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Coastal erosion threatens beaches and dunes globally. In the Netherlands, a 
ĹƓěƼǅƂūƋņ ƉěūƋǅņƋěƋĹņ ƲƓƂūĹǨ ǢěƼ ūƉƲƂņƉņƋǅņĿ ūƋ ǅŧņ ɽʅʅɼʴƼ ǅƓ ĹƓƉķěǅ ǅŧūƼ 
erosion, with sand nourishments as the primary means. As a result, the Dutch 
coast is one of the most heavily nourished coasts globally with an average of 12 
mln. m3 that is annually added to the coastline of only 432 km for dynamic 
coastline conservation. Our nourishment approach has evolved over the past 35 
years and recently we reported on the lessons learned regarding the 
nourishment design. Furthermore, we evaluated the cumulative effects of these 
nourishments against the overarching goals of the coastal policy. Overall, the 
approach of coastline maintenance with regular proactive nourishments has 
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

Natural and Nature -
Based Features

BEDRIJFSINFORMATIE 2

http://dx.doi.org/10.21079/11681/41946


Principles and approach to NNBF
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Principles, 

Outcomes and

Framework

NNBF 

Performance
Benefits of NNBF

Beaches and

Dunes
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Define objectives at Strategic, Tactical and 
Operational level
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Identify key Co-Benefits, not all benefits have 
to be monitizable
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Draft conceptual
models of the
physical
processes acting
in the project 
larger scale
environment
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Quantify the sediment budgets!
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Draft conceptual
designs for NNBF 
at landscape 
scale . 

Connect the
designs to generic
strategies (Retreat , 
Hold the Line and
Advance) 
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Consider
Recovery versus 
Disturbance

&

Short variations 
and Long -Term 
Trends



Key knowledge gap

What is the cumulative effect of sediment nourishments at large spatial and long timescales? 
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And coastal policy

The Dutch coast



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

Å 432 km of coastline, dunes and hard 
sea defences

Å Varying morphology:

ï Delta with (closed -off) estuaries

ï Straight central coast

ï Barrier islands
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The Dutch coast



Å A structural sediment deficit resulted in a 
retreating coastline

Å Coastal erosion threatened socio -economics

ÅSince the 1990ôs óhold the lineô was set in the 
coastal policy
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The Dutch coast
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The Dutch coast

Strategic goal

Sustainable preservation of flood safety and 
values of the coast

Tactical approach

Sediment budget in equilibrium

Operational objectives

Dynamic coastline maintenance

Coastal foundation in equilibrium with sea
level rise
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BKL and coastal foundation
We keep the coastline in place by

assessing it annually . We do this

using a reference coastline : 

the Basic Coastline (BKL) method .
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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.
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BKL and coastal foundation

The coastal foundation is a much 

larger zone, from -20 m NAP to

the dunes. We maintain this

zone in a dynamic way, so

that it also moves with

changes in the long term.
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BKL and coastal foundation

The coastal foundation is a much 

larger zone, from -20 m NAP to

the dunes. We maintain this

zone in a dynamic way, so

that it also moves with

changes in the long term.
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In the next round of

annual data collection:

Did the previous round lead

to good results?

How do we work ?



Å 10 -15 nourishments with a total of 11 
mln. m 3 of sand per year

Å Around 350 nourishment projects in 
total since 1990

21

Nourishment program



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

22

Nourishment program
Elias & Vermeer 2025 

Morfologische Analyse 

Kop van Schouwen
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the cumulative effects of 30 
years of nourishments in the 
Netherlands

Sustainable coastline 
management

Evelien Brand, Quirijn Lodder, Ellen Quataert, Jill 
Slinger
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Aim

Are we achieving the strategic goal 
with our operational approach?

We succeed in óholding the lineô, but do we 
sustainably preserve flood safety and values of 
the coast?

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

Spatial scale

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

Å A comparison of pre - en post 1990

Å Cumulative along the coast and at a 
transect level

Å Literature research for ecological impact 
and socio -economic developments

25

Approach



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

1

1
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Coastline position

The effect of nourishments is not always
clear at a transect level



There is a clear trend break in coastline 
behaviour in 1990:

ï Before there was on average stable, 
however with large erosional areas (50% 
of the coast over periods of 10 year)

ï Since 1990 the coastline is maintained, 
which resulted in an average expansion

28

Coastline position

Divide by 
4 for km
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Coastline position
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Transect number

Measured coastline position

Reference coastline position

1) Eierlandse 
dam:4,7 mil. m3

3) Both sides Hondsbossche 
Dunes:5 mil. m3

4) Harbour
breakwaters IJmuiden:

5) Reinforcement of 
weak links ŦǊƻƳ ƴƻǊǘƘ ǘƻ 
ǎƻǳǘƘ Noordwijk, 

Katwijk (the photo) & 
Scheveningen 

2) Tidal inlet between 
the Holland coast (S) 
and a barrier island (N)

0

1000

2000

3000

4000

5000

3
0
8
1

2
8
0
0

2
5
0
0

2
2
1
1

1
9
1
2

1
6
2
4

1
3
3
2

1
0
5
3

7
0

3
6
9

6
6
8

9
6
8

1
1
9
7

1
4
6
2

1
7
6
3

1
9
9
6

2
2
8
3

2
5
0
0

2
8
0
0

3
1
0
0

3
4
7
5

3
8
5
0

4
2
2
5

4
6
0
0

4
9
7
5

5
3
5
0

5
8
5
0

6
2
2
5

6
6
0
0

6
9
7
5

7
3
5
0

7
7
2
5

8
1
0
0

8
4
7
5

8
8
5
0

9
2
2
5

9
6
0
0

1
0
1
2
5

N
o
u
r
i
s
h
e
d
 
v
o
l
u
m
e

(m
3
/m
 
b
e
a
c
h
 
w
i
d
t
h

)

Transect number 

Channel wall

Shoreface

Beach

Bergen-EgmondCallantsoogDen HelderTexel

North South

Å There is alongshore variability

Å At nourishment hotspots the coastline is 
maintained

Å Expansions of the coastline are related to:

ï Large -scale morphological developments

ï Alongshore transport of nourished sediment

ï Effect of hard structures


