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The Netherlands has adopted a new, proactive approach to developing its extensive coastal and river works
called “building with nature’. Rather than simply minimising or mitigating the environmental impact of harbours,
navigation channels, land reclamation and flood defences, the idea is to make use of the dynamics of the natural
environment and provide opportunities for natural processes. Existing concepts and ideas have been further
developed and tested in a number of full-scale pilot experiments, including sand engines, oyster reefs and wave-
attenuating forests. This paper describes a number of these experiments along with the preliminary results and

lessons learned.

1. Introduction

An increasing proportion of the world’s population lives in low-
lying areas near rivers, deltas and the sea, particularly in new coastal
megacities (World Bank, 2010).

As the world’s population grows and prosperity levels rise, so too
will the demand for goods and services. Accommodating this growth
will thus require the development of further hydraulic infrastructure
such as harbours, access channels, land-reclamation schemes and
flood defences. Sea level rise and climate change also mean these
designs need to be adaptable.

At the same time, more people need more space for recreation
— such as beaches, parks and waterfronts — which generates its
own special demands on spatial and infrastructure planning. All of
these developments need to be realised in a sustainable manner in
often fragile littoral environments that are under constant pressure.
Balancing the sustainable functioning of ecosystems with the demand
for economic development is one of the greatest challenges for the
future of humankind.

It is thus crucial that civil engineers learn to design infrastructure
that can serve more than just one purpose, that works in line with
natural processes rather than against them and that is adaptable
to changing conditions such as sea level rise and climate change.
Traditional approaches focus on minimising the negative impacts of
envisaged infrastructural projects and compensating for any residual
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negative effects. As a next step beyond these reactive approaches,
‘building with nature’ aims to be proactive, utilising natural processes
and providing opportunities for nature as part of the infrastructure
development process.

This paper presents the further development of existing building with
nature ideas and concepts (e.g. McHarg, 1969; Waterman, 2008).

2. Coastal defence

Around the world many eroding sandy coasts are being maintained
by nourishment — that is, adding sand to beach or foreshore. Much of
the 350 km long North Sea coast of the Netherlands tends to erode
as a result of the combined effects of diminishing supplies of river
sediments, ongoing land subsidence and rising sea level. Finding
effective ways to counter this structural erosion is an urgent priority
as it seriously threatens the flood protection and other functions of the
coastal system (Stive et al., 2011).

Since 1990 the preferred method of intervention is to nourish
the coast at regular intervals with small volumes of sand dredged
from the North Sea. The total volume of sand needed for these
nourishments has steadily increased, from 6 million m® in 1990 to
over 12 million m® per year since 2001.

Although nourishment as a means of coastal maintenance has many
advantages, the present practice for the Dutch coast leads to rather a
frequent repetition, typically every 4-5 years. Every time, the coastal

[V

Civil Engineering
Volume 167 Issue CE1 February 2014

‘Building with nature’: the new Dutch
approach to coastal and river works
de Vriend, van Koningsveld and Aarninkhof

Figure 1. Delfland sand engine in July 2011, just after completion —a
total of 20 million m? of sand was placed in front of the existing shore
(https:/beeldbank.rws.nl, Rijkswaterstaat / Joop van Houdt)

ecosystem is disturbed and needs several years to recover, such that
it is in a more or less permanent state of disturbance (Baptist et
al., 2008). Moreover, consistently feeding the beach or the upper
shore leads to over-steepening of the coastal profile and hence to an
increasing need to nourish (Stive ez al., 1991). These were reasons to
develop the concept of concentrated nourishments.

The idea is to deposit a significant stock of sand in one location,
which is then gradually redistributed across and along the shore by
wind, waves and currents. By making use of these natural processes
to redistribute the sand, this innovative approach aims to limit the
disturbance of local ecosystems, while also providing new areas for
nature and recreation. Moreover, as nature does part of the work, the
price per unit sand will generally be lower.

The Delfland ‘sand engine’ is a full-scale experiment with a
concentrated nourishment on the Dutch coast, initiated by the
province of South Holland and the Ministry of Infrastructure and the
Environment. In 2011, 20 million m*® of sand was placed on the shore
(Figure 1), expected to be enough for some 20 years. The shape of
the nourishment was inspired by the potential of the coast to provide
areas for nature and recreation. The hook-shaped peninsula would
provide resting areas for seals at the end of the spit, with a shallow
lagoon that would offer habitats for flatfish. Part of the sand would be
transported onshore and contribute to the dune front while promoting
the development of pioneer dunes and associated vegetation.

The first monitoring results (Figure 2) show that so far the sand

engine is behaving as predicted. Sediment is indeed being transported
along and towards the coast, seals are visiting the area, young dunes
are forming, pioneer plant species are beginning to settle and the
lagoon is a nursery for flatfish. Also, the sand engine turns out to be
a hotspot for wind, wave and kite surfers.
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Figure 2. Delfland sand engine in October 2012 — sediment is being
transported along the coast, young dunes are forming, pioneer plant
species are beginning to settle and the lagoon is a nursery for flatfish
(https://beeldbank.rws.nl, Rijkswaterstaat / Joop van Houdt)
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Figure 3. Qosterschelde oyster reef under construction — old oyster shells
in steel wire gabions are placed as a substrate (courtesy Tom Ysebaert)

3. Estuarine environments

Estuaries are among the world’s most productive ecosystems
as well as being attractive areas for economic development,
including harbours, shipping, industry, fisheries and aquaculture.
This explains why many estuaries have been heavily modified by
engineering works. Most of these have been built for their primary
function, at most attempting to limit the environmental impact.
Long-term environmental effects, however, were seldom taken into
consideration.

The movable storm surge barrier in the mouth of the Oosterschelde
estuary, in the south-west of the Netherlands, is such an object.
This prefabricated structure, an icon of civil engineering, was built
primarily for flood protection, but most of the time it allows the
tide to penetrate into the ecologically and economically valuable
basin behind it. Due to good water quality, the Oosterschelde is an
important area for the commercial production of shellfish such as
mussels and oysters. However, the barrier has diminished both the
tidal range and the average velocity of the tidal current in the basin
by about a third.

As a result, the channels within the estuary are now deeper and
wider than is needed to accommodate the reduced current and
tend to fill in with sediment. This, and the altered hydrodynamics
within the estuary, has led to the gradual erosion of the tidal flats.
As the barrier and the adjacent scour holes effectively block
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sediment transport, large areas of these flats and the ecosystem
services they provide are lost. Not only are tidal flats valuable,
diverse and productive habitats, they also dissipate wave energy
and so help to reduce wave attack on the dykes surrounding
the basin.

Since there is little experience with protecting tidal flats from
erosion, a number of pilot experiments in line with the building
with nature concept are now being conducted in the estuary. One
of them involves the use of shellfish reefs to keep sand from being
transported into the tidal channels. In this case, the Pacific oyster
(Crassostrea gigas), an imported species presently abundant in the
Oosterschelde, is used as an ‘ecosystem engineer’. This oyster builds
three-dimensional reef structures that are effective in dissipating
wave energy and protecting the sediment in its lee from erosion.
When in good condition, these reefs are able to withstand the power
of storm winds and waves.

To ‘grow’ a reef, a substrate of dead oyster shells is placed on the
edge of the tidal flat (Figure 3). To prevent the shells being washed
away with the tide or during storms, they are stowed in steel wire
gabions. In the summer oyster larvae — which need a hard substrate
on which to grow — attach themselves to the shells and gradually
build up a solid reef structure. Once the oysters have established
themselves, the steel wires corrode away, after which the reef will
have to survive on its own, constantly renewing itself by attracting
new larvae.
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The first monitoring results (Figure 4) show that the reefs are
functioning as intended, although their success depends on the local
environment. Oyster larvae are attaching themselves to the shells and
are developing into adult oysters. The reefs are preventing erosion
or even causing sedimentation in the areas in their lee. In one case
there has been no erosion at all in the area protected by the reef,
compared with about 2-3 cm erosion per year in unprotected parts
of the estuary. However, at least one of the reefs in a very exposed
area is trapping a lot of sand, which hampers the development of
established oysters.

Based on the result, Dutch engineers and ecologists are now
considering the application of shellfish reefs elsewhere in the world,
for example in Bangladesh (see http://www.royalhaskoning.com/
en-GB/NewsAndDocumentation/Pages/bangladesh-shows-oyster-
reef-potential.aspx).

4. Shallow lakes

Shallow lakes are ubiquitous in low-lying sedimentation areas
such as deltas. Some lakes (e.g. Peipsi in Estonia and Tai in China)
are large enough to allow for significant storm-induced waves and
water level set-up. The downwind shores of those lakes are generally
susceptible to erosion until a shallow wave-attenuating platform has
formed on the foreshore.

In the Netherlands, the closure of Zuiderzee by a 32 km long dam
in 1932 has created a large shallow lake, the IJsselmeer. Although
large parts have been reclaimed or separated, the size of the remaining
lake is still significant at 1100 km? It is filled by the IJssel, one of
the Rhine branches, and a number of smaller rivers. Excess water is
discharged by way of sluices in the closure dam. The Netherlands
government is considering using the lake as a strategic freshwater
reserve, which would imply a stronger variation of the water level
than currently. Moreover, the land around the lake is subsiding due
to geological effects, soft sediment compaction and peat oxidation.

At the north-east side of the lake, which is downwind of the
strongest prevailing storms, there is a shallow foreshore platform. This
probably explains the survival of the former salt marshes, which have
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Figure 5. Workumerwaard shore nourishment design — 31 500 m? of
dredged sediment was placed in a 600 m long, 100 m ridge around
600 m from the shore
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Figure 4. Qosterschelde oyster reef after 1 year — oyster larvae have
attached themselves to the shell substrate and become full-sized,
dissipating wave energy and protecting the mudflats from erosion
(courtesy Tom Ysebaert)

turned into ecologically valuable (part of the Natura 2000 network)
freshwater wetlands as the lake gradually desalinated. To enable these
wetlands to withstand higher lake levels and stronger wave attack, and
to cope with their gradual loss of diversity and vitality, they need to be
revitalised. One way to achieve this might be slowly to nourish their
shores with sediment, which would enable them to adapt to higher lake
levels while creating room for pioneer species without destroying the
existing vegetation. The latter should trap part of the sediment reaching
the shore, thus raising the level of the wetland’s seaward edge.

To test the idea, a full-scale experiment is being carried out on the
shore of one of these wetlands, the Workumerwaard, a valuable nature
reserve and bird sanctuary. In 2011, a 31 500 m? foreshore nourishment
was placed in the form of a shore-parallel ridge some 600 m from the
water line with a footprint of about 600 m by 100 m (Figure 5). The
location was chosen such that waves and currents in this generally low-
dynamic environment would gradually bring the sediment onshore.

Figure 6. Workumerwaard shore nourishment scheme showing the bed
topography after 1 year (warm colours higher, cold colours lower) —
the sediment is moving towards the shore but slower than expected
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Figure 7. Plan of wave-attenuating willow forest scheme at
Noordwaard — the trees allow the dyke to remain lower and less

visually intrusive in the landscape
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First monitoring results (Figure 6) show the formation of bed
forms, which indicates that the area is morphologically active. So
far, the shoreward movement of the nourishing sediment has been
rather slow, although the process was accelerated by the action of ice
piling up during a cold spell in February 2012. It is too early to judge
whether the experiment can be considered a success.

5. Flood defence

Dykes are widely used in the Netherlands as a means to protect
low-lying areas from flooding. These areas, however, are often
sedimentation zones subject to compaction and subsidence and
including thick layers of peat. Dykes in these areas therefore need
raising from time to time, but cannot be made too heavy to avoid
sinking into the soft subsoil.

Depending on the situation, wave run-up may determine the dyke
height to a significant extent. So, if the incoming waves can be
attenuated before they reach the dyke, the dyke can be kept lower
and less heavy. Wave-attenuating shallow foreshores may have this
function, while also providing a number of other services, such as
dyke stabilisation and seepage-reduction (piping), nature reserve,
recreation area and wood or biomass production. Wetlands like the
Workumerwaard provide such services while reducing wave attack
on the dykes behind them.

In the Netherlands, such solutions are being built, planned or
considered at several locations.

® Noordwaard, in the Biesbosch area of the Rhine-Meuse delta,
where a wave-attenuating willow forest is placed in front of a
dyke to keep the dyke low enough not to spoil the view of the
people living behind it (Figure 7).

B Oesterdam, in the back of the Oosterschelde basin, which is
provided with a shallow foreshore to reduce wave attack and
increase the salt marsh area in the basin.

Figure 8. Artist's impression of a wave-attenuating shallow foreshore
for the Oeverdijk, Markermeer — the foreshore avoids raising the dyke,

which is built on a thick layer of peat
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M Sophia Beach, near the mouth of Oosterschelde, where a sandy
dune and foreshore area will be created in order to avoid dyke
strengthening.

W Oeverdijk, at the west side of the Markerwaard, a lake separated
from the Ijsselmeer, where a wave-attenuating shallow vegetated
foreshore is being considered to avoid raising a dyke built on a
thick layer of peat (Figure 8).

M Hondsbossche sea defence, where a shallow sandy foreshore is
planned to avoid raising the dyke by 7 m.

W Prins Hendrik dyke at the Wadden Sea side of the-isle of
Texel, where a wave-attenuating and current-deflecting shallow
foreshore is being considered to avoid dyke raising.

6. Tropical shores

Most of the cases considered above are located in the Netherlands,
which is striving to become a test bed for the building with nature
approach. However, the country cannot be a model for all other
parts of the world, so the approach is also being tested in tropical
areas. Issues there include reducing the environmental impact of
hydraulic infrastructure; the use of ecosystem engineers such as coral,
seagrass and mangrove for shore protection and erosion control; and
improving the habitat suitability of hydraulic engineering structures.

Tropical ecosystems are generally rich and abundant and they
provide many valuable services. As well as supporting diverse flora
and fauna, they provide natural coastal protection by dissipating
wave energy and by trapping and stabilising sediment. Marine
infrastructure developments easily interfere with them, potentially
having a significant environmental impact, but they are also essential
for economic growth and coastal protection. Developing marine
infrastructure while strengthening ecosystems is therefore a major
challenge, especially in densely populated areas.

Applying a building with nature approach can help to minimise
environmental impacts, starting from detailed analyses of the
prevailing physical, ecological and social systems. In the case of
tropical coastal waters, the analyses involve assessments of how
coral reefs, seagrass meadows and mangroves respond to changes
in turbidity and sedimentation. Once the effects of such changes are
estimated, it is possible to adjust both the design of a project and its
execution. In the case of dredging works, this means starting from
the health of the ecosystem, rather than from the amount of overflow
produced by the dredger. This opens the way to scientifically based
and site-specific norms for dredging operations, instead of norms
copied from elsewhere (Figure 9).

Another issue is how to encourage the development and use of
ecosystems to provide multifunctional coastal protection. Coral reefs,
seagrass meadows and mangroves, either alone or in combination,
may offer natural and effective ways to prevent coastal erosion, as
well as to enhance other ecosystem services such as water filtration
and opportunities for fisheries and recreation.

Designing such ecosystem-based coastal protection is far from
straightforward, because ecosystems need specific conditions to
become established and survive. Seagrasses, for example, need soft
substrates, adequate sunlight and relatively sheltered conditions,
whereas coral larvae require hard substrates as well as sunlight. The
challenge is to identify which of these conditions are missing and
how they can be created in the design.

To demonstrate the applicability of the building with nature concept
in tropical environments, an interdisciplinary design workshop with
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experts, stakeholders and local authorities was held to produce a pilot
design of a multifunctional coastal protection scheme for the East
Coast Park area of Singapore. Created on reclaimed land, with an
artificial beach to meet the increasing demand for recreation space,
this area of the coast is threatened by erosion and its ecological
value is limited. The envisaged design solution should alleviate the
coastal erosion, enhance the potential for recreation and strengthen
biodiversity, while also taking into account the proximity of busy
shipping lanes and housing developments (Figure 10).

7. Translation into practice

Building with nature solutions are tailor-made and cannot simply
be copied to another location. This means that the concept, rather than
the solutions, has to be communicated with the people considering
future projects. In the framework of the Dutch building with nature
innovation programme, this translation of site-specific knowledge
and experience to general applicability is receiving a lot of attention.
This has led to design guidelines, which are freely accessible on line
(www.ecoshape.nl; see also de Vriend and van Koningsveld (2012)).

Figure 9. Screenshot of a test application in Singapore of an interactive
impact-based support system for dredging operations, based on the
response of a number of key species to turbidity and sedimentation —
green symbols indicate moderate impact, orange ones significant impact

Figure 10. Result of a building with nature design workshop for East
Coast Park, Singapore

23



o
Ve 187 a8 s U

The gadchncy chalionge prago: dowlepans. don e sl vsen
M Pk, mt eed bt ANty They s by M oy
P by wid maw phiowghs darie Be wanowm progect
P | emirave. devpa osbaten, oponten me Terscsesor,
Crrnan Bagt d e doecrbe B oo dss siphes xadl 1
frve poscad doutge siops B oo lyvarkabiy Lyvencd b ouch phaesc:
e by 00 GUOAR KeEt g add s ab o cahang
orariven, e ustag e sriecsed soburion ad Jrgeriog & fer fe
vend prognt pranst The Luge wminnd OF pasinrsdd oot v gy cciiod
Mroen A%oscw aagion: Yy penjecr phasc. by 1ppe of cxrlemem ad
by poncrmene bevel (Fgare 1)

The subieloes 3 mviorpisos) by de by i rtae
bovom dodge b, whady oo mids of & wnle rmpr of ool g Wed g
Phche, & wx of st wols, & poriolio of aaple cams aad
RO SOUPT PWETS OO SO RO SRCRTME T I JRORIRRRS,
O v of Pae e e comme rmesriads wnd Soaowiais Sor adiviaul
wnmg 3o ohaceton prgrereny

Mg »oh mar peofects Serchoped 20 O hono peoniied »
by of reporied bossarn The pearets n ot el by completon
of Ow caploscrag wwks, thce B B ki B, COBEpPReEY
worvoes and wmatress ass poimeme hmctees ceh sart evod g
Thiv weas 1A poss padesy manboday b asclul o spevas aad
rarwmge Sl wg ek ot e whesrece

Ades wd wlkcbeon of abvsitas pagear o o
Irwodonehy oxbescr e babdeg v mer comeopr B Y
e Se oM il 0 died wpeeeg e,
& bnporart W oredoce those Mo e caly s poidic b By
Conchopwon! prondan, s crmas Whimes Darver wd pod oow e

e ey achdos CCrRNY, SRR FEEEY A 3 SOEpOsem
trdoots an rereed of saarie oy e slinirnctedd wodks The
oy e of P ool w sbghvey e raal congponet XUy
owbie migdne b CMgiy mesreerddl cordibe, Bed by
N netnte gt comcomi y Sculing Wy Boss mpoan

BaMeg wik netax o sho badeg web woocry: Seddog =
Gy wepain anahy et Be waionain of Wy A and
bovc o high v My oo e Jobc o larpe bl momy stsichobders
Toon B vty st of e ovepand el Osaing (w0 awinr of
B prodiery and by solvson b Bareioss bighly mocoeseaind

BaMug wrh senw mapon tay (e Sy COnsleclan
oxm over adionsd ey, Yo be conmmacdy pacoontle
Shen commadering the ootre pepent bie cpcke ASdaoned Eachas
Oy phohd Cumn Dererion MBS il ve Capieiny tuay e Ao
FoocmerRChon oonds

Foswacutal Keadidw st o e [ bl o wimind St ann
(R TR 2000 and Natorn 2000 | hopec onge ok W et
R e ) CEA R T Yporee 4 ba kg w8
s prowh, fn oty elhacrxcss devdapest wich
o) (e b Sposeis (Vlalmaa X112)

ALkrovd edgeenants

My of S ooy prooscd # B0 oy ax smboddod e
Ntwrbad baldig A e luovahe repwws, Sk
b ooafesicr by fx areens of fr FooSuge commomiuey, e
Rfonwnsae, te vongulcy o Durdeht sl 0o beaguss
Pt for Bepponad Deschoponom

‘ﬂ“m‘. 1he aw Duch
e R L L T
o0 Yoyl v Soragat el Aaesoiihet

P UL M at e oF (e bt o wl s b ot Gty - B
sorneeh oo Bo aamed 50 2 Oty of Irwwrerere, the paopect
P 1 1RO R BAACS v

Reteronces

B A Sy | Somar B 0w g At ) WNOOR Saons oF

ol gy s v d g Wy
o e c:ﬂhdumc-n
m..... e skl
B Ve M e ummm-—» ey

. o e 1t Ao ot wsoond

Lol a i
T 3, CoMr iyl 1 WE) C 'O DGl SEMMIC & 10
02 0 o ORwIRon o B FadRe D W mlt Tamd Mg
Mudwmmw
SOON O IR0V STNT o A B P L A o G e
Md&wmunm’“
e of S Gurspten Csmenontos UENT
1V e oo Nprwe Lomndt P Anden iy W0
mwnm-—.mm el
Lo b Mrtetn B 80 e 1 R0 Son il e e o

ey« oneos Caan WO L4 1
Shon M b B Al ¥ P et B -l'-cﬁhmmn
e ey TR A

Rt

] et
o G ummgvmu




