of built-up surfaces

Up to 8 °C decrease in urban temperature from vegetated cover

17-20% reduction in runoff using green roofs in residential areas

+50% species transfer_when habitats are connected by green areas

Social

People happier when living in urban areas covered by large amounts of green

space

83% of respondents believe green areas provide focal points for communities

24% of people more likely to be physically active if have access to green space

—40% less chances to be obese if living in a highly green urban area

|
Source: Jato-Espino et al, 2018

NBS Examples

. Constructed Wetlands & Floating Wetlands | A TR & ;&R H

. Tree Trenchs | f&7#

. Rain Gardens | FI7ZK{EE

. Bioswales | 2RRER — —EREBEGT

. Mangroves | #LiE#

. Green Roofs & Green Walls | &kt0 2 [EEB14H S

6/3/2020
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Constructed Wetlands & Floating Wetlands

AT & FENRH

CONSTRUCTED and FLOATING WETLANDS are treatment systems that use natural processes involving
wetland vegetation, substrate/platform, and their associated microbial assemblages to improve water

quality. They intent to mimic the biogeochemical processes occurring in natural wetlands.

https://iwa-network.org/projects/nature-for-water-and-sanitation/

H. Brix et al. / Ecological Engineering 37 (2011) 729-735

Vymazal and Krépfelova, 2008

Headley and Tanner, 2006

6/3/2020
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Tree Trench

P
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https://www.epa.gov/sites/production/files/2016-11/documents/final_stormwater_trees_technical_memo_508.pdf

Source: https://www.phila.gov/media/20160504172218/Green-Streets-Design-Manual-2014.pdf
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Fhotos cowtesy of Deep Roor
Pasteers, LP.

Source: https://www.epa.gov/sites/production/files/2015-11/documents/stormwater2streettrees.pdf
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Rain gardens

F7K1EE

YREAL It
e

MOTURE LEvELS

Diagram of Rain Garden (Rutgers University)

Much moore than a pretty garden...

Source: The SuDS Manual (C753F)
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Source: https://www.phila.gov/media/20160504172218/Green-Streets-Design-Manual-2014.pdf
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Mangroves | 4 fifFk

Mangrove forests make up one of the most productive
and biologically diverse ecosystems on the planet.

Protecting/restoring mangroves, marshes or dunes

Water

management benefits Co-benefits

* Coastal flood/ * Biodiversity benefits
storm protection (habitats preservation,

» Shoreline stabilization, breeding and nursery
erosion and for birds, fish, shellfish
sediment control and mammals)

* Reduced * Climate change mitigation
saltwater intrusion and adaptation (carbon

storage, storm protection)
* Income opportunities
(fisheries,
raw materials, tourism)
* Recreational,
aesthetic value

2014 United Nations Environment Programme. Publication: Green Infrastructure Guide for Water
Management: Ecosystem-based management approaches for water-related infrastructure projects
ISBN: 978-92-807-3404-1

25
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Green Roofs and Green Walls

R R TR B ki

Green roofs comprise a layer of Green walls refers to all systems
vegetation planted over a waterproofing which enable greening a vertical
system that is installed on top of a surface (e.g., facades, walls, etc.) with
building slab above or at ground level. a selection of plant species, including

all the solutions with the purpose of
growing plants on, up or within the
wall of a building.

Passeio dos Clérigos—Porto (Portugal): green roof, shopping, underground parking
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E g airport-China.
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Hong kong
T

Roof top farming
EIHEYS

https://www.sempergreen.com/en/references/fu-shan-estate | el

Sheffield Bus Shelter-UK Barcelona-Spain
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Bus Roots-NY-USA
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https://www.urbangardensweb.com/2013/07/24/phyto-kinetic-
.| green-roofs-for-city-buses-and-improved-urban-ecosystem/

https://www.greenroofs.com/projects/sh
effield-bus-shelter/
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BREEN ROOF
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G reen Commmuns Irvinng wall yysrwnt, Canxa Farun, Madried, fure 2013 Madta bung wall gearm. Narurs Teeem Lebon, Acguen 2012

M. Manso, J. Castro-Gomes / Renewable and Sustainable Energy Reviews 41 (2015) 863-871
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Solutions at the level of the

buildings and territoires
EREEY B R B AR T 2

Skypark at Marina Bay Sands

AmBEYrNEhER
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Sidwell Friends Middle School - USA

Shutterstock/Jal h = -\_‘l.

Source: https://landscapeperformance.org/case-study-briefs/sidwélI-friends-middle-school
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NATURE-BASED SOLUTIONS
FOR CITIES IN VIET NAM

Water Sensitive Urban Design

Sy LNy
Aot I ae e
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——————

Fonte: https://www.adb.org/sites/default/files/publication/535016/nature-based-solutions-cities-viet-nam.pdf

(" Water Management Tools r«,\l k
’ e = P
- \) . — / E e — > S 7 ‘y(— o
N %Jﬁ &2 - S ey S
S \:_’}/_ “J” E a
Vegetated Swale/ Surface Detention/ Cleansing Biotope Constructed Wetland Rainwater Detention/
Bioswale Bioretention Basin Harvesting Tank

}9;:‘; @ b ',‘:J. -
Flow Control Weirs Green Roof  Controlled Outflow Riparian Landscape  Surface Conveyance
\. to Channels at Waterfront )

Source: A. Hoban and T.H.F. Wong. 2006. WSUD Resilience to Climate Change. Paper presented at the first Australian National
Hydropolis Conference. Perth. 8-11 October.

Fonte: https://www.adb.org/sites/default/files/publication/535016/nature-based-solutions-cities-viet-nam.pdf
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Applications
role in storing, treating, and conveying water for various purposes: flood mitigation, runoff harvesting and reuse, heat
mitigation, and recreational use with added ecological value.

&8 Green Roof

Transpiration
°»

Water Storage
Rain Gardens/Swales

o
Infiltration ™

Fonte: https://www.adb.org/sites/default/files/publication/535016/nature-based-solutions-cities-viet-nam.pdf

Fonte: https://www.adb.org/sites/default/files/publication/535016/nature-based-solutions-cities-viet-nam.pdf

33



6/3/2020

CHINA’S ‘SPONGE CITY’ CONCEPT | [y “/E&mnki” &

Many cities in China face severe challenges of water scarcity, pollution,
flooding and inadequate infrastructure.

In 2013, the Chinese government declared its intention to convert Chinese cities into
“Sponge Cities”

Ill

The general objectives of the concept entail “restoring” the city’s capacity to absorb,
infiltrate, store, purify, drain, and manage rainwater and “regulating” the water cycle as
much as possible to mimic the natural hydrological cycle.

e 0
Retention Infiltration Storage Treatment
000'

Springer: https://doi.org/10.1007/978-3-030-01488-9

Multifunctional areas

Typical ‘ Previous
SpO nge City Pavement

components Green

facades
Low elevation
greenbelts

Rainwater recycling ]

Open canals ]

Constructed
wetlands

Rainwater ‘
garden

A “sponge city” will not only be

o able to deal with “too much
g water”, but also reuse rain water in
g ,»‘JJ" order to deal with “water
.l )
Springer: https://doi.org/10.1007/978-3-030-01488-9 shortages™.
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CHINA'S PILOT SPONGE CITIES
Ching's gawernment sppeowed i1 second betch of 14 paot (s e Apni 2016 Sobuidies from the Minctry of Sponge CitieS I }é‘%i}]jzﬁi

Fmance wil lact thepe pears cratally contieded munapalces will recerve BMBAL0 millen (351 milar ) per
yeae, peovincial Capitaly RMES00 millkon [$76 million), sod ofher Oties RMBI00 million (361 millson)

Decentralized treatments and

7= k f M/‘/ integrated urban catchment /

green infrastructure

oy s LR IS NI N
SR AT

It is supported by:

MOHURD -Ministry of Housing and Urban-Rural
Development “Sponge Cities Guidelines”

MWR-Ministry of Water Resources “Water
Ecological City Construction Evaluation Guidelines

Ref. Ares(2018)4142480 - 07/08/2018

Sponge City component “Sunken Greenbelt” in Jiaxing (September 2016)

Rain garden under construction in the first round Sponge City Jiaxing
(September 2016)

Springer: https://doi.org/10.1007/978-3-030-01488-9
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https://www.euronews.com/2018/10/31/the-city-with-a-million-plants

© English ~ Gt Q| O Mektens | X | @

euronews.

Europe World Business Sport Culture Living Schtech Travel  Video zrogammes - D @ @ B P

DESTAION

The city with a million plants

STEFANO
BOER!

RCHI

L Project Location
P Siulano Doon Architels and Stalno Doan Architolt Chen Lhastiou. Cluta
Vertical ForestiNG Yeor Cliont
Urban F iry 200 Lhafiou Murscipabty Uvban Plansiing oo
Type Commisaion

News Mautorphar Concopt dosgn, pialeninary desgn
Aok Surtace

N tact Yol oroay 138 5% e
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High Line - NY

https://dspo2150a.wordpress.com/2014/11/07/the-new-york-high-
line-an-urban-reclamation-project-by-citizens-for-citizens/

https://macaulay.cuny.edu/eportfolios/nycpublicspac
es/files/2015/05/article-2139899-
12EF2F80000005DC-992_964x1437.jpg

Restoring Cheonggytecheon-South Korea

Figure 3. Before and ater Cheonggytecheon Development (http:/ /egloos.com [24]).

Sustainability 2016, 8, 1178
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https://urban-regeneration.worldbank.org/Seoul

Fonte: https://www.phila.gov/media/20160504172218/Green-Streets-Design-Manual-2014.pdf
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- Multidisciplinary teams

- Definition of priorities/aims

- Design and dimensioning —guidelines

- Right/proper plants

- Adequate materials (circular economy)

- Raise awareness

Circular City

COST ACTION
CA 17133

IMPLEMENTING NATURE-BASED SOLUTIONS
FOR CREATING A RESOURCEFUL CITY

www.circular-city.eu

T TST Ao elatieden w imterdincipiinary platform 'y _ g city
planners, srchitects, syvtem designers, econamints, enginewrs and
At acws Seatiend S Payeuiteass U “A c¥

researchers Lor oo e 0w

RESEARCH COORDINATION OBJECTIVES

© Use an meergisciplinary approach appiied by the different warking groups 0 mag
occurTing resqources within the urban biosphers. especially provides oy MBS
yilers

S Deveiog 30pC0ONats COMMUNICITAN methods promocing resauroe recovery fare
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Institute of Science
and Environment

* Green roofs |4k E]H
* Constructed wetlands | A\ T.J&@
* Mangroves | £ 15K

PhD Thesis By Lei Man Sao

“Towards Climate Change Resilient
Cities, Macao SAR as a case-study”
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Master Thesis By Micaela Lei

“Constructed wetlands for wastewater treatment in densely
urban settlements”

Qutlet

SORAS S0 Impervious Liner Slotted Pipe Swivel Outiet

(Depth Control)

(Adaptado de Kadlec and Knight, 1986)

Bringing Science to Schools in Macao - FDCT Project

Ecosystems component: Mangroves education
Prof. Karen Tagulao
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Environmental Education

Field trips/activities at the mangroves sites (primary, secondary, university students)
Mangroves planting/restoration activity (secondary and university students)

' s
.um_l:”l“v :

. So— |

Scientific research projects - FDCT/117/2014

“The role of mangroves on the
bioaccumulation and citogenotoxic effects
of metals and pesticides on the food web of
a tropical coastal system”
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Scientific research projects - Clean the World/ Las Vegas Sands project

DROP4DROP | ' Sands  sanps Eco-360

“Nature-Based Solutions for a Cleaner and Safer Macao”

DROP4DROP ¢ Sands SANDS ECO-360

On-going Scientific experiments | 1 THYRIE2 EFEq

Planned activities | bz t3

. Educational resources . Campaign in schools

. Biodiversity Exhibition . Community awareness campaign
. Workshop: Nature-Based Solutions for water

43



6/3/2020

Present Future
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How do you see thsfuture of Macao?

,u%{?ﬁﬁﬂ'ﬁlﬁiﬁ’”"ﬁﬂﬂ ?.
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) Sands o6 56O 4% climar
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Karen Tagulao: karentagulao@usj.edu.mo

Cristina Calheiros: maria.madureira@usj.edu.mo
ccalheiros@ciimar.up.pt
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@ Nature-based solutions for water in cities
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