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Coastal erosion threatens beaches and dunes globally. In the Neth
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erosion, with sand nourishments as the primary means. As a resuli
coast is one of the most heavily nourished coasts globally with an ¢
min n? that is annually added to the coastline of only 432 km for dyi
coastline conservation. Our nourishment approach has evolved ov
years and recently we reported on the lessons learned regarding th
nourishment design. Furthermore, we evaluated the cumulative eff
nourishments against the overarching goals of the coastal policy. C
approach of coastline maintenance with regular proactive nourishm
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proven to be successful.
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International Guidelines on
Natural and Nature -Based
Features for Flood Risk
Management

Bridges, T. S., J. K. King, J. D. Simm, M. W. Beck, G. Collins, Q. Lodder
and R. K. Mohan, eds. 2021. International Guidelines on Natural and
Nature -Based Features for Flood Risk Management. Vicksburg, MS: U.S.
Army Engineer Research and Development Center.
http://dx.doi.org/10.21079/11681/41946
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Principles and approach to NNBF

Natural and
nature-based
T solutions
Use a systems approach to leverage existing Working with Ecological
nature engineering

components and projects and their interconnectivity.
Engineering

ey Building
m Engage communities, stakeholders, partners, with nature With Nature
- and multidisciplinary team members to develop
innovative solutions. Natural and
NP irteeg Nature-Based Soft defenses
— . . - . InTrastructur Features (NNBF
%> _ldentify sustainable and resilient solutions that ( )
~— .
==— produce multiple benefits.
Natural flood Nature-based
management solutions
/\V/\ Anticipate, evaluate, and manage risk in project or o _
VAV t rf Working with Greening the
sSystem perrormance. natural processes coast
Living
OnV4 shorelines
Source: Nigel Pontee, Jacobs

@_E’] Expect change and manage adaptively.




Use a systems approach to leverage existing
components and projects and their interconnectivity.

Beaches and
Dunes

G
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Principles, NNBE _
Outcomes and Performance Benefits of NNBF
Framework

Figure 1.2. Contents and Concepts of NNBF Guidelines Linked to a Watershed Approach
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Define objectives at Strategic, Tactical and

Operational level

Figure 4.20. Frame of Reference Management Framework

'
Strategic Objective ~
L+
L Operational Objective €
Quantitative Benchmarking Intervention Evaluation
State Concept Procedure Procedure Procedure
T J R\
Indicators
™ Desired State
Parameters %7 ldentify sustainable and resilient solutions that
T Current State == produce multiple benefits.
Process /N/A Anticipate, evaluate, and manage risk in project or
Knowledge : '

Source: Adapted from van Koningsveld and Mulder 2004

VAV system performance.

g_g Expect change and manage adaptively.



ldentify  key Co-Benefits, not all benefits have
to be monitizable

Figure 6.6. The Scoping and Identifying of Key Co-Benefits for an NNBF Project through
Engaging with Stakeholders

Stakeholder Climate Chang “,
identifying key
co-benefits
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¢ _ldentify sustainable and resilient solutions that
produce multiple benefits.

\

m Engage communities, stakeholders, partners,
and multidisciplinary team members to develop

innovative solutions.



Use a systems approach to leverage existing
components and projects and their interconnectivity.

Draft conceptual
models of the
physical
processes acting
In the project
larger scale
environment

Figure 9.6. Conceptual Model of Physical Processes for a Hypothetical Beach and
Dune System

Artificial Source Artificial Sink Mining
Nourishment and Extraction

|¢// ,/z Longshore

Transport Out of

/I Area

Sediment Exchange with
Rivers, Inlets, and Estuaries

Wind or Wave
Washover Off the

Offshore Transport during
Storms Especially through
Rip Cell Formation

Onshore
Transport after
Storms

Source: Adapted from DSE 2012, Figure 5-4
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Use a systems approach to leverage existing
components and projects and their interconnectivity.

Quantify the sediment budgets!

Figure 9.7. Concept to Quantify the Sediment Budget Analysis of a Coastal System in Terms
of Sediment Volume Changes and Estimating Associated Sediment Fluxes and Human
Interventions

Osnuroe (e.g.. bluffs, river influx) 0 sink [e.g., windblown transport)

Baach
0 B P L T Q
sink (LST) AV (beach erosion and accretion) source (LST]
P (beach fil, dredged placement
Q source [LST) ( gecp ) Q sink [LST)

R [dredging, mining})

Ocean

Q sink [e.q., submarine canyon)

Abbreviation:
LST: longshore transport



|dentify sustainable and resilient solutions that Figure 9.16. Three General Conceptual Designs for Beach

and Dune Systems

e

produce multiple benefits.
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m Engage communities, stakeholders, partners,
—mm. and multidisciplinary team members to develop
innovative solutions.




CC:))_E Expect change and manage adaptively.

Consider
Recovery versus
Disturbance

&

Short variations
and Long -Term
Trends

Figure 9.22. Recovery versus Disturbance

Recovery

45454

Disturbance

===== Rates of recovery and
disturbance not in balance

=== Rates of recovery and
disturbance in balance

Note: When disturbance happens more frequently than the time needed for recovery, a negative trend will result.
Note that other factors can also influence the patterns in ecosystem functioning (e.g.. sea-level rise, pollution).

Source: Adapted from Palumbi, McLeod, and Griinbaum 2008

Figure 9.9. Conceptual Time Series of Beach Volume, as Coastal State Indicator, Displaying
Short Variations and Long-Term Trends in Sediment Volume Changes

Natural
Dynamics
Coastal State
Indicator
(Beach Volume
[m3/m])

a
~—— Storm Surge

Time

Abbreviation:
m3/m: cubic meters per meter
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The Dutch coast

And coastal policy
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The Dutch coast

A 26 % below sea level, 60 % of our
population lives below sea level

A 432 km of coastline, dunes and hard
sea defences

A Varying morphology:
i Delta with (closed -off) estuaries
I Straight central coast

T Barrier islands




The Dutch coast

A A structural sediment deficit resulted in a
retreating coastline

A Coastal erosion threatened socio -economics

ASince the 199006s O0hol d t
coastal policy

Dune

Nourishment Promote Dune

Growth through
Sediment Capping

Hold the Line

Beach
Nourishment
Hold Back Stop
(Hybrid Solution)

Shoreface Nourishment
Nearshore Placement
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The Dutch coast

Figure 4.20. Frame of Reference Management Framework

Strategic goal |

Sustainable preservation of flood safety and Strategic Objective
values of the coast |}
Operational Objective

Tactical approach = , _ _
Quantitative Benchmarking Intervention Evaluation
. . . . State Concept Procedure Procedure Procedure
Sediment budget in equilibrium T TR
Indicators
Operational objectives S— Desred e
. . . 1 Current State
Dynamlc coastline maintenance KF’rocleZs
nowledge
Coastal foundatlon |n eqU|||br|um Wlth sea Source: Adapted from van Koningsveld and Mulder 2004

level rise



@’ The story of the coast

BKL and coastal foundation

We keep the coastline in place by
assessing it annually . We do this

the Basic Coastline (BKL)

using a reference coastline :

method .

16

BKL: basic
coastline
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@’ The story of the coast

BKL and coastal foundation

We maintain the basic coastline (BKL)
annually to keep the coastal
defense in order. We calculate
how much sand is needed

for each location

separately.

Calculating the BKL-volume
based on basic coastline zone.

BKL: basic
coastline
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@’ The story of the coast

BKL and coastal foundation

-20m

NAP BKL: basic
P coastline

|
\
\

The coastal foundation is a much
" larger zone, from  -20 m NAP to
! the dunes. We maintain this

\
\
1

1
Normaal Amsterdams Peil: . .
Amsterdam Ordnance Datum Coastal foundation zone in a dynamic way, SO
(mean sea level) that it also moves with

changes in the long term.



Figure 9.7. Concept to Quantify the Sediment Budget Analysis of a Coastal System in Terms

of Sediment Volume Changes and Estimating Associated Sediment Fluxes and Human
Interventions

@’ The story of the coast
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@’ The story of the coast

How do we work ?

Assess
coastlinea

Collect
data

In the next round of
annual data collection:

Vlieland East
Proposal s

n0u r|Shment Texel Central
locations Texel

Southwest

Implement
nourishment

Did the previous round lead

5
Establish & good results®

nourishment
program EE——

Nourishment



Suppletieprogramma 2026
Versie januari 2026

| Strandsuppleties
[ vooroeversuppleties

Boscholaat; 27-28; 3.500 000
raal 16,800-26,000

w

i | Terschelling buitendelta; 28-28 |

Gost + depot; 97-78; 710,000 v @1 50,000 m; |
rzal 46.630-45.330 en 53.800-54.000 -
2,

Nourishment program

Slukter; 27-28; 1,700,000 m*
razl 24,800-28,000

Texel Midden; 26-27;
raal 14,500 21,110

Texel Zuldwest; 27-28; 2,800,000 m?;
as0

A 10-15 nourishments with a total of 11 i o U .
min. m 3 of sand per year _

raa 12.430-16 210

A Around 350 nourishment projects in
total since 1990
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Elias & Vermeer 2025
Morfologische Analyse
Kop van Schouwen

Nourishment program

Based on assesment of the coastline iIn
relation to the reference coastline , but
also on knowledge of the coastal system

Ruimte (km) —————— 8

. . . (B). Mondingsgebieden-
Figure 9.6. Conceptual Model of Physical Processes for a Hypothetical Beach and Eilanden

Dune System
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Source: Adapted from DSE 2012, Figure 5-4
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Sustainable coastline
management

the cumulative effects of 30
years of nourishments in the
Netherlands

Evelien Brand, Quirijn Lodder, Ellen Quataert, Jill
Slinger




Aim

Are we achieving the strategic goal
with our operational approach?

We succeed in 6éhol ding
sustainably preserve flood safety and values of
the coast?

Whatis the cumulative  effect of
sediment nourishments at large spatial
and long timescales?

t

h e

Figure 4.20. Frame of Reference Management Framework

I Strategic Objective I

I Operational Objective I

Quantitative Benchmarking Intervention

Evaluation
Procedure

State Concept Procedure Procedure
Indicators
Desired State
Parameters
Current State
Process
Knowledge

Source: Adapted from van Koningsveld and Mulder 2004
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Approach

A Coastal indicators were determined
from yearly topographical and
bathymetric cross -shore profiles

A A comparison of pre - en post 1990

A Cumulative along the coast and ata
transect level

A Literature research for ecological impact
and socio -economic developments

Elevation (m NAP)

0 1500
Cross-shore distance (m RSP)

MKL

(Coastline position)

Dune foot

Low water
line

RSP

Dunefoot ____ e

High water —-———"""""""""=777======""°2
line

coastal zone

Depth of closure 25



1. The position of the coastline is maintained and even locally expanded
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Coastline position

The effect of nourishments is not always
clear ata transect Ilevel

Schouwen - transect 840
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Coastline position

A There is alongshore variability

A At nourishment hotspots the coastline is
maintained

A Expansions of the coastline are related to:
T Large -scale morphological developments
i Alongshore transport of nourished sediment

T Effect of hard structures
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