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•  Large	
  algae	
  blooms	
  	
  
•  Low	
  DO	
  
•  Harmful	
  algae,	
  toxins	
  

How	
  can	
  impacts	
  be	
  miOgated	
  or	
  prevented?	
  
-­‐  $5-­‐10bill	
  quesOon	
  

Does	
  SFB	
  have	
  nutrient	
  problems?	
  
-­‐  now?	
  
-­‐  future?	
  

Bay-­‐wide	
  Loads	
  

N	
  	
  	
  50,000	
  kg	
  d-­‐1	
  
	
  

P	
  	
  	
  	
  	
  	
  5,000	
  kg	
  d-­‐1	
  

Ag	
  San	
  Pablo	
  
Suisun	
  

Central	
  

South	
  
65%	
  	
  WWTP	
  

20%	
  	
  Delta/Ag	
  

15% 	
  Stormwater	
  SFEI	
  2014	
  

•  Largest	
  CA	
  estuary	
  	
  
•  Drains	
  40%	
  of	
  CA	
  

•  WWTPs	
  
–  Bay	
   	
   	
  37 	
   	
  7.4	
  mill	
  

–  Delta	
   	
  	
  	
  4 	
   	
  2.0	
  mill	
  

Lower	
  
South	
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  DO	
  
•  Harmful	
  algae,	
  toxins	
  

How	
  can	
  impacts	
  be	
  miOgated	
  or	
  prevented?	
  
-­‐  $5-­‐10bill	
  quesOon	
  

Does	
  SFB	
  have	
  nutrient	
  problems?	
  
-­‐  now?	
  
-­‐  future?	
  

Bay-­‐wide	
  Loads	
  

N	
  	
  	
  50,000	
  kg	
  d-­‐1	
  
	
  

P	
  	
  	
  	
  	
  	
  5,000	
  kg	
  d-­‐1	
  

Ag	
  San	
  Pablo	
  
Suisun	
  

Central	
  

South	
  
65%	
  	
  WWTP	
  

20%	
  	
  Delta/Ag	
  

15% 	
  Stormwater	
  SFEI	
  2014	
  
Lower	
  
South	
  

Bay-­‐wide	
  Loads	
  

N	
  	
  	
  50,000	
  kg	
  d-­‐1	
  
	
  

P	
  	
  	
  	
  	
  	
  5,000	
  kg	
  d-­‐1	
  

Ag	
  San	
  Pablo	
  
Suisun	
  

Central	
  

South	
  
65%	
  	
  WWTP	
  

20%	
  	
  Delta/Ag	
  

15% 	
  Stormwater	
  

SFB	
  doesn’t	
  use	
  most	
  of	
  its	
  nutrients	
  

1.  High turbidity 

2.  Strong tidal mixing     

3.  Filter-feeding clams 

Historically:	
  Resistant	
  to	
  classic	
  
eutrophicaOon	
  symptoms	
  

	
  

Recently:	
  	
  Evidence	
  of	
  changing	
  
response	
  to	
  nutrients	
  



What	
  would	
  a	
  problem	
  look	
  like?	
  
Ec
os
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te
m
	
  h
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lth

	
  

Nutrients	
  

?	
   ?	
  

•  Large	
  algae	
  blooms	
  

•  Low	
  DO	
  

•  Harmful	
  algae,	
  toxins	
  

Several	
  weeks/months,	
  20+	
  µg/L	
  

DO	
  <	
  5	
  mg/L,	
  extended	
  periods	
  of	
  Ome	
  

HAB-­‐species	
  à	
  toxins	
  à	
  biota	
  à	
  adverse	
  effects	
  

Problems	
  Now	
  
	
  
Problems	
  in	
  the	
  Future	
  



Cloern	
  et	
  al.	
  2007	
  

•  South	
  Bay	
  and	
  Lower	
  South	
  Bay	
  appear	
  to	
  have	
  reached	
  a	
  new	
  ‘state’	
  
•  2-­‐3x-­‐higher	
  Fall	
  biomass,	
  with	
  unknown	
  cause	
  

•  Causes	
  poorly	
  understood…	
  
•  Climate	
  OscillaOons	
  (changes	
  in	
  upwelling,	
  coastal	
  currents) 	
  	
  
•  Decreased	
  grazing	
  by	
  benthos	
  
•  Decreased	
  suspended	
  sediments 	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  

2010

Ch
l-­‐a

	
  (µ
g	
  
L-­‐1
)	
  

SFEI	
  2016	
  
Data:	
  USGS	
  

South	
  Bay	
  phytoplankton	
  biomass	
  
(Summer/Fall)	
  

“So,	
  how	
  is	
  the	
  Bay	
  doing?”	
  	
  	
  	
  

S0ll	
  changing…	
  

PotenOal	
  chl-­‐a	
  

40	
  

80	
  



Major	
  Focus	
  

1.  Nutrient	
  sources,	
  movement,	
  transformaOons	
  

2.  Ecosystem	
  response	
  to	
  nutrients	
  
–  Causing	
  problems?	
  
–  Develop	
  best-­‐possible	
  understanding	
  of	
  dose:response	
  	
  
– What	
  are	
  protecOve	
  nutrient	
  levels?	
  	
  (now,	
  future)	
  

3.  What	
  management	
  acOons	
  will	
  maintain	
  nutrients	
  at	
  
protecOve	
  levels?	
  
– Which	
  would	
  be	
  most	
  efficacious	
  and	
  cost-­‐effecOve?	
  

San$Francisco$Bay$Regional$Water$Quality$Control$Board$

San$Francisco$Bay$Nutrient$
Management$Strategy$

November$2012$



NMS	
  ObservaOon	
  and	
  ForecasOng	
  Program	
  

What	
  data	
  and	
  tools	
  do	
  we	
  need	
  
to	
  inform	
  management	
  decisions?	
  



NMS	
  ObservaOon	
  and	
  ForecasOng	
  Program	
  	
  
	
  
	
  

Ship-­‐based	
  monitoring,	
  with	
  USGS	
  

Mussels	
  

Numerical	
  Modeling	
  

	
  USGS	
  R/V	
  Peterson	
  

High-­‐frequency	
  
observaFons	
  

DO,	
  chl,	
  OBS,	
  
fDOM,	
  salinity,	
  T	
  



Modeling	
  à	
  QuanOtaOvely	
  integrate	
  complex	
  informaOon	
  

•  QuanOfy	
  important	
  mechanisms	
  

•  QuanOfy	
  effects	
  of	
  anthropogenic	
  nutrients	
  

•  CondiOons	
  look	
  like	
  under	
  future	
  scenarios	
  

•  Analysis	
  of	
  management	
  alternaOves	
  

But…	
  
•  SubstanOal	
  development	
  Ome,	
  then	
  applicaOon	
  

•  Data	
  needs	
  for	
  model	
  calibraOon	
  and	
  validaOon	
  

•  Weak	
  link…humans	
  

Understanding	
  nutrient	
  loads,	
  transport,	
  cycling	
  and	
  effects	
  



Hydrodynamics	
  

ConservaOve	
  Tracers	
  
Transport/Mixing/DiluOon	
  

Nitrif.	
  
Denitrif.	
  

Sediment	
  Flux	
  

Phyto:	
  
community	
  

	
  

Phyto:	
  
growth	
  

Dissolved	
  
oxygen	
  

Management	
  
Scenarios	
  

Environmental	
  
Scenarios	
  

Coupled	
  Hydrodynamic	
  and	
  Water	
  Quality	
  Modeling	
  

Today	
  



www.s/aynutrients.sfei.org/modeling/map.html	
  



Forcings	
  
•  36	
  POTWs	
  +	
  5	
  refineries	
  

•  73	
  rivers	
  &	
  creeks	
  

•  Est.	
  flows,	
  NO3,	
  NH4,	
  PO4	
  

•  Wind,	
  Odes,	
  evaporaOon	
  

SUNTANS	
  Domain	
  
	
  
31	
  z-­‐layers,	
  (0.5m+)	
  
25k	
  2D	
  cells	
  
200k	
  3D	
  cells	
  
70x	
  real-­‐Ome	
  on	
  1	
  core	
  
4km	
  to	
  200m	
  resoluOon	
  

Hydrodynamics	
  



Phased	
  Model	
  Development	
  and	
  ImplementaOon	
  

Hydrodynamics	
  

ConservaOve	
  Tracers	
  
Transport/Mixing/DiluOon	
  

Nitrif.	
  
Denitrif.	
  

Sediment	
  Flux	
  

Phyto:	
  
community	
  

	
  

Phyto:	
  
growth	
  

Dissolved	
  
oxygen	
  

Management	
  
Scenarios	
  

Environmental	
  
Scenarios	
  

Simple	
  transport,	
  de/nitrificaOon,	
  reaeraOon	
  

Complex:	
  Phytoplankton,	
  sediment,	
  …	
  



How	
  “good”	
  is	
  the	
  model??	
  	
  Model	
  calibraOon	
  and	
  validaOon	
  

Hydrodynamics:	
  Salinity	
  

(ppt)	
  

USGS	
  

Model	
  

Nutrient	
  ConcentraOons	
  

VelociOes	
  



NH4	
  (µM)	
  
July	
  2013	
  

15	
  

0	
  

DIN	
  (µM)	
  
July	
  2013	
  

Simulated	
  Nutrients:	
  SpaOal	
  View	
  

80	
  

8	
  



What	
  are	
  the	
  fates	
  of	
  N	
  loads	
  to	
  SFB?	
  

DIN	
  (µM)	
  
WY2013	
  

Mass	
  =	
  Load	
  +	
  TranspIN	
  +	
  TransOUT	
  -­‐	
  Loss	
  



WY2013	
  

Monthly-­‐Average	
  Mass	
  Balances	
  (based	
  on	
  30	
  min	
  accounOng)	
  



January	
  2013	
  July	
  2013	
  

60%	
  

70%	
  

10%	
  

50%	
  

40%	
  

25%	
  

15%	
  

<1%	
  

10%	
  

1%	
  

120,000	
  30,000	
  
%	
  loss	
  



What	
  are	
  the	
  fates	
  and	
  effects	
  of	
  Bay	
  nutrients	
  along	
  the	
  coast?	
  	
  
CollaboraOon	
  with	
  UCLA-­‐SCCWRP	
  project	
  

Whole-­‐Bay	
  



Current	
  Focus…Next	
  ~1	
  year	
  

Complex:	
  Phytoplankton,	
  sediment,	
  …	
  

High-­‐res…	
  
-­‐  5-­‐10	
  days	
  to	
  simulate	
  1	
  year	
  of	
  water	
  quality	
  
-­‐  100+	
  GB	
  per	
  run	
  

	
  
Low-­‐res…	
  

-­‐  5–20	
  minutes	
  to	
  simulate	
  1	
  year	
  
-­‐  PracOcal	
  for	
  sensiOvity	
  analysis,	
  exploraOon	
  



April	
  	
  



Core	
  Modeling	
  

Suisun/Delta	
  

Risk-­‐based,	
  scenarios	
  

LSB	
  sloughs,	
  creeks	
  

Modeling	
  Focus	
  2017-­‐2018	
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2.  Harmful	
  Algae	
  Blooms	
  
3.  Dissolved	
  oxygen	
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  habitats	
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NOAA	
  Climate/NOAA	
  View	
  

Summer	
  2015	
  
Domoic	
  Acid	
  	
  

(Amnesic	
  Shellfish	
  Poisoning)	
  

Pseudo-­‐nitzchia	
  



“Contra	
  Costa	
  County	
  health	
  officials	
  are	
  warning	
  Discovery	
  Bay	
  residents	
  to	
  
avoid	
  coming	
  into	
  contact	
  with	
  the	
  water	
  in	
  the	
  area	
  azer	
  field	
  tests	
  showed	
  
that	
  it	
  contains	
  blue-­‐green	
  algae.	
  The	
  bacteria	
  can	
  cause	
  a	
  variety	
  of	
  ailments,	
  
including	
  rashes	
  and	
  other	
  allergic	
  reacOons,	
  skin	
  and	
  eye	
  irritaOon	
  and	
  an	
  
upset	
  stomach.	
  Exposure	
  to	
  high	
  levels	
  can	
  lead	
  to	
  serious	
  illnesses	
  and	
  even	
  
death,	
  according	
  to	
  the	
  California	
  Department	
  of	
  Public	
  Health.”	
  



Background:	
  	
  HABs	
  
•  Increasingly	
  important	
  water	
  quality	
  issue	
  worldwide	
  

•  IndicaOons	
  that	
  SFB	
  needs	
  to	
  be	
  on	
  the	
  lookout	
  
–  in	
  general,	
  or	
  as	
  far	
  as	
  we	
  know,	
  noteworthy	
  resistance,	
  in	
  general,	
  to	
  severe	
  

HAB	
  events	
  
–  But	
  HAB-­‐organisms	
  and	
  toxins	
  commonly	
  detected	
  

•  HABs	
  among	
  the	
  NMS’	
  higher	
  prioriOes	
  (SFEI	
  2016)	
  
–  SubstanOal	
  increase	
  in	
  observaOons	
  to	
  evaluate	
  system	
  
–  Sufficient	
  Ome	
  to	
  answer	
  management	
  quesOons	
  with	
  sufficient	
  confidence?	
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HAB-­‐forming	
  species?	
  
	
  
Toxins	
  in	
  water?	
  

	
   	
  	
  
Toxins	
  in	
  biota?	
  
	
  

External	
  Sources	
  vs.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Internal	
  producOon,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
role	
  of	
  nutrients?	
  

Increased	
  events/frequency	
  in	
  
future?	
  	
  

Acceptable	
  risk,	
  present/future	
  
	
  

ProtecOve	
  nutrient	
  inputs?	
  

Cloern	
  and	
  Dufford	
  2005	
  
Cloern	
  and	
  Jassby	
  2012	
  

N,	
  P,	
  T	
  
physics	
  

Are	
  HABs	
  and	
  toxins	
  problems	
  in	
  SFB?	
  	
  	
  SFB	
  nutrients	
  cause	
  or	
  contribute?	
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role	
  of	
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Increased	
  events/frequency	
  in	
  
future?	
  	
  

Acceptable	
  risk,	
  present/future	
  
	
  

ProtecOve	
  nutrient	
  inputs?	
  

Cloern	
  and	
  Dufford	
  2005	
  
Cloern	
  and	
  Jassby	
  2012	
  

N,	
  P,	
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physics	
  

Are	
  HABs	
  and	
  toxins	
  problems	
  in	
  SFB?	
  	
  	
  SFB	
  nutrients	
  cause	
  or	
  contribute?	
  

	
  	
  



HABs	
  and	
  Toxin-­‐focused	
  work	
  	
  
	
  
	
  

Ship-­‐based	
  monitoring,	
  with	
  USGS	
  

Mussels	
  

-­‐  Microscopy:	
  	
  1992-­‐present	
  

-­‐  SpaOally-­‐integrated	
  toxin	
  sampling	
  
since	
  2012.	
  

-­‐  ParOculate	
  toxins	
  since	
  2013	
  

-­‐  Mussels	
  since	
  Sep	
  2015	
  



Central	
  

South	
  

Lower	
  South	
  

Pseudo-­‐nitzchia	
  

Are	
  HAB-­‐forming	
  organisms	
  present	
  in	
  SFB?	
  

Microcys0s	
  Dinophysis	
   Karlodinium	
  

Other	
  
frequent	
  
visitors	
  

Alexandrium	
  

Data:	
  USGS	
  
SFEI	
  2016	
  



-­‐  Naturally	
  occurring	
  mussels	
  

-­‐  FloaOng	
  docks,	
  readily-­‐accessible	
  

-­‐  Bi-­‐weekly	
  sampling	
  

Mussels	
  

la
Ot
ud

e	
  
la
Ot
ud

e	
  

0.1	
  

0.01	
  

0.001	
  

ppm	
  

Domoic	
  Acid	
  in	
  Mussels	
  (ppm)	
  



•  Regularly	
  detect	
  mulOple	
  toxins	
  at	
  low/moderate	
  levels	
  in	
  biota	
  
and	
  in	
  the	
  water	
  
–  Domoic	
  Acid 	
   	
  Low	
  
– MicrocysOn	
   	
   	
  Moderate/Elevated	
  
–  Saxitoxin 	
   	
   	
  Low	
  
–  Okadaic	
  Acid 	
   	
  Moderate	
  
–  DTX2 	
   	
   	
   	
  Low	
  

•  Workshop	
  and	
  Expert	
  Panel	
  Spring	
  2017	
  
–  Broad	
  range	
  of	
  experOse:	
  physiologists/toxicologists,	
  HAB	
  specialists	
  

–  Comparison	
  of	
  SFB	
  condiOons	
  with	
  other	
  estuaries	
  and	
  thresholds	
  

–  Major	
  uncertainOes	
  and	
  recommendaOons	
  

What	
  do	
  current	
  ambient	
  condiOons	
  tell	
  us	
  about	
  HAB-­‐
related	
  condiOon	
  in	
  SFB?	
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  biota?	
  
	
  

External	
  Sources	
  vs.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Internal	
  producOon,	
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  in	
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ProtecOve	
  nutrient	
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  Dufford	
  2005	
  
Cloern	
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N,	
  P,	
  T	
  
physics	
  

Are	
  HABs	
  and	
  toxins	
  problems	
  in	
  SFB?	
  	
  	
  SFB	
  nutrients	
  cause	
  or	
  contribute?	
  

	
  	
  

New	
  or	
  increased	
  effort	
  in	
  FY17-­‐18	
  
ConOnue	
  current	
  effort	
  



Delta/freshwater	
  
communiOes	
  

Freshwater,	
  	
  
urban,	
  salt	
  ponds,	
  
wetlands	
  

Lower	
  South	
  Bay	
  	
  	
  	
  	
  	
  	
  South	
  Bay	
  

Estuarine	
  community	
  	
   Estuarine	
  community	
  

Central	
  Bay	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  SPB	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Suisun	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Delta	
  

What	
  shapes	
  community	
  phytoplankton	
  community	
  composiOon?	
  

Are	
  condiOons	
  in	
  SFB	
  adversely	
  impacOng	
  phytoplankton	
  composiOon?	
  
	
  

-­‐  Light	
  
-­‐  T	
  
-­‐  Residence	
  Ome	
  
-­‐  Size-­‐selecOve	
  grazing	
  by	
  clams	
  
-­‐  Nutrients	
  

Internal	
  processes	
  

seeding	
  

Coastal	
  
ocean	
  



PDO	
  =	
  Pacific	
  Decadal	
  OscillaOon	
  	
  
ONI	
  =	
  Oceanic	
  Niño	
  Index	
  

PDO	
  and	
  Central	
  Bay	
  T	
  anamolies	
  

Central	
  Bay	
  



Central	
  Bay	
  –	
  October	
  18	
  2017	
  

Red	
  Ode	
  ?	
  

Akashiwa	
  Sanguinea	
  



Imaging	
  Flow	
  Cytobot	
  (IFCB)	
  
-­‐  2	
  instruments	
  

-­‐  NOAA-­‐funded,	
  PI:	
  UC	
  Santa	
  Cruz,	
  co-­‐PIs:	
  USGS,	
  SFEI	
  

-­‐  Genus	
  level	
  counts	
  and	
  ID	
  

-­‐  IntegraOon	
  into	
  the	
  Bay	
  monitoring	
  program	
  	
  

-­‐  Ship-­‐board	
  (USGS)	
  beginning	
  October	
  2016	
  

-­‐  Moored	
  applicaOon,	
  late	
  2017	
  



In	
  collaboraOon	
  with	
  	
  
UCSC	
  and	
  USGS	
  
	
  
Thanks	
  to	
  D	
  Schultz	
  and	
  	
  
R	
  Kudela	
  (UCSC)	
  



In	
  collaboraOon	
  with	
  UCSC	
  and	
  
USGS	
  

Pseudo-­‐nitzchia	
  



Delta/freshwater	
  
communiOes	
  

Freshwater,	
  	
  
urban,	
  salt	
  ponds,	
  
wetlands	
  

Lower	
  South	
  Bay	
  	
  	
  	
  	
  	
  	
  South	
  Bay	
  

Estuarine	
  community	
  	
   Estuarine	
  community	
  

Central	
  Bay	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  SPB	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Suisun	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Delta	
  

What	
  shapes	
  community	
  phytoplankton	
  community	
  composiOon?	
  

Are	
  condiOons	
  in	
  SFB	
  adversely	
  impacOng	
  phytoplankton	
  composiOon?	
  
	
  

-­‐  Light	
  
-­‐  T	
  
-­‐  Residence	
  Ome	
  
-­‐  Size-­‐selecOve	
  grazing	
  by	
  clams	
  
-­‐  Nutrients	
  

Internal	
  processes	
  

seeding	
  

Coastal	
  
ocean	
  



Source:	
  C.	
  Benton	
   s/aynutrients.sfei.org	
  

1.  Program	
  Overview	
  

2.  Update	
  on	
  Major	
  AcOviOes	
  	
  
1.  Numerical	
  Modeling	
  
2.  Harmful	
  Algae	
  Blooms	
  
3.  Dissolved	
  oxygen	
  in	
  margin	
  habitats	
  

3.  Work	
  Ahead	
  



Key	
  AssumpFon	
  for	
  Science	
  Plan:	
  	
  

-­‐  Water	
  Board’s	
  goal	
  of	
  ‘Standards	
  within	
  10	
  years’	
  

-­‐  Work	
  and	
  Omeline	
  based	
  on	
  this	
  goal,	
  not	
  current	
  budget.	
  

1.	
  	
  What	
  are	
  impaired	
  vs.	
  protecOve	
  condiOons?	
  

2.	
  	
  Currently	
  impaired?	
  

3.	
  	
  Role	
  of	
  anthropogenic	
  nutrients?	
  	
  ProtecOve	
  nutrient	
  loads?	
  
	
  

4.	
  Future	
  impairment?	
  	
  ProtecOve	
  loads	
  under	
  future	
  scenarios?	
  

5.	
  ContribuOons	
  of	
  individual	
  sources?	
  	
  	
  space,	
  season,	
  interannual	
  

6.	
  MiOgaOve	
  or	
  preventaOve	
  management	
  acOons?	
  



•  ,	
  	
  
•  Biogeochemistry	
  field	
  studies	
  

–  Sediment	
  oxygen	
  demand,	
  sed.	
  fluxes,	
  denitrificaOon,	
  nitrificaOon,	
  etc.	
  
–  Phytoplankton	
  growth,	
  producOvity	
  
–  Benthos,	
  filtraOon/grazing	
  
–  Microbial	
  community,	
  nutrient/carbon	
  transformaOons	
  

•  HABs	
  invesOgaOons:	
  mechanisms,	
  causes,	
  effects	
  
–  Intensive	
  lab	
  invesOgaOons	
  
–  Intensive	
  field	
  invesOgaOons	
  

•  Expanded	
  monitoring	
  
–  Sampling	
  along	
  shoals,	
  new	
  analytes,	
  data	
  interpretaOon	
  
–  Benthic	
  monitoring	
  

•  Biological	
  endpoints	
  
–  Fish,	
  benthos,	
  due	
  to	
  low	
  DO	
  
–  Effects	
  of	
  toxins	
  on	
  biota	
  

•  QuanOfying	
  nonpoint	
  source	
  nutrient	
  loads	
  	
  
–  Loads	
  from	
  Delta	
  
–  Stormwater	
  loads	
  

•  Expanded	
  modeling,	
  including	
  future	
  scenarios	
  

Current	
  Major	
  Science	
  Gaps	
  (un-­‐	
  or	
  underfunded)	
  

X 	
   	
  X 	
   	
  	
  X
	
  	
  

X 	
   	
  X 	
   	
  	
  
	
  	
  

X 	
   	
  X 	
   	
  	
  
	
  	
  

X 	
   	
  X 	
   	
  	
  
	
  	
  

	
   	
   	
   	
  	
  X
	
  	
  

X 	
   	
  X 	
   	
  	
  X
	
  	
  



CumulaOve	
  	
  
confidence	
  

Time	
  

What	
  is	
  the	
  necessary	
  level	
  of	
  certainty	
  to	
  inform	
  major	
  management	
  decisions?	
  
-­‐  Depends	
  on	
  the	
  cost	
  
-­‐  Depends	
  on	
  the	
  potenOal	
  environmental	
  risk	
  

What	
  are	
  the	
  relevant	
  Omelines?	
  
-­‐  Which	
  decisions?	
  
-­‐  Environmental	
  risk?	
  

What	
  science	
  program	
  can	
  achieve	
  the	
  goals/certainty	
  in	
  the	
  appropriate	
  Ome?	
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