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Ecosystemservices relevant for flood safet
T ——

« Wave dampening

* Reduction of windspeed
* Reduction of currents

« Stabilisation of sediment
* Increase of sedimentatior
 Reduced erosion
« Water retention

« Creation of a physical
barrier




Why should we do ecosystem-based flood defense

Why should we make use of natural processes and
ecosystem services in flood risk mitigation in
combination with hard engineering?

1. Cost reduction
2. Reduces risk on failure
3. Adaptable




1. Self-sustaining and self-repairing
2. Accretes with rising water levels (peat or sediment)
3. Dampens waves independent on wave height

1

09

08r

0.7

sea level rise [m]
o o

n (o))

T

<
=
T

<
w

<
[

=
o

Extreme event

Lowest geenario
| | | | | | |

0 L
1890 2000 2010 2020

2030 2040 2050 2060
year

2070 2080 2090

2100

Deltares



Adaptable

1. Self-sustaining and resilient
2. Accretes with rising water levels (peat or sediment)
3. Dampens waves independent on wave height
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Adaptable

1. Self-sustaining and resilient
2. Accretes with rising water levels (peat or sediment)
3. Dampens waves independent on wave height

1.10 VF000 11.0
—HS1

0.90 HS3 9.0

\ \
0.80 —= 8.0
\ 9
£ 0.70 \ 7.0 =2
= B
S 0.60 6.0 =
2 \ S
o 0.50 F 50 2
> e}
2 040 \ \ 40 2
0.30 \i\ y
0.20 \\ — 2.0
0.10 = 1.0
0.00 1 1 1 1 1 1 1 1 1 1 1 00
20 -10 0 10 20 30 40 50 60 70 80 90 100 u re S



Additional benefits
I EE -

* Nursery for fish and aquaculture species
* Food provisioning (fruits, waterfowl)

« Carbon fixation

« Firewood production
« Water purification

« Water retention

* Biodiversity

e Tourism & Recreation
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System specific approach Coastal

systems

Temperate Tropical

systems systems
Beach and Sand Beach and
dunes dunes
Shellfish

«— Subtidal/intertidal —Coral reefs

reefs
Sea grass / Sllt\ Sea grass
Salt marsh 'Zlnterudal\Mangroves
Intertidal / \ Intertidal

flats flats _'elta res




Coastal systems
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Principles of Building with Nature (R. Waterman
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Emphasis on flexible soft 777 | .
P : Ronald ' Waterman #
Stru Ctu res in h ar Sustainable Development by Building with Nature® &

with the sea, | A
like dunes and beagh@s.vith nature@' published Profil

FIT LT T LLETTLS,

Functions
All views, ideas and plans of Ronald E. Waterman are assembled in a publication
entitled ‘Integrated Coastal Policy via Building with Nature®'.
The book can be regarded as a3 master piece of documentation in the field of
Coastal Zone Development & Maintenance. It represents both national and
international a milestone in the history of the development of Delta Technology. Master piece

Awards

Expertise

Sustainability first
Building with Nature
Conclusions

EU Waterways Forward

Contact

Dutch presentation

English version: Integrated Coastal Policy via Building with Nature®
ISBN/EAN 978-90-805222-3-7

Luxurious, binded document

450 pages with over 450 illustrations and DVD

Prize € 127,20 incl. 6% VAT
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Traditional knowledge and BWN integrated to bulld-safe

onveilig
A

Limited wave reduction

Golfhoogte (2.45 m)

Stormpeil (+5 NAP) [ /

GHW (+1 NAP)

GLW (-1 NAP)

Golfhoogte (2.45 m)
Stormpeil (+5 NAP) [\ f

GHW (+1 NAP)

GLW (-1 NAP)

Golfhoogte (3.10 m)

Stormpeil (+6.3 NAP) [\ N =
1 L

GLW (+0.3 NAP) Use & p rod uce /> [ Long term safety: "oée &
Y

Marshes grow

ecosvysiemsservices with SLR

o es

Slludle vl eerl supersworin, 1X per 1V.vuuv jddi

GHW (+2.3 NAP)




BWN delivers continuum of concepts-and applications

soft solutions

hard solutions

Oséwrwatarnn i & Ovstorscholds g

tidal

Galgeplaat
shoal nourishment Sand Engine

Delfland coast ES: oyster reefs
as shore protection

non-tidal

IJsselmeer Markermeer

: Noordwaard: willow ‘rich levee’
foreshore nourishment eco-levee forest foreshore
focus on focus on
ecosystem infrastructure
functioning

development
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High energy

Low energy

Steep slopes Moderate slopes Flat slopes

Tm-10m Spatial scale 100 m - 1000 m

Figure 1: Range of potential BwN applications along the main axes of given bed slope and hydrodynamic energy. Of course factors like
salinity and geo-climatic region also detemine potential solutions.
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Hybrid Example: 2010, Ecoshape consortium: foreshore.
protection with ovster reef experiment

E5Nieuwerkerk

<

Sty

3X 200m x 20m

Reduce erosion of intertidal flats
n Eastern Scheldt, maintain
habitats and protect the dike



 Reduce erosion

 Promote
aquaculture

 Promote nature
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2011: Conceptual Design ‘Oeverdijk’

Door ARCADIS -DELTARES

« Aiml: replace weak dike section with safe and cheap solution

« Aim2: produce a natural solutions that delivers benefits to other
functions.

e Construction: 2018

Type E, ecologically most effective design

Type E, nat rietland
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Nature development with longshore connectivity and regional relevance

for recreation and as fish and bird habitat
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Forest-Dike combination near Werkendam
I -

Aim: reduce waterlevel at peak discharge at city of Gorinchem
Need to build new dike as part of dike-ring. Klaar in 2015.
Design of cheap hybrid solution with a low as possible crest heigth.

Maintain legally required safety level

Deltares
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Hybrid Example: 2009 RfR programme Noordwaard
Navereducing forest- soft dike combi ‘Werkendam’

Clay dike
will be lower than
traditional design

Wave reducing
willow-tree plantations
Low cost low tech

*>70% reduction of wave height in
healthy willow forest

*Deltares/RWS design achieves
required 1/2000 safety standards and

IS now under construction.
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ﬁ berm van 2 m breed,;

1:3 helling tot aan kruin van
1:5 helling van bodemhoogte de dijk met grasbekleding

/— Wilgenbos met tot 3,5 m +NAP, met klei-gras

maaien bedekking
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Hybrid dike replaces traditional design
Crest height reduced with 0.7m. Completely soft design of slope
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8 november 2012

Regular yearly monitoring

« growth/health/density

Stability of the slopes

Check status @ extreme

conditions:

Storm events
Ice cover/flows
Fire

Diseases

Deltares



Maintenance is crucial
IR -

« Use adequate measures for heath issues
« Chemicals, cutting

« Regqular cutting is part of healthy forest
management:

1. After storm season

2. Half of forest each year (or two years)
3. Use slow growing species
4.

Replace old trees (they will die after
about 30-40years)

Deltares

8 november 2012



Benefits en cost
I -

* Lower dike

* No hard cover needed

« Added natural and landscape values

* Robust design (climateproof, flexible w.r.t . boundary conditions)

« Saved 1500 Eur/m in construction cost)
« Maintenance 2 Eur/m/y higher (forest, Eurl.500/ha)

Deltares



Our minister of transport and environment is supportive

26-04-2013 Werken met de natuur
Minister Schultz wil ‘werken met de

natuur’. “Eeuwenlang hebben we de
natuur met dammen en dijken proberen
in te perken. Maar we kunnen de
oplossing niet alleen blijven zoeken in
het ophogen of verbreden van dijken. Ik

wil bouwen mét de natuur.

Melanie Schultz: 'Mijn beeld is dat
bouwen mét de natuur je veel beter
beschermt dan de technische
oplossingen die tegen de natuur
Ingaan.’ Volkskrant 26 januari 2013

Deltares
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Focus on dynamic development of foreshore in time

We aim to develop new methods to assess how, and how much
vegetated foreshores can contribute to flood risk reduction. This
requires integration of knowledge from ecology,
biogeomorphology, hydraulic engineering, and governance

External forcing
(wind, waves, surge)

i i Vegetated foreshore
i ! (location, dimensions, -—
i vegetation)

Management &
implementation

Flood defence
(type, dimensions)

E:Eco!agy F#Marphafngyi I /L/W .

-----------------------

NIOZ, TUD, UT, HKV, Deltares
End users: RWS, NGOQO'’s, Waterboards

Deltares
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FORESHORE ASSESSMENT
USING S5PACE TECHNOLOGY

FAST
Foreshore Assessment using Space

Technology

EU 7t Framework Programme SPACE

‘Stimulating development of downstream
services and service evaluation’




Challenge: foreshores are currently not included
In water safety assessments and in levee
design but can be effective building blocks for
safety.

Aim: to develop a new GMES/Copernicus
downstream service by developing products
based on Sentinel data to gain spatial
Information on foreshore and floodplain
characteristics, such as morphology, sediment

characteristics and vegetation properties.
Deltares



EO data collection of foreshore characteristics

On site ground truthing in 4 study areas

Setup general relationships between foreshore
and flood risk mitigation properties will be
derived and implemented in a GIS based
software package.

Create software that calculates effects of
foreshores and floodplains on hydraulic and
bed conditions.

Translate effects into to potential reduction Iin
levee width and crest height. Deltares



« Develop software in close contact with end-
user groups to ensure commercial uptake and
long-term continuation of services.

* Provide tool for integrating levee-landscape
Interaction into cost efficient and safe flood risk
management strategies.

* Provide business case and disseminate the
results

Deltares
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Deze maand is er een nieuw, groot Europ
onderzocht met behulp van satellietgeg

Kosten voor dijkversterkingen kunnen wo
De bedoeling van het onderzoek genaamd FA!
voor watermanagers en consultants te ontwi
van golven in een bepaald gebied. Dit kan col
van venstatis an hat demnan van anhven vad
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Done
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Home

News

ACHTERGROND Europees onderzoeksproject waterbouw

Beplanting op de
vooroever kan golven
dempen, bodem
stabiliseren en de druk
op dijken verminderen.
IneenEuropees
onderzoek gaat
Deltares dit effect in
kaart brengen, zodat er
bij toekomstige
dijkversterkingen
rekening mee kan
worden gehouden.

AdTissink

‘et Europese project Fast
H(Foreshorel\ssessmem using

SpaceTechnology) gaat vier jaar
lopen. Door de Furopese Commissieis
er voor die periode een kleine 3
miljoen euro beschikbaar gesteld.
Fast gaat vooral op basis van satelliet-
data voorspellingen proberen te doen
van het golfdem pend effect van de
vegetatie.Aan dehand van de
hoeveelheid gereflecteerdlichtvan
een bepaalde golflengte kunnen
satel lieten de hoeveelheid chlorofyl
in vooroevers bepalen. Dat is een
maatvoor de hoeveelheid biomassa
die zich voor de dijk bevindt.
“Maar wel een grove maat”,waar-
schuwt Mindert de Vries van Deltares
die het Europese onderzoekspro-
gramma cobrdineert. “Deaardvan de
b iingis uitde i
nietzomaar af te leiden, netzomin
alsde hoogte ervan. De i

stuk voor stuk twee locaties selecte-

ren waar ze dat onderzoek gaan

uitvoeren.

Deltares heeft samen met NIOZ al een

schor in de Westerschelde geselec

teerd waar ze dekomende jaren de
Ifh. begroeiing, sedi

lews & Enis

e

Expertise

Deltares leads major European study on damping of waves by vegetation

Deltares leads major European study on damping of
waves by vegetation

Posted on 4 February 2014

an e

Satelliet meet effect beplante vooroever

programma Ruimte voor de Rivier. De
dijk diewordt verlegd kan vanwege de
begroeiing met eengriendbos
slanker, lager en zachter worden uitge-
voerd. “Dat is iets waar we voorheen
bij onze sterkteberekeningen en
ontwerph it rekening mee

tie en andere parameters gaan
monitoren. De Vries is nog opzoek
naar een geschikte locatiein de
Biesbosch. Liefst een stuk dijk van
ongeveer een kilometer lengte
waarvan een deel van de vooroever is
begroeid en een deel juist ook niet,
omgoed hetverschil te kunnen
waarnemen.

Griend
Langs de Nieuwe Merwede leidde De
Vries drie jaar terug al een project dat

de opmaat vormde tot het Fast-project.

Daar werd toen het effectvan
iendb,

4 h

moeten dus gekoppeld worden aan
waarnemingen in hetveld en
rekenmodellen om onderbouwde
uitspraken te kunnen doen." Vier
i ingen in Engel.

Cnanie Boamenid en Nederland oaan

onder

te. Fen griendbosvan 100 meter
breedtevoor de dijk bleek een golfvan
een meter hoog tekunnen halveren.
Die bevindingen worden numeegeno-
men bij de herinrichting van de
nalder Noarduaard B nnan hat

op degolfhoog-

konden houden.”

Software

Fastmoet uiteindelijk software
opleveren aan de hand waarvan
beleidsmakers op basis van actuele
satellietdata kunnen vaststellen waar
beplantingen of andere maatregelen
in de vooroever soelaas kunnen
bieden. Deverwachting is dat netals
bij de Noordwaard op veel meer
plekken in Europa dijkversterkings-
projecten minder ingrijpend hoeven
uit tevallen wanneer rekening kan
worden gehouden met de begroeiing.
Fastsluitvolgens DeVries naadloos
aan bij het bouwen-met-de-natuurcon-
cept, waarvoor de overheid, de grote
baggeraars, adviesbureaus en
kennisinstituten de handenineen
hebben geslageninhet consortium
Fcachane

Solutions Contact

Inde Riadhoorh ic sorder al ondarroek cedasn naarhet effect van wilecen on de colfkracht Eote: Deltarac/Dick Mol
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BW(L)N related publications, until now...

Borsje, B.W., B. K. van Wesenbeeck, F. Dekker, P. Paalvast, T. J. Bouma, M. M. van Katwijk, M.
B. de Vries, 2011. How ecological engineering can serve in coastal protection. Ecological
Engineering, V37: 113-122.

Bouma, T.J., M. B. De Vries, E. Low, G. Peralta, I. C. Tanczos, J. Van De Koppel and P. M. J.
Herman, 2005. Trade-Offs Related To Ecosystem Engineering: A Case Study On Stiffness
Of Emerging Macrophytes. Ecology, 86(8), 2005, pp. 2187-2199

Leeuwen, B. van, D.C.M. Augustijn, B.K. van Wesenbeeck, S.J.M.H Hulscher, M.B. de Vries,
2009. Modeling the influence of a young mussel bed on fine sediment dynamics on an
intertidal flat in the Wadden Sea. Ecological Engineering.

Paalvast, B. K. van Wesenbeeck, G. van der Velde, M. B. de Vries, 2012. Pole and pontoon
hulas: An effective way of ecological engineering to increase productivity and biodiversity in
the hard-substrate environment of the port of Rotterdam. Ecological Engineering V44: 199—
209

Slobbe, E. van, H.J. de Vriend, S. Aarninkhof, K. Lulofs, M. de Vries, P. Dircke, 2012. Building
with Nature: in search of resilient storm surge protection strategies. Accepted for publication
as ‘note to the editor’ in Natural Hazards special issue in on storm surges.

Temmerman, S., T. J. Bouma, G. Govers, Z. B. Wang, M. B. De Vries, and P. M. J. Herman
(2005), Impact of vegetation on flow routing and sedimentation patterns: Three-dimensional
modeling for a tidal marsh, J. Geophys. Res., 110, F040109.

Temmerman, S., T.J. Bouma, J. Van de Koppel, D. Van der Wal, M.B. De Vries and P.M.J.
Herman, 2007. Vegetation causes channel erosion in a tidal landscape. Geology, V35 (7):
631-634, (2007).

Temmerman, Stijn, Mindert B. De Vries, Tjeerd J. Bouma, 2012. Coastal marsh die-off and
reduced attenuation of coastal floods: A model analysis. Global and Planetary Change 92—
93 (2012) 267-274P.
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Cooperation is the key to pro
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Ecoshape
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e | S i practitioners
- - P consortium,
%\- Rijswaterstaat ~ ———=—— TUJDelft Building with Nature
ROYAL HASKONING (BWN)
&) o csezeng T Viieesomens 2013-2018
Universiteit Twente progress from
A Sr——— ‘Show that it works’ to

‘Make it happen!’



‘ " ecoshape.nl £

EcoShape

Welcome to 'Building with Nature'

A Building with Nature aims to wutilize natural processes and provide opportunities for
nature while realising hydraulic infrastructure, Design guidelines on how to make
Ecoshape tweets ® this happen in practice are the main end product of the Building with Nature
innovation programme. The work is carried out by the EcoShape consortium, that
consists of private parties, government organisations and research institutes.

DOWNLOAD
BwN BOOK (pd)

Feel free to download a digltal

7 Deltares



We will setup a wiki page that contains the information presented
In each lecture

The wiki page will be setup in a fixed format
It needs to contain the following chapters (if relevant) .

Summary

Description of the issue that is solved

Aim of the project at hand

Definition of ecosystem

History and location of the problem

Relation to legislation and government planning
Principles of the solutions
Design/description of solutions

Technigques of implementation/construction
Costing of works

Monitoring techniques

Maintenance

Relation to BWN principles

Benefits to nature and other functions

A list and definition of concepts (with photos)

Deltares
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Summary

Description of the issue that is solved

Aim of the project/publication at hand

Principles of the solutions proposed or implemented
Design/description of solutions

Benefits to nature and other functions

27 februari 2014
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mindert.devries@hz.nl or

mindert.devries@deltares.nl

Deltares
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