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-A QUANTITATIVE EVALUATION OF EROSIVE AND AC-
- CRETIONAL SECTIONS ALONG THE BELGIAN COAST
IN THE PERIOD 1978- 1990 ‘

Guy De Moor1
1L COASTAL EV()LUT‘ION

Coastal morphodynamxcs are extremcly complex as they are sxmultaneously
commanded by processes of erosion, transport and deposmon by current,

- wave, tide, wind and seepage; each of them varying locally and temporarilly

_in intensity and direction, so that direct and residual effects over varying time
spans may be quite different. Moreover, they are characterized by a combi-
nation of different short term, medium term and "long term" components. We
do not intend to discuss them at length neither to treat geological aspects of
coastal genesis and evolution nor to comment on temporary states of dynam1c
equilibrium that possibly can be reached. -
The results of a detailed but qualitative monitoring of the behavmur of the
sandy, megatidal, runnel and ridge type beaches along the Belgian. coast
during the period 1982-1987 are shown in figure 1. This map of the residual
shoreline displacement, used as criterium for beach erosion, shows that along

the Belgian coast several sections of residual erosion or residual accretlon are .

. following each other. Some of them are related to coastal managemcnt some
however are. undoubtly of a natural origin. De Moor 1979, 1991%) has proven
that since the 60's the section Bredene-De Haan corresponds to an erosive
: mcgaprotuberancv This consists of a longer term coastal dynamics compo-
nent, embracing a coastal section of a few kilometer length and characterized -

- by a residual erosion continuing over several decades, changing in intensity v

- and sweeping slowly the coastline in the direction of the residual current, so

‘thatitlocally presents a longer term cyclic character (estimated in that case at
" about 50-70 years) and is followed by an accretional phase. Inside the erosive
megaprotuberance storm effects seem to be more devastating.. Visual moni- -

toring of the coastal evolution in the Bredene- De Haan area dunng the period -

1955-91 proved that the erosion progressed to the east, reaching De Haan :
1tself around 1980. Smcc 19901 it touched another 2 km east of De Haan, while
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Fig. 1. Evolution of the Belgian coast line during the period 1982-1987.
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accretation and erosion of beach and dune facé, in the coastal section Bredene-De



at its western tail stabilization and even accreuon started, burying parts of
defence structures (fig 2). - '

2. COASTAL MONITORING BY VOLUMETRIC DATA COLLEC-
TION | _ | »

Objectlve descnpuon of the local bcach evolution, companson of beach‘

behaviour in different locations and research for causal relatlonshlps and
prognosis of further evolution cannot be fulfilled without the use of a numer-
ical parameter for the beach condition and its follow up by a sequentxal
monitoring with an adequate frequency, ylcldmg a numerical time series
signal available for statistical ‘analysis. Moreover erosion means loss of

material within a morphologlcal entity and is not necessarily mdlcatcd by .

shoreline displacements or merely by absolute surface lowering..

The basic numerical parameter is the absolute unit volume of the beach

measured by detailed beach profiling in a fixed station. This geomorpholog-

ical approach assesses beach dynamxcs not by direct monitoring of particle or -

bedform motion, but using residual effects of their multidirectional displace-
ments during successive phases of erosion and deposition. Time series are
obtained by sequential profiling with a frequency adaptablc to causal cond1—
tions (e.g. storms).

“The absolute unit volume (AUV i in m3/m) of a bcach or a beach secuon ina
profiling station. corrésponds to the volume defined by the vertical cross

section along the rectilinear transversal beach profile delimited by a vertical -

at the begin and another at the end of the proflle (or its section) and by its o

intersection with an horizontal plane situated at a fixed depth below a local
" elevation datum, and further by an equal cross section at 1'm parallel to the

. former. Limits of the total beach are defined by the SLW line and by the dune .

front convexity at a fixed date. Beach profiling was carried out with:a 3 m

step.- Volumetric computations were performed with thc programmc SPEV .,

" (G. De Moor, 1987). As the size of the beaches is varying, comparison of

~ volumetric data is only meaningful after normation of the AUV in relation to
a reference volurmne specific for each profiling station, and correspondm g to
an annual mean. This yields the relative unit volume (RUV in %o).

The absolute unit volume difference (AUVd) accounts for thc value of the
reference volumes themselves. This parameter corresponds to the difference

between the momentaneous AUV, and that at a former reference date or

corresponding to a mean value for a- fixed period. For similar reasons as -

mentloned before, a relative unit volumc dxffcrence (RUVd) isto bc calculat-
ed.
Flgures 3,4 and 5 show UVd time senes for Oostdumkerke (XP 12)* a

*KP XX=r¢ference: poleat XX kilometer east of the French border along the.Belgmn coast.
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Fig. 3. Evolution of the relative unit volume dxfference RUVA) of Lhe total beach and the

- high beach at Oostduinkerke (Kp12) in 1979-91.

statmn inan accretlonal zone; for chmskerkc Vosseslag (KP 37), a statmn in
an erosional zone with dcfencc structures, and for Vlissegem (KP 42), a
station without defence structures in a zone that recently became erosive.

‘They confirm the simultaneous ‘occurrence of different morphodynamical

beach types along a uniform-coast and the shlftmg of the megaproturberance,
Volumctnc momtonng for the last years shows a shght increase weést of KP,
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Fig. 4. Evolution of the relative unit volume difference (RUVd) of the total beach and of the
high beach at Klemskcrke-Vosseslag (Kp 37)in 1978 91. ‘

36 and increasing erosion between KP 39 and KP 42. Such time series allow
to formulate short term perspectives by trend ana1y31s {(G. De Moor,
19918)
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3. COASTAL DEF‘ENCE

The time series for KP 37 corresponds to the evolution of a station in a coastal

section where strong erosion has been counteracted by coastal defencc

Since 1976 the erosion in the area Bredene-De Haan became severe. In 1976-
78-a sencs of winter storms causcd a mean annual retreat of the dune facc '
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estimated at 4-5 m. In 1970-78 numereous groynes were constructcd over a
distance of 4 km wc*.t of Klemskerke-Vosseslag, without stoppmg the ero-

sion. .
-In"1978 an 1mportant bcach nourishment (about '1.000.000 m?3 sand) with

Longard armouring was put on the high and mcdlum parts of the beach over

a distance of 2 km between KP 35 and KP'37 (G. De Moor, 19799). In the first ;
. months there was a quick remstallment of the runnel and ridge morphology,
followed up by the exhumatlon of the sandtubes, by deep pitting of the central
part of the beach and by the development of a high water line cliff that
gradually advanced by wave attack. Meanwhile, more to the east, between KP

37 and KP 39, erosion contmued as well, causing the exhumation of old -
defence structures (dating from an earlier 1910 erosional megaproturberance,
meanwhile covered by accretion) and, for the first tlmc, provokmg dunc face
cliffing in KP 39 in 1979.
In 1980 the beach nourishment was cxtended to the east oyer 2.5 km between .
KP 37 and the west side of the De Haan waterfront, necessitating another sand
supply of about 1.000.000 m3. Since 1980 erosion of the nourishment went
on, although the highest part remamed more save, with the exception of the
section near KP 39, : , N
In 1980 a beach fencing was put on the hlgher part of the beach nounshment '
between KP 36 and De Haan. It caused fxxatxon of the aeolian'sand transport,
formation of a fore dune edged by a seaward rim, a slow down of the retreat
rate of the high water line cliff (fig. 4), but also a decrease of aeolian sand;
supply on the high be ach in De Haan , leewards of the prevailing wind.

Since 1990 winter beach erosion in De Haan itself became so important that
in april- may 1992 an extensive beach nourishment (800.000 m3) between KP
39 and KP 41 becamc necessary to prov1dc a hlgh beach practlcable by
tourists. -

4. STORMIMPAC‘I‘S

‘ UVd time series for stations m31de and out31de the Bredene- Dc Haan section,
_ prove that direct and residual storm effects were much more important inside .
the erosional megaprotuberance. UVd-time series for KP 37, KP 40, KP 42 '
all situated insidé the megaprotuberance, show severe losses and a slow or
merely a partial recovery even after more than 1 year (fig. 6). Uvd- tlmcs"

Fxg 6. Evolution of the absolute unit volume dnfference (AUVQ) of the hxgh beach at'
Kiemskerke-Vosseslag (KP 37), at De Haan (KP 40) and at Vlissegem (KP 42) in 1988-91.
The three stations are located inside the Bredene-De Haan megaprotuberance. The impactof

the february 1990 storms is striking. Pamal recovery in KP 40is mamly due to spring hxgh )
beach’ nounshment

(,
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Fig. 7. Evolutlon of the absolute unit volume difference (AUVd) of the high beach at
Oostduinkerke (KP 12) and at Zeebrugge-West (KP 51) in 1988-91. The two stations are
located outside a megaprotuberance. In both stations the high beach is partly hedged for
eolian sand transport fixation. In Ze¢ebrugge the accretion is mostly conditionned by break-
water effect upstream. flood peak curfent direction.

series for KP 12 and KP 51, both situated outside an erosive megaprotuber-
ance, show little direct storm damage, quick beach restoration and resump--

tion of the accretion (fig. 7).
The effect of the winter storms of February 1990 1llustrate the areal differen-
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ciation of the immediate and the residual ¢« ' 4 y

short and uniform coast. Tide and wave da: ‘ ‘ ( ic
- conditions along the coast during the stor . >
" neither in storm characteristics, nor in dei :l-
ered asa _m,am.ggLe for the dlfferencxatxo :
5. CONCLUSIONS:'MJ

i

“Erosiohal and accreuonal megaprotuberances are. altematmg along the Bel-
gian coast. They are slowly shifting to the east, in the direction of the
dominant flood peak current. Various small scale and short term beach
processes are acting within the megaprotuberance. Storm events seem to be
one of the short term events that discontinuously enhance the evolution of the
erosional megaprotuberance and its coast sweeping d;sPlacement. Coastal
defence structures are not altering markedly the phenomenon on a durable
way. - ,

REFERENCES

- CHARLIER, H., 1968 Nonh sea beach erosion in Belgium. Proceeding 23th Imernanonal
Geological Congress, Prague, 1968, 12, pp. 167-171. )

- CHARLIER, R., and AUZEL, M., 1961. Géomorphologie cétlére migration des sables sur
la cGte belge. Zeztschnft fiir Geomorphologie, 1961, vol. 5, pp..181-184. ‘

+ CODDE, R., and DE KEYSER, L., 1967. Noordzee. Kust, Scheldemonding, Zeeschelde
Atlas van Belgig, platen 18A en 188, Brussel, Nationaal Comité voor Geografie, 1967 64
p., 12 fig.

- DE MOOR, G., 19792, Recent beach evolution along the Belgxan Nonh Sea coast BuIIetm
Société belge Géologie, 1979, vol. 88, pp. 143-157, 5 fig., 3tab,

- DE MOOR, G., 1979b. Les:premiers effets du réhaussement artificiel d'une plage sableuse
le long de la cote belge. Brest, Publications du CNEXO, Actes de Colloques, n°®9, 1979, pp.

~ 97-114,4 fig,

- DE MOOR, G., 1985. Shelf bank morphology off the Belgian coast. Recent methodolog-
ical and scientific developments. In: Van Molle, M. (ed.). Recent trends in physical ge-.
ography in Belgium. Study series of V.U. Brussel, new series n° 20, 1985, p. 47-90, 24 fig.

- DE MOOR, G., 1988. The Coastline of Belgium. Characteristics, evolution, dynamlcs,,
management and coastal defense policy. In: Coastal Erosion, Brussels,EC commission
CORINE, 12 + 7 p., 3 fig.

- DE MOOR, G., 19912, The february 1991 storms and their 1mpact on the beach evolution
along the Belgian coast. In: De Aardrijkskunde, Spec. Vol Gent V.L.A, 1991, (M. De
Dapper, ed.), 37 p., 27 fig.

- DE MOOR, G., 1991%, The beach nourishment of Bredene - De Haan and its impact on the .
beach morphology and the coastal evolution of the Belgian coast east of Ostend. IGU

~ symposium on coastal defence, Nantes, 1991, Proceedings (in press).

- DE MOOR, G., and BLOMME, E., 1988. Shoreline and artificial structures of the Belgxan
Coast. In: Walker, J., {ed.). Artificial structures and coastlines. Dordrecht, Kluwer, Geo-
Journal Library, 1988 pp. 115-126, lfxg :

423



L

DE MOOR, G., and OZER, A., 1985. Belgium, In: Bird, E.C., and Schwartz, M.L., The
- World's coastline. New York, Van Nostrand-Reinhold, 1985, pp. 353-358, 8 fig.’
KOMAR, P e.a. (SCOR-worlung group 89), 1991, The response of beaches to sea-level
.changes: a review of predictive models. Journal of coastal research 1991,7, pp- 895 921,
17 fig.
'KONINGS, Ph., 1990. Longshore sedlment transpon in relzmon to the shallowmg of the
. Blankenberge Harbow entrance channel (Belgian Coast). In: R.E. Quélennec (ed) Litto-
ral 1990. Marseilie, Eurocoast Association, pp. 293-296, 1 fig. -
KONINGS, Ph., and DE MOOR, G.;.1988. Aeolian sand transport at the Belglan ‘North Sea‘
Coast. Bulletin Société Belge Etudes Géographiques. 57 (1), 66-71. ‘
PSUTY, N., 1990. Foredune mobility and stability, Fire Island, New York, In: Nordstrom
. KF., Psuty, N.P. and Carter, R.W. Coastal Dunes Form and Process. New York; J.
. Wiley, pp. 159-176. ‘
VERHAGEN, H.J., 1989, Sand i waves along the Dutch coast. Coastal En,gmeermg, 1989

- vol. 13, p. 129:147, 8 fig., 1-tab.

VAN DE GRAFF, I., 1977. Dune eroélon durmg a storm surge. Coastal engmeermg, 1977

“vol. 1, pp. 99-135,
VAN RIN, L.C,, 1989 Handbook Sedxment Transport by Currents and Waves. Delft

Delft Hydraulics.

424



