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EROSION PROCESSES 
IN  A D U N E LANDSCAPE 

ALONG THE DUTCH COAST

P.D. Jungerius, Amsterdam, F. van der Meiden, The Hague

Summary

T he lan d scap e  o f  the  dunes along  the 
D u tch  co a s t is the  resu lt o f  th e  in te rac ­
tion  o f  b io logical an d  geom orpho log ica l 
processes. W here  the  la tte r  prevail, new 
landfo rm s are  created  : b low outs by w ind 
erosion, an d  rills an d  accu m u la tio n  foot- 
slopes by overland  flow. S patia l ex ten t 
an d  ra te  o f  the  erosion  processes have 
been assessed by m a p p in g  an d  by m e a­
suring. It ap p e a rs  th a t dune sand  is ei­
the r sensitive to  e ro sion  by w ind, o r ero ­
sion by w ater, d ep en d in g  o n  the  presence 
o f o rgan ic  m ateria l. C lean (yellow) sand  
is cohesionless a n d  easily  blow n away, 
b u t has n o  su rface  runoff. G rey  sand  
con tain ing  o rgan ic  m a tte r  on  the o th er 
hand  will resist w ind erosion, b u t it is 
w aterrepellen t an d  will be w ashed from  
slopes w hen ra in  follow s a  period  o f  dry 
w eather. O nce th e  grey su rface  sand  is 
rem oved from  the  surfaces by w ate r e ro ­
sion, w ind  erosion  begins in  the  underly ­
ing yellow sand.

P resen t-day  geom orpho log ica l p ro ­
cesses reshape  the  slopes o f  the  orig inal 
p a rab o lic  dunes. Wind is p articu la rly  ac­
tive in  su m m it a reas  w here new b low outs 
are form ed, w hereas overland flow cre-
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ates concave sou th -exposed  slopes. T he 
stepped  surface o f  th e  north -exposed  
slopes is due to  m ass m ovem ents fo l­
lowing ra b b it activity.

1 Introduction

T he fo rm a tio n  o f  the  dunes a long  the 
coast o f  the D u tch  m a in lan d  began  in 
the period  betw een 10th an d  the 12th 
cen tury  (K L IJN  1981). T hree  phases 
o f  d u n e  build ing  have been  recognised 
(JE L G E R S M A  et al. 1970). T he in i­
tial p hase  ended in  the  13th century  or 
som ew hat la ter, an d  consisted  m ain ly  o f 
filling-up the pre-existing  u n d u la tin g  re­
lie f o f  the  coasta l barriers. T h e  m ain  
phase is the  second one w hen the large 
parab o lic  d u n e  system s w ere p roduced  
w hich determ ine th e  geom orpho log ica l 
charac ter o f  the d u n e  belt. T h e  age 
o f  this p hase  is assigned to  the period  
betw een 1450 and  1750 A D . T he th ird  
phase began  in  the 19th cen tury  w ith 
the  fo rm a tio n  o f  sm all p a ra b o lae  on  the 
w estern fringe, sep ara ted  from  the  sea by 
a  narrow  strip  o f  foredunes. T hese fore­
dunes cam e in to  being  afte r 1850 A D  
and  are largely artificial (K L IJN  1981).

Since m ore th a n  a  century , m a n  has 
p ro tec ted  the dunes aga in st fu rth e r  wind 
action , m ain ly  by affo resta tion  w ith  P i­
nus, an d  by p lan tin g  m arram  grass 
(Ammophila arenaria) o n  exposed  sites.
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218 Jungen us & van der Meulen

F rom  th e  geom orpho log ica l view point 
this m ean t th a t the dunes becam e fos- 
solized.

To save costs and  to  increase the  eco­
logical varie ty  in  the dune landscape, the 
stab iliza tion  m easures have been relaxed 
som ew hat d u rin g  th e  last decades, w ith 
the  resu lt th a t  deflation and  o th er ge­
om orpho log ical processes are now  evi­
den t in  several places (v.d. M E U L E N  
&  W A N D E R S  1984). Because o f  this 
developm ent the  dunes regain their im ­
p o rtan ce  fo r geom orphological research. 
Two aspects m ake  the  dunes particu larly  
valuab le  for geom orpho logy :

1. the geom orpho log ica l processes o p ­
era te  in  a  m ore o r less ‘n a tu ra l’ envi­
ro n m en t in  d irect re la tionsh ip  w ith 
p lan ts  an d  an im als; and

2. th e  ra te  o f  these processes is so high 
th a t th e ir  effects on  the  landscape 
can  b e  read ily  studied.

2 Geomorphological versus 
Biological Processes

A n essen tial characteristic  o f  the dune 
landscape is its dynam ics w hich resu lt in 
a  w ide v a ria tio n  o f  landfo rm s and  veg­
e ta tio n  cover. These dynam ics can  be 
expressed in  term s o f  geom orphological 
an d  bio log ical processes (fig.l). Every 
p a r t o f  the  d u n e  lan d scap e  is ch a rac ­
terized by th e  in te rac tio n  o f  these tw o 
groups o f  processes. T o  w hat degree ei­
the r the geom orpho log ica l o r the b io log­
ical processes dom inate , is reflected in 
the soil profile.

T he geom orpho log ica l processes com ­
prise the  ac tio n  o f  w ind an d  w ater. T hey  
low er the  su rface  by erosion , o r raise the 
surface by accum ulation , thereby  ch an g ­
ing  the re lief o f  the d u n e  landscape. In

term s o f  soil developm ent, the  geom or­
pho log ical processes a d d  o r take  away 
soil m a te ria l in various quan tities, resu lt­
ing in  th e  in c o rp o ra tio n  o f  new paren t 
m a te ria l in to  the  soil profile, o r soil p ro ­
file tru n ca tio n , respectively. In  extrem e 
cases th e  soil profile is e ither com pletely 
rem oved, o r buried .

T h e  biological processes m ain ly  con­
sist o f  the  estab lishm en t an d  fu rth e r de­
velopm en t o f  vegeta tion . T his develop­
m en t essentially  com prises the  build ing 
u p  o f  structu res from  sim ple to  m ore 
com plex  form s, and  the  change from  
one ty p e  o f  species com position  to  an ­
other. U n d e rg ro u n d  biological processes 
inc lude soil o rgan ic  m a tte r  an d  biom ass 
p ro d u ctio n . T hey  cause soil profile dif­
fe ren tia tio n  in  th e  accep ted  pedological 
sense. T h e  ro le o f  an im als is am biguous. 
R a b b its  reduce the vegeta tion  cover by 
the ir g raz ing  hab its  an d  ad d  to  the  in ­
stability . T hey  also dig up  sand  which 
is tran sp o rte d  dow nslope by o th e r p ro ­
cesses. M any  m em bers o f  the soil fauna, 
on  th e  o th e r  hand , s tim ula te  stab ility  by 
p ro d u c in g  organ ic m a tte r  w hich b inds 
th e  san d  particles.

T o the  ex ten t th a t e ither the geom or­
pho log ical o r the b io log ical processes 
do m in a te , th ree  co m p artm en ts  can  be 
recognized in  a  dune ecosystem  (fig.l). In 
th e  first co m p artm en t, the  geo m o rp h o ­
logical processes a re  so active th a t new 
lan d fo rm s such  as b low outs an d  sh ift­
ing  dunes a re  created . Som e p lan ts such 
as m a rra m  grass (Am m ophila arenaria) 
are a d a p te d  to  the extrem e conditions 
o f  geom orpho log ica l dynam ics, b u t b i­
ological processes as such are  o f  m inor 
im portance . N o  soil profile is form ed in  
th is com partm en t.

T h e  second co m p artm en t is cha rac te r­
ized by  various com binations o f geom or­
pho log ical an d  biological processes. T he
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Fig. 1 : Schem atic represen­
tation o f  the dune ecosys­
tem.

relative im p o rtan ce  o f  the  tw o g roups o f  
processes determ ines the ecological d i­
versity. T h e  geom orpho log ica l d y n am ­
ics a re  n o t so in tense th a t new  aeo lian  
form s develop. N eith er a re  th e  b io logi­
cal dynam ics so d o m in a n t th a t th e  soil 
surface is com pletely  stab ilized  by veg­
etation . T h e  soil is en riched  w ith o r ­
ganic m a tte r  and  developes to  an  A C  
sequence, b u t the  profile as a  w hole is 
a  record  o f  a lte rn a tin g  phases o f  tru n ­
ca tion  a n d /o r  in c o rp o ra tio n  o f  m ateria l 
tran sp o rte d  from  elsew here (pho to  1).

In  the  th ird  co m p artm en t, the  g eo m o r­
phological processes have largely com e 
to a  stop  because the vege ta tion  has s ta ­
bilized the  surface. Soil profile fo rm a­
tion  is m ain ly  determ ined  by vegeta tion  
an d  soil fauna , eventually  resu lting  in  an  
A B C  ho rizon  sequence.

T h e  co m p artm en ts  as defined above 
can  ap p e a r to  us in th e  field in various 
d im ensions. W hen the  en tire  d u n e  strip

in its full w id th  is considered , co m p art­
m ent I m ain ly  occurs in  the o u te r dune 
zone, o r foredunes, n ear the sea. T his 
is the zone o f  the ‘yellow ’ dunes (W eiße 
D üne, dunes b lanches). C o m p artm e n t 
I II  com prises the in n er dunes w hich are 
com pletely covered w ith  vegeta tion  vary ­
ing from  grassland  to  w oodland . C om ­
p a rtm en t II, in te rm ed ia te  betw een  these 
two extrem es, is the  im p o rta n t cen tra l 
zone w hich is characteristically  found  in  
m o st dune areas. I t  is th e  zone o f  ‘grey’ 
dunes (G raue  D üne, dunes grises). T he 
vegeta tion  has an  open  ch a rac te r and  
consists o f  algae, m osses, herbs an d  scat­
tered  shrubs.

O n a sm aller scale w ith in  co m p art­
m en t II, som etim es even on  one and  
the  sam e slope, one finds occurrences 
o f  com partm en t I, e.g. b low outs, rills 
and  alluvial fans, an d  o f co m p artm en t 
III, e.g. patches o f  w o o d lan d  in  sheltered  
positions.
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220 Jungerius & van der Meulen

P h o to  1 : A  sequence o f  A  horizons buried by w indblown sand, exposed in a blowout.

P ho to  2: A  blow out in the dunes along the Dutch coast.
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P h o to  3: Rill in dune slope with accumulation o f  sand at the base.

P ho to  4: W ind erosion begins in the yellow, cohesionless sand exposed in the upper 
slope area ( background) as soon as the grey, waterrepellent surface sand is removed 
by water erosion (foreground).
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T his p a p e r  focusses on  the  tw o m ain  
erosive ag en ts: w ind an d  w ater in  the 
grey dunes (co m p artm en t II). T h e  re la ­
tive im portance o f  these tw o agents can 
be estab lished  by  m app ing  a n d  by m ea­
suring. T h e  first m e th o d  gives insight 
in  th e  a real ex ten t o f  the  processes, the 
second m e th o d  in  th e ir  rate .

3 Erosion by Wind

T he presence o f  w ind erosion  depends on 
the  re la tionsh ip  betw een the erosivity  o f 
the  w ind a n d  the  erodib ility  o f  th e  site. 
T he erosiv ity  o f  the w ind  is la rg est near 
the coast an d  in  exposed areas like dune 
sum m its a n d  ridges. T he erodib ility  o f 
the site is determ ined  by vegeta tion  and 
soil properties. H igher p lan ts  like trees 
an d  sh rubs b rea k  the  force o f  the wind, 
b u t a  con tin u o u s cover o f  p lan ts  as low 
as m osses a n d  algae is also  sufficient to 
p ro tec t the  soil ag a in st erosion.

C o m p artm e n t II show s m any  spots 
w ithou t vegeta tion  cover, b u t w hether or 
n o t these are a ttac k d  by w ind depends 
on  the soil. A  sm all a m o u n t o f  o rganic 
m a tte r p resen t as a  th in  coa ting  a round  
sand  grains ap p ears  to  be sufficient to  re ­
sist w ind erosion , a t least fo r som e time. 
I t is this coa ting  w hich gives th e  sand 
in the grey dunes o f  co m p artm e n t II  its 
characteristic  colour. Yellow or ‘clean’ 
sand, i.e. sand  w ith o u t o rg an ic  m aterial, 
is cohesionless an d  p articu la rly  sensitive 
to  u p ta k e  by w ind. W ind  erosion  often 
begins w hen th is san d  is a t th e  surface.

T he p resen t eo lian  activ ity  in  the  dunes 
resulted  in  m od ification  o f  th e  original 
p a rab o lic  dune form s. P revalen t am ong 
these m odifications is the b low out, sha l­
low depressions o f  m ostly  elongated  
ou tline w hich are  free o f  vegeta tion  
(pho to  2). D ep en d in g  on  the ex ten t o f 
the stabilizing m easures ca rried  ou t, the

density  o f the  b low outs in  the  d u n e  belt 
a long  the coast o f  the  D u tch  m ain land  
varies from  0 to  100 p er hectare. The 
m ean  leng th  o f  the  b low outs varies from  
15 to  20 m, a n d  th e ir  m ean  w id th  from  
5 to  7.5 m (N O E S T  1987). C h a ra c te r­
istic is the  fairly  co n s tan t ra tio  betw een 
leng th , w idth , a n d  o th er fo rm  p a ra m e­
ters w hich suggests th a t they are  form ed 
acco rd ing  to  specific ae ro d y n am ic  laws 
(JU N G E R IU S  et al. 1981).

4 Erosion by Water

T h e traces  o f  w ater erosion  in  th e  dunes 
are m uch  less consp icuous an d  have gen­
erally  n o t been  sub ject to  conservation  
m easures by d u n e  m an ag em en t a u th o ri­
ties. Y et, m uch  m ateria l is sh ifted  down- 
slope d u ring  rain , especially  in sum m er 
w hen the sand  a t  the  surface h a d  the 
o p p o rtu n ity  to  dry o u t on  w arm  days 
p rio r  to  the ra in  show er (R U T IN  1983). 
In  these circum stances, sand  g rains re­
pel w a te r  so strongly  th a t no  w ate r will 
p e n e tra te  the  soil. W ater repellence as a 
fac to r in erodibility  was described  i.a. by 
O S B O R N  et al. (1964). A  necessary con­
d ition  fo r w ater repellence in  the  dunes 
is the  presence o f  o rgan ic  m a tte r  in  the 
soil (W ESSEL, in  prep.). I t  is possible 
th a t th e  sam e o rgan ic coa ting  th a t p ro ­
tect san d  grains from  tak e-u p  by  w ind 
m akes them  sensitive to  erosion  by w a­
ter.

T h e  m ain  types o f  erosion  by w ater 
are sp lash  an d  surface w ash. A  m in i­
m um  slope angle o f  6 degrees is required  
for th e  la tte r  process. B oth  processes are 
p articu la rly  effective on  sou th-exposed  
slopes w here strong  in so la tion  results in 
a  co m b in a tio n  o f incom ple te  vegeta tion  
cover an d  a  high degree o f  w ater re ­
pellence (R U T IN  1983). T h e  geom or­
phological evidence o f  w ate r e rosion  in
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the dunes is n o t alw ays easy to  find  b e­
cause it is rap id ly  ob litera ted  by o th er 
processes. Splash  im prin ts a re  p a r tic ­
u larly  shortlived  but the w ell-developed 
rill p a tte rn s  left by surface w ash also d is­
in teg ra te  w ith in  two o r th ree days a fte r a  
sto rm . T h e  depositiona l form s are  m ore 
stab le  (pho to  3). T he eroded  m a te ria l is 
deposited  a t  the  foot o f  the  slope; first 
the  sand, then  lower dow n the  organ ic 
m ateria l th a t has been w ashed out.

5 Erosion Survey

E rosion  surveys a t scale 1:10000 have 
been  carried  o u t in various d u n e  te r­
ra in s (JU N G E R IU S  1987). T he sp a ­
tial im p o rtan ce  o f  the erosion  processes 
can  be assessed from  these m aps. Fig.2 
show s a  fragm ent o f a  d u n e  a re a  o f  a  
5.5 k m 2 w hich has been surveyed to  sup ­
p o rt a study  o f  the effect o f  recreation  
on  the  dune landscape (B IS S E L IN G  et 
al. 1983). T he area concerned  is situ ­
a ted  n o rth  o f  IJm uiden, in th e  ‘N oord - 
H o llands D u in rese rv aa t’. T h e  g eo m o r­
phological base for the survey (fig.2a) 
was p repared  by W E S T IN G A  (1982). 
H e recognized 4 belts o f  p a rab o lic  dunes 
ru n n in g  parallel to  the coast, sep ara ted  
from  the sea by a  narrow  strip  o f  fore­
dunes. F rom  w est to east the p a ra b o lae  
increase in  w id th  (from  100 m to 500 m) 
an d  in  heigh t (from  15 to  35 m). In 
betw een these belts a re  low lying in te r­
d u n e  areas w hich have been in te rp re ted  
as form er beach  flats across w hich the 
p a ra b o lae  have travelled.

T h e  in te rdune areas have been  su b d i­
v ided in to  the ac tua l flat p a rts  (V) an d  
narrow , w inding low ridges w hich are 
form ed by recent eolian  activ ity  (0). T he 
p a ra b o lic  dunes have been  subdiv ided  
in to  three p a rts  depend ing  o n  slope: 
steep  (S: > 1 5  degrees), m o d e ra te  (M :

5-15  degrees) an d  level sum m it areas (P: 
<  degrees).

T ab .l shows the  area  o f  the  landscape 
units w ith  a  d iscon tinuous vegeta tion  
cover (com partm en t II) w hich suffered 
erosion by one or b o th  o f  the tw o agents. 
T he o th er tw o co m p artm en ts  a re  n o t in­
cluded in  this table. C o m p artm e n t I is 
rep resen ted  by the  narrow  s trip  o f  fore­
dunes w hich is do m in a ted  by deposition  
o f  sand  blow n from  the beach. C om ­
partm en t I I I  occupies roughly  one th ird  
o f  the surveyed a re a  an d  consists m ainly 
o f  flat in te rdune areas p lan ted  w ith  dense 
forest stands. T h is a re a  is hard ly  affected 
by erosion processes.

As m ay be expected, the ex ten t o f  e ro ­
sion  by surface w ash is d ep en d en t on 
slope angle (tab .l) . M ore com plicated  
is the p a tte rn  o f  erosion by w ind. T he 
flat in te rdune areas (V) suffer w ind ero­
sion  particu la rly  w here the vegeta tion  
has been rem oved for the  m ain tenance  o f  
in filtra tion  canals dug for d rink ing  w a­
te r  catchm ent. F o r reasons w hich are  no t 
know n, the low secondary  dune ridges (0) 
a re  very sensitive to  w ind erosion . I t  is 
possible th a t they  are s itua ted  in  zones 
o f  high turbu lence, o r th a t th e ir  sand  
has becom e m o re  rou n d ed  by th e  p ro ­
longed  eolian  trea tm e n t: rou n d ed  grains 
are tran sp o rted  m ore freely a t h igh wind 
speeds (W IL L E T T S  1983).

O n the p a rab o lic  ridges, w ind features 
such as b low outs are m an ifest p a rticu ­
larly  a t the  u p p er p a rt o f  the steep  slopes 
(S) and  on the  level sum m its (H).

T h e  re la tionsh ip  betw een processes by 
w ind and  by w ater can  be in ferred  from  
the  figures betw een  brackets. W ith  the 
exception  o f  steep  slopes, the associa­
tio n  between th e  two types o f  erosion 
is generally  weak. T his agrees w ith  the 
n o tio n  th a t dune sand  is e ither sensitive 
to  erosion by w ind, o r sensitive to  ero-
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224 Jungerius & van der Meulen

Fig. 2: Part o f  th e  surveyed area north o f  IJm uiden.

a) T he te rra in  un its  (sim plified after W E S T IN G A  1982)
b) Surfaces affected by w in d  erosion
c) Surfaces affected by w ate r erosion.

V =  in terdune area
0 =  do , w ith  secundary  dunes 
S =  p arab o la , s teep  slope
M  =  do, m odera te  slope 
H  =  p arab o la , level su m m it area 
F  =  foredunes
1 =  in filtra tion  channel

a

b

c

N o o rd w ijk e rh o u tj
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C ode landscape unit
total

surface
ha

erosion
wind 

ha %
w ater

ha  %
(both) 

ha  %

V interdune area 36 18 50 2 6 ( 1 3)
0 do, with secundary dunes 23 11 48 4 17 ( 2  9)
M parabola, m oderate  slope 25 4 16 10 40 ( 3  12)
S do, steep slope 50 17 34 42 84 (16 32)
P d o , level sum m it area 19 5 26 4 21 ( 1  5)

Total 153 55 36 62 41 (23 15)

Tab. 1 : The surface o f  the landscape units w ith a discontinuous vegetation cover 
(  C om partm ent I I  )  which has been eroded by wind and water in the surveyed area 
(to ta l surface 546 ha). Between brackets the surface which suffered fro m  erosion by 
both  processes.

sion  by  w ater, depend ing  on the  absence 
o r presence o f  o rgan ic m a tte r  w hich in ­
duces w aterrepellence. I t  cou ld  b e  said 
th a t the  tw o processes are m u tua lly  ex­
clusive in  space. However, th e ir  com ­
bined  occurrence on steep slopes (S) in­
d icates th a t they are n o t m u tua lly  exclu­
sive in  tim e: w hen hum ic sand  is w ashed 
aw ay from  the upper slope sections by 
overland  flow, w ind can easily ta k e  ho ld  
o f  the  cohesionless clean sand  w hich b e­
com es exposed (photo  4). Paradoxically , 
w ater erosion  has to  be checked in  o rder 
to  p reven t w ind erosion  in  m any  o f  the 
d u n e  landscapes along  the D u tch  coast!

6 Erosion Measurements

R U T IN  (1983) m easured  the  erosion 
processes on an  arm  o f  a  p a ra b o lic  dune 
betw een  IJm u id en  and  T he H ague. Fig.3 
show s a  tran sec t th rough  th e  ridge an d  
ind icates the  trajectory  w hich is sub ject 
to  the  tw o erosional agents. M o st o f  the 
sand  b low n from  the b low out in  th e  top 
o f  th e  dune is deposited  on the  u p p er 
slope. T he slopes are subject to  sp lash  
a n d 'su r fa c e  w ash. T he m a te ria l eroded  
by these processes is deposited  a t th e  foot

o f  the  slope. A dded  to  the erosion  p ro ­
cesses is the  activ ity  o f  rab b its  w hich also 
has geom orpho log ica l consequences.

T h e  m easurem ents cover a  period  of 
18 m onths. F rom  the  published  d a ta  
(R U T IN  1983) it has been calcu lated  
how  m uch sand  was deposited  a t the foot 
o f  the slope in one year. Tab.2 show s the 
results. I t  ap p ears  from  this tab le  tha t, 
on  a  volum e base, rab b its  c o n trib u te  lit­
tle  to  the erosion  budget. A ccord ing  to 
R U T IN  they  dug  m any  holes (m ore than  
3 p e r  100 m 2) an d  shallow  scrapes (about 
30 p er 10 m 2), b u t m ost o f  the  m ateria l 
rem ained  o n  th e  slope aro u n d  the  d ig­
gings.

T h e  am o u n t o f  sp lash  depends on  the 
v egeta tion  cover an d  the slope angle. 
R egression analysis o f  R U T IN ’s sp lash­
b o a rd  m easurem ents resulted  in  an  eq u a ­
tio n  o f  the form :

Qs  =  0.133 X (1.6 X s +  50) X exp(—0.05 x  V)  x P

in  which
Q s =  am o u n t o f  splash in cm 3 per m

slope w idth  per year 
s =  slope angle in degrees
V =  vegetation cover in %
P =  precip itation  in cm  per year

(The term  (1.6 x s +  50) is in troduced
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p r o c e s s

r a b b i t  d i g g i n g s  -*-----------------

s p l a s h  -*-----------------

s l o p e  w a s h  — 1-
. . a c c u m u l a t i o n

w i n d
d e f l a t i o n

a c c u m u l a t i o na c c u m u l a t i o n

a c c u m u l a t i o n

Fig. 3 : N orth-w est section o f  parabolic dune in the dune terain between IJm uiden  and 
The H ague investigated by R U T I N  (1 9 8 3 ). The indicated processes are quantified in 
tab.2.

Process exposure 
o f  slope

season vegetation
cover
(% )

transport 
(cm3 per m  

slope width)

Splash north winter 50 38
sum m er 76 8

south w inter 12 256
sum m er 18 145

Slope wash north w inter 0
sum m er 224

south winter 3431
sum m er 12072

W ind north <250
south 250-2500

R abb it diggings 16

Tab. 2: A m ount o f  sand reaching the base o f  the dune slopes o f  fig-3, in the period  
between 1-10-1979 to 30-10-1980. The figures have been calculated fro m  data by 
R U T I N  (1983, m ainly tables I I I .2 and IV.2, and Fig. V I.8).

to  calculate the  difference betw een  up- 
slope an d  dow nslope splash , from  E K ­
E R N  1950)

T he south-exposed  slopes w hich are 
exposed to  th e  sun a n d  have a  low er veg­
eta tion  cover a re  m ore sub ject to  erosion  
by splash. However, the  ac tua l am o u n t 
o f  splash is o f  m in o r im p o rtan ce  co m ­
pared  to  erosion  by su rface  wash. Two

facts a re  clear:

1. the sum m er is m uch m ore im p o rta n t 
for erosion  th an  the w in ter; and

2. sou th-exposed  slopes p roduce  m uch  
m ore m ateria l th a n  north -exposed  
slopes.

T he m easurem ents confirm  the  find ­
ings o f  th e  erosion survey, particu larly
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in resp ec t o f  the im portance o f  th e  wa- 
te rrepe llence p roperties o f  dune san d  for 
erosion . T h e  grey sands exposed on  the 
sou th -ex p o sed  slopes are extrem ely wa- 
te rrep e llen t w hen dry. S torm s in  sum m er 
have th e re fo re  a  devasta ting  effect on 
the  slopes. In  fact, m ore  th a n  h a lf  o f  
the  sum m er p ro d u c tio n  cam e from  two 
sto rm s (R U T IN  1983).

T h e  p a tte rn  o f  w ind erosion  an d  ac­
cu m u la tio n  is com plem entary  to  th a t o f 
erosion  by  w ater. W hereas su rface  w ash 
increases in  im p o rtan ce  w ith  th e  am o u n t 
o f  overland  flow dow nslope, w ind ac tiv ­
ity  increases in  the o th e r  d irec tion  to ­
w ards the  sum m it where the  b low out is 
form ed. M o st o f  the sand  d rift is de­
p o sited  im m ediate ly  a ro u n d  th e  b low out 
o n  the  u p p e r slopes (R U T IN  1983). T he 
a m o u n t w hich reached the  base o f  the 
sou th -exposed  slope is only 10 to  20%  
o f  w h a t left the  b low out in  th e  sam e p e­
riod. F o r the  north -exposed  slope th is is 
n o t even 1% .

7 Geomorphological 
Implications

T h e p re se n t geom orphological develop­
m en t o f  d u n e  slopes can  be in ferred  from  
the  investigations p resen ted  in th is paper. 
G enera lly  speak ing , the processes here 
d iscussed all resu lt in low ering o f  the  re ­
lief: th e  to p  o f  the  dune is b low n aw ay, 
a n d  all tra n sp o rt on  the slopes is essen­
tia lly  d irec ted  dow nw ards an d  filling up  
the  depressions. H ow ever, slope profile 
deve lopm en t is n o t the sam e for the  v a r­
ious processes, and  w ind ac tion  creates a  
relief w hich is m uch  m ore irregu la r th a n  
a  lan d scap e  m odelled by w ater erosion.

In  the  case o f  p a rab o lae  a n d  o th e r  
d u n e  ridges, a  d istinction  shou ld  be m ade 
betw een  sum m it area, sou th -exposed

slopes a n d  north -exposed  slopes. The 
sum m it a re a  is th e  dom ain  o f the 
wind. A s long as there is an  active 
b low out, ‘yellow’ san d  will be deposited  
on  the u p p e r slopes. W here the sand  is 
cau g h t in  s tands o f  vegeta tion , secondary  
dunes m ay  be form ed. P articu larly  ac­
tive in  th is respect are m arram  grass 
(Am m ophila arenaria ), b u ck th o rn  (H ip­
pophae rham noides) an d  creeping willow 
(Salix repens). T his sand  is free o f  o r ­
ganic m a tte r  an d  the re fo re  n o t w aterre- 
pellent. T h is m eans th a t the u p p er slopes 
will be little  affected by  surface w ash  b e­
cause all ra in w a te r sinks aw ay in to  the 
soil.

T he sou th -exposed  slope is the  dom ain  
o f  surface wash. T h is process creates a  
sm oo th  slope profile. T he upper end o f 
th is profile is n o t low ered, because there 
is no  w ater repellence here an d  conse­
quen tly  n o  erosion. T he low er end o f  the 
profile is equally  n o t low ered because 
accu m u la tio n  begins here. W ith  b o th  
ends o f  the profile being  fixed, erosion 
by surface w ash  w ill create  an  increas­
ingly m ore concave slope profile.

T he n o rth -exposed  slope is the d o ­
m ain  o f  th e  rabb its . I t  is here th a t they 
d ig  m ost o f  the ir holes an d  w here they 
tram p le  the  soil a n d  cause shallow  m ass 
m ovem ents. T his results in  the  stepped  
profile w hich is characteristic  for m any 
o f  these slopes in  th e  dune landscape  
a long  the D u tch  m ain land .
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