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Biological Impacts
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Origins of the Blob
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“Blob” in North Pacific

- Record SST warming appeared off 
shore near the west coast of North 
America in late 2013, referred to as 
“Blob” by Bond et al. (2015).

- The warming in the NE Pacific box 
[150oW-130oW, 40oN-50oN] started 
near the surface in late 2013 and 
seems associated with the switch to 
positive PDO phase.

- The warming in upper 100m depth 
dissipated rapidly in last two months, 
while the warming in the depth of 100-
300m persisted.



Blob: interior Gulf of Alaska
• Timeline: Late 2013 to summer 2014 in SST marked the beginning of 

multi-year warming; re-emerged in SST in summer 2015; also warm 
in spring/summer 2013, but that was a blip
• Persistent warm temperature anomalies in the sub-surface ocean 

through all of 2014-15 to present; now especially between 100-
300m depth  

• Clear role for persistent atmospheric forcing (a lack of wind and 
storms!) in the generation and evolution of Blob SST/mixed layer 
warming

• Record high SST anomalies in 2014-15 back to at least 1920
• Evidence for tropical-influences that favor a persistent high 

pressure ridge in the Gulf of Alaska 



North America Western Coastal Upwelling

Fig. NP2. Total (top) and anomalous (bottom) 
upwelling indices at the 15 standard locations for the 
western coast of North America. Upwelling indices are 
derived from the vertical velocity of the NCEP's global 
ocean data assimilation system, and are calculated as 
integrated vertical volume transport at 50 meter depth 
from each location to its nearest coast point 
(m3/s/100m coastline). Anomalies are departures 
from the 1981-2010 base period pentad means.

- Downwelling north of 36N was enhanced in Jan 2016, 
consistent with southerly wind anomalies near the shore.

- Area below (above) black line indicates climatological upwelling (downwelling) season.

- Climatologically upwelling season progresses from March to July along the west coast of North America from 36ºN 
to 57ºN.
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Atmospheric Forcing
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The Blob-causing ridge of high pressure over the Gulf of 
Alaska
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NINO3 (5S-5N 150-90W)
California Current (U.S. west coast to 500km)

NOAA/NCEP OISST v.2

“El Niño’s of the century” 
CCS warming, yes

moderate El Niños
mixed story in CCS

El Niño followed the CCS 
warming by ~9 mos

What about El Niño and West Coast temperatures (CCS)?

From Paul Fiedler, NOAA’s SWFSC
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“El Niño’s of the century” 
with no N. Pacific warming

moderate El Niño events 
with N. Pacific warmings
beginning ~1 year prior

Impending “Godzilla El Niño” 
preceded >1 year by the Blob 

History of El Niño and North Pacific warmings (Blobs)

NINO3 (5S-5N 150-90W)
North Pacific (40-50N 150-135W)

NOAA/NCEP OISST v.2

From Paul Fiedler, NOAA’s SWFSC



2015 also had record high temperatures in coastal 
regions
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March 6, 2016
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March 6, 1998



If the climate forecast is on the right track … 
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• Expect to see frequent California 
storms and low pressure off the 
West Coast, strong winds from the 
south, onshore advection, coastal 
downwelling, concentrated warming 
and deepening of the thermocline 
over the continental shelf, 
enhanced northward transport

• Continued tropical/subtropical 
influences along the Pacific coast 
for the next half year or so

June 2 1998



Observed sea level pressure anomalies: October 2015
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Observed sea level pressure anomalies: November 2015
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Observed sea level pressure anomalies: December 2015
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Observed sea level pressure anomalies: January 2016
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Observed sea level pressure anomalies: February 2016
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Observed sea level pressure anomalies: October - February 2016
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Predictions for N. Pacific 
Ocean temperatures
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http://www.cpc.ncep.noaa.gov/products/NMME/cu
rrent/CFSv2tmpsfcSeas.html

• US climate forecast 
models predict a transition 
away from the offshore 
warm blobs toward a broad 
NE Pacific warming (a 
warm phase PDO pattern)

• They also predict the 
tropical El Niño will end 
mid-year

July-August-
September 2016



A climate timeline for West Coast salmon
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2012 2013 2014 2015 2016
Year 1 CA drought, 
carryover storage 
in reservoirs

Year 2 CA drought, 
carryover storage 
in reservoirs

Year 3 CA drought, 
record warm 
winter, depleted 
reservoirs

West Coast “snow 
drought” and record 
high temperatures

Abundant
snow pack 
and 
streamflow?

Cold productive 
NE Pacific

Cold productive 
NE Pacific

NE Pacific in 
transition from 
good to bad ocean 
conditions

Record warm 
temperatures in NE 
Pacific; many signs of 
stress on “subarctic” 
species off the West 
Coast

A still warm 
and 
unproductive 
NE Pacific?

BY 2012 coho Freshwater rearing Smolt migration, 
jack returns in fall

Ocean year 2, majority 
maturing

BY 2012 winter 
steelhead

Freshwater rearing Smolt migration, 
ocean year 0

Ocean year 1 majority 
maturing

BY 2013 winter 
steelhead

Freshwater rearing Smolt migration, ocean 
year 0

Ocean year 1



Take home messages
• The North Pacific Warm Blobs were established before the tropical El 

Niño intensified
• The proximate cause for the West Coast warming was unusual and 

persistent wind patterns (not obviously related to the tropical El Niño 
event in 2013/14, but moreso in 2014/15)

• Still warm in the NE Pacific, with subsurface warming down to depths 
>100m in Gulf of Alaska and off Baja

• This El Niño has been different – but still extreme
• El Niño influences on the West Coast are expected to remain strong 

through spring, and if they do we’ll continue to see 
tropical/subtropical influences into spring/summer 2016, more 
storms, intense coastal downwelling, elevated coastal sea level, big 
ocean swell … 
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