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Points for Discussion
How well do we understand the source(s) of climate 

variability for the winters of 2013-14, 2014-15, 
2015-16? How about the summers?

How do we assess the extent of the precedence for 
the current event (in terms of magnitudes)?

Does the current event have any relevance/
connection to global climate change?







the NPGO. This ‘‘bottom-up’’ forcing is consistent with the
conclusions from previous analyses of fish catch data
and satellite-derived Chl-a [Ware and Thomson, 2005;
Rykaczewski and Checkley, 2008], and underscores the need
to better understand the influences of physically forced
nutrient fluxes on higher trophic levels in the ocean.
[10] Fluctuations of the PDO have often been implicated in

major physical-biological regime shifts in the North Pacific
(e.g. 1976, 1999) [Hare and Mantua, 2000; Lavaniegos and
Ohman, 2003]; however, the NPGO mode shows equally
dramatic transitions during these periods (Figure 1). Indeed
these recent major ecosystem regime shifts have occurred
when the PDO and NPGO show strong, simultaneous, and
opposite sign reversals (Figure 1). The alternating impor-
tance between the PDO and NPGO fluctuations on decadal
timescales may explain why some changes in the sign of the
PDO index did not correspond to dramatic ecological shifts.
Diagnosing and predicting ecosystem climate variability in
the North Pacific will depend on determining the effects of
the phase relationship between fluctuations of the PDO and
NPGO modes.
[11] The regional spatial patterns of the PDO and NPGO

in the SSHa are distinct, and give further insights into the
dynamics they represent (Figure 2). Assuming that the
SSHa reflect changes in the geostrophic flow, the PDO
mode shows a single large gyre north of 25!N and an
anomalously strong poleward flow along the entire coast

from 25!N to 55!N (Figure 2c). This flow is forced by
predominantly downwelling conditions at the coast; a
positive PDO results in a strengthening of the Alaskan Gyre
but a weakening of the California Current. In contrast, the
NPGO mode in its positive phase shows a pair of counter-
rotating gyres that reflect the gyre-scale mean geostrophic
circulation inferred from satellite [Niiler et al., 2003]
(Figure 2d). The northernmost Alaskan Gyre is separated
from the more southerly Subtropical Gyre by the North
Pacific Current (NPC), which flows eastward along !40!N.
The NPC bifurcates at the coast, flowing northward to form
the Alaskan Coastal Current, and southward to form the
California Current. When positive, the NPGO represents an
intensification of the geostrophic circulation, that is a
strengthening of the NPC, and (in contrast to the PDO) an
increase in the transport of both the Alaskan Coastal Current
and California Current (Figure 2). This intensification of
both the subpolar and subtropical gyres is driven in the
model by open-ocean wind stress curl anomalies (Figures 2c
and 2d, contour lines) and by variations in wind-driven
coastal upwelling. The spatial structure of the wind anoma-
lies is consistent with the positive phase of the North Pacific
Oscillation (NPO) [Walker and Bliss, 1932], which is a
dominant mode of variability in atmospheric sea level
pressure. This suggests that the NPGO is the oceanic
expression of the atmospheric NPO. When the NPGO is
positive, the associated changes in wind forcing (Figure 3)

Figure 3. Atmospheric forcing patterns of the PDO and NPGO modulate decadal changes in coastal upwelling.
Regression maps of (a) PDO and (b) NPGO indices with NCEP windstress vectors and sea level pressure (color scale). (c)
Coastal upwelling depth index from inverse model calculations [Chhak and Di Lorenzo, 2007] averaged from 38N to 48N
(area denoted by red circle in Figures 3a and 3b) compared to PDO index. (d) Coastal upwelling depth index averaged from
30N to 38N (area denoted by blue circle in Figures 3a and 3b) compared to NPGO index. A positive upwelling index
implies a deeper upwelling cell.
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QUESTION 

What are the precedents for this prolonged warming event?



-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2014-2015

◦C

SSTa

Winter 
2013-2014

Warm Blob

Evolution and persistence



-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2014-2015

◦C

SSTa

Winter 
2013-2014

CCS SSTa Index

GOA SSTa Index



-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2014-2015

◦C

SSTa

Winter 
2013-2014

1980 1985 1990 1995 2000 2005 2010 2015
-3

-2

-1

0

1

2

3

4
JFM 2015

California Current

1980 1985 1990 1995 2000 2005 2010 2015
-3

-2

-1

0

1

2

3

4
JFM 2014

◦C

Gulf of Alaska

◦C

CCS SSTa Index

GOA SSTa Index



-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2014-2015

◦C

SSTa

Winter 
2013-2014

Sample Cross Correlation Function

Lag
-40 -30 -20 -10 0 10 20 30 40

Sa
m

pl
e 

C
ro

ss
 C

or
re

la
tio

n

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

CCS SSTa Index 
Lags

CCS SSTa Index 
Leads

99%

95%

Cross Correlation GOA SSTa vs. CCS SSTa

12 months

12 months

Months Lag

C
or

re
la

ti
on



-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2014-2015

◦C

SSTa

Winter 
2013-2014

Warm Blob

Evolution and persistence





-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2014-2015

◦C

Warm Blob

Evolution and persistence

NPGO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

NPGO-like

Warm Blob

Evolution and persistence

Winter 
2013-2014



-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2014-2015

◦C

Warm Blob

Evolution and persistence

NPGO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

NPGO-like

Warm Blob

Evolution and persistence

Winter 
2013-2014

ENSO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014



-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2014-2015

◦C

Warm Blob

Evolution and persistence

NPGO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

NPGO-like

Warm Blob

Evolution and persistence

Winter 
2013-2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PDO-like

Winter 
2014-2015

ENSO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014



Winter 
2014-2015

ENSO-like

NPGO-like

PDO-like

ENSO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

NPGO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PDO-like

Fall 2014

Winter 
2013-2014



Winter 
2014-2015

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

NPGO-likePDO-like

A Climate Hypothesis (Interpretation)



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

Strong in Winter 2013/2014

Winter 
2014-2015

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

PDO-like

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

Strong in Winter 2013/2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO-like

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

Aleutian Low
ATMOSPHERE

Pacific 
Decadal Oscillation

OCEAN

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

Strong in Winter 2013/2014

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Aleutian Low
ATMOSPHERE

Pacific 
Decadal Oscillation

OCEAN

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PNA 
Teleconnection

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PNA 
Teleconnection ?

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Meridional 
Modes

Work by:
Vimont, Chiang, Chang, 
Anderson, Alexander 

PNA 
Teleconnection

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PNA 
Teleconnection

Meridional 
Modes

Evolution of the North Pacific Warm Anomaly 2014-2015

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014

QUESTION 

Was the tropical 

teleconnection important in 

the 2015 JFM anomaly?



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014

QUESTION 

Was the tropical 

teleconnection important in 

the 2015 JFM anomaly?

1980 1985 1990 1995 2000 2005 2010 2015
-3

-2

-1

0

1

2

3

CCS SSTa Index
JFM 2015

◦C

~3 ◦C

year



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014

QUESTION 

Was the tropical 

teleconnection important in 

the 2015 JFM anomaly?

1980 1985 1990 1995 2000 2005 2010 2015
-3

-2

-1

0

1

2

3

CCS SSTa Index
JFM 2015

◦C

~3 ◦C

year

NORTH PACIFIC SLPa Atmospheric Forcing (AR-1)

R=0.83



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014

QUESTION 

Was the tropical 

teleconnection important in 

the 2015 JFM anomaly?

~3 ◦C

~1.5 ◦C

1980 1985 1990 1995 2000 2005 2010 2015
-3

-2

-1

0

1

2

3

CCS SSTa Index
JFM 2015

◦C

year

NORTH PACIFIC SLPa Atmospheric Forcing (AR-1)

R=0.56

~1.5 ◦C

~3 ◦C



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

QUESTION 

Are these extreme climate events becoming more frequent under 

greenhouse forcing?



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

North Pacific 
Oscillation

ATMOSPHERE

Meridional 
Modes



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

North Pacific 
Oscillation

ATMOSPHERE
STRENGTH 

of tropical/extra-tropical coupling

OBSERVED

Wang et al. 2014

Meridional 
Modes



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

North Pacific 
Oscillation

ATMOSPHERE
STRENGTH 

of tropical/extra-tropical coupling

OBSERVED

Wang et al. 2014

NATURAL

(MODEL)

GREENHOUSE FORCING

(MODEL)

?

?

Meridional 
Modes



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

North Pacific 
Oscillation

ATMOSPHERE
STRENGTH 

of tropical/extra-tropical coupling

OBSERVED

Wang et al. 2014

OBSERVED

NATURAL

(MODEL)

GREENHOUSE FORCING

(MODEL)

?

?

Meridional 
Modes



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

North Pacific 
Oscillation

ATMOSPHERE

QUESTION 

Why would this connection become stronger? Meridional 
Modes



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Fall 2014

PNA 
Teleconnection

Meridional 
Modes

A Climate Hypothesis (Interpretation)

North Pacific 
Oscillation

ATMOSPHERE

Hypothesis:

Thermodynamic ocean-atmosphere 

coupling is stronger

QUESTION 

Why would this connection become stronger? Meridional 
Modes



North Pacific 
Gyre Oscillation 

OCEAN

North Pacific 
Oscillation

ATMOSPHERE

ENSO

Aleutian Low
ATMOSPHERE

ENSO

Pacific 
Decadal Oscillation

OCEAN

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Winter 
2013-2014

Winter 
2014-2015

TROPICS 

EXTRA-TROPICS 

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

ENSO

-200 -150 -100

0

20

40

60

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

A Climate Hypothesis (Interpretation)

Winter (JFM) 
2014

Winter (JFM) 
2015

Fall (OND)
2014



WINTER (JFM) 2014 

North Pacific 
Ocean Dynamics

SPRING (AMJ)

SUMMER 

& FALL

ENSO
Teleconnection 

Pattern

WINTER (JFM) 2015NEXT YEAR

North Pacific 
Ocean Dynamics

ENSO
Teleconnection 

Pattern

NPGO-like PDO-like

ENSO-like

Meridional 
Modes

CLIMATE HYPOTHESIS for the WARM BLOB in 2014/15

ATMOSPHERIC RIDGE

GENERATES WARM BLOB

WINTER

ENSO TELECONNECTIONS 

REINFORCE AND ADD PERSISTENCE 

TO BLOB NEXT WINTER

1

2

THERMODYNAMIC FEEDBACKS

MAY AMPLIFY UNDER 

 GREENHOUSE FORCING

3

WIN 2014 WIN 2015

FALL 2015



WINTER (JFM) 2014 

North Pacific 
Ocean Dynamics

SPRING (AMJ)

SUMMER 

& FALL

ENSO
Teleconnection 

Pattern

WINTER (JFM) 2015NEXT YEAR

North Pacific 
Ocean Dynamics

ENSO
Teleconnection 

Pattern

NPGO-like PDO-like

ENSO-like

Meridional 
Modes

CLIMATE HYPOTHESIS for the WARM BLOB in 2014/15

ATMOSPHERIC RIDGE

GENERATES WARM BLOB

WINTER

ENSO TELECONNECTIONS 

REINFORCE AND ADD PERSISTENCE 

TO BLOB NEXT WINTER

1

2

THERMODYNAMIC FEEDBACKS

MAY AMPLIFY UNDER 

 GREENHOUSE FORCING

3

WIN 2014 WIN 2015

FALL 2015

2013 
Di Lorenzo, E., Combes, V., Keister, J.E., Strub, T.P., Thomas, A.C., Franks, P.J.S., 
Ohman, M.D., Furtado, J., Bracco, A., Bograd, S.J., Peterson, W.T., Schwing, F.B., 
Chiba, S., Taguchi, B., Hormazabal, S., Parada, C., 2013. 

Synthesis of Pacific Ocean climate and ecosystem dynamics

Oceanography, Vol. 26 (4).

Synthesis of Pacific Ocean 
Climate & Ecosystem Variability

BY E M ANUELE DI  LOR ENZO,  VIN CENT COMBE S ,  JULIE  KEISTER ,  TED 

STRUB,  ANDR EW TH OM A S ,  PETER J . S .  FR ANKS ,  ANNALISA BR ACCO,  

STEVEN B O GR AD,  WILLIA M PETER SON ,  FR ANK SCHWIN G ,  SANAE CHIBA , 

BUNMEI  TAGUCHI ,  SA MUEL H ORM AZABAL AND C AROLINA PAR ADA

CLIMATE HYPOTHESIS for the WARM BLOB in 2014/15

THANK YOU



North Pacific 
Gyre Oscillation 

OCEAN

ENSO
TROPICS TROPICS 

Aleutian Low
ATMOSPHERE

North Pacific 
Oscillation

ATMOSPHERE

Aleutian Low
ATMOSPHERE

Pacific 
Decadal Oscillation

OCEAN

EXTRA-TROPICS 

EP-ENSO

CP-ENSO

TROPICS 

EP-ENSO

CP-ENSO

A Climate Hypothesis (Interpretation)



North Pacific 
Gyre Oscillation 

OCEAN

ENSO
TROPICS TROPICS 

Aleutian Low
ATMOSPHERE

North Pacific 
Oscillation

ATMOSPHERE

Aleutian Low
ATMOSPHERE

Pacific 
Decadal Oscillation

OCEAN

EXTRA-TROPICS 

EP-ENSO

CP-ENSO

TROPICS 

EP-ENSO

CP-ENSO

Di Lorenzo et al. 2015, GRL

Hypothesis Pacific Climate Variability





SST ANOMALY

◦C
+2-2 0

THE “BLOB”

Bond et al. 2014

WINTER 

2014

DRAMATIC 

ECOSYSTEM 

IMPACTS 



North Pacific 
Ocean Dynamics

STRONG 2014

EL NIÑO ?

WINTER 

2014

SST ANOMALY

◦C
+2-2 0



North Pacific 
Ocean Dynamics

STRONG 2014

EL NIÑO ?

WINTER 

2014

SST ANOMALY

◦C
+2-2 0

SSTA KEY REGION 

FOR ENSO



North Pacific 
Ocean Dynamics

WINTER 

2014

SST ANOMALY

◦C
+2-2 0

SSTA KEY REGION 

FOR ENSO

FALL 

2014



WINTER 

2014

SST ANOMALY

◦C
+2-2 0

SSTA KEY REGION 

FOR ENSO

FALL 

2014

Atmospheric 
Teleconnections

SIGNIFICANT



WINTER 

2015

SST ANOMALY

◦C
+2-2 0

SSTA KEY REGION 

FOR ENSO

FALL 

2014

Atmospheric 
Teleconnections

SIGNIFICANT



North Pacific 
Ocean Dynamics

WINTER 

2015

SST ANOMALY

◦C
+2-2 0

SSTA KEY REGION 

FOR ENSO

FALL 

2014



North Pacific 
Ocean Dynamics

WINTER 

2015

SST ANOMALY

◦C
+2-2 0

SSTA KEY REGION 

FOR ENSO

SUMMER 

2015



SST ANOMALY

◦C
+2-2 0 SUMMER 

2015

Atmospheric 
Teleconnections

STRONGSTRONG

SSTA IN 2016

WINTER 

2016



SST ANOMALY

◦C
+2-2 0 SUMMER 

2015

Atmospheric 
Teleconnections

STRONGSTRONG

SSTA IN 2016

WINTER 

2016

Unprecedented 

3-YEAR 

Record Warming




