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High	
  resolu.on	
  approaches	
  

•  Structured	
  and	
  unstructured	
  	
  
	
  	
  	
  	
  	
  	
  meshes	
  
	
  

•  PDEs	
  for	
  fluid	
  flow	
  and	
  	
  
	
  	
  	
  	
  	
  	
  sediment	
  transport	
  

Models	
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Numerical	
  model	
  overview	
  (HSTAR)	
  

	
  	
  Hydrodynamics:	
  	
  	
  
	
  

• 	
  2D	
  depth-­‐averaged	
  shallow	
  water	
  equaYons	
  
	
  	
  (with	
  secondary	
  circulaYon	
  correcYon)	
  
	
  

	
  	
  Sediment	
  transport	
  (2	
  size	
  fracYons):	
  
	
  

• 	
  Total	
  sand	
  transport	
  	
  (Engelund-­‐Hansen)	
  
• 	
  Secondary	
  circulaYon	
  &	
  lateral	
  slope	
  correcYon	
  
• 	
  Silt	
  (advecYon-­‐diffusion	
  equaYon)	
  	
  

	
  	
  AddiYonal	
  processes:	
  
	
  

• 	
  Bank	
  erosion	
  (floodplain	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  channel)	
  
• 	
  VegetaYon	
  growth	
  (channel	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  floodplain)	
  

Model	
  descripYon:	
  	
  	
  	
  	
  Nicholas	
  (2013)	
  ESPL;	
  Nicholas	
  et	
  al.	
  (2013)	
  JGR	
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•  Mode	
  sediment	
  transport	
  (bedload	
  vs	
  suspension)	
  

•  Controls	
  on	
  sediment	
  transport	
  direcWon	
  (2ndry	
  flow,	
  lateral	
  side	
  slopes)	
  

•  AdapWon	
  length	
  of	
  fine	
  sediment	
  (and	
  damping	
  of	
  bar	
  topography)	
  
	
  

•  Bedform	
  effects:	
   	
  Influence	
  on	
  topographic	
  steering	
  of	
  sediment	
  
	
   	
   	
  Non-­‐uniform,	
  unsteady	
  roughness	
  

•  EvoluWon	
  of	
  floodplain	
  vegetaWon	
  (resistance,	
  soil	
  development,	
  hydrology)	
  



Boundary	
  condi.on	
  uncertainty	
  

Inlet	
  perturbaYon	
  drives	
  bend	
  cutoff	
  
in	
  upstream	
  porYon	
  of	
  domain…	
  

Van	
  Dijk	
  et	
  al	
  (2012)	
  



	
  10	
  km	
  

Rio	
  Beni,	
  Bolivia	
  

Howard	
  (1992)	
  

0	
  

0.2	
  

0.4	
  

0.6	
  

0.8	
  

1	
  

0	
   10	
   20	
   30	
   40	
   50	
  

Re
la
Yv
e	
  

se
di
m
en

ta
Yo

n	
  
ra
te
	
  

Distance	
  from	
  channel	
  (km)	
  

Sand	
  	
  	
  Silt	
  	
  	
  	
  	
  Clay	
  

S	
  =	
  S0	
  e-­‐λx	
  



Physically-­‐based	
  approach	
  to	
  floodplain	
  construc.on	
  

•  Coupled	
  1D	
  (channel)	
  &	
  	
  2D	
  (floodplain)	
  approach	
  
	
  	
  	
  	
  	
  Shallow	
  water	
  equa3ons	
  with	
  advec3on-­‐diffusion	
  sediment	
  transport	
  model	
  

•  Implemented	
  on	
  a	
  quadtree	
  grid	
  

•  First	
  order	
  accurate	
  soluYon	
  
	
  

Enhancing	
  model	
  efficiency	
  }	
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2D	
  Morphodynamic	
  models	
  applied	
  at	
  the	
  channel-­‐belt	
  scale	
  are	
  able	
  to	
  
simulate	
  diverse	
  river	
  and	
  floodplain	
  morphologies.	
  
	
  
However,	
  uncertainty	
  in	
  process	
  parameterisaWons	
  and	
  applicaWon	
  	
  
of	
  boundary	
  condiWons	
  limits	
  the	
  scope	
  for	
  simulaWng	
  responses	
  to	
  
environmental	
  change.	
  
	
  
Few	
  models	
  of	
  long-­‐term	
  floodplain	
  evoluWon	
  represent	
  the	
  hydrodynamic	
  
controls	
  on	
  floodplain	
  construcWon.	
  
	
  
Growth	
  in	
  compuWng	
  power	
  mean	
  these	
  effects	
  can	
  now	
  be	
  modeled	
  
explicitly	
  or	
  represented	
  using	
  improved	
  process	
  parameterisaWons.	
  
	
  
Modeling	
  of	
  channel	
  belt	
  avulsion	
  remains	
  a	
  major	
  challenge.	
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