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Why	  Barrow?	  

•  Important	  feeding	  hotspot	  for	  
bowhead	  whales	  

•  Bowhead	  whales	  are	  key	  for	  local	  
Iñupiat	  subsistence	  hun8ng	  	  

•  At	  the	  juxtaposi8on	  of	  the	  Chukchi	  
Sea,	  Beaufort	  Shelf,	  and	  Canada	  
Basin	  

•  Dynamic	  region	  where	  change	  
could	  be	  detected	  

•  Downstream	  of	  a	  former	  oil	  and	  
gas	  explora8on	  and	  exploita8on	  
region	  

•  Distributed	  Biological	  Observatory	  
line	  

Chukchi
Shelf

Beaufort
Shelf

Barrow

Alaskan	  Coastal	  Current	  flows	  to	  NE	  
through	  Barrow	  Canyon	  



•  Sampling	  using	  the	  43’	  R/V	  Annika	  Marie	  from	  mid-‐August	  to	  mid-‐
September	  2005-‐2015	  
• Transect	  sampled	  each	  year	  during	  the	  third	  week	  of	  August	  

GOAL:	  	  Describe	  inter-‐	  annual	  variability	  across	  Barrow	  
Canyon	  using	  data	  from	  over	  a	  decade	  of	  sampling	  



Oceanographic	  Measurements	  
•  Water	  column	  temperature,	  salinity,	  

density,	  chlorophyll	  fluorescence,	  ADCP	  
veloci8es	  

•  Upper	  50	  m	  water	  temperature,	  salinity,	  
density,	  op8cal	  backsca^er,	  chlorophyll	  
and	  CDOM	  fluorescence	  

•  Chlorophyll,	  nutrient,	  FCM	  microbes,	  
microzooplankton	  concentra8ons	  at	  0,	  10,	  
40	  m	  and	  near	  bo^om	  

•  Mesozooplankton	  abundances	  
•  Marine	  mammal	  (and	  some8mes	  seabird)	  

watch	  

Deploying	  Acrobat	  

“Acrobat”	  

Nets	  

CTD	  and	  rose^e	  



Temperature	  and	  salinity	  variable	  between	  years	  

MW	  

ACW	  

WW	  

•  Three	  water	  masses	  
•  The	  ACW	  was	  very	  

warm	  in	  some	  years	  
(2005,	  2007,	  
2009-‐2012,	  2015)	  

•  Cold	  ACW	  in	  other	  
years,	  par8cularly	  2006	  
and	  2008	  

	  



Temperature	  is	  variable	  between	  years	  
>10	  °C	  

<-‐1	  °C	  

•  Cold	  years:	  	  2006,	  2008,	  2013,	  2014	  
•  Warm	  years:	  	  2005,	  2007,	  2011,	  2012,	  2015	  (?)	  



Mean	  Sec8ons	  show	  Three	  Major	  Domains	  

•  Surface	  Layer	  (0-‐20	  m)	  
-  Fresher	  water	  on	  western	  side	  derived	  from	  ice	  melt	  

•  Alaskan	  Coastal	  Current	  with	  Alaskan	  Coastal	  Water	  (water	  column,	  0-‐17	  km)	  
-  Flows	  NE	  
-  Sloping	  isopleths	  

•  West	  Barrow	  Canyon	  (20	  m	  –	  bo^om,	  17-‐39	  km)	  
-  Southward	  flowing	  cold,	  salty	  remnant	  Winter	  Water	  



Temperature	  anomalies	  from	  mean	  sec8on	  
(Purple	  –	  nega8ve	  anomaly,	  green	  –	  high	  posi8ve	  anomaly)	  	  

•  Calculate	  mean	  
anomaly	  for	  
each	  sec8on	  



Temperature	  and	  salinity	  anomalies	  from	  mean	  sec8on	  
correlated	  with	  winds	  

0-‐20	  m	  
ACC	  

Wind	  

•  Temperature	  anomalies	  posi8vely	  correlated	  (ACC:	  r=0.92,	  surface:	  	  r=0.58)	  with	  Chukchi	  
Winds	  to	  the	  north	  

•  Salinity	  anomalies	  posi8vely	  correlated	  (ACC:	  r=0.68,	  surface	  r=0.60)	  with	  August	  
Beaufort	  winds	  to	  the	  west	  
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and	  Chukchi	  NS	  Winds	  

Salinity	  Anomaly	  and	  
Beaufort	  EW	  Winds	  



Different	  mechanisms	  drive	  temperature	  vs.	  salinity	  anomalies	  

•  Winds	  from	  the	  south	  in	  the	  Chukchi	  drive	  high	  transport	  of	  warm	  water	  to	  
the	  north	  in	  the	  ACC	  

•  Winds	  to	  the	  west	  in	  the	  Beaufort	  drives	  melt	  water	  from	  Hanna	  Shoal	  to	  
the	  north	  via	  Ekman	  transport	  so	  the	  low	  salinity	  water	  does	  not	  reach	  
Barrow	  Canyon	  



Towed	  acous8c	  Doppler	  current	  profiler	  veloci8es	  show	  bi-‐
direc8onal	  flow	  
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•  Bidirec8onal	  flow	  
•  Width	  of	  northward	  flowing	  

ACC	  very	  variable	  
•  Note	  southward	  flow	  in	  2013	  

and	  northward	  flow	  in	  2014	  	  

No	  data	  

E W



Transports	  correlated	  with	  winds	  and	  temperature	  anomalies	  

•  Transport	  to	  the	  NE	  exceeded	  transport	  to	  the	  SW	  in	  all	  years	  except	  2011	  and	  
2013	  

•  Transport	  in	  the	  ACC	  was	  highly	  correlated	  with	  total	  transport	  to	  the	  NE	  
•  ACC	  transport	  was	  correlated	  with	  both	  with	  mean	  August	  Chukchi	  NS	  Winds	  

(r=0.69)	  and	  with	  ACC	  temperature	  anomalies	  (r=0.49)	  



Broad-‐scale	  atmospheric	  forcing	  drives	  dominant	  winds	  through	  
Chukchi	  Sea	  

Winds	  from	  south	  èwarm	  water	  at	  Barrow	  (2005,	  
2007,	  2009,	  2011,	  2012)	  
Winds	  from	  north	  è	  cold	  water	  at	  Barrow	  (2006,	  
2008,	  2013,	  2014)	  



Synechococcus	  only	  highly	  abundant	  in	  warm	  ACW	  

•  Present	  in	  2015	  
(warmish	  year)	  

•  Nice	  tracer	  of	  
warm	  ACW	  
from	  south	  



Mesozooplankton	  variability	  –	  Anomaly	  from	  mean	  

•  Pa^erns	  not	  related	  to	  inter-‐annual	  variability	  in	  transport	  or	  ACC	  temperature	  
	  



Conclusion	  

•  This	  11-‐year	  record	  near	  Barrow	  AK	  provided	  an	  
understanding	  of	  the	  impact	  of	  atmospheric	  forcing	  and	  
variability	  on	  physical	  and	  biological	  ocean	  characteris8cs	  
during	  a	  period	  of	  ongoing	  climate	  change	  

	  
•  Observa8ons	  shared	  with	  local	  residents	  and	  en88es	  
throughout	  the	  eleven	  years	  of	  the	  project	  	  
-‐E.g.,	  near	  annually	  at	  Barrow	  Whaling	  Captains’	  Fall	  
Mee8ng	  

	  
•  At	  present,	  2015	  is	  the	  last	  year	  of	  this	  8me	  series	  
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Interannual 
Differences in Ice 
Cover���
-Lowest in 2012, 2nd 
lowest in 2007

August 14, 2005 August 23, 2006 August 23, 2007 August 23, 2008 

August 19, 2009 August 24, 2010 August 6, 2011 August 12, 2012 

Li^le	  Ice	   Lots	  of	  	  Ice	   No	  Ice	   No	  Ice	  

No	  Ice	  

No	  Ice	  

Lots	  of	  Ice	  in	  Aug.	  

No	  Ice	  

August 30, 2013 

2014	  –	  No	  Ice	  


