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THESIS LOCATION

Lower Rhine River Basin / ABC (Amsterdam-Bruseel-Cologn) Mega Region Map of the ABC (Amsterdam-Bruseel-Cologn) Mega Region
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Urban area potentially exposed to river flooding in 2071-2100 compared with 1961-1990
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Figure: flood risks in the ABC Mega region
ILllustrate by the author
Source: Joint Research Centre (JRC), 2016
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Figure: Urban area change 1992-2019
ILllustrate by the author
Source: Corponicus ,2019
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Landscape fragmentation caused by grey infrastructure

Urban sprawl

Connection

making the landscape less connected,

facilitating less rainfall to be transformed

into runoff and therefore reduce flood risk,
-~ droughts and erosion problems.

Fragmentation

V
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Multi-level and crossing border governance
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PROBLEM STATEMENT

In the lower Rhine basin, the ABC MEGA Region is faced with the increasing risk of flooding caused by climate
changing and extreme weather. The repercussions of over-modifying nature due to the urban sprawl and decay
causing the land scarcity and landscape fragmentation, seems to put it in a more dangerous conditions. Crossing
border and multi-level governance seems to be difficult to carry out an coherent flood management strategies.

Spatial planning should be better involved in the process of flood management to recognize the dynamics and
to activate the capacity of the green and blue infrastructure of flood resilience as well as guide the expasion and

form of the cities in the ABC Mega Region.
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FLOODING RESILIENGE FUTURE FOR THE ABC MEGA REGION
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A SYSTEMATIC APPROACH, NATURE-BASED SOLUTIONS (NBS)
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A SYSTEMATIC APPROACH, NATURE-BASED SOLUTIONS (NBS)

Figure: Nature-Based Solutions are a new focal point in the global effort to deal with climate change
Illustrate by Natasha de Sena, WER

Green cities
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Where to grow? Where to apply nature-
based solutions for flood management?
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ILllustrate by the author
Source: Eurostat NTUS,2018
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Potential areas to apply nature-based
solutions for flood risks control

Territories in between
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Figure: potential areas to apply nature-based solutions for flood risks control
ILllustrate by the author
Source: Copernicus,2017
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Policy related to flood management
and nature landscapes protection
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Figure: Policy related to flood management and nature landscapes protection
ILllustrate by the author
Source: Copernicus,2017 and Natura 2000
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Landcover
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Figure: land cover in the ABC Mega region
ILllustrate by the author
Source: Copernicus,2017
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Green corridors alongside the rivers in Ruhrgebiet

Figure: green corridors alongside the rivers in Ruhrgebiet
ILllustrate by the author
Source: Copernicus,2017
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Figure: Rhine waterlevel monthly
ILllustrate by the author
Source: OpenDataPortal Disseldorf, 2022
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Source: Christopher Aragén, 2018

Soil Description Final
Infiltration
Rate

Lowest Runoff Potential. Includes deep sands with
very little silt and clay, also deep, rapidly permeable
loess.

Moderately Low Runoff Potential. Mostly sandy soils
less deep than A, loess less deep or less aggregated
than A, but the group as a whole has above-average
infiltration after thorough wetting.

Moderately High Runoff Potential. Comprises shallow
soils and soils containing considerable clay and
colloids, though less than those of group D. The group
has below-average infiltration after pre-saturation.
Highest Runoff Potential. Includes mostly clays of
high swelling percent, but the group also includes some
shallow soils with nearly impermeable sub-horizons
near the surface.
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Figure: The USDA-NRCS Hydrologic Soil Group Classification

Source: Reynold J. Stone, 2014 Figure: Soilmap

ILllustrate by the author
Source: Regionale Landschaftsbezeichnungen, 2021
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ILllustrate by the author
Source: Google streetview, 2022
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the flood protection system and floodable area
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Figure: floodplain and flood-prone area
ILllustrate by the author
Source: Bezirksregierung Dusseldorf Sachstand Maftnahmenumsetzung, 2022

2

Figure: status of the flood protection system
ILllustrate by the author
Source: Bezirksregierung Disseldorf Sachstand Maftnahmenumsetzung, 2022

status of the flood protection system
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Functional spaces along side the river

0 1.25 25km N

forest
grass
water
parks

agriculture

residential -
industry ||

Figure: different spatial element in the satellite map
Illustrate by the author
Source: Googlemap, 2022

Figure: Functional map alongside the river
Illustrate by the author
Source: Openstreetmap, 2022
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Functional spaces: Farmland and agriculture

0 1.25 2.5km N

Winter rapeseed

Sugar beet

Peas [N
Beans |
Maize
Winter wheat triticale [N
Sunflowers ||
Summer cereals [

Winter rapeseed Sugar beet

Summer cereals Sunflowers

Figure: farmland and agriculture landscapes
ILllustrate by the author
Source: Openstreetmap, 2022
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Figure: farmland and agriculture landscapes
ILllustrate by the author
Source: Copernicus and Humboldt University Berlin - P.Griffiths, 2016
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Functional spaces: urbanized area and recreation spaces
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Figure: urbanized area and urban parks
ILllustrate by the author
Source: Openstreetmap, 2022
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policy support

Policy

Directive 2000/60/EC of the European Par
liament and of the Council of 23 October 2
000 establishing a framework for Communi
ty action in the field of water policy (Water

WFD Framework Directive)
EU
Directive 2007/60/EC of the European Par
liament and of the Council of 23 October 2
007 on the assessment and management o
f flood risks (Flood Risk Management Direc
FRMD tive)
Prevention of new risks in the flood risk ar precautionary land use
ea /
\ natural water retention
Technical flood protection
Precautionary building
Protection against risks
Reduction of existing risks in the flood risk
area
German Working Group on Water Issues o Provision of resources and preparation of
f the Federal States and the Federal Gover hazard prevention and civil protection
LAWA nment
Precautionary behaviour
Germany Information
Defence against the disastrous impacts of
Reduction of adverse consequences durin flooding
g a flood /
Assistance for persons affected by floodin
9
Reduction of adverse consequences followi
ng a flood aftercare
Federal Water Act (Gesetz zur Ordnung de
s Wasserhaushalts — Wasserhaushaltsgese
WHG tz)
Environmental Impact Assessment Act (Ge
setz Uber die Umweltvertraglichkeitsprifun
UVPG a)
Determination of the floodplains for the Rh
ine, Dussel and other streams in Dlsseldor
Hochwasserschutz f
Férderprogramm DAFIB Green roof
local (Dusseldorf)
The Office for Environmental and Consum
er Protection regularly conducts planning a
pproval procedures under water law for wa
Planfeststellungsverfahren fur Gewasserau tercourse development with public particip
sbauvorhaben ation.
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Find the suitable NBS strategy for the design

Riverbank softening River bed infiltration Deadwood and roots streams connection

runoff control

"

Highten up the dam for
bigger floodplain

&

mangrove forest

Redirecting terraces and slopes Remove the dam for

bigger floodplain

forest restoration

buffer belt for city

buffer belt for agriculture

N

wetland rentention

aqua agriculture fishing pond with aqua Pastoral in floodplain

agriculture

I§
urban farming

desealing cities green roof urban parks
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before

argiculture

flood soil Brown clay
predominantly parabrown soils and brown soils, slightly
widespread gley-parabrown soils and gley-brown soils
from high-flood loam, slightly widespread over terraced
sand or over deep terraced sand

greenery

after

aqua-argiculture
Organised drainage
and water storage

terrace and slops
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before

residential

Schloss Benrath Park

Alluvial silt
predominantly vegen and low disseminated
gley-vegen of predominantly carbonate floodplain
silt over disseminated deep carbonate floodplain or
terrace sand, low disseminated gley-vegen of
carbonate floodplain silt over deep carbonate
floodplain clay

after

Riverbank
softening

Desealing pedestrain

green roof in residential
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before

sediment

Himmelgeister Rheinbogen Nature Reserve

Alluvial silt
predominantly vegen and low disseminated
gley-vegen of predominantly carbonate floodplain
silt over disseminated deep carbonate floodplain or

terrace sand, low disseminated gley-vegen of
carbonate floodplain silt over deep carbonate
floodplain clay

after

Vegetation to improve
sedimentation: )

Reinforced greenry
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Strategy in agriculture land

Figure:Strategy in agriculture land
ILllustrate by the author
Source: Openstreetmap, 2022

water [

agriculture

new seasonal cultivation =
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Strategy in urban parks

Figure: Strategy in urban parks
ILllustrate by the author
Source: Openstreetmap, 2022

park
new waterside park [N
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Strategy in green spaces

Figure: Strategy in green spaces
ILllustrate by the author
Source: Openstreetmap, 2022
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new meadow [N
new water [
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ILllustrate by the author

Source: Openstreetmap, 2022
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2030

ILllustrate by the author
Source: Openstreetmap, 2022
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2040
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NOLLVZITVNLd3IONOD

Source: Openstreetmap, 2022
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STAKEHOLDERS

local - execution

landscape architect, urbanist,
hydrologist, ecologist, local
government, citizen involvement

Planning and design

Integrated flood risk
management in local

construction Support

Landscape construction companies,
farmers, urban park and orchards
operators, citizens

Local government funding, local
government policies and processes,
private landowner land sales or
leases, higher level government
funding or policy support, eco-

friendly NGO organisations

mega regional - cooperation and support

Knowledge

Integrated flood risk
management in lower
Rhine Delta

Finance

Environmental NGOs

Partners(i.e. GEF, UNDP, UNEP, World
Bank, EU, WWF, IUCN, Ramsar Conven-
tion)

Government and municipality

Urban Construction Company

Private owner

Flood Risk Monitoring System
Institution and college

ICPR

Flood experts

Policy

Policies:

Natura 2000/Flooding Directive

Policy maker:

EU

National Government(i.e. Germany, Netherlands)
Municipality

Citizen envolvement
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local site

\/ buffers for downstream

more available spaces

inland

along the river
low in flooding risk

high risk areas

creating new spaces
for green and blue

less available spaces
along the river

more available spaces
along the river

/
Fud _-__-__-__-__-__-__-__-__-__-__-__-__:_:_:_-__:_-__-__:_-__-_—-_J-_ —-—_-Tz=
river restoration _
| 0060060
|
infrastruct
: grey infrastructure 0 @
E green and forestry 9 @ @ @
AV4 wetland

high flooding risk

less available spaces
along the river

®

agriculture

open spaces @

in the urban @ @ @

more available spaces
along the river

seaward

low in flooding risk

Absorbing risk from
upstream high risk areas

creating new spaces for
green and blue

less available spaces
along the river

more available spaces
along the river

high flooding risk

creating new spaces for
green and blue

less available spaces
along the river
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High
flood .
risk High
level
redundancy
Middle
level
redundancy
Level of Level of
integration integration
of actors of actors
Low High
Low
level
redundancy
Low
flood
risk

The representitive cities morphology of river landscapes and city landscapes

Figure: The representitive cities morphology of river landscapes and city landscapes
ILllustrate by the author
Source: Flooding atlas of Rhine River, 2020 and Corponicus , 2019

25 50km N

flood risk
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|
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SCHEDULE

(' PREPARATION

) ( LOCAL EXPERIMENTAITON ) ( REGIONAL ITEGRATION

) ( SYSTEMICAL EFFECTION )

|
2022

Planning and governance

I >

Site Evaluation

Stakeholder involvement

Local policy

Regional policy

Apply NBS

Ecosystem conservation

Terraforming the river

landscapes

Demolition and return to

nature

Enhancing the green-blue

network

Values and outcomes

Flood riks reduction

(local)

Flood riks reduction

(upstream and downstream)

Human wellbeing

Tourism
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EU/Rhine river basin
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LOWER

.

FLOODING RESILIENGE FUTURE FOR THE ABGC MEGA REGION

LOWER FLOODING RISKS

NBS can effectively control the risks
and hazards posed by flooding.

ENGAGING

CATALYSTS OF LOCAL
INVOLVEMENT

Promoting local involvement and the

improvement of local projects.

-

LONGER LIFE-SPAN

Eco-systems have a longer life span
than grey infrastructure and can have
longer term benefits and effects.

J

GCOOPERATION

STRONGER CONNECTION

Closer links and communication
between other economic activities,

such as the production and trading of

agricultural products, etc.

SUSTAINABLE-

SUSTAINABLE URBAN
DEVELOPMENT

In the case of urban development, the
longer duration and life cycle of
nature-based solutions means that
urban construction and development
based on this perspective also has a
longer life cycle and more sustainable.

- J

BROADER RANGE OF
BENEFICIARIES

Extending the benefits of flood risk
control measures from the local to the
broader mega region from upstream to

downstream.

HEALTHY

HUMAN WELL BEING

The improved blue-green space
provides residents with more natural
spaces for public activities and
recreation and is conducive to
human-well-being

- J

DYNAMIC

DYNAMIC AND
FLEXIBILE SYSTEM

Whereas previously the bearers
of flood pressure may not have
been directly related to the
beneficiaries of flood risk
control, this blue-green
network adds even more
connectivity at the system
level. The whole system is also
more flexible and dynamic.

> 7,
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FROM LOCAL TO MEGA REGION

Systems involved

Urban planning

the trend and potential

Spaces for expansion
the policy boundary City functions
Landuse and landprice

Local interventions and design

NBS for Flood management

Water/ blue infrastructure

Flooding risks

Green infrastructure

~ Opportunity

Suitibility
Availability
Adapability
Implementation
P ——— s -~
// Nature based solutions for flood risk management \\
/ I | I N I
// 2022 2040 2100 \\
| Current Programme “Rhine 2040” Goal of Urban Flood Integration (UFI) Flood resilience future |
| arre - Connected habitats urban development, flood |
| - More biodiversity management, as well as |
) Gc_)gd water quality . navigation and environ- ’
\ - M|t|gat[on of flood risks mental protection are
\ - Cope with low water negotiating the border /
\ between the river and the /
\ urban realm. /
\ | /
\\ Urban spaces configurations and development //
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