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INTRODUCTION

A 30-day t im e -s e r ie s  s tu d y  o f th e  n o n - t id a l  fo resho re  zone in  

so u th eas te rn  Lake Michigan was conducted during th e  summer o f  1970. 

The study was p a r t  o f  a  more comprehensive program to  study th e  

p rocesses o f  th e  beach and nearshore  system  (Fox and D avis, 1970a, 

1970b, 1971; Davis and Fox, 1971). The study  a re a  i s  lo ca ted  two 

m iles n o rth  o f H olland, in  Ottawa County, M ichigan.

A t im e -s e r ie s  i s  a  s e t  o f  o b servations taken  a t  a  d e f in i te  

in te rv a l  o f  tim e . The fo resho re  zone p aram ete rs , which inc lude  

fo resh o re  w id th , fo resho re  s lo p e , n e t e ro s io n  and d ep o sitio n , and 

c o lle c t io n  o f  sedim ent samples were tak en  a t  12-hour in te rv a ls .  

Various wave and w eather param eters a sso c ia te d  w ith  th e  major p ro

gram were measured a t  2-hour in te rv a ls  fo r  the  e n t i r e  30-day p erio d

The fo resh o re  zone i s  an is o la te d  segment o f  th e  beach and nea 

shore system , y e t  th e  im portance o f  m onitoring th e  fo reshore  zone 

l i e s  in  th a t  t h i s  a re a  marks th e  in te r s e c t io n  o f  th e  ocean-land- 

atm osphere system . Two b a s ic  goa ls  o f  th e  study a re :  to

in v e s t ig a te  and to  determ ine th e  p a t te rn  o f  sedim entation and i t s  

r e la t io n s h ip s  w ith  th e  n earsho re  p ro cesses ; and to  determ ine th e  

re la t io n s h ip  o f the nearsh o re  p rocesses w ith  th e  fo resho re  geometry 

pa ram eters , in c lu d in g  w id th , s lo p e , and n e t  erosion  and d e p o s it io n . 

Supplem ental o b je c tiv e s  a re  th e  in te ra c t io n  of th e  fo reshore  pa ra 

m eters and th e  development o f  a  p rocess-resp o n se  model. The use  o f 

s t a t i s t i c a l  a n a ly s is  a ided  th e  ev a lu a tio n  o f th e  fo resho re  and wave 

and w eather d a ta .

1
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PREVIOUS WORK

A co n sid e rab le  amount o f m a te r ia l has been pub lish ed  on th e  

beach environment and p ro cesses . D. W. Johnson 's  (1919) c la s s ic  

tex tbook was th e  f i r s t  to  t r e a t  the  beach environm ent in  i t s  e n t i r e ty ,  

from wave g e n e ra tio n  and theory  to  th e  response  o f th e  s h o re lin e . 

S im ila r  tex tbooks by G uilcher (1958), King (1959) and Zenkovich (1967) 

have in troduced  a d d itio n a l m a te ria l about th e  beach environment.

Such organizations as the Coastal Engineering Research Center, the 

O ffice o f Naval Research, and the Coastal Studies In stitu te  at 

Louisiana State University have promoted the study of the beach 

environment from both laboratory and f ie ld  approaches.

The a c c e s s ib i l i ty  o f  th e  fo reshore  zone has p e rm itted  a  s iz a b le  

amount o f re sea rc h  in  th i s  a re a . Most o f the  re sea rch  has been 

conducted along th e  c o a s ta l seaboards in  a  t i d a l  environment w ith  

very l i t t l e  a t te n t io n  given to  the  n o n - tid a l environm ent. Lewis 

(1931) was one o f the  f i r s t  observers to  reco rd  th e  re la tio n s h ip  

between e ro sio n  and d ep o sitio n  and th e  varying swash cond itions on a 

n a tu ra l  b each . More re c e n t work has been conducted by H arrison and 

Krumbein (1964) and H arrison , and o th e rs  (1968) on th e  beach environ

ment a t  V irg in ia  Beach, V irg in ia . They conducted a  t im e -se r ie s  study 

to  in v e s t ig a te  th e  p rocess-response  re la t io n s h ip  in  th e  land-ocean- 

atmospnere system . From th i s  s tudy , H arrison  (1969) programmed a 

l in e a r  m u ltireg re ss io n  a n a ly s is  to  e s ta b l is h  p re d ic to r  equations fo r

1) n e t change o f  q u an tity  o f  fo reshore  sands, 2 ) advance and r e t r e a t  

o f th e  s h o re lin e , and 3) mean slope o f  th e  fo re sh o re . Dolan (19o5)

2
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and Dolan, Fenn, and MacArthur (1969) s tu d ie d  a  s im ila r  p ro c e ss -  

response r e la t io n s h ip  along  th e  o u te r  banks a t  Bodie I s la n d , North 

C aro lina . P re lim inary  r e s u l t s  show th a t  o f  th e  energy fa c to rs  

s e le c te d , wave h e ig h t and s t i l l - w a te r  le v e l  a re  most s ig n if ic a n t  

whereas wave p e rio d  and wave angle a re  l e a s t  s ig n i f ic a n t  in  p re 

d ic tin g  th e  beach geom etry. Both th e  V irg in ia-B each  and Bodie 

Is lan d  s tu d ie s  were conducted in  a  t i d a l  environm ent. As o f t h i s  

d a te , th e  au th o r i s  no t aware o f any s im ila r  p rocess-resp o n se  study 

conducted in  a n o n - t id a l  environm ent.

Although, the process-response model o f the foreshore zone has 

not been extensively investigated , certain  aspects o f the foreshore 

zone have been studied. One aspect receiving considerable 

attention  in  the laboratory and the f ie ld  is  the relationship  

between foreshore slope and grain s iz e . Bascom (1951)> through f ie ld  

observations on the California coast, established a p o sitiv e  relation

ship between grain s iz e  and foreshore s lop e. Many researchers have 

noted th is  relationship  in  the f ie ld  and the laboratory. Hulsey (1962) 

and Coleman (1969) investigated th is  relationship along the eastern 

shore of Lake Michigan, and both concluded that the grain s iz e -  

foreshore slope relationship  was not evident in the beaches studied.

The im portance o f  th e  groundwater ta b le  in  th e  fo resho re  zone 

was f i r s t  recognized by BagnoId (1910) in  h is  wave tank  experim ents. 

Rnery and F o s te r  (1948) conducted f i e ld  experim ents on the  r e la t io n 

ship  o f  beach c h a r a c te r i s t i c s  and th e  changing groundwater ta b le  by 

measuring th e  beach p e rm e a b ility . Grant (1948) rep o rted  on th e  

in flu en ce  o f th e  w ater ta b le  to  an aggrading  and degrading beach 

and on th e  v e lo c i ty  o f  th e  backwash. R ecen tly , Duncan (1964)

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

«
4

r e la te d  th e  p o s i t io n  o f th e  w ater ta b le  to  sedim ent d is t r ib u t io n  by 

swash-backwash e rosion  o r  d ep o s itio n . He rep o rted  th a t  fo r  a  low 

w ater t a b l e ,  swash e rosion  and d e p o s itio n  predom inate whereas f o r  a 

h igh  w a te r  t a b le ,  backwash e rosion  and d ep o s itio n  predom inate.

Krumbein (1938) found th a t  th e  sedim ent d is t r ib u t io n  o f coarse  

to  f in e  up th e  fo resh o re  shows g re a te r  lo c a l  v a r ia t io n  than  th e  

d i s t r ib u t io n  along th e  fo resh o re . Evans (1939) s tu d ied  th e  t r a n s 

p o r ta t io n  o f  sedim ent in  th e  fo resh o re  and concluded th a t  the  

p ro cess  o f  beach d r i f t  e f fe c ts  only th e  sedim ent w ith a g ra in  s iz e  

o f  0.25mm to  0.60mm. M ille r and Z e ig le r  (1958) e s ta b lish e d  a 

th e o r e t ic a l  model fo r  th e  sed im en t-size  d is t r ib u t io n  o f  th e  fo re 

sho re  and o b ta in ed  s im ila r  r e s u l t s  as Krumbein. Fox, Ladd, and 

M artin  (1966) found f in e r  g ra in  s iz e  and b e t t e r  s o r tin g  w ith  a 

decrease  in  energy up th e  fo resh o re  n ea r South Haven, M ichigan.

Nagata (1961) used an e lec tro m ag n e tic -ty p e  cu rren t m eter to  

measure th e  deform ation p a tte rn  o f o r b i t a l  wave v e lo c ity  in  th e  

fo re sh o re . Schiffman (1965) ob ta ined  energy and sedim ent d a ta  

acro ss  th e  sw ash-surf zone and defin ed  a c i s t i n c t  d e p o s it io n a l 

environm ent between the  sw ash-surf zone; th e  t r a n s i t io n  zone.

S tr a h le r  (1966) surveyed a s e r ie s  o f  p r o f i le s  across  th e  fo resh o re  

to  determ ine the  p a t te rn  o f e ro sio n  and d ep o s itio n  in  a s in g le  

t i d a l  c y c le . He rep o rted  th a t  w ith  r i s in g  t i d e s ,  a  scour channel 

i s  produced w ith  sedim ents tra n sp o r te d  onshore and o ffsh o re .

G iese (1966, 1968) rep o rted  th a t  th e  dynamic zone o f e ro sio n  is  

th e  mid-swash a re a  w ith  sedim ents be ing  tra n sp o r te d  to  th e  plunge 

s te p  o r  th e  fo resh o re  reach  ( to p ) .  A second aspec t o f h is  re se a rc h  

was a  s tu d y  of th e  shape so r tin g  o f pebb les to  determ ine th e  e f f e c ts
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o f  th e  amount o f  fo re sh o re  i n f i l t r a t i o n  p er wave on swash zone 

m echanics.
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TERMINOLOGY

A lack  o f  s tandard ized  term s among c o a s ta l  g e o lo g is ts  enables 

th e  re se a rc h e r  to  modify th e  term inology to  f i t  the  s p e c if ic  needs 

o f  h is  s tu d y . Terminology may be m odified to  inc lude  th e  geomorphic 

fe a tu re s  o r  th e  energy co n d itio n  o f th e  environm ent, o r i t  may be 

m odified  to  d e p ic t  a t i d a l  o r  n o n - t id a l  environm ent. Four e x c e lle n t 

re fe re n c e s  p re se n tin g  c o a s ta l  term inology are  c u rre n tly  a v a ila b le  

(W eigel, 1953; King, 1959; Beach Erosion Board, 1961; R u sse ll, 1969); 

however, th e  term ino logy  used in  th is  re p o r t  has been m odified to  f i t  

a  n o n - t id a l  environment (F igure l ) .

The c o a s ta l environment i s  comprised o f two zones; th e  n ear

sh o re  zone and th e  beach zone. Tne nearshore  zone extends from  the  

p lunge s te p  and inc ludes th e  b a r  and tro u g h  topography, o r low and 

b a l l  topography as d e fin e d  by Evans (1940). According to  Davis and 

McGreary (1965), in  so u th eas te rn  Lake Michigan the  o ffsh o re  bars are  

continuous fo r  many m iles and th e  p r o f i l e s  a re  f a i r ly  co n stan t w ith  

m inor v a r ia t io n s  fo llow ing  sto rm s. The same re la t io n s h ip  o f  near

shore  ba rs  was found to  e x is t  in  th e  a re a  in v e s tig a te d .

The plunge s tep  i s  a topographic fe a tu re  w ith a  d i s t i n c t  change 

in  s lo p e . The beach zone i s  the  a rea  between the  plunge s tep  a n d 'th e  

w ave-cut dune c l i f f s .  W ithin th e  beach zone, the  backshore zone and 

th e  fo re sh o re  zone a re  d i f f e r e n t ia te d .  The backshore zone i s  th e  

upper e x te n t o f the beach zone which rem ains d ry  mider normal wave 

a c t i v i t y  and includes th e  berm. Hulsey (1962) attem pted to  

d i f f e r e n t i a t e  the  backshore zone in to  th e  mid-beach and back-beach

6
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by d if fe re n c e s  in  median g ra in  s iz e .  He concluded, s t a t i s t i c a l l y ,  

th a t  no d if fe re n c e  e x is te d  between th e  two zones. The fo resh o re  

zone i s  th e  a re a  between th e  plunge s te p  and th e  fu r th e s t  wave 

runup under any g iven  energy c o n d itio n s . This means th a t  th e  r a t i o  

o f th e  fo resh o re  w id th  to  th e  backshore w idth  v a rie s  w ith  th e  energy 

c o n d itio n s . Under h igh energy co nd itions in  e as te rn  Lake M ichigan, 

th e  fo resh o re  w idth  g r e a t ly  exceeds th e  backshore w idth w ith  th e  

rev erse  holding t r u e  under low energy c o n d itio n s . During two days 

of the  s tu d y , th e  backshore d id  no t e x i s t ,  by d e f in i t io n ,  because 

th e  wave runup reached th e  wave-cut c l i f f s .

In g le  (1966) subdivided th e  beach environment in to  th re e  

dynamic zones; swash zone, s u r f  zone, and b reak er zone. The 

boundary between th e  s u r f  zone and swash zone i s  the  e f fe c t iv e  sea 

ward l im i t  o f  th e  backwash. Schiffman (1965) e s ta b lish e d  a  fo u r th  

zone between th e  s u r f  zone and swash zone which he term ed, the  

t r a n s i t io n  zone. The t r a n s i t io n  i s  th a t  a re a  where backwash 

c o ll id e s  w ith  th e  lead in g  edge of th e  s u r f  zone and i s  c h a ra c te r iz e d  

by high tu rb u le n c e , bimodal san d -size  d is t r ib u t io n  and a  broad energy 

spectrum . M ille r  and Z e ig le r (1958) c h a rac te riz ed  th i s  a rea  as th e  

b reak er zone which in c lu d es  th e  plunge s tep  when p re se n t.

In  a  n o n - t id a l  environm ent, th e  t r a n s i t io n  zone o f  Schiffm an 

(1965) o r  b reak er zone o f  M ille r  and Z e ig le r  (1958) i s  inc luded  in  

the  fo resh o re  zone. Under low energy c o n d itio n s , th e  t r a n s i t io n  

zone i s  n o t a p p a ren t. The e f fe c t iv e  seaward l im i t  o f th e  backwash 

i s  a t  th e  plunge s te p .  Only under h igh  energy cond itions does a  

t r a n s i t io n  zone become a p p a ren t.
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Through o b se rv a tio n a l d a ta  an incoming wave t r a i n  breaks in  the  

n earsho re  zone. A fte r  reform ing , th e  wave t r a in  11 f e e l s 11 th e  plunge 

s te p  and begins to  c u r l .  Due to  th e  h igh energy f a c to r  th e  wave may 

t r a v e l  a  co n sid e rab le  d is ta n c e  up th e  fo resh o re  b e fo re  a c tu a lly  

p lu n g in g . This a re a  o f  a c tu a l  plunge w i l l  be d esig n a ted  as  th e  

in sh o re  m argin. At i n i t i a t i o n  o f  th e  backwash, th e  e f f e c t iv e  sea 

ward l im i t  i s  a  fu n c tio n  o f th e  sequence o f wave t r a i n s .  I f  a 

secondary wave t r a i n  i s  encountered (waves w ith  s h o r te r  than  

average wave le n g th ) ,  th en  th e  e f fe c t iv e  seaward l im i t  o f th e  

backwash i s  a t  th e  in sh o re  m argin. With a  sequence o f  wave t r a in s  

a t  th e  average wave le n g th , the  e f fe c t iv e  seaward l im i t  o f  the 

backwash i s  a t  th e  plunge s te p .  The t r a n s i t io n  zone (Schiffm an, 19&5) 

v a r ie s  w ith  th e  energy co n d itio n s  and p a tte rn s  o f th e  wave t r a in s  in  a 

n o n - t id a l  environm ent. At b e s t ,  i t  can b e  o b s e rv a tio n a lly  

d i f f e r e n t ia te d .  Although no a c tu a l energy p r o f i l e s  were a ttem pted , 

h ig h  tu rb u len ce  was in d ic a te d  by th e  tremendous amount o f sediment 

in  suspension .

Beach Processes

During th e  30-hay study  p e rio d , 18 wave and w eather param eters 

were measured a t  tw o-hour in te rv a ls  beginning  a t  8:00 A. M. June 29tn  

and con tinu ing  u n t i l  6 :00 A. M. Ju ly  28th  (Fox and D avis, 1971)*

From th e se  18 p a ram ete rs , n in e  were s e le c te d  as s ig n i f ic a n t  in  the  

fo re sh o re  zone. The n in e  param eters a re :  1) wind speed ,

2) baro m etric  p re s s u re , 3) lak e  le v e l ,  4 ) groundwater le v e l  

approxim ately  15 f e e t  shoreward from th e  plunge s te p ,  5) wave ty p e ,

6) b re a k e r p e r io d , 7) b re a k e r h e ig h t, 8) angle o f  in c id en ce  o f
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b reak in g  wave, and 9) longshore c u rre n t v e lo c i ty .  The t ru e  n a tu re  — 

o f  th e  in te r a c t io n  among wave and w eather param eters i s  no t fu l ly  

unders to o d . Figure 2 shows a  g e n e ra l p a t te rn  o f  th e  in te ra c t io n  

among th e se  p a ram ete rs . G en era lly , barom etric  p re s su re  i n i t i a t e s  

th e  co n d itio n s  p re v a il in g  in  th e  la k e . One param eter showing p a r t i a l  

independency from barom etric  p re s su re  i s  lak e  le v e l .  Although, lak e  

le v e l  i s  e f fe c te d  by th e  sh o rt d u ra tio n  o f  barom etric  p re s su re , th e  

in c re a se  o f  p r e c ip i ta t io n  over a  long-term  p erio d  r a is e s  th e  lak e  

le v e l ,  independent o f  barom etric  p re s su re . For a  more complete 

d iscu ss io n  o f  th e  wave and w eather p a ram ete rs , th e  re a d e r  i s  

r e fe r re d  to  a r t i c l e s  by Fox and Davis (1970a, 1970b, 1971).

Foreshore Dynamics

Deep-water wave m otion i s  o s c i l la to r y  w ith  sm all mass tra n s p o r t  

in  th e  d i r e c t io n  o f wave propagation  (W eigel, 1961). When waves 

e n te r  th e  nearsho re  zone and reach  a  dep th  o f  o n e -h a lf  th e  wave 

le n g th , th e y  begin to  " f e e l  bottom ” . Waves s t a r t  to  slow down, 

d ecrease  in  le n g th , and in c re a se  in  h e ig h t and s teepness w hile  th e  

wave p e rio d  i s  m ain ta ined . Wave motion transform s to  t r a n s la to ry  

m otion w ith  an a c tu a l  mass t ra n s p o r t  o f  w ater in  th e  d ire c t io n  o f  

p ro p a g a tio n . When th e  wave heigh t i s  approxim ately  equal to  th e  

w a te r d e p th , th e  wave breaks (Shepard, 1963). Under h igh energy 

c o n d itio n s , waves b reak  in  th e  nearsho re  zone and a f t e r  reform ing, 

waves approach th e  fo re sh o re  zone and break a t  th e  plunge step .- 

During low energy c o n d itio n s , waves tra v e r s e  th e  n earsho re  zone and 

i n i t i a l l y  b reak  d i r e c t ly  on th e  fo re sh o re .
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As an incoming wave b re a k s , th e  uprush o f water ac ro ss  th e  fo re 

shore  zone i s  known as th e  swash. The swash has lo s t  th e  n a tu re  o f 

wave motion and i s  propagated  by i n e r t i a  w ith  i n i t i a l  movement as a 

continuous mass o f w ater (Zenkovich, 1967). A fter reach ing  a c e r ta in  

p o s i t io n  on th e  beach fa c e , th e  swash d iv id e s  in to  s e p a ra te  tongues 

as observed by form ation o f  swash m arks. There is  a decrease  in  

v e lo c i ty  and d ep th , a  tran sfo rm a tio n  from tu rb u len t to  lam inar flow , 

and a  conversion o f k in e t ic  to  p o te n t ia l  energy as th e  swash reaches 

te rm in a tio n  (Zenkovich, 1967). The lo s s  o f  energy i s  due to  fo re 

sho re  f r i c t i o n ,  s lo p e  o f th e  fo re sh o re , and volume l o s t  due to  

i n f i l t r a t i o n .

A fter th e  swash reaches i t s  l im i t ,  th e  backwash cycle  beg ins 

and th e re  i s  a  r e c o n v e r ^ te  o f  the  p o te n t ia l  energy o f  th e  swash to  

k in e t ic  energy o f  th e  backwas^^^Backwash i s  a re su lt, o f  g ra v ity  

and re tu rn s  a long the  s te e p e s t  fo resho re  g ra d ie n t. V e lo city  i s  

i n i t i a l l y  low w ith  lam inar flow  p re v a i l in g .  There i s  a  g rad u a l, 

th en  rap id  a c c e le ra tio n  o f  th e  backwash w ith  an instan taneous change 

from backwash to  swash (Schiffm an, 1966). The magnitude o f  th e  

backwash v e lo c ity  i s  dependent on s lo p e  o f the  fo resh o re , volume o f  

swash, volume l o s t  due t o  i n f i l t r a t i o n ,  and ad d itio n  o f  w ater r i s in g  

from th e  e f f lu e n t  zone to  th e  backwash (Schiffman, 1966). Grant 

(1948) a lso  noted th a t  when th e  backwash v e lo c ity  i s  g re a te r  th an  

(g ra v ity  x  h e ig h t o f  f lo w )s , a  h y d rau lic  jump or r o l l  wave r e s u l t s .

I f  repeated  in  th e  same p o s i t io n  on th e  fo resh o re , a  sm all g ra v e l-  

l in e d  scour channel develops.

Minor sedim entary s t ru c tu re s  a re  a lso  a sso c ia ted  w ith  th e  back-
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wash c y c le . The ra p id  a c c e le ra tio n  n ea r th e  te rm in a tio n  o f  th e  back

wash cycle  causes upper flow  regime s t r u c tu r e s ,  (an tid u n es) to  form 

(F igure  3 ) .  Located on th e  lower fo re sh o re , th e  an tidunes a re  q u ick ly  

erased  by th e  n ex t incoming swash. In  th e  i n i t i a l  s tag e  o f  th e  back

wash cycle  where low er flow  regime co n d itio n s  p re v a i l ,  rhomboid 

r ip p le  marks a re  form ed. Demarest (1947) s tu d ied  th e  fo rm ation  o f  

rhomboid r ip p le  marks and s ta te d  th a t t h e i r  form ation , g iven  a  p ro p er 

slope o f 6 to  12 d e g re es , r e s u l ts  from a th in  sh ee t o f  w a te r fo llow ing 

th e  t ru e  backwash.

F igure  3 Minor sedim entary s tru c tu re s  
asso c ia ted  w ith  backwash 
c y c le .
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DESCRIPTION OF AREA

Location

The a re a  o f  in v e s t ig a t io n  i s  lo c a te d  oh th e  e a s te rn  shore o f 

Lake M ichigan, 2 m ile s  n o rth  o f  Holland in  Ottawa County, M ichigan, 

Sec . 21, T. 5 N ., R. 16 W. (F igure  4 ) .  Dunes b o rd e r th e  gen era l 

a re a  w ith  some to  th e  south o f th e  study a re a  reach in g  h e ig h ts  o f 

150 f e e t .

P le is to c en e  H isto ry

The c o a s ta l reg io n  on th e  w estern  rim  of th e  Michigan Basin 

has been g r e a t ly  in flu en ced  by P le is to c e n e  g la c ia t io n .  The 

geomorphic form o f th e  co as t i s  a r e s u l t  o f  th e  advance and 

r e t r e a t  o f th e  g la c ia l  ic e  f r o n ts ,  and e ro s io n  and re d e p o s itio n  o f 

g l a c i a l  d r i f t  by wave a c t i v i t y .  Three d i s t i n c t  types o f  sedim ents 

were deposited  e i th e r  d i r e c t ly  o r in d i r e c t ly  by g la c i a l  a c t i v i ty :

1) la c u s t r in e  sands, 2) beach and dime sands, and 3 ) m orainal 

sedim ents (F igure  5 )• Bedrock exposures a re  sp arse  in  th e  a rea  

due to  th e  e ro s iv e  a b i l i t y  o f  th e  g la c ia l  ic e  f r o n ts  and th e  th ick  

accum ulation o f th e  g la c i a l  d r i f t  (Hough, 1958).

The e a r ly  Lake Michigan beaches in  th e  study a re a  a re  re fe rre d  

to  as th e  Glenwood S tag e . The Glenwood Stage recorded th e  h ig h est 

s t r a n d l in e  in  e a s te rn  Michigan (640 f e e t  above sea  le v e l )  a t  

approx im ately  11,000 to  14,000 y .b .p .  ( F l in t ,  1957). W ell-developed 

sh o re lin e  fe a tu re s  in c lu d in g  sand and g ra v e l beach es, s p i t s  and 

b a r s ,  and wave-cut te r ra c e s  a re  re p re se n ta tiv e  o f  th e  Glenwood

14
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Stage (Hough, 1958). P u lsa tio n  o f  th e  Glenwood S tag e , as recorded by 

th re e  h igh-w ater phases , allowed wave a c t iv i ty  to  rework a  wide zore 

o f g la c ia l  d e p o s its .

In  a d d itio n  to  in flu en c in g  th e  geomorphic form o f th e  modern
9

c o a s t l in e ,  th e  in flu en ce  o f  g la c ia tio n  i s  r e f le c te d  in  th e  sediment 

s iz e  a v a ila b le  fo r  d e p o s it io n  on modem b eaches. In  so u th eas te rn  

Lake Michigan th e  Lake Border moraine i s  d i r e c t ly  a d jac e n t to  th e  

c o a s tl in e  (F igure 5 ) . Beaches a re  p r im a rily  sand and g ra v e l w ith 

lo c a l  b o u ld e r f ie ld s  in  th e  nearshore  environm ent. The beach near 

-P ier Cove, Michigan i s  ty p ic a l  o f  t h i s  type o f sedim ent s iz e  d i s t r i 

b u tio n . Davis (1970), th e o riz e d  a bottom  p r o f i l e  fo r  th e  beach 

environment which shows th e  e f fe c t  o f  the g la c ia l  d r i f t .

Near th e  a re a  o f in v e s t ig a t io n ,  th e  Lake Border moraine i s  

approxim ately  15 to  25 m iles from shore  and la c u s t r in e ,  dune, and 

beach d e p o s its  occur between th e  moraine and th e  s h o re lin e . Modern 

beach sedim ents a re  m ainly san d -s ized . G ravel i s  deposited  w ith 

sand during  h igh  energy c o n d itio n s , b u t not in  s u f f ic ie n t  amounts to
f

produce a  bimodal d is t r ib u t io n . ' The prim ary source o f  sedim ents is  th e  

e a s ily  erodable beach, dune, and la c u s tr in e  sands o f  th e  g la c ia l  h igh- 

w ater p h ases . The m orainal d ep o sits  a re  n o t a  d i r e c t  source o f 

sedim ent. R ivers which e n te r  Lake Michigan do n o t add a  s ig n if ic a n t  

amount o f  sedim ent to  th e  beach environment (Hough, 1935).

Modem C oasta l Ehvironment

Three prim ary fa c to r s  c o n tro l th e  form ation  and co n fig u ra tio n  

o f th e  beach environm ent: geomorphology o f th e  ad jacen t land ,
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quant I* ■ .v ‘. o f  m a te r ia l ,  and p h y s ic a l lake c o n d itio n s . Ir. th e

previou; s-..v'tion, th e  r e la t io n s h ip  o f P le is to cen e  h is to ry  to  th e  

f i r s t  two fa c to rs  was exp la in ed . This r e la t io n s h ip  i s  dependent on 

long-term  geo log ic  c ircum stances. The l a s t  f a c to r ,  p h y s ic a l lak e  

co n d itio n s , i s  dependent on long-term  and sh o rt- te rm  v a r ia t io n s ,  

namely seasonal and d a ily  v a r ia t io n s .

The sh o re lin e  m ain tained  a n o rth -so u th  o r ie n ta tio n  w ith  a 

beach w idth of 25 to  30 f e e t  during th e  study p e rio d  (F igure  6 ) .

The landward boundary o f th e  beach zone i s  marked by th re e  to  fo u r 

fo o t high wave-cut c l i f f s  in  th e  dunes. The dunes a re  s ta b i l i z e d  as 

a  r e s u l t  o f  v e g e ta tio n , b u t sou th  o f  th e  study a re a  n ea r Tunnel Park 

(F igure  4 ) ,  the  dunes co n ta in  blowout f e a tu re s .  Dunes a re  not 

unique to  th e  study  a re a .  The e n t i r e  e a s te rn  shore  o f  Lake Michigan 

i s  noted f o r  m assive dunes. The prim ary causes a re  th e  prom inent 

w este rly  wind d i r e c t io n  acro ss  Lake Michigan and th e  abundant sedim ent 

supp ly .

Type and q u a n tity  o f beach m a te ria l i s  dependent upon the  

P le is to c e n e  h is to ry  o f  th e  a re a  as d iscussed  in  th e  p rev io u s  s e c tio n . 

The sedim ent d i s t r ib u t io n  i s  unimodal and the  average g ra in  s iz e  

ranges from f in e  to  coarse  sand. The sedim ents a re  w e ll-so r te d  

according to  Folk fs (1968) term inology and have s o r t in g  values o f  

approxim ately 0 .50  p h i u n i t s .  The g ra in s  a re  subangular to  rounded. 

Compos i t  io n a l ly ,  th e  sands a re  dominated by q u a rtz  and co n ta in  minor 

amounts o f  carb o n ate , f e ld s p a r ,  and rock fragm ents. Heavy m in era ls , 

garne t and m agnetite  a lso  occur in  sm all p e rcen tages (H ulsey, 1962). 

S e le c tiv e  s o r tin g  by wave a c tio n  causes su rfa ce  co n cen tra tio n s  o f
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F igure  6 . S h o re lin e  c o n fig u ra tio n  o f study  a re a .

heavy m in e ra ls  on days fo llow ing  co n sid e rab le  e ro s io n . These lag  

c o n ce n tra tio n s  o f  heavy m inera ls  u su a lly  occu r along bands a t  th e  

upper e x te n t  o f  th e  fo resh o re .

According to  Weigel (1964) the q u an tity  of beach m ateria l 

added to  th e  environment i s  dependent on the con tribu tion  by r iv e rs  

and by d i r e c t  erosion of th e  ad jacen t lan d . The con tribu tion  of sand 

to  Lake Michigan beaches by r iv e rs  i s  not s ig n if ic a n t .  D irect erosion 

of th e  ad jacen t land i s  a function o f th e  long-term  and short-te rm  

v a r ia tio n s  in  physica l lake co n d itio n s. The ex ten t of d ire c t  erosion 

on Lake Michigan shores acce lera ted  g re a tly  during th e  p as t th re e  

y e a rs . The main reason fo r  th is  a cc e le ra tio n  was th e  r is e  in  the 

lak e  le v e l  since  1964 (Figure 7 ) . The a c tu a l quan tity  o f m ateria l 

added to  beach environment by d ire c t  erosion  i s  n o t known.
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Once th e  c o n fig u ra tio n  and form ation  o f  th e  beach i s  developed, 

th e  beach environm ent is  s u b je c t to  p h y s ic a l lak e  co n d itio n s . As 

shown by th e  flow  ch art o f beach p rocesses (F igure  2 ) ,  th e  

c o n tro ll in g  f a c to r  i s  barom etric  p re s s u re . As a  low p ressu re  

system is  developing  o ffsh o re  th e  b a rom etric  p re s su re  s t a r t s  to  f a l l .  

In a  lo w -p ressu re  system , th e  wind c irc u la t io n  is  in  a  coun terclock

wise r o ta t io n .  As th e  low p re s su re  system  approaches, th e  wind 

d ire c t io n  and subsequent b reak er ang le  is  out o f  th e  southwest and 

th e  longshore c u rre n t d ire c tio n  i s  to  th e  n o rth . With th e  passage 

o f  the  low p re s su re  system , barom etric  p re s su re  i s  low est and begins 

to  r i s e .  The wind d ire c t io n  s h i f t s  around to  th e  northw est and th e re  

i s  a  subsequent s h i f t  in  th e  b reak er a n g le . The longshore cu rre n t 

d ir e c t io n  i s  then  to  th e  sou th  (Fox and D avis, 1970bj 1971).

B arom etric p re ssu re  only i n i t i a t e s  th e  form ation o f  th e  beach 

p ro c e sse s . The a c tu a l  development o f  th e  wave param eters i s  a  

com bination o f  wind v e lo c i ty , d u ra tio n  o f  th e  wind a t  th a t v e lo c i ty ,  

and fe tc h .  With th e  wind d ir e c t io n  from th e  northw est, b reak er 

h e ig h t and longshore c u rre n t v e lo c ity  reach  a  g re a te r  magnitude 

than  when th e  wind d ire c t io n  is  from th e  southw est. For th e  study  

a rea  (F igure  4 ) ,  th e  fe tc h  i s  g re a te r  to  th e  northw est. F o u rie r 

analy ses  a t  S te v e n s v i l le ,  Michigan and th e  p re se n t study a rea  

(Fox and D avis, 1970a) in d ic a te  th a t  f a l l i n g  and r is in g  s tag e s  o f  

b a rom etric  p re s su re  have a g re a te r  in flu en ce  on th e  wave param eters 

th an  th e  h igh  and low p o in t s . A 6-12 hour la g  tim e occurs between 

changes in  barom etric  p re s su re  and wave p aram eters . The la g  r e f l e c t s  

th e  tim e re q u ire d  fo r  the  wind d i r e c t io n  to  s h i f t  and g en era te  waves

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

22

in  th e  new d ir e c t io n .

C oasta l c u rre n ts  o f Lake Michigan a re  much th e  same a s  th o se  

d escribed  by Shepard and Inman (1951). The c o a s ta l c u rre n t which 

flows p a r a l l e l  to  shore  and c o n s ti tu te s  a  uniform  d r i f t  develops a 

counterclockw ise eddy system (Hough, 1958). The dominant cause seems 

to  be w este rly  wind d ire c t io n  coupled w ith  a  low p re ssu re  system 

p assing  over th e  la k e . The second c u rren t system i s  th e  n earsho re  

system which i s  d iv ided  in to  th re e  p a r t s :  l )  mass t r a n s p o r t  o f

w ater by wave a c t i v i t y ,  2) longshore cu rre n t, and 3) r ip  c u r re n ts .

The mass tra n s p o r t  o f w ater and re s u l ta n t  longshore c u rre n t d ire c tio n  

is  a  fu n c tio n  o f th e  b reaker angle which i s  r e la te d  to  wind d ire c tio n

and barom etric  p re s su re . A ccordingly, longshore c u rre n t re v e rse s__

d ire c t io n  w ith each new approaching low p ressu re  system . The n e t 

sedim ent t r a n s p o r t  which r e f l e c t s  the  dominant longshore c u rre n t 

d ire c t io n  in  th e  study a re a  i s  to  the sou th . Hulsey (1962) rep o rted  

n e t sand movement to  the  n o r th , however, Hands (1970) concluded a  

so u th erly  n e t t r a n s p o r t  d i r e c t io n .  The au thor tends to  ag ree  w ith  

Hands fo r  two reaso n s : l )  g re a te r  magnitude o f  th e  longshore cu rre n t

v e lo c ity  to  th e  so u th , and 2 ) buildup o f sedim ents on th e  n o rth s id e  

o f  Lake Macatawa Harbor en tran ce  (F igure 4 ) .  No a c tu a l  measurements 

o f  n e t sand tra n s p o r t  were tak en  during th e  s tudy  p e r io d .
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EXPERIMENTAL TECHNIQUES

F ie ld  Methods

In  o rd e r to  ev a lu a te  th e  in te ra c t io n  o f  the  p rocess-response  

model in  n a tu re , a t im e -s e r ie s  o f  f i e ld  ob serv atio n s  was conducted. 

Foreshore measurements taken  a t  12-hour in te rv a ls  included amount 

o f e ro s io n  and d e p o s itio n , fo resh o re  w id th , and fo reshore  s lo p e . 

Surface samples were a lso  c o lle c te d .

Three p r o f i l e  lo c a tio n s  a t  50 fo o t spacings were se le c te d  

w ith  each p r o f i le  having s ix  permanent e le v a tio n  s takes a t  5 fo o t 

in te rv a ls  (F igure 8 ) .  The s tak e s  were £ inch  diam eter p l a s t i c  rods 

cu t to  o n e-fo o t leng ths and fas ten ed  w ith  epoxy to  the  top  o f  12- 

ounce c a n s . The s tak es  were p laced  a t  th e  top o f  the  plunge s tep  

on th e  i n i t i a l  day o f  th e  study  (June 29) and surveyed w ith  re s p e c t 

to  a  c o n tro l p o in t ,  th e  lak e  le v e l  m onitoring  p ip e  (F igure 9 ) .  The 

h e ig h t o f  each perm anent s tak e  above th e  fo resh o re  su rface  was 

measured to  determ ine th e  amount o f  e ro sion  o r  d ep o sitio n  fo r  each 

12-hour p e r io d . Accuracy o f th e  measurement was to  th e  n e a re s t  

0 .05  f e e t .  The amount o f e ro sio n  o r  d ep o sitio n  was determ ined by 

th e  d if fe re n c e  between th e  s tak e  h e ig h ts  o f  two observation  p e r io d s .

Two problems were encountered d u ring  th e  study which may have 

c o n tr ib u te d  to  e r ro r s  in  m easuring. One was the  removal o f  s tak e s  

d u rin g  ex ten s iv e  e ro s io n  o f  th e  fo re sh o re . When t h i s  occurred  th e  

s ta k e  was rep laced  and re su rv ey ed . D if f ic u l t ie s  were a lso  

encountered in  measuring th e  s tak e s  when a high backwash v e lo c i ty

23
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F ig u re  B. A real d i s t r i b u t i o n  o f  p r o f i l e  lo c a t io n s  and s ta k e s .
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F igure 9 . P ro f i le  lo c a t io n  B showing s ix
permanent e le v a tio n  s ta k e s  (w hite) 
and groundwater le v e l  m onitoring  
p ip e  (c e n te r ) .

and re su lt in g  in s ta b i l i ty  o f th e  fo reshore  surface  was p re sen t. 

Measurements taken a f t e r  the  backwash cycle  perm itted  reduction of 

th i s  e r ro r .

The slope  o f th e  fo resh o re  was determ ined independently  o f 

th e  fo resh o re  p r o f i le s  by use o f  an in c lin o m ete r and a  beveled  

b o a rd . The board was p laced  n ear th e  upper ex ten t o f th e  fo resho re  

zone and p a r a l l e l  to  th e  flow  o f th e  backwash. Three read ings were 

tak en  w ith  th e  mean value  recorded  to  th e  n e a re s t deg ree .

By d e f in i t io n  th e  fo resh o re  zone i s  th e  a re a  between th e  top 

o f th e  plunge to  th e  f u r th e s t  e x te n t o f th e  wave runup. The 

g r e a te s t  t r a v e r s e  o f te n  co nsecu tive  wave runups was marked and
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th e  d is ta n c e  from th e  to p  o f  th e  plunge s tep  to  th e  fu r th e s t  ex ten t 

was recorded  and considered  th e  swash w id th .

Sand sample c o lle c t io n

A sy stem atic  sampling program was designed to  e v a lu a te  the  

a r e a l  v a r ia t io n  o f te x tu ra l  param eters. Samples were c o lle c te d  a t  

the  plunge s te p ,  th e  m id-fo reshore , and th e  u p p e r-fo resh o re  a t  each 

p r o f i l e  lo c a t io n .  Sample p o s itio n s  were a fu n c tio n  o f  th e  fo reshore  

w idth and were s p a t i a l ly  noncon tro lled  (Anan, 1969). Random sampling 

w ith  re s p e c t to  th e  p a re n t popu la tion  was assumed from th e  changing 

o f th e  sam pling lo c a t io n s .  The c h a r a c te r is t ic s  o f th e  samples showed 

no v i s ib le  sy stem atic  v a r ia t io n s  from th e  c h a r a c te r i s t ic s  o f th e  

d e p o sit a t  th e  sampling lo c a t io n s , thus a ssu rin g  random sanp ling  

(Krumbein and P e t t i jo h n , 1938).

The san p lin g  d esign  was a  s t r a t i f i e d  sam pling techn ique 

( G r i f f i th ,  1967). An Otto m ic ro s p l i t te r  t r a y  allow ed c o lle c t io n  of 

the  upper few m illim e te rs  o f sedim ent, presum ably th e  upper 

sed im en ta tion  u n i t .  Samples were c o lle c te d  a f t e r  th e  backwash cycle 

to  a llo w  any sedim ent in  tra n s p o r t  to  be d e p o s ited . High tu rbu lence  

a t  th e  plunge s te p  h indered  th e  c o lle c t io n  o f  the  plunge s tep  sample 

during  h igh  energy c o n d itio n s . Samples were p laced  in  p la s t i c  

sam pling bags and recorded  w ith  th e  fo llow ing id e n t i f i c a t io n .

701 -  2A1
I— Sample lo c a tio n

—  P r o f i le  lo c a tio n
 Time
 Date
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Time r e f e r s  to  the  f i r s t  or second o b serv a tio n  p e rio d  d u rin g  a 

p a r t i c u la r  day. The measurement tim es were 8:00 A. M. and 8:00 P. M. 

P r o f i le  lo c a t io n s  were designated  as to  geographic lo c a t io n  A, B, o r 

C (F igu re  8 ) . Sample lo c a tio n  in d ic a te s  the  lo c a tio n  o f  th e  sample 

r e l a t i v e  to  th e  n e a re s t  s ta k e . For example, sample numbers 2A1, 2A3, 

and 2A5 in d ic a te  th a t  th e  plunge s te p  sample was c o lle c te d  a t  s tak e  1, 

th e  m id-foreshore sample a t  s tak e  3 , and th e  upper fo resh o re  sample 

a t  s ta k e  5-

Any sam pling e r ro r  in troduced  in  th e  r e s u l t s  o f th e  te x tu r a l  

a n a ly s is  param eters can be a t t r ib u te d  to  o p e ra to r e r ro r  and sampling 

program d e s ig n . Sampling b ia s  may a ls o  be in troduced  in  th a t  th e  

th ic k n e ss  o f  th e  sediment c o lle c te d  may n o t re p re se n t th e  t r u e  

th ic k n e ss  o f  sedim ent under swash a c t i v i t y  a t  th a t  tim e. No e f f o r t s

were made to  ev a lu a te  the  e f f e c ts  o f  th e  sam pling e r ro r .

Laboratory Methods

A ll samples were ovendried and i n i t i a l l y  s p l i t  w ith  a - r i f f l e

s p l i t t e r  to  a llow  fo r  p resence o f g ra v e l- s iz e  p a r t i c l e s .  I f  a

g ra v e l- s iz e  f r a c t io n  e x is te d , th e  sample was s p l i t  to  20 grams and 

th en  hand-sieved  to  sep a ra te  th e  g ra v e l and sand f r a c t io n s .  The 

f r a c t io n  re ta in e d  on th e  -1 .0 0  p h i s ie v e  was ca ta loged  fo r  l a t e r  

a n a ly s is .  The san d -s iz e  f r a c t io n  was reweig'ned to  in su re  a  15-20 

gram q u a n tity . Sediments lack ing  any g ra v e l- s iz e  g ra in s  were 

t r a n s fe r r e d  to  a  m ic ro s p l i t te r  and s p l i t  to  a  15-20 gram f r a c t io n .

The p repared  sample was analyzed by a  Benthos Model 341U 

Rapid Sediment Analyzer (F igure  1 0 ). The Benthos RSA i s  p a tte rn e d  

a f t e r  th e  Woods Hole Sediment Analyzer (Z e ig le r , W hitney, and
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Hayes, I9 6 0 ) . The RSA is  designed to  p rocess la rg e  numbers o f 

samples and analyze  them according to  n a tu ra l  c o n d itio n s . The 

measurement o f  th e  g ra in s  i s  by a  p re ssu re  d i f f e r e n t i a l  between two 

columns o f w ater having a common h y d rau lic  head. The change caused 

by th e  in tro d u c tio n  o f  th e  sedim ent w ith in  one o f the  columns i s  

measured by a w ater p re ssu re  tra n sd u ce r w ith  th e  output fed to  a 

H ew lett-Packard X-Y re c o rd e r . The s iz e  d is t r ib u t io n  a n a ly s is  i s  

based on th e  d e n s i ty ,  a n g u la r i ty , and volume (S ch lee , 1966).

Each 15-20 gram sample was s p l i t  in to  equal p o rtio n s  to  perm it 

a t  l e a s t  two s iz e  analy ses per sample. The sample was p laced  on th e  

in tro d u c tio n  g a te  o f th e  RSA and m oistened to  p rev en t any prem ature 

f a l l in g  o f th e  g r a in s .  The in tro d u c tio n  ga te  was th en  in v e rted  onto 

th e  w ater column. A m icrosw itch in  th e  in tro d u c tio n  gate  a c t iv a te s  

th e  X-Y re c o rd e r  and th e  tim e base sweep a t  a r a t e  o f  2 sec/cm .

The curve produced on th e  X-Y reco rd e r d isp lay ed  p re ssu re  versus 

f a l l  tim e which can be in te rp re te d  by f a l l - r a t e  p a r t i c le - s i z e  

ta b le s  (F igure  1 1 ).

The curves were in te rp o la te d  th rough  th e  i n i t i a l  w ater d is 

tu rbances and re p re se n t a  100$ frequency curve. The 16, 50, and 84 

p e rc e n t i le s  were lo c a te d  on th e  curve by th e  use o f  a  Gerber v a r ia b le  

s c a le  which s e le c ts  100 equal d iv is io n s  o f a l in e  a t  one s e t t in g .  

Reading th e  p h i u n i ts  from th e  curves was f a c i la te d  by th e  use o f  a  

s iz e - tim e  o v e rla y . The overlay  used was p a tte rn ed  a f te r  th a t  

dev ised  by Schlee (1966) which i s  c a lib ra te d  in  term s o f th e  

Wentworth s c a le  from co rrec ted  f a l l  t im e s . The overlay  was made 

o f tra n sp a re n t p l a s t i c  sh ee t w ith  v e r t i c a l  l in e s  corresponding to
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Figure 10. Benthos Rapid Sediment Analyzer

th e  f a l l  tim es . The o v e rlay  was p laced  over th e  s iz e  d is t r ib u t io n  

curve w ith  th e  zero p o in t o f  th e  o v e rlay  co in cid ing  w ith th e  p o in t 

o f  in s ta n t  sedim ent in tro d u c tio n . The 16 ,50 , and 84 p e rc e n ti le s  were 

read  and recorded in  p h i u n i t s .  Using Schlee (1966) f a l l  tim e s ,

S w ift and Sanford (1970) compared g ra in  s iz e  d is t r ib u t io n  by means 

o f a  Benthos Rapid Sediment Analyzer and s ie v in g . Their re p o r t  

showed th a t  th e  RSA o v erestim ates  th e  mean diam eter of f in e  samples 

and underestim ates  th e  d iam eter o f  coarse  samples r e la t iv e  to  

s ie v in g  and th a t  Schlee*s (1966) o v e rlay  overcompensates fo r  

a c c e le ra t io n  due to  g ra in  in te r a c t io n .  T h erefo re , Swift and 

Sanford (1970) m odified th e  f a l l  tim es to  f i t  th e  Benthos Rapid 

Sediment A nalyzer. This m o d ifica tio n  o f the  f a l l  tim es is  

a p p lic ab le  to  experim entation  where ab so lu te  values o f the  t e x tu r a l
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p aram eters  i s  d e s ire d . The a b so lu te  va lues o f  th e  t e x tu r a l  p a ra 

m eters in  t h i s  study  a re  not as  c r i t i c a l  as i s  th e  re p ro d u c a b ility  

o f  th e  p a ram ete rs . Thus, th e  te x tu r a l  param eters ob tained  by th e  

use o f  S c h le e 's  (1966) o v erlay  a re  a c c e p ta b le . Reproduction o f  th e  

curves was e x c e lle n t .

Due to  s e n s i t iv i ty  o f  th e  w ater p re ssu re  tra n sd u c e r , any back

ground n o ise  e n te r in g  th e  la b o ra to ry  was recorded on the X-Y re c o rd e r . 

When t h i s  o ccu rred , th e  a n a ly s is  was d isreg ard ed  and a  new sample was 

p rep a red . O peration time was 3-4  m inutes fo r  p re p a ra tio n  and a n a ly s is  

o f  a sample and 1-2 m inutes f o r  in te r p r e ta t io n  o f th e  curve in  p h i 

u n i t s .

The sedim ent f r a c t io n  g r e a te r  th an  -1 .0 0  p h i was hand sieved  

a t  ^  p h i in te r v a l s .  Raw w eights o f  th e  samples were measured on an 

Ainsworth R ig h t-a -S ca le  to  th e  n e a re s t  0 .001 gram. The s iz e  f r a c t io n  

re ta in e d  on each s iev e  was weighed and reco rd ed .

Computation o f  t e x tu r a l  param eters

A F o rtran  IV program was w r i t te n  to  c a lc u la te  th e  g ra in  s iz e  

param eters from th e  16 ,50 , and 84 p e rc e n t i le s  (Appendix C). The 

p e rc e n t i le s  were keypunched on an IBM 029 keypunch and analyzed on 

a PDP-10 com puter. The g rap h ic  method as i l l u s t r a t e d  by Folk and 

Ward (1957) was se le c te d  as th e  p rocedu re  o f  c a lc u la tin g  th e  g ra in  

s iz e  p a ram ete rs . The g raph ic  method measures th e  c e n tr a l  p o rtio n  

(68%) o f  a  normal d is t r ib u t io n  cu rv e . The s e le c tio n  o f t h i s  method 

i s  based on th e  assum ption th a t  any s ig n if ic a n t  r e la t io n s h ip  between 

p h y s ic a l lak e  co n d itio n s  and g ra in  s iz e  param eters would be  ev id en t 

in  th e  c e n tr a l  p o r tio n  o f  th e  c u rv e . McCammon (1962) d iscu ssed  th e
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e ffic ien cy  o f the  graphic method o f determ ining mean s ize  and s o r t in g . 

His re s u l ts  show th a t  the graphic mean i s  evaluated a t  88$ e f f ic ie n t  

and graphic standard dev ia tion  a t 54$ e f f ic ie n t .  Thus, e ffic ie n cy  

improves as more of the  t a i l  of the sample i s  taken in to  account.

The g ra in  s iz e  param eters computed were the  graphic mean, the  

g raph ic  s tandard  d e v ia tio n  and the g rap h ic  skewness (Folk, 1968):

1) Graphic Mean = 016 + 050 + 084
3

2) Graphic Standard D eviation = 084 -  016
2

3) Graphic Skewness = 016 + 084 -  2050
(084 -  016)

A F o rtran  IV program was w ritte n  to  c a lc u la te  th e  average 

o f th e  two s e ts  o f  values ob tained  fo r  each sam ple. Appendix B 

l i s t s  th e  g ra in - s iz e  param eters a f£ e r  t h i s  f in a l  averaging ca lcu 

la t io n .

A nalysis o f  samples by two d i f f e r e n t  methods (s iev in g  and 

s e t t l i n g  tu b e ) poses d i f f i c u l t i e s  in  o b ta in in g  th e  a c tu a l g ra in -  

s iz e  p a ram ete rs . No e f f o r t  was made in  t h i s  s tudy  to  combine th e  

r e s u l t s  o f  th e  two an alyses in to  a s in g le  g ra in -s iz e  d is t r ib u t io n .

Net e ro s io n  and d e p o sitio n

Net e ro s io n  and d e p o s itio n  were determ ined from lo n g itu d in a l 

p r o f i le  p lo ts  o f the fo resho re  zone. The p r o f i le s  were drawn on a 

1 :2  s c a le  f o r  two consecu tive  o b serv a tio n  p e r io d s . The p ro f i le s  

were superimposed w ith  the  a re a  between th e  p r o f i l e s  determ ined by 

a  p la n im e te r . King (1966) defines th e  a re a  between superinposed
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p r o f i l e s  as th e  sweep zone. King a lso  s ta t e d  th a t  a  narrow sweep 

zone in d ic a te s  s ta b le  s t a t e  o f eq u ilib riu m  under th e  tem porary 

wave co n d itio n s  whereas a  wide sweep zone in d ic a te s  an u n stab le  

s t a t e  o f  eq u ilib riu m  (F igure  1 2 ). This d e f in i t io n  w i l l  be used 

to  determ ine th e  s t a t e  o f  eq u ilib riu m  o f th e  fo re sh o re  zone under any 

given wave co n d itio n .

A t o t a l  o f 13 fo resh o re  param eters were ob ta ined  from f ie ld  

and la b o ra to ry  re se a rc h . The param eters in c lu d e  mean g ra in  s iz e ,  

s o r t in g ,  and skewness o f th e  plunge s te p ,  m id -fo resh o re , and upper- 

fo resh o re  sedim ents. Also inc luded  a re  fo resh o re  s lo p e , fo reshore  

w id th , n e t  e ro sio n  and d e p o s it io n , and m ig ra tio n  o f  plunge s te p .
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2 U*l

1 Swtcp  Zoo*

c r o s io n o l  Sweep Zone

Woier  Table in teMtction  
Zone ct Sotu rn lion

J u l y 6 ,  0 o m 

\ Ju ly  7, 0 p m  
Ju ly  7, 8 o m

l  o n *  of So iu ro l io n

Ju 'y  D . o o m  
Ju ly  8, 0 pm 
Ju ly  9 , 8  om

Ju ly  9 .  8  om
J u ly  9 ,  6 pm
JUI, 10, 8 om

Plunge S tep

F ig u re  12. Superim posed lo n g i tu d in a l  p r o f i l e s  f o r  d e p o s i t io n a l  and e ro s io n a l  c o n d itio n s  
a t  p r o f i l e  lo c a t io n  B.
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ANALYSIS OF OBSERVATIONAL DATA

Evaluations o f q u a n tita tiv e  da ta  can only be expressed by the 

use of s t a t i s t i c a l  a n a ly s is . S t a t i s t i c a l  techniques must be so 

designed as to  answer c e r ta in  questions posed by the  experim ent.

The q u estio n s  to  be answered by th e  s t a t i s t i c a l  a n a ly s is  o f  t h i s  

study  a re :

1) I s  th e re  any s ig n i f ic a n t  v a r ia t io n  between th e  response 
measurements made on th e  a d jacen t p r o f i l e  lo c a t io n s  o r  
can the  measurements be combined in to  a  s in g le  
measurement?

2) To what degree a re  th e  p ro cess  param eters in te r r e la te d
and to  what degree a re  th e  response param eters i n t e r 
re la te d ?  I s  th e re  any s ig n if ic a n t  c o r re la t io n  between
th e  p ro cess  and response  param eters?

3) Can a  com bination o f  p ro cess  param eters b e t t e r  ex p la in
th e  v a r ia t io n  o f th e  response  param eters and in  what 
o rd e r o f  s ig n if ic a n c e ?

The p ro cesses  and responses show a l in e a r  re la t io n s h ip  and 

th e re  i s  no reason  to  assume a  n o n - lin e a r  r e la t io n s h ip .  S e a t te r -  

grams o f a  s e le c te d  p ro ce ss  v a r ia b le  and c e r ta in  response measure

ments show th a t  a lthough  d is p e rs io n  o ccu rs , a l in e a r  r e la t io n s h ip  

seems to  be p re se n t (F igure  1 3 ).

In th e  ev a lu a tio n  o f  th e se  complex v a r ia b le s ,  th e  m an ipu la tions 

chosen were th e  a n a ly s is  o f  v a r ia n c e , l in e a r  c o r r e la t io n ,  and l in e a r  

stepw ise  re g re s s io n . The a n a ly s is  o f  v a rian ce  (L ib ra ry  Program 

# 1 .9 1 ), l in e a r  c o r re la t io n  (L ib ra ry  Program # 1 .2 1 ), and l in e a r  

s tepw ise  re g re s s io n  (L ib ra ry  Program #1.81) were w r i t te n  by th e  

s t a f f  o f  th e  Computer C en ter, W estern Michigan U n iv e rs ity  and 

computed on a  PDP-10 computer.

35
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A nalysis o f  Variance

The a n a ly s is  o f v a riance  i s  a  two-way c la s s i f i c a t io n ,  random 

e f f e c ts  model w ith  no r e p l ic a t io n s . The fa c to rs  o f v a r ia t io n  a re  

p re /f ile  lo c a t io n , ob serv a tio n  tim e , and in te ra c t io n  o f p r o f i l e  

lo c a t io n  and tim e . The com putations involved determ ining the  sum 

o f squares ( s . s . )  o f  th e  d e v ia t io n s  o f th e  o b servations minus th e  

a r ith m e tic  mean ( (x-X) ) ,  degrees o f  freedom o r  number o f  o b ser

v a tio n s  minus one (N - l) , and mean square o r v a rian ce  (<I2 ) which is  

defined  as th e  sum o f square d iv id ed  by th e  degree of freedom 

( ) Table 1 shows th e  F - ra t io  and v arian ce  components

a sso c ia ted  w ith  th e  d a ta  o f th e  mean g ra in  s iz e  a t  th e  plunge 

s te p .  Where T i s  o b se rv a tio n a l tim e , L i s  p r o f i l e  lo c a tio n  and 

TL i s  the  r e s id u a l  f a c to r .

TABLE 1

ANALYSIS OF VARIANCE FOR MEAN GRAIN SIZE OF PLUNGE STEP

SOURCE

SUN
OF

SQUARES

DEGREE
OF

FREEDOM
KEAN

SQUARE F-RATIO VARIANCE COMPONENTS

T 2.656 58 0.045
2 2

2.789 37.4  (c?2+(N-J J ^ )

L 0.028 2 0.014 0.862 fc jr/tfT2L) 0 .0  (<s2+(N -1)lc2 )

TL 1.904 116 0.016 62.6 (62)

TOTAL 4.588 176

The F - ra t io  was se le c te d  a t  a lp h a  equal to  0.05 to  determ ine i f  

s ig n if ic a n t  v a r ia t io n  e x is te d  between p r o f i l e  lo c a t io n  and o b serv a tio n  

tim e . The v a rian ce  component i s  expressed as a  percen tage  o f
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v a r ia t io n  a s so c ia te d  w ith  each f a c to r  (Krutrbein and M ille r , 1953).

The a n a ly s is  o f v a rian ce  fo r  th e  13 fo re sh o re  param eters measured 

shows no s ig n if ic a n t  v a r ia t io n  when th e  p r o f i le s  a re  t r e a te d  

c o l le c t iv e ly .  Thus v a r ia t io n  between lo c a tio n s  along th e  beach is  o f  

l i t t l e  s ig n if ic a n c e  when compared to  th e  v a r ia t io n  from measurement 

p e rio d  to  measurement p e r io d . S im ila r  r e s u l t s  were rep o rted  by 

Krumbein (1961) and Dolan (1965). This a n a ly s is  enabled th e  fo resh o re  

measurements a t  each p r o f i l e  lo c a t io n  to  be combined in to  a  s in g le  s e t  

o f  measurements p e r  12-hour p e rio d .

Each fo resh o re  param eter en tered  th e  a n a ly s is  o f  v a riance  and th e  

source  o f v a r ia t io n  o f each param eter was in v e s t ig a te d . Two in te r e s t in g  

v a r ia t io n s  r e s u lte d  from th i s  a n a ly s is .  The mean g ra in  s iz e  o f the  mid

fo resh o re  and u p p er-fo resh o re  samples showed no s ig n if ic a n t  v a r ia t io n  as 

to  p r o f i l e  lo c a tio n  o r tim e suggesting  th a t  th e  source o f v a r ia t io n  i s  

co n trib u te d  by fa c to rs  no t taken  in to  c o n s id e ra tio n . The re s id u a l  (TL) 

component o f  v a riance  fo r  th e  m id -fcresho re  and upper-fo resh o re  samples 

i s  99/o and 89$, re s p e c tiv e ly . In  co n clu sio n , th e  v a r i a b i l i ty  o f  th e se  

two param eters must be accounted fo r  by some source o th e r than  p r o f i le  

lo c a t io n  o r  tim e . Perhaps p h y s ic a l la k e  co n d itio n s , swash zone 

dynam ics, o r b ia s  in  sampling design a re  re sp o n s ib le .

S o rtin g  values ob ta ined  from the  m id-fo reshore  samples do show 

s ig n i f ic a n t  v a r ia t io n  as  to  p r o f i l e  lo c a tio n  and tim e . The p r o f i l e  

lo c a t io n  component o f  v a rian ce  (M) accounts fo r  only 2% o f  th e  t o t a l  

v a r i a b i l i t y  however, th e  tim e component o f  v a rian ce  accounts fo r  43 

p e r  c e n t. Although no l im its  were determ ined f o r  th e  component o f 

v a r ia n c e , th e  sm all percen tage  o f  th e  p r o f i l e  lo c a t io n  v a r ia t io n  

perm its  th e  hypo thesis  o f  a  s in g le  measurement to  be accep ted .
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A s im ila r  a n a ly s is  o f  v a ria n ce  was computed fo r  th e  n in e  beach 

p ro cesses . The program was designed to  t e s t  the  v a r ia t io n  between 

day (24-hour p e rio d ) and hour (2 -hour p e rio d ) sampling p e r io d s . A ll 

n ine beach p rocesses e x h ib ited  s ig n if ic a n t  v a r ia t io n  during  a 24-hour 

p e r io d . Based on th e  a n a ly s is  o f  v a ria n ce , the  beach p ro cesses  can 

be reduced to  a s in g le  s e t  o f measurements p e r 12-hour p e r io d . The 

re d u c tio n  o f  d a ta  excludes th e  s ig n if ic a n c e  o f  tim e -la g  o f the p ro cesses  

to  th e  responses and o p e ra tes  on an in stan taneous p ro cess-re sp o n se  

system . H arrison  (1969) d e riv ed  p re d ic to r  equations fo r  fo resh o re  

changes by using  a  tim e-lag  o f p ro cesses  to  resp o n ses; fo r  example, 

a 3-hour tim e -la g  in  the  r a t io  o f  wave runup /hyd rau lic  head to  the  

n e t change o f  q u a n tity  o f  fo resh o re  sand.

Appendix D l i s t s  the  a n a ly s is  o f  v a rian ce  fo r  th e  p ro cess  and 

response p a ram ete rs . F - ra t io s  and th e  component o f  v a r ia n c e  a re  a lso  

in c lu d ed .

L inear C o rre la tio n

The l in e a r  c o r re la t io n  program measures th e  re la t io n s h ip s  o f 

m utually  e x c lu s iv e  p a ir s  o f  v a r ia b le s .  The Fearson product-moment 

method was s e le c te d  fo r  th e  l in e a r  c o r re la t io n  s in c e  a c tu a l 

q u a n ti t ie s  a re  m easurable (Snedecor and Cochran, 1967). The 

c a lc u la tio n  i s  in  th e  form o f  th e  c o e f f ic ie n t  o f  c o r re la t io n  ( r )  

which measures th e  degree o f  a s so c ia tio n  between two v a r ia b le s  and 

the  c o e f f ic ie n t  o f  d e te rm in a tio n  ( r ^ ) . The l a t t e r  shows th e  p ro 

p o r tio n  o f  th e  v a r ia t io n  o f  th e  Y v a r ia b le  a t t r ib u ta b le  to  th e  

a s s o c ia tio n  w ith  th e  X v a r ia b le .  A s tu d en t nt n t e s t  was a lso  

computed t o  determ ine th e  le v e l  o f  s ig n if ic a n c e . Using s tan d ard
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s t a t i s t i c  ta b le s  (Snedecor and Cochran, 1967)» a. t-v a lu e  o f 2.004 and 

a  c o e f f ic ie n t  o f c o r re la t io n  o f  0.255 o r g re a te r  i s  s ig n if ic a n t  a t  95 

p e rc en t l e v e l .

The flow  ch a rt (F igure  2 ) c le a r ly  d e fin e s  the  in te r r e la t io n  o f 

th e  p ro cess  p a ram ete rs . A summary o f  th e  v a lues fo r  beach p rocesses 

i s  in  Table 2 and th e  degree o f a s s o c ia tio n  ( r )  i l l u s t r a t e d  in  Table 3 .

TABLE 2

SUMMARY OF NEARSHORE PROCESSES

PROCESSES HICH VALUE LOW VALUE MEAN VALUE

WIND SPEED 30.2 nph 0 .0  mph 7.16 mph
BAROMETRIC PRESSURE 30.22 in 29.61 in 29.89 in
LAKE LEVEL 1.48 f t 0.13 f t 0 .38  f t
GROUNDWATER LEVEL 2.75 f t 0.73 f t 1.06 f t
BREAKER PERIOD 6.91 sec 1 .60  sec 3.14 sec
BREAKER HEIGHT 3 .50  f t 0.05 f t 0.'84 f t
BREAKER ANGLE -49 .0° 0 .0 ° -1 .8 1 °
LONGSHORE CURRENT 3.73 f t /s e c 0 .0  f t /s e c 0.02 f t /s e c

VELOCITY

As expected , s trong  neg ativ e  c o r r e la t io n  e x is ts  between barom etric  

p re s su re  and the  wave param eters and groundw ater le v e l .  G enerally  w ith  

f a l l i n g  b aro m etric  p re s su re , th e re  i s  an in c re a se  in  th e  b re a k e r h e ig h t 

and wave p e r io d , w ith  a subsequent r i s e  in  th e  groundwater l e v e l .

E igh ty  p e rcen t o f  th e  in c re a se  in  groundw ater can be a t t r ib u te d  to  an 

in c re a se  in  b re a k e r he igh t and wave p e rio d  as determ ined from th e  

c o e f f ic ie n t  o f de term ina tion  ( r 2 ) (T able 3 ) .  The b reak er angle s h i f t s  

to  th e  northw est g en era tin g  a  longshore c u rre n t d ire c t io n  to  the  

sou th  (Fox and D avis, 1970a, 1971)- At th e  p o in t o f  b reak er angle 

r e v e r s a l ,  th e  longshore cu rren t v e lo c i ty  decreases u n t i l  th e  new 

longshore  c u rre n t d ire c t io n  i s  gen era ted  (F igure  15D). Wave type
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GROUNDWATER
LEVEL

TABLE 3

CORRELATION MATRIX FOR NEARSHORE PROCESSES INTERACTION 

X1 *2

WIND SPEED X1

BAROMETRIC x2 , nn
PRESSURE “x ,uu

LAKE LEVEL X3

x4

WAVE TYPE X5

BREAKER PERIOD X6

BREAKER HEIGHT X7

LONGSHORE 
CURRENT VELOCITY

x 3 X4 X5 x 6 X? x 8 X9

•0 .02 0 .6 8 - 0 .5 5 0 .6 0 0 .8 0 - 0 .0 1 0 .1 7

0 .1 2 - 0 .6 8 0 .4 8 - 0 .4 9 - 0 .6 3 0 .0 3 - 0 .0 5

1 .0 0 0 .2 0 0 .1 1 0 .2 9 0 .2 2 0 .0 3 0 .2 7

1 .0 0 - 0 .6 0 0 .8 5 0 .9 1 0 .3 3 0 .3 9

1 ,0 0 - 0 .4 3 - 0 .5 9 - 0 .1 1 - 0 .1 0

l.C O 0 .9 0 0 .3 5 0 .4 6

1 .0 0 0 .2 5 0 .4 0

1 .0 0 0 .7 6BREAKER ANGLE X8

X9 1 .00
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tran sfo rm s from su rg ing  to  s p i l l in g  waves w ith decrease  in  b a ro m etric  

p re s su re  (F igures 14A and 15A). The maximum energy con d itio n s  a re  

reached a f t e r  barom etric  p re ssu re  has reached i t s  low p o in t and beg ins 

to  r i s e .  Lake le v e l  shows s ig n if ic a n t  c o r re la t io n  w ith  wave p e r io d  

and i s  r e la te d  to  th e  long  p e rio d  storm sw ells  p i l in g  w ater a g a in s t  

th e  e a s te rn  sho re  o f  th e  la k e .

The fo resh o re  zone shows a  tendency to  respond as a u n i t  to  th e  

beach p ro cesses  y e t  each s e c tio n , low er, m iddle, and upper, d isp la y s  

some degree o f  independence. Foreshore response param eters a re  

summarized in  Table 4 and th e  c o r re la t io n  m atrix  fo r  the  in te r a c t io n  

o f  th e  fo re sh o re  response  param eters i s  shown in  Table 5 • T ex tu ra l 

param eters o f  the  fo re sh o re  sedim ents show a g rad a tio n  in  mean s iz e  

and s o r t in g  w ith  th e  f in e s t  and b e s t  so r te d  sedim ents a t th e  upper 

fo re sh o re  (F igu re  1 6 ). The sedim ents a re  n e g a tiv e ly  skewed a t  th e  

plunge s tep  and p o s i t iv e ly  skewed a t  th e  upper "fo resho re  (F igu re  1 6 ) . 

S ig n if ic a n t  p o s i t iv e  c o r re la t io n  between g ra in  s iz e  a t  each s a npl in g  

lo c a t io n  r e f l e c t s  th e  tre n d  o f the fo resh o re  to  respond as a  u n i t  w ith  

th e  mean g ra in  s iz e  o f  th e  m id-foreshore and uoper-fo resho re  sedim ents 

showing th e  s tro n g e s t c o r re la t io n  (Table 5)* S o rting  and skewness 

d isp la y  s tro n g  p o s i t iv e  c o rre la tio n  ac ro ss  th e  fo resh o re . W ithin each 

san p lin g  lo c a t io n ,  mean g ra in  s iz e  and s o r tin g  show the  s tro n g e s t 

p o s i t iv e  c o r re la t io n  a t  th e  plunge s tep  (Table 5 )• The c o r re la t io n  

d ecreases  across the  fo resh o re  w ith  no c o r re la t io n  ev ident between 

mean g ra in  s iz e  and s o r tin g  in  th e  u p p er-fo resh o re  (Table 5)•

S o rtin g  and skewness e x h ib it  s ig n if ic a n t  c o r re la t io n  a t  each lo c a t io n .  

As th e  mean g ra in  s iz e  becomes f i n e r ,  s o r t in g  i s  b e t t e r  (F igu re  1 6 ) .
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TABLE 4

SUMMARY OF FORESHORE PARAMETERS

PARAMETER

MEAN GRAIN SIZE 
AT PLUNGE STEP 

SORTING AT 
PLUNGE STEP 

SKEWNESS AT 
PLUNGE STEP 

MEAN GRAIN SIZE AT 
MID-FORESHORE 

SORTING AT 
MID-FORESHORE 

SKEWNESS AT 
MID-FORESHORE 

MEAN GRAIN SIZE 
AT UPPER FORESHORE 

SORTING AT '
UPPER FORESHORE 

SKEWNESS AT
UPPER FORESHORE

FORESHORE SLOPE

FORESHORE WIDTH

NET EROSION AND 
DEPOSITION

MIGRATION OF 
PLUNGE STEP

HIGH VALUE

1.540

0.530

-0 .29

1.440

0.450

- 0.26

1.660

0.370

-0 .24

13.0°

27.0  f t

-9 .03  f t 2 

-4 .23  f t

LOW VALUE

0.830

0.290

0.00

1 .070

0.220 

0.00

1 .400

0.200 

0.00

7 .0 °

4 .0  f t

0 .04  f t 2 

0 .00  f t

MEAN VALUE

1.140

0.390

-0 .09

1.260 

0.320

-0 .05

1.540

0.270

0.03

10.0°

12.5 f t  

-0 .39  f t 2 

-0 .05  f t
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TABLE 5

CORRELATION MATRIX OF FORESHORE PARAMETERS INTERACTION

*1 *2 Y3 *4 Y5 *6 Y7 *8 Y9 Yio *11 *12 *13

MEAN GRAIN SIZE 
AT PLUNGE STEP Y1 -1.00 -0.30 0.21 0.26 0.14 0.21 0.28 0.18 0.27 0.47 0.52 -0.42 0.23

SORTING AT 
PLUNGE STEP Y2 1.00 -0.70 -0.33 0.65 -0.54 -0.12 0.42 -0.36 0.01 0.25 0.04 0.07

SKEWNESS AT 
PLUNGE STEP *3 1.00 0.34 -0.53 0.52 0.28 -0.29 0.34 0.16 -0.09 -0.12 -0.22

MEAN GRAIN SIZE 
AT KID-FORESHORE V 1.00 -0.47 0.28 0.55 -0.27 0.24 0.00 -0.12 -0.07 0.05

SORTING AT 
MID-FORESHORE Y5 1.00 -0.47 -0.17 0.72 -0 .49 0.29 0.60 -0.23 0.08

SKEWNESS AT 
MID-FORESHORE *6 1.00 0.41 -0.21 0.37 0.25 0.02 -0.12 0.10

MEAN GRAIN SIZE 
AT UPPER FORESHORE Y? 1.00 -0.10 0.22 0.13 0.00 -0.05 0.04

SORTING AT UPPER 
FORESHORE *8 1.00 -0.43 0.51 0.52 -0.43 -0.16

SKEWNESS AT UPPER 
FORESHORE *9 1.00 0.04 -0.07 -0.07 0.16

FORESHORE SLOPE *10 1.00 0.61 -0.35 -0.19

FORESHORE WIDTH *11 1.00 - 0.32 0.16

MIGRATION O F Y
PLUNGE-STEP 1 3  1 . 0 0  ^
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Figure 16. V a ria tio n  o f  th e  fo resh o re  t e x tu r a l  
param eters w ith  tim e.
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Strong c o r r e la t io n  i s  ev iden t between th e  fo resh o re  geometry 

param eters: w id th , s lo p e , and erosion  and d e p o s it io n . As th e  fo re 

shore in c re a se s  in  w id th , the  fo reshore  s lope  steepens and n e t e ro sio n  

occurs under in c re a s in g  wave a c t iv i ty  (F igures 15 and 1 7 ). A narrow 

fo resh o re  zone i s  a sso c ia te d  w ith a f l a t  fo resh o re  slope and n e t 

accum ulation (F igu re  1 7 ). In an e ro s io n a l response o f th e  fo re s h o re , 

the  i n i t i a l  a re a  o f  e ro s io n  i s  th e  lower fo re sh o re , approxim ately  th e  

inshore margin (F ig u re  18, Ju ly  8 , 8 am). The upper fo resho re  i s  le s s  

responsive to  e ro s io n  and r e s u l ts  in  a s teepen ing  o f  th e  fo resh o re  

s lo p e . With an in c re a s in g  fo reshore  w id th , th e  a rea  o f  maximum volume 

o f erosion  moves p ro g ressively ' ac ross th e  fo re sh o re , s im ila r  to  

S t r a h le r 's  (1966) fin d in g s  during a t i d a l  cycle  (F igure 18, Ju ly  8 to  

9 ) .  A wave-cut berm develops a t  th e  upper fo re sh o re  (F igure 18, Ju ly  

8 , 8 pm), w ith  a  concen tra ted  band o f heavy m inera ls  (F igure 1 9 ).

Once th e  fo resh o re  s lope  approaches 11 to  12 d eg rees , th e  s lope  ten d s  

to  s t a b i l i z e  and th e  a rea  o f e ro sio n  s h i f t s  to  th e  upper fo resh o re  

(F igure 18, Ju ly  8 , 8 pm to  9,  8 pm). The fo resh o re  responds by 

developing a  p la n a r  upper fo resho re  (F igures 19, Ju ly  9> 8 pm, 2 0 ) .

The maxi mum volume o f  erosion  o f th e  fo resh o re  precedes the  p la n a r  

s tag e  o f th e  e ro s io n a l sequence. In  a d e p o s it io n a l sequence i n i t i a l  

accum ulation is  a t  th e  lower fo re sh o re , th u s  f la t te n in g  th e  fo re 

shore slope w ith  a  narrow fo resho re  w idth (F igure  2 1 ).

A nalysis o f  th e  te x tu r a l  param eters and fo resh o re  geometry 

in te ra c t io n  in d ic a te s  th a t  s o r tin g  o f m id -fo reshore  and upper- 

fo resho re  sedim ents shows th e  s tro n g e s t p o s i t iv e  c o r re la t io n  w ith  

the  fo resh o re  geometry param eters (F igu res 16 and 17 ). As th e  

fo reshore  w idth and slope in c re a se s , s o r t in g  becomes po o re r ac ro ss

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  19. Wave-cut benr. and heavy r.L- 
d ep o sit a t  upper foresr^r--

F ig u re  20.. P lanar upper fo resh o re  durin ; ar. 
e ro s io n a l sequence
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Figure 19. W ave-cut berm and heavy m in era l 
d e p o s it  a t  upper fo resh o re

F igure  20 . P la n a r  upper fo resh o re  during  an 
e ro s io n a l sequence
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the  fo re sh o re . The only c o r re la t io n  between mean g ra in  s iz e  and the  

fo resh o re  geometry i s  a t  the p lunge s te p . The sedim ents e x h ib it  a 

p o s i t iv e  c o r re la t io n  w ith  th e  fo resh o re  geometry.

The l in e a r  c o r re la t io n  a n a ly s is  was a lso  computed to  determ ine 

the  n earsho re  p ro c e ss -fo re sh o re  response in te r a c t io n .  Table o g ives 

the c o r re la t io n  m a trix  fo r  th e  in te r a c t io n  o f  the p ro cess  and response 

p a ram ete rs . The s tro n g e s t c o r re la tio n  i s  between p h y s ic a l lake  

co n d itio n s  and fo resh o re  geom etry. The fo resho re  w idth r e f l e c t s  the  

energy cond itions p re v a il in g  a t  t h a t  p a r t ic u la r  tim e as ex h ib ited  by 

the  s tro n g  c o r re la t io n  between fo resh o re  w idth and th e  wave p a ra 

m eters (F igures 15 and 17C). C orrespondingly , fo resh o re  s lope  e x h ib its  

s tro n g  c o rre la tio n  w ith  wave param ete rs . Net e ro sio n  and d ep o sitio n  

is  s ig n if ic a n t ly  c o rre la te d  w ith  th e  b reak er ang le  and th e  longshore 

cu rre n t v e lo c i ty  (F igu res 15D and 17D). G en era lly , n e t e ro sio n  

responds to  a northw est b reaker ang le  and a so u th e r ly  longshore 

c u rre n t v e lo c i ty .  The maximum volume o f  e rosion  occurred  during  

Ju ly  19 and 20 during  which tim e th e  maximum longshore  c u rren t 

v e lo c ity  was reco rd ed .

C onsidering th e  te x tu r a l  p aram eters , mean g ra in  s iz e  a t  the  

plunge s tep  shows s ig n if ic a n t  p o s i t iv e  c o r re la t io n  w ith  th e  p h y s ica l 

lake  c o n d itio n , th a t  i s  f in e  mean g ra in  s iz e  w ith  in c re a s in g  energy 

co n d itio n s  (F igures 15 and 1 6 ). S o rtin g  values a t  th e  plunge step  

in d ic a te  th a t  poo rer s o r t in g  is  a s so c ia te d  w ith h igh  energy. The 

anomalous re la t io n s h ip  o f  p o o re r s o r t in g  and f in e r  g ra in  s iz e  w ith 

high energy co n d itio n s  may be explained  by the  p ro cesses  o p e ra tin g  

on th e  fo resh o re . Mien high energy co n d itio n s  e x i s t ,  e ro s io n a l 

co n d itio n s  a re  o p e ra tin g  and th e  po o rly  so rte d  sedim ents exposed on

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 6

CORRELATION MATRIX OF NEARSHORE PROCESSES- 
FORESHORE RESPONSES

LONGSHORE
WIND BAROMETRIC LAKE GROUNDWATER WAVE BREAKER BREAKER BREAKFJt CURRENT

SPEED PRESSURE LEVEL LEVEL TYPE PERIOD HEIGHT ANGLE VELOCITY

w £  ptEAN GRAIN
0  I  SIZE

SORTING 

IjSKEWNESS 

§ 5  fMEAN GRAIN

$  ' J SIZE
|  S  SORTING

L.SKRV.NESS

3 S  f MEAN GRAIN 
“  “  1 SIZE

A  SORTLNG

(^SKEWNESS

SLOPE 

WIDTH

NET EROSION 
DEPOSITION

MIGRATION OF 
PLUNGE

I

0.38 -0.49 0.13 0.32 -0.15 0.27 0.35 -0.18 -0.03

0.08 0.00 0.22 0.27 -0.22 0.21 0.23 0.20 0.22

0.03 -0.06 -0.18 -0.06 0.04 -0.10 -0.08 0.01 -0.05

-0.02 0.09 0.13 0.00 0.20 0.00 -O.GO -0.10 -0.08

0.35 -0.45 0.25 0.48 -0.44 0.39 0.48 0.10 0.27

0.15 -0.07 -0.29 0.01 -0.04 0.05 0.02 0.10 0.02

0.10 -0.03 -0.02 0.02 -0.03 0.03 -0.01 -0.17 -0.10

0.22 -0.49 -0.01 0.45 -0.41 0.28 0.33 0.19 0.20

0.08 0.02 -0.17 -0.19 -0.01 -0.11 -0.11 - o .u -0.20

0.49 -0.60 -0.24 0.56 0.47 0.54 0.58 0.35 0.29
0.68 -0.70 0.19 0.83 -0,66 0.72 0.84 0.18 0.25

-0.18 0.31 0.06 -0.21 0.25 -0.04 -0.14 -0.25 -0.29

-0.04 0.0 0.27 -0.10 0.11 -0.05 0.04 0.21 -0.20
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th e  fo re sh o re  su r fa c e  may re p re se n t m ix tu res o f  p rev io u s ly  d ep o sited  

sedim ents an d /o r sedim ent in  t r a n s p o r t .  G ravel (F igure  22) occurs 

in  plunge s tep  sands during  high energy con d itio n s  and may re p re se n t 

th e  sedim ent under wave and swash a c t i v i t y ;  w hereas, the  sand may be 

reworked from p re v io u s ly  d eposited  sed im en ta tion  u n i t s .  Perhaps th e  

sedim ents 'exposed on th e  fo resho re  su rfa ce  a re  f in e r  because they  are  

dominated by p re v io u s ly  d ep o sited  f in e r  g rained  sedim ents reworked 

under e ro s io n a l c o n d itio n s .

The sam pling program design  and th e  sep a ra tio n  o f  the  sand and 

g rav e l may have c o n trib u te d  to  t h i s  anomalous r e la t io n s h ip .  The 

a n a ly s is  o f the  t e x tu r a l  param eters does in d ic a te  an in c re a se  in  the  

maximum g ra in  s iz e  o f  the  plunge s tep  sedim ents w ith in c re a s in g  energy 

co n d itio n s ; w hereas, the  sands e x h ib it  a f in e r  mean g ra in  s iz e .

L inear Stepw ise R egression

Expected responses o f  th e  fo resh o re  zone a re  ev iden t in  th e  

l in e a r  c o r re la t io n  a n a ly s is .  F i r s t ,  th e  fo reshore  geometry responds 

s ig n i f ic a n t ly  to  th e  p h y s ica l lak e  c o n d itio n s . High waves, long 

p erio d  waves, and a  northw est b reak e r angle a re  c lo se ly  r e la te d  to  a 

wide, s te e p ,  e roding  fo resh o re  zone. S im ila r ly , sm all waves, sh o rt 

p e rio d  waves, and a southw est b reak e r angle a re  a sso c ia te d  w ith  a 

narrow , f l a t ,  fo re sh o re . Secondly, th e  response o f th e  te x tu r a l  

param eters to  th e  p h y s ic a l lake c o n d itio n s  v a r ie s  a c ro ss  th e  fo re 

sh o re . G enerally  h igh  energy co n d itio n s  produce co arse , p o o rly  

so rte d  sedim ents a t  th e  plunge s tep  and poorly  sc r te d  sedim ents a t  

th e  upper fo re sh o re .

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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Foreshore geometry -  energy re la t io n s h ip s

A nalysis o f th e  p rocesses a c t in g  on the  fo re sh o re  s lope  in d ic a te s  

th a t  barom etric  p re s su re  is  th e  s tro n g e s t c o n tr ib u to r  to  v a r ia t io n  in  

fo resh o re  s lo p e . In  o rd e r o f  d ec rea sin g  s ig n if ic a n c e , b reak e r an g le , 

la k e  le v e l ,  and wave period  a lso  c o n tr ib u te  to  th e  t o t a l  exp lained  

v a r ia t io n .  F if ty -n in e  p e r cen t o f  th e  t o t a l  v a r ia t io n  o f  the fo re 

shore slope i s  exp lained  by th e  com bination of th e se  param eters 

(Table n) , whereas only 30 p e r  cen t o f  th e  v a r ia t io n  is  a sso c ia te d  

w ith  any s in g le  p ro c e ss . As th e  b reak er angle s h i f t s  to  th e  n o rth 

w est, r i s in g  lake  le v e l  and lo n g e r p e rio d  waves cause th e  fo resh o re  to  

s teep en  (F igures 140, 153,D, and 17D). This re la t io n s h ip  i s  co n tra ry  

to  Bascom’s (1951) s ta tem en t th a t  s lo p e  f la t t e n s  w ith  an in c re a se  in  

energy and steep en s w ith  decrease  in  energy . According to  King (1959), 

lo n g e r p eriod  waves w i l l  produce more swash w ith  a p ro p o r tio n a l in c rease  

in  th e  backwash, i f  p e rm e ab ility  rem ains c o n s ta n t. The r e s u l ta n t  is  a 

f la t te n e d  s lo p e . A r e la t io n s h ip  between wave p e rio d  and backwash 

volume vias observed , b u t no c o n s id e ra tio n  o f  the  n e t e ro sio n  and 

d e p o s itio n  in te r a c t io n  w ith the  fo resh o re  was made.

As mentioned in  th e  s e c tio n  on l in e a r  c o r r e la t io n ,  fo resh o re  

w idth  is  a good in d ic a to r  o f th e  p h y s ic a l lake  c o n d itio n s . The t o t a l  

exp lained  v a r ia t io n  (81%) i s  co n tr ib u te d  by fo u r p rocess p a ram ete rs . 

Breaker h e ig h t i s  th e  s tro n g e s t c o n tr ib u to r  and barom etric  p re s su re , 

wave ty p e , and lake le v e l  add s ig n if ic a n t  c o n tr ib u tio n s  (Table 7 ) .

With in c re a s in g  energy c o n d itio n s , b reak er h e ig h t, wave ty p e , and 

lak e  le v e l  in c re a se  th e  volume and landward e x te n t o f  w ater 

o p e ra tin g  on th e  fo resh o re  and th e  fo resho re  w idth  i s  th e  a re a  under

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 7

REGRESSION ANALYSIS AT F-VALUE OF 2 .0 0

FORESHORE PARAMETER BEACH PROCESSES IN ORDER OF SIGNIFICANCE R2 R F
T3
U  *—«

MEAN GRAIN SIZE B arom etric  P re s su re , Lake L evel, B reaker Angle .325 . 570 8 .6 8 ”
oM
in SORTING Groundwater L ev e l, B arom etric  P re ssu re .134 .367 4 .2 8 *
•-3

SKEWNESS Lake Level .035 .188 2 .05

MEAN GRAIN SIZE Wave Type .041 .203 2 .41

H
D

-FO
f

SHORE

SORTING Groundwater L ev e l, Wave Type, Lake L evel, 
B arom etric  P re ssu re s

roCOco .619 11.20*

SKEWNESS lak e  Level .081 .292 5.22*

MEAN GRAIN SIZE No V aria b le s  E n tered 0 0 0
in T) 
32 W  
O  3J
S  1

SORTING B arom etric  P re s s u re , B reaker Angle, Wave Type, 
Wind Speed .344 .58? 6.98*

8
1

SKEWNESS Longshore C urren t V e lo c ity .041 .204 2.44

FORESHORE SLOPE B arom etric  P re s s u re , B reaker Ang]e, Lake L ev e l, 
B reaker P eriod .587 .766 18.86*

FORESHORE WIDTH B reaker H eigh t, B arom etric  P re s s u re , Wave Type, 
Lake Level .813 .901 57.81*

NET EROSION AND 
DEPOSITION

B arom etric  P re s s u re , Longshore C urren t V e lo c ity , 
E reaker P e r io d , Wave Type, Lake Level .335 .581 5.30*

MIGRATION OF 
PLUNGE STEP Lake L e v e l, Longshore C u rren t V e lo c ity  

* D enotes S ig n if ic a n c e  a t  95$ co n fidence  le v e l

.157 .396 5.14* cn



www.manaraa.com

59

wave in f lu e n c e .

The prim ary p rocess fa c to rs  ex p la in in g  th e  t o t a l  v a r ia tio n  o f n e t 

e ro sio n  and d e p o s itio n  a re  s im ila r  to  th e  param eters exp lain ing  

v a r ia t io n  in  fo resh o re  slope  and w id th . Barom etric p ressu re  i s  the  

s tro n g e s t c o n tr ib u to r  and longshore c u rren t v e lo c i ty ,  wave p e rio d , 

wave ty p e , and lake le v e l  a re  s ig n i f ic a n t  fa c to rs  (Table 7 ) .

F igures 16 and 18 show the  re la t io n s h ip  o f erosion  and d ep o sitio n  

to  th e  longshore c u r re n t .  With a n o r th e r ly  longshore c u rre n t, n e t 

d e p o s itio n  occurs on th e  fo re sh o re . In c o n tra s t ,  a so u th erly  long

shore c u rren t develops an e ro s io n a l response on th e  fo resh o re . During 

high energy o f Ju ly  14 and 15, th e  dominant longshore cu rren t v e lo c ity  

was to  the  n o rth  w ith  d e p o sitio n  o ccu rrin g  on th e  fo reshore . The 

maximum longshore cu rre n t v e lo c ity  during th e  study  period  developed a 

so u th e rly  d ire c t io n  on Ju ly  19 and 20, and more erosion  occurred than  

during any o th e r tim e during  th e  study p e rio d .

The a rea  d i r e c t ly  south o f th e  study a re a  has a beach w idth o f 

approxim ately  20 f e e t  w ith  high dunes a t  the  backshore (F igure 2 3 ).

With high energy c o n d itio n s , th e  swash runup is  re f le c te d  o f f  th e  base 

o f the  dunes w ith  backshore and dunal sedim ents in  tra n s p o r t .  In 

c o n tr a s t ,  a t  th e  wide beach o f th e  study a re a , the  swash te rm in a tes  

i t s  flow  and d e p o s its  th e  sedim ent in  tra n s p o r t  w ith  no apparent 

e ro sio n  by the backwash cy c le . The g en era l p r o f i le  co n fig u ra tio n  is  

s l ig h t ly  concave upward during  e ro s io n a l co n d itio n s  and convex during 

d e p o s it io n a l co n d itio n s  (F igure 2 4 ) . As the  backwash v e lo c ity  

approxim ates th e  swash v e lo c i ty ,  a  concave eq u ilib riu m  p r o f i le  develops 

(Longinov, in  Zenkovich, 1968, p .  272 ), because o f  backwash e ro s io n  o f 

th e  lower fo re sh o re . Backwash is  a fu n c tio n  o f  th e  volume o f th e  swashj
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Figure 23 Area im m ediately to  th e  south 
o f study a re a .

fo re sh o re  s lo p e , volume lo s t  to  i n f i l t r a t i o n ,  and e f f lu e n t from th e  

groundw ater. Longer period  waves in c re a se  th e  volume o f the  swash 

and th e  p ro p o r tio n a l backwash and s teep en  th e  fo reshore  slope; 

th e re fo re ,  th e  backwash v e lo c ity  approaches th e  swash v e lo c ity  w ith  

development o f a conceive p r o f i l e .  Low backwash v e lo c ity  and 

d e p o s itio n  a re  a sso c ia ted  w ith  a convex p r o f i l e .  S im ila r  p r o f i l e  

c o n fig u ra tio n s  were a lso  rep o rted  by R ector*(1954) in  a wave tank 

experim ent. The volume lo s t  to  i n f i l t r a t i o n  and a d d itio n  from th e  

groundwater can be in fe r re d  from th e  o b se rv a tio n a l d a ta . The s l ig h t  

response  o f  the  upper fo resh o re  sedim ents to  v a r ia t io n s  in  the  p ro 

cess param eters r e s u l t s  in  a  more o r le s s  co n stan t i n f i l t r a t i o n  r a te  

because i n f i l t r a t i o n  is  b a s ic a l ly  a fu n c tio n  o f  th e  te x tu r a l  p a ra 

m eters (Krumbein and Monk, 1942). Because o f th e  r i s e  in  the
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E ro sio n a l c o n fig u ra tio n

D ep o sitio n a l co n fig u ra tio n

F igure 24 P ro f i le  c o n fig u ra tio n  o f  fo re sh o re  
in  an e ro s io n a l and d e p o s it io n a l 
sequence.
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groundw ater le v e l  in c reases  th e  a re a  o f  s a tu r a t io n  o f the foreshore- 

du ring  runup, groundwa*er a f f lu e n t  w il l  c o n tr ib u te  to  the volume c f  

the  backwash. Duncsn (1966) documented th e  r c l e  o f groundwater in  

e ro sio n  and d e p o s it io n , and re p o rte d  t h a t  w ith  a high grourdw ator t a b le ,  

backwash e ro sio n  and dep o sitio n  dom inate. No re la tio n s h ip  was ev iden t 

in  th e  p re sen t s tudy  between groundw -ter and n e t  erosion  and d e p o sitio n  

(F igu res 16 ard !# ) .

M igration o f  the  plunge s tep  corresponds w ith erosion  ar.d deposi

t io n  o f  one fo ro sh o re . Longshore c u rre n t v e lo c ity  and lake l-.-vc-l a re  

the  s tro n g e s t  s ig n if ic a n t  fa c to rs  u rso o ia le d  w 't: th e  m igration  

(F ig u res  14C, 15D, and 1?B). A p rog rad ing  plunge s tep  occurs w ith a 

dominant longshore c u rre n t v e lo c i ty  to  th e  n o rth .

To summarize, in the  fo resh o re  geom etry-energy re la t io n s h ip ,  

a long w ith wave p e rio d , longshore cu rren t v e lo c ity  and lake le v e l ,  

barom etric  p re s su re  i s  a s tro n g  c o n tr ib u to r  in  explain  in , th e  source 

of v a r ia t io n .  Barometric p re s su re  i s  th e  i n i t i a t i n g  fa c to r  in  th e  

p h y s ic a l lake  c o n d itio n s . With in c re a s in g  energy, the  fo resh o re  zone 

approached equ ilib rium  con d itio n s  b e fo re  maximum wave cond itions 

developed (F igures 11, 15, and 1 7 ). For example, maximum n e t e rosion  

g e n e ra lly  precedes the maximum wave co n d itio n s  and in  3'c a te s  th a t  

du ring  maximum energy c o n d itio n s , th e  fo re sh o re  zone is  tem p o ra rily  

in  eq u ilib riu m .

T ex tu ra l param eters -  energy r e la t io n s h ip

As ev id en t in  the l in e a r  c o r r e la t io n  a n a ly s is  (Table 6 ) ,  near, 

g ra in  s iz e  becomes f in e r w ith  in c re a s in g  energy co n d itio n s , as s o r tin g  

o f  th e  sedim ents becomes p o o re r. The pebble occurrence in d ic a te s  th a t
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th e  maximum s iz e  o f  th e  sediment becomes co arse r under high energy 

c o n d itio n  e sp e c ia l ly  a t  th e  plunge s tep  (F igure 2 2 ) . Considering the  

san d -s ize  f r a c t io n ,  th e  re g re ss io n  an a ly s is  confirm s the  hypothesis 

o f d ecreasing  response  acro ss  th e  fo reshore  (Table 7 ) .  The t o t a l  

exp lained  v a r ia t io n  (34$) o f the  mean g ra in  s iz e  a t  th e  plunge s tep  

is  exp lained  by barom etric  p re s su re , lake le v e l  and b re a k e r ang le; 

w hereas, 18 p e r cen t o f  th e  t o t a l  explained  v a r ia t io n  fo r  the  mid

fo resh o re  and u p p e r-fo resh o re  i s  explained  by having a l l  n in e  p a ra 

m eters e n te r  the  re g re ss io n  a n a ly s is  (F igures 14, 15 and 16 ). The 

so rtin g -e n e rg y  r e la t io n s h ip  is  s ig n if ic a n t  a t  each lo c a tio n  w ith  

groundwater being  th e  dominant f a c to r  fo r  s o r tin g  a t  the  plunge s tep  

and m id-fcreshore  (F igu res 14, 15 and 16 ). Both lo c a t io n s  l i e  w ith in  

the  zone o f s a tu r a t io n  and are su b jec ted  to  th e  backwash cycle  i f  

Duncan's (19t>6) hypo thesis  is  accep ted . Barom etric p re s su re , b reak er 

a n g le , and wave type c o n tr ib u te  to  th e  34 p e r cent explained  

v a r ia t io n  o f  s o r tin g  a t  th e  u p p e r-fo resh o re .

Unexplained v a r ia t io n

Although most o f th e  p ro cess-resp o n se  re la t io n s h ip s  are 

s t a t i s t i c a l l y  s ig n i f i c a n t ,  the  le v e l  o f unexplained v a rian ce  is  

r e la t iv e ly  h ig h . The magnitude o f  th e  unexplained v a r ia t io n  ranges 

from 20 to  80 p e r cen t w ith  an average o f  approxim ately  40 p e r c e n t. 

P a rt of th e  unexplained  v a r ia t io n  may be assigned  as  fo llow s:

l )  The p ro cess-re sp o n se  model as p resen ted  was o p e ra tin g  on 
an in s tan tan eo u s event system . As noted by many 
re sea rch e rs  (H a rriso n , 1968) a no tab le  tim e -d e lay  o f th e  
p rocesses to  th e  responses occurs in  th e  beach system .
The fa c to rs  in flu en c in g  the  tim e-de lay  a re  th e  i n i t i a l  
c o n fig u ra tio n  and n a tu re  o f th e  beach environm ent and the
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in te n s i ty  o f  th e  p rocesses needed to  modify th is  environment

2) The inadequacy o f th e  sampling program to  rep re sen t th e  
sedim ents under swash a c t iv i ty  e sp e c ia l ly  during e ro s io n a l 
co n d itio n  co n trib u ted  to  th e  high le v e l  o f  unexplained 
v a r ia t io n .  Samples taken under e ro s iv e  conditions may 
re p re se n t te x tu r a l  s iz e  d is t r ib u t io n s  developed du rin g  
d e p o s it io n a l co n d itio n s .

3) In s e le c t io n  o f  th e  process and response param eters, 
s ig n if ic a n t  v a r ia b le s  may n o t have been considered o r 
m easurab le . No co n sid e ra tio n  was given to  the  in te ra c t io n  
among th e  p rocess param eters and response param eters in  the 
a n a ly s is .  A lso, m easurable d a ta  were not taken fo r  the  
energy co n d itio n s  o f  the  swash-backwash cycle .
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SYNTHESIS OF OBSERVATIONAL DATA

The c y c lic  n a tu re  o f th e  wave and w eather param eters o f fe rs  

ample o p p ortun ity  to  develop a g en era lized  model o f fo resho re  

response. Three response phases a re  rec o g n isa b le : l )  a low

en erg y -d ep o sitio n a l ph ase , 2) a high energ y -ero sio n a i phase, and 

3) a t r a n s i t io n a l  phase .

P hysica l lake co n d itio n s  o p e ra tin g  in  th e  d e p o s it io n a l phase 

a re  o f r e la t iv e ly  lew energy'. Barom etric p re ssu re  r is e s  wit! sn a il  

b reaker h e ig h ts , sh o r t p e rio d  waves, and low .groundw ater ta b le .  

Breaker angle i s  sm all w ith  low v e lo c i ty  longshore c u rre n ts . The 

fo resho re  is  in  a re b u ild in g  s tag e  w ith d e p o sitio n  in  the lower fo re 

shore developing a convex upward p r o f i le  c o n fig u ra tio n . The fo reshor 

w idth is  small w ith a  g e n tle  fo resh o re  s lo p e . T ex tu ra l param eters 

show g ra d a tio n a l s iz e  and s o r tin g  changes across th e  fo resh o re . The 

mean g ra in  s iz e  is  f in e  w ith  good s o r t in g .

The e ro s io n a l phase i s  in d ic a t iv e  o f  storm cond itions (high 

energy) o p e ra tin g  on th e  fo re sh o re . This phase develops because 

barom etric  p re ssu re  has reached i t s  low p o in t and i s  r is in g  with 

in c reas in g  b reak er h e igh t and long p eriod  waves causing a subsequent 

r i s e  in the lak e  and groundw ater le v e l s .  The b re a k e r angle is  

dom inantly from th e  northw est d ire c t io n  g e n e ra tin g  a  so u th erly  long - 

sH O iC cu rren t. The i n i t i a l  s ta g e  o f  th i s  phase i s  erosion  o f  the  

lower fo resho re  the reb y  steep en in g  the  fo re sh o re  s lope  to  e q u i l i 

brium a t  11 to  12 deg rees . Maximum erosion  occurs during th i s  s tag e  

o f th e  e ro s io n a l response o f th e  fo re sh c re  and a wave-cut berm

6$
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develops a t  the  u p p e r-fo re sh o re . Coarse la g  sedim ents accum ulate a t  

th e  plunge s tep  and a band o f co ncen tra ted  heavy m inera ls  a t  the upper- 

fo re sh o re . As th e  fo resh o re  w idth  in c rease s  w ith  in c reas in g  energy, 

th e  in sho re  margin and e ro s io n a l response move p ro g re ss iv e ly  acro ss  

th e  fo resho re  developing a p la n a r  p r o f i l e .  The fo resho re  slope is  

e v e n tu a lly  s ta b i l iz e d  w ith a concave upward eq u ilib riu m  c o n fig u ra tio n . 

The amount o f n e t e ro sion  i s  le s s  than th e  i n i t i a l  s tage  o f e ro s io n . 

T e x tu ra lly , sedim ents a re  f in e  and poorly so rte d  a t  the  plunge s tep  

and poorly  so rte d  a t  the u p p e r-fo resh o re . The plunge s tep  sedim ents 

e x h ib i t  an in c re a se  in  th e  maximum g ra in  s iz e  w ith  th e  occurrence o f  

g ra v e l .

The th ir d  phase i s  t r a n s i t i o n a l  between th e  d e p o s it io n a l phase

and e ro s io n a l phase o f  th e  fo re sh o re . The energy cond itions a re

in te n s ify in g  but th e  b reak er angle i s  from th e  southw est g en era tin g
%

a n o r th e r ly  longshore c u rre n t v e lo c i ty .  R e la tiv e ly  high energy 

co n d itio n s  e x is t  in  th e  n earsh o re  environm ent bu t d ep o sitio n  occurs 

on th e  fo re sh o re . The dominant fa c to r  i s  th e  b reak e r angle arid 

longshore c u rren t v e lo c i ty  and d i r e c t io n .  The sedim ent being de

p o s ite d  on th e  fo resh o re  g re a tly  exceeds th e  e ro s io n a l a b i l i t y  o f 

th e  wave p aram eters , thus developing a high energy d e p o s itio n a l 

p h ase . This t r a n s i t io n a l  phase suggests a  ry th m itic  m igration  

p a t te rn  o f  major sedim entary s tru c tu re s  (p ro tuberances and major 

cusps} along th e  beach. D ire c tio n  o f m ig ra tio n  i s  fu n c tio n  o f th e  

longshore c u rre n t d i r e c t io n ,  m ig rating  away from th e  study a rea  

d u rin g  th e  e ro s io n a l phase and m ig rating  in to  th e  a rea  during  th e  

t r a n s i t i o n a l  phase. C onfirm ation o f th e  ry th m itic  p a t te rn  of
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sed im entary  s t ru c tu re s  must tak e  in to  account the  re g io n a l v a r ia tio n  

o f th e  beach and nearsho re  environm ent. The scope o f  th e  study l im it 

th e  ev idence fo r  th i s  h y p o th esis .
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CONCLUSIONS

F ie ld  and la b o ra to ry  in v e s t ig a tio n s  o f the  fo resh o re  zone in

so u th e a s te rn  Lake Michigan perm it th e  follow ing g e n e ra l iz a t io n s :

1) T ex tu ra l parameter:; e x h ib it  a g rad a tio n  in  s iz e  and s o r t in g  

acro ss  th e  fo re sh o re . C oarser, more poorly  s o r te d , n e g a tiv e ly  

skewed sedim ents occur a t  th e  p lunge s tep  and f in e r ,  w e ll 

s o r te d , p o s it iv e ly  skewed sedim ents occuring a t  th e  u p p e r- 

fo re sh o rc .

2 ) Foreshore geometry param eters e x h ib it  s ig n if ic a n t  in te r a c t io n .

A w ide, s te e p  fo reshore  is  a s so c ia te d  w ith an eroding fo re sh o re ; 

w hereas, a  narrow , g e n tle  fo re sh o re  occurs w ith  n e t accum ulation . 

The fo resh o re  slope is  a fu n c tio n  o f  th e  volume o f e ro s io n  o r 

d ep o sitio n  on the  lower fo re sh o re .

3) B arom etric p re ssu re  is  th e  most p e r s i s te n t  v a r ia b le  o f  a l l  th e  

nearsho re  p rocesses en te r in g  th e  re g re ss io n  a n a ly s is . B arom etric 

p re ssu re  is  th e  i n i t i a t i n g  p ro cess  in  the  development o f  the 

energy co n d itio n  p re v a ilin g  in  Lake M ichigan.

U) Groundwater le v e l  and lake  le v e l  a re  a lso  s ig n if ic a n t  f a c to rs  

in  p roducing  v a r ia tio n s  in  te x tu r a l  param eters . Low 

h&rometric p re ssu re  and high groundwater and lake le v e ls  in 

d ic a te  high energy co n d itio n s  and a re  a sso c ia te d  w ith  f in e ,  

poo rly  so r te d  sediment w ith  a  s ig n if ic a n t  g rav e l f r a c t io n  a t  

th e  p lunge s tep  grading to  f i n e ,  poorly  so rte d  sedim ent a t  th e  

u o p e r-fo re sh o re . The te x tu r a l  param eters e x h ib it  a d ec rea sin g  

response to  p rocess across th e  foreshore zone. Anomalous v a lues

68
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o f mean s iz e  and s o r tin g  a t  th e  plunge s tep  suggest th e  in a b i l i ty  

to  p ro p e rly  sample sedim ents under wave and swash a c t iv i ty  a t  

th a t  p a r t i c u la r  tim e . F in e , po o rly  so rted  sedim ent w ith  a 

s ig n if ic a n t  g rav e l f r a c t io n  occur under high energy co n d itio n .

The g rav e l f r a c t io n  may re p re se n t th e  sedim ents under wave and 

swash a c t i v i ty .

5) Wave p ro cesses  (b reaker h e ig h t ,  b reak er p e rio d , b reaker an g le , 

and longshore c u rren t v e lo c i ty )  a re  th e  major source o f 

v a r ia t io n  in flu en c in g  fo resh o re  geometry. With high energy 

cond itions the  fo resho re  i s  w ide, s teep  and e rod ing . With low 

energy c o n d itio n s , th e  fo resh o re  i s  narrow, g en tly  s lo p in g , 

and accum ulating sed im ents.

6) The g e n e ra l p a tte rn  o f th e  fo resh o re  response is  d is tin g u ish a b le  

in to  th re e  phases: 1) a low en erg v -d ep o sitio n a l phase , 2) a

high en e rg y -e ro sio n a l p h ase , and 3) a t r a n s i t io n a l  phase. The 

t r a n s i t io n a l  phase may re p re se n t system atic  m igration  o f major 

sedim entary s t ru c tu re s .
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APPENDIX A

Beach p ro cess  d a ta  a f t e r  re d u c tio n  o f the  d a ta  from 2-hour 

in te rv a ls  to  6 -hour in te r v a ls .

DA -  DATE (JUNE 29 -  JULY 28)
TM = TIME (8=8:00 AM, 20-8:00 PM) 
W5 = WIND SPEED 
BP = BAROMETRIC PRESSURE 
LL = LAKE LEVEL 
EG = GROUNDWATER LEVEL 
WT = WAVE TYPE 
BP = BREAKER PERIOD 
BH = BREAKER HEIGHT 
BA = BREAKER ANGLE 

LCU = LONGSHORE CURRENT VELOCITY
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APPENDIX E

Forechore d a ta  a f t e r  red u c tio n  of th e  d a ta  from th re e  lo c a t io n  

to  one lo c a tio n .

DA = DATE (JUNE 29 -  JULY 29)
TM -  TIKE (8=8:00 AM, 20-8:00  PM)

MdP = MEAN GRAIN SIZE AT PLUNGE STEP 
SP = SORTING AT PLUNGE STEP 

SKP = SKEWNESS AT PLUNGE STEP 
KdM = MEAN GRAIN SIZE AT MID-FORESHORE 

SM = SORTING AT MID-FORESHORE 
SKN = SKEWNESS AT MID-FORESHORE 
MdT = MEAN GRAIN SIZE AT UPPER-FORESHORE 

ST = SORTING AT UPPER-FORESHORE 
SKT = SKEWNESS AT UPPER-FORESHORE 
5L = FORESHORE SLOPE 
VJD -  FORESHORE WIDTH 

NED = NET EROSION AND DEPOSITION 
MPS = MIGRATION OF PLUNGE STEP
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n CO CO - - -*■
: . * * 2 . 2 ’ 0 3 1 ? . 1 9 . 4 5 2 0 7 2 ? 7 . 2 *
1 .5 7 7 . 2 ? . 2 5 1 ? . 2 1 0 * 2 . 5 1 3 5 - 1 . 3 *
* . . '9 :o? . 2 ? 9 . 3 . 9 * - 2 0 4 6 ? -?.**«
1 0 2 2 . 2 3 • . - 1 1 1 . 1 1 0 3 - r f . 7 9 3 5 2 J*
1 0 3 2 . 2 : .2 3 9 . 1 1 . 4 3 - 2 . 4 6 3 3 - 2 0 ?
: . * b 7 . 2 - . • 4 1 1 . 1 2 . 4» - S . 1133 2 0 ?
1 .4 2 2 . 2 4 .11 1 2 . 9 . 9 * 2 . 7 2 3 3 - s o *:.*3 2 . 2 ? .23 1 3 . 1 2 . 9 - - 1 . 3 5 2 ?
: . * 5 2 0 * • 0 2 1 3 . 2 1 0 3 - 4 . 9 4 2 ? - s o * *
: . * • 2 . 2 * 0 7 1 2 . 1 6 . 5 ? • 1 . 9 2 3 3 - 1 . 2 *
1 .9 1 2 0 ? • 1? 1 ? . 1 6 . 1 * - 1 . 3 4 6 ? - 2 . 1 ?
i . ' i 2 . 2 * .2 4 1 3 . 1 3 . 5 ? - 1 . 6 4 3 3 - 1 . 1 ?
: . * ? . * 0 5 .2 3 1 2 . 1 1 .  V - 2 . 1 ? 3 3 - 7 0 *
l . * 3 :o - .1 1 1 1 . 9 . 5 * 1 . 4 3 3 3 • 1 . 4 *
1 .4 4 2 . 2 4 O f 1 7 . 1 2 . 1 * 2 . 5 9 2 ? 2 . 7 *
1 . 4 * 2 . 2 4 .2 1 9 . 1 3 0 ? 3 0 4 2 ? 2 . 6 ?
l . < 6 . . 2 ? .1 7 1 2 . 1 9 . 3 - - 1 . 5 4 3 3 1 . 3 !
1 .5 4 2 0 7 • .  — v 1 1 . 1 9 . 1? - 2 . 6 4 9 ? • 2 . 5 *
1 .4 7 2 0 ? - .1 2 1 1 . 2 1 . 2 - - 4 . 1 3 2 * - 1 . 3 ’
1 . 4 2 7 .3 4 - O l 1 1 . 1 9 . 3 ! - 4 . 3 * 2 ? - 1 . 2 ?
1 . 4 , 2 .2 * - • 23 1 2 . 1 1 . 5 7 1 0 9 ? ? - 2 . 5 '
1 .5 7 2 0 1 .1 3 1 2 . l 5 . 3 ? - 6 . 2 6 3 2 - 2 0 ?
1 . 4 1 2 0 4 .1 5 9 . 9 . 3 3 3 . 3 7 2 2 2 . 6 ?
1 . 4 9 2 0 ? .11 9 . 3 . 9 3 2 . 3 2 3 3 - 7 . 3 3
1 . 4 3 2 0 5 .7 5 9 . 5 . 4 ? - 2 0 4 6 7 - 2 . 3 ?
1 0 2 2 0 5 .7 4 9 . 9 . 9 ? 2 . 1 2 2 ? 7 . 3 ?
i . * 7 2 . 2 4 .1 3 9 . 9 0 5 2 . 5 7 3 5 i O *
1 . 5 5 7 0 5 • .2 1 9 . 1 5 . 1 ? 3 . 2 9 6 ? 4 . 1 ?
1 .5 1 2 . 3 ? .1 7 1 2 . 2 1 . 5 ? • 1 . 5 3 3 3 1 . 5 ?
1 . 4 ? 7 .3 5 - O l 1 1 . 2 4 . 5 ? 2 0 9 3 5 2 . 4 *
1 . 5 4 2 0 * . 2 3 1 2 . 2 4 .  9? 4 . 2 9 2 ? • S . 6*
1 . 5 * 2 . 3 ? • 2? 1 2 . I S .  4 ? - 2 . 7 9 3 3 2 . 6 *
1 . 5 4 2 0 5 . 2 ? * 1 . 2 2 . 9 ? 1 . 3 9 2 ? - * • 5 3
1 . 4 3 2 0 5 - . 2 5 1 7 . 1 6 0 3 - 4 0 1 6 ? 2 **
1 0 3 3 0 5 - .2 4 1 2 . 1 2 . 1 - - 2 . 6 6 3 3 - 4 0 ?
1 0 7 2 0 9 - • 11 9 . 7 . 4 3 1 . 9 6 2 7 - 2 0 ?
1 .4 5 2 0 1 - .2 7 9 . 1 2 . 9 : 2 . 9 2 2 ? 1 . 9 ?
1 . 5 5 2 0 3 .2 3 1 2 . 1 3 0 ? - 3 . 4 1 3 3 7 . 5 '
1 . 5 4 2 0 ' .1 4 1 * . 2 2 . 9 3 - 9 . 2 3 6 ? 1 . ? ’
1 . 5 ; 2 0 1 - . 2 2 1 1 . 2 7 . 1 3 • 2 . 7 2 2 2 1 . 3 1
1 .5 2 2 0 ? - 0 9 11 • 2 1 . 4 3 2 . 5 9 2 7 - 2 . 4 ?
1 .5 3 7 0 * .7 3 9 . 1 5 . 3 ? 1 . 6 3 6 ? 2 . 3 ?
1 .  *3 2 0 ? .2 1 9 . 1 2 . 9 ' 1 . 6 5 3 3 - 7 . 6 *
1 . 4 5 2 0 ? - . 7 1 9 . 7 . 1 3 - 2 0 2 - 2 - 7 . 7 ?
1 0 2 7 0 * .2 9 9 . 7 . 3 7 - 2 . 7 2 6 7 -*  . 5 '
1 . 4 2 2 . 3 ? - 0 4 5 . 4 . 4 7 2 0 2 6 7 - 7 0 ?
1 .  54 2 0 5 - 0 3 ? . 4 . 9 3 2 0 6 3 3 2 0 ?
1 0 2 2 0 5 • I S 9 . 1 1 . 3 3 • 2 0 5 2 7 2 0 *
1 . 5 l 2 . 2 : . 1 7 9 . 7 0 - 2 . 1 4 6 ? - 7 . 6 ?
1 . 9 2 2 0 : . 1 9 9 . 7 . 9 3 2 . 1 4 6 7 - 7 . 5 '
1 . 9 9 2 0 ? 0 4 9 . 3 . 4 ? 2 . 3 4 2 2 2 0 ?
1 0 4 2 0 * 0 3 1 3 . i . 3 3 2 0 4 2 ? 2 . 9 ?
1 . 4 2 2 0 ? .1 2 9 . 6 0 ? 2 . 2 6 6 7 - 1 . 4 7
1 0 9 7 0 * O f 9 . 1 2 . 7 3 - 2 . 7 1 3 3 3 0 3
1 0 5 2 0 ! 0 7 9 . 7 . 9 ? 2 . 6 1 2 3 - 1 . 4 3
1 . 5 2 2 0 ! - . 2 1 9 . 5 . 5 3 2 . 4 9 3 3 - 2 . 6 ?
1 .4 4 2 0 ? 0 4 9 . 4 . 7 ? 7 . 1 4 6 7 - 2 . 5 *

2 .2 5 - 0 3 7 . 9 . 5 ? 2 . 2 7 2 ? I O ?
1 .4 5 2 .2 4 - .2 4 ? , 9 0 3 2 . 4 5 6 7 - 2 . ? *
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APPENDIX C

Computer programs w r it te n  by the  au th o r th a t  a ided  in  th e  p re 

lim inary  a n a ly s is  o f th e  d a ta . Program 1 computes the  te x tu r a l  para

m ete rs , mean g ra in  s iz e ,  s o r t in g ,  and skewness, from th e  16, 50, and 

£4 p e r c e n t i l e s .  Program 2 and Program 3 reduce th e  fo resh o re  and 

p rocess d a ta ,  r e s p e c tfu l ly ,  by computing th e  mean average .

79
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Program 1 -  Textural Parameters

10 HEAD (5 , 2 , E rr-7 ) N, K, A, 3 , C
2 FORMAT (A5, 15, 3F6.2)

ZM -  (A+B+C)/3.
TG = (C -A )/2.
SK = ((A+C) -  2.*B)/(C-A)

U WRITE (3 0 ,3 ) N, M, ZM, TG, SK
3 FORMAT (IX , 'SAMP. K0.«, 2X, kb, 21, 'DATE', 2X, 15, 2X,

' M  GR. SZ=', IX, F10.4, ?X, 'ST. DEV=', IX, F10.4, 
2X, 'S K - ', IX, F1C.41)
GO TO 10 

5 CALL EXIT
7 'WRITE (30 ,3 ) N,M,A,B,C

END

Data D esignation in  Read Statem ent

N = DATE 
M = TIKE
A = P r o f i le  L ocation  A 
B -  P ro f i le  L ocation  B 
C ~ P r o f i le  L ocation  C
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Program 2 . -  Reduction o f Foreshore Data

CALL IFILE (1 , ' FOR 2 2 ')
CALL OFILE (30 , 'EDEP')
MCOUMT = 0 

10 NCOUNT = 0
1 READ (1 ,2 ) N, M, PA, PB, PC, GA, GB, GC, TA, TB,
2 FORMAT (212, IX , 2F5.2 , F6.2 , 2F5.2 , F o .2 , 2F5.2

F5 .2 , F7.3, F6.2)
MCOUNT = MCOUNT + 1 
NCOUNT = NCOUNT + 1
IF (NCOUNT-1) 3*3,4
SA = PA
SB = PB
SC = PC
RA = GA
RB = GB
RC = GC
UA = TA
UB = TB
UC = TC
VA = D
WA = F
XA = G
YA = H
TO TO 1
SA = PA + SA
SB = PB + SB
SC = PC + SC
RA = GA + RA
RB = GB + RB
RC = GC + RC
UA = TA + UA
UB = TB + UB
UC = TC + UC
VA = D + VA
WA = F + WA
XA = G + XA
YA = H + YA
IF (NCOUNT-3) 1 ,6 ,6
SSA = SA/3. 
SGB = SB/3. 
SSC = SC/3. 
RRA = RA/3. 
RR3 = RB/3. 
RRC = RC/3. 
UUA = UA/3. 
UUB = UB/3. 
UUC = UC/3. 
WA = VA/3.

TC, D, F, G, H 
, F 6 .2 , F3.0 ,
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WWA = WA/3.
XXA = XA/?.
YYA = YA/?.
WRITE (? 0 ,7 ) N, M, 3SA, SSB. SSC, RRA, RRB, RRC, UUA, TJUB, UUC, 
WA, WWA, XXA, YYA.
FORMAT (IX , 13, 13, IX, F b .2 , IX, F 6 .2 , IX, F 7 .2 , IX, F 6 .2 , IX,
F 6.2 , IX, F 7 .2 , IX, F6.2 , IX, F6 .2 , IX, F 7 .2 , IX, F4.0 , IX,
F6.2 , IX, F9.A, IX, F7.2)
IF (MCOUNT, EQ. 177) GO TO 99 
GO TC 10 
CALL EXIT 
END

Data Designation in Read Statement

N Date 
M -  Time

PA “  Plunge s te p  mean g ra in  s iz e  
PB = Plunge s te p  so rtin g  
PC -- Plunge s te p  skewness 
GA = M id-foreshore mean g ra in  s iz e  
GB = M id-foreshore s o r tin g  
GC = M id-foreshore skewness 
TA = Upper fo re sh o re  mean g ra in  s iz e  
TB = Upper fo resh o re  s o r tin g  
TC = Upper fo resh o re  skewness 

D = Foreshore s lope  
F = Foreshore w idth 
G = Net e ro s io n  and d ep o sitio n  
H = M igration o f  plunge step
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Program 3 -  Reduction o f  Beach Processes

CALL IFILE (5 , ' EVAVE*)
CALL OFILE (30, 'WAVE')
MCCUNT = 0 

10 NCOUNT = 0
1 READ (5 .2 ) X, M, A, B, C, D, E, F, G, H, R
2 FORMAT (212, F 4 .1 , 4X, F6.2 6X, F 5 .2 , 10X, F5.2, 4X, F 2 .0 ,

4X, 2F5.2 , 5X, F 4 .1 , F5.2)
MCOUNT = MCOUNT + 1 
MCOUNT = NCOUNT + 1 
IF (NCOUNT -  1) 3 ,3 ,4

3 AA = A 
BE = B 
CC =  c  
DU = d 
EE = E 
FF = F 
GG = G 
E4 = H 
RR = R 
GO TO 1

4 AA = A + AA 
B3 -  3 + BB 
CC = C + CC 
DE = D + DD 
EE =- E + EE 
FF = F + FF 
GG = G + GG 
HH = H + HH 
RR = R + RR
IF (NCOUNT -  6) 1 , 6 , 6

6 SAA -- AA16.
SBB “  BB/6.
SCC — CC/6.
5DD = DD/6.
SE*7- — EE/6 .
SFF = FF/6.
SGG = GG/6•
SKH = HH/6.
SRR = RR/6.
V/RITE (30 , 7) N, M, SAA, SBB, SCC, SDD, SEE, SFF, SGG, SHH, SRR

7 FORMAT (IX, 13, 13, IX, F 6 .2 , IX, F 7 .2 , IX, F 6 .2 , IX, P&.2, IX,
F 4.0 , IX, F6.2, IX, F 6 .2 , IX, F6.2 , IX, F6.2)
IF (MCOUNT. EQ. 354) GO TO 99
GO TO 10 

99 CALL EXIT
END
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Data D esignation  in  Read Statem ent

N = Date
M ~ Time
A = Wind Speed
B = Barom etric P ressure
C = Lake Level
D = Groundwater Level
E = Wave Type
F = Breaker Period
G = 3 reaker Height
H = Breaker Angie
R = Longshore Current V elocity
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A i’PENDIX D

A nalysis o f  Variance

The a n a ly s is  o f  v a rian ce  is  l i s t e d  fo r  the  beach processes 

and the fo resh o re  re sp o n se s . Computed in  the a n a ly s is  i s  the  sum 

o f sq u ares , degrees o f  freedom, mean sq u are , and F - r a t io .  The 

variance  components were h an d -ca lcu la ted . The com putation formulas 

a re  l i s t e d  in  th e  t e x t .  The source o f  v a r ia t io n s  fo r  the beach 

p rocesses a re  H i s  the  Hour f a c to r ,  D is  th e  Day f a c to r ,  and HD is  

th e  r e s id u a l  f a c to r .  For th e  fo resho re  p a ram ete rs , th e  sou rce  of 

v a r ia tio n s  a re  T i s  tim e , L is  p r o f i le  lo c a t io n  and TL i s  th e  

re s id u a l f a c to r .  The a s te r i s k  denotes s ig n if ic a n c e  a t  th e  95 per • 

cent confidence le v e l .

85

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

86

BEACH PROCESSES

Source o f Sum o f Degrees o f Mean V ariance
Param eter V  V aria tio n Squares; Freedom: Square F-Ratio Component

WIND SPEED t* 1155.112 11 105.019 4.36* 5.3
D 9423.713 29 324.951 13.49* 48.3

HD 7683.447 319 24.080 46.4

3AR0METRIC H 0.064 11 0.0C5 3.31* 0 .7
PRESS URi1: D 5.853 29 0.201 118.08* 90.1

HD 0.549 319 0.C01 9.2

LAKE LEVEL H 0.106 11 0.009 1.16 0 .1
D 7.555 29 0.253 30.70* 71.1

HD 2.636 319 0.008 2 8 .S

GROUNDWATER K 0.373 11 0.033 1.19 0 .2
LEVEL D 22.862 29 0.788 27.80* 69.0

HD 9.044 319 0.028 30 .8

WAVE TYFE H 26.230 11 2.384 2.55 2 :s
D 276.013 29 9.517 10.18* 42.2

HD 298.019 319 0.934 55.0

WAVE PERIOD H 4.480 11 0.407 1.03 0 .1
D 188.132 29 6.487 16.46* 55.7

HD 125.655 319 0.393 43.2

BREAKER HEIGHT H 2.053 11 0.186 0.77 0
D 137.942 29 4.756 19.68* 60.9

HD .77.084 319 0.241 39 .1

BREAKER ANGLE H 1540.497 11 340.045 1.45 0 .6
D 50724.346 29 1749.115 18.21* 40 .8

HD 30624.427 319 96.001 58.6

LONGSHORE H 2.140 U 0.194 .47 0
CURRENT D 164.984 29 5.689

*o•ĉ\i—1 51.8
VELOCITY HD 130.592 319 0.409 48.2
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FORESHORE PARAMETERS

S ource  o f Sum o f  D egrees o f Kean V a r ia n t
P a ra m e te r V a r ia t io n Squares Freedom S quare F -R a tio Componer

MEAN GRAIN SIZE T 2.650 58 0.045 2.78" 37 .4
AT PLUNGE STEP L 0.028 2 0.014 C.86 0

TL 1.904 116 0.016 62.6

SORTING AT T 0.407 58 0.007 2.17* 28 .1
PLUNGE STEP L 0.005 2 0.0C2 0.86 0

TL 0.375 116 0.003 71.9

SKEWNESS AT T 1.262 58 0.021 1.44* 13.0
PLUNGE STEP L 0.0C4 0.002 0.16 0

TL 1.742 116 0.015 87.0

KEAN GRAIN SIZE T 31.360 58 C.540 1.00 0
AT MID-FORESHORE L 3.590 2 0.795 1.48 1 .0

TL 62.154 116 0.535 99.0

SORTING AT T 0.481 58 0.008 3.36* 43 .1
MID-FORESHORE L C .016 2 0.008 3.05* 2 .0

TL 0.286 116 0.C02 54.9

SKEWNESS AT T 1.718 58 0.029 1.53* 14.6
MID-FORESHORE L 0.116 2 0.058 3.C0 2 .S

TL 2.243 116 0.019 82.6

MEAN GRAIN SIZE T ' 0.573 58 0.009 1.30 9 .1
AT UPPER FORESHORE L 0.C31 2 0.015 2.07 1 .5

TL 0.878 116 0.0C7 89.4

SORTING AT T 0.269 58 0.004 3.16* 41 .9
UPPER FORESHORE L 0.002 O£. 0.001 0.89 0

TL 0.170 116 0.001 58.1

SKEWNESS AT T 0.448 58 0.007 1.07 2 .4
UPPER FORESHORE U 0.035 2 0.017 2.46 2.3

TL 0.831 116 0.007 95.3

FORESHORE T 416.033 58 7.173 3.10* 47 .7
SLOPE L 1.435 2 0.717 0.31 0

TL 267.898 116 2.309 52.3
FORESHORE T 5123.090 58 88.329 9.84* 74.6
WIDTH L 21.082 2 10.541 1.17 0

TL 1040.31 116 8.968 25.3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

8 8

FORESHORE PARAMETERS 

Source o f Sum of Degrees o f  Mean V ariance
Param eter V a ria tio n Squares Freedom Square F-Ratio Component

NET EROSION T 871.256 58 15.021 1.95* 24.2
AND DEPOSITION L 7.242 2 3.621 0.47 0

TL 889.495 116 7.668 75.8

MIGRATION T 340.501 58 5.870 2.16* 28.0
OF PLUNGE STEP L 1.016 2 0.508 0 .18 0

TL 313.905 116 0.706 72.0
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APPENDIX E

Linear dtepw ise Regression

The fu n c tio n  o f  th e  s tepw ise  re g re ss io n  is  to s e le c t  th e  

independent v a r ia b le  th a t  c o n tr ib u te s  most to  the  exp lanation  of 

th e  dependent v a riab le  v a r ia t io n .  The procedure is  repeated  t i l l  

each independent v a r ia b le  en te rs  th e  re g re ss io n  equation in  o rder 

o f t h e i r  c o n tr ib u tio n  to  th e  dependent v a r ia b le .  This p a r t ic u la r  

stepw ise re g re ss io n  has th e  a d d it io n a l  fe a tu re  o f  s e le c tin g  the 

s ig n i f ic a n t  le v e l  in  which each independent v a r ia b le  may e n te r  

th e  re g re s s io n  eq u a tio n . Two stepw ise  re g re ss io n  analyses were 

computed fo r  the  p rc c e ss-re sp o n se , one w ith  an F-value o f 0 .0  and 

a second w ith  an F -value o f 2 .0 0 . An F -value = 0 .0  allows each 

independent v a r ia b le  to  e n te r  th e  re g re ss io n  equation . P relim inary  

a n a ly s is  o f  th e  computer p r in to u ts  a llow  a r b i t r a r y  s e le c tio n  o f an 

F-value = 2 .00  fo r  a second a n a ly s is .

The Appendix, l i s t s  both analy ses fo r  each dependent v a r ia b le  

(Foreshore p a ram ete rs ). The upper s e c tio n  i s  th e  an a ly s is  o f  the  

F-value equal to  2 .00  l i s t i n g  th e  independent v a ria b le  in  o rd e r o f 

s ig n if ic a n t, c o n tr ib u tio n . The second se c tio n  is  w ith an F-value 

o f  0 .0 , a lso  l i s t i n g  th e  independent v a r ia b le s  in  t h e i r  o rd e r o f 

s ig n i f ic a n t  c o n tr ib u tio n . The c o e f f ic ie n t  o f  de term ination  (R^), 

c o e f f ic ie n t  o f m u ltip le  re g re ss io n  (R ), and F-value are included 

fo r  each stepw ise  re g re ss io n  a n a ly s is .  The a s te r is k  by th e  

F-value denotes s ig n if ic a n c e  o f th e  re g re ss io n  equation a t  th e  

95% l e v e l .
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FORESHORE RESPONSE 
PARAMETER.1}

MEAN GRAIN S IZ E  
AT PLUNGE STEP

SORTING AT 
PLUNGE STEP

SKEWNESS AT 
PLUNGE STEP

MEAN GRAIN S IZ E  
AT MID-FORESHORE

SORTING AT 
MID-FORESHORE

SKEWNESS AT 
MID-FORESHORE

MEAN GRAIN S IZ E  
AT UPPER-FORESHORE

BEACH PROCESSES PARAMETERS R2 R F

B arom etric  P re s s u re , Lake L evel, B reaker Angle 
B arom etric  P re s su re , Lake L ev e l, B reaker Angle, Wind Speed 
B reaker Type, B reaker H e ig h t, B reaker P e r io d , Groundwater 
L ev e l, Longshore C urren t V e lo c ity

.320

.346
.070
.089

8 .68 '
2 .8 3 '

G roundwater L ev e l, B arom etric  P re s su re
Groundwater L eve l, B arom etric  P re s su re , Wave Type, Lake L evel, 
Wind Speed, B reaker P e rio d , B reaker H e ig h t, Longshore C u rren t 
V e lo c ity , B reaker Angle

.134

.188
,367
.433

4 .28J 
1.27

Lake L evel
Lake L ev e l, Wave Type, Wind Sneed, B reaker H e ig h t, B reaker A n., 
B arom etric  P re s su re , Longshore C u rren t V e lo c ity , B reaker P eriod  
Groundwater Level

.030

.072
.188
.269

2 .00
0 .41

Wave Type
Wave Type, Groundwater L ev e l, Longshore C urren t V e lo c ity , 
B arom etric  P re s s u re , B reaker H e ig h t, Wind Speed, lake. L ev e l, 
B reaker P e rio d , B reaker Angle

.041

.161
.203
.401

2 .41
1.02

Groundwater L ev e l, Wave Type, Lake L ev e l, B arom etric  P re s su re , 
Groundwater L ev e l, Wave Type, Lake L ev e l, B arom etric  P re s s u re , 
Longshore C urrent V e lo c ity , B reaker P e rio d , B reaker Angle,
Wind Speed, B reaker H eight

.383

.420
.619
.648

11.20J 
3 .87:

Lake L evel
Lake L ev e l, Wind Speed, B reaker Angle, B reaker H eigh t, 
B reaker P e rio d , Wave Type, Groundwater L ev e l, Longshore 
C u rren t V e lo c ity , B arom etric  P re s fu re

0 .081
0 .162

0.292
.403

0.22-
1.08

No v a r ia b le  e n te red
B reaker A ngle, B reaker P e r io d , B reaker H e ig h t, Wind Speed 
G roundw ater L evel, Longshore C u rren t V e lo c ity , ’Wave Type, 
B arom etric  P re s su re , Lake Level

0
.131

0
.362

0
.800
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FORESHORE RESPONSE 
PARAMETERS

SORTING AT 
UPPER-FORESHORE

SKEWNESS AT 
UPPER-FORESHORE

FORESHORE SLOPE

FORESHORE WIDTH

NET EROSION 
AND DEPOSITION

MIGRATION 
OF PLUNGE STEP

BEACH PROCESSES PARAMETERS R2 R F

B arom etric  P re s su re , B reaker A ngle, Wave Type, Wind Speed, .344 .587 6 .98*
B arom etric  P re s su re , B reaker Angle, Wave Type, Wind Speed, .377 .614 3 .24*
G roundw ater, B reaker P e r io d , Longshore C u rren t V e lo c ity ,
B reaker H eigh t, Lake L evel

Longshore C urren t V e lo c ity  .041 .204 2 .44
Longshore C urrent V e lo c ity , G roundw ater L ev e l, Wind Speed, .191 .438 1 .26
B reaker A ngle, B reaker P e r io d , Wave Type, B reaker H eigh t,
B arom etric  P re s su re , Lake Level

B arom etric P re s su re , B reaker Angle, Lake L ev e l, B reaker P e r io d , .587 .766 18.86*
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