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NATURE BASED
SOLUTIONS IN CITIES Bt

Dealing with a changing climate and ongoing urbanization including loss of forest and natural land; there has been a further
call for nature-based solutions in the development of urban areas. For achieving a healthy and liveable city, we need to consider
a city that provides ecosystem services and a healthy natural environment, thereby offering a range of social, ecological, and
economic benefits. After all, as people, we are part of the urban ecosystem or ‘ecopolis’. In this webinar we will discuss:

* The city in its natural landscape.

+ What are nature-based solutions?

* Water-Sensitive Urban Design.

*+ Nature-Based Solutions for developing climate resilient pathways.
* Applications in practice; case of Sao Paulo.

———— GilObal
Platform for | Resource
Sustainable | Team
Cities




AGENDA

- 5 mins introduction
- 30 mins presentation
- 25 Q&A

REMEMBER

- Mute yourself

- If you are joining by
phone and computer,
mute your computer
audio

- Use the chatbox to write
questions or unmute
yourself during the Q&A
session
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Nanco Dolman is a leading
professional in water resilient
cities at Royal HaskoningDHV.

Nanco has worked in various adaptation strategies
for delta cities, like the ‘Bangkok Adaptive City
2045’ (Chao Phraya River, Thailand), the ‘Rotterdam
Adaptation Strategy’ (New Meuse River, the
Netherlands), the ‘Greater New Orleans Urban
Water Plan’ (Mississippi River, USA), the
‘Comprehensive Urban Water Strategy for
Hoboken’ (Hudson River, USA), "Water as Leverage
for Khulna’ (Bhairab River, Bangladesh), ‘Xiong'an
new district ecological — sponge city masterplan’
(Baiyang Lake, China) and the ‘Adaptation Strategy
for Zwolle’ (IJssel-Vechtdelta, the Netherlands).

From 2011 to 2016 Nanco was part time lecturer
Adaptive Urban Development at Rotterdam
University of Applied Sciences.

Nanco has a MSc in Civil Engineering from Delft
University of Technology (1998) and a BLA in
landscape architecture from Amsterdam Academy
of Architecture (2008).
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A. The city in its natural landscape



A New Mapporg of Every River Sysdem

Few lands are entouched by the power of 3 sream.
Twen the desest reglons can hold traces of epbemeral
wover rvns Revery crvie thebs omn danneds, gaseeing
sam o snow and e melt that rems off Uhe and and
Tnearivg it dowshill by foece ol graviey o the sea The

as fertile sodls. By nature. they wisd —the most effi.
chomt winy foe weatief 10 teamed. Rivers sod lakes seore Jess

than balla p 1 of ks y are
the lificlines of bumss ehere poople sefthd
S, taded. Bkt i, exprhomod A e chapter in
o 11 B

" A " butoe




agt *

World of cities




Fluvial transect — cities as water
catchments

TRANSITION COASTAL

MORETON BAY
Adapt > Embrace

TRANSITION

BREMER & IPSWICH
Store > Delay

CONSTRICTED

BRISBANE
Store > Reuse

CONSERVE

WIVENHOE DAM
Maintain Quality > Store

LOCKYER VALLEY
Store > Delay > Recharge

WATER QUALITY

* Improve water quality
naturally through
conservation and land
stewardship

* Make use of the Western
Corridor Recycled Water
Scheme to improve flood
storage capacity and protect
drinking water supplies

* Investigate a potential
bypass pipe between
Wivenhoe Dam and Mt
Crosby

* Activating additional water-
sensitive design strategies
to help increase the dam’s
flood storage capacity

ECO-AGRICULTURE

Encourage water-sensitive
farm types and land
management in the upper
catchments

Control sediment, replenish
ground water and nutrients
Use water delay techniques
leading to a reduction in
downstream flood risk
Consider the Western Corridor
Recycled Water Scheme as a
potential nutrient supplier
Revegetate riparian zones to
assist in sediment control,
water detention and discharge

SPONGE SUBURBIA

¢ Support water-sensitive
suburban development

¢ Reduce sedimentation in
local creeks and rivers

¢ Delay water and reduce
fluvial and flash flooding risk
downstream

¢ Improve public flood
awareness

¢ Adapt public space amenity
and recreational facilities

¢ Implement water-sensitive
urban design principles and
flood-aware architectural
design solutions

SPONGE URBANISM

Integrate water-sensitive
urban design principles and
flood-aware architectural
design solutions

Build retention parks,
sponge streets and gullies,
levee parks and flood plazas
Use permeable surfaces to
encourage ground water
recharge and storage
Revegetate local creeks

to improve water quality
and assist with delaying
floodwaters

Employ urban agriculture

Source:

BAY CULTURE

¢ Adapt to sea level rise and
protect future communities
through natural buffers and
coastal ecologies

* Capitalise on managed
sediment control and water
quality improvements

¢ Embrace the bay and coast
to encourage aquacultural
production and create tourism
opportunities

¢ Better utilise the opportunities
presented by the Port of
Brisbane and Brisbane Airport

Brisbane river
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Hydrologic Basin
Hydrologic Sub-basin
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Layers approach to spatial planning &
design
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Pressure on water resources

SCRAMBLE FOR POWER

Stretches of river where mast of the dams

CHINA'S THIRST FOR WATER are planned or are under construction

Himalayas mountain range

Four major Chinese
provinces are at “extreme
risk” of water shortages
according to the China
Water Stress Index from
risk analysis company
Maplecroft. Researchers
compared the amount of
renewable water supplies
from rain. streams and
rivers with typical usage
by households, farms and
factories and found that in
some provinces people
are simply using too
much.
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Deforestation in river catchments

LOSS OF FOREST LAND

LOGGING, AGRICULTURE, INDUSTRY & URBANIZATION HAVE IMPACTED FORESTED LAND:
.

\>s\ ?

’g‘: m 2

NAKHON RATCHASIMA.
FORESTS. : BANGKOK.

LA 1970. e 1990.



Progress of urbanization
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R i -.: i LESS THAN 150 YEARS AGO,

* Ne'ls B THE SIZE OF BANGKOK WAS
Rl h.t 13 SQUARE KILOMETERS.
[

URBANIZATION .

URBANIZATION MEANS SACRIFICING FOREST & NATURAL LAND -

16X MORE LAND:

FROM 1944 TO 2002, BANGKOK REGION
INCREASED ITS URBAN AREA 16 TIMES.

4.8% PER YEAR: "

THE RATE THAT THE REGION CONTINUES TO
EXPAND. h
o,
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o
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Imbalance of natural and urban water
system

WATER ABSORPTION

LAND COVERED BY TREES CAN ABSORB MORE WATER & REDUCE RUNOFF:

g gk 40% 30%

APORAT & TRANSPIRES WATER EVAPORATES & TRANSPIRES
) IN THE NATURAL HYDROLOGIC URBANIZATION RESULTS IN

(WATER) CYCLE, TREES & PAVEMENT OF SURFACES THAT ARE

FORESTS ARE IMPORTANT IMPERVIOUS, LARGE SCALE

PARTS IN REGULATING WATER DISRUFTION TO THE HYDROLOGIC

FLOW (WATER) CYCLE LEADS TO
ENVIRONMENTAL CONSEQUENCES

-
&
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«—10% 55%

WATER RUNOFF WATER RUNOFF

OVER USE OF DRAINAGE, DAMS &
ARTIFICIAL SYSTEMS RESULT IN HIGH
FEA( DISCHARGES, DISFLACEMENT OF
POLLUTION & CONTAMINATION CF
WATER SUPPLIES

S50% 15%

R INFILTRATES INTO SOIL W FILTRATES INTO SOIL



Urbanization Mexico City valley




Mexico city in lake Texcoco (today




B. What are Nature Based Solutions?
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Nature-Based Solutions (NBS)

* Refers to the sustainable management and use of nature for
tackling socio-environmental challenges, that include climate
change, water security, water pollution, food security, human
health and disaster risk management.

* Defined as actions to protect, sustainably manage, and restore
natural or modified ecosystems, which address societal challenges
effectively and adaptively, simultaneously providing human well-
being and biodiversity benefits.
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"Existing” natural areas

City Park/ Bayou, New Orleans, USA
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New Orleans
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Mirabeau Water Garden

Constructed areas




NBS in cities

We need to move towards a combination of
* technological solutions and
* Nature-Based Solutions.

“Nature as the inspiration for climate & multifunctional solutions.”

Goals:

* Enhancing sustainable urbanization

 Restoring degraded ecosystems

* Developing climate change adaptation and mitigation
* Improving risk management and resilience



Recommended actions in urban

planDU?rQn regeneration through nature-based solutions
* Nature-based solutions for improving well-being in &

urban areas &% '
= .y
\\‘\\f * Establishing nature-based solutions for coastal

resilience

iy

« Multi-functional nature-based watershed
management and ecosystem restoration

 Nature-based solutions for increasing the sustainable
use of resources and energy

 Nature-based solutions and the insurance value of
ecosystems

* Increasing carbon sequestration through nature-

based solutions @&

24




C. Water-Sensitive Urban Design



What is Water Sensitive Urban Design?

st Greater security
0 <

oy of water supply |

* Water Sensitive Urban 2% 32 il |
Design (WSUD) is the AR
° ° . ° o
interdisciplinary NS, &5
cooperation of water 80, C0s8m 1 O B
management, urban . P

) . Deliver
design, and landscape fo%%e SRR L)
planning. s i
&

* WSUD develops )« O S
integrative strategies for & &8 "
ecological, economical, ‘KJQ o
social, and cultural ) improved healing LB

sustainability.

http://www.switchtraining.eu/fileadmin/template/projects/switch training/files/Resou
rces/UNESCO-IHE 2008 Natural systems in urban water management.pdf
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http://www.switchtraining.eu/fileadmin/template/projects/switch_training/files/Resources/UNESCO-IHE_2008_Natural_systems_in_urban_water_management.pdf

“Living with water” principles

CITY AS A SPONGE

NATURAL AND CONSTRUCTED ELEMENTS IN THE CITY CURRENT, TECHNOCRATIC SYSTEM: “PAVE, PIPE, PUMP”
ABSORB WATER & HELP REDUCE RUNOFF:

;1-AS-PO,
P 'SS1g,
¥ osCHARG, €

FAST RUNOFF

MORE WATER ——
EVAPORATES & TRANSPIRES

4 8
i 4% 4

PROPOSED STRATEGY: ”DE LAY" ”STORE" ”DRAI N"

SPACE FOR WATER IMPERVIOUS SURFACES ® » L B
VEGETATION |
PROPERTIES & STREETS | SYSTEM OUTSIDE LEVEES

SYSTEM

e >
(=g [~ N /O = o

ksl o i
% < e S i o \
2 % & o ko Yos
; 5 aenn o g : M |
s 2 For4 = . l
o N7 2 - S 5 v ;
PUBLIC SPACE ‘ STREET PROFILES RAIN GARDENS RETENTION ~ DETENTION | SYSTEM STORAGE DISCHARGE

MORE WATER INFILTRATES

&
o .0
(RN

Source: Three-stage approach of quantitative water management, as:
* Proposed in 4t Water Management Memorandum (1998);
* Included in 21st Century Water Management report (2000).
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RDSD-strategy — Rebuild by Design (2013)

A COMPREHENSIVE URBAN WATER STRATEGY OMA HRA W -

Royal
HaskoningDHV
o Sty St



Basic elements of WSUD
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Application Type

Fact
Sheet
number | Fact Sheet

Wastewater
Aesthetic

Quality
Retention
Medium

Water sensitive homes

.

Sizing a rainwater tank

Site layout and landscaping

74 Waterway rehabilitation

Gross pollutant trap x

11.  Ponds and lakes
7. Suspended growth biological processes x

Recirculating media filter

21. Membrane filtration

v = Primary purpose ¥'? = Some impact but not primary purpose % = Does not contribute
— = not applicable ? = possibly applicable - = applicable

Raingardens

Surface wetlands

3.

29



Grassed or vegetated swales

0.2-0.5m

0.3-0.7m Filler media
(approved filter sand)

Perforated
collection pipe

0.1m Transition layer
(coarse sand)

[ Possible
impervious liner 0.15-0.2m Drainage layer
(coarse sand/gravel)




Filtration trenches

to drainage system 22'

f [

curb cut for
sheet flow

22!

- ‘
] \
H
s \ native vegetation
H \  cleans stormwater
" -y \
-
" ADA accessibility
|
bioretention soil mix crosswalk

street basins \

\

infiltration into soil
recharges groundwater

intersection identification

gravel




Bio-retention systems

i Vegetated swale s Bioretention -~
3 L 7
S5 A SN
> > >y — Rt e e 2
Overflow pit
se!e((ed M"VQ = - o T —-— e e = L] =T e L] = e L] -
ants and
filter strip rdy cultivars Road surface
water flow
’ Vegetated swale % Bioretention o
planting 3 r 4 7
surface retention and soil mix —
filtration zone

no liner or
filter fabric




Wetl a n d S 0 ‘ r | : Gras swalj& ;svei lrench system

Outlet drainage
Vegetation Slotted pipe on underside only running
across width of wetlands

Water percolates : :
upwards through Wetland Soil Media WeBand and
the media Perforated pipe equally [RETFERAETE
spaced across width
. . Infiltration system 7
Inlet Drainage Media for gravity fed ’ ':1::; J?n ?f.ﬂ::; :og:dwz:
landscape irrigation 1 g Lre
STORMWATER LOT - DRY natural landscape with
Approx. 6300 sqft. minimal maintenance

70% stormwater
capacity

to drainage system

JSNEEEEREEE

recharges
groundwater

temporary storage levels

105’

I e -

v perforated pipe allows
| water to drain to storm
\ sewers

w""n

curb cut for —
sheet flow

rip-rap prevents -

erosion infiltration into soil

sidewalk with culvert



Rain gardens, roof top greening, urban
_forests
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D. NBS for developing climate resilient
pathways



Nature Based Climate Solutions

Green cities

galﬂood
; tion

L J
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Strategy for achieving the Water Sensiti

Three pillars:

,,,

1.Building flexibility and adaptability i
“Cities as Water Supply Catch

A
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Developing countries are at an
advantage!

« Lacking extensive networks of infrastructure or institutions to
rebuild like those in the developed world.

* Sustainable practices can be incorporated into their present and
upcoming economic and overall growth.

« Shifting to investments in green energy, water reuse, resource
recovery and nature conservation is more sustainably & viable than

trying to quickly reach developed status through the traditional,
degrading industrial practices.

* Moreover, governments could include Nature-based Solutions
(NBS) in the sustainable policies being created for their respective
countries.




Step-by-step approach and leapfrogging

Follows infrastructural network - adaptive
Co-organizing in urban network
c. Retro-fit natural network - regenerative

oo

Developed cities

Cumulative socio-political drivers

Social amenity,
environmental

Water supply access Public health .
& security protection Flood protection

aterway city

Infrastructural  Urban Natural

ed city Drained city aTwoTR network  network

Diverse, fit-for-
purpose sources
& conversatiog

& urban design
reinforcing water
sensitive behaviours

Point & diffuse source

Separate sewerage
pollution management

Supply hydrolics

Developing cities Service delivery functions

Adopted from the ‘Urban Water Management Transitions Framework’ (Brown et al,
2008)



Key elements of (spatial) adaptation

A. Analysis — urban system and its environment
* Vulnerabilities (climate stress test)
* Opportunities

B. Ambition — drawing up ambitions
* Goals and challenges
* Planning adaptation strategy

C. Action — implementation in planning & sensing
« Choosing adaptation measures
* Securing & realization in daily practice

NB: (spatial) adaptation is always tailored



Strategy to implementation

ROTTERDAM
CLIMATE PROOF

ADAPTATION PROGRAMME 2010

Ambitio
Analysis n Action

42



E. Case of Sao Paulo
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of rivers

Atlantic
Ocean
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Sao Paulo city

Clean city

* Air quality

* Preserving and expanding green
areas

* \Water
* Landscape
e Eco-economics




State and municipal parks in Sao Paulo

(1998)
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Implementation and expansion of
“100 municipal parks” (from 2008)

Present Until 2012 Until 2025 e SO 8
T N— .
Approx. Approx. Approx. N\
16 Mi m2 49 Mi m? 60 Mi m2 o 2N
* Only municipal green areas " "
u ‘ \

| status | Aream’) | Part
e 15.561.363 31,8% det '

BT 398.717 0,8% 3% &’ /
| 26| 2.654.188 5,4% 17% b

| 31 |PrRoJECT 30.268.548 61,9%  195%
= "
[ 100 | TOTAL 48.882.816 100,0% ¢ -7\-‘5-- '
o £\ ,
S Ol '
1 ﬁfj T
Sao
Paulo
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Implementation of linear parks (1/2)

W% Parque Agua Vermelha
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Implementation of linear parks (2/2

50



Slum urbanization
programme —

Cantinho do Céu

« 2008-2010 (phase 1)
e 200 hectares
¢ 9,800 families

* 30 hectares park
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Cantinho do Céu




)
‘O
O
O
_
O
C
-
=
C
©
O




Conceptual schemes

BRAZIL STATE OF SAO PAULO  SAO PAULO CITY

'sﬂo PAULO .si\é PAULO

CANTINHO
DO CEU

== Consolidated dwellings
mm Removed dwellings == Main roads

— Local roads == Green areas - preservation
== Green areas - maintenance/leisure

' Electric power transmission lines — Proposed roads == |nstitutional area

=27 Residencial dos Lagos - the first part built ® Carriage return > Park lounges N
=» Conections =» Main fluxes @
-» Water proposed conections -~ Stormwater runoff



Conceptual schemes
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Thank you!

Any questions?
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