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NOTE	  –	  No	  “Historical	  Perspec4ve”	  Sec4on	  
Only	  40	  pages	  total	  (vs.	  72	  for	  Beaches/Barriers),	  11	  figures	  (vs.	  32	  for	  Beaches/Barriers)	  

Colin	  Woodroffe	  (2002)	  “Coasts:	  Form,	  Process	  and	  Evolu4on”,	  Outline	  of	  Chapter	  9:	  
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Opens	  with	  quote	  from	  Gilbert	  (1885)	  (p.435):	  
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9.1.	  Models	  in	  Coastal	  Geomorphology,	  9.1.1.	  Models	  and	  Hypothesis	  Genera4on	  

“Models	  include	  physical	  models,	  conceptual	  models	  and	  computer	  models.	  They	  are	  
not	  predictors	  of	  future	  condi4ons,	  but	  are	  frameworks	  within	  which	  various	  scenarios	  
can	  be	  simulated	  and	  hypotheses	  tested.”	  	  

“The	  best	  models	  are	  simple	  models	  that	  ignore	  much	  of	  the	  detail	  of	  individual	  
systems,	  but	  embody	  most	  of	  the	  varia4on	  that	  is	  observed…	  A	  model	  is	  par4cularly	  
useful	  if	  it	  suggests	  hypotheses	  that	  can	  then	  be	  tested.”	  	  

“It	  is	  o_en	  the	  case	  that	  models	  can	  be	  manipulated	  to	  produce	  almost	  any	  behaviour,	  
and	  the	  validity	  of	  the	  assump4ons	  and	  hypotheses	  on	  which	  a	  model	  is	  based	  must	  be	  
con4nually	  and	  rigorously	  reassessed.”	  	  	  
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Scien4fic	  method:	  

(i)	  Recogni4on/formula4on	  of	  ques4on,	  (ii)	  Collec4on	  of	  data,	  (iii)	  Induc4on	  of	  hypotheses,	  	  
(iv)	  Deduc4on	  and	  tes4ng	  of	  original	  hypotheses,	  (v)	  revision	  and	  interpreta4on	  of	  hypotheses.	  

Note	  –	  above	  path	  recognizes	  that	  research	  can	  start	  with	  a	  ques4on	  rather	  than	  a	  hypothesis.	  
The	  ini4al	  step	  can	  be	  “discovery-‐driven”	  rather	  than	  “hypothesis-‐driven”	  science.	  	  
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A	  single	  “ruling	  hypothesis”	  is	  sensi4ve	  to	  bias	  that	  may	  lead	  to	  collec4on	  of	  only	  confirming	  
data	  (Gilbert,	  1886).	  

Mul4ple	  working	  hypotheses	  enable	  more	  objec4ve	  evalua4on.	  Scien4fic	  knowledge	  
expands	  by	  iden4fying	  and	  dismissing	  incorrect	  hypotheses	  (falsifica4on).	  

O_en	  more	  than	  one	  compe4ng	  hypotheses	  remain	  which	  can’t	  (yet)	  be	  disproven.	  Or	  
different	  hypotheses	  work	  beher	  for	  slightly	  different	  scenarios.	  (e.g.,	  Holocene	  sea	  level.)	  
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9.1.2.	  Types	  of	  Models	  

A	  model	  is	  a	  framework	  within	  which	  rela4onships	  between	  variables	  can	  be	  represented.	  

Descrip4ve	  model	  –	  sensible	  recogni4on	  based	  on	  an	  associa4on	  of	  anecdotal	  
observa4ons	  (e.g.,	  “flat	  beaches	  have	  larger	  waves”).	  Large,	  unquan4fied	  uncertainty.	  Not	  
very	  predic4ve	  beyond	  a	  trend.	  Does	  not	  explain	  underlying	  rela4onship.	  

Empirical	  model	  –	  quan4ta4ve	  rela4onship	  sta4s4cally	  based	  on	  many	  observa4ons	  (e.g.,	  
observed	  value	  of	  average	  beach	  steepness	  as	  a	  func4on	  of	  sand	  grain	  size).	  Predic4ve	  
with	  sta4s4cally	  derived	  uncertainty.	  S4ll	  does	  not	  explain	  underlying	  rela4onship.	  

Theore4cal	  model	  –	  quan4ta4ve	  rela4onship	  or	  trend	  derived	  from	  theore4cally	  expected	  
behavior	  of	  a	  system	  (e.g.,	  theore4cal	  rate	  water	  should	  percolate	  through	  a	  beach	  as	  
func4on	  of	  beach	  steepness	  based	  on	  hydrology).	  Provides	  insight	  into	  underlying	  
rela4onship.	  May	  or	  may	  not	  be	  more	  predic4ve	  than	  an	  empirical	  model.	  	  

Conceptual	  model	  –	  based	  on	  logical,	  o_en	  intui4ve	  rela4onships	  between	  variables	  (e.g.,	  
Darwin’s	  model	  for	  atoll	  forma4on).	  O_en	  based	  on	  sophis4cated	  understanding	  of	  system	  
behavior.	  But	  generally	  not	  quan4ta4vely	  predic4ve	  beyond	  general	  trends	  unless	  
combined	  with	  theore4cal	  and/or	  empirical	  models.	  	  
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9.1.2.	  Types	  of	  Models	  (cont.)	  

Physical	  model	  –	  scaled	  representa4on	  of	  a	  system	  (e.g.,	  wave	  tank).	  Scaling	  issues	  can	  be	  a	  
major	  limita4on	  (e.g.,	  can	  small	  lab	  waves	  represent	  large	  ocean	  waves?).	  

Computa4onal	  model	  –	  (a)	  mathema4cal	  (or	  “analy4cal”)	  model	  based	  on	  equa4ons,	  	  
(b)	  logical	  (or	  “behavioral”)	  model	  based	  on	  heuris4c	  rules,	  (c)	  computer	  (or	  
“computa4onal”)	  model	  based	  requiring	  intensive	  calcula4ons	  to	  provide	  significant	  insight.	  	  

Sensi4vity	  analysis	  –	  holding	  some	  variables	  constant	  while	  changing	  others	  in	  a	  quan4ta4ve	  
model	  to	  explore	  the	  response	  of	  system	  to	  an	  isolated	  change.	  

Model	  uncertainty	  –	  no	  model	  can	  precisely	  predict	  future	  outcomes.	  All	  model	  predic4ons	  
have	  associated	  uncertain4es/probabili4es,	  although	  some4mes	  they	  are	  hard	  to	  define.	  

Sta4c	  models	  –	  most	  parameters	  are	  fixed	  in	  4me	  (e.g.,	  short-‐term	  sed	  transport	  model).	  
Dynamic	  models	  –	  feedbacks	  are	  possible	  (e.g.,	  morphodynamic	  model)	  

Lumped	  vs.	  distributed	  parameter	  models	  (e.g.,	  box	  model	  vs.	  3D	  model)	  

Determinis4c	  vs.	  stochas4c	  model	  (e.g.,	  Newtonian	  vs.	  quantum	  mechanics)	  	  	  
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9.2.	  Coastal	  Systems	  –	  “The	  complexity	  of	  coastal	  systems	  makes	  complete	  
descrip4ons	  difficult	  and	  accurate	  predic4ons	  improbable.”	  	  

-‐-‐	  Beach	  and	  dune	  are	  
subsystems	  within	  
example	  coastal	  system.	  

-‐-‐	  During	  fair	  weather	  
they	  evolve	  separately	  
(linearly,	  decoupled).	  

-‐-‐	  During/immediately	  
a_er	  storm	  they	  evolve	  
together	  (non-‐linearly	  
coupled	  w/feedbacks).	  

-‐-‐	  Reduc4onist	  approach	  
could	  work	  during	  fair	  
weather.	  

-‐-‐	  Holis4c	  morpho-‐
dynamic	  approach	  (with	  
non-‐linear	  feedbacks)	  
required	  to	  address	  
change	  of	  states	  in	  
response	  to	  storms.	  
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9.2.1.	  Feedbacks	  and	  Thresholds	  

Nega4ve	  feedback	  –	  Perturba4ons	  are	  damped,	  
returning	  system	  to	  previous	  condi4on.	  

Posi4ve	  feedback	  –	  Perturba4ons	  grow,	  moving	  
system	  away	  from	  previous	  condi4on.	  	  

Threshold	  –	  Cri4cal	  response	  level	  for	  a	  system	  at	  
which	  system	  jumps	  rapidly	  to	  a	  dis4nctly	  different	  
state	  (markedly	  different	  from	  previous	  condi4on).	  
E.g.,	  cri4cal	  stress	  for	  sediment	  erosion	  or	  
suspension,	  overbank	  flow	  in	  the	  flooding	  of	  a	  
marsh.	  

Self-‐organiza4on	  –	  response	  of	  a	  system	  to	  
exceeding	  of	  internal	  thresholds,	  leading	  to	  highly	  
non-‐linear	  changes	  in	  state	  which	  are	  not	  strongly	  
coupled	  to	  external	  forcing.	  

Threshold	  exceeded	  due	  to	  
external	  forcing.	  

Threshold	  exceeded	  due	  to	  
self-‐organiza4on.	  
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9.2.2.	  Equilibrium	  –	  Figure	  9.3(a)-‐(b)	  
analogy	  to	  pebbles	  in	  rock	  pools.	  	  

	  	  	  Sta4c	  equilibrium	  –	  state	  does	  not	  
change	  at	  all	  over	  4me.	  
	  	  	  Stable	  equilibrium	  –	  a	  minor	  
disturbance	  (e.g.,	  small	  wave)	  will	  not	  
significantly	  change	  state	  and	  system	  
returns	  to	  previous	  condi4on	  via	  
nega4ve	  feedback.	  
	  	  	  Unstable	  equilibrium	  –	  a	  minor	  
disturbance	  will	  move	  system	  (e.g.,	  
pebble	  on	  top	  of	  round	  rock)	  via	  
posi4ve	  feedback	  to	  different,	  
eventually	  more	  stable	  state.	  
	  	  	  Mul4ple	  states	  –	  several	  states	  with	  
similar	  thresholds	  for	  stability	  (e.g.,	  
neighboring	  rock	  pools).	  
	  	  	  Metastable	  equilibrium	  –	  a	  major	  
disturbance	  can	  place	  system	  in	  a	  new	  
state	  that	  is	  only	  rarely	  seen	  a_er	  major	  
events	  (e.g.,	  pebble	  in	  perched	  pool).	  
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9.2.2.	  Dynamic	  Equilibrium	  –	  	  
Figure	  9.3(c)	  	  

Dynamic	  equilibrium	  -‐-‐	  the	  available	  
equilibrium	  states	  change	  with	  4me	  as	  
a	  func4on	  of	  the	  external	  boundary	  
condi4ons.	  

Pebble	  example	  is	  that	  the	  pools	  are	  no	  
longer	  carved	  in	  rock	  but	  in	  sediment	  
instead.	  The	  troughs	  and	  crests	  are	  
bedforms,	  and	  the	  pebble	  can	  move	  
from	  one	  trough	  to	  another	  in	  response	  
to	  “events”.	  	  

But	  the	  loca4ons	  of	  the	  crests	  and	  
troughs	  (the	  dynamic	  equilibria)	  also	  
slowly	  change	  in	  4me.	  

Quasi-‐equilibrium	  –	  Large	  scale	  
morphology	  evolves	  slowly,	  and	  is	  o_en	  
“catching	  up”	  with	  changing	  forcing,	  
and	  final	  equilibrium	  may	  not	  be	  
reached.	  	  	  	  
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Equilibrium	  also	  depends	  on	  
scale	  and	  energy	  regime:	  

Large	  (buffered),	  high	  
energy,	  systems	  may	  
con4nually	  evolve	  slowly,	  
leading	  to	  dynamic	  or	  quasi-‐
equilibrium.	  	  	  

Small,	  high	  energy	  systems	  
are	  more	  likely	  to	  jump	  
between	  metastable	  states.	  

Small-‐scale,	  low	  energy	  
systems	  are	  more	  likely	  to	  be	  
in	  sta4c	  equilibrium	  for	  
extended	  periods.	  
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9.3.	  Geomorphological	  Change	  Over	  Time	   L9/13	  

9.3.1.	  Inheritance,	  Convergence	  and	  Polygene4c	  Landforms	  

Inheritance	  –	  “The	  unerasable	  and	  determining	  signature	  of	  history”.	  Past	  events	  are	  unique.	  
Thus	  evolu4on	  in	  response	  to	  known	  present	  forcing	  may	  s4ll	  vary	  as	  a	  func4on	  of	  early	  
condi4ons,	  from	  previous	  morphodynamic	  states	  (“hysteresis”)	  to	  antecedent	  geology.	  	  	  

Convergence/Polygene4c	  Landforms	  –	  When	  similar	  coastal	  landforms	  result	  from	  opera4on	  
of	  different	  sets	  of	  processes	  or	  sequence	  of	  events.	  (e.g.,	  sand-‐peat-‐sand	  can	  be	  due	  to	  large	  
scale	  sea	  level	  fluctua4ons	  or	  local	  tectonics).	  	  	  

Divergence	  –	  Highly	  non-‐linear	  or	  chao4c	  behavior	  can	  cause	  different	  outcomes	  from	  very	  
external	  similar	  forcing	  condi4ons.	  (e.g.,	  the	  “buherfly	  effect”).	  

9.3.2.	  Response	  to	  Changes	  Over	  Time	  	  

Perturba4on	  –	  Sudden	  small	  or	  large	  change	  in	  some	  independent	  factor	  affec4ng	  a	  system	  
state.	  

Reac4on	  Time	  –	  Time	  over	  which	  the	  perturba4on	  occurs	  and	  the	  disequilibrium	  –	  rela4ve	  to	  
longer-‐term	  condi4ons	  -‐-‐	  morphology	  forms.	  

Relaxa4on/Recovery	  Time	  –	  Time	  for	  system	  to	  reach	  equilibrium	  again	  a_er	  a	  perturba4on.	  
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Intrinsic	  Changes	  –	  Abrupt	  adjustments	  to	  systems	  that	  come	  about	  as	  a	  
result	  of	  accumulated	  change	  without	  specific	  external	  s4muli.	  	  

L9/17	  

9.3.3.	  The	  Role	  of	  Extreme	  Events	  

“Mega-‐events”	  are	  too	  extreme	  for	  morphodynamic	  
processes	  to	  “relax”,	  e.g.,	  tsunamis,	  rapid	  upli_	  or	  
landsliding	  from	  an	  earthquake,	  rapid	  flooding	  from	  a	  
dam	  release,	  etc.	  

L9/18	  



9.4.	  Modelling	  Coastal	  Morphodynamics;	  9.4.1.	  Equilibrium	  Shore	  Profiles:	  Bruun	  rule	


-‐-‐	  Based	  on	  conserva4on	  of	  mass	  (a	  very	  solid	  concept!)	  
-‐-‐	  Assumes	  an	  equilibrium	  shape	  for	  the	  profile	  during	  sea	  level	  rise/regression	  (also	  reasonable)	  
-‐-‐	  Predic4ons	  are	  sensi4ve	  to	  “closure”	  depth	  (problem).	  
-‐-‐	  Assumes	  all	  offshore	  transport	  (problem	  –	  barrier	  rollover	  involves	  landward	  transport)	  
-‐-‐	  Assumes	  no	  net	  convergence/divergence	  of	  along-‐shore	  transport	  (poten4al	  problem).	  
-‐-‐	  Transport	  direc4on	  and	  along-‐shore	  transport	  can	  be	  dealt	  with	  using	  sources/sinks.	  
-‐-‐	  Closure	  depth	  can	  be	  dealt	  with	  if	  lower	  shoreface	  slopes	  offshore.	  	  	  
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9.4.1.	  Equilibrium	  Shore	  Profiles:	  Shoreline	  Transla4on	  Model	  (“Generalized	  Bruun	  Rule”)	


-‐-‐	  Based	  on	  conserva4on	  of	  
mass,	  including	  sources	  and	  
sinks.	  
-‐-‐	  Allows	  seaward	  transport	  	  
For	  barrier	  roll-‐over.	  
-‐-‐	  Sloping	  lower	  shoreface	  
solves	  closure	  depth	  
problem.	  
-‐-‐	  Can	  assume	  an	  
equilibrium	  shape	  for	  the	  
profile	  during	  sea	  level	  rise/
regression.	  
-‐-‐	  Also	  allows	  rule-‐based	  
changes	  in	  profile	  (e.g.,	  
barrier	  overstepping).	  
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9.4.2.	  Mul4dimensional	  modelling	  

-‐-‐	  “2.5D”	  models	  use	  2D	  x-‐y	  
hydrodynamics,	  but	  track	  
morphological	  evolu4on	  in	  z	  

-‐-‐	  “Sediment	  transport”	  models	  
keep	  morphology	  fixed	  during	  
hydrodynamic	  4me	  steps	  and	  
then	  update	  morphology	  based	  
on	  predicted	  deposi4on/erosion.	  

-‐-‐	  Dynamic	  morphological	  models	  
model	  bathymetry	  directly	  
without	  separate	  hydrodynamic	  
4me-‐step.	  

-‐-‐	  Mul4dimensional	  morpho-‐
dynamic	  models	  (“large-‐scale	  
coastal	  behavior	  models”)	  are	  
computa4onally	  constrained.	  	  

(-‐-‐	  Specific	  mul4dimensional	  
models	  men4oned	  in	  text,	  circa	  
2000	  and	  earlier,	  are	  mostly	  out-‐
of-‐date	  today.)	  
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