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Chesapeake	
  Focus	
  Research	
  Group	
  (hSp:/csdms.colorado.edu/wiki/CCMP)	
  



The	
  purpose	
  of	
  the	
  Chesapeake	
  Focus	
  Group	
  (ChesFRG)	
  is	
  combine	
  
the	
  forces	
  of	
  CSDMS	
  and	
  the	
  Chesapeake	
  Community	
  Modeling	
  
Program	
  (CCMP)	
  to	
  assemble	
  and	
  uHlize	
  an	
  open	
  source	
  system	
  of	
  
watershed	
  and	
  estuary	
  models	
  applied	
  to	
  the	
  Chesapeake	
  Bay	
  
region,	
  including	
  hydrodynamics,	
  water	
  quality	
  (sediment,	
  oxygen,	
  
nutrients),	
  ecosystem	
  dynamics,	
  and	
  watershed	
  interacHons.	
  	
  

CCMP	
  is	
  dedicated	
  to	
  advancing	
  the	
  cause	
  of	
  accessible,	
  open-­‐
source	
  environmental	
  models	
  of	
  the	
  Chesapeake	
  Bay	
  in	
  support	
  of	
  
research	
  &	
  management	
  efforts.	
  	
  

Also	
  see:	
  hSp://ches.communitymodeling.org/	
  

Chesapeake	
  Focus	
  Research	
  Group	
  (hSp:/csdms.colorado.edu/wiki/CCMP)	
  



AddiHonal	
  MoHvaHon:	
  



	
  	
  	
  	
  	
  From	
  text	
  of	
  Chesapeake	
  Bay	
  Execu/ve	
  Order	
  Ac/on	
  Plan	
  for	
  FY2011:	
  

• 	
  	
  AcHon	
  Item	
  WQ	
  10.3:	
  “NOAA	
  will	
  support	
  research	
  to	
  implement	
  a	
  coupled	
  
Regional	
  Ocean	
  Modeling	
  System	
  [ROMS]	
  –	
  Water	
  Quality	
  hydrodynamic	
  model	
  for	
  
use	
  in	
  ecological	
  forecasHng.”	
  

• 	
  	
  AcHon	
  Item	
  SS	
  4.3:	
  “EPA	
  will	
  establish	
  a	
  Chesapeake	
  Bay	
  Analysis	
  and	
  Synthesis	
  
Center	
  to	
  facilitate	
  the	
  formaHon	
  of	
  synthesis	
  teams	
  of	
  scienHsts	
  and	
  managers	
  to	
  
focus	
  on	
  addressing	
  key	
  environmental	
  issues.”	
  

• 	
  	
  AcHon	
  Item	
  SS	
  5.3:	
  “EPA	
  will	
  make	
  the	
  underlying	
  computer	
  code	
  for	
  all	
  its	
  Bay	
  
TMDL	
  related	
  models	
  and	
  tools	
  readily	
  accessible	
  to	
  partners	
  and	
  stakeholders	
  
through	
  the	
  Chesapeake	
  Community	
  Modeling	
  Program	
  website	
  [i.e.,	
  CSDMS].”	
  

• 	
  	
  AcHon	
  Item	
  SS	
  13.1:	
  “IniHate	
  the	
  design	
  and	
  development	
  of	
  the	
  Chesapeake	
  Bay	
  
Data	
  Enterprise	
  system	
  to	
  share	
  scienHfic	
  data	
  between	
  partners.”	
  



Presently	
  ~	
  30	
  CFRG	
  Members	
  (hSp:/csdms.colorado.wiki/CCMP_Members)	
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Funded	
  by	
  NOAA/IOOS	
  through	
  SURA	
  (Southeastern	
  UniversiHes	
  Research	
  
AssociaHon).	
  IniHally	
  one	
  year	
  of	
  funding	
  (~$800K)	
  which	
  started	
  June	
  2010.	
  

Part	
  of	
  a	
  larger	
  NOAA/IOOS/SURA	
  larger	
  (~$4M)	
  “Super-­‐Regional	
  Testbed	
  to	
  Improve	
  
Models	
  of	
  Environmental	
  Processes	
  on	
  the	
  U.S.	
  AtlanHc	
  and	
  Gulf	
  of	
  Mexico	
  Coasts”.	
  

Pilot	
  projects	
  in	
  the	
  larger	
  “Super-­‐Regional	
  Testbed”	
  are	
  addressing	
  three	
  chronic	
  
issues	
  of	
  high	
  relevance	
  within	
  the	
  U.S.	
  Gulf	
  of	
  Mexico-­‐U.S.	
  AtlanHc	
  Coast	
  region:	
  

• 	
  Coastal	
  InundaHon	
  
• 	
  Estuarine	
  Hypoxia	
  
• 	
  Shelf	
  Hypoxia	
  

NOAA/IOOS/SURA	
  Estuarine	
  Hydrodynamics	
  and	
  Hypoxia	
  Modeling	
  Testbed	
  

	
  	
  The	
  first	
  funded	
  CFRG	
  CSDMS	
  project.	
  



NOAA/IOOS/SURA	
  Estuarine	
  Hydrodynamics	
  and	
  Hypoxia	
  Modeling	
  Testbed	
  

• 	
  	
  Carl	
  Friedrichs	
  (VIMS)	
  –	
  Team	
  Leader	
  

Federal	
  partners	
  

• 	
  	
  David	
  Green	
  (NOAA-­‐NWS)	
  –	
  TransiHon	
  to	
  operaHons	
  at	
  NWS	
  
• 	
  	
  Lyon	
  Lanerole	
  (NOAA-­‐CSDL)	
  –	
  TransiHon	
  to	
  operaHons	
  at	
  CSDL;	
  CBOFS2	
  
• 	
  	
  Lewis	
  Linker	
  (EPA-­‐CBP),	
  Carl	
  Cerco	
  (USACE)	
  –	
  TransiHon	
  to	
  operaHons	
  at	
  EPA;	
  CH3D,	
  CE-­‐ICM	
  
• 	
  	
  Doug	
  Wilson	
  (NOAA-­‐NCBO)	
  –	
  IntegraHon	
  w/observing	
  systems	
  at	
  NCBO/IOOS	
  

Non-­‐federal	
  partners	
  

• 	
  	
  Marjorie	
  Friedrichs,	
  Aaron	
  Bever	
  (VIMS)	
  –	
  Metric	
  development	
  and	
  model	
  skill	
  assessment	
  
• 	
  	
  Yun	
  Li,	
  Ming	
  Li	
  (UMCES)	
  –	
  ROMS	
  hydrodynamics	
  in	
  CB	
  
• 	
  	
  Wen	
  Long,	
  Raleigh	
  Hood	
  (UMCES)	
  –	
  ChesROMS	
  with	
  NPZD	
  water	
  quality	
  model	
  	
  
• 	
  	
  ScoS	
  Peckham,	
  Jisamma	
  Kallumadikal	
  (CSDMS)	
  –	
  MulHple	
  ROMS	
  grids,	
  forcings,	
  O2	
  codes	
  
• 	
  	
  Malcolm	
  Scully	
  (ODU)	
  –	
  ChesROMS	
  with	
  1	
  term	
  oxygen	
  respiraHon	
  model	
  
• 	
  	
  Kevin	
  Sellner	
  (CRC)	
  –	
  Academic-­‐agency	
  liason;	
  facilitator	
  for	
  model	
  comparison	
  
• 	
  	
  Jian	
  Shen,	
  Bo	
  Hong	
  (VIMS)	
  –	
  SELFE,	
  FVCOM,	
  EFDC	
  models	
  in	
  CB	
  
• 	
  	
  John	
  Wilkin,	
  Julia	
  Levin	
  (Rutgers)	
  –	
  ROMS-­‐Espresso	
  +	
  7	
  other	
  MAB	
  hydrodynamic	
  models	
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CSDMS	
  Chesapeake	
  Focus	
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NOAA/IOOS/SURA	
  Estuarine	
  Hydrodynamics	
  and	
  Hypoxia	
  Modeling	
  Testbed	
  



Specific	
  Federal	
  Mo/va/on:	
  

January	
  2010	
  NOAA	
  Funding	
  Opportunity	
  Announcement:	
  “FY2010	
  Integrated	
  
Ocean	
  Observing	
  System	
  Community	
  Modeling	
  Environment	
  To	
  Support	
  a	
  Super-­‐
Regional	
  Test	
  Bed”:	
  

“The	
  program	
  prioriHes	
  for	
  this	
  funding	
  opportunity	
  are	
  to	
  conduct	
  a	
  super-­‐regional	
  
testbed	
  demonstraHon	
  of	
  the	
  community	
  modeling	
  environment	
  by	
  transiHoning	
  
models,	
  tools,	
  toolkits	
  and	
  other	
  capabiliHes	
  to	
  a	
  Federal	
  operaHonal	
  facility	
  to	
  
improve	
  the	
  understanding,	
  predicHon,	
  and	
  miHgaHon	
  of	
  the	
  consequences	
  of	
  
extreme	
  events	
  and	
  chronic	
  condiHons.”	
  

NOAA/IOOS/SURA	
  Estuarine	
  Hydrodynamics	
  and	
  Hypoxia	
  Modeling	
  Testbed	
  



Aim:	
  

In	
  order	
  to	
  aid	
  in	
  the	
  transiHon/improvement	
  of	
  exisHng	
  models	
  for	
  use	
  in	
  Federal	
  
operaHons/decision	
  making,	
  this	
  project	
  aims	
  is	
  to	
  provide	
  NOAA,	
  EPA,	
  other	
  
agencies,	
  and	
  the	
  larger	
  modeling	
  community	
  meaningful	
  guidance	
  on	
  the	
  relaHve	
  

• 	
  accuracy,	
  	
  
• 	
  efficiency,	
  	
  
• 	
  portability,	
  
• 	
  complexity	
  	
  

of	
  exisHng	
  agency	
  and	
  community	
  models	
  for	
  oxygen	
  dynamics	
  in	
  the	
  Chesapeake	
  
Bay	
  and	
  for	
  hydrodynamics	
  in	
  the	
  Chesapeake	
  Bay	
  and	
  adjacent	
  Middle	
  AtlanHc	
  
Bight	
  (MAB).	
  	
  

NOAA/IOOS/SURA	
  Estuarine	
  Hydrodynamics	
  and	
  Hypoxia	
  Modeling	
  Testbed	
  



How	
  did	
  we	
  choose	
  our	
  models?	
  

• 	
  	
  Include	
  exisHng	
  Federal	
  models	
  presently	
  used	
  in	
  operaHons/decision	
  making	
  (e.g.,	
  
NOAA-­‐CSDL	
  CBOFS2,	
  EPA/USACE	
  CH3D,	
  EPA/USACE	
  ICM,	
  Navy/NOAA	
  HyCOM-­‐NCODA,	
  Navy	
  
NCOM,	
  NOAA-­‐NWS	
  RTOFS).	
  	
  

• 	
  	
  Include	
  other	
  mature,	
  exisHng	
  open	
  source	
  community	
  models	
  that	
  have	
  a	
  significant	
  
number	
  of	
  users	
  around	
  the	
  US	
  and/or	
  globe	
  (e.g.,	
  SELFE,	
  FVCOM,	
  EFDC,	
  COAWST,	
  
Mercator,	
  and	
  especially	
  ROMS).	
  

• 	
  	
  In	
  the	
  horizontal,	
  include	
  structured	
  and	
  unstructured	
  horizontal	
  grids.	
  
• 	
  	
  In	
  the	
  verHcal,	
  include	
  both	
  z-­‐grids	
  and	
  sigma-­‐grids.	
  

• 	
  	
  Include	
  varying	
  degrees	
  of	
  horizontal	
  resoluHon/model	
  speed.	
  

• 	
  	
  Include	
  varying	
  degrees	
  of	
  complexity	
  of	
  model	
  formulaHon	
  (for	
  ecosystem/oxygen).	
  

• 	
  	
  Include	
  structure	
  to	
  aid	
  in	
  linking/swapping	
  of	
  models/grids/forcings	
  (i.e.,	
  CSDMS).	
  

NOAA/IOOS/SURA	
  Estuarine	
  Hydrodynamics	
  and	
  Hypoxia	
  Modeling	
  Testbed	
  



Project	
  Deliverables	
  

• 	
  	
  General	
  results	
  of	
  data-­‐model	
  intercomparison,	
  including	
  quanHficaHon	
  of	
  model	
  
accuracy,	
  complexity,	
  efficiency	
  and	
  sensiHvity.	
  

• 	
  	
  IdenHficaHon	
  of	
  strengths	
  and	
  weaknesses	
  of	
  various	
  approaches	
  (i.e.,	
  structured	
  vs.	
  
unstructured;	
  z-­‐	
  vs.	
  sigma-­‐grid;	
  high	
  resoluHon	
  vs.	
  high	
  performance;	
  more	
  complex	
  vs.	
  
simpler	
  water	
  quality	
  formulaHons).	
  

• 	
  	
  Advice	
  to	
  NOAA-­‐CSDL	
  (via	
  Lyon	
  Lanerole,	
  Frank	
  Aikman)	
  and	
  NOAA-­‐NWS	
  (via	
  David	
  
Green)	
  for	
  implemenHng	
  3-­‐day	
  forecasts	
  of	
  hydrodynamic/water	
  quality	
  condiHons.	
  

• 	
  	
  Advice	
  to	
  EPA/USACE	
  CBP	
  (via	
  Lewis	
  Linker,	
  Carl	
  Cerco)	
  for	
  scenario-­‐based	
  hydrodynamic/
water	
  quality	
  model	
  improvement	
  for	
  “2017”	
  EPA/CBP	
  modeling	
  effort.	
  

• 	
  	
  Delivery	
  to	
  NOAA	
  NCBO	
  (via	
  Doug	
  Wilson)	
  of	
  interacHve	
  web-­‐based	
  summary	
  of	
  final	
  
model	
  output,	
  model	
  data	
  comparisons,	
  and	
  project	
  conclusions	
  .	
  

NOAA/IOOS/SURA	
  Estuarine	
  Hydrodynamics	
  and	
  Hypoxia	
  Modeling	
  Testbed	
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EPA/USACE	
  CBP	
  CH3D	
  Model	
  

(Slide	
  courtesy	
  Ping	
  Wang,	
  CBPO)	
  

57000 grid points"
z-grid, Δz = 5 ft"



“Environmental	
  Fluid	
  Dynamics	
  Code”	
  (Originally	
  from	
  HydroQual)	
  

(Slide	
  courtesy	
  Jian	
  Shen)	
  

20 layer sigma-grid in vertical 



(Slide	
  courtesy	
  
Jian	
  Shen,	
  VIMS)	
  

VIMS	
  SELFE	
  Model	
  
grid	
  (presently	
  2D)	
  



ROMS	
  Chesapeake	
  Bay	
  Hydrodynamic	
  Model	
  1	
  	
  

(Slide	
  courtesy	
  Lyon	
  Lanerolle)	
  



(Slide	
  courtesy	
  Ming	
  Li)	
  

ROMS	
  Chesapeake	
  Bay	
  Hydrodynamic	
  Model	
  2	
  	
  



(Slide	
  courtesy	
  Jerry	
  Wiggert)	
  

Grid	
  spacing	
  ~2	
  km	
  

ROMS	
  Chesapeake	
  Bay	
  Hydrodynamic	
  Model	
  3	
  	
  



(Figures	
  from	
  Shen	
  et	
  al.	
  2007)	
  

Chesapeake	
  InteracHve	
  Modeling	
  Project	
  (CHIMP)	
  

20	
  sigma-­‐layers,	
  horizontal	
  grid	
  spacing	
  ~6	
  km	
  

ROMS	
  Chesapeake	
  Bay	
  Hydrodynamic	
  Model	
  4	
  	
  



Middle	
  AtlanHc	
  Bight	
  ROMS	
  model	
  

(Slide	
  courtesy	
  John	
  Wilkin)	
  



(Slide	
  courtesy	
  Malcolm	
  Scully)	
  

ChesROMS + 
Constant Water 

Column Respiration 	
  

ROMS	
  Chesapeake	
  Bay	
  Hypoxia	
  Model	
  1	
  	
  



ChesROMS	
  with	
  Chlorophyll,	
  Nitrate,	
  Ammonium,	
  DON,	
  Oxygen,	
  Detritus,	
  Zooplankton	
  

(Slide	
  courtesy	
  Jerry	
  Wiggert)	
  

ROMS	
  Chesapeake	
  Bay	
  Hypoxias	
  Model	
  2,3,4	
  	
  



Target	
  Diagrams	
  for	
  Maximum	
  dS/dz	
  at	
  23	
  EPA	
  Monitoring	
  StaHons	
  During	
  2004	
  	
  

Models	
  don’t	
  reproduce	
  straHficaHon	
  well.	
  See	
  poster	
  for	
  explanaHon!	
  

(Slide	
  courtesy	
  Aaron	
  Bever)	
  



€ 

Skill =1−
Xmod el − Xobs∑

2

Xmod el − Xobs + Xobs − Xobs( )
2

∑

Skill	
  =	
  0.55	
  

Skill	
  =	
  0.97	
  

(Slide	
  courtesy	
  
Malcolm	
  Scully)	
  

It’s	
  much	
  easier	
  to	
  reproduce	
  oxygen	
  concentraHon	
  than	
  salinity	
  straHficaHon(!)	
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To	
  beSer	
  isolate	
  changes	
  in	
  forcing,	
  grid	
  resoluHon,	
  
O2	
  model,	
  etc.,	
  could	
  we	
  do	
  something	
  like	
  this?	
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Connect	
  to	
  U	
  Colorado	
  via	
  VPN	
  



Connect	
  to	
  U	
  Colorado	
  via	
  VPN	
  



Start	
  up	
  CSMDS	
  Modelling	
  Tool	
  



Log	
  into	
  Beach	
  



ConnecHng…	
  



Opening	
  view	
  of	
  CMT	
  



Open	
  a	
  project…	
  



Select	
  group…	
  



(A	
  lot	
  of	
  overlap	
  with	
  Marine	
  Group	
  interests…)	
  



Select	
  Project…	
  



Done…	
  



ConnecHng…	
  



ROMS	
  Project	
  Workspace	
  



Select	
  ROMS…	
  



Drag	
  it	
  in	
  and	
  run!	
  



Adjust	
  configuraHons	
  



Grid	
  properHes	
  



Time	
  step	
  info	
  



Output	
  properHes	
  



Background	
  diffusion	
  



Turbulence	
  closure	
  



Surface	
  boundary	
  condiHons	
  



Grid	
  stretching	
  



Thanks	
  Hernan!	
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