
The	
   most	
   important	
   biological	
   process	
   for	
  
cul4va4ng	
   organisms	
   like	
   the	
   Japanese	
  
oyster,	
  “Crassotrea	
  Gigas”	
  is	
  the	
  reproduc4ve	
  
cycle	
   which	
   is	
   principally	
   regulated	
   by	
   the	
  
amount	
  and	
  quality	
  of	
  the	
  food	
  as	
  well	
  as	
  by	
  
temperature	
   and	
   salinity.	
   Furthermore,	
   the	
  
hydrodynamic	
   state	
   has	
   to	
   be	
   known	
   with	
  
high	
  accuracy.	
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Abstract	
  
A	
   3D	
   hydrodynamic	
  model	
   (Delf3D)	
  was	
   developed	
   for	
   San	
  Quin4n	
   Bay	
   (SQB).	
   Calibra4on	
   and	
  
valida4ons	
  were	
  conducted,	
  using	
  measured	
  bathymetry,	
  water	
  surface	
  eleva4on,	
  veloci4es,	
  and	
  
temperature.	
  The	
  calibra4on	
  period	
  was	
  taken	
   in	
   the	
  winter	
  season	
  of	
  2010.	
  Model	
  predic4ons	
  
were	
  evaluated	
  graphically	
  and	
  sta4s4cally	
  against	
  field	
  observa4ons	
  to	
  quan4fy	
  the	
  accuracy	
  of	
  
model	
   predic4ons	
   and	
   evaluate	
   the	
   success	
   of	
  model	
   calibra4on.	
   Comparisons	
   between	
  model	
  
predic4ons	
  and	
  field	
  observa4ons	
  of	
  water	
   surface	
  eleva4ons	
  at	
   interior	
   sta4ons	
   indicated	
   that	
  
the	
   model	
   was	
   successfully	
   calibrated	
   and	
   model	
   predic4ons	
   were	
   highly	
   correlated	
   with	
  
observed	
   water	
   surface	
   eleva4ons.	
   Agreement	
   between	
   observed	
   and	
   simulated	
   values	
   was	
  
based	
   on	
   graphical	
   comparisons,	
   root-­‐mean-­‐square	
   errors,	
   and	
   principal	
   components	
   analysis.	
  
The	
   objec4ve	
   of	
   this	
   study	
   was	
   to	
   show	
   that	
   OpenDA	
   can	
   be	
   used	
   to	
   rapidly	
   calibrate	
   a	
  
hydrological	
  model.	
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Open	
  DA	
  Algorithms	
  
OpenDA	
  is	
  an	
  open	
  interface	
  standard	
  for	
  (and	
  free	
  implementa4on	
  of)	
  a	
  set	
  of	
  tools	
  to	
  quickly	
  implement	
  data-­‐assimila4on	
  and	
  

calibra4on	
  for	
  arbitrary	
  numerical	
  models	
  [3].	
  

Calibra7on:	
  The	
  aim	
  is	
  to	
  tune	
  a	
  set	
  of	
  parameters	
  that	
  is	
  fixed	
  in	
  4me.	
  

	
  	
  	
  	
  Ex:	
  Depth,	
  Amplitude,	
  Phase,	
  roughness	
  	
  

Data	
  Assimila7on:	
  aims	
  to	
  improve	
  the	
  star4ng	
  posi4on	
  of	
  the	
  model	
  for	
  a	
  forecast,	
  
so	
  the	
  es4mates	
  are	
  different	
  each	
  cycle.	
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Model	
  Skill	
  Assessment	
  	
  

Model	
  Set	
  Up	
  	
  

CONCLUSION	
  
The	
   model	
   results	
   so	
   far	
   show	
   that	
   the	
   DelX3D	
   model	
   is	
   capable	
   of	
   simula4on	
   the	
   essen4al	
  
processes	
  in	
  the	
  San	
  Quin4n	
  Bay,	
  and	
  can	
  be	
  forced	
  by	
  the	
  4dal	
  model.	
  	
  
	
  
Calibra4on	
  using	
  OpenDA,	
  did	
  improve	
  the	
  first	
  model	
  implementa4on,	
  ge`ng	
  beaer	
  results	
  in	
  the	
  
north	
  sta4on	
  than	
  the	
  Bay	
  Entry	
  Sta4on,	
  aXer	
  14	
  days	
  calibra4on.	
  Results	
  show	
   	
  this	
  tool	
  has	
  the	
  
poten4al	
  to	
  deliver	
  real	
  4me	
  forecas4ng/nowcas4ng	
  capabili4es	
  in	
  this	
  region.	
  	
  
	
  

Figure	
  3.	
  Cartesian	
  Mesh	
  	
  3	
  seconds	
  resolu4on.	
  The	
  bathymetry	
  has	
  
shallows	
  areas	
  less	
  than	
  2	
  meters	
  depth	
  which	
  are	
  exposed	
  during	
  the	
  
low	
  4de	
  making	
  from	
  the	
  bay	
  a	
  system	
  of	
  complex.	
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DelF	
  3D	
  Model	
  	
  
DelX3D-­‐FLOW	
   is	
   a	
   mul4-­‐dimensional	
   (2D	
   or	
   3D)	
   hydrodynamic	
   (and	
  
transport)	
   simula4on	
   program	
   which	
   calculates	
   non-­‐steady	
   flow	
   and	
  
transport	
  phenomena	
  that	
  result	
  from	
  4dal	
  and	
  meteorological	
  forcing	
  on	
  a	
  
rec4linear	
   or	
   a	
   curvilinear,	
   boundary	
   fiaed	
   grid.	
   In	
   3D	
   simula4ons,	
   the	
  
ver4cal	
  grid	
  is	
  defined	
  following	
  the	
  sigma	
  or	
  z	
  co-­‐ordinate	
  approach.	
  	
  
	
  
DelX3D-­‐FLOW	
   solves	
   the	
   Navier	
   Stokes	
   equa4ons	
   for	
   an	
   incompressible	
  
fluid,	
   under	
   the	
   shallow	
   water	
   and	
   the	
   Boussinesq	
   assump4ons.	
   In	
   the	
  
ver4cal	
   momentum	
   equa4on	
   the	
   ver4cal	
   accelera4ons	
   are	
   neglected,	
  
which	
  leads	
  to	
  the	
  hydrosta4c	
  pressure	
  equa4on.	
  In	
  3D	
  models	
  the	
  ver4cal	
  
veloci4es	
   are	
   computed	
   from	
   the	
   con4nuity	
   equa4on.	
   The	
   set	
   of	
   par4al	
  
differen4al	
  equa4ons	
  in	
  combina4on	
  with	
  an	
  appropriate	
  set	
  of	
  ini4al	
  and	
  
boundary	
  condi4ons	
  is	
  solved	
  on	
  a	
  finite	
  difference	
  grid.	
  [2]	
  
	
  

Fug	
  1.	
  SQB	
  is	
  Located	
  in	
  the	
  northwestern	
  coast	
  of	
  the	
  Baja	
  California	
  Peninsula	
  (Mexico),	
  SQB	
  is	
  a	
  coastal	
  lagoon	
  
covering	
  an	
  area	
  of	
  approximately	
  42	
  km2.	
  

The	
  model	
  grid	
  is	
  in	
  Cartesian,	
  15	
  layers	
  sigma	
  coordinates,	
  with	
  3	
  seconds	
  resolu4on	
  in	
  the	
  horizontal,	
  	
  
(~90	
  m).	
  	
  Since	
  the	
  main	
  force	
  on	
  the	
  bay	
  is	
  coming	
  from	
  4de	
  [1],	
  one	
  major	
  boundary	
  forcing	
  func4ons	
  applied	
  
at	
  the	
  west	
  side	
  of	
  the	
  domain,	
  	
  the global inverse tide model (TPX0 7.2)  is used to initiate Delft3D. To	
  start	
  the	
  
computa4ons,	
  it	
  is	
  necessary	
  to	
  specify	
  ini4al	
  condi4ons	
  for	
  eleva4on,	
  velocity,	
  Salinity	
  and	
  temperature.	
  	
  Ini4al	
  
water	
  surface	
  was	
  assumed	
  horizontal,	
  and	
  velocity	
  components	
  were	
  set	
  to	
  zero	
  through	
  the	
  model	
  domain.	
  	
  
	
  
	
  

1.   North	
  Sta7on	
  
Ê  Water	
  Level	
  from	
  Model	
  MARV0.9	
  2010	
  

CICESE	
  Mexico.	
  

2.   Met	
  Sta7on:	
  
Ê  Air	
  Temperature,	
  Wind	
  	
  Veloci4es	
  

Components,	
  Atmospheric	
  Pressure,	
  
humidity	
  and	
  rain.	
  	
  

3.   Bay	
  Entry	
  Sta7on:	
  
Ê  Pressure,	
  water	
  temperature,	
  currents	
  

from	
  Navy	
  Secretary	
  of	
  states.	
  

Data	
  from	
  a	
  field	
  campaign	
  during	
  the	
  wet	
  season	
  
(August	
  –	
  September	
  2010	
  )	
  was	
  used	
  to	
  establish	
  the	
  
numerical	
  scenario	
  to	
  simulate	
  the	
  hydrodynamics	
  of	
  
SQB.	
  	
  
	
  

	
  

The	
  model	
  was	
  calibrated	
  by	
  adjus4ng	
  the	
  depth,	
  the	
  boaom	
  fric4onal	
  drag	
  coefficient,	
  the	
  semidiurnal	
  
M2	
  and	
  S2	
  4de	
  coefficients.	
  These	
  coefficients	
  are	
  adjusted	
  to	
  reproduce	
  measured	
  4dal	
  eleva4ons	
  and	
  
currents.	
  

Figure	
  4a.	
  	
  Comparison	
  of	
  Instantaneous	
  Water	
  Levels	
  at	
  the	
  North	
  Sta7on.	
  	
  
14	
  days	
  simula4on	
  	
  from	
  Aug	
  27th,2010.	
  RMSE:	
  0.1036	
  R2=0.98624	
  
	
  

North	
  Sta4on	
  
	
  

Bay	
  Entry	
  Sta4on	
  
	
  

Figure	
  4b.	
  	
  Comparison	
  of	
  Instantaneous	
  Water	
  Levels	
  at	
  the	
  Bay	
  Entry	
  	
  Sta7on.	
  	
  
14	
  days	
  simula4on	
  	
  from	
  Aug	
  27th,2010.	
  RMSE:	
  0.17417	
  R2=0.95143	
  
	
  	
  
	
  

Figure	
  5a.	
  	
  Depth	
  Average	
  Velocity,	
  Magnitude	
  during	
  low	
  4de.	
  
	
  

Figure	
  5b.	
  	
  Depth	
  Average	
  Velocity,	
  Magnitude	
  during	
  	
  High	
  4de.	
  
	
  Figure	
  2.	
  Example	
  of	
  -­‐	
  and	
  Z-­‐grid.	
  	
  

Start	
  running	
  first	
  guess	
  and	
  
modifying	
  each	
  parameter	
  
	
  	
  

Linearize	
  the	
  model	
  around	
  these	
  
values	
  Solve	
  linear	
  problem	
  	
  

If	
  this	
  is	
  an	
  improvement	
  update	
  
lineariza7on	
  with	
  new	
  point	
  
	
  

Else	
  do	
  a	
  line-­‐search	
  (only	
  un7l	
  there	
  
is	
  improvement)	
  	
  

Dud	
  Algorithm	
  	
  Calibra4ng	
  4dal	
  cons4tuents	
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Fig	
  6	
  .	
  Root	
  Mean	
  Square	
  Error	
  comparison	
  	
  before	
  	
  and	
  aXer	
  the	
  parameter	
  calibra4on:	
  Depth,	
  fric4on	
  and	
  the	
  	
  4dal	
  cons4tuents	
  
M2	
  S2	
  K1	
  01	
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