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Conceptualizing
Nature as Critical
City Infrastructure
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AN INTRODUCTION TO NATURE-
BASED SOLUTIONS FOR URBAN

RESILIENCE /
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CLIMATE RISKS CAN BE ADDRESSED THROUGH NBS /
SRR A E T HRKBERTR (NBS) J1PANXT .

Discussed in this presentation: ARERSPTHERI N
Urban heat » TS
Urban stormwater flooding T R K

Coastal flooding and erosion from
storms, cyclones, tsunami
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Also relevant:

Riverine flooding A 7 k7K
Landslides L R4

Droughts FF



DISPROPORTIONATE CONSEQUENCES /
AR AIRER

9 of the 10 most vulnerable cities to
flooding are in developing countries
(China, Ecuador, Vietnam, Cote d'lvoire,
Bangladesh, Indonesia)

The poor and disadvantaged
suffer disproportionately from
natural disasters
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COSTLY CONSEQUENCES / B Ht

Among natural disasters, the occurrence of floods Flooding is most frequent among natural disasters. Losses
Is most frequent, and flood risk is increasing. / totaled over US$40 billion in exceptional years. /
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Global Flood L e
obal Flood Losses Global number of reported flood events

In the US alone, erosion
affects more than 40%

of coastlines, resulting In
~US$500 million/yr in
coastal property losses




CONVENTIONAL: ‘BUILT’ INFRASTRUCTURE /
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Controlled disruption
of ecosystem by
building man-made
structures

Examples: pipes,
levees, dams, flood
walls, gutters
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NBS: ‘NATURAL' INFRASTRUCTURE /
NBS: ‘H?2R’ HEaflkis

= Natural solutions include
regenerating, protecting and
creating ecosystems

= Newer and not as well-
tested as built infrastructure,
but can be more cost-
effective in some cases

= Examples: mangroves,
wetlands, floodplains, upland
forests
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MANY TERMS FOR “NATURE-BASED SOLUTIONS” /
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THINKING ABOUT NBS AS INFRASTRUCTURE /
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Nature-based Solutions (NBS) / T HRKIBHR G R
(NBS)

Hybrid / jB& Natural / B

Built / E&

Hard, gray, Combination of ecosystem Creation, protection or
engineered structures elements and hard restoration of only ecosystem
built to address engineering interventions for elements for addressing
development objectives / addressing development development objectives / {¥
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NBS: ‘HYBRID' INFRASTRUCTURE / HZ it R: ‘IBE’ ZEmi%ik

= Natural solutions alone are often insufficient to meet all
needs / {NEE H SR R 7 Z88 H A B BA 2 P 77 2K

= ‘Hybrid’ solutions integrate and enhance the benefits of
natural and built solutions / “VB&&” k7 REEHIRF
HIORAR R TT 25 N Tk T7 AL .

Examples: permeable
pavements, constructed wetlands,
removable sea walls, green roof /
s EKEERE . N TR, Al
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undamaged

damaged

Graphic: Ferdana et al. 2014

WORLD RESOURCES INSTITUTE



TYPES AND TYPOLOGIES OF NATURE-BASED

SOLUTIONS / HRAEERR T RIIREI G K
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ADDITIONAL ‘CO-BENEFITS’ OF NATURAL AND HYBRID

SOLUTIONS / B EIRB BRI KBV “ohEzm”
BRTTR

Provide a wealth of co-benefits, PettFEE R E R, B

including: it A 1
Sustaining livelihoods - NN
Improving food security :ff;f SEiea
Carbon seguestration IR

=
Improving water quality E K

Protecting biodiversity and habitats PRI A A 20 ARG S




WORDS OF CAUTION / & EIn

= Effective use of NBS is highly
context-specific, requiring
careful evaluation, planning

and design

Some NBS have natural
variability and uncertainty
that must be accounted for.

Photo credit: WRI

AR & T 07 A RN AR
AR RRBIE, 2T
(IR RN b il gy

o BRET AT RAFEER
%fr;g%ﬂﬁﬁﬁ%ﬁ, WZRT LA5E




CLIMATE HAZARDS: URBAN HEAT / SfERE. IRiTH &

Hazards: Extreme urban heat

Contributing factors:
Densification of cities
Impervious and dark surfaces
Loss of green cover
Changing weather patterns
Natural disasters
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500,000 premature deaths per year
from extreme heat

1.6 billion people in >1000 cities will
be exposed to extreme urban heat
by 2050

Urban heat impacts economic
productivity: 1.5-2% annual GDP
losses globally
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NBS FOR EXTREME URBAN HEAT /

NBS AR TH =R i it

The solutions:
Green roofs/walls
Tree cover
Gardens
Reduce impervious cover
Green corridors

Restore/daylight wetlands and
water bodies
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NBS INTERVENTIONS FOR URBAN HEAT /
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CASE EXAMPLE: MEDELLIN'S GREEN CORRIDORS /
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CLlMATE HAZARDS: URBAN STORMWATER FLOODING /
SRR E: WHTRMEK

Urban flooding hazards: stormwater
pollution, landslides
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= Urban flooding occurs when water
flows faster than it can be absorbed
or transported away

= By 2030, global urban population

will increase by another 1 billion.

Contributing factors:
J Urbanization

. Lack of drainage
J Insufficient water infrastructure
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NBS FOR URBAN FLOODING AND STORMWATER
HAZARDS / NBS 3Tt /K 5 B MHEK K ERR T R

The solutions: ﬁ@d&jﬁ‘%

Open spaces TR 22 ]

Constructed wetlands
: . N T g
Bioretention areas

Nl BYA |
Green roofs A=W B (X
Permeable pavement Zxth I




RANGE OF RISK REDUCTION AND ADDITIONAL BENEFITS: URBAN
FLOODING AND STORMWATER HAZARDS /
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Bioretention areas
= Reduce runoff of sediments and
pollutants into river; increase

groundwater recharge
Additional benefits
= Protect streamside properties;
recreation and tourism
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Constructed wetland

» Filters pollutants; captures sediments;
reduces stormwater runoff that can
damage built infrastructure

Additional benefits

= Biodiversity; freshwater storage;
recreation, tourism, and education
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CASE EXAMPLE: DISASTER RISK MANAGEMENT WITH
CONSTRUCTED WETLANDS IN KATHMANDU VALLEY, NEPAL /
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Poor wastewater management
Small-scale, decentralized,
wetland system

Community support essential
Highly effective, low cost
pollutant removal: US$290/yr to
treat wastewater from 80

households
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HAZARDS FOR COASTAL FLOODING AND EROSION /
KRR faF

Hazards: Flooding, erosion
Contributing factors:

=  Development decisions

=  Ecosystem degradation

= Sealevelrise

= Changing weather patterns
= Natural disasters

The world’s coasts

= 9% of global land area

= 28% of the global population
(1.9 billion people)

= 42% of global GDP production
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NBS FOR COASTAL RESILIENCE / NBS HF 31

The solutions: ﬁ@ﬁ%ﬁ%
Mangrove forests AW PN

Coral reefs Bl Bt
Oyster reefs et B
Sandy beaches and dunes SV R
Salt marshes thif
Seagrass TR 5.




RANGE OF RISK REDUCTION AND ADDITIONAL BENEFITS:
COASTAL RESILIENCE

Mangrove forests

= Reduce wave energy; stabilize and
expand shoreline; elevate soil

Additional benefits

= Forest products; fisheries; water
purification; carbon sequestration

Oyster reefs

» Reduce wave energy; stabilize
shoreline; protect adjacent habitats

Additional benefits

= Carbon sequestration; fisheries;
water purification




CASE EXAMPLE: RESTORING OYSTER REEFS IN THE GULF
OF MEXICO / Z#/~%]: SRV arEHIFERBEE
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5.9 kilometers of restored oyster reefs
iIn Mobile Bay, Alabama has:
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76-99%
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» Reduced wave height and energy:
The top 10% of waves by 76-99%

* Produced marine food supply:
3,460 kg of oyster (meat) harvest/yr

= Purified water: 1,888 kg of

nitrogen/yr removed from nearshore

waters




CONSIDERATIONS FOR POLICY FORMULATION /
BRHENEERFR

Implement environmental
monitoring and sustainable land
use planning

= Engage all stakeholders
= Facilitate cross-sector coordination

= Behavioral change through
knowledge sharing

= Encourage supportive policy
signals
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IMPLEMENTATION OF NBS /
TR TR (NBS) KISt

NBS Ti H A #itara

Steps To Guide NBS Project Cycle
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Initial socio-ecological assessment
2. Risk and vulnerability assessment

3. Analyze costs, benefits, impacts and
trade-offs

4. Design intervention, monitoring and
evaluation framework

5. Develop financing strategy
6. Implement and construct intervention
7. Assess progress and effectiveness
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NBS IMPLEMENTATION CHALLENGES /
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WRAP UP AND HOW TO GET STARTED / B &5 A\ [

Leverage regenerative and
Understand local site context adaptive traits of NBS for

Biophysical traits and compatibility with resilience

hazard reduction target Understand spatial and time
Social, policy, and financial enabling scales to maximize benefits
conditions Integrate with current and future

Additional co-benefits benefits built infrastructure

Variability in levels of performance Inform implementation,
management, and evaluation plans
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