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Abstract

Because dunes protect a large part of The Netherlands against coastal flooding and inundation, it is
vital to guarantee the strength of these natural sea defenses. Besides sea defense, dunes have other
functions. Sandy shorelines and dunes are frequently eroded. A legal framework has been devel oped
that guarantees the required safety-level of dunes and protects the dune environment as well. Erosion
of the coastline is compensated by artificial beach nourishment.
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HISTORY

The Netherlads are located malyg in coasal floodplairs. Because primgrurban and industribzones
lie belowthe formal high waterdevel,seadefenses critical. By theMiddle Agesthe inhabitant of The
Netherland defendedhemséves agmst theseaby constructing dikemainly alongtidal in letsand
rivers. Along theseacoastwherearow or duresexisted the constuctionor dikes wa notrequired
(Figurel).

Even tough the duneserodkd, t hisrecession wanotregarded aagreat prdolem. Dunearess are nd
importantfor agriculture; theiprimary use informercenturies waor huntingrabbitsand minng sand.
In some places, however thedune row becamsonarrow hatremedial acion became acessgy.
Along the coastor Delfland (betweert he HagueandHook or Hdland) erosiomnwas s$gnificant in the
eighteenth centy and a breakrough amag thedunes wareared Such are&throuch would cause
pemanent inundationof wide, populated area. Therefore the construéon of groins bgan in 1776
with the intenionto stgp erosion. Along this section groin construction continuetil 1975and today
theentire coastal stretcis protected b groins

Alongother coatal sectonsin The Netherlandsrosion controlalsobecane necessary.

Groins were constructeds tle practice of choicen a few caesit wasnecessay to build aseadike as
in thelargeworks encompasdsg the dike near the wesipoint of Wathaen andat the Hondsbossche
Zeeweerindgn thenorthof Holland,Other means to protectetoastwere not then availble.

Erosion continuedin sgte or he constructioror groinsanddikes.In the sauth or Zeelandsouthern
Netherland near Cadzandseeralpolderswere pemanently floodediueto coastal esionin the
19th century.In many dune fielglit wascustomaryto maintan the dune at the requiredstrengh by
moving them landwardThis was accomplished hyaking the seaward slope dhe dune-fiont
somewhat morgentle lowering t he duneat the side or the sea,and moving thesand in alandward
direction The principle or thigprocedueis shown in Figure2. This procedure dosnotstop erosion (in
some cases fhay even ircreaseerosia), butthe suretyor low lying polders behird thedunes wa
guaranted atthe expense othe dine areaThis was notconsideredo be aproblembecawseof the low
economicvalue of coastadunes
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Figure 1: Part of the Netherlands below sea level

CHANGESIN DUNE APPRAISAL

Today attitudesircdifferentanddunes plg animportant rok in coastal zonenanagementFirst, better
method for determinng safety of dunesweredevdoped. In 1984 the "TechnicalAdvisory Committee
on Waterdefenses"presanted guidelines for the evaluation oflure safetyas acoastadefensg TAW,
1986. In theseguidelines amethod § presented to calculat the strengthof adure duringa sormsurge
This method s based upon a normalizd coastalprofile after a storrrsurgeand an equibrium of sand
in this profile VAN DE GRAAFF, 1986.

Al so,newtechniquediavebeen developed for coastal maintenance Artificial bead nourishmenthas
becone important, partly as a byproductof the dredging industry. Pricesin The Netherlands are
betweerlJS$ 1 - US$ 4 per cubicnete placed onthebead (RIIKSWATERSTAAT, 1987). These
low pricesmack it financially posdble to switch from dure improvement atthe landwardside to
improvement by beat nourishnent.

A third imporentfactor isthenew regad of dure area. Dune aeasnow have amuch hgher value
because they araised as a ouree of drinking wate (by infiltrating river watej, they have aery
important recreational valeampinggrounds, daytime recreatipand theyare critical areas froran
ecologicalpoint ofview (rare plantsnd animalshbreedinggrounds etc.).

Because of the increased importan€dune areaofficial Dutch policy isthatthe coastlinewill be
maintainedat its present locatio(MINISTER OF PUBLIC WORKS$1988 but notatanycost.
Therefore, this papexplores tk cost factor inthedecision-making process.



stora surge fevel
e

Figure 2: Dunes moving in a landward direction

AUTHORITIES INVOLVED IN COASTAL MANAGEMENT

In order todescribe Dutch coastapolicy, someelaboration is required for theuthoritiesnvolved.
Alreadyin medievatimes Polder Boardén DutchWaterschap) wereformed for every low lyingarea
A Polder Board hagurisdiction over an aredetweer200 and 2000 squakilometers. They raistheir
own taxes and hawe"parliamenrit choserby landowners and homeowners of the polder. Datssice
madeon a "one acreonevote" systemln built-up areadictitious acres are givenyelatedto thevalue
of a building. A Polder Board is responsilfite dikes(seadefense and river dikgandfor water
managemen(drainagesystem anghumping work$ Maintenance andonstruction oflikesis financed
by the Polder Board. ItheBill on Sea DefensandRiver Dikes(1988§ it is stipulated thaPolder
Boards musinake areporteveryfive yearsto the cettral governmenbn safety conditions atheir
dikes The Polder Board receivessubsidyfrom the centragjovernment for their expenses. Subsidies
are generallyon the order of 20- 40% becawe of thenational inteed inherent intheir polders.The
philosophy behindhis system is thahe dikesare to bgaid bythosewho benefit fronthem,i.e, the
people living behind the dikeRBeople livingon higherground in the eastern Netherlardisnotwant
to payfor dikes inthe westHowever there isa national interest in poldetsecaus of national roads
andrailwaysgoing throughhe polderaswell asnational natual reservesThis national interest implies
anationalcontribution to their costd his contribution is paids a subsidy for the expenses of the
Polder Board.

Theenclosuradans (Afsluitdijk , Oosterschelde-barrietiaringvlietsluices etc., seeFigure 1 are
maintained byhe central govement becausthere areno polders directly behinithesedams.Coastal
maintenancéi.e. measures to keep tleeastlinen its present locationalsois paid by the national
govermment becauseoastal processare on such a scale tithey arebeyondthe scope of a Polka
Board

A special arrangement wasadeafterthe stormsurgedisaster of 19538y a specialAct of Parliament
all primaryseadefensesndriver dikes in TheéNetherland hadto be raised t@level that could
withstand a storrhaving a probabilityf occurenceof 1/10000 peryearfor centralHollandand
114000for otherprovinces.

River dikes havéo withstanda run-off with a probabilityof 111250peryear.The dune (seeFigurel)
areprimaryseadefensesThe worksrequired under this Act were paid fully byethational
governmentn the casef seadefense and 804 for river dikes The Polder Boarslwererespomible
for the execution otheworks. All seadefenses havi® beraised to theequired level in 1990. River
dikesshouldbeat the requiredevel by tre year 2000 The special enclosurenvorks (Haringvliet Sluices
OostescheldeBarrier, etc.) were buit by centralauthoritiesUnder this Act many kilometers of
dunes were reinforced by placing meend justandward otthe mostseawarddune-row.

THE PRESENT SITUATION OF THE DUNES

Historically, dunes primarily functioneds sea-defens&herefore, many dunes became the property of
the polder board. Whilsomedunes are owned by drinking water companies, drereainas sea-
defensedecause the polder boards hapecialjurisdiction over themevenif they do not own them
For the most part the polder boards do not allomstroiction of houses in the dunés present there is
little private property and permanent housing & dunesOnly temporary buildings were allowed,
which must be removed before winter. Because affiblicy, the duneslsobecame important natural
reserves, although that was not thiginal intention.

Originally, somevillages were built just behind (landwarthe dunes. As coastal erosioccurred
these villages became closer to $ka(severatimes in history this requireithe removal of a village to
a new location further inlandToday, in The Netherlands, demolishing housealse oftoastal
erosionis socially andpolitically unacceptableglthoughin some caseis would beeconomically
acceptable.

Thereforethe presence of villages near Searequiresa policy that maintains theoastline atts
present location. The production of drinking wdigrinfiltration of river water from dunes is quite



important. Drinking water production companies ask for dune protectioBeaches and dunes have
very important recreational value not only for thibabitants of The Netherlands kaisofor the
densely populated Ruhr-area in Germany. Beachegeseeally not affected byoastakrosion. In
principle coastal erosioonly causes beach problems if a fixed structurehasa sea-walliesbehind
the beachin the dune areas theseerecreational facilitiesuch acampgrounds

Structuresuch asotels and restaurants in the first dune-eoe,of coursegndangerety erosion.
Dunes valued for ecologically important functioreanained ira semi-naturadtatewhile the rest of
The Netherlanddbeameurbanizd, or used for intersive agrculture.

Recently, unsafe dusevere improved to fulfillsafetyrequirenents. Most improvementgmainly by
placingextrasand behindhedune$ were designed iauch away thatsafety againdnundation §
guaranteedintil ca. 2000. In the period 1975-19885$75,000,000 waspentfor this purpose
Thethree above-mentionagses(drinking water, recreation and ecology) impaath othebut they
hardly haveanyinfluenceon safety Therefoe thes interrelated impactarebeyond thescopeof this
paper. Safety requirements, howeveve impacts on these three funcsidrhis, combined with
changes in dunappraisalvas the main reason to develop a new coastal policy

DUTCH COASTAL POLICY

The principkesof coastal policyare (MINISTER OF PUBLIC WORKS1988a, 1988p

(a) A polder is endangered when theadefenses around the polder cannot withstand a diaxing a
probability of occurrence of 1110000 per year fentcal Hollandand114000peryearfor the other
provinces

(b) Responsibility for thesafetyof dunes rests with the Polder Boards. If the gadéta polder is
endangeretiecause ofoastal erosiothe Polder Board iguthorizedo undertake action by requissg
the nationabovernment to improve thseadefense by coastal deferworks

(c) When thesafetyof low lying polders is endangst because of coastatosion,a coastal defense
work will be executed and paid for by the centr@ernment.

(d) Coastal defense works are to keep the coastiite present location preferably by beach
nourishment.

(e) If the coast i®roding ancho poldersareendangereda decision on coastal maintenance works has
to be made by thminister of public worksgepending on the values present indhnes and
depending on the sbof theworks.

(d) Works to maintain theoastline ar@aid mainly by the central government

However, the decision to pay feuchwork depends on the intention amdbility of local authorities to
co-operate on a finandidasis.The process of making suaecidonsis illustratedin Figure3. An
exampleis gvenlaterin this pape.
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Figure 3: Decision making process for coastal works
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Onanationallevd these principlesrepresantly being worked out ide#il. A full inventory of the
coastalzone is underway andanany pratical decisions have to be madeTheresult of this workwill be
availableto parliament whemliscusgng the Billon SeaDefensesandRiver Dikes

Thestartingpoint ofthis policy is safety All dunesshould alwaysulfill safetyrequirementdirst. If a
dune is no longeableto protect the poldergmprovement iobligatory.In consultéion with the Polder
Boardand othetocal authorities théMinister of Public Works decidewhatkind of improvement is to
be done. Prefenceis given tobeach nourishmenglthoughif too expensive other solutionsay be
preferred.

This occurswheredeepchannels experience excessive sasdes. Alsoa solution willbechosen
which optimallysupportsotherfunctionsin the dunearea.Examplesof othersolutionsinclude the
constructiorof beach wallsgroins to keep tidal channedsvayfrom thecoastline etc.If erosion
occursin an areavith no direct threadf polder inundation there is no legailigationto control
erosion.n suchcases detailed inventory oall functions intheduneareahas to be madeas wellas a
costestimate of the works which might be executed. Acganalysisfollows.

In cases wherthere isarelatively wide rowof dunes(seeFigure 4 the approaclks: thesafety of the
polder meets the requirediglevel (Bill onSea DefensandRiver Dikes, 1988)anddunes landll
are strong enougio provide this degree sffety Suppose dune-rowdlone carprovidesafetyto 10°
storm only Fromanalysisthis level ofsafetyis highenoughfor a coastal village, becausé dune-row
| fails, only the village will be inundateahdnotthe low-lying polder Thustherequirementsf the law
arefulfilled. Strengthening protective works the basiof the Bill on Sea Defense would not be
executedHowever, there is a different polieyhen coastal erosiadhreatenshevillage. From a policy
analysis the "housing" functids valuale. Consequentlyit will be decidedby the Minister of Public



Works to"stop" erosion(by mean®f beach noushmeny, but notto increase thetrength of the first
dune row!

In Figure 5 tle situationis different Thearea betweedune rows kandll, usedas a capark forbeach
visitors, needs to be safe only to a valuel6t. Moreover, becaesof erosiondune-row | will
disappear!Stopping erosionis expensivebecauserosionis caused by landward movemerdf a
deep tidal gully. Beach nourishment is not feasitdee. The onlapplicablemethod tostoperosion
completelyis placingstoneprotection worksalongthe underwateshore whichs extremely expensive.
It canbe concluded that in this case steengtheningvorksarerequired based upon the lan sea
defensegbut alsothatstopping erosion shoulibt beattemptedecause protection is t@ostlywith
respecto the values to be protected. The caramkbe moved intdhe polderarea While thiscosts
money, it is lesgxpensivehan coastal protecticamdno otherfunctionsare endangered.

!
! \ i
Aform surgp feve I,-" ros ﬂh; i __F’T\‘\
ol S roastal il X
__'___.f"J e g \"\_ poider

Figure 4: Situation in which erosion should be colfed
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Figure 5: Situation in which erosion will not bentmlled

PRACTICAL OPERATIONS
Along theentireDutch coasta measuring line perpendicular to theastis defined everg50m. On
thisline a profile is measurednnually.This is done fronta 800m seaward othe mslline until and
including the first dune-rows. The underwadeeais measured with aecho soundethe section above
low wateris done with aerial photogrammetry.
Below lowwaterdataarecollectedeveryl0 mapart above low watea distance of 5 m is used. These
dataare availablén a national databasend carbe used by coastal managasswell ady scientists.
The systemhas beenoperational sinc&963. The measuremerstsetakenandmaintained by the
national government
The most recergoundings aresed fortestingthe safety ofdunes. For the la&t- 10years for every
profile adune erosiomalculationis made. This is done by determiniting equilitsium profile
accordingo VELLINGA (1983)
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in which
H isthe significandeep water wave heigfn)
w is the fallvelocity of thesedimenin stagnantvater(m/s)
x is the distance frorthedune footin seavard direction(m)
y is the depth below storm surge leyel)

Theerosion extendom

x =0 andy = 0 (dunefoot at storm surgéevel)
down to

x = 250 (H/7.6)"?% (0.0268w)***and

y =5.72(H/7.6)

The principle of the dunerosionprediction model ishownin Figure 8. Theerosionprofile has to be
situatedin such a way that therodedquantity isequalto the accreted quantity. With this model, the

! In the Netherlands generally a safety level of Q/pér year for coastal villages in dune areasds@ted. This
means that houses may be damaged by a storm sithga probability of occurrence of 11500 per ygagvided
that this surge will not cause permanent inundatiopolder areas.



dune footafter adesign stornsurge can bdetermined. Foa givenmeasuring linesafetyis assessed
by calculating the "dunéoot after desigstorm surgefin all measured profiles for the last 5-1€ars.
These pointsanbe plotted in a diagramas a function of timeThroughthese 5-1@ointsa linear
regression lineanbe drawnwhich allowsextrapolation for 2-3 yeartn thisway the dune foot which
would be formedaftera desigrstormin the futureyears carbe calculated.

Thus, it can be determined if the dune is stilbngenoughas a sedefensestructure For a more
detailed descriptioof this method refeto VAN DE GRAAFF (1986 or tothe GuidelinegTAW,
1986.

Testingof safetyhasto be done by the Polder Board. In princigleey haveto determine hoveafethe
dunesare andn whichyear safetynay becompromisedWhen theyexpectproblems in the near future
the PoldeBoard informs the nationaluthorities and a technical solutisndeveloped.

The nationahuthorities (Rijkswaterstaatse thesoundingdata tocalculate coastal regression. Coastal
regression isalculatedusing volume integratioof the sandin several zoneg:or gentle profiles
volumeintegration isexecutedn zones with dixed horizontal width(e.g., from the low water lingo
200m seaward)For steeoastlinegalong tidal channelsjolume integration is done @oneswith a
fixed verticalwidth (e.g., from the low water line until th& m depthcontou). The resulting quantities
areplotted in time-diagram&ee Figuré and Figure 7). Based uptresediagramsa prediction is
made forthe quantities to bexpectedn the near future. Prediction$ future coastal profileGandthus
of future coastlines) ateased upon predicted future quantities. Howeaamany places in The
Netherlands long-termoastakegression is not linear but is influenceddaynd waves with a
periodicityof 50-100 yearsvith an amplitude of 50-25M. Thesavavesmovealong the coast anday
have aconsiderablémpacton coastapredictiong VERHAGEN (1989)andRIJKSWATERSTAAT
(1987,page 99).
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If coastalerosionis expectedn the nextseveral yearst is determined how much it witlost to stop
theerosionby meanof artificial beachnourishmentor with some othemeans. When it is known how
much it costdo stop erosion, procedure is initiated in which th@riousauthoritiesnvolved (Polder
Board, nationafjovernmentsprovince,county)will give their opinioronthe problem andwhattheir
financial involvementvill be

Example

This processanbeexplainedusing an exarple. In thesouthof The Netherlands ne&@adzand a
coastakectiondid not have the requireshfetylevel. The Polder Board preparaglanto strengthen
thedunegat the landward sigén orderto obtaintherequiredlevel of safety.The project was
estimated to co<t.3 million US dollars. Becausa weaktidal channel causes some erosion and stone
protectionatthe dune foot prevented natural feeding of the bhéaan the duas,the bead was very
narrow and beach width wasxpectedo decrease in the next fiyearst9 almost zeroA plan with
artificial beach nourishmentould give a wider(and highej beach and require lesandbehind the
dunes. Also, the unit pricgf the sand woulthe much less. Thislternative was estimated to c@s3
million and for stimulating economidevelopment ithis arealeavinga gap of Imillion U.S. dollars.
It was decided to usa specialénder for both plans. Becsaiofthe rock-bottom pricem the dredging
industry at this moment, thlwest bid for the alterative ws6 million U.S.dollars. Knowing these
figures, the Minister of Public Workdecided to havéhe alternative executeging the additional
funding Theremainingdifference wapaid by thenationalgovernment

CONCLUSIONS

A new appraisal ofluneareascombined with safetdemand has reultedin a new nationgbolicy to
maintainthe coastline atits present locatiomreferablyby beachnourishmentThis isto befinanced
by the national govement. Howeverthe cadline will not be maitained at any c. If no dangeiof
inundation ispresent golicy-analyss of the valuesn the dune ares to be madeBaseduponthedata
of theanalysisfinancialcontributionsfrom otherauthorities, and of cougsavailablemoneyin the
national budgetthe Minister ofPublic Worls decides whether a coastatotectionwork will be



executed If there is adangerof inundationthe Minister of Public Works isobligedby lawto have
coasal protedion works executed.
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