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Abstract Framework
Delta areas are prone to flooding and land subsidence. Flood risk increases because of climate change and land subsidence. Risk can be reduced by
strengthening levees. Risk can also be reduced by land use planning, raising buildings and infrastructure, and emergency measures. However, Start:
expanding urban areas in delta areas will increase risk. - Development of new housing areas, industrial areas etc.
- Existing criteria for building codes, and performance of water system and levees based on official (risk based)
Based on the precautionary principle, it can be decided to live outside the (known) flood zones with soft soils to avoid flood risk. However, in these standards
places, also other risks are present. Examples are diseases, poor air quality, industrial plants, and longer travel distances to work. Accepting some
level of risk is inevitable. The concept of acceptable risk provides a way to balance these factors when building in flood-prone areas with soft soils. Ambition:
- Insight in possible future impact
In the Netherlands, the 'Water and Soil is Guiding' initiative incorporates acceptable risk and local flood and land subsidence risk profiles into land use - Avoid decisions which you might regret in de future
planning. This paper focuses on flood risk and land subsidence and introduces a ‘spatial assessment framework’ to guide decisions on where and how - Take the life cycle of (societal) costs into account.
to build new urban developments. Avoid easy choices during development (with low costs) and create high cost in the future.
The framework sets out criteria to mitigate the flood risk and land subsidence in these developments, considering projected flood risk in 2100 taking What is new: Additional criteria to take ‘water and soil’ into account. These criteria are needed because of the low
climate change into account. It divides areas into risk zones based on local flood depth and probability of occurrence, allowing: frequency of these events (flooding) and the long-term impact (soil subsidence, fresh water)
1) new urban developments must include flood risk mitigation and land subsidence measures to prevent damage
2) areas where explicit trade-offs between risk reduction measures and acceptance are necessary Step 1: Rethink the location of new urban development
3) zones with low risk which is acceptable. Step 2: Rethink the design and spatial integration of new development
Step 3: Only if needed and step 1 and 2 are not realistic — redesign of the water system or additional emergency
Additionally, the framework provide guidelines for shelter locations to ensure residents are protected during worst-case flood events. In addition to the measures
risk maps, additional zones can be identified where development is prohibited, such as areas needed for future floodwater storage. Step 4: Public consultation and regulation

Classes and Data

Flooding: Evacuation

and Shelter w
Primary levees
External decision | |

Soil subsidence

D: Not allowed External decision

Flooding: Exposure

Flooding (regional rainfall, extreme river discharge, failure of levees):
source “National Database of Flood Risk Information

N
1
o

External decision "

https://basisinformatie-overstromingen.nl/ | | | | - ®
* Local exposure to consequences of a flood using a ‘water risk D: No unless > 90 cm Flood Depth >20 cm Flood Depth >20 cm Q 200
. : > py T>1/100 py ] —
profile | . Z Femmm
« Opportunities for evacuation or shelter in place (based on e —— Flood Debth > 20 em = [ Ay —
worst case flood depth) ' (h% risk) : > 60 m 90 cm T<1/100 - > 1/1-000 py Flood Depth > 500 cm o 150 Regional levees
Method: primary levees along sea and rivers are considered to be e » ood Denth = 950 -QE) — ® /
- : - Comply or explain ood De > en < + [
fully independent, regional (megi m risK) >30t/m 60 cm - é%o om Y 100
levees among regional canals fully dependent. S s o—o
B: Comply or explain Flood Depth > 20 cm, Flood Depth > 50 en < o — ‘m
Soil subsidence (b i SoHmenen T<1/1.000>1/10:000 py JGs ] 5o T
* Expected soil subsidence in case of classic development . Flood Denth > 20 cm — /o 77507
(equal to a mass of 1m additional sand) A: Accept risk <3cm T < 1/530.000 oy Flood Depth =350 cm % o2 :
4
: 1 1 1 1 1 1 1 1
Drink water < < Ao.ooo.ooo A .000.000 A 00.000 A 0.000 A 000 /100 /10
* Expected shortage based on current permits Exceedance probability (per year)
Year: 2100 ‘ No risk ‘ Figure: Water risk profile showing the exceedance probability of flood
* Climate change based in SSP5-8.5 (KNMI 2023) depth (www.mijnwaterrisicoprofiel.nl)
* Levees are reinforced to (exactly) the safety standards i
/7177 A : - -
Soil subsidence //// 4 . Direct shortage D 'iN kl ng/ " e
Locally additional layers can be added! : A=

/ .
SR / Leeuwarden Groningen - Shortage before 2030 Water '

>90cm

Shortage after 2030
/,, Assen
> 60 t/m 90 cm 7 No shortage ?
> 30 t/m 60 cm / I‘
/ The jiaque Ulre
“u vy

>5tm 30 cm

/ Felystad "ch'>llc
<5cm ‘ f 2
/Amsterd_g‘n‘w\ / '

Rotterdam

<
. \ Combined steering map
‘ Enschede ges Antwerp Diisseldorf
Design maps . L )
/Rotterdam'“".f\'\’,\ JArnhen'w’ Brussels Maas@Rl 3
e A . . R—
Local design criteria per parameter //VH{fh\A- National map ‘water en soil guiding ////
7. Breda // A /
,%ielburg Eindhoven Essen //////// o .
f  Krefeld - '

Leeuwarden  Groningen

Bruges Antwerp '/ Disseldorf
Ghent g -
’f Cologne v
. ich
Soil Subsittence "

Aachen aae
Wy //

N
P ”~ Assen
- 7
feeuwarden Groningen No shelter in normal Leeuwarden - Groningen /
I ¥ ¥ house (H > 500 cm) /
Assen TR 2 Assen "/
ShelﬁLZ%% irr%t)ﬂoor / /
N E)Hfgtg(l)itg r;:?k // /
y }
/ﬂ\msterdam / Lely5tad "' ZWO“C‘
Enschede / Enschede | v
s / Amsterd ,a‘n;\
’ . ! Enschede
eter 'S*Hertogenbosch
0,20-0,5 Breda / UL ht
-~ Middelb ; | g ' Jec )
. s Essen :) ,OS ,//'//e UFAQ | Eindhoven Essen The Hague l
By N ¢~ F  Krefeld W52 Y, J Kre[eld / ' ,/\,\.A Arnhe m
£ Antwerp "9‘3' Disseldorf B 22 ruges Antwerp / Disseldorf Rotte rdam./--/ -
g W 253 . : - i
Ghent # = Flood evacuation vy "\ . ~
> Cologne o, | . ), “Q Cologne ~ h“
Brussels Maastricht a nd Sl’?ésttlé I A lzachen -y
I Aachen e W3 | Bonn 'S*Hertogenbosch

Breda

- = —
- g
.l"'k*é't.( Ma
2% » *
Leeuwar den Groningen g%"éfeuwar'&‘en Groningen 4
A

Middelburg

Leeuwarden  Groningen

Essen

iy & ’ | -
£ % Ty SIZ Eindhoven
4 Lelystad Zwolle : Leil‘yéta';i ch:lle i ’ )
Ar‘:wséerdam dam#” 44 Assen '-& K
# et e 7 | D: Not allowed
Thq,Haéue Utrecht - . !
%otterﬂ"am - :‘Amhom‘ A
: - IS-HeFtogenbOSCh } U g e S n twe r p m
. . ~( Breda ) -~ '
Mldd%\bL.Hq &‘ sim S Essen Essen ’. ZWO“e - " .
S Krefeld Krefeld ' »
jes S— Re— Antwerp Dusseldorf 3 - ) :
oo .| FloodDeplh 220em, e 1 gy ne o0 % | Ghent S el
1= LA | s T<1/1.000>1/10.000 p ' J
<1NM. ] py Q Enschede 4
) s/
: e A e’Haque Utrecht ; : '
cron Y, 4 - ; ; NN Arnhenﬁ') r\,1 e h ' . C(;'%rg ilzrr?rriesx )lam
.Leeuw?rd ornn%en&# Leeuwar den  Gronin gen ' RO_tterdam P - 8 r U S S e lS a a S S r l C t
. Assen A i ) - -
s : 3 : - : Aachen B: CorTg\Iz orkexplaln
: g N Meter '$*Hértogenbosch ( rsk)
’ A Lelystad né\-.iokl'e Lelystad Zw?lle 3 0,20-0,5 8 reda
Arﬁstfgsam ? Amsterdam ; 0.50 - 1 o i .
‘{‘: 3 : Enschede ( Enschede Elndhoven Essen A. Accept rlSk
The Haglews" - Utrecht The Hague Utrecht S 1-1.5 n
Rf&t‘erdam s Arn:e'_rgr- — Rotterdam ' /::'Ain_i‘\eﬁm . 15-2 . / Kre fe \d
\_. ?‘3‘ g-Hertogenbosch by . "}i's’H.eeroﬂg:nt.)osc.i; "'1\ . 2-25 irUQCS Antwerp Dusseldorf
reda, < g Breda
i B Eindhoven o Essen |LhSaeiburd Wy Eindhoven t' Essen - 25-3 Gheﬂt |
A 2" Krefeld # /7 Krefeld - 3.4
Jes Antwerp Disseldorf  |es Antwerp P Disseldorf B Cologne )
No risk

Torehet ey SRR . Flood &xposure (profile)

Bonn





