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1. Global Best Practices, Lessons Learned & Innovations in Flood Protection
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b) Governance & Capacity Building: Ecoshape
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2. US Case Study: Norfolk, Houston, New York City
3. Conclusions



Nature Based Solutions & Climate Adaptation A ARCADIS

Mission Statement:

* Cities need to protect its citizens from climate risks such as extreme Nature-based solutions are
weather events, sea level rise, flooding in a cost-effective, sustainable

and resilient way. solutions that are inspired and supported by

nature, which are cost-effective,

. , . , simultaneously provide environmental, social
* Nature based solutions that can be an alternative to civil engineered and economic benefits and help build

solutions. resilience.”

* Make valuable use of ongoing projects and future building plans by European Commission

incorporating and investing in nature-based solutions.

Goal: integration of NBS and civil engineering solutions
for coasts, rivers and cities.

Cities are often located near rivers and coasts and
therefore are exposed to a combination of these risks.




A Systems Approach to Water Management in the Netherlands

Image Sources: Rijkswaterstaat, City of Rotterdam
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Ecoshape achievements A ARCADIS

Nature Based
Flood Defences

Sand engine lake IJssel Interreg VB North Sea Region NatureCoast
project Building with Nature

Resilient
Delta Cities

Ecosystem
Restoration

Werven Park Dordrecht Tidal park Rotterdam CityDeal Klimaatadaptatie

Sustainable Port
Development

Living Lab for Mud Clay Ripening Pilot Project Building with Nature in Indonesia Salt marsh development Marconi Mud Motor Koehoal salt marsh Marker Wadden KIMA
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Ecoshape — Sand Engine A ARCADIS

Hotter, Wetter, Wilder - Urban & Coastal Climate Adaptation






Building with Nature: Marker
Wadden, creating smart ecosystems

A ARCADIS

0 Cnad land

0 Mieuw land
[] Bestaande steden
1 Mieuwe steden

Natural dike reinforcement, using
sandy foreshore
- Cost-saving and attractive

Waddenzee

Island construction, re-using
local sediments, goal:

- Stimulate ecological
potential and improve water
quality

Small scale applications of the
‘Sand Engine”, goal:

erosion control waterfronts
o address flexible future water
evels
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http://www.ecoshape.nl/
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Room for the River — Managed Overflow of River Floodplain

Source Rijkswaterstaat




Room for the River — Managed Overflow of River Floodplain

Source Rijkswaterstaat

* Launched in the Netherlands after 1993 and 1995 river floods, forcing evacuation of 250,000 people

* Extreme river discharges become more frequent, higher dikes alone not enough

* Multifunctional River widening as an opportunity to add spatial quality and allow for urban development and public / private funding
* RVR Project Office: combining National, Regional and Local authorities in 1 organisation

Lowering of floodplains Dike relocation High-water channel Strengthening dikes
‘! } ‘ "". . - ‘
Lowering (excavating) an area of the flood-  Relocating a dike land inwards increases the A high-water channel is a diked area that  Dikes are strengthened in areas in which

plain increases the room for the river at high  width of the floodplains and provides more ~ branches off from the main river to discharge creating more room for the river is not
water levels. room for the river. some of the water via a separate route. an option.



Room for the River Nijmegen - Lent

National authority invested 350 million Euro’s in a blue green bypass of the River Waal.

Based upon reducing flood risk and to avoid future socio-economic losses.

Nijmegen city used took this momentum to fullfill city’s ambition; the river being in the center of its city.

Investment: national taxes, based upon macroeconomics.




Eendrachtspolder, Willem Alexander Baan, Rotterdam e
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Water Storage and...
Residential areas
Ecological corridors
Attractive public area
Recreation / sport facilities



(4 ARCADIS
Analytic Capabilities at Waterboard Level ARCADI

The Tygron digital twin hydro-software handles additional layers, such as those listed below. The
video shows a demonstration of the road access functionality in the Netherlands.

- Damage and casualties
- Evacuation e ol 23 b | |
» Accessibility

» Evacuation time

- Cascade effects during flood
events

» Road access

» Electricity and communications
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A ARCADIS

Multi-functional urban flood protection,
Rotterdam Roofpark Urban Dike P —— —
metao el

Source City of Rotterdam




Rainwater harvesting and re-use

COASTAR COastal Aquifer STorage And Recovery in Rotterdam
Increased water demand, and rising sea-levels contribute to increased salinity in coastal
areas, leading to shortages of freshwater for drinking water, agriculture, industry,

nature and (urban) water management: COASTAR balances aquifer recharge and
extraction by infiltrating precipitation surplus utilizing smart sensor technologies.

Water banking
and urban water s S
buffers Rotterdam e N
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US Case Studies

Norfolk: Ohio Creek
Houston: Harris County Flood Control District

New York City: BIG U, Living Breakwaters, USACE - Hats



Norfolk - Ohio Creek Flood Resilience

Berm with Public Resilience
Park

oy

Public Fishing Pier
Stormwater Pump Station
-

Improved Drainage
Infrastructure

Improved Streetscape with
permeable pavers

g Shoreline
Flood Protection Berm

Stormwater Storage

Tide Gate
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Flood Protection Wall




Houston Post-Harvey
Upper Cypress Creek / Addicks
Reservoir Shallow Storage Areas
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Harris County Flood Control - Project Goals

2

HARRIS COUNTY

CITY OF HOUSTON

GULF OF MEXICO

LINTY

3
wFLOOD

EZCONTROL
EDISTRIGT

A ARCADIS

Evaluate feasibility of
shallow storage areas

Reduce overflow to Addicks
reservoir

Reduce peak flow rates to
Middle Cypress Creek

Compare to Plan 3/ Plan 5
reservoirs ($650M)

Feasibility only, not
implementation

Hybrid approach with
regional retention

22



COUNTY

Flood Risk Management Techniques ﬁ

Through Permanent Retention and Temporary Detention

A ARCADIS

Shallow Permanent Retention
and Temporarily Detention

%

Avoid Dam Jurisdiction Assets Outside of Berm

~N

Gate Valve / Restricted Outlet

Traditional Detention

Site Runoff Managed

[ ommrrrrrrE——

23



100-Year Property Benefits

b el ¥ L5

Existing performance

Performance with shallow storage

Flood Depth (feet)

00-05) 05-1.0 1.0-20 [ 2.0-3.0 [ 3.0+

5 - Day Simulation Volume
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Two types *of climate risks - daily tldal

floodlng and coastal storms, Lower: . 24
£ Manhattan - A

APPROXIMATE
ELEVATION RANGE
OF EXISTING
'WATERFRONT

[MHE

CURRENT SEA LEVEL 2050s (+30 in) 2080s (+58 in) 2100s (+75 in)

; By 2100, a coastal storm
2 E ; could cause flooding past
ik e . William Street
- 1 L | ‘
¥ ; .

Projected 2100 high tide line

By 2100, could flood 2-3
blocks inland daily

AT e
E il # 4
’ L '
F 4
£ i
- =
| 4
3 =Zrap %
e
B
=
i b, P et . .
. - — B o =
s -
L -
T iy
L i =T
= )
- - ¥ -
i o
{ ] s f—
" =L Yoy
3 -
A g
[ A 4 i e
(5 y
- o

Sourcé Rebuild by Design BIG Team

. 3



To Realization




East Side Coastal Resmence PrOJect Quallty of Life Outcomes
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Financial District - Natural World Criteria

quate infrastruct_ure to avoid_, or minimize, an_d/or
mitigate adverse impacts on important ecological
areas

Locate infrastructure on previously developed or
disturbed land, or brownfield or greyfield sites

Avoid, or minimize, and/or mitigate the effects of

increased volumes, pollutants, and temperatures in
stormwater runoff Financial District and

Avoid, or minimize, and/or mitigate the effects of site Climate Remhen:::e :Vla&ster F:-‘Ian
contaminants and pollutants, including pesticides SIEDC NWE oo oiimesiny
and fertilizers :

“‘Wvﬁ' —

Da

Avoid, or minimize, and/or mitigate adverse impacts on
natural systems such as hydrologic and nutrient cycles,
habitats including surface and groundwater systems, flood-
plains, and soils that provide critical ecosystem functions

Avoid, or minimize, and/or mitigate habitat fragmentation
while also promoting habitat connectivity

Avoid, or minimize, and/or mitigate the introduction of
invasive species



Living Breakwaters - From Concept to Construction
Attenuate Wave Energy & Prevent Shoreline Erosion A ARCADIS

2015 - NO ACHON: -26 11 958, - 2015 +94 ft
95% - 2015 ST R 95% MEBF - 2015: 4911t
95% NBF - 2015 +22 #t

2015 - NoAction: -7 fi
95 015 +24 fi
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959 - 2015 +16 ft
2015 +16 1

Living Breakwaters - Significant Wave Height
Water Level: 100y; Wave Direction: ESE; Breakwaters: 60%
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NY District

USA C .
of Engineers. . HATS Observations

* Plan components show high level of integration with
emstmg / planned strategies, a sYstems approach that

gives the study regional potential.

* Coastal protection through shore based and off shore

barrier solutions aiming to protect long waterfront
stretches of exposed communities.

* The evaluation of applying storm surge barriers has

matured.

* The work does not stop if “3B” were to be
implemented, what plan components from other
strategies may apply over time?

e Drainadqe_outfall and backflow issues, causing) severe
el :

high tide inundation of low lying communities

* What is the plan for waterfront communities who

currently don’t and may not get have a plan, what will

the process of retreat look like?

m—— Risk Reduction Features

- ..:fr ,r’ll E-¥ \\9;"‘,“-"‘
L ] MWestchester ;:r;lij wt:
:{ {4 =P
' ) [ ‘5\ab’ =
. I £ ~. {} ﬁi" HJ_/,—' 8
Morrs | i S \pﬁc’Q\h . r-f ‘E
County | P = 4 %
y 71, : & — Y
L . ¥ ;:"?J j‘ I;.ac'
. LY 5
i r A
R | \‘tﬁ
{ .
3 :""‘:. Nussau
- g \ County
.
Union : o ) | 2
County o Bruoklyn \\}_M; :5 o~ :
4.5'_-5':'. H“} > 495
OIING A\ gty W
| Q2 e o .l B
' \ Ve e
e H
® A
il
Middlesex 0 p |
County ;
. | Monmouth
Study Region Cmmty P v
Y ——— f‘j—" : ,('F H‘LNWYM | Cornecticut
(2) Lower Hudson / East River j " :' Pannsylania __.""‘H__ L ,I" FW—L*L
A Long |sknd Sourd f“' 3 2 - II j" =y {_ :_r-;ﬁ
&) Upper Bay { Arthur Kill i L _‘,éfaf"
E) Jamaica Bay - g “‘> ‘i
5/ Raritan |'I ,/"Nw
T} Lewer Ba J [¢ darce
= : [ g. Y
—— Primary Storm Surge Barriers and/or 0 5 10 15 20
Shore-based Measures Kilumeﬂlgs
= |nduced Flooding Features 0 5 10 15 20 25

03 December 2025 32



Legand

mmm— [avigahle Passage

mm A lary Flow Gates

Dam Saction and Tie-in

Flood Risk Reduction System
|Land Dased Measures)

ST, SRR E

i

RICR LOCATION

Risk Reduction
Features IEH IND the

US Army Corps
of Engineerse.

Th H1 n..ll .JL..I.lllq.n.qu o dn B S Ll e

P fer e Jamalzz Doy Teom Surge Boier, Te

i urTe SATer norirsben whall =t e
W TREY T ST (LT WS B [T SR= [T LT |
roqutng g o6 o actmd &g for fpl amcniasion,




e i s e
e i e 1 ' ——

5 g P ¥

as B it

(] - P : R T . BT - il e = 3 & L T T R oo
£

o g onmmen dod AL N

~ Image Credit: USACE



A ARCADIS
Peer-to-Peer Exchange B L
Metropolitan Water District and Waterschap ST e
Hollandse Delta .

A series of virtual peer-to-peer learning sessions with
representatives from MWD, CA DWR and WSHD
identified many commonalities and areas for further
exchange, primarily:

* Levee monitoring
» Nature-based solutions

- Stakeholder engagement and governance

*Key Insights: Agencies shared tools and ideas on disaster preparedness and Al-
driven modeling improvements.
*Site Visit: Participants toured Bay Delta islands to learn about wetlands, levee

monitoring, and endangered species efforts while exchanging insights and
documents
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