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FOREWORD
Deltas and coastal zones around th e  w o rld  are rap id ly 
becom ing th e  focus o f u rban iza tion  and economic 
developm ent. By 2050 rough ly ha lf the  w orld 's 
popu la tion  w ill be liv ing in cities in such areas. The 
same areas harbour ecosystems th a t are massively 
im p o rtan t from  bo th  an economic and an ecological 
perspective and are essential fo r  ou r foo d  supply.
These facts alone make the  sustainable socio-economic 
developm ent o f deltas and coastal zones a challenge.

The changing global clim ate puts add itiona l pressure 
on w h a t is already a cha llenging situa tion . How do 
w e deal w ith  sea level rise, w ith  shifts in the  
discharges o f river systems, w ith  subsidence and 
d rough t, and w ith  th e  in teractions between clim ate 
and bu ilt-u p  areas, such as heat stress and runoff?
How do w e deal w ith  sa lin ization and guarantee 
adequate w a te r supplies?

For th e  Netherlands, fin d in g  answers to  these 
questions is a m a tte r o f survival. This is w hy  w e have 
th e  Delta Programme, anchored in a special law.

the  Delta Act, w ith  tw o  objectives: to  guarantee 
our w a te r safety and adequate w a te r supplies. This 
long-te rm  program m e has been devised to  deal w ith  
an uncerta in fu tu re . The d irection  o f change is clear, 
bu t its m agnitude is not. That is w hy  w e need to  look 
fo r  flex ib le  solutions, to  do w h a t is necessary, bu t to  
avoid over-investm ent. A nd w e w a n t our solutions 
to  be in tegra ted  and sustainable, to  make sure our 
investments in w a te r safety and w a te r supply as much 
as possible also serve add itiona l interests, w h ile  tak in g  
in to  account th e ir  im pact on our environm ent.

Building w ith  Nature is a concept th a t perfectly fits 
th a t approach. W here possible w e strive to  reach our 
objectives by m aking use o f natural processes, creating 
in tegra ted solutions th a t are flexib le , th a t help to  
safeguard our economy and boost our ecology, th a t are 
both cost effective and sustainable, and th a t make our 
country safer and more attractive as a place to  live.

The need fo r  such solutions was recognized at an early 
stage and led to  the  fo rm a tion  o f a consortium  in

w hich governm ent, know ledge institu tions and private 
enterprises jo ined forces, bu ild ing  a un ique ne tw ork  
o f expertise to  expand our know ledge o f how  this 
concept can be developed and realized in projects. This 
is the  Ecoshape consortium. The present book is the  
result o f th is unique cooperation. It gives some strik ing 
examples o f various environm ents in which the  concept 
o f Building w ith  Nature can be applied.

As governm ent commissioner fo r  th e  Delta 
Program m e in th e  Netherlands, I attach great value 
to  th is innovative concept as a con tribu tion  to  the  
safe and sustainable developm ent o f no t on ly the  
Dutch delta, bu t o f deltas and coastal areas around 
th e  w o rld . It is the re fo re  w ith  great pleasure th a t I 
recom m end th is book to  you.

W im  J. Kuijken
G overnm ent commissioner fo r  the  Delta Programme 
in the  Netherlands
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A golden collaboration formula

THE ECOSHAPE CONSORTIUM
The Building w ith Nature innovation programme is carried out by EcoShape, 

a consortium of private partners, government agencies and knowledge 

institutes operating at the nexus between nature, engineering and society.

New challenges associated w ith  urbanization, economic 
developm ent, sea level rise, subsidence and climate 
change demand an innovative approach to  hydraulic 
engineering th a t aligns the  interests o f economic 
developm ent w ith  care fo r the  environm ent. Build ing 
w ith  Nature responds to  this demand: w o rk ing  w ith  
natural systems in such a way th a t meets the  need 
fo r in frastructure w h ile  creating opportun ities fo r  
nature (see page 9). To dem onstrate th a t the  approach 
works, the  €30 m illion  Build ing w ith  Nature innovation 
program m e (2008-2012) was in itia ted  by tw o  m ajor 
Dutch dredging companies. Royal Boskalis W estm inster 
and Van Oord, and is carried ou t by the  EcoShape 
consortium.

THE ECOSHAPE CONSORTIUM
The EcoShape consortium consists o f partners in the 
private sector, such as dredging contractors (Boskalis,
Van Oord and the Dutch Association o f Dredging 
Companies), equipm ent suppliers (IHC Merwede) and 
engineering consultants (ARCADIS, Royal HaskoningDHV 
and Witteveen+Bos); the  public sector, such as

governm ent agencies (M inistry o f Infrastructure and 
the Environment) and local authorities (M unicipality 
o f Dordrecht); and applied research institutes (Alterra, 
Deltares and the Institute fo r  Marine Resources 
& Ecosystem Studies, IMARES), universities (Delft 
University o f Technology, the  University o f Twente 
and W ageningen University) and research institutes 
(Royal Netherlands Institute fo r Sea Research, NIOZ).
The Build ing w ith  Nature programme is co-funded 
by the  partners, w ith  subsidies from  the M inistry o f 
Infrastructure and the Environment, the  European 
Regional Development Fund and the  M unicipality o f 
Dordrecht, and support from  strategic partners such 
as the  Port o f Rotterdam (see page 38). The partners 
operate jo in tly  under the  name EcoShape, a foundation  
in law th a t administers and represents the  programme.

Experts and scientists from  the  partners executing 
the  program me have a w ide variety o f backgrounds, 
disciplines and reference frames. Having a common 
office has enabled them  to  develop a common language 
and culture, and to  communicate across disciplines and



organizations, even though the  la tte r are sometimes 
competitors in the  market. Consistent investments in 
the  collaboration have created an atmosphere o f trust, 
mutual respect and solidarity. The EcoShape team  has 
been a critical factor in the  success the  programme.

PROGRAMME OBJECTIVES
Based on experiences from  past and ongo ing  hydraulic 
engineering projects w ith  a bu ild in g -w ith -na tu re  
signature, th e  EcoShape partners have de fined an 
in te rd isc ip lina ry program m e w ith  the  fo llo w in g  
objectives:
• Gathering and developing know ledge o f  ecosystems 

th a t enable w ate r-re la ted Build ing w ith  Nature. The 
program m e aims to  f il l the  gaps in our know ledge o f 
the  dynamic interactions between b io tic and abiotic 
ecosystem components, ecosystem responses to  
human activities, and ways to  deal w ith  uncertainties 
and m ulti-stakeholder decision-making processes.

• Developing sc ientifica lly  based a nd  location-specific  
design rules and  env ironm en ta l norms. For w a n t
o f a be tte r approach, au thorities  responsible fo r 
engineering projects sometimes impose rules and 
norms copied from  o th e r projects in qu ite  d iffe re n t 
environm ents. Tuning those rules and norms to  
specific locations w ill y ie ld  approaches th a t f i t  
be tte r w ith  th e  local environm ent.

• Developing expertise in  apply ing the Build ing w ith  
Nature concept. The program m e is transla ting 
the  scientific know ledge acquired in to  practical 
in fo rm ation  and too ls in order to  improve the  skills 
and experience o f users to  a level th a t w ill enable 
appropria te applications.

• D em onstra ting th a t B u ild ing  w ith  N ature solutions  
w ork, w ith  practica l examples. The program m e is 
bu ild ing  up a p o rtfo lio  o f Build ing w ith  Nature 
solutions in hydraulic engineering projects th a t w ill 
serve as a source o f insp ira tion  fo r  fu tu re  designs.

• Finding o u t h o w  we can ensure th a t the B u ild ing  
w ith  N ature concept is adop ted  by  society. Many

societal factors in fluence w h e the r o r no t a so lu tion 
is adopted. The program m e aims to  understand how  
th is process works and how  w e can best act in order 
to  ensure th a t Build ing w ith  Nature a lternatives are 
seriously considered in pro ject developm ent.

THE APPROACH
The Build ing w ith  Nature program m e has adopted 
a learn ing-by-do ing approach by con tribu ting  to  
or in it ia tin g  (p ilo t) projects in five  environm ents: 
sandy shores, estuaries, trop ica l coastal seas, shallow  
shelf seas and deltas lakes. Prior to  each project, the  
EcoShape partners observe th e  ecosystem processes 
and suggest innovative designs fo r  each phase.
A fte r  im p lem enta tion , the  partners partic ipa te  
in th e  m on ito rin g  process and in the  analysis and 
in te rp re ta tion  o f th e  data gathered. In parallel, 
re levant know ledge gaps are being addressed by 
19 PhD projects, each o f w h ich  is coupled w ith  at 
least one ongo ing  (p ilo t) pro ject in o rder to  link  th e ir  
w o rk  to  practice. As a fina l step, the  partners are 
m aking a s ign ifican t e ffo r t to  ensure th a t the  acquired 
know ledge contribu tes to  practice via th e  Build ing 
w ith  Nature Design Guidelines (see page 36).

OUTCOMES
The programme has yielded several significant 
outcomes. The fru itfu l and open collaboration between 
the  consortium partners has led to  the  creation o f a 
vib rant interdisciplinary ne tw ork o f experts and scientists 
and a rich source o f innovative design ideas. The pilo t 
experiments described in this book have shown tha t 
sustainable, m ultifunctional and adaptive solutions to  
infrastructure problems in environm entally sensitive 
areas really do w ork. The approach enables governments 
to  cope w ith  fu tu re  societal and environmental change 
and opens new market perspectives. The most im portant 
outcome, however, is the  programme's contribu tion to  
aligning the  interests o f economic development and care 
fo r the  environment.
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Thinking, acting and interacting differently

BUILDING W ITH NATURE
In their search for sustainable hydraulic engineering solutions, the Dutch 

engineers, ecologists and social scientists that form the EcoShape consortium 

are moving away from building in nature towards building with nature.

M ore than half o f hum anity lives in urban areas located 
near rivers, deltas or coastal areas. As the  world's 
population grows and prosperity levels rise, so to o  w ill 
the  demand fo r  goods (food, energy, merchandise) 
and services (transportation, accessibility, safety). 
Accommodating this grow th w ill involve the  development 
o f hydraulic infrastructure, such as harbours, access 
channels, land reclamation and flood  defences. Sea level 
rise and climate change are reinforcing the  urgent need 
fo r adaptable designs. A t the  same tim e, people need 
space fo r recreation -  beaches, parks and w aterfronts 
-w h ic h  generates its ow n special demands on spatial 
and infrastructure planning. These developments need 
to  be realized in o ften frag ile  environments th a t are 
under constant pressure.

Sustainable developm ent is crucial if  w e  are to  
m ain ta in  river, de lta and coastal environm ents around 
th e  w o rld , and th e  ecosystem services they provide 
th a t are essential fo r  hum ankind. They include

provis ion ing services, related to  th e  supplies o f food  
and o ther products; regu la to ry  services, related to  
natural processes such as w a te r pu rifica tion  and floo d  
contro l; and cu ltu ra l services, re lated to  recreational, 
sp iritua l and o th e r non-m ateria l benefits th a t people 
derive from  nature. Finally, they o ffe r  support 
services th a t are necessary fo r  the  de livery o f all o ther 
ecosystem services, bu t may no t bene fit humans 
directly, such as n u trie n t cycling, w a te r storage, 
regu la tion  and recharging, as w e ll as w ild life  habitats, 
nesting sites and fo rag in g  grounds.

Balancing the  sustainable fun c tion ing  o f ecosystems 
on the  one hand, w ith  the  dem and fo r  th e ir  
developm ent and use on the  other, is one o f the  
greatest challenges fo r  the  fu tu re  o f hum ankind.

BUILDING W ITH NATURE DESIGNS
It is crucial th a t w e learn to  design in frastructure tha t 
can serve more than just one purpose, th a t is aligned

w ith  natural processes ra ther than w o rk ing  against 
them , and th a t is adaptable to  cope w ith  changing 
conditions such as sea level rise and climate change. 
Traditional approaches focus on m in im izing the 
negative impacts o f envisaged in frastructure projects 
(bu ild ing in  nature) and compensating fo r  any residual 
negative effects (bu ild ing o f  nature). As a next step 
beyond these 'reactive ' approaches. Build ing w ith  
Nature aims to  be proactive, u tiliz ing  natural processes 
and provid ing opportun ities fo r  nature as part o f the  
in frastructure developm ent process.

The challenge to  accom m odate the  needs o f nature 
and o th e r stakeholders in to  new pro ject designs is 
an essential e lem ent o f the  Build ing w ith  Nature 
approach. 'In the  past, pro ject developers focused 
alm ost exclusively on the  prim ary fun c tion , such as 
pro tec tion  against f lo o d in g ', says Huib de Vriend, 
scientific d irec to r o f Build ing w ith  Nature. 'The new 
approach challenges designers to  com bine floo d
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defences w ith  na ture developm ent and/or creating 
oppo rtun itie s  fo r  o th e r functions, such as recreation 
o r housing. It is essential th a t th e  prim ary func tion  
o f in fras truc tu re  be aligned w ith  th e  interests o f 
bo th  nature and stakeholders, in o rder to  arrive at 
sustainable and socially acceptable solutions'.

ADAPTABLE SOLUTIONS
Since the  1980s, Dutch pioneers such as Honzo Svasek 
and Ronald W aterm an have experim ented w ith  the  
idea o f using the  dynamics o f natural systems to  
create new  land and oppo rtun ities  fo r  na ture and 
recreation. The Build ing w ith  Nature program m e has 
adopted these ideas, developed them  fu rth e r and 
extended them  to  broader areas o f application. The 
use o f adaptable solutions allows society to  respond 
gradua lly  to  changing circumstances such as sea level 
rise and clim ate change. The typica l bu ild ing  blocks 
o f such adaptable solutions are salt marshes, sand 
nourishm ents and ecosystem engineers, as presented 
in the  fo llo w in g  chapters.

A  tra d itio n a l response to  sea level rise, fo r  example, is 
to  streng then coastal defences and to  bu ild  h igher

▼ Shore nourishm ent by rainbowing

dikes. These kinds o f projects have a given design 
life tim e  and are constructed all at once, based on an 
agreed scenario o f design conditions. The Build ing 
w ith  Nature approach prom otes the  consideration o f 
more gradua lly  developing solutions. Especially w hen 
used in com bination  w ith  tra d itio n a l, proven 
technologies, th is approach can lead to  cheaper and 
more aesthetically appealing solutions th a t adjust or 
can be adjusted to  changing circumstances.

ACTIVE STAKEHOLDER INVOLVEMENT
W ater-re la ted in frastructure  projects are like ly to  
a ffect th e  interests o f a varie ty  o f stakeholders, 
especially in densely popu la ted areas. Build ing w ith  
Nature also means bu ild ing  w ith  society. 'S takeholder 
invo lvem ent is im p o rtan t fo r  tw o  reasons', says 
M ark van Koningsveld, senior engineer at Van Oord 
Dredging and M arine Contractors and leader o f the  
Build ing w ith  Nature Design Guidelines and data 
m anagem ent sub-programmes. 'First, tra d itio n a l 
in frastructure  projects o ften  encounter g row ing  
resistance from  people w h o  w ill be affected. It is easy 
to  dismiss such resistance as th e  "n o t in my backyard", 
or NIMBY syndrome, bu t pro ject developers have to

▼ Filling gabions w ith  oyster shells

IT IS CRUCIAL THAT 
INFRASTRUCTURE PROJECT 

DESIGNS ARE ALIGNED 
W ITH NATURAL PROCESSES

realize th a t they  are in te rfe rin g  w ith  these people's 
social habitats. Second, local people know  a lo t about 
th e  area w here  they live, and th e ir  tac it know ledge 
can be very useful fo r  understand ing natura l systems 
and processes, and how  they w ill in te ract w ith  man- 
made structures. S takeholder invo lvem ent can inspire 
surprising new solutions.'

Invo lving the  public provides valuable insights in to  
local systems and processes, and so is m ore like ly  to  
lead to  be tte r solutions th a t stakeholders are more 
like ly  to  accept. Rather than  opposing ideas th a t have 
been precooked in some faraw ay 'ivo ry  to w e r', people 
take  ow nersh ip o f projects and even p rom ote  them .

▼ Abundant life on a tropical coral reef
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'Projects w o rk  a lo t be tte r if  they  take in to  account 
th e  interests o f stakeholders ra ther than  ignore them ', 
says De Vriend.

GOVERNANCE PROCESSES
A ll Build ing w ith  Nature projects have to  com ply w ith  
existing legislation, regulations and procedures. If 
they do not, ob ta in ing  the  necessary perm its may be 
prob lem atic  and m ore tra d itio n a l a lternatives may be 
chosen in the  tendering  process. O bta in ing  perm its 
may involve exp la in ing the  envisaged benefits to  
regulators. In several cases such discussions have been 
critica l in being granted perm its fo r  p ilo t experiments 
o r even full-scale projects.

Because Build ing w ith  Nature is also bu ild ing  w ith  
society, governance is an im p o rtan t aspect o f every 
project. 'W e have to  approach governance the  same 
way as w e approach an ecosystem', explains De 
Vriend. 'That means w e have to  figu re  ou t how  the  
system works, and w h o  are the  im p o rtan t players.'
Van Koningsveld describes th is process as 'backw ard 
m apping ': 'B u ild ing  hydraulic in fras tructure  means 
in te rven ing in bo th  natural and social systems. We 
have to  peel away th e  layers o f the  on ion to  id en tify  
all th e  processes and arenas th a t m igh t lead to  
acceptance o r refusal o f a pro ject approach. Backward 
m apping is th e  most effective w ay to  do this: start 
w ith  the  fina l pro ject decision, and then  map 
backwards in tim e  to  understand all th e  steps th a t w ill 
be required to  arrive at th a t decision. This helps to  
id e n tify  and connect to  re levant arenas and actors at 
th e  r ig h t tim e .'

DEALING W ITH UNCERTAINTIES
Neither natural nor social systems can be made to  
change course by pushing a bu tton . In fact th e ir 
responses to  in terventions involve many uncertainties. 
An im portan t aspect o f Build ing w ith  Nature (and 
society) is fin d in g  ways to  deal w ith  them . For example.

▲ Sand m ining in the North Sea

if  part o f the  pro tection o f a coastal area involves 
p lanting w illow s it m ight be a good idea to  p lant 
d iffe re n t varieties to  reduce the  probab ility  th a t one 
plant disease wipes ou t the  entire  shore protection.

'B u ild ing  w ith  Nature forces us take a step back, 
re th ink  the  problem  and analyze the  natural and 
social systems involved', says Gerard van Raalte, senior 
engineer at Royal Boskalis W estm inster and (toge ther 
w ith  Van Koningsveld) leader o f th e  Build ing w ith  
Nature Design Guidelines sub-program m e. 'Together 
w ith  th e  stakeholders w e try  to  explore and evaluate 
the  options. Only then  can w e start th in k in g  abou t a 
so lu tion. Compared w ith  tra d itio n a l approaches, this 
calls fo r  the  th ree  fundam enta l changes: to  th in k , act 
and in te ract d iffe re n tly .'

OUTLINE OF THIS BOOK
This book presents five  examples o f Build ing w ith  
Nature projects in w h ich  in fras tructure  developm ents 
have been aligned w ith  th e  natural systems w ith in  
w h ich they  have been bu ilt. The projects have been 
designed to  u tilize  natural processes and provide 
opportun ities  fo r  na ture to  develop.

▲ A shallow  foreshore o f the Ijsselmeer

The D e lfland Sand Engine was designed to  make use 
o f the  pow er o f w inds and currents to  help pro tect 
part o f th e  Holland coast, w h ile  encouraging the  
developm ent o f new dunes and the  valuable flo ra  
and fauna associated w ith  them  (page 13). A  s im ilar 
pro ject w ith  sand engines to  revita lize the  wetlands 
o f the  Ijsselmeer dem onstrated th a t the  active 
invo lvem ent o f stakeholders is essential (page 28).
In the  Eastern Scheldt estuary, oysters are being 
used as 'ecosystem engineers' to  prevent th e  fu r th e r 
erosion o f th e  tida l fla ts  locally (page 16). Using new 
m ethods o f m arine construction, th e  aim is no t just 
to  reduce the  environm enta l impacts o f hydraulic 
engineering projects, bu t also to  p rom ote  marine 
and coastal ecosystems and b iod iversity (pages 21 
and 25).

Individuals no t d irec tly  involved w ith  th e  execution 
o f the  projects o ffe r  th e ir  perspectives on th e  Build ing 
w ith  Nature program m e as a catalyst o f innovation  
(page 33). Finally, fo r  readers whose curiosity has 
been aroused, th e  last chapter outlines the  Build ing 
w ith  Nature Design Guidelines derived from  the  
projects.
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Nourishing coastlines and opportunities

EXPANDED HORIZONS
The Delfland Sand Engine project is exploring the benefits of sand 

nourishments concentrated in space and time. Initial results indicate that 

this strategy is effective in countering coastal erosion, while providing 

opportunities for nature and recreation.

The Holland Coast is part o f the  350 km long North Sea 
coast o f the  Netherlands. For centuries, its beaches and 
dunes have protected the  low-lying hinterland, including 
the  Randstad, the  country's economic heartland. A t the 
same tim e, the  sandy shores o f the  Holland Coast have 
been eroding as a result o f the  combined effects o f 
dim inishing supplies o f river sediments, ongoing land 
subsidence and rising sea level. Left unchecked, such 
erosion w ill seriously threaten the  flood  protection and 
o ther functions o f the  coastal system. Finding effective 
ways to  counter this structural erosion is an urgent 
p rio rity  fo r  Dutch policy makers.

T raditional coastal m anagem ent in th e  Netherlands 
has focused on pro tecting  the  h in te rland  against 
flo o d in g , and has led to  an impressive system o f 'ha rd ' 
sea defences such as dikes and em bankm ents. In 1990 
th e  scope o f na tional policy was w idened to  include

measures to  counter structura l erosion. The pre ferred 
m ethod o f in te rven tion  was, and still is, to  nourish the  
coast at regular intervals w ith  small volumes o f sand 
dredged from  the  N orth  Sea. The to ta l vo lum e o f sand 
needed fo r  these nourishm ents has steadily increased, 
from  6 m illion  m3 in 1990 to  over 12 m illion  m3 per 
year since 2001.

In 2008 the  Delta Commission, a body set up by 
the  governm ent to  consider ways to  ensure floo d  
pro tection  and w a te r supplies in tim es o f accelerated 
sea level rise and clim ate change, recommended 
extending coastal nourishm ent. For such schemes, 
experts antic ipa te  th a t 40-85 m illion  m3 o f sand 
per year w ill be needed by 2100, depend ing on the  
actual rate o f sea level rise. The use o f such large 
volumes o f sand has led to  questions abou t how  these 
nourishm ent schemes m igh t provide o th e r benefits in

th e  fu tu re , perhaps by creating areas fo r  na ture and 
recreation, as w e ll as countering  coastal retreat.

CONCENTRATED NOURISHMENTS
The Build ing w ith  Nature concept has inspired the 
developm ent o f a new coastal maintenance strategy: 
concentrated nourishments. The idea is to  deposit a 
s ignificant stock o f sand in one location, which is then 
gradually redistributed across and along the shore by 
the  w ind  and waves. By making use o f natural processes 
to  redistribute the  sand, this innovative approach aims 
to  lim it the  disturbance o f local ecosystems, w h ile  also 
provid ing new areas fo r nature and recreation.

Concentrated nourishm ents are seen as a sustainable 
w ay to  compensate fo r  the  erosion o f sandy shores. 
'Trad itiona l nourishm ent schemes have involved 
depositing small volumes o f sand, and covering
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THE DELFLAND SAND ENGINE HAS BECOME 
A FOCAL POINT FOR COASTAL RESEARCH AND  

INNOVATIVE COASTAL MANAGEMENT

ecosystems on th e  seabed every 4-5 years', says 
Stefan A arn in kho f, senior engineer at Royal 
Boskalis W estm inster and m em ber o f th e  EcoShape 
m anagem ent team . 'B ut w ith  concentrated 
nourishm ents, e ithe r the  fo o tp r in t is smaller, or the  
frequency o f disturbance is lower, or both. W h ile  the  
sedim ent is being red istribu ted, the re  are v irtua lly  
no ind irect effects on coastal ecosystems, as benthic 
organisms are able to  adapt to  gradual changes in 
seabed topography '.

Concentrated nourishm ents may vary in size and 
shape, depend ing on site-specific factors such as 
national coastal policy, established practice and the  
ava ilab ility  o f sand. They may range from  re la tive ly 
small, regular pulse nourishm ents (see box below) to  
sudden m ega-nourishm ents w ith  a design lifespan 
o f several decades. The largest application o f th is 
concept so fa r is the  D e lfland Sand Engine on the  
Holland Coast.

THE DELFLAND SAND ENGINE
The design o f th e  Sand Engine pro ject (see box, 
page 15) was driven by a num ber o f considerations, 
inc lud ing the  m orpho logy o f th e  shoreline and 
th e  local ecology. Based on th e  antic ipa ted rate o f

erosion along the  coast over the  project's 20-year 
design lifespan, it was calculated th a t a vo lum e o f 
21.5 m illion  m3 o f sand w o u ld  need to  be deposited 
offshore. The shape o f the  nourishm ent was inspired 
by the  po ten tia l o f the  coast to  provide areas fo r 
na ture and recreation. It was decided to  create a 
hook-shaped peninsula th a t w o u ld  provide resting 
areas fo r  seals at th e  end o f th e  spit, w ith  a sha llow  
lagoon th a t w o u ld  o ffe r habita ts fo r  fla tfish . Part o f 
the  sand w o u ld  be transported  onshore, p rom oting  
the  developm ent o f p ioneer dunes, w ith  associated 
vegeta tion , along the  beach. And, in an tic ipa tion  o f 
the  scientific and public in terest the  pro ject was like ly 
to  generate, th e  design also included a p la tfo rm  fo r  a 
v is ito r centre and an observation tower.

W ork on the  Sand Engine was com pleted in m id-2011, 
and pre lim inary m on ito ring  results show th a t so far

it is behaving as predicted. Sediment is indeed being 
transported along the  coast, seals have been visiting 
the  area and a rare p lant species, the  frosted orache 
[A trip lex  laciniata), has been found  g row ing  on a 
new ly fo rm ed juven ile  dune. Also, the  Sand Engine has 
proved to  be a hotspot fo r  w ind , wave and kite surfers.

As expected, the  sandy hook soon began to  bend and 
extend towards the  shore, leaving a narrow  feeder 
channel fo r  the  lagoon parallel to  the  beach. The 
channel generated very strong currents, however, and 
in tu rn  reports in the  local media h igh ligh ting  the  
potentia l risk to  swimmers. 'The actual behaviour o f 
the  system, including the  developm ent o f the  feeder 
channel, was as predicted', says Jasper Fiselier, a w a te r 
m anagem ent professional at Royal HaskoningDHV 
and m ember o f the  Building w ith  Nature team , w ho 
prepared the  EIA report. 'W hat was no t expected.

Pulse nourishments

Pulse nourishment involves the frequent in troduction o f relative ly small 

volumes o f sand in the surf zone, in order to  m aintain an eroding shoreline. 

The idea is tha t once placed in the highly dynamic surf zone, the sand is 

rapidly absorbed in to  the coastal system. The foo tp rin t o f such nourishments 

is small, thus m inim izing ecological impacts. The effectiveness o f this 

nourishment strategy was confirm ed in a recent p ilo t experiment on the 

Holland coast, where three sand groynes were constructed, each w ith  a 

volume o f some 200,000 m3. In itia l m onitoring has shown tha t the groynes

rapid ly turned in to  sandy capes, and tha t v irtua lly  all the sediment was 

retained in the upper part o f the shoreface. This means th a t the interval 

between these nourishments can be longer than those o f shoreface 

nourishments o f a sim ilar size, where only some 50% o f the sand comes 

onshore. Moreover, the sandy capes a ttract recreational users such as kite 

surfers. We can conclude th a t th is concept allow s fo r the developm ent of 

innovative, cost-effective coastal maintenance strategies, w ith  minimal 

stress on local ecosystems and a positive effect on recreation.
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An unprecedented experiment

The Delfland Sand Engine is a p ilo t pro ject to  assess the 

effectiveness o f concentrated nourishments in protecting the coast 

o f the Netherlands. In th is unprecedented experiment, involving 

the in troduction o f 21.5 m illion m3 o f sand rising up to  7 m above 

mean sea level, the sand is distribu ted by natural processes over 

the shoreface, beach and dunes. The Sand Engine is seen as a 

c lim ate-robust and environm ent-friendly means o f countering 

coastal erosion, w h ile  the (temporary) presence o f surplus sand 

also creates new areas for nature and recreation. Since the 

project was completed in 2011, the Sand Engine has been closely 

m onitored and w ill be the subject o f extensive long-term  research 

to  docum ent and assess its natural evolution, and to translate 

th is experience in to  generic knowledge tha t w ill be applicable 

elsewhere.

however, was the  reaction in the  media, which had 
in itia lly  hailed the  Sand Engine as an icon o f innovative 
coastal engineering and a bonus fo r  coastal recreation. 
For the  project team , this tu rna round  h igh ligh ted the  
im portance o f managing expectations and m ainta in ing 
open com m unication w ith  stakeholders. It rem inded us 
th a t the  partners must remain involved th ro u g h o u t the 
project, but especially during the  transition  phases from  
project design, to  construction, to  project opera tion 
and m aintenance.'

A  FOCAL POINT
From the  early days, the  Sand Engine experim ent has 
been a co llabora tive e ffo r t between public au thorities, 
p rivate companies and research institutes. As a 
result, th e  Sand Engine has become a focal po in t fo r 
coastal research and innovative coastal managem ent. 
Over the  next five  years, the  pro ject w ill be closely 
m on ito red  and, w ith  fu n d in g  from  the  M in is try  o f 
In frastructure  and th e  Environm ent, th e  European

Regional Developm ent Fund, the  Dutch Technology 
Foundation STW and EcoShape, extensive research 
program mes have been de fined th a t w ill include 
deta iled studies o f the  evo lu tion  o f th e  Sand Engine 
and the  d riv ing  mechanisms behind it -  physical, 
ecological as w e ll as social.

The Build ing w ith  Nature program m e w ill 
incorporate th e  find ings o f these studies in to  its 
open-access Design Guidelines, w h ich  w ill 
con tribu te  to  the  design and im p lem enta tion  o f 
s im ilar projects in the  Netherlands and elsewhere 
in th e  fu tu re . 'M any countries around th e  w o rld  are 
now  having to  deal w ith  coastal erosion', says 
A arn inkho f. 'By trans la ting  ou r find ings in to  generic 
principles and practical guidelines, w e  hope to  pass 
on our know ledge and experience so th a t others 
can be ne fit.'

GUIDELINES A N D  TOOLS
Based on th e  results o f the  D e lfland Sand Engine 
experim ent, th e  Build ing w ith  Nature program m e has 
developed:

• practical guidelines fo r  the  design and 
im p lem enta tion  o f coastal m aintenance projects;

• too ls  fo r  the  rapid assessment o f op tim al locations, 
as w e ll as the  volum e, frequency and shape o f 
nourishments;

• de ta iled s im u lation models to  predict th e ir 
m orpho log ica l evo lu tion  over tim e, the  process o f 
dune fo rm a tio n  and the  environm enta l impacts;

• lessons learned, inc lud ing th e  po ten tia l o f 
concentrated nourishm ents to  im prove coastal 
p ro tection , w h ile  also prov id ing  oppo rtun ities  fo r  
na ture and recreation; and

• advice on th e  im p o rtan t issue o f governance, 
such as h o w to  id e n tify  (and involve) all re levant 
stakeholders and to  ensure the  pa rtic ipa tion  o f 
public, private and academic partners.

PROJECT DETAILS

PROJECT: D elfland  Sand Engine (Netherlands) 

OBJECTIVES: Ensuring long -te rm  coastal safety, 

p ro m o tin g  na tu re  deve lopm ent and recreation, and 

te s tin g  innovative  m ethods o f coastal nourishm ent 

LOCATION: Ter Heijde, Province o f South H olland 

INITIATORS: M in is try  o f In fras truc tu re  and th e  

E nvironm ent/R ijkswaterstaat, Province o f South H olland 

INSTITUTES INVOLVED: IMARES, Deltares, D e lft University 

o f Technology, W agen ingen University and Research 

Centre, Royal HaskoningDHV, Van Oord, Boskalis 

DIMENSIONSA/OLUMES: 21.5 m illion  m 3 o f sand. In itia l 

area 100 ha, goal 35 ha o f new  beach/dunes a fte r 20 years 

STAKEHOLDERS: Rijkswaterstaat, Province o f South- 

H olland, Delta Programm e, Dutch L ifeguard Association, 

WWF, Association o f Regional W ate r A u tho ritie s , the  

Dutch w a te r sector (research institu tes, universities, 

consultants, contractors)

PROJECT PERIOD: C onstruction pe riod  M arch 2011 to  

M arch 2012

HIGHLIGHTS: A verage construction  speed (p roduction):

1.1 m illio n  m 3/w eek, ab ou t 6 truck loads per m inu te . 

A lread y  th e  best surf spot in th e  N etherlands





Using oyster reefs to protect tidal flats in estuaries

NATURE’S ENGINEERS
Tidal flats provide a variety o f ecosystem services. Driven by climate change and 

human activities, however, erosion is now a common phenomenon. 

Experiments in the Eastern Scheldt estuary show that oyster reefs can mitigate 

tidal fla t erosion while creating new habitats.

The Eastern Scheldt estuary in th e  Netherlands is part 
o f th e  de lta created by the  rivers Rhine, Meuse and 
Scheldt. Since th e  mid-1980s, th e  estuary has been 
heavily a ffected by engineering works. A  ha lf-open 
storm  surge barrier now  separates the  estuary from  
th e  sea, w h ile  on the  landw ard side a series o f dams 
have e ffective ly  closed o f f  several rivers and thus the  
in flo w  o f freshwater.

The ba rrie r has d im in ished bo th  th e  tid a l prism 
and th e  average ve loc ity  o f th e  tid a l current in the  
estuary by abou t a th ird . As a result, th e  channels 
w ith in  th e  estuary are now  deeper and w id e r tha n  
is needed to  accom m odate th e  reduced current and 
ten d  to  f i l l  in w ith  sedim ent. This, and th e  a lte red 
hydrodynam ics w ith in  th e  estuary, has led to  the  
gradual erosion o f th e  tid a l flats. Eventually, w ith o u t 
in te rven tion , large areas o f these flats, and the

ecosystem services th e y  provide, w ill be lost. Not 
on ly  are tid a l fla ts  va luable , diverse and productive  
habita ts, bu t, equa lly  im p o rta n t, the y  also dissipate 
w ave energy, and so he lp to  p ro tec t th e  h in te rland  
from  flo o d in g .

EASTERN SCHELDT ESTUARY
Now a national park, the  estuary is an im portan t 
fo rag in g  area fo r  a varie ty  o f w ad ing  birds, and is 
part o f Natura 2000, a ne tw o rk  o f na ture p ro tection  
areas across the  European Union. Located near the  
densely popu lated Randstad, the  economic heart o f 
the  Netherlands, th e  estuary is a popu lar area fo r  
recreational activities such as sailing, b irdw atch ing, 
scuba d iv ing  and fishing. Due to  the  good w a te r 
quality, the  Eastern Scheldt is an im p o rtan t area fo r  
the  commercial p roduction  o f shellfish such as mussels 
and oysters.

If coastal p ro tection  w ere th e  on ly fun c tion  o f the  
tida l flats, then  raising o r s treng then ing  the  dikes 
behind them  could compensate fo r  th e ir  erosion. But 
th e  Build ing w ith  Nature program m e takes a broader 
perspective. 'W e look fo r  ways to  ensure th e  safety 
o f the  h in te rland  and to  p rom ote  th e  p roductiv ity  
and b iod iversity o f th e  estuary at th e  same tim e ', 
says Anneke Hibma, a senior engineer at Van Oord 
D redging and M arine Contractors and m em ber o f the  
EcoShape m anagem ent team.

The storm surge barrier w ill con tinue to  drive 
m orpho log ica l changes in th e  estuary fo r  a long tim e  
to  come, bu t the  tida l fla ts should be preserved. There 
is lit t le  experience w ith  pro tecting  tida l fla ts  from  
erosion, so researchers from  the  EcoShape partnersh ip 
are conducting a num ber o f p ilo t projects in the  
estuary.
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EXPERIMENTS IN  THE EASTERN SCHELDT 
HAVE DEMONSTRATED THAT IT IS FEASIBLE TO USE 

OYSTERS AS ECOSYSTEM ENGINEERS

One experim ent, in an area o f the  estuary called the  
Galgeplaat, involves sand nourishm ent to  a shoal or 
sandbank (see box, page 19). To m on ito r ecological 
developm ent, EcoShape insta lled a self-sustaining 
autonom ous Argus-Bio m on ito rin g  station. The sta tion 
uses six v ideo cameras to  provide continuous data on 
th e  presence and behaviour o f benth ic species, birds 
and seals on the  shoal, and any changes th a t occur. It 
can also provide insights in to  th e  processes o f flo o d in g  
and dry ing o f shoals and m orpho log ica l changes at 
crucial tim es such as du ring  storm  events.

A n o th e r experim ent, th e  shellfish reef p ilo t pro ject, 
aims to  prevent sand being transported in to  th e  tida l 
channels by using ree f-fo rm ing  shellfish as 'ecosystem 
engineers' (see box below). The pro ject is using the  
Pacific oyster (Crassostrea gigas), a species in troduced 
to  th e  Netherlands by fisherm en in the  1960s.

'The Pacific oyster builds three-d im ensional reef 
structures th a t are effective  in dissipating wave 
energy and pro tecting  the  underly ing sedim ent from  
erosion', explains Tom Ysebaert, a m arine ecologist 
at the  Ins titu te  fo r  M arine Resources and Ecosystem 
Studies (IMARES) and th e  Royal Netherlands Institu te  
fo r  Sea Research (NIOZ) and leader o f Build ing w ith

Nature's estuaries sub-program m e. 'N a tu re  has shown 
th a t shellfish reefs are strong enough to  w iths tand  the 
pow er o f storm  w inds and waves.'

REEF GROWING
To 'g ro w ' a reef, a substrate o f (dead) oyster shells is 
placed on the  tida l fla t. To prevent the  shells being 
washed away w ith  the  tid e  o r du ring  storms, they are 
stowed in boxes made o f steel w ire  know n as gabions. 
In th e  summer oyster larvae -  w h ich  need a hard 
substrate on w h ich  to  g ro w  -  attach themselves to  the  
shells and gradua lly  bu ild  up a solid reef structure th a t 
is able to  w iths tand  w inds and waves.

Once th e  oysters have established themselves, the  
steel w ires o f th e  gabion corrode away, a fte r wh ich 
the  reef w ill have to  survive on its own, constantly 
renew ing itse lf by a ttrac tin g  new larvae. 'W e d o n 't

know  yet how  long these reefs w ill survive', says 
Ysebaert, 'b u t some o f th e  natural oyster reefs in the  
Eastern Scheldt are at least 30 years o ld '.

The firs t experim ental reefs, placed in position in 2009, 
were rather small, just 10 by 4 metres. In 2010 three 
larger reefs were constructed, each 200 metres long 
and 8-10 metres w ide. The firs t m on ito ring  results 
show th a t the  reefs are function ing  as intended, but 
th e ir effects on the  local environm ent differ. Oyster 
larvae are attach ing themselves to  the  shells and are 
developing in to  adu lt oysters. The reefs are preventing 
erosion in those parts o f the  flats in th e ir  'shadow '. In 
one case, the re  has been no erosion at all in the  area 
protected by the  reef, compared w ith  about 2-3 cm 
erosion per year in unprotected parts o f the  estuary. 
The reefs are also causing local sedim entation as 
predicted. However, at least one o f the  reefs in a very

Ecosystem engineers

Species whose structures or activities are able to  m odify the local physical 

environment are referred to  as ecosystem engineers. Assemblages of 

such species, including oyster reefs, salt marshes and mangroves, can be 

effectively used to  enhance coastal protection. Oysters transform  soft

M  The Pacific oyster (Crassostrea gigas) was in troduced to  the Netherlands 

in the 1960s when a severe w in te r alm ost w iped ou t the native 

European fla t oyster

sediments in to hard, com plex 3D structures tha t m odify the near-bed 

w a te r flow  and dissipate wave energy, thereby in fluencing the dynamics 

o f sediment transport and settlem ent near the bed. Oyster reefs deliver 

several other ecosystem services, such as w a te r filtra tion , and the provision 

o f habitats. The biogenic structures form ed by the oyster aggregations offer 

habitats fo r dense assemblages o f invertebrate species, as w e ll as shelter 

and foraging grounds fo r juvenile fish and crustaceans. Oyster reefs are 

am ong the most diverse marine habitats.
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PROJECT DETAILS

PROJECT: P ilo t Ecosystem Engineers and Tidal Flat 

N ourishm ent (Netherlands)

OBJECTIVES: Testing o f m itig a tin g  measures fo r  t id a l f la t  

erosion

LOCATION: Eastern Scheldt estuary

INITIATORS: EcoShape, M in is try  o f In fras truc tu re  and the

E nvironm ent/R ijksw aterstaat

INSTITUTES INVOLVED: IMARES, NIOZ, Deltares, D e lft 

University o f Technology

DIMENSIONS/VOLUMES: Reefs: gabions f ille d  w ith  oyster 

shells (230 tonnes in to ta l). Three reefs, each 

200 X 10 X 0.3 m. N ourishm ent: 130,000 m 3 o f sand over 

20 ha (h e igh t 0.6-0.7 m)

STAKEHOLDERS: M in is try  o f In fras truc tu re  and th e  

E nvironm ent/R ijkswaterstaat, Province o f Zeeland, 

shelIfisheries, na tu re  organ iza tions 

PROJECT PERIOD: Reefs: 2009 and 2010; nourishm ent: 2008 

HIGHLIGHTS: Hands-on experience in th e  construction 

o f she llfish reefs. E co-m orpholog ica l deve lopm ent o f 

nourishm en t m o n ito re d  using A rgus-B io cameras

Sand nourishm ent

The Galgeplaat is a large tida l fla t in the Eastern Scheldt, w ith  a 

surface area o f 950 hectares. Since 1985, when the storm surge 

barrier was built, the equilibrium  between sedim entation and 

erosion has been disturbed. The Galgeplaat has already lost an 

area o f about 50 hectares and its average height has decreased by 

more than 30 cm.

As an experiment, in 2008 an area o f about 20 hectares o f the 

Galgeplaat was nourished w ith  over 130,000 m3 o f sand, using 

new m ethods to  reduce tu rb id ity  during dredging and deposition. 

The idea was tha t the w ind  and waves w o u ld  s low ly spread the 

sand so th a t the surrounding ecosystems on o r near the bed 

w o u ld  be disturbed as litt le  as possible. In practice, most o f the 

sand indeed remained in place, and the benthic ecosystem has 

now largely recovered.

exposed area is trapp ing  a lo t o f sand, which m ight 
ham per the  developm ent o f established oysters.

LOCAL CONCERNS
The pro ject is also tes ting  ways to  address local 
concerns th a t th e  reefs m igh t in te rfe re  w ith  vested 
interests o f various stakeholders. Commercial shellfish 
growers feared th a t the  oysters in the  a rtific ia l reefs 
m igh t com pete fo r  foo d  w ith  o th e r species in the  
estuary, at the  expense o f th e ir  ow n shellfish beds.
The pro ject team  hopes to  a lleviate th e ir  concern by 
show ing th a t th e  oysters in the  a rtific ia l reefs consume 
a neg lig ib le  part o f th e  foo d  available in th e  estuary. If 
tens o f k ilom etres o f a rtific ia l reefs w ere  to  be added, 
however, an eva luation o f th e ir  effects on overall food  
stocks w ill have to  be reconsidered.

Humans do have a taste fo r  Pacific oysters, but 
harvesting them  m igh t reduce the  effectiveness o f

the  reef to  pro tect against erosion. There are o ther 
harvesting options, however, th a t enable th e  reefs 
to  con tribu te  to  th e  local econom y as we ll. One 
commercial shellfish grow e r is experim enting  w ith  
spat collectors, i.e. long nylon tubes ('soeks') fille d  
w ith  mussel shells on w h ich  oyster larvae can settle. 
Once th e  oysters are established, the  collectors are 
taken to  cu ltu re  plots w here the  spats can g ro w  to  
m aturity.

It is early days yet, bu t the  experim ents in the  Eastern 
Scheldt have dem onstra ted th a t the  use o f oysters as 
ecosystem engineers fo r  erosion prevention is feasible, 
bo th  technica lly  and biologically. It also seems socially 
acceptable -  at least to  the  shellfish growers in the  
estuary.

The projects in the  Eastern Scheldt have shown th a t 
h igh ly  dynam ic environm ents such as estuaries, w here  
in te rlin ked  physical processes are at w o rk , o ffe r 
exciting opportun ities  to  bu ild  w ith  nature.

GUIDELINES A N D  TOOLS
The successful app lica tion  o f solutions o f th is kind 
in o th e r locations requires, apart from  th e  necessary 
know -how , accurate know ledge o f th e  w ork ings o f 
the  local social, physical and ecological systems. Based 
on pre lim inary results o f th e  fie ld  experim ents in the  
Eastern Scheldt, th e  Build ing w ith  Nature program m e 
has developed the  fo llo w in g  generic and free ly 
accessible products:

• practical guidelines on the  design, construction and 
placem ent o f a rtific ia l oyster reefs;

• an easy-to-use to o l fo r  assessing locations where 
such reefs can be placed, to g e th e r w ith  a rapid 
assessment to o l fo r  selecting appropria te  areas fo r  
sand nourishm ent; and

• lessons learned from  the  experiments on th e  natural 
reco lon iza tion  o f tida l fla ts fo llo w in g  nourishm ent.
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Sometimes referred to as 'w a lk ing  trees', mangroves are a natural 

w ay to  stabilize tropical coastlines w h ile  provid ing rich habitats for 

many species



Designing coastal protection in the tropics

DIVERSITY AT WORK
Economic development should strengthen tropical coastal ecosystems 

such as coral reefs, seagrass meadows and mangrove forests. 

Adopting a Building w ith Nature approach can help to  preserve, 

restore or even enhance the ecosystem services they provide.

M arine in fras truc ture  developm ents such as harbours 
and flo o d  defences are essential fo r  economic g ro w th  
and coastal pro tection . In trop ica l regions, these 
developm ents o ften  take place near sensitive marine 
ecosystems th a t provide many valuable services 
(see box, page 22). As w e ll as supporting  diverse 
flo ra  and fauna, these ecosystems provide natural 
coastal p ro tec tion  by dissipating wave energy and by 
trapp in g  and stab iliz ing  sediment. Developing marine 
in fras truc tu re  w h ile  s treng then ing these ecosystems is 
a m ajor challenge fo r  densely popu la ted areas in the  
tropics such as Singapore.

In its push fo r  econom ic developm ent, the  island 
state o f S ingapore has em barked on an extensive 
program m e o f land reclam ation th a t has increased its 
area by alm ost 20%. A t the  same tim e, many coastal 
ecosystems, such as coral reefs, seagrass meadows

and mangroves, have declined o r even disappeared, 
tr ig g e rin g  an awareness o f th e  need to  ensure healthy 
ecosystems and sustainable developm ent.

ECOSYSTEM-BASED M ANAGEM ENT
'The state o f S ingapore is now  very much aware 
o f bo th  the  im portance and th e  vu lne rab ility  o f 
th e ir  coastal ecosystems', says Claire Jeuken, senior 
adviser at Deltares and leader o f the  S ingapore sub- 
program m e o f Build ing w ith  Nature. 'To prevent 
fu r th e r damage to  the  environm ent, the  governm ent 
has in troduced strict regulations covering th e  design 
and construction o f m arine in fras tructure  projects.'

A  cornerstone o f the  Building w ith  Nature approach 
involves detailed analyses o f physical, ecological and 
social systems. Such studies are essential not on ly in the  
tem perate regions w here  most o f the  programme's

p ilo t projects are located, bu t also in trop ica l areas like 
Singapore, w h ich is the  focus o f Build ing w ith  Nature's 
trop ica l sub-programme. In trop ica l coastal waters, 
the  analyses involve assessments o f how  coral reefs, 
seagrass meadows and mangroves respond to  changes 
in tu rb id ity  and sedim entation. Once the  effects o f such 
changes are estimated, it is possible to  adjust bo th the  
design o f a project and its execution. 'The idea is to  
move away from  an emission- o r source-based system 
to  one based on impacts', says Jeuken. 'That means 
focusing on the  health o f the  ecosystem rather than on 
the  am ount o f silt present.'

The Build ing w ith  Nature pro ject team , w h ich includes 
researchers from  the  National University o f Singapore, 
is keen to  encourage a sh ift tow ards such an impact- 
based approach. 'The challenge is to  id e n tify  and 
develop re levant b io logical early w a rn ing  indicators
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to  assess the  status and health  o f th e  ecosystem 
du ring  and a fte r m arine construction operations. Such 
b io-ind icators (see box, page 23) can then  be used to  
adjust th e  construction process to  ensure the  w e ll­
being o f the  ecosystem'. Jeuken explains. 'D redg ing 
operations, fo r  example, are o ften  required to  comply 
w ith  rig id  lim its on the  tu rb id ity  the y  produce. It 
is possible, however, th a t exceeding such lim its 
tem po ra rily  is no t harm fu l to  an ecosystem, as long as 
it does no t con tinue fo r  to o  long. But if  th e  ecosystem 
is exposed fo r  to o  long to  sedim ent concentrations 
be low  th e  lim it, th is can have d isp roportiona te ly  
serious effects and may even a lte r its sensitiv ity to  
short-te rm  concen tra tion  pulses.'

Insights in to  the  site-specific responses and thresholds 
o f corals and seagrass to  pulses in tu rb id ity  and 
sed im entation , and to  w h a t extent those responses 
depend on earlie r sensitization, are essential to  enable 
impact-based design and m anagem ent o f dredg ing

CORAL REEFS, SEAGRASS MEADOWS AND MANGROVE 
FORESTS MAY OFFER NATURAL AND EFFECTIVE WAYS 

TO PREVENT COASTAL EROSION IN THE TROPICS

operations. The researchers have carried ou t fie ld  
and labo ra to ry  experim ents w ith  seagrass and corals 
to  id e n tify  and qu a n tify  these relationships, and 
have begun a one-year pro ject to  m on ito r changes in 
physical and ecological conditions at th ree  coral reefs 
o f f  th e  S ingapore coast.

Once site-specific thresholds fo r  tu rb id ity  and 
sed im entation have been established fo r  an 
ecosystem and the  am b ient hydrodynam ic and 
sedim ent conditions are know n, it w ill be possible to  
design a d redg ing opera tion  so th a t it has m inim al

environm enta l impact. For th is purpose, th e  team  has 
developed a generic Interactive D redging Tool to  assist 
in the  design and eva luation o f d redg ing operations.

MULTIFUNCTIONAL COASTAL PROTECTION
Protecting ecosystems by adaptive m anagem ent 
o f construction operations is jus t one side o f the  
story. The o th e r focuses on how  to  encourage the  
developm ent and use o f these ecosystems to  provide 
m u ltifu nc tio na l coastal pro tection . Coral reefs, 
seagrass meadows and mangroves, e ithe r alone o r in 
com bination , may o ffe r  natural and effective ways 
to  prevent coastal erosion, as w e ll as to  enhance 
o th e r ecosystem services such as w a te r f ilt ra t io n  and 
oppo rtun ities  fo r  fisheries and recreation.

Designing such ecosystem-based coastal p ro tection  
is fa r from  s tra ig h tfo rw a rd , because ecosystems 
need specific conditions in o rder to  successfully 
establish and survive. Seagrasses, fo r  example, need 
so ft substrates, adequate sun ligh t and re la tive ly 
sheltered conditions, whereas coral larvae require 
hard substrates as w e ll as sun light. The challenge is 
to  id e n tify  w h ich  o f these conditions are missing and 
how  they  can be created in the  design.

To dem onstra te th e  app licab ility  o f th e  Build ing w ith  
Nature concept in trop ica l environm ents, th e  team  has 
launched a p ilo t pro ject to  design a m u ltifu nc tio na l 
coastal p ro tection  scheme in the  East Coast Park area 
o f Singapore. Created on reclaimed land, w ith  an 
a rtific ia l beach to  meet the  increasing dem and fo r

Enriching hard structures

Quay walls, breakwaters, piers jetties and other 'hard' structures offer 

opportunities for Building w ith  Nature solutions. Existing structures 

may not have been designed to provide habitats for marine species, 

but can be altered during maintenance or upgrading, such as by 

retrofitting special tiles that provide a variety o f habitats.

The design parameters fo r enhancing hard structures, new or 

existing, include the shape and slope o f the structure, the choice 

o f m aterials and the ir porosity. The lim iting  factors include 

temperature, irradia tion, hydrodynamic forc ing (tidal range and 

currents), exposure to  waves, the scale o f the structure and the 

biodiversity o f surrounding ecosystems. The design can provide 

habitats fo r specific species, or be optim ized to benefit the 

ecosystem surrounding the structure.
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Bio-indicators

The environm ental lim its on dredging operations are sometimes 

rather indiscrim inate. For example, if  tu rb id ity  levels exceed 

a given threshold, dredging either has to stop or m itigating 

measures have to be taken such as lim iting  the allow able overflow  

time. Rather than focusing on one source o f po tentia l impact, 

e fforts should be guided by the resilience o f the local ecosystem.

Developing impact-based rules requires b iological indicators 

tha t provide in form ation about the health and resilience o f an 

ecosystem. For seagrass meadows, for example, a lengthening of 

the leaves indicates too  litt le  sunligh t penetration, possibly due 

to  turb idity. Other bio-indicators may include the disappearance 

o f one or more key species or a change in the com position o f a 

m arine community. Some rapidly responding bio-indicators m ight 

be used to adapt the dredging process in real time. For coral reefs, 

a good candidate m ight be the concentration o f m etabolites in the 

mucus produced by coral polyps. When a reef is under stress, the 

com position o f the mucus changes alm ost immediately, and tha t 

change can be measured.

it is necessary to  lend a hand, fo r  instance by p lanting 
suitable p lan t species. The answer w ill depend on the 
support fo r e ither o f these options w ith in  society.'

HABITAT-PROMOTING TILES
In a densely popu la ted area such as Singapore, it is 
no t always possible to  use natural ecosystems fo r  
coastal pro tection . If the re  is no t enough space fo r 
such ecosystems, fo r  instance, hard structures such 
as seawalls or breakwaters may be used. Normally, 
re la tive ly  fe w  m arine species colonize these structures, 
bu t it m igh t be possible to  make them  m ore a ttractive  
by prov id ing  fo r  a varie ty  o f m icrohabitats. To test this 
idea, th e  researchers attached a varie ty  o f hab ita t- 
p rom oting  tiles to  tw o  seawalls.

Prelim inary studies have shown th a t the  assemblages 
o f species th a t colonize th e  tiles vary considerably 
depend ing on the  design, w ith  some a ttrac ting  more 
than  tw ice  as many species as contro l samples. This 
fin d in g  dem onstrates th a t smart designs can prom ote  
biodiversity. The researchers have now  developed 
so ftw are  fo r  designing tiles o f varying com plexity, a 
key fac to r fo r  b iod iversity on hard substrates.

PROJECT DETAILS

recreation space, th is area o f th e  coast is th rea tened  
by erosion, and the  extent o f seagrass beds and coral 
reefs offshore is lim ited . The envisaged design so lu tion 
should a lleviate the  coastal erosion, enhance the  
po ten tia l fo r  recreation and strengthen biodiversity, 
w h ile  also tak in g  in to  account the  p rox im ity  o f busy 
shipp ing lanes and housing developments.

'Obviously, rehab ilita ting  an ecosystem may take a long 
tim e, even in the  tropics', says Tjeerd Bouma, a senior 
scientist at the  Netherlands Institute fo r Sea Research 
(NIOZ) w ho  is involved in the  tropical sub-programme. 
'Once suitable conditions have been created, it is 
necessary to  consider w hethe r the re  is enough tim e  to  
a llow  the  ecosystem to  develop naturally, o r w hethe r

GUIDELINES A N D  TOOLS
The Singapore pro ject team  has generalized the  
experiences and pre lim ina ry  find ings from  th e  fie ld  
experiments, and has developed:

• a rapid assessment to o l (the Interactive Dredging 
Tool) to  investigate how  fa r tu rb id ity  plumes from  
dredg ing operations spread th ro u g h  th e  coastal 
system and im pact sensitive species;

• gu idelines on th e  ha b ita t requirem ents o f corals, 
seagrass and mangroves derived from  the  lite ra tu re  
and the  results o f labo ra to ry  experiments; and

• so ftw are  to  help design tiles th a t can be m ounted 
on seawalls and o th e r hard structures to  prom ote  
biodiversity.

PROJECT: Field, Labora to ry and Design Experim ents fo r  

Eco-friendly Solutions (Singapore)

OBJECTIVES: Experim enting w ith  b iod iversity-prom oting 

ecotiles; generating in fo rm ation  on the  sensitivity o f corals, 

seagrass and mangroves to  tu rb id ity ; and testing Building 

w ith  Nature erosion-m itigating designs fo r  East Coast Park 

LOCATION: Singapore (P. Hantu, Kusu, Raffles, St. John, 

Sungei Buloh Reserve, Tanah M erah Term inal and East 

Coast Park)

INITIATORS: EcoShape, in co llab o ra tion  w ith  th e  N ationa l 

U niversity o f S ingapore (SDWA and TMSI research 

institu tes and NUS M arine  B io logy Laboratory)

INSTITUTES INVOLVED: Deltares, IMARES, NIOZ, NUS 

SDWA, NUS TMSI

DIMENSIONSA/OLUMES: 96 eco-tiles insta lled (40 x 40 cm, 

e ig h t surface designs) be tw een  P. Hantu and Kusu; tw o  

coral ree f m o n ito rin g  locations (Raffles and P. Hantu); 

one m angrove m o n ito rin g  loca tion  (Sungei Buloh);

15 seagrass shading nets (each 1 m 2; Tanah M erah); 

p ro tec tio n  concept fo r  15 km o f coast a long East Coast 

Park con ta in ing  80+ hard structures 

STAKEHOLDERS: N ationa l parks, MPA, HDB, B C A, NEA, 

PUB, and th e  Singapore m arine sector 

PROJECT PERIOD: 2010-2012

HIGHLIGHTS: U nique dataset com piled on th e  responses 

o f m arine species to  d u ra tio n  and in tens ity  o f tu rb id ity  

exposure
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Jumbo hopper dredgers a t w o rk  landscaping a borrow  area in the 

North Sea -  the Dutch extracted 200 m illion m3 o f sand fo r phase I 

o f the extension o f Rotterdam harbour



Encouraging recolonization with smart designs

SEABED LANDSCAPING
The extraction of sand and gravel from the seabed of coastal seas 

temporarily wipes out the local benthic ecosystem. Seabed landscaping is 

a way to create a variety of habitats that encourage rapid recolonization 

and possibly higher biodiversity and productivity.

The sandy bed o f th e  N orth  Sea, an example o f a 
sha llow  coastal sea, features a varie ty  o f large-scale 
undu lations, or bedform s, typ ica lly  up to  abou t 
10 metres high. Large, re la tive ly  stable tida l ridges, 
w ith  crests several k ilom etres apart, are orien ted 
alm ost parallel to  th e  prevailing tida l currents. There 
are also smaller sand waves, hundreds o f metres apart, 
a ligned perpendicu lar to  th e  currents. These sand 
waves are m obile , and move slow ly (up to  10 metres 
per year) across the  seabed.

The varia tions in the  he ight o f these ridges and 
sand waves, as w e ll as in the  size o f sand grains and 
hydrodynam ic conditions on and near them , create 
a varie ty  o f habita ts w ith  a high b iod iversity and 
productiv ity. These sandy habita ts are hom e to  fish 
species such as plaice and sole, as w e ll as shellfish, 
w orm s and o th e r seabed dwellers th a t pro tect

themselves by bu rrow ing  in th e  sand. They feed on 
organic m ateria l captured in the  sedim ent o r f ilte r  
th e ir  foo d  from  th e  water.

The seven countries surround ing the  N orth Sea 
utilize  its waters fo r  a varie ty  o f econom ic activities, 
inc lud ing fisheries and shipping, and m ore recently 
energy production  (w ind turb ines, o il and gas 
platform s) and the  associated cables and pipelines. For 
the  Netherlands in particular, the  bed o f the  N orth  Sea 
is also a v ita l source o f sand and gravel.

DYN AM IC PRESERVATION
In 1990 the  Dutch governm ent adop ted a policy 
o f 'dynam ic preservation ', id en tify ing  sand 
nourishm ent as the  pre ferred means to  m ainta in  the  
sandy coast and counter coastal erosion. The Dutch 
currently  extract abou t 12 m illion  m3 o f sand from  the

N orth Sea each year fo r  coastal nourishm ent.
Over the  period 1890-2008 re lative sea level in the  
Netherlands rose at a steady rate o f 1.8-2.0 mm 
per year. 'I f  th is re lative sea level rise continues in 
th e  fu tu re , an add itiona l 7 m illion  m3 o f sand per 
year w ill be needed fo r  every extra m illim e tre ', 
says Stefan A arn in kho f, senior engineer at Royal 
Boskalis W estm inster and m em ber o f th e  EcoShape 
m anagem ent team.

A pa rt from  th e  12 m illion  m3 o f sand used fo r  coastal 
m aintenance, a fu r th e r 13 m illion  m3 are extracted 
each year fo r  use by the  bu ild ing  industry. The sand 
is dredged from  designated offshore extraction pits, 
know n as 'b o rro w ' sites, w here the  w a te r must be at 
least 20 metres deep in o rder to  avoid d is tu rb ing  the  
nearshore sedim ent balance. Until recently, the  depth 
o f these extraction pits was no t a llow ed to  exceed
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INSIDE THE LANDSCAPED BORROW AREA 
WE NOW FIND FOUR TO FIVE TIMES MORE FISH, 

AND MORE SPECIES, THAN OUTSIDE IT

2 metres be low  the  seabed, to  prevent the  w a te r 
becom ing s tra tified  and depriv ing p lan t and animal 
com m unities on or near the  seabed o f oxygen.

Since 2008 th e  dem and fo r  N orth Sea sand has 
m u ltip lied  as a result the  construction o f M aasvlakte 2, 
a pro ject to  extend Rotterdam  harbour, in w h ich 
2000 hectares o f land w ill be reclaimed from  th e  sea.
In the  five  years to  2013, a to ta l o f 240 m illion  m3 
o f sand w ill be needed. To lim it the  area th a t w ill 
be d istu rbed it was decided th a t th e  depth  o f the  
extraction  pits could be extended to  20 metres 
be low  th e  seabed. For th e  Build ing w ith  Nature

Underwater landscaping

In add ition to  the landscaping o f borrow  areas, which 

involves w ork ing w ith  loose, sandy substrates, there are other 

opportunities fo r underwater landscaping in coastal seas. The 

number o f offshore w in d  farms has increased rapidly in recent 

years, am id considerable opposition fo r fear o f negative impacts. 

But prelim inary studies indicate tha t w ind  farms can have positive 

effects on the environm ent and w ild life . Rocks are often placed 

around the base o f w ind  turbines to prevent scouring. Both have 

been found to function as a rtific ia l reefs, attracting  new species o f 

bottom -dw e lling  fish such as cod.

M arine mammals such as porpoises appear to  seek shelter w ith in  

w ind  farms, where fishing vessels are not allow ed to operate. The 

effects on birds have been mixed, w ith  w ind  farms attracting  some 

species w h ile  deterring others. These positive impacts o f offshore 

w ind  farms were generally no t antic ipated in the orig inal designs, 

a lthough m ost aimed to m inim ize potentia lly  negative effects 

(build ing in  nature). In itia l m onitoring results suggest tha t such 

positive effects could be m axim ized if they were to be considered 

in the p lanning and design process from  the start (build ing w ith  

nature).

program m e, th e  question was how  to  encourage 
the  reco lon iza tion , and p rom ote  p roduc tiv ity  and 
b iod iversity o f such deep extraction pits.

SEABED LANDSCAPING
Traditionally, dredging operators w o u ld  extract sand, 
leaving the  flo o r o f the  p it relatively fla t. However, a 
f la t seascape does no t encourage biodiversity. Natural 
bedforms (see box, le ft) fea tu re  gradual changes in 
terms o f w a te r depth, grain size, mud content and 
surrounding currents, thus provid ing a varie ty o f 
habitats fo r  diverse marine species. It was the re fo re  
decided to  test the  hypothesis th a t local seabed 
landscaping w ou ld  help to  speed up the  process o f 
recolonization, and prom ote higher biodiversity and 
productivity.

The experim ent involved selective dredg ing, leaving 
behind tw o  sand ridges in the  designated bo rrow  area

fo r  M aasvlakte 2. These a rtific ia l bedform s are abou t 
700 m long and 100 metres w ide  w ith  crests 10 metres 
high, s im ilar to  natural sand waves. The firs t ridge was 
created in 2010 in th e  eastern part o f th e  bo rrow  area, 
and th e  second in 2011 in th e  southern part (see box, 
page 27).

The reco lon iza tion  o f th e  M aasvlakte 2 bo rrow  area 
has been m on ito red  since 2010. 'Inside the  p it we 
actually fin d  fo u r to  five  tim es m ore fish, and more 
species, than  outside it', says M artin  Baptist, a marine 
ecologist at th e  Ins titu te  fo r  M arine Resources and 
Ecosystem Studies (IMARES) and leader o f Build ing 
w ith  Nature's m on ito rin g  sub-program m e. 'W e now  
w a n t to  know  w h e the r th is is because o f th e  seabed 
landscaping w ith in  the  p it, o r th e  presence o f the  p it 
itself. From th e  data ob ta ined so fa r w e conclude th a t 
th e  largest assemblages o f fish are fou nd  near the  
a rtific ia lly  created bedform s.'

▲ Areas o f the seabed w ith  natural sand waves 

have been found to  be ecologically richer than 

more uniform  areas

▲ Afte r sand mining, the borrow  areas used to 

be le ft re lative ly fla t, discouraging the process of 

recolonization.

▲ Build ing w ith  Nature is experimenting w ith  

selective dredging, leaving a rtific ia l sand ridges 

in the borrow  areas
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Environment-friendly sand mining

W ith in  the Maasvlakte 2 project, an im portant aspect o f the 

experim ent w ith  seabed landscaping concerned the a lignm ent 

o f the a rtific ia l ridges and troughs. The crest o f one o f the ridges 

is aligned east-w est, perpendicular to  the direction o f the tidal 

current in the North Sea, and another runs parallel to  it. Natural 

sand waves are always perpendicular to  the tida l currents, w h ile  

t ida l ridges are almost parallel to  it. For dredging companies, 

it  is easier and cheaper to create bedforms tha t run parallel to  

the current. By considering the impacts o f both orien tations in 

the experiment, it  w ill be possible to assess how to combine the 

environmental benefits o f seabed landscaping w ith  the most cost- 

effective construction methods.

GOVERNANCE
In any in fras tructu re  project, th e  com plexity o f the  
legal fram ew ork  is o ften  p ropo rtiona l to  th e  num ber 
o f stakeholders involved. This rule o f th u m b  certa in ly 
applies to  coastal waters w here the re  are many 
d iffe re n t, sometimes con flic ting  interests, ranging 
from  nature and fisheries conservation, to  coastal 
pro tection  and the  need fo r  open shipp ing lanes.
The designated bo rrow  areas fo r  M aasvlakte 2 
are covered by a maze o f na tional policies and 
regulations, EU directives and guidelines, and 
in te rna tiona l conventions, all o f w h ich  have to  be 
taken in to  account w hen apply ing fo r  a pe rm it fo r  
a sand extraction p it, even an ecologically 
a ttrac tive  one.

In the  case o f th e  experim ental sand m in ing p it, 
m atters w ere even m ore com plicated as it w o u ld  be 
carried ou t as pa rt o f th e  M aasvlakte 2 project. The 
pe rm it fo r  th e  pro ject was tim e -lim ited , so the re  was 
no room fo r  delays in e ithe r com ple ting  th e  legal 
processes or carrying o u t th e  w ork . 'That m eant

we had to  discuss our plans in detail w ith  the  many 
d iffe re n t stakeholders in o rder to  ensure th a t the  
experim ent was com pleted w ith in  th e  pe rm it period ', 
says A arn inkho f.

The contractors. Royal Boskalis W estm inster and 
Van Oord, needed to  prove th a t th e  area to  be 
landscaped w o u ld  be m orp ho log ica lly  stable. 
M oreover, the y  w o u ld  have to  avo id com plex 
bed shapes as these m ig h t a ffec t th e  construction  
schedule fo r  M aasvlakte 2, and hence th e  costs.
The Port o f R otterdam  added an extra requ irem en t 
th a t th e  seabed landscaping op e ra tion  should 
f i t  seamlessly in to  th e  on go ing  land rec lam ation 
process. Because o f th a t, th e  contractors and the  
Port o f R otterdam  w ere  invo lved early in th e  design 
and p lann ing  phase. 'The governance o f th e  pro ject 
dem anded a lo t o f a tte n tio n ',  says A a rn in kh o f, 'b u t 
in th e  end w e m anaged to  a lign  th e  interests o f all 
th e  stakeholders.'

GUIDELINES A N D  TOOLS
The Build ing w ith  Nature program m e has generalized 
the  experiences and results o f the  seabed landscaping 
experim ent w ith in  the  M aasvlakte 2 project, and has 
developed:

• practical guidelines on the  selection o f locations, 
design and construction o f landscaped bo rrow  pits;

• num erical models to  predict the  behaviour o f 
bedform s and th e  s tab ility  o f th e  sand banks 
created;

• lessons learned regard ing th e  necessary conditions 
fo r  ha b ita t developm ent and th e  natural 
reco lon iza tion  o f underw ate r landscapes a fte r 
construction; and

• advice on th e  im p o rtan t issue o f governance, such 
as id en tify ing  and con tacting relevant stakeholders 
and d raw ing  up an inven to ry  o f relevant policies 
and legal issues th a t need to  be addressed.

PROJECT DETAILS

PROJECT: Landscaping in Sand E xtraction Area 

(Netherlands)

OBJECTIVES: P rom oting  re co lon iza tion  o f sand ex trac tion

pits using innova tive  landscaping

LOCATION: N orth  Sea, 20 km o ffshore  fro m  th e  Port o f

Rotterdam

INITIATORS: EcoShape, PUMA consortium  

INSTITUTES INVOLVED: IMARES, Deltares, U niversity o f 

Twente, Royal HaskoningDHV, Boskalis, Van Oord 

DIMENSIONSA/OLUMES: Two ridges, each 10 m high,

700 m long

STAKEHOLDERS: Port o f R otte rdam , PUMA, M in is try  

o f In fras truc tu re  and th e  E nvironm ent/R ijksw aterstaat, 

th e  Dutch w a te r sector (research institu tes, universities, 

consultants, contractors)

PROJECT PERIOD: 2010-2011 (construction)

HIGHLIGHTS: Post-construction m o n ito rin g  (benthos/ 

fish  sam pling) has revealed five  tim es m ore fish  in th e  

landscaped area
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The wetlands along the shores o f the Ijsselmeer help to  protect 

low -ly ing  Friesland from  flood ing w h ile  supporting rich and diverse 

ecosystems



Revitalizing wetlands in freshwater lakes

ENGINES OF CHANGE
National responses to  sea level rise w ill require decisions that may prove 

unpopular at the community level. By bringing together national, regional 

and local stakeholders, the Building w ith Nature approach can raise 

awareness and open up windows of opportunity for innovative solutions.

The m anagem ent o f large freshw ater lakes in low- 
ly ing areas such as deltas is o ften  complex, invo lv ing 
con tro lling  the  w a te r level and m in im iz ing  the  
impacts o f p o llu tio n  caused by n u trie n t runo ff, 
inc lud ing algal blooms, on lake ecosystems. It also 
involves m a in ta in ing  hard structures, such as dikes and 
harbours, as w e ll as reducing th e  risk o f storm -induced 
w a te r level surges th a t may th rea ten  com m unities and 
econom ically or ecologically im p o rtan t areas along the  
lakeshore.

These issues have long been the  subject o f discussion 
fo r  th e  Ijsselmeer, a large de lta lake in the  
Netherlands, created in 1932 w hen the  Zuiderzee was 
closed o f f  from  th e  sea. In 2008 the  Delta Commission, 
set up by the  governm ent to  consider ways to  adapt 
to  sea level rise and clim ate change, proposed 
gradua lly  raising the  w a te r level o f the  Ijsselmeer by

up to  150 cm by 2100. This w o u ld  be necessary, the  
commission advised, to  a llow  the  level o f the  lake 
to  rise w ith  the  sea level, and thus to  m ain ta in  the  
capacity to  discharge surplus w a te r to  th e  sea.

Com m unities around  th e  lake w ere  taken  aback by 
th e  prospect th a t th e  flo o d  defences surround ing  
th e  Ijsselm eer w o u ld  have to  be raised o r replaced. 
Doing so w o u ld  have m ajor impacts on th e  tow ns 
and villages along its shores, and w o u ld  also 
th rea ten  many o f th e  w e tlands betw een th e  lake 
and th e  dikes.

But the  proposal p rom pted m unicipa lities and local 
inhabitan ts to  look at these areas from  a fresh 
perspective. 'They realized they  had ignored the  
w etlands fo r  to o  long, and th a t they needed to  do 
som eth ing to  pro tect them  fo r  th e  fu tu re ', says Kris

Lulofs, a w a te r m anagem ent expert at the  University 
o f Twente and leader o f Build ing w ith  Nature's 
governance sub-program m e. 'They looked at various 
m ethods th a t could be used to  pro tect and revita lize 
th e  lakeshore, and became aware o f the  idea o f a 
sand engine.'

SAND ENGINES
Raising the  w a te r level o f the  Ijsselmeer w ou ld  inundate 
areas th a t are part o f Natura 2000, a netw ork o f nature 
conservation sites across the  European Union. But this 
is only permissible, according to  European legislation, 
if  there are compelling reasons to  do so and if the  loss 
o f w etland habitats is compensated fo r elsewhere. The 
areas in question cover thousands o f hectares, according 
to  Erik van Slobbe, senior researcher at W ageningen 
University and leader o f Building w ith  Nature's 
Ijsselmeer sub-programme. In such a small and densely
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THE PROJECTS PROVED INSTRUMENTAL IN  
RESTORING THE RELATIONS BETWEEN THE VARIOUS 

LEVELS OF GOVERNMENT

Delta lakes under threat

The Ijsselmeer and many other delta lakes -  such as Lake 

Pontchartrain near New Orleans, USA, the Etang de Berre near 

Marseille, France, and Lake Tai in the Yangtze River delta in China 

-  are ecological hotspots, but they are susceptible to  algal blooms, 

tu rb id ity and w ater quality degradation. They are also threatened 

by human interference, such as flood control, harbour development, 

land reclamation and water extraction. Usually the focus has been 

on optim izing one o f these functions, w h ile  minimizing potentially 

negative impacts on w ild life  habitats and other natural resources.

Disconnecting salt w a ter lakes from  the sea, as in the Netherlands, 

can elim inate threats such as storm surges, bu t it  does not prevent 

nutrien t runoff from  agricu ltura l land in to the lake, increasing the 

likelihood o f algal blooms. New regulations on w a te r qua lity and 

nature conservation have improved the situation in recent years, 

bu t many lakes remain under pressure. The challenge is to  find  a 

balance between human demands and preserving the in tegrity 

o f lake ecosystems, in order to  m aintain ecosystem services they 

provide in the long run.

populated country it w ou ld  not be easy to  compensate 
fo r the  loss o f such a large area.

A  sand engine involves depositing a large vo lum e o f 
sand near th e  shore, w h ich is then  gradua lly  b rough t 
onshore by w inds, waves (and in w in te r ice). The idea 
o f apply ing the  sand engine concept in the  Ijsselmeer 
was developed by th e  A te lie r Friesland, a th in k -ta n k  
organ ized by the  province o f Friesland th a t included 
representatives o f all levels o f governm ent involved.

Sand engines in the  Ijsselmeer w o u ld  be used to  
re in force and revita lize the  w etlands along the  
eastern shore th ro u g h  sand nourishm ent. Today, 
th e  w etlands pro tect th e  dikes surround ing th e  lake

by dissipating wave energy, and support diverse 
riparian ecosystems. Raising th e  level o f the  lake 
w o u ld  certa in ly f lo o d  the  wetlands, destroying those 
functions. But in th e  m eantim e, th e  experim ental sand 
engine projects could be used to  fin d  ou t whether, 
and to  w h a t extent, th e  w etlands w o u ld  be able to  
g ro w  in step w ith  the  rising w a te r level.

Three such projects w ere de fined and discussed w ith  
the  local au thorities  and stakeholders. The projects 
proved instrum enta l in restoring the  relations 
between th e  various levels o f governm ent, bu t they 
w ere also used to  extend the  po litica l p laying fie ld .
'By broadening the  issue', says Lulofs, 'w e w ere able to  
create m ore room fo r  solutions to  em erge.'

EXPERIMENTS
In 2011, once the  necessary perm its had been obtained, 
20,000 m3 o f sand were deposited 200 metres o ff the  
W orkum erwaard nature reserve and bird sanctuary, one 
o f the  many natural w e tland  areas on the  eastern shore 
o f the  lake. Vegetation in this area is losing diversity 
and vita lity , and the  experim ent aimed to  see if the  
sand engine w ou ld  help to  revita lize it. Observations 
show th a t so fa r the  m ovem ent o f sand onshore has 
been rather slow, a lthough the  process was accelerated 
by the  action o f ice p iling up during the  harsh w in te r 
in February 2012. It is to o  early to  judge w he the r the 
experim ent has been a success.

A  second sand engine is planned near O udem irdum , 
ano the r nature reserve bounded by a dike. The aim

here is to  investigate w h e the r a sandy foreshore can 
he lp to  pro tect th e  d ike w hen th e  w a te r level rises 
o r fluctuates. There have been some com plaints from  
people liv ing near th e  lake, however. 'This is no t on ly 
bu ild ing  w ith  nature, bu t also w ith  society', says Van 
Slobbe. 'So if  people oppose our experiments, we 
w o n 't proceed. W e d o n 't w a n t to  force ou r ideas on to  
people, bu t w e  do hope to  convince them  w ith  good 
argum ents.' In th is  case, the  people w ere  convinced 
and th e  nourishm ent is expected to  begin before the  
end o f 2012.

▼ W orkshop on sediment management between various Build ing w ith  

Nature projects in the Markermeer, the Netherlands
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Sand engines in shallow  lakes

Sand engines are created by dredging sand from  the lake floor 

or seabed, depositing it  a short distance from  the shore and 

a llow ing the w ind  and waves (and sometimes ice) to  transport 

it  to  the area to  be nourished. Unlike the Delfland Sand Engine 

on the North Sea coast (see page 13), those in the Ijsselmeer are 

less exposed to  waves, a lthough they may experience significant 

storm -induced w a ter level surges. This explains w hy the rate of 

onshore sand m igration in the Ijsselmeer is much lower than in 

the case o f Delfland.

'The aim o f the experiments in the Ijsselmeer is to  examine how 

sand is transported,’ says Erik van Slobbe, 'and how nature reacts 

to  the gradual supply o f sand -  wh ich pioneer species establish 

themselves and how ecosystems evolve.’ The success o f the sand 

engines w ill depend on the dynamics o f waves and currents. If 

the system is insufficiently dynamic the sand w ill remain in place. 

If the w ind  and waves are strong enough to  move the sand, but 

onshore transport mechanisms are weak, the sand may simply 

disperse and have litt le  effect.

A  th ird  sand engine was intended to  compensate fo r 
beach erosion near the  village o f Hindeloopen, but here 
the  local people could not be convinced, as they feared 
it w ou ld  silt up the  entrance to  the  yacht harbour. 'There 
was a risk', says Van Slobbe, 'and w e could not prove 
it was manageable. So we concluded th a t the  sand 
should not be deposited. Instead, w e agreed to  build a 
com puter model o f sand transport along the coast and 
conduct virtua l experiments to  assess the  risk.'

GOVERNANCE
As th e  H indeloopen example dem onstrates, a lign ing 
th e  interests o f the  au thorities, stakeholders and 
th e  public is critical to  g e ttin g  Build ing w ith  Nature 
projects im plem ented. It involves fa r m ore than

ob ta in ing  the  necessary permits; th a t is on ly the  last 
step in a process th a t can take years.

Decision m aking in the  Netherlands takes place at 
th ree  levels: th e  au thorities  (national, provincial and 
m unicipal), pro ject in itia to rs  (governm ent agencies, 
NGOs and the  private sector) and the  local level, 
w here com m unities have th e ir  say in a project. For 
the  Ijsselmeer projects, experts from  the  various 
au thorities  and the  partners involved in project 
developm ent discussed th e  op tions and id en tified  
w here fu rth e r research was needed. But in the  cases o f 
O udem irdum  and H indeloopen, the  pro ject in itia to rs  
at firs t paid to o  lit t le  a tte n tio n  to  the  concerns o f local 
stakeholders, and it was on ly w hen they w ere  inv ited 
to  partic ipa te  in th e  p lann ing and design processes 
th a t the  projects could proceed.

The Ijsselmeer sand engine projects show th a t local 
stakeholders' interests must be care fu lly considered 
in th e  design as w e ll as in the  execution o f Build ing 
w ith  Nature in terventions. Rather than  presenting 
predeterm ined technical designs, pro ject developers 
need to  w o rk  to g e th e r w ith  stakeholders, in a process 
o f co-creation.

GUIDELINES A N D  LESSONS LEARNED
The Ijsselmeer sand engine projects, a lthough  still in 
th e ir  early stages, have yie lded practical in fo rm a tio n  
th a t has been incorporated in to  the  Build ing w ith  
Nature Design Guidelines, including:

• technical aspects o f small-scale sand engines in 
sha llow  lakes;

• th e  physics and ecology o f sha llow  lake shores;
• systems analysis and preparations fo r  lake shore 

nourishments;
• th e  governance o f projects in complex 

adm in is tra tive  environm ents; and
• innovative m on ito ring  o f sand displacement in lakes.

PROJECT: Sand M otors Ijsselmeer (Netherlands) 

OBJECTIVES: Testing adaptive approaches to  lakeshores 

w ith  changing w a te r levels; unders tand ing  adaptive 

governance

LOCATION: Ijsselmeer -  W orkum erw aard  and 

O u d e m ird um e rk lif

INITIATIATORS: It Fryske Gea, N atura l C lim ate B uffe r 

C oalition, Province o f Fryslân (Friesland), W ate r Board o f 

Fryslân, M in is try  o f In fras truc tu re  and th e  E nvironm ent/ 

R ijkswaterstaat, EcoShape.

INSTITUTES INVOLVED: A lte rra , Deltares, University o f 

Tw ente, W agen ingen University, ARCADIS, W itteveen+Bos 

DIMENSIONS/VOLUMES: W orkum erw aard : 20,000 m 3 o f 

sand, O ud em ird um e rk lif: 20,000 m 3 o f sand 

STAKEHOLDERS: N ature reserve m anagem ent; provincia l, 

m unic ipa l and w a te r m anagem ent au thorities ; 

recreationa l en trepreneurs; local inhab itan ts; lake 

m anagem ent

PROJECT PERIOD: W orkum erw aard : constructed 2011; 

O ud em ird um e rk lif: p lanned end 2012 

HIGHLIGHTS: M orphodynam ics m a in ly  driven by storm  

events and ice m ovem ent. Innovative  m easurem ent 

tech n ique  using f ib re  optics.
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Reflecting on achievements and looking forward

OUTSIDE PERSPECTIVES
The EcoShape partners have shown how the Building w ith  Nature concept 

can be applied in practice. Here, executives of the partner organizations 

and individuals not directly involved w ith  the projects share their views of 

the programme as a source of innovation.

In itia ted  by the  private sector, the  Build ing w ith  
N ature innova tion  program m e is a un ique experience 
o f co llabora tion  between people w ith  a w ide  varie ty 
o f backgrounds, disciplines and frames o f reference. 
This is fe lt  so by those actively involved in the  
execution o f the  program m e, bu t also by stakeholders 
at some distance from  th e  da ily w ork.

'A t th e  start o f th e  program m e. Build ing w ith  
Nature was p rim arily  an innovative idea. W ith  
th e  invo lvem ent o f the  private partners and th e ir  
practical inputs, w e have been able to  develop the  
Build ing w ith  Nature concept and to  dem onstrate 
w h a t it means in practice', says Henk Nieboer, d irec tor 
o f W itteveen+Bos and m em ber o f EcoShape's Usability 
Review Board. 'I t  has been qu ite  inspiring th a t people 
from  such varying backgrounds could spend so much 
tim e  to g e th e r w o rk in g  on th is top ic. The resulting

ne tw o rk  has been an enorm ous bene fit, enab ling us 
to  qu ickly establish effective m u ltid isc ip lina ry teams 
w henever a com plicated ten de r o r pro ject requires us 
to  do so.'

G e tting  B u ild ing  w ith  N ature ideas im p lem ented  in 
practice requires presenting them  to  th e  re levant 
decision makers in th e  r ig h t fo rm  and at th e  r ig h t 
t im e  in th e  pro ject rea liza tion  process. For any actor, 
w h e th e r an ind iv idua l, a research in s titu te , a p riva te  
com pany o r an non-governm en ta l o rg an iza tio n , it 
is o fte n  d iff ic u lt  to  ge t innovative  ideas in te g ra te d  
early enough in th e  process. Now  th a t EcoShape 
is g radua lly  be ing accepted as an im partia l, 
independent sound ing board o r c o n trib u to r o f ideas, 
it can help to  ensure th a t susta inable a lte rna tives are 
in troduced  as early as possible in th e  decis ion-m aking 
process.

A  CATALYST OF INNOVATION
EcoShape has played a role as a catalyst o f 
innova tion  in several situations in th e  Netherlands.
It was involved as a sounding board in the  Delfland 
Sand Engine project, and provided inputs to  the  
Delta Programme on the  inclusion o f Build ing 
w ith  Nature elements in f lo o d  defence systems. A t 
th e  request o f th e  Port o f Rotterdam , EcoShape 
organized a bra insto rm ing m eeting to  generate 
Build ing w ith  Nature ideas fo r  w iden in g  Rotterdam 's 
Am azonehaven seaport.

EcoShape no t on ly plays a catalyzing ro le as a 
consortium , bu t it also supports its indiv idual 
partners to  id e n tify  sustainable pro ject alternatives. 
'W e actively p rom ote  th e  im p lem enta tion  o f 
Build ing w ith  Nature find ings in our da ily practice, 
in bo th  national and in te rna tiona l projects', say
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A driving force for innovation

J. W illiam  Kamphuis, emeritus professor a t Queen 's University, 

Kingston, Ontario and  chair o f  EcoShape's Usability Review Board

'Building w ith  Nature is a unique example of how universities and 

applied research institutes can develop new knowledge in direct 

contact w ith  end users. Discussing new findings and practical 

applications can trigger extremely fru itfu l and enriching two-way 

interactions, compared w ith  the usual one-way flo w  o f knowledge. 

The programme's emphasis on innovation rather than research alone 

encourages a focus on usability and the rapid dissemination o f results.

A strong po in t is the programme's ongoing efforts to  document 

and share the research findings. The OpenEarth system fo r sharing 

data, models and tools (w w w .openearth.n l), co-developed by 

EcoShape, is a great step forward, as is EcoShape's wiki-based 

Build ing w ith  Nature Design Guidelines (www.ecoshape.nl), where 

a ll the program me's lessons learned are shared and updated. Both 

OpenEarth and the w iki-based guidelines w ill outlive the Build ing 

w ith  Nature program me and w ill continue to  be a driv ing force 

fo r innovation, exchange and collaboration fo r years to  come.

The program m e has set an example tha t is w o rthy  o f broader 

fo llow -up.'

THERE IS A POTENTIAL FOR BUILDING 
W ITH  NATURE TO DEVELOP INTO A BROAD 

INTERNATIONAL MOVEMENT

Pieter van Oord, CEO o f Van Oord, and Peter Berdowski, 
CEO o f Royal Boskalis Westminster.

'O u r proactive approach has resulted in innovative 
designs th a t have been realized, such as in the  
construction o f unde rw a te r d iv ing  reefs in dike 
re in forcem ent projects along the  Eastern Scheldt 
estuary in the  Netherlands', says Pieter van Oord.
'Also, th e  adaptive approaches fo r  d redg ing in 
sensitive areas, developed in Build ing w ith  Nature, 
have been included in recent tenders fo r  m ajor 
projects in Austra lia , such as the  nearshore works 
fo r  the  Ichthys lique fied  natural gas te rm ina l in 
Darw in, w h ich Van Oord is currently  executing.
The Austra lian environm enta l criteria fo r  marine 
construction projects are arguably am ong the  
strictest in the  w o rld . It is good to  see th a t the  
approaches developed by EcoShape, com bined 
w ith  ou r in-house experience, have made a 
d iffe rence the re .'

The Build ing w ith  Nature approach has also 
bene fitted  Boskalis, says Peter Berdowski. 'In the  
Noordwaard pro ject in th e  Rhine delta. Boskalis is 
im p lem enting  a large riverbank rea lignm ent project 
aimed at o ffse tting  the  effects o f severe ra in fa ll and 
high w a te r levels. As part o f th e  "Room  fo r  the  River" 
program m e. Boskalis has in troduced an innovative

■4 Trapping dune sand w ith  marram grass: a trad itiona l Build ing w ith  Nature 

m ethod o f coastal maintenance

w ave-a ttenua ting  w illo w  foreshore as a Build ing w ith  
Nature measure th a t avoids the  need to  raise a certain 
dike. It is an exciting new approach, and th e  pro ject 
has draw n a lo t o f positive public a tten tion . An 
in te rna tiona l pro ject w here  proposing a B uild ing w ith  
Nature approach has helped us make a d iffe rence is 
th e  Falm outh cruise ship te rm ina l in Jamaica. Here, 
sm art pro ject design in com bination  w ith  an extensive 
coral transp lan ta tion  program m e has helped to  
preserve a va luable sensitive hab ita t w h ile  enabling 
econom ic developm ent, bo th  o f w h ich are im portan t 
fo r  Jamaica.'

Van Oord and Berdowski agree th a t these successful 
projects dem onstra te th a t Build ing w ith  Nature 
offers oppo rtun ities  fo r  fu tu re  m arket developm ent. 
'W e an tic ipa te  th a t the  environm enta l engineering 
elements o f our projects w ill become m ore prom inen t 
in the  fu tu re .'

ECOSYSTEMS A N D  INFRASTRUCTURE
O pera ting at the  in terface between ecosystems and 
in frastructure . Build ing w ith  Nature usually means 
go ing beyond th e  s ta te -o f-the -a rt in pro ject design. 
This triggers  new questions to  w h ich  the re  are no 
clear-cut answers. W hereas previously th e  design o f 
sand nourishm ents focused on accretion and erosion. 
Build ing w ith  Nature coastal nourishm ent designs 
p ro m pt add itiona l questions, such as how  long it is 
like ly  to  take fo r  ecosystems to  recover or fo r  new 
ones to  become established. Similarly, Build ing w ith  
Nature designs using hard m aterials, such as rubble
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or concrete, tr ig g e r questions no t on ly regard ing 
th e  s tab ility  o f structures, bu t also abou t hab ita t 
developm ent.

'The concept o f Build ing w ith  Nature is inspiring 
fo r  th e  new  genera tion  o f ecological researchers 
investigating w h a t positive im pact on nature 
can be achieved by ecological eng ineering ', says 
M a rtin  Schölten, general d irec to r o f th e  Anim al

A golden triangle

Jan Hendrik Dronkers, D irector General, R ijkswaterstaat

'Innovation in civil engineering in frastructure developm ent is 

high on the agenda o f the Rijkswaterstaat, the executive arm of 

the Netherlands M in istry o f Infrastructure and the Environment, 

wh ich is responsible fo r the design, construction, m anagement 

and m aintenance o f the country's w a ter infrastructure. We 

therefore welcom e th in k  tanks like EcoShape fo r the ir clever and 

environm entally friendly ideas.

We do have in-house th ink  tanks addressing issues o f th is kind, 

bu t EcoShape and the Build ing w ith  Nature program me are 

unique because o f the active involvem ent o f private partners w ith  

practical experience in in frastructure development. In fact, this 

netw ork is a perfect example o f the so-called "go lden tr iang le ": 

the jo ined forces o f government, private parties and knowledge 

institutes as partners collaborating to  generate and prom ote 

innovation.

Rijkswaterstaat w ou ld  like to  play a role in prom oting the 

ideas developed in Build ing w ith  Nature, and has entered in to 

a trila tera l agreem ent w ith  EcoShape and the Association of 

Regional W ater Authorities. A continuation o f the Build ing w ith  

Nature program me w o u ld  enable this agreem ent to be fu lly 

exploited.'

Sciences Group and IMARES, bo th  pa rt o f the  
W ageningen University and Research Centre. 
'W ageningen University and Research and D e lft 
University o f Technology are now  co llabora ting  to  
in teg ra te  Build ing w ith  Nature in to  th e ir  curricula.
A  firs t step has been taken by jo in t ly  developing 
a course on ecoshaped aquaculture, fo r  bo th 
W ageningen and D e lft students.'

'It  is good to  see th a t the  research done in Build ing 
w ith  Nature is beg inn ing to  in fluence a w id e r 
research agenda', says Marcel Stive, professor 
o f hydraulic eng ineering  at D e lft University o f 
Technology. 'In  July 2012, fo r  example, the  Dutch 
Technology Foundation STW aw arded fun d in g  fo r  
NatureCoast, an in tegra ted  research program m e 
th a t w ill focus on questions th a t emerge from  the  
De lfland Sand Engine project. The program m e w ill 
involve researchers from  a w ide  range o f disciplines 
and institutes, w h o  w ill translate  th e ir  know ledge in to  
practice w ith  th e  help o f EcoShape.'

TOW ARDS AN INTERNATIONAL M O VEM ENT
'The Netherlands is no t th e  on ly  country w here  the  
concept o f w o rk in g  w ith  nature in in frastructure  
developm ent is receiving a tte n tio n ', says 
Harry Baayen, d irec to r o f Deltares and chair o f 
EcoShape's board o f governors. 'The W orld  Association 
fo r  W aterborne Transport In frastructure  (PIANC) 
advocates the  W ork ing  w ith  Nature concept, w h ich 
is much in line w ith  th a t o f Build ing w ith  Nature.
The US A rm y Corps o f Engineers is develop ing the  
Engineering w ith  Nature concept, w h ich focuses on 
the  na tu re -friend ly  use o f dredged m ateria l from  
w a te rw ay m aintenance. The UK has adopted a 
strategy o f M anaged Coastal Retreat, w h ich aims to  
reduce the  pressure on flo o d  defences by creating 
more space fo r  floodw ater. M any o th e r in itia tives are 
now  apply ing the  Build ing w ith  Nature concept, a lbe it 
w ith o u t exp lic itly  using th a t label.

▲ Coastal nourishments such as the Delfland Sand Engine can have positive 

effects on recreation

'Such in itia tives indicate th a t the re  is a po ten tia l 
fo r  Build ing w ith  Nature to  develop in to  a broad 
in te rna tiona l m ovem ent, p rom oting  a d iffe re n t way 
o f th in k in g , acting and in te racting  in w a te r-re la ted 
in fras tructu re  developm ent. EcoShape's w iki-based 
Build ing w ith  Nature Design Guidelines provide an 
ideal p la tfo rm  fo r  collecting and sharing know ledge 
and expertise, enab ling us to  bu ild  on previous 
e ffo rts .'
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Developing a shared repository of tools and lessons learned

GUIDELINES FOR DESIGN
The Building w ith Nature Design Guidelines offer practical information 

and tools for developers and users of hydraulic engineering projects on ways 

to use ecosystem services and provide opportunities for nature.

The Build ing w ith  Nature concept challenges project 
developers, designers and users to  th in k  d iffe rently, 
act d iffe re n tly  and in teract d iffe rently. 'Each project 
provides a un ique o p po rtu n ity  to  induce positive 
change. Build ing w ith  Nature principles, w h ich can be 
introduced in any phase o f any project, may help to  
achieve this ', say M ark van Koningsveld (Van Oord) and 
Gerard van Raalte (Boskalis), co-leaders o f the  Building 
w ith  Nature Design Guidelines sub-programme. 'The 
previous chapters have described projects th a t have 
been realized w ith  the  help o f the  Build ing w ith  Nature 
innovation programme. The many lessons learned from  
these projects have been collected in the  Build ing w ith  
Nature Design Guidelines, w h ich are accessible via the  
EcoShape website: www.ecoshape.nl.'

The guidelines are ta rge ted at tw o  groups o f readers:
• Individuals responsible fo r  the developm ent, design, 

realisation and opera tion  o f  hydraulic engineering  
projects, including project owners/proponents, 
ecologists, engineers, consultants, water-re la ted 
in frastructure contractors, etc.

• Individuals o r  organizations th a t can p o te n tia lly  
in fluence the criteria applicable to  a p ro je c t and can 
challenge the firs t group, including national and local 
authorities, policy makers, politicians, adm inistrators, 
standards institutes, NGOs, financiers, etc.

THE GUIDELINES
The guidelines start by in troducing the  Building w ith  
Nature philosophy, and then describe the  main design 
principles and the  five general design steps th a t are 
invariably involved, usually in a cyclical process, in 
generating Build ing w ith  Nature project designs:
• Step 1: Understand the  system (including ecosystem 

services, values and interests).
• Step 2: Identify  realistic alternatives th a t use and/or 

provide ecosystem services.
• Step 3: Evaluate the  qualities o f each alte rnative and 

preselect an integral solution.
• Step 4: Fine-tune the  selected solution (practical 

restrictions and the  governance context).
• Step 5: Prepare the  solution fo r  im p lem entation in 

the  next project phase.



The process o f pu tting  these general design steps in to  
practice may be approached from  the fo llo w in g  three 
perspectives:

The natural environm ent perspective
In any project, a good starting po in t to  look fo r 
Build ing w ith  Nature opportun ities is the  natural 
environm ent o r ecosystem in wh ich the  project is to  
be embedded. The guidelines currently describe five 
environments: sandy shores, estuaries, trop ica l coastal 
seas, shallow shelf seas and delta lakes. Users entering 
the  guidelines via this rou te should firs t consider which 
o f these environm ents most closely resembles the  one 
in w h ich they are w ork ing . Each environm ent is unique, 
w ith  its own characteristics, related ecosystem services 
and associated opportunities.

The project perspective
Each phase o f a project represents an im portan t tr igg e r 
fo r  considering Build ing w ith  Nature opportunities.
The guidelines provide specific advice fo r  each o f the  
fo llo w in g  project phases: in itia tion , p lanning and 
design, construction, and opera tion and maintenance. 
Users entering the  guidelines via th is rou te  should first 
consider the  phase o f the  project rea lization process 
they have reached. Each phase fo llow s the  same design 
steps, a lthough the  characteristics o f these steps may 
vary from  phase to  phase.

The governance perspective
The governance context, i.e. the  complex set o f 
legislation, regulations, decision-making processes, 
etc., is a th ird  perspective from  which Build ing w ith  
Nature opportun ities may be developed. The triggers 
and obstacles ensuing from  this context w ill need due 
consideration if  those opportun ities are to  be realized 
in practice. The guidelines at present o ffe r in fo rm ation  
and advice on the  fo llo w in g  aspects o f governance: 
networks, regulatory contexts, know ledge contexts and 
rea lization frameworks.

THE KNOWLEDGE BASE
The guidelines are underpinned by the  Building w ith  
Nature knowledge base, which consists o f a w ide range 
o f build ing blocks, tools, example cases and knowledge 
pages. The build ing blocks enable designers to  make 
first-order quantifications o f typical elements o f a larger 
overall design. The tools include methods, concepts and 
strategies th a t can be used in the  d iffe rent project phases 
and design steps. Together, the example cases form  a 
po rtfo lio  o f Building w ith  Nature solutions as they have 
been implemented in projects. The knowledge pages 
contain more in form ation on the  various topics and 
issues tha t have been addressed during the programme.

COURSE MATERIALS
In order to  make the Building w ith  Nature design 
principles accessible to  a larger public, the  EcoShape 
partners have developed course materials and tutoria ls 
th a t are being used in workshops and tra in ing  courses 
at various collaborating education institutes (Delft 
University o f Technology, W ageningen University 
and Research Centre, and the  Zeeland and Van Haii 
Larenstein Universities o f Applied Sciences). The 
Netherlands Foundation fo r Postgraduate Education also 
organizes Building w ith  Nature courses fo r professionals. 
Moreover, the  tutoria ls have been form ulated in such a 
way th a t they can be also used on an individual basis.

FUTURE DEVELOPMENT
'The Build ing w ith  Nature Design Guidelines have 
de liberate ly been developed in the  fo rm  o f a w ik i', 
concludes Huib de Vriend, scientific d irector o f Building 
w ith  Nature. 'A lthough  an ed itoria l board controls 
contribu tions to  the  w ik i, the  guidelines are open to  
inputs from  o ther parties, as they are supposed to  
be developed fu rth e r via lessons learned from  new 
projects o r whenever additiona l know ledge becomes 
available. Readers w h o  wish to  use the  guidelines 
directly, o r con tribu te  to  them , are w arm ly encouraged 
to  visit the  EcoShape website: www.ecoshape.nl.'
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