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ABSTRACT I

É3E®
The G erm an Baltic Sea coast between W arnem ünde and  Darss is rapidly eroding. In this area, extensive sand extraction Hillii«» takes place at water depths of 8-13 m, for both local beach nourishm ent and industrial use. Sand resources in the
area are restricted to a layer of <2 m of Holocene sand, whilst contem porary input of sand is lim ited to erosion of the 
cliff sections. To investigate if sand extraction in  this area has any effect on the coastline, bathymetric elata from  two 
particular time periods were compared, as well as the location of the coastline over 5 different years, ranging from 
1953-2002. Waves and wave-induced sedim ent transport were sim ulated using the in tegrated coastal zone model. 
Sistema ele M odelado Costero (SMC). Results indicate some primary areas of concern: small changes in bathymetry 
of approxim ately 10% are sufficient to cause significant modifications in sedim ent transport potential at the coast: 
and, thus, alternations in the patterns of erosion and accretion. Sediment transport by both wave action and currents, 
induced by the inflow of N orth Sea water, is in a NE direction towards Darss. Here, deposition takes place in a National 
Park, where dredging is prohibited. There is very little input of sedim ent in the system. Any sand that is removed 
by m arine aggregate extraction, for industrial use, will have a negative effect on the total sedim ent budget at the 
shoreline.

ADDITIONAL INDEX WORDS: dredging, sedim ent transport, integrated coastal zone model. Sistema de M odelado Costero 
(SM C), differen tia l bathymetry, beach erosion.

INTRODUCTION

S a n d  is e x tra c te d  from  th e  se a b ed  fo r m a n y  u ses, in c lu d in g  
th e  c o n s tru c tio n  in d u s try  a n d  b e a c h  n o u r ish m e n t. In  re sp o n se  
to  in c re a s in g  d em an d , m o re  m a r in e  s a n d  is  e x tra c te d  from  th e  
in n e r  c o n tin e n ta l  sh e lf  (< 6 0  m  w a te r  d e p th ) in  E u ro p e , ev ery  
y e a r. A s such, co n ce rn s  h a v e  b e e n  ra is e d  ab o u t th e  a d v e rse  ef­
fec ts  on  th e  c o a s ta l  system , in c lu d in g  ecology, th e  se a b ed  a n d  
th e  a d ja c e n t sh o re lin e . F o r  ex am p le , th e  r e s u l ts  o f a  q u e s t io n ­
n a ir e  s e n t  to  local re s id e n ts  in  S o u th  W ales, h a v e  sh o w n  th a t  
a  v a s t  m a jo r ity  b e lie v es  t h a t  m a r in e  a g g re g a te  (MA) e x tra c ­
tio n  is  re sp o n s ib le  fo r th e  in c re a s e d  r a te s  of b e a c h  e ro s io n  a t 
local b e a c h e s  (S im o n s  a n d  H o l l in g h a m , 2 0 0 1 ) .

T h e re  a re  d iffe re n t w ay s in  w h ich  o ffshore  M A e x tra c tio n  
m ay  c au se  c h a n g e s  to  th e  c o as tlin e . F o r  ex am p le , B r a m p t o n  
a n d  E v a n s  (1998) id e n tify  5 effects: (a) b e ac h  draw -dow n; (b) 
m o d ifica tio n s to  t id a l  c u rre n ts ;  (c) c h an g e s  in  se d im e n t t r a n s ­
p o rt; (d) v a r ia tio n s  in  n e a rs h o re  w av e  co n d itions; a n d  (e) a  r e ­
d u c tio n  in  s h e l te r  p ro v id ed  to  th e  c o as tlin e . M an y  of th e s e  ef­
fec ts  a re  in te r r e la te d  (a s  d isc u sse d  below ). N a ir n  et al. ( 2 0 0 4 )
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su g g e s t t h a t  sh o re lin e  c h an g e s  occur in  tw o  w ays: (i) a n  e x tra c ­
t io n  s ite  in te r r u p t s  o r m od ifies th e  s e d im e n t su p p ly  p a th w a y s  
to  th e  coast, re d u c in g  th e  se d im e n t b u d g e t a t  th e  sh o re lin e ; 
o r (ii) m o d ifica tio n s in  w ave  tra n s fo rm a tio n  p a t t e rn s  ch an g e  
th e  c h a ra c te r  o f th e  w av es  re a c h in g  th e  coast, a lte r in g  se d i­
m e n t t r a n s p o r t  and , e v en tu a lly , c h an g in g  e ro s io n a l a n d  accre- 
t io n a l  p a t te rn s .  T h e  s tu d y  of c o a s ta l  im p a c t o f d re d g in g  is  n o t 
s tra ig h tfo rw a rd  and , a s  such, m a n y  d iffe re n t a p p ro a c h e s  h a v e  
b e e n  ad o p ted .

E x te n s iv e  M A e x tra c tio n  ta k e s  p lace  in  th e  B a ltic  Sea, 
in  th e  a re a  b e tw e e n  W a rn e m ü n d e  a n d  D a rs s  (F ig u re  1), for 
b o th  b e a c h  n o u r is h m e n t p u rp o se s  a n d  in d u s t r ia l  u se  (K r a u s e , 
1998). Tw o of th e  o ffshore  e x tra c tio n  s ite s  a re  lo ca ted  close 
to  th e  coast, i.e. G ra a l  M ü ritz  a n d  W ustrow ; th e y  a re  lo ca ted  
in  w a te r  d e p th s  o f 8-12 a n d  11-13 m, re sp ec tiv e ly  (F ig u re s  1 
a n d  2). W ave co n d itio n s  a n d  w a v e-in d u c ed  se d im e n t t r a n s p o r t  
w ith in  th e  a r e a  o f th e s e  e x tra c tio n  s ite s  a re  in v e s tig a te d  h e re , 
to  a s se ss  i f  th e  d re d g in g  m ay  im p a c t u p o n  th e  coast. O ffshore  
b a th y m e try  a n d  th e  lo ca tio n  of co as tlin es , over a  n u m b e r  of 
y e a rs , w e re  c o m p a red  to  s tu d y  p a t t e rn s  o f e ro s io n  a n d  acc re ­
tio n . W av es (in  th e  ab sen ce  of t id e s )  a n d  se d im e n t t r a n s p o r t  
w e re  m o d e lled  u s in g  S is te m a  de M odelado  C o ste ro  (SM C), a n  
in te g ra te d  c o a s ta l zone m odel.
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Figure 1. Location map, showing the major towns, extraction sites Graal Müritz and Wustrow, and the fine grids used for modelling. DS = Darss 
Sill.

EFFECTS OF MA EXTRACTION ON THE 
COASTLINE 

Effects on Coastal Sediment Budget
T h e  m o st d irec t effect o f M A e x tra c tio n  on th e  c o as tlin e  is 

b e a c h  draw -dow n; th is  m a y  occur w h en  m a te r ia l  is  e x tra c te d  
from  w ith in  th e  a c tiv e  b e a c h  profile . B each  s a n d  o r g ravel, 
t r a n s p o r te d  s e a w a rd s  d u r in g  s to rm  ev en ts , r e m a in s  tr a p p e d  
in  th e  d ep ress io n . I t  w ill n o t r e tu r n  to  th e  u p p e r  b e a c h  d u r in g  
calm  co n d itions, th u s  re s u ltin g  in  a  n e t  lo ss o f b e ac h  m a te r ia l  
(B r a m p t o n  a n d  E v a n s , 1998). B each  d raw -d o w n  w a s  th e  c au se  
of th e  d e s tru c tio n  of th e  c o a s ta l  v illa g e  of H a lls a n d s , D evon 
(UK), in  1917, w h e re  b e tw e e n  1897 a n d  1902 som e 382,000 
m 3 of g ra v e l w a s  e x tra c te d  from  th e  fo resh o re  (P e a r c e , 1996; 
S im o n s  a n d  H o l l in g h a m , 2001).

R ed u c tio n  in  th e  s e d im e n t b u d g e t  a t  th e  sh o re lin e  m a y  oc­
c u r  a lso  d u e  to  m o d ifica tio n  o r in te r ru p t io n  o f th e  se d im e n t 
su p p ly  p a th w a y s , to w a rd s  th e  coast. S u ch  a  re d u c tio n  m ay  oc­
c u r  in  tw o  w ays: d re d g in g  m ay  rem o v e  s e d im e n t t h a t  w ou ld  
n o rm a lly  su p p ly  th e  b each ; o r a n  e x tra c tio n  s ite  m ay  t r a p  se d i­
m en t, w h ich  w o u ld  o th e rw ise  h a v e  b e e n  t r a n s p o r te d  to w a rd s  
th e  coast. T h e  l a t t e r  p ro cess  is  su g g e s te d  to  b e  th e  re a so n  for 
th e  w e ak  reco v ery  of th e  P a k ir i-M a n g a w h a i co as t in  N ew  Z ea ­
lan d , fo llow ing s to rm s  in  1978. A lth o u g h  e x tra c tio n  in  th is  
a re a  ta k e s  p lace  w ith in  th e  s u r f  zone, i t  h a s  b e e n  im p o ssib le  
to  p ro v e  a  cau se-e ffec t re la tio n s h ip  b e tw e e n  sa n d  e x tra c tio n  
a n d  b a c k sh o re  s ta b il i ty  ( H il t o n  a n d  H e s p , 1996). A n c t il  a n d  
O u e l l e t  (1990) h a v e  c a lc u la te d  l i t to r a l  d r if t c h a n g e s  for th re e  
d re d g in g  sc e n a r io s  in  Q ueb ec  (C an ad a ) a n d  fo u n d  t h a t  on ly  
ex ca v a tio n  a t  th e  sea  b e d  of 2 m  or m o re  in  d e p th  h a d  a s ig n ifi­

c a n t  im p a c t on  s e d im e n t t r a n s p o r t .  T h ese  in v e s tig a tio n s  h a v e  
co n clu d ed  t h a t  th e  c o a s ta l im p a c t c an  b e  lim ited , by  g ra d u a lly  
ch an g in g  th e  b a th y m e try , le a v in g  th e  sy s te m  su ffic ien t tim e  
to  a d ju s t.  T h is  o u tcom e is  a ch iev ab le  by  p re v e n tin g  m u ltip le  
d re d g in g  over th e  sam e  a rea .

Effects on Waves and Currents
M odification  of th e  b a th y m e try  m ay  a lte r  n e a rsh o re  w ave 

conditions, b y  ch an g in g  th e  w ave re fra c tio n  p a tte rn s ;  hence, 
th e  w ave  d irection , o r  th e  to ta l  w ave energy, re ac h in g  th e  
coast. S ince b re a k in g  w av es a re  g en era lly  co n sid ered  to  b e  th e  
d o m in a n t fac to r affec ting  th e  coast, M a a , H o b b s , a n d  H ardaw ay  
(2001); M a a  et al. (2004) h a v e  u se d  th e  ch an g e  in  b re a k in g  w ave 
h e ig h t to  a s se ss  th e  c o as ta l im p ac t of c h an g in g  w ave t r a n s ­
fo rm ation , c au sed  b y  e x trac tio n . E v en  th o u g h  th e  local w ave 
h e ig h t b e tw ee n  th e  e x tra c tio n  s ite  a n d  th e  coast can  in c rease  
b y  a s  m u ch  a s  two-fold, th e  ch an g e  in  th e  b re a k in g  w ave h e ig h t 
is  less  sign ifican t, a s  m o st of th e  w ave e n erg y  is  d is s ip a te d  b e ­
fore th e  w aves re a c h  th e  sh o re  (B y r n e s  et al., 2004a; M a a  et 
al., 2004). H ow ever, in  a re a s  w ith  a  s teep  shoreface, th e  w ave 
e n erg y  does n o t d iss ip a te  s ig n ifican tly  and , in s tead , in c re ase s  
c o n sid erab ly  u p o n  re ac h in g  th e  coast (B y r n e s  et al., 2004b). F o r 
exam ple, a t  G ra n d  Isle, L o u is ia n a  (LTSA), tw o  la rg e  sa lie n ts  a n d  
a re a s  of in c re a se d  erosion  developed  sh o re w a rd  of a n  offshore 
e x tra c tio n  s ite  t h a t  w as s i tu a te d  som e 800 m  offshore, in  a  w a ­
t e r  d e p th  of 4.6 m  (B e n d e r  a n d  D e a n , 2003). T h e  e x tra c tio n  p it 
a ffec ted  th e  w ave p ro p a g a tio n  p a tte rn ,  w hich, in  tu rn , cau sed  
c h an g es  in  erosion  a n d  acc retio n  a t  th e  coast.

M a a  a n d  H o b b s  (1998) h a v e  e x a m in e d  lo n g sh o re  se d im e n t 
t ra n s p o r t ,  u s in g  b re a k in g  w ave  con d itio n s, c a lc u la te d  from  
m o d elled  w ave  t ra n s fo rm a tio n  p ro cesses . T h e  m o d el r e s u l ts
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Figure 2. Bathymetry of (a) 1976-1979 and (b) 1998-2002, with the 
extraction sites in cheated.

sh o w ed  c o n s id e ra b le  n a tu r a l  w ave  e n e rg y  convergence , w h ich  
cou ld  b e  re sp o n s ib le  for sev e re  b e a c h  ero sio n  o v er th e  sam e  
a re a . H ow ever, th e  d re d g in g  effec ts on w ave  t ra n s fo rm a tio n  
a n d  lo n g sh o re  se d im e n t t r a n s p o r t  w e re  fo u n d  to  b e  in s ig n if i­
c an t. K e l l e y , R a m s e y , a n d  B y r n e s  (2004) d ev elo p ed  a new  a p ­
p ro a ch  fo r e v a lu a t in g  th e  c o a s ta l  im p a c t o f a n  e x tra c tio n  site, 
in c o rp o ra tin g  n a tu r a l  s p a t ia l  a n d  te m p o ra l  v a r ia b il i ty  in  th e  
w ave  c lim ate , a s  th e  b a s is  fo r d e te rm in in g  th e  lev e l o f s ig n ifi­
cance. A  co ast w ith  a  n a tu r a l  h ig h  v a r ie ty  of w av e  c o n d itio n s 
and , co n seq u en tly , s e d im e n t t r a n s p o r t  w ill b e  le s s  se n s itiv e

to  w ave  m o d ifica tio n s c a u s e d  b y  d red g in g , th a n  a  co ast w ith  a 
l im ite d  ra n g e  of w ave  co n d itions.

W ave co n d itio n s  a t  th e  sh o re lin e  m ay  c h an g e  a lso  a s  a  r e ­
s u l t  of d re d g in g  of n e a rs h o re  sa n d b a n k s , re d u c in g  th e  sh e lte r  
p ro v id ed  to  th e  co as tlin e . T h e  d isa p p e a ra n c e , o r low ering , of 
th e  b a n k  w ill c h an g e  th e  w ave  p a t t e rn s  b e tw e e n  th e  b a n k  a n d  
th e  coast; th is , in  tu rn ,  w ill c au se  c h an g e s  in  se d im e n t t r a n s ­
p o r t  and , hen ce , e ro sio n  a n d  acc re tio n  p a t t e r n s  a t  th e  sh o re ­
lin e  (H a y e s  a n d  N a ir n , 2004). A n e x am p le  is  th e  1996 b e ac h  
n o u r is h m e n t p ro jec t u n d e r ta k e n  in  M a r t in  C ounty , F lo r id a  
(USA), w h e re  s a n d  w a s  e x tra c te d  from  a  sh o a l lo ca ted  som e 
910 m  offshore, in  a  w a te r  d e p th  of 12.8 m. B y lo w erin g  th e  
sh o a l h e ig h t, th e  co ast w as  ex p o sed  to  in c re a s e d  w ave  action , 
r e s u l tin g  in  lo ca lised  ero sio n  (B e n d e r  a n d  D e a n , 2003). S im i­
la rly , s a n d  e x tra c tio n  fro m  a  la rg e  sh o re -p a ra lle l  shoal, lo ca ted  
10 k m  offshore  o f th e  co as t o f L o u is ia n a , LTSA, w o u ld  in c re a se  
e ro s io n  a n d  o v e rw ash  on th e  a d ja c e n t sh o re lin e  (S u t e r , M u s s a , 
a n d  P e n l a n d , 1989).

T h e  effec ts  on t id a l  c u r re n ts  a re , ty p ica lly , l im ite d  a n d  v e ry  
loca lised . F o r  ex am p le , M a a  et al. (2004) m o d e lled  th e  in f lu ­
ence  o f d re d g in g  of tw o  sh o a ls  o ffshore  o f M a ry la n d  a n d  D e la ­
w a re  (LTSA), on  th e  t id a l  c u rre n ts . T h e  r e s u l ts  sh o w ed  only 
sm a ll  c h an g e s  in  th e  m a x im u m  n e a r-b e d  t id a l  c u r re n t  ve loc ity  
a t  th e  shoa ls, in d ic a tin g  on ly  a  n eg lig ib le  im p ac t. E lsew h ere , 
B y r n e s  et al. (2004a) fo u n d  th a t ,  w h ils t  th e  e x tra c tio n  a t  s ite s  
o ffshore  from  A la b am a  (USA) cou ld  p ro d u ce  a  lo ca lised  effect 
on  th e  c u rre n ts , th e r e  w as  no  im p a c t u p o n  th e  p re v a ilin g  or 
a m b ie n t flow c h a ra c te ris tic s .

SITE DESCRIPTION

T h e  G e rm a n  B a ltic  S ea  co as t is  a  m ic ro -tid a l a rea , w ith  
a  n eg lig ib le  t id a l  ra n g e . T h e  s tu d y  a re a  is  s i tu a te d  b e tw e e n  
W a rn e m ü n d e  a n d  A h re n sh o o p  (F ig u re  1). T h e  sh o re lin e  in  
t h is  a re a  c o n s is ts  of n a r ro w  b each es , w ith  d u n e s  a n d  cliffs of 
P le is to c e n e  d e p o sits  (L a m p e , 2002). T h e  m a in  so u rce  of se d i­
m e n t in  th e  c o a s ta l  zone is  r e tr e a t in g  c liff sec tions. S e d im e n t 
in p u t  from  r iv e rs  is  n eg lig ib le . T h e  slow -flow ing W arn o w  R iv ­
e r  d ra in s  in to  th e  B a ltic  S ea  a t  W arn e m ü n d e , b u t  i ts  se d im e n t 
d isc h a rg e  c o n s is ts  m a in ly  o f su sp e n d e d  fines. T h e  c o a s ta l  zone 
h e re  is  e x p e rien c in g  lo n g -te rm  erosion , w ith  a n  a v e ra g e  c o a s t­
a l r e t r e a t  v a ry in g  from  30-70 m /100  y e a rs , o ver th e  la s t  160 
y e a r s  ( J a n k e  a n d  L a m p e , 1998). In  o rd e r  to  m a in ta in  th e  b e a c h ­
es, s a n d  h a s  b e e n  e x tra c te d  offshore  fo r b e a c h  n o u r ish m e n t 
p ro jec ts , s ince  1968. B e sid es  b e ac h  a n d  d u n e  n o u r ish m e n t, a 
w ide  ra n g e  of sh o re  p ro te c tio n  s t ru c tu re s  h a v e  b e e n  in s ta lled , 
e.g. g roynes, b re a k w a te r s  a n d  dykes, to  re d u c e  c o a s ta l e rosion . 
In  th is  s tu d y , tw o  se d im e n t e x tra c tio n  s ite s  a re  considered , 
w h ich  a re  lo ca ted  close to  th e  coast: G ra a l-M ü ritz  a n d  W u s­
tro w  (F ig u re  1).

T h e  offshore  a re a  is  c h a ra c te r is e d  b y  th e  D a rs s  S ill (F ig u re  
1). A p p ro x im a te ly  73 % of th e  w a te r  ex ch a n g e  b e tw e e n  th e  
B a ltic  S ea  a n d  th e  N o r th  S ea  is  th ro u g h  th is  re la tiv e ly  s h a l­
low, n a rro w  s t r a i t .  T h e  seafloo r c o n s is ts  o f g lac ia l till, o v e rla in  
b y  a th in  la y e r  (<30 cm) of lag  d e p o sits  w hich , in  tu rn ,  is  cov­
ered , over a  sm a ll  p a r t  o f th e  a rea , b y  H olocene m a r in e  sa n d  
(L e m k e  et al., 1994). In  th e  a re a  o f G ra a l-M ü ritz , th e  o v e rly ­
in g  m a r in e  s a n d  h a s  a  m ax im u m  th ic k n e s s  o f 1.1 m  (D ie s in g , 
2003). N N W -S S E  o r ie n te d  sa n d w a v es , w ith  h e ig h ts  o f u p  to  
2 .7  m  a n d  a  w a v e le n g th  of a p p ro x im a te ly  180 m, a re  p re s e n t  
in  th is  a re a . W ith in  t h e i r  t ro u g h s , co a rse  lag  s e d im e n ts  a re  
ex p o sed  (D ie s in g , 2003). T h e  e x tra c tio n  s ite  of G ra a l-M ü ritz  
is  lo ca ted  som e 2 .5-5 .5  k m  offshore, w ith in  a  w a te r  d e p th  of
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8-12 m. E x tra c t io n  a t  th is  s ite  h a s  ta k e n  p lace  s ince  1988 
(D i e s in g , 2003). T h e  W u stro w  e x tra c tio n  s ite  is  lo ca ted  ab o u t 
1 k m  off th e  coast, n e a r  W ustrow , in  a  w a te r  d e p th  of 11-13 m. 
S a n d  h a s  b e e n  e x tra c te d  h e re , fo r b e a c h  n o u r is h m e n t p ro jec ts , 
s ince  1997. T h e  m e a n  th ic k n e s s  of th e  o v erly in g  m a r in e  sand , 
in  th is  a rea , is  1.9 m  (K r a u s e , 2002). F o r  e x tra c tio n  a t  b o th  
s ites , a  t r a i l e r  su c tio n  h o p p e r  d re d g e r  is  u sed ; th is  c re a te s  
sh a llo w  (ca. 0.5 m  deep) fu rro w s  on th e  seafloor, w h ich  h a v e  
w id th s  o f 3-10 m  a n d  le n g th s  of u p  to  1 k m  (D ie s in g , 2003; 
M a n s o  et al., th is  volum e).

T h e  b a th y m e try  of th e  e x te n d e d  o ffshore  a re a  (W arn e m ü n d e  
to  A h ren sh o o p ) show s th a t  th e  n e a rs h o re  zone (<10 m  w a te r  
d e p th ) b eco m es n a r ro w e r  to w a rd s  th e  n o r th  (F ig u re  2). W h ils t 
th e  10 m  d e p th  co n to u r is  lo ca ted  a p p ro x im a te ly  10 k m  off­
sh o re  of G ra a l-M ü ritz , i t  is  on ly  2.5 k m  aw ay  from  th e  co ast 
a t  W u stro w . L a rg e  o ffshore  s a n d b a n k s  a re  p re s e n t  w ith in  th is  
a rea , o r ie n te d  ob liq u e ly  to  th e  co ast (F ig u re  2).

METHODOLOGY AND DATA 

Bathymetric Data
B a th y m e try  r e la tin g  to  tw o  d iffe re n t t im e  p e r io d s  w as 

co m pared : 1976-1979 (before d red g in g ) a n d  1996-2002 (a fte r  
d red g in g ). T h e  d a ta  w ere  o b ta in e d  from  th e  B S H  (B u n d e sa m t 
fü r  S e e sc h ifffa h rt u n d  H y d ro g ra p h ie  = F e d e ra l  M a ritim e  a n d  
H y d ro g ra p h ie  A gency), G e rm an y . I t  w a s  n e c e ssa ry  to  u se  d a ta  
se ts  d e riv e d  from  m u ltip le  su rv ey s, u n d e r ta k e n  over se v e ra l 
y ea rs , b e c a u se  n o  su rv e y  co vered  th e  co m p le te  a rea , w ith in  
a n y  p a r t ic u la r  y e a r . T h e  h o r iz o n ta l e r ro r  of th e  o ld e r d a ta  se t 
is  a b o u t 20 m  + 5% of th e  d ep th ; for th e  re c e n t  d a ta  se t, it 
is  a b o u t 5 m  + 5% of th e  d ep th . T h e  v e r tic a l  e r ro r  is  h ig h ly  
d e p e n d e n t u p o n  w a te r  d ep th ; i t  r a n g e s  from  0 .50-0 .56 m  a n d
1.00-1.10 m  for th e  new  a n d  o ld  b a th y m e try  d a ta  se ts , re sp e c ­
tiv e ly  (IH O , 1998; M O N K , 2005 p e rs . connn.).

Aerial Photographs
In  o rd e r  to  co m p are  th e  lo ca tio n  of th e  coastlin e , o ver tim e, 

a e r ia l  p h o to s  w ere  u sed . S e ts  of p h o to s  from  4 d iffe re n t y e a rs  
(1953, 1980, 1994 a n d  1998), to g e th e r  w ith  a  se t  of o rth o p h o ­
to s  (2002), w e re  o b ta in e d  from  th e  L a n d e sv e rm e ss u n g sa m t, 
M eck len b u rg -V o rp o m m ern , G e rm an y  (T ab le  1). T h e  a e r ia l  
p h o to s  w e re  s c a n n e d  a n d  rectified , u s in g  th e  o rth o p h o to s  
(w ith  a  re so lu tio n  of 8 dm ) a n d  th e  so ftw a re  E R -M a p p e r 6.4. 
T h e  re c tif ic a tio n  e r ro r  w a s  m a in ta in e d  a t  le s s  t h a n  1 m, for 
m o st o f th e  p h o to s. H ow ever, fo r som e of th e  p h o to s, e sp ec ia lly  
th e  o ld e r ones, th i s  w a s  n o t  possib le ; a s  such , th e  e r ro r  cou ld  
e x te n d  u p  to  2 m. W h en  ta k in g  in to  acco u n t th e  re so lu tio n  of 
th e  o rth o p h o to s  of 8 dm , to g e th e r  w ith  th e  size  o f th e  p ix e ls  of 
th e  s c a n n e d  a e r ia l  p h o to s  o f a b o u t 1.5 m, th e  m a x im u m  to ta l  
e r ro r  m ay  h a v e  b e e n  a b o u t 4 m. Fo llow ing  rec tifica tio n , m o sa ­
ics w ere  c re a te d  a n d  th e  c o a s tl in e s  from  d iffe re n t y e a rs  w ere  
d ig itise d  a n d  co m p iled  in  a  G IS  d a ta b a s e  (ArcView).

Wave and Sediment Transport Modelling
In  t h is  s tu d y , th e  so f tw a re  S is te m a  de M o d e lad o  C o ste ro  

(SM C), t r a n s la t e d  a s  C o a s ta l  M o d e llin g  S y stem , h a s  b e e n  
u s e d  to  s im u la te  w av e  p ro p a g a tio n , a s  w ell a s  th e  c u r re n ts  
in d u c e d  a n d  se d im e n t t r a n s p o r t  in  th e  c o a s ta l  a r e a  o f G ra a l-  
M ü ritz  a n d  W u stro w . SM C  w a s  d e v e lo p ed  b y  th e  C o a s ta l  E n ­
g in e e r in g  a n d  O c e a n o g ra p h y  G ro u p  (C .L O .C ., 2002), o f  th e  
L Tniversity o f C a n ta b r ia ,  in  c o lla b o ra tio n  w ith  th e  C o a s ta l  
a n d  E n v iro n m e n ta l  D e p a r tm e n t  o f th e  S p a n ish  G o v e rn m en t. 
SM C in c lu d e s  d iffe re n t m o d u le s  a n d  n u m e r ic a l  im p le m e n -

Table 1. Year, n u m b e r  a n d  sca le  o f  th e  a e ria l p h o to g r a p h s  u s e d  to 
s tu d y  c o a stl in e  changes.

Date Number o f aerial photographs Scale

1953 9 1:22000

1988 16 1:18000

1994 20 1:12500

1998 23 1:12500

2002 47 (ortho-photos) pixel size: 8 dm

ta t io n ,  to  a s s is t  in  c o a s ta l  d y n a m ic s  s tu d ie s ; i t  u t i l i s e s  th e  
p a ra b o lic  so lu tio n  o f th e  m ild -s lo p e  e q u a tio n s  (K ir b y  a n d  
D a l r y m p l e , 1983), fo r w av e  p ro p a g a tio n . T h e  so f tw a re  a llo w s 
th e  s im u la t io n  o f m o n o c h ro m a tic  o r s p e c tra l  w a v es  fro m  deep  
w a te rs , to  th e  co as t. In  e ac h  case, w a v e -in d u c e d  c u r re n ts  
a n d  p o te n t ia l  s e d im e n t t r a n s p o r t  c an  b e  o b ta in e d . S e d im e n t 
t r a n s p o r t  is  c o m p u te d  fro m  th e  p re v io u s ly  o b ta in e d  w ave  
a n d  c u r re n t  fields, u s in g  th e  fo rm u la e  of B a il a r d  (1981) a n d  
S o u l s b y  (1997). B o th  m e th o d s  co m p u te  th e  to ta l  s e d im e n t 
t r a n s p o r t ,  ta k in g  in to  a cc o u n t b e d  lo a d  a n d  s u s p e n d e d  lo ad  
t r a n s p o r t .

Tw o a re a s  w e re  se lec te d  for m odelling : G ra a l-M ü ritz  
a n d  W u stro w . F o r b o th  a re a s , tw o  co arse  o ffshore  g rid s  
(300 X  300 m ) w ere  e s ta b l is h e d  for th e  d iffe re n t w ave  d ire c ­
tio n s , e ach  w ith  a  fin e  g rid  (15 x 30 in) a tta c h e d , fo r th e  n e a r ­
sh o re  a re a . M o n o ch ro m atic  w av es  w ere  u s e d  in  th e  m odel.

Wave Climate
T h e  N N W -W N W -facing  coast, b e tw e e n  W a rn e m ü n d e  a n d  

A h ren sh o o p , is  a  fe tc h - lim ite d  c o as tlin e  a n d  is  sh e lte re d  from  
w av es  com ing  from  th e  B a ltic  Sea, to  th e  e a s t  (F ig u re  1). A 
c o n tin u o u s  f iv e -y ear re co rd  (1998-2002) o f d ire c tio n a l w ave 
d a ta , m e a su re d  ev ery  h o u r, w a s  a v a ilab le  fro m  a  m e a s u r ­
in g  s ta tio n  lo ca ted  close to  A h ren sh o o p . O v er th is  p e riod , th e  
d o m in a n t w av e  d irec tio n  w a s  from  W -W NW , w ith  m o re  th a n  
65 % of a ll w av es  o r ig in a tin g  from  th is  d irec tio n  (F ig u re  3 a n d  
T ab le  2). L a rg e  s to rm  w av es  o rig in a te , ty p ica lly , from  a  W N W  
d irec tio n .

Table 2. P ro p o r tio n  o f  a ll  w a ves  w ith  H s  >0.2 m  in  d iffe ren t  
d irec tions .

D irection N NNW NW WNW W WSW

Percentage 9.95 8.42 4.99 23.70 41.60 8.97

F o r  th e  w ave  m odelling , five “w av e  c a se s” w e re  selected , 
c o rre sp o n d in g  to  tw o  d iffe re n t d irec tio n s . T h e  m o st com m on 
w ave  co n d itio n  is  r e p re s e n te d  b y  a s ig n ific a n t w av e  h e ig h t 
(H s) o f 0 .68 ni, a  p e r io d  (Tin) o f 4 .64  s a n d  a  d irec tio n  (D ir) of 
276°. W ith in  th is  con tex t, long  p e r io d  sw ell w av es  in  th is  a re a  
h a v e  a  d irec tio n  of 347°, a  w ave  h e ig h t  o f 0 .31 in  a n d  a  p e rio d  
of 6 .09  s. F o r  co m p le ten ess, lo c a lly -g e n e ra te d  w in d  w av es  from  
th is  d irec tio n  w ere  a lso  s im u la te d ; th e s e  h a v e  a  w av e  h e ig h t  of 
0 .56 in  a n d  a  p e r io d  of 4 .44  s. F u r th e rm o re , a n  a v e ra g e  y e a r ly  
s to rm  w ave  (H s 1.29 in, T in  5 .77 s, D ir  276°) a n d  th e  a v e ra g e  
5 -y early  s to rm  w ave  (H s 1.40 in, T in  6 .00 s, D ir  276°) w ere  
m o d elled  (T ab le  3). B ecau se  m o st se d im e n t t r a n s p o r t  ta k e s  
p lace  d u r in g  s to rm  co n d itions, th e  r e s u l ts  o f th e  l a t t e r  w ill be 
d isc u sse d  in  d e ta il.
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Figure 3. Distribution of wave directions and wave height, from measurements obtained at the StAUN Messnetz station at Ahrenshoop, 
for the period 1998-2002.

Table 3. Parameters o f the modelled wave conditions (significant wave 
height, mean period and  wave direction).

Wave cases Hs (m) Tm (s) Dir (°)

Local w aves 1 0.68 4.64 276

Local w aves 2 0.56 4.44 347

Swell 0.31 6.09 347

Storm (ly ) 1.29 5.77 276

Storm (5y) 1.40 6.00 276

RESULTS 

Bathymetry
B a th y m e tr ic  c h a n g e s  b e tw e e n  1976-1979  a n d  1996-2002 

a re  su b tle  (F ig u re  4) and , in  g en era l, lie  w ith in  th e  ra n g e  of 
th e  m a x im u m  v e r tic a l e r ro r  o f th e  b a th y m e try  (a ro u n d  ±  1 m). 
T h e  h ig h e s t  r a te  o f se a b e d  e ro sio n  (4.5 m, in  ca. 20 y e a rs )  can  
b e  fo u n d  in  a  sm a ll a r e a  close to  th e  e x tra c t io n  s ite  o f W u s­
trow . T h e  b ro a d  sh a llo w  zone (<10 m), o ffshore  o f G ra a l-M ü ­
r i tz  is  s tab le , ty p ic a lly  sh o w in g  no chan g e . In  g en era l, a cc re ­
t io n  ta k e s  p lac e  in  th e  c o a s ta l  zone close to  th e  W u stro w  coast; 
e ro s io n  occurs in  th e  o ffshore  a re a  to  th e  N E  o f G ra a l-M ü ritz  
(F ig u re  4).

Coastline
T h e  lo ca tio n  o f th e  co as tlin e  h a s  f lu c tu a te d  c o n sid e ra b ly  

b e tw e e n  1953 a n d  2002. C o m p arin g  th e  1953 a n d  2002 c o a s t­
lines, tw o  a re a s  o f m a x im u m  e ro s io n  (of u p  to  3 m  p e r  y ear)

can  be  id en tified : th e  c o as t to  th e  s o u th  o f G ra a l M ü ritz , a n d  
th e  D a rs s  a re a  (F ig u re  5). H ow ever, a  m a x im u m  a cc re tio n  of 
3-5 m  p e r  y e a r  ta k e s  p lace  a t  th e  n o r th e r ly  t ip  o f th e  D a rs s  P e ­
n in su la , im m e d ia te ly  to  th e  n o r th  o f th e  ra p id ly -e ro d in g  D a rss  
c o as t (F ig u re  6). In  g en era l, th e  c o as tlin e  from  th e  s o u th  o f 
G ra a l-M ü ritz  to  D ie rh a g e n  is  m a in ly  e ro sio n al, ex cep t fo r a 
sm a ll se c tio n  o f p ro g ra d in g  co as tlin e , ly in g  close to  th e  to w n  
o f G ra a l-M ü ritz . T h is  a cc re tio n a l zone is  lo ca ted  in  a n  a re a  
w h e re  r e p e a te d  b e a c h  n o u r is h m e n t h a s  b e e n  u n d e r ta k e n  
(M blu, 1995). T h e  c o as t from  D ie rh a g e n  to  W u stro w  h a s  e x ­
p erien ced , overall, a  sm a ll a m o u n t o f accretion ; w h ils t, from  
th e  n o r th  o f W u stro w  u p  to  D a rss , a n  o v e ra ll e ro s io n a l t r e n d  
w as  observed .

T h e  e x te n s iv e  c o a s ta l p ro te c tio n  w orks, in c lu d in g  groynes, 
b re a k w a te r s  a n d  b e a c h  n o u r is h m e n t p ro jec ts , m a k e  i t  d ifficu lt 
to  d is t in g u ish  (from  th e  a e r ia l  p h o to g ra p h s )  th e  n a tu r a l  t r e n d  
in  sh o re lin e  ev o lu tio n . F o r  exam p le , th e  tw o  la rg e  a cc re tio n a l 
p e a k s  n e a r  W u stro w  a n d  A h ren sh o o p  (F ig u re  5) a re  a s so c ia t­
ed  w ith  th e  b re a k w a te r  c o n s tru c tio n  in  1985 a n d  1986, re sp e c ­
tive ly . S u b seq u e n tly , co n sid e ra b le  a cc re tio n  h a s  ta k e n  p lace  
on  th e  lee  s ide  o f th e s e  b re a k w a te rs .

Wave and sediment transport modelling
T h e  r e s u l ts  o f th e  s im u la tio n  o f W N W  s to rm  w av es show  

t h a t  th e y  focus u p o n  p a r t ic u la r  a r e a s  o f th e  co as tlin e , a s  a 
r e s u l t  o f th e  o ffshore  b a th y m e try . T h e  su b tle  d iffe ren ces b e ­
tw e e n  th e  o ld  a n d  n ew  b a th y m e try  c au se  a lso  sm a ll ch an g e s  
in  th e  n e a rsh o re  w av e  c o n d itio n s  (F ig u re  7). W ith in  th e  G raa l-  
M ü ritz  a rea , th e  o ffshore  w ave  h e ig h t  h a s  in c reased ; h o w ev ­
er, m o st o f th e  e n e rg y  d is s ip a te s  be fo re  th e  w a v es  re a c h  th e  
sh o re  (F ig u re  7). T h e  c h a n g e s  in  th e  W u stro w  a re a  a re  m o st
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Figure 4. Comparison of the bathymetry of 1976-1979 and 1998-2002, showing areas of erosion and accretion. Corresponding to a maximum vertical 
error of ca. 1 m. the changes from 1 m and more are in cheated. The largest erosion of almost 5 m is found directly to the SW of the Wustrow extraction 
site.

p ro n o u n c ed  a t  th e  e x tra c tio n  site , w h e re  w ave  h e ig h ts  h a v e  
in c re ased .

M ost se d im e n t t r a n s p o r t  ta k e s  p lace  d u r in g  s to rm  co n d i­
tio n s . T h e  s im u la tio n  o f W N W  s to rm  w av es  sh o w s se d im e n t 
t r a n s p o r t  m a in ly  a t  b a th y m e tr ic  d e p th s  dow n to  2-3 m  a n d  n o t 
b e y o n d  th e  4 m  d e p th  co n to u r. T h e  d irec tio n  of w a v e-in d u ced  
se d im e n t t ra n s p o r t ,  for w av es  com ing  from  a 276° d irec tio n , is 
to w a rd s  th e  N E . H ow ever, th e  m o d e lled  w aves, w ith  a  d ire c ­
t io n  of 347°, g e n e ra te  se d im e n t t r a n s p o r t  in  a  SW  d irec tio n . 
S ince  th e  p re v a ilin g  w ave  d irec tio n  is  from  th e  W  a n d  W N W

(F ig u re  3 a n d  T ab le  2), th e  d o m in a n t se d im e n t t r a n s p o r t  d i­
re c tio n  is  to w a rd s  th e  N E.

T h e  c a lc u la tio n s  o f se d im e n t t r a n s p o r t  p o te n tia l  for th e  
m o d elled  s to rm  w av es  show  d is tin c t p e a k s  a lo n g  th e  coast, in  
th e  W u stro w  a re a . T h ese  p e a k s  a re  lo ca ted  g e n e ra lly  w ith in  
th e  sa m e  a re a  fo r th e  p re -  a n d  p o s t-d re d g in g  b a th y m e tr ie s . 
H ow ever, th e r e  is  a n  in c re a se  in  t r a n s p o r t  p o te n tia l  in  th e  
a re a  lo ca ted  la n d w a rd  of th e  e x tra c tio n  site , in  th e  p o s t­
d re d g in g  scen ario . C o m p ariso n  of th e  t r a n s p o r t  p o te n tia l ,  for 
th e  o ld  a n d  new  b a th y m e try  in  th e  G ra a l-M ü ritz  a rea , show s 
a v e ry  d is tin c t p e a k  of 58 m 3/h /m  d u r in g  th e  p e r io d  of 1976-
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R a t e  o f  e r o s i o n  a n d  a c c r e t i o n  a lo n g  t h e  c o a s t l in e
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Figure 5. A rotated mosaic of aerial photographs of the 2002 coastline, from Warnemünde in the South to the Darss Peninsula in the North. The 
mouth of the Warnow River can be seen in the South, close to Warnemünde.The two rectangles indicate the modelling grids. The graph shows the 
average rate of erosion and accretion (m/year) along the coastline, between 1953 and 2002.

Figure 6. Aerial photograph of 2002. focusingin upon the northern part 
of the Darss Peninsula. The coastlines from 2002 and 1953 are shown, 
indicating clearly a change from erosion in the south to accretion in 
the north.

1979, w h ich  h a s  d isa p p e a re d  a lm o s t e n tire ly  in  1996-2002 
(F ig u re  8). T h e  a n a ly s is  o f th e  c o as tlin e  lo ca tio n s  in d ic a te s  
th a t ,  b e tw e e n  1953 a n d  1988, th is  a re a  w as  e ro d in g  rap id ly , 
ev en  th o u g h  b e a c h  n o u r is h m e n t w as  u n d e r ta k e n  h e re  (M blu , 
1995). E ro sio n  r a te s  h a v e  d e c re a se d  o v er th e  p e rio d  e x te n d in g  
from  1988 to  2002 (F ig u re  8).

DISCUSSION

O ffsh o re  se d im e n t e x tra c t io n  m a y  a ffec t th e  c o a s tlin e  in  
d if fe re n t w ay s. I t  m a y  in te r r u p t  o r m od ify  c o a s ta l  s e d im e n t 
su p p ly , o r a l t e r  se d im e n t t r a n s p o r t  r a te s  a n d  p a th w a y s , a s  a 
r e s u l t  o f c h a n g in g  w a v es  o r c u r re n ts .  In  th e  m ic ro - tid a l G e r­
m a n  B a ltic  Sea, th e  effec t o f M A  e x tra c t io n  on  t id a l  c u r re n ts  
c an  b e  n e g le c te d . F u r th e rm o re ,  d re d g in g  t a k e s  p lac e  w ell b e ­
y o n d  th e  a c tiv e  b e a c h  pro file . S a n d  e x tra c t io n  in  th is  a re a  
d oes n o t  rem o v e  n e a r s h o re  s a n d b a n k s  an d , h en ce , w ill n o t 
c a u se  a n y  re d u c tio n  in  th e  s h e l te r  p ro v id e d  to  th e  c o as tlin e . 
A s such , e x tra c t io n  in  t h is  a r e a  m a y  a ffec t n e a r s h o re  w ave  
c o n d itio n s  a n d  a s so c ia te d  se d im e n t t r a n s p o r t  a n d  th e  to ta l  
se d im e n t b u d g e t  a t  th e  sh o re lin e ; th e s e  fa c to rs  n e e d  to  be  
a sse sse d .

W ave m o d e llin g  h a s  sh o w n  th a t ,  e v en  th o u g h  th e  c h a n g e s  
in  b a th y m e tr y  o b se rv e d  o v er a  p e r io d  of 20 y e a r s  a re  s u b ­
tle , th e y  h a v e  r e s u l te d  in  m o d ific a tio n s  to  th e  w av es . C o n se ­
q u e n tly , a l te ra t io n s  h a v e  t a k e n  p lac e  in  th e  s e d im e n t t r a n s ­
p o r t  a t  th e  c o as t (F ig u re  8). T h e  la rg e s t  c h a n g e  in  t r a n s p o r t  
p o te n t ia l  is  id e n tif ie d  a s  ly in g  b e tw e e n  G ra a l-M ü ritz  a n d  
D ie rh a g e n , w h e re  a  d e c re a se  fro m  58 m 3/h  in  1976-1979, to  
a p p ro x im a te ly  20 m 3/h  in  1996-2002, w a s  fo u n d . O v erall, 
th e  se d im e n t t r a n s p o r t  p o te n t ia l  is  h ig h e r  fo r th e  W u stro w  
a re a , th a n  fo r th e  G ra a l-M ü r itz  a re a ; t h i s  c o rre sp o n d s  to  th e  
f in d in g s  o f W e il b e e r  a n d  Z ie l k e  (1999). T h e ir  in v e s tig a tio n s  
co n c lu d e  t h a t  th e  s te e p e r  b a th y m e try ,  to  th e  n o r th , c a u se s  
m o re  w av e  e n e rg y  to  re a c h  th e  co ast; th is ,  in  tu r n ,  r e s u l ts  in  
a h ig h e r  t r a n s p o r t  p o te n tia l .

T h e  r e s u l t s  o f th e  m o d e llin g  sh o w  t h a t  th e  e x tr a c t io n  
s i te s  lie  o u ts id e  th e  a r e a  o f w a v e - in d u c e d  s e d im e n t  t r a n s ­
p o r t;  t h i s  is  c o n s is te n t  w ith  th e  r e s u l t s  o f D i e s in g  e t al. 
(2006), w ho  c a lc u la te d  t h a t  th e  c lo s u re  d e p th  fo r t h is  a r e a  
is  4 m . D e te c ta b le  m o rp h o lo g ic a l c h a n g e s  o v e r lo n g e r  t im e -  
s c a le s  (d e c a d e s  to  c e n tu r ie s ) ,  o ccu r d o w n  to  a  l im it in g  d e p th

___
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w ave  heigh t (m)

Graal-Müritz Graal-Müritz

Figure 7. Wave heights for the modelled 5-yearly storm (Hs 1.40 m. Tm 6.00 s. Dir 276°) in the Graal-Müritz area: (a) modelled wave heights for the 
1976-1979 bathymetry: and (b) modelled wave heights for the 1998-2002 bathymetry. Note the areas of wave focussing in the north and centre of 
the coastline. For the location of the modelling area, see Figures l.and 5.

of h. = 10 m  (D i e s in g  e t a l., 20 0 6 ). H o w ev e r, s h o r t - te rm  
c h a n g e s  an d , th e re fo re ,  s e d im e n t t r a n s p o r t ,  w e re  sh o w n  to  
o ccu r d o w n  to  d e p th s  o f 8 -13  m, a s  o b se rv e d  fro m  r e p e a te d  
s id e -sc a n  s o n a r  su rv e y s , fo llo w in g  d re d g in g . T h e  d re d g e d  
fu r ro w s  a t  G ra a l  M ü r itz  w e re  a lm o s t  c o m p le te ly  re fil le d  
a f te r  6 m o n th s  ( D i e s i n g , 2003); th o s e  a t  W u stro w  sh o w ed  
c o n s id e ra b le  in fillin g , a f te r  10 m o n th s  (K r a u s e , 2002). I n ­
te r e s t in g ly ,  th e  b e d fo rm s  o ffsh o re  fro m  W u stro w  a re  lo c a t­
e d  a lso  in  w a te r  d e p th s  ly in g  b e y o n d  th o s e  a s s o c ia te d  w ith  
w a v e - in d u c e d  s e d im e n t  t r a n s p o r t .  A c co rd in g  to  L e m k e  et a l. 
(1994), th e s e  b e d fo rm s  a re  th e  r e s u l t  o f c u r r e n t s  g e n e ra te d  
b y  th e  in flow  of s a l in e  b o t to m  w a te r  fro m  th e  N o r th  S ea . 
B e d fo rm  c h a n g e s  t h a t  h a v e  b e e n  o b se rv e d  in d ic a te  flow v e ­
lo c itie s  o f  70-100  cm /s; th e s e  o n ly  se ld o m ly  occur, ty p ic a lly  
on t im e -s c a le s  o f m o n th s -y e a r s  ( L e m k e  et a l., 1994). T h ese  
N E -flo w in g  c u r r e n t s  c a u s e  th e  t r a n s p o r t  o f  s e d im e n ts  in  
o ffsh o re  a r e a s  b e y o n d  th e  zone  o f w a v e - in d u c e d  t r a n s p o r t .  
T h u s , b o th  th e  d o m in a n t  d ire c tio n s  o f w a v e - in d u c e d  s e d i­
m e n t  t r a n s p o r t  a n d  th e  c u r re n t - in d u c e d  s e d im e n t  t r a n s p o r t  
a r e  in  a  N E  d ire c tio n . S u c h  t r a n s p o r t  m o v es s e d im e n t  o u t 
o f th e  a re a ,  to  D a rs s , w h e re  i t  is  d e p o s ite d , a c c u m u la t in g

a lo n g  th e  D a r s s  P e n in s u la .  L o n g - te rm  a c c re t io n  in  t h i s  a r e a  
is  in d ic a te d  a lso  b y  a  se q u e n c e  o f H o lo cen e  b e a c h  r id g e s  
(L a m p e , 2002), r u n n in g  p a r a l le l  to  th e  p r e s e n t - d a y  c o a s tl in e  
(F ig u re  6). T h e  D a r s s  a r e a  is  a  N a t io n a l  P a rk ,  w h e re  e x tr a c ­
t io n  a c t iv i t ie s  a re  p ro h ib ite d .

O verall, th e  co ast fro m  W a rn e m ü n d e  to  D a rs s  h a s  on ly  
a lim ite d  a m o u n t o f m a r in e  s a n d  re so u rces: th e  cover of 
H olocene s a n d  is  th in  (D ie s in g , 2003; K r a u s e , 2002), w h ils t 
th e r e  is  l i t t le  c o n te m p o ra ry  in p u t  fro m  th e  r iv e rs . T h e  m a in  
se d im e n t so u rce  is  e ro s io n  of r e tr e a t in g  c liff se c tio n s  ( H o f f ­
m a n n  a n d  L a m p e , 2007). A n  in c re a se  in  s to rm in e ss  in  th e  B a ltic  
S ea  a rea , a s  re p o rte d  by  K o n t  et al. (2005), to g e th e r  w ith  a  r ise  
in  sea  lev e l w ill r e s u l t  in  a n  in c re a se  in  c liff e rosion ; hence, 
in c re a se  th e  su p p ly  of se d im e n t to  th e  c o a s ta l  zone ( H o f f m a n n  
a n d  L a m p e , 2007). A t th e  sam e  tim e , i t  w ill le a d  a lso  to  an  
in c re a se  in  b e a c h  e ro sio n  a n d  se d im e n t t ra n s p o r t ,  b y  w ave  ac ­
tio n . E x tra c tio n  of se d im e n t fo r loca l b e a c h  n o u r is h m e n t m ay  
b r in g  o ffshore  s a n d  in to  th e  zone o f w a v e -d o m in a te d  se d im e n t 
t ra n s p o r t ,  w h e re  i t  w ill b e  t r a n s p o r te d  to w a rd s  th e  n o r th e a s t .  
E x tra c tio n  of se d im e n t for in d u s tr ia l  u se  w ill le a v e  th e  sy s tem  
com ple te ly .
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erosion

D is ta n c e  100 0

Transport potential

Coastlines:   1953   1988 ---------- 2002

Figure 8. Sediment transport potential calculatedby SMT for the coast from Warnemünde to the Darss Peninsula. Note the large peak in transport 
potential for the old bathymetry, which has now completely dis appeared. The aerial photograph shows the location of the peak in sediment transport 
potential along the coastline between Graal Müritz to Dierhagen (the area between the dotted lines in the graph). Also in cheated are the coastlines 
of 2002, 1988 and 1953.

CONCLUSIONS

F ew  e x a m p le s  e x is t  o f d ire c t  c o a s ta l  e ro s io n  c a u s e d  by  
m a r in e  s a n d  e x tra c t io n ;  th e s e  r e la te  to  th e  re m o v a l  o f s a n d  
fro m  th e  u p p e r  sh o re fa c e . In  th e  B a lt ic  S ea , d re d g in g  t a k e s  
p la c e  w e ll b e y o n d  th e  d e p th  o f w av e  ac tio n , i.e . in  w a te r  
d e p th s  o f 8 -13  m . N o d ire c t  r e la t io n s h ip  w a s  fo u n d  b e tw e e n  
c h a n g e s  in  b a th y m e tr y  a n d  th o s e  a t  th e  c o a s tlin e . I t  is  s u g ­
g e s te d  t h a t  th e  c o a s ta l  c h a n g e s  r e s u l t  m a in ly  fro m  e x te n ­
s iv e  c o a s ta l  p ro te c tio n  w o rk s  c a r r ie d  o u t  in  th e  a r e a .  T h e r e ­
fore, i t  is  d iff ic u lt to  a s s e s s  th e  e ffe c ts  o f d re d g in g  on th e  
c o a s tl in e  in  th e  a r e a  o f  W a rn e m ü n d e  to  D a rs s . H o w ev e r  th e  
p r e s e n t  s tu d y  h a s  in d ic a te d  a  few  p o in ts  o f c o n ce rn , a s  o u t ­
l in e d  b e low .
— O nly  v e ry  sm a ll c h an g e s  in  b a th y m e try  (1-2 m ) a re  su ffi­

c ie n t to  c au se  s ig n ific a n t m o d ifica tio n s in  se d im e n t t r a n s ­
p o rt  p o te n tia l  a t  th e  co ast and , th u s , a l te rn a t io n s  in  th e  
p a t t e rn s  o f e ro s io n  a n d  acc re tio n . T h ere fo re , c a re  sh o u ld  b e  
ta k e n  th a t  e x tra c tio n  does n o t c au se  la s tin g  c h a n g e s  in  th e  
b a th y m e try .

— O verall, th e  co as t from  W a rn e m ü n d e  to  D a rs s  is  a n  e ro d ­
in g  co as t. S e d im e n t is  t r a n s p o r te d  in  a  N E  d irec tio n  by  b o th  
w ave  ac tio n  a n d  c u rre n ts , in d u ce d  by  th e  inflow  of N o rth  
S ea  w a te r . S u ch  m a te r ia l  is  d e p o s ite d  in  th e  D a rs s  a rea , in  
a  N a tio n a l  P a rk , w h e re  d re d g in g  is  p ro h ib ite d .

— T h ere  is  v e ry  l i t t le  in p u t  o f se d im e n t in to  th e  sy s tem . T h e  
m a in  so u rce  of s e d im e n t is  m a te r ia l  e ro d ed  from  cliff sec ­
tio n s . A n y  s a n d  th a t  is  re m o v e d  b y  M A  e x tra c tio n , for in d u s ­

t r i a l  u se , w ill h a v e  a  n e g a tiv e  effect on  th e  to ta l  se d im e n t 
b u d g e t  a t  th e  sh o re lin e .
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