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Poten(al	  Research	  Areas	  
•  Basic	  Research	  -‐	  Observa(ons,	  Modeling,	  &	  theory:	  

–  Go	  from	  index	  based	  approach	  (e.g.	  correlate	  fish	  biomass	  	  with	  the	  PDO)	  
toward	  a	  comprehensive	  understanding	  	  

•  Fishery	  Management:	  moving	  from	  stock	  assessment	  to	  
ecosystem	  based	  management	  (EBM)	  
–  Integrated	  Ecosystem	  Assessment	  (IEA,	  hNp://www.noaa.gov/iea/)	  
–  Seasonal	  to	  interannual	  predic(ons	  

•  Assess	  how	  well	  relevant	  ocean	  variables	  are	  predicted	  
•  e.g.	  SST,	  boNom	  temperature,	  salinity	  

–  Climate	  change	  =>	  long	  term	  planning	  
•  How	  will	  climate-‐related	  changes	  affect	  NMFS	  ability	  to	  meet	  its	  
mandates?	  

•  Endangered	  Species	  
–  Role	  of	  climate	  change;	  one	  of	  mul(ple	  factors	  (e.g.	  over	  fishing)	  
–  Habitat	  restora(on	  (impacted	  by	  sea	  level	  change)	  



International 
Impacts  

Social 
Economic 
Impacts  

Biological 
Impacts  

Physical 
Chemical 
Impacts  

Climate 
Changes 

 

Mitigation Efforts  
Actions to ↓ emissions, á  sequestration	  

Adaptation Efforts  
Actions to     stressors, á resilience, seek beneficial outcomes 	  

á ocean 
temperature 

á sea level 

á ocean 
acidification 

á incidence of 
hypoxia 

Sea ice 

Δ stratification  

Δ circulation  

Δ freshwater 
input 

á temperature 

á Atmospheric 
Carbon 
Dioxide 

Δ productivity 

Δ species 
abundance 

á invasive 
species impacts  

á disease 
impacts  

Δ community 
composition 

Δ species 
distribution 

Δ phenology & 
survivorship 

Δ human health 
risks 

Δ industries  

Δ subsistence 
use 

Δ revenues & 
economics 

Δ fishing and 
other ocean 

activities 
(what, where, when)  Δ migratory 

species 
Δ international 

agreements 

Δ partnerships   

Δ  security & 
response rqmts 

Δ transportation 
patterns and 

risks 

Δ transboundary 
species 

How Will Climate Change Impact Ocean and Coastal Systems? 

Δ precipitation 

Δ community 
health & 

vulnerability 

5	  



Projec(ons	  
	  
	  Projecting	  Fish	  Distributions	  (A1B)	  scenario	  

•  Thermal	  /	  bottom	  
roughness	  niche	  
model	  

•  Cusk	  distribution	  
projected	  to	  constrict	  

Projected	  Cusk	  
Habitat	  (	  	  	  )	  

Hare	  et	  al.	  (2012)	  ICES	  JMS	  69:	  1753-‐1768	  

2020-‐2060	  

2060-‐2100	  



Opportuni(es	  &	  Challenges	  
•  Enhancing	  communica(on	  between	  climate	  and	  marine	  scien(sts	  	  

–  Organiza(onal	  contacts	  	  
–  Individual	  scien(st	  contacts	  
–  Us	  Learning	  marine	  ecology	  terminology	  
–  Direct	  par(cipa(on	  in	  projects	  =>	  provide	  exper(se	  on	  climate	  variability	  and	  change	  

•  Physical	  Scale	  ***	  
–  Climate	  100	  km;	  biology	  1-‐10	  km	  (real	  and	  perceived)	  
–  Downscaling	  

•  Dynamical	  models	  Obtaining	  appropriate	  boundary	  condi(ons	  &	  surface	  fluxes	  
•  Feasibility	  of	  sta(s(cal	  downscaling	  in	  the	  ocean	  

•  Explaining	  and	  quan(fying	  uncertainty	  in	  the	  climate	  forecasts	  &	  
projec(ons	  

•  Using/enhancing	  the	  marine	  biology	  in	  earth	  system	  models	  
•  Using,	  assessing,	  improving	  seasonal	  to	  decadal	  predic(on	  for	  fields	  

relevant	  to	  marine	  ecosystem	  fisheries	  
•  Developing	  (web-‐based)	  tools	  for	  easily	  accessing	  and	  displaying	  climate	  

informa(on	  



PPAI	  session	  
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Decision	  
Makers	  

Why	  
change?	  

Future	  
change?	  

What	  
ac0on	  
to	  take?	  

What	  
changed?	  

Spa$al	  scales:	  
regional	  to	  basin	  
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What has changed? 
OBSERVATIONS 

Why did it change? 
RESEARCH 

Fishery 
Management 

How will it change? 
PROJECTIONS 

climate	  

oceans	  

Biological	  resources	  

Social	  &	  economic	  

climate	  

oceans	  

Biological	  resources	  

Social	  &	  economic	  

climate	  

oceans	  

Biological	  resources	  

Social	  &	  economic	  

Sectoral & 
Community  
Investments 

Protected Species 
Conservation 

Time	  scales:	  
annual	  to	  
decadal	  

ESSENTIAL	  SCIENCE	  FOR	  A	  CLIMATE-‐READY	  FISHERIES	  SERVICE?	  

Products       services 
Products              services 

Products       services 



Some	  key	  ques0ons:	  
	  
How	  has/will	  climate/ocean	  changes	  affected	  
ocean	  produc$vity?	  	  
	  

How	  has/will	  these	  changes	  affect	  species	  
abundance	  and	  distribu$on?	  
	  

How	  will	  fishermen	  respond	  to	  changing	  fish	  
stocks?	  
	  

How	  will	  communi$es	  and	  economies	  adapt?	  
	  

How	  do	  we	  sustainably	  manage	  fisheries	  and	  other	  
species	  as	  systems	  change	  (what	  does	  climate-‐
ready	  marine	  resource	  management	  look	  like?	  

10	  



NMFS	  Climate	  Science	  Strategy	  Priority	  Objec7ves	  
�  Objective	  1:	  	  Identify	  appropriate,	  climate-‐informed	  reference	  
points	  for	  managing	  LMRs.	  

�  Objective	  2:	  	  Identify	  robust	  strategies	  for	  managing	  LMRs	  under	  
changing	  climate	  conditions.	  

�  Objective	  3:	  Design	  adaptive	  decision	  processes	  that	  can	  
incorporate	  and	  respond	  to	  changing	  climate	  conditions.	  	  

�  Objective	  4:	  	  Identify	  future	  states	  of	  LMRs	  and	  LMR	  -‐dependent	  
human	  communities	  under	  climate	  change.	  	  

�  Objective	  5:	  	  Identify	  the	  mechanistic	  “how	  and	  why”	  of	  changing	  
climate	  effects	  on	  LMRs	  and	  LMR-‐dependent	  human	  communities.	  

�  Objective	  6:	  	  Track	  trends	  in	  LMRs	  and	  LMR-‐dependent	  human	  
communities	  and	  provide	  early	  warning	  of	  change.	  

�  Objective	  7:	  Build	  and	  maintain	  the	  science	  infrastructure	  needed	  
to	  fulfill	  NMFS	  mandates	  with	  changing	  climate	  conditions.	  



•  Biological	  reference	  points	  are	  not	  static	  (climate	  impacts)	  

•  Marine	  resource	  boundaries	  are	  not	  fixed	  (climate	  impacts)	  

•  Trophic	  interactions	  /	  communities	  are	  changing	  (climate	  
etc)	  

•  Need	  to	  consider	  multiple	  stressors	  (e.g.,	  climate,	  fishing	  etc)	  

Some	  conclusions	  
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Northeast U.S. Marine Ecosystem
Mean Annual Temperature

Climate	  Condi(ons	  
	  

•  ~	  1.25	  oC	  increase	  
•  Substantial	  inter-‐

annual	  and	  decadal	  
variability	  

NOAA	  ERSSTv3	  -‐	  http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.ersst.html	  

Northeast	  US	  Shelf	  Temperature	  



Climate	  Condi(ons	  
	  
� Physical	  ecosystem	  is	  
variable	  and	  changing	  
over	  the	  long-‐term	  

Salinity	  decrease	  (EcoAp	  
2012)	  

Ocean	  acidification	  
(Rebuck	  et	  al.	  in	  prep)	  

Wind	  patterns	  –	  Archer	  and	  
Calderia	  (2008)	  	  

Precipitation	  and	  
streamflow	  –	  Hayhoe	  et	  al.	  
(2007)	  

Nutrients	  –	  Townsend	  et	  al	  
(2010)	  

And	  more	  ….	  



Biological	  Condi(ons	  
	  
	  

•  24	  of	  36	  stocks	  shifted	  
poleward	  and/or	  deeper	  

Northeast	  U.S.	  Fisheries	  

Nye	  JA	  et	  al.	  (2009)	  MEPS	  393:111-‐139	  
Richardson	  DE	  http://www.nefsc.noaa.gov/epd/ocean/MainPage/ioos.html	  	  fish	  distribution	  movies	  



Biological	  Condi(ons	  
	  � Biological	  ecosystem	  is	  
variable	  and	  changing	  
over	  the	  long-‐term	  

Zooplankton	  and	  
phytoplankton	  changes	  (Kane	  
20090	  

Mackerel	  distribution	  -‐	  
Overholtz	  et	  al.	  (2011)	  

Atlantic	  salmon-‐	  Friedland	  et	  
al.	  (2003)	  

Shellfish	  –	  Weinberg	  (2005),	  
Talmage	  and	  Gobler	  (2010)	  

Phytoplankton	  –	  Balch	  et	  al.	  
(2012)	  

And	  more	  …	  



NOAA’s Scale of Information- What can we do? 

NOAA	  PRODUCTS	  
AND	  SERVICES	  

Research	   Observations	  

Decision	  Support	  Tools	   Information	  Transfer	  
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High-‐Resolu0on	  NODC	  Climatologies	  �  Ocean	  climatologies	  in	  the	  format	  of	  World	  
Ocean	  Atlas	  (WOA)	  have	  been	  generated	  
and	  published	  at	  the	  	  NODC	  Ocean	  Climate	  
Laboratory	  since	  1982	  and	  are	  based	  on	  the	  
NODC	  flagship	  product	  World	  Ocean	  
Database—the	  largest	  quality-‐controlled	  
oceanographic	  database	  to	  date.	  

�  Ocean	  climatology	  is	  a	  compendium	  of	  
objectively	  	  analyzed,	  quality	  controlled,	  
arranged	  on	  a	  regular	  geographical	  grid	  and	  
time-‐averaged	  fields	  of	  essential	  
oceanographic	  variables,	  such	  as	  
temperature,	  salinity,	  oxygen,	  etc.	  	  	  

�  All	  revisions	  of	  WOA,	  including	  the	  latest	  
edition	  published	  in	  2013,	  provide	  102	  
standard	  levels	  from	  surface	  to	  5,500	  m.	  

	  

NODC	  data	  holdings	  for	  the	  World	  Ocean	  and	  Arctic	  Region	  	  
(north	  of	  60°N;	  insert).	  
	  
New	  	  edition	  of	  	  World	  Ocean	  Database	  (WOD13)	  was	  
published	  	  on	  September	  31,	  2013.	  

The	  new	  NODC	  Ocean	  Regional	  Climatologies	  project	  aims	  at	  creating	  high-‐resolution	  regional	  
climatologies	  in	  the	  key	  areas	  where	  data	  allow	  sub-‐one-‐degree	  resolution	  on	  102	  standard	  data	  
levels.	  	  	  



Northwest	  Atlan0c	  (NWA)	  Regional	  Climatology	  
(SMECC;	  FY14	  -‐	  work	  in	  progress)	  The NWA high-resolution regional climatology is a 

part of the cross-NOAA Sustained Marine 
Ecosystem in Changing Climate (SMECC) Project.  
 
NODC Regional Climatology Team1 developed a 
new set of high-resolution quality-controlled long-
term annual, seasonal and monthly mean 
temperature and salinity fields on different depth 
levels.  
 
This new regional climatology is based on the 
World Ocean Database 2013 archive of temperature 
and salinity from observations spanning over more 
than a hundred years and incorporates a great deal 
of new data not previously available.  
 
High-resolution  NWA regional climatology 
provides  quality-controlled temperature and salinity 
on 87 depth levels with 1/10°x1/10° grid resolution. 
 
	  
	  
	  
	  
	  
	  

NODC	  Regional	  Climatology	  Team:	  Seidov,	  D.,	  O.K.	  Baranova,	  M.	  Biddle,	  T.P.	  Boyer,	  D.R.	  Johnson,	  A.V.	  Mishonov	  
and	  M.	  Zweng	  

NODC	  NWA	  web	  site	  screenshot	  (web	  
site	  is	  under	  construction).	  



High-resolution “all-time” NWA climatology 

At the moment, the “all-time” NWA climatology has been completed on 1/10x1/10° grid. “All-time” means the climatology was 
compiled using all available data. There will be decadal climatologies compiled for six decades from 1955-1954 to 2005-2012 (the 
last “decade” has only eight years of  data).  The decades 1995-2004 and 2005-2012 will be completed by the end of FY14, while 
earlier decades are due in FY15. 
 
Annual temperature at the surface from NWA regional climatologies with 1°x1°, 1/4°x1/4° and 1/10°x1/10° grid resolution show 
dramatic improvements provided by high-resolution climatology. 
 
  1/4°x1/4° 1/10°x1/10° 

Annually-averaged Climatological Sea Surface Temperature (°C) 

1°x1° 



CMIP5	  Model	  Runs	  
•  Projected	  
increase	  in	  SST	  
by	  3deg	  C	  

	  
•  Projected	  
decrease	  in	  sea	  
surface	  pH	  by	  
>0.24	  

http://www.esrl.noaa.gov/psd/ipcc/ocn/	  



Projec(ons-‐	  Coupled	  Climate-‐
Popula(on	  Models	  
	  
	   Projecting	  Fishery	  Yields	  

ΔT=0oC

ΔT=1oC

ΔT=2oC

ΔT=0oC

ΔT=1oC

ΔT=2oC

ΔT=0oC

ΔT=1oC

ΔT=2oC

Fogarty	  et	  al.	  2008	  MASGC	  13:	  425-‐436	  
Hare	  et	  al.	  Ecol.	  Appl.	  20:	  452-‐464	  

•  Atlantic	  cod	  productivity	  
projected	  to	  decrease	  

•  Atlantic	  croaker	  productivity	  
projected	  to	  increase	  

•  Temperature-‐modified	  
recruitment	  functions	  

•  In	  a	  given	  region	  (e.g.,	  the	  
Northeast	  U.S.	  Continental	  
Shelf),	  there	  will	  be	  winners	  
and	  losers	  





New	  product	  coming	  in	  FY14-‐15	  
�  Fisheries/climate	  indicators	  in	  Dashboard	  format	  

•  NERACOOS	  
•  Phytoplankton	  
•  Zooplankton	  
•  Satellite	  SST	  
•  Oleander	  LT	  obs	  
•  NODC	  

climatology	  
•  ESRL	  projections	  
•  Frontal	  boundary	  
•  Landings	  
•  Ocean	  

acidification	  


