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NbS - Nature-based Solution EbA - Ecosystem-based Adaptation
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NbS - Nature-based Solution EbA - Ecosystem-based Adaptation
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VISUALIZATIONS

VISUALIZATION OF TERRACES AND SLOPES IN THE URBAN CONTEXT

Details of increased benefits for the
urban living environment

Terraces stabilize areas affected
by flooding and landslides, while
creating safe spaces for recreston
and other uses.

The design of terreces continues
centuries-old tradition, passing
technical knowledge and cultursl
wradiTons, integrating new
technologies and preserving kocz|
Customs.

Terraces are enfirely man-made
|landscapes that rely on 3 contnuous
commitment of people for their
upkzap. They have symbolic meaning
znd reprezent @ cultural pracoce that
bind: people to their naturzl contaxt.

SPECIAL TECHNIQUES FOR TERRACES AND SLOPES

Living smiles

& [tving smife ks 3 natural porous fence made of flaxible plant cuttings,
installed to drain & terrace of the escess water simultaneusly
capturing and retzining suspended sediment, which is incorpersted
into the existing soil. Additional sediment increases the volume
=nd structure of the existng zoil, enhancing its quslity 2: 2 growth
medium. As 3 |andscepe technology, the living smile protects
terraces from |esing too much soil during heavy storms and protects
plant roots from being exposed (Polstar 2008).

Warttle fences

& wattle fence is made of sturdy wooden pasts driven vertically into
the soil with pliable young shoots wowen horizontslly in benwesn.
Traditonally made of willows or similar young trees, itis an ancient
technology that is affordable, quick, and easily =pphied. Wattle
fences are installed az verncel breaks perpendiculzr to the slope
1o reduce the impact of roling materiats during @ storm. They alsa
act 25 short retaining walls to reduce the angiz of 3 slope and help
wegetation emablish. The cuttings sprout and grow, reinforcing the
overall structure (Palster 2008).

Vegetated gabions

Vegetated gebions are rectsngular baskets made of heavily
galvanized steel or another durable. corrosion resistant wire mesh,
filled with szones. Gabions can be reinforced with geotextiles and
filled with earth. They are used 1o reinforce and protect the slopes
from fast-moving stermwster By virtue of their ininally porous
structure, gabions capture and incorporste some of the flowing
debris and sediment into their structure, which becomes a growth
medium for plants that colonize and reinforce the gabions [Polster
2008).
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VISUALIZATIONS

VISUALIZATION OF RIVER AND STREAM REMATURATION IN THE URBAN CONTEXT

Details of increased benefits for the
urban living environment

River renaturation establishes 2
meaningful relationship between
the city and its river. The naw
public space provides recreational
and cultural benefits, contributing
1o the city's identity.

Stream renaturation returns streams
o communities. It makes water &
visible, valuable, and enjoyabls part
of daify life: an aszet that protects and
invigorates.

People experience the river and its
riparian corridar s one landscape,
full of cpportunities, recreation, and
educaton, 3 year-round source of
discovery.

SPECIAL TECHNIQUES FOR RIVER AND STREAM RENATURATION

Bank and bed renaturation

The riverbank is an interface of aquatc and terrestrizl ecosystems,
an area protecting oies from rivering floeds and often an important
social place with recrestional and cultural value. s renaturstion
design should alse safeguard ecological funchions and flood control.
Riverbank and bed renaturstion 2im to restore the natural dynamic
of the river, which may mean restoring its shape. creating physical
structures to direct the flow of water, and provide habitst for
‘Fquatic species.

Stream daylighting

smzll streams provide a wide array of benefits to communities, such
a5 nutrient and pollution removal, groundwater recharge, 2nd flood
mitigation. In some urban areas, streams were previously enclosed
by concrete piges or simply filled in. This could lead to floods, soil
subsidence, and conseguently to severe damages such as building
collzpses. Daylighting is a technique to remove layers of concrete
and recreste the natural shape and dynamic of streams, resulting
in increased wildlife and aguatic habitst, and better regulated
stormwater runcff trestment and intzke |Eisenbert and Polcher
2020).

Bioengineering techniques

Renzturztion relies on several bioenginesring lechnigues to recreate
the natural course of & river and connect it to it Bndscape for
flocdplain and riparizn corridor revegstaticn, riverbank stebifizaton,
and restorztion of the riverbed. The matural river dynamic rests
on the use of plants, rocks, and other natural elements, as well
a3 geotextiles and membranss o create ecologically rich and
structurzlly steble emvironment mimicking nztural condioons, while
providing space for recreztion [Eizenbert and Polcher 2020].
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VISUALIZATIONS

VISUALIZATION OF BUILDING SOLUTIONS IN THE URBAN CONTEXT

Details of increased benefits for the
urbian living environment

Applicztion of nature-based
solutions at the scale of buildings
signals the urgency of urban
adapraton to climate change, and
enhances the built ientity.

A green roof serves as communal
space that brings neighbors and
coworkers together, enriches social
interaction, and increases community
brust.

|
o
./'
S
- /,:.
e
=
Rooftop gardens offer additionzl

u=able space in dense urban
environments; provide
opportunities to grow flowers and
vegetables, exarcise; work, and
rest.

SPECIAL TECHMIQUES FOR GREEN ROOFS AND GREEN FACADES

Extensive green roofs

Extenzive gresn roofs consist of seweral horizonmal layers—bicengineersd
growth medium; membranes to suppert and control plant roots; buffers
to collect. filter, =tore, reuse, or discharge water, 2z well as structural and
insulaton layers. Performance criteria based on desired plant typology and the
guantty of water determine the thickness and the composition of the layered
structure. The roofs are normally not sccessible to the public and have drought
resistant plants that can withsw=nd varianons in tempersture and sun exposurs
|Eisenberg and Polcher 2020).

Intensive green roofs

The structure of intensive green roofs has a thicker substrete layer supporting
higher varisty of vegstation. In addition to water mansgement and cooling,
they provide amenities to building residents—opportunices for gardening,
eiercise, sunbathing, relzxstion, and socializing. intensive green roofs have
good retums on investment of lowering building energy bills. They provide
habitets for atiractive species, birds, bees. and other pollinators. Instaliaton
and maintenance come with & higher price tsg than extensive green roofs
(Eizenberg and Polcher 2020}, Roofiop gardens are 2 special type of intensive
graen roofs, which serve as @ preductve ganden for urban farming. Roofiop
gardens require higherinvestments and  robust structursl capacity of the roof
o support the higher installation and, maintenance, but offer higher use and
accessibility to people. A special type of smart green roofs is constructed with
@ systemn of crates lecated under the vegetation layer that stores rminwater. The
crete system can be dynamically controlied and drained at a later preferrad
ome. In retum, the stored rainwater can be used for imigation [Dzkdectors.
com).

Ground-based green facades

Eround-based green facedes are @ type of green wall with climbing plants
rooted in ground planters. The climbing ar self-clinging plants, with adhesive
pads as part of their anzstomy, can grow directly on the wall or on 3 special
frame connected te the wall. The plants extract water and nutrients from soil
at ground level and can grow very t2ll, and adjust oo climate fluctuations and
different lighting conditions. Many flowering and evergreen species can add
aesthetic experience to exterior walls, cool. and freshen the air {Eizenberg and
Polcher 2020).

Facade-bounded greening

Facade-bounded greening is a type of green wall using technology forirrigation
and special substrates for reducing the weight of green facades [Eisenberg
and Polcher 2020). They are more expensive than ground-based gresning and
require higher use of resources in construcbon and maintenance. Facade-
bounded greening zllows for a3 combination of 10-15 plant species, mos
often masses and perennials, and grows fast and uniform. The thin layer of soil
inhibits their suitability in cold, temperste regions (Iwaszuk 2t &l 2019).



; 271AN3RNENUENS 1198 100 T WNINNAESIIHANARS F9A
B Thammasat University Urban Rooftop Farm
43130 AENe STz B AN TREN T Jury Winners
waz Popular Choice Winners lugmgiiviaduaznis
senuuLLignsaniz (Landscape & Planning-Public
2 Park) uaz The Project of The Year 2020 dsdeulu
meialvnffigaanniad Architizer A+ Awards 2020

sanrunatuaes Zaha Hadid uazaw an 4 Asnmsed






Ix

EUMOFF VELOCTY

p— 20
ko BLIMOFF VELQCITY

= LEFTOVER RUNOFF
TO RETEMTION PONDS

SURi ACE
OVERFLOW FLAN: %

CASCADING
ROOF SECTION I

SOIL DEFTH



e,

Rainwater

A9 AvEd U Al wLaz AN LA R



Carbon
sequestration

Evapotranspiration
e N e e
i.- o

Water storage

.«f

=1

_____ s o '-"_'.".".'-."'-"'-'.___.'--F.r_‘_é-_.--‘-’f-'_h--EI_-_.P.'."HL_-"",-'T_'_"‘-_"-""_'*"_"—_-_- P T
{ < i ;i . bt - o ¥ . ® e R AT T S M b e e
Functi S o ~ Benefits
u n C I O n S Pluvial flood risk h { . Social interaction

reduction | % | . )

Pluvial flood e =

regulgtion Heat stress \ \
risk reduction _ . k

Subsidence _‘4’ =g ".II)' {
regulation . i I’ : 1 Biodiversity
8 1A . J + %
A W oPEN GREEN 4 .
. e E . WEA e Heat 2 0
Arrpc:ﬁuﬂ_on [yt 5 — «_\ Jatian ; ,L & S?AL_E_E-'{—_-
e N\, & Tourismand | o >
: recreation . o«
.Y \ p i |
Water pollution f ST T TR ; :
reauieren. \ G  Riouss’ . Sandician Carbon storageand | gog§ | g v Human kealth
Y, p sequestration. \e—=—/ 1§ o\
Drought = : g
regulation Stimulate local economies

and job creation



VISUALIZATIONS

VISUALIZATION OF OPEN GREEN SPACES IN THE URBAN CONTEXT

Details of increased benefits for the
urban living environment

Open gresn spaces provide refugia
for wildiife, recreasonal and
cuttural programs, and amenites
for urban communities.

In trepical and subtropical regions,
green spaces offer areas for cocling,
making it safer and mare pleazant to

spend Sme cutdoors.

acceszible green spaces of 2ll scales
close to residential and commercial
areas are highly valuable to quality of
life and public health bensfits.

SPECIAL TECHNIQUES FOR OPEN GREEN SPACES

Pocket parks

Pocket parks are relatvely small open spaces distributed
throughout the urban fabric. Pocket parks serve the immediats
population of a neighberhood 2nd provide 2 wide variety of small-
scele recreation possibilities, such as playgrounds. dog parks,
workout statons, water fountsins, vegetable and flower planters,
#nd other props for neighborhood recreston. Pocket parks can
zlso appear on vacant lots through community inttiative.

Matural playgrounds

Playgrounds with trees, flowers, rocks, and water features heip
children develop dewelopment skills, such a5 sensory, tacole
perceptions, creativity, and appreciztion for nature (Kahn and
¥allert 2002). Playgrounds encourage social and physical activity for
all ages. Ponds and other blue—green infrastructure in playgrounds:
can provide educational ocpportunities to children, green retreats
of recreation. and enjoyment to others, while contributing to
stormwaEter management.

Climate-proof residential gardens

residential gardens can have a large cumulative impact in
stormwater reducton if they sre integrated into larger green
infrastructure networks. Each garden manages stormwater
from buildings. roofs, and courtyards, capturing and recycling
stormwaten The vegetstion 2lso helps mingate heat, while trees,
bushes, and other vegetation provide habitat. Residents @n also
use gardens for growing vegetablss and recreztional uses (see also
Urban Farming).
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VISUALIZATIONS

VISUALIZATION OF GREEN CORRIDIORS IN THE URBAN CONTEXT

Details of increased benefits for the
urban living environment

Maintzining buifers along drainage
fines improves water quality and
provides critical habitat knkages

for wildlife.

™

-,

\

Stepping stones for biodiversity are

prowided when the design of parks

snd gardens seek 10 complement
existing cormidors.

Maintzining green verges and
establishing trees alongside rozdways
enhance aesthetics, reduces heat. and

provides shade for pedestrians.

SPECIAL TECHNIQUES FOR GREEM CORRIDORS

Street tree canopies

Strests with large tree canopiss enhance the image of = oty
increase its compettiveness, deliver economic and environments|
bensfits. Some cities are famous for a particular type of tree and
attract seasonal tourism based en the tree-blooming schedule.
Tree canopies circulate minwater, creste local microclimate, absorb
pollutien. provide shade, and atenuate heat Heat reducton
transiates into lower cooling bills for buildings. Cooler streets with
large tree canopies promote walking and socia! interaction and
generate maore retzil and hospitality revenus.

Green avenues

Green avenues and boulevards are smong the most attractive
wrban typologies, hissorically proven to improve business, increase
property taxes and enhance the prestige and desirzbifity of cities.
Functioning a5 environmental corriders from the start. they are
instrumentl in climate adaptation. An ungaved, vegetsted medium
can be integrated into the green infrastructure network for climate
adaptation and hefp prevent floods. Confinuous tree canmopy
efficiently mitigates urban heat, provides shade and shelter far small
species, and premaotes walking.

Urban green corridors

The maost efficient way to create 3 green cornidor is 1o plantdeciduous
trees a5 |arge canopies. Treas can be placed along the streets, open
train tracks, and other transportetion and infrastructure corridors,
in open and derelict spaces. Green corridors should be designed
for multiple functons such as new bike paths, walking, and jogging
routes, in addition to Water management areas. Green comidars
czn help estzblish better landscape connectivity scross the ciny and
improve ecosystemn functions (MWG 2016).
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VISUALIZATIONS

VISUALIZATION OF URBAN FARMING IN THE URBAN CONTEXT SPECIAL TECHNIQUES FOR URBAN FARMING

Details of increased benefits for the
urban living envirenment

i /ﬁ
B & 1
WL

outdoor urban farming can
produce local food: reduce
urban waste stream by
alrsorbing compaost: and reduce
swormwater runoff by infiltrating
and storing water

Farming crestes strong urban
identty and prevents scil erosion,
mudslides, and other hazardous
effects of loose soils in areas with
complex terrzins, while increasing
socizl cohesion.

Farming can take place invacant
lots, on rooftops, and high potental
agricultural land. it delivers multiple
ecosystem service banefits, creates

local employment and & beneficial
sense of community belonging.

Raised beds

Raizad bed farming is a low-cost technique in wrban areas where
soil pollution can be a threat. Raized beds can be built 1o any size,
using any noncormosive material, as long as the structure provides
good drzinage. Faised beds have many advantages: in temperats
regions with cold winters, the bads warm up quicker than the baman
ground in the spring, thereby extending the growing season. inareas
with [imited sun, beds can be tilted to maximize the expasure for
plant growth. in cofd months beds can be covered or comverted inte
greenhaouses.

Amphibious farming

inspired by the ancient Aztec way of farming called chinampas,
amphibious farming uses arofidal islands built in water. The islands
are secured in place by driving wooden stakes into 2 lakebed and
establishing a perimeter with woven reed fences. Amphibious
farming areas create 2 grid, with large enough canals between the
izland crop beds for 3 small boat to mowve through. Planting beds use
compest produced in situ a5 the growing medium.

Floating farming

Floating agriculture is & way of utilizing inundated areas for food
production. The method creates buoyent beds filled with compost
from decomposing vegetaticn, which becomes a growing substrate
far crops. The beds float on the surface of the water creating
additional areas of land suitable for agricuiture. Floating cultivaton
can be up to 10 times more preductive than traditionatly farmed
land but are not suitsble in waterbodies that experience high flow
welocities (CTCN n.d.; Hag et al. 2004).
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VISUALIZATIONS

VISUALIZATION OF BIORETENTIOMN AREAS IN THE URBAN CONTEXT

Details of increased benefits for the
urban living environment

Bioretension areas reate
natural and scologicsl spaces
for lecal residents

1o recraate.

introduction of bioretention
arsas into streetscape reduces
the dominance of cars and gray
infrastructurs, bringing nature into
public spaces.

Linear bioretantion areas improve
the transition between public and
private spaces in cities.

SPECIAL TECHMNIQUES FOR BIORETENTION AREAS

Bioswales and rain gardens

Bigswales and rzin gardens are shalfow, densely vegemsted ground
deprassions, with a variety of trees, shrubs, and grasses to collect
stormwater from adjacent impenvious surfaces. During storms, they
become flooded and facilitate ground infiltration and dleaning of
stormwater imultaneousty [EPA 2006). During dry seasons, swales
and rain gardens contribute to the quality of public areas. Bioswsales
are commaon in streets and other linsar infrastructure; rsin gardens
are common in parks, squares, and private gardens.

Detention pond

Detention ponds are desper =nd less biologically diverse
bicretention areas than bicswalss and min gardens. Bioretenton
systems capture end temporzlly store stormwater during periods of
heawy rain [Eisenberg and Polcher 2020). Detention ponds can be
completely filled up with water during storms; they infiltrate much
of it into the ground: and discharge the owerflow into the sewer
system. The remainder of the fime they remain dry. Detenton
ponds c2n provide attracoive scenic elements in public areas, around
playgreunds and sport fiskds.

Retention pond

metention ponds are bioretenton =reas characterized by =
permanent body of water and vegetsted edges. Unlike detention
ponds, they are permanently filled with water. Retenton ponds
collect stormwater from the surmounding ereas; add storsge capacity
and ease the pressure on the surface water treatment and sewersge
systems. Retention ponds offer the added benefit of storing water
fior further reuse during drought conditions, while simultaneously
providing habitat and enriching the diversity of public green spaces
(rwaszuk et al. 2018).

Permeable pavements

Permezhble pavements zre afternatives to traditionzl pavements,
such as pervious asphalt, pervious concrete, interlocking pavers,
and plastic grid pavers, and are especially effective during less
intense storms [UDC 2007] for reducing surface runcff They
infiltrate, treat, and store rEinwater 2nd reduce runof by allowing
rain and snowmelt to seep to underlying layers. They gensrally
consist of a surface pavement |ayer. 2n underlying stone aggregate
reservoir layer, and a filer layer or fabric inztailed at the bomom.
Parmesble pavements can be used =t commercial, institutional, and
residential sites in spaces that are tradidonally impervious, such as
pedestrizn walkways, driveways, bike lanes, parking lots, and low-
walume roadways. They are unsuitable for high-voluma or high-
spead readways and avoided at spill sites as they clog the pavemeant
{WRI and WBG 2018).
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VISUALIZATIONS

VISUALIZATION OF NATURAL INLAND WETLANDS IN THE URBAN CONTEXT

Details of increased benefits for the
urban living environment

‘wetlands form an interface between
land and water. They are & part of
[roth the aguatic and the terrestrial
erosystem and functicn as 3 two-
way buffer, mitigatng storms and
assimilating poliutants.

Matural wetlands provide excellent & combinaton of habitats
opportunites for communites o contributes to 2esthetic and
connect with nature and learm aboutthe bicdiversity values. Dpen water aress
bread suite of values that nature-based offer recreational opdons such as
sclutions provide, especially whan trails kzyzking and bosting.
and educationz! fcilifies ars integrated.

SPECIAL TECHMIQUES FOR NATURAL INLAND WETLANDS

Drainage reduction

Maturz| inland wetland srezs have besn ussd for agricutiure in
miany regions around the world. To make the land suitable for crops,
drainage systems are installed to control the water table and provide
irrigation. To reverse the destruction of the wetland, natural water
fluctuation must be restored together with the composinon of the
anaerobic hydric soil formed over a long period. The first step is to
remaove 3 section of the underground agriculturs! tile that is draining
the wetland basin or oreste a ditch plug by building 2n earthen wall
to impound water.

Improving lateral connectivity

in mamy urban comtexts, canals and ardficizl berms were built to
disconnect the main water body from the floodplain 2nd its wetland.
This resulzed in the disruption of wetland hydrology. Rehabilitation
wiould require 3 reversal of this sction and 2n improvement of [ateral
connections between the main body of water and the wetlands. Re-
esmblishment of lateral connections will reactivate weatland areas
and improve its envinonmentsl performance. it will also bring back
the waterfow| and cther wetiand biom.

Maintenance and cleaning

The health of a natural infand wetland and s emvironmental
performance depends on proper lateral connections, hydrobogice!
cycles, the right soils, and plants. Imvasive plants cen push out
native species, wreak havo in the naturzl wetland habiw=t. change
flow patterns and degrade the water guality. In some instances,
degradation can be offser by restoring natral hydrologics!
conditons; however, undesired inwasive plants may need to be
controfied through appropriate mechanical, chemical, or biclogical
control mezsures.
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VISUALIZATIONS

VISUALIZATION OF CONSTRUCTED INLAND WETLANDS IN THE URBAM CONTEXT

Details of increased benefits for the R
urban living environment

Constructed inland wetlandz Constructed inland wetiands create
become recreatonal an opportunity to rsise community
destinations in the oity, awareness and inwolvement in water
transforming neighborhoods and climate related challenges.
and adding diversity o green

spacEs.

Constructed inland wetiands deliver
zesthetic and senscry experiences
fior urban communitias.

SPECIAL TECHNIQUES FOR CONSTRUCTED INLAND WETLANDS

Surface constructed wetlands

Free water surface constructed wetlands clean waterthrough a series
of planted marshes and engineared soils that remave contaminants.
They imitate & natural wetland ecosystem where plants filter water
wetland plants are a great naturz! asset; in addition to purifying
water, they often support high levels of biodiversity (Kennen and
Kirkwood 2015).

Subsurface gravel wetlands

Horzontal subsurface-flow constructed wetands treat contaminated
water by pumping it slowly through the subsurface gravel beds
wihere it gets filtered through the root zone znd the soil in 3 vertical
or harizontal flow pattern. Subsurface wetlands offer the adventage
of space efficiency and the ability to prevent mosquite breeding
{¥ennen and Kirkwood 2015).

Floating wetlands

constructed floatng wetlands have plants installed on floating
structures that are placed in existing water bodies to filer
con@minants. Existing contaminated water bodies, urban rivers,
cznzls, and ponds may be treated with fioating wetlands. secondary
benefits include water cooling and habitat for wildlifz {Fennen and
Kirkwaod 2015).
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VISUALIZATIONS

VISUALIZATION OF RIVER FLOODPLAINS IN THE URBAN CONTEXT

Details of increased benefits for the
urban living environment

Floodplains can senve to
intercept and treat polluted
runcff, capturing sediment and
reducing pollution risks for
downsiream communities.

Rehzbilitation efforts that reconnect
the riwer to the floodplain can
enhance sttenuation end provide 3
diversity of habists for wildife.

Rehabilitated floodplzing can
provide highly atiractive
landscapes and active riverfronts
that amract investment and provide
& range of opportunities for cultural
and recreztional acovities.

SPECIAL TECHNIQUES FOR RIVER FLOODPLAINS

Setting levees back

Leves setback is the process of relocating a levee further back in
the floodplain to provide extra space for the river to flood. Levee
setback provides the river with more fleadplain 2rea to interact with
and czn resuit in lower flood elevaton. The new space for the river
allows new ecological and recreational actvities (IDNR n.d). and
provides 3 greater diversity of floodplain habitats [Ayres etal 2014).

River bypass or Oxbow

An gubow = 2 historical river meandear that is cut off from the main
channel during the naturz! process of channel migration, or through
man-made channelization. Water levels zre main@ined through
larger flooding events overfliowing into the oxbow and groundwsater
seapage. Basad on the habitat propesed. inlet and outfet structures
may need to be constructed to regulste the inflow and outflow of
water for the oxbow {IDMNR n.d.).

Re-activating the floodplain

In incised floodplzins, & new mesndering stream channel is
excavated on the original floodplain by reising the stream bed
elevation. The former incised channel is then filled, converting it to
a floodpliain feature. This approach is used in areas where there are
few |ateral constraints and whare flicoding on the adacent land can
be increased.
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VISUALIZATIONS

VISUALIZATION OF SALT MARSHES IN THE URBAN CONTEXT

Details of increased benefits for the
urban living environment

Salt marshes facilitate the safe

intarface of the land and zea by

adapting to fidal dynamics and
wave action.

Land use zoming should facilitate salt marshes provide multple
the natural growth, expansion, and ecosystem services. They also serve
migraton of salt marshes while to connect the urban seafront with
pretecting people. property, 2nd gray the natural system.

infrastructure.

SPECIAL TECHNIQUES FOR SALT MARSHES

Restore hydrology

Salt marshes exist in synergy with the s=a. They rely on tdal
dynamics and koczl floods for their growth and expansion. Waves
bring nutrient-rich sediment, which they capture, store, 2nd use as
additional growth medium. Areas where human actions disrupted
this natural connection in the past may be strategically recavered
by remaving obstmcles. restaring the tidal influence, and sediment
flows to enzble the conditions for sslt marsh development.

Mud Motor

The Mud Maotor technigue is designed togradually delver additional
growth to salt marshes. Dredged mud is placed cut in the open,
and clese to the marsh, spread out so the tidal flow @n slowly
wash it off and deposit i in the salt marsh. This methed imitates
the naturzl sediment movement and allows the marsh wo adjust
graduzlly. The mud can be obtined from local sources, including
harbor maintenance works (Baptisz et al. 2021).

Planting mats

A plantng mat iz 3 bioengineered technigue for salt marsh
restorstion, it facilitates the re-establishment of zalt marsh species.
Plants are grown on relasvely dense coconut mats, where the
rocts can grow. The mazs are then placed in the marsh protectng
younger species during their initial growth phases. The coconut
fiberz degrade over tme but the plants remain [EcoShape nad ).
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VISUALIZATIONS

VISUALIZATION OF MANGROVE FORESTS IN THE URBAMN CONTEXT

Details of increased benefits for the

urban living environment

Shallow waters of mangrove
forests provide a sustainable
maobility network for water
transportation for loczl
communitias.

Mangrove forests provide impertant
benefits to communitizs that can
leversge sustainable fishing and
aguacuiture for livelihoods or for

nature-basad tourism opportunities.

kdangrove forests improve water
guality 1o sustain [fe cycles of
commercial and recreational
ficheries. A complex, healthy
mangrove forest is zlso crucial for its
flood mitgaton performance.

SPECIAL TECHMIQUES FOR MANGROVE FORESTS

Restore hydrology

Mangrove forests rely on the tides for their growth and expansion.
The strategic removal of certain weter control devices will
recover tidal infiuence and recreate the conditons for mangrove
devslopment, especially in areas were human activitiss previously
restricted tidal emvironments.

Permeable structures

Permezble structures help mangrove forest restoration by capturing
sediment and providing substrate for mangroves to grow naturslly.
The permezble structures are placed as 3 grid system facing the
direction of the tidal current to maximize the sediment capture
and dampen erosive waves. The construction cen be done by
local communities with structures made of local materizls such as
bamboo, twigs, and other brushwood (Deftares n.d.).

Planting or sowing

Planting or sowing mangrowves requires previous study of the ares
to ensure that biophysical conditions are appropriate for mangrove
recovery. The purpose of the planting is to assist or enrich the
natural regenerstion process when naturzl supplies of s=eds and
propagules are limited dus o lack of nearby parent trees or lack of
hydrological connection to these trees. This i often the case along
coastlines that suffer widespread mangmrove degradation (Deltares
nd.).
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VISUALIZATIONS

Details of increased benefits for the
urban living environment

in addition to cozstal protechon,
beach and dunes offer recreadonal
USES 3nd represent a connection
of the city with the sea front. Reefs
and seagrass meadows 2lso provide
benefits for artisanal fishing and
tounsm.

VISUALIZATION OF SANDY SHORES IN THE URBAN CONTEXT

sandy shorelines provide important

nature-based recreation opportunites.

Sidewatks, structures, and other
development on dunes and beach,
unless carefully planned, impact the
niztural processes and the protection
they offer during storms.

Dune enviranments represent
2 fiood control boundary that
urbanization plans should =ke as an
important reference to protect beth
the naturzl systems and the urban
infrastructure.

SPECIAL TECHMIQUES FOR SANDY SHORES

Beach nourishment and dune restoration

one common appreach used in sandy shores for temporarily
forastaliing shoreline retreat or beach erosion is to artificially
widen 3 beach with sand from some cutside source, usually from
an offshore contnental shelf. Beach rourishment relies on feeding
sand along or in front of 8 beach and allowing wave and tidz| action
to distribute it along the shore. Approaches to restore and manage
besch systems inciude shoreface or beach nourishment [nearshaore
placement] and dune restoration and nourishment [USACE 2021;
SMH 2000). Beach nourishment reguires adeguate planning
because adding sand without addressing causes of erosion will lead
to limited success and costly periodic nourishment cycles (Gnges
=nd Reguers 2021},

Artificial reefs and submerged structures

Artificial reefs can work to maintzin beach stability and pravent
arosion by breaking weves and influencing currents that transport
sadiment. Artificial reefs also offer hard substrate for coral or oysters
and create conditions to establish other ecosystems such as seagras
meadows, mangroves, and beach and dunes. Submerged structures
can also serve to create perched beaches, where the beach profile
iz raised or protected. Long, low embankments paratlel to the shore
can provide support structures for new topography and creste
additional opportunites for biodiversity [flacobsen 1932),

Connectivity and multiple lines of defense

Mangroves, seagrass meadows, reefs, and beaches and dunes are
interccnnected and support each other Their flood protection
giso depends on maint@ining healthy ecosystems. Reefs serve
25 submerged structures that zllew lower energy environments
for other ecosystems cen establish and accumuizte sediment
in mangroves, for example. The pressnce of submerged and
emerged vegetanon can stabilize the seabed and enhance sediment
depasition {Ondiviela et al. 2014; USACE 2021). A multiple fine of
defense with seagrasses, reefs, and beach and dune nourishment,
gpproechad with 2n integral view, czn be used to provide effectve
protecton znd multiple bensfits. Maintaining heslthy ecosystems
2= @ natursl protecticn is often = no-regret. low-cost strategy, in
the face of increasing threats of climate change aleng urbanized
coastiines.
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jLIVING SHORELINES SUPPORT RESILIENT COMMUNITIES

Living shorelines use plants or other natural elements—sometimes in combination with
harder shoreline structures—to stabilize estuarine coasts, bays, and tributaries.
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Examples of NbS application:
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