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Figure 1. Monthly SST anomalies, relative to the 2002–2012 climatology. White indicates 145 
anomalies <1 SD for that location and month.  The SD varies from 0.34 to 1.97°C over the study 146 
area.  In the panel with ‘no data’, red dots indicate, from top to bottom, Newport; Cape Blanco; 147 
Cape Mendocino; Monterey; and Santa Barbara. 148 
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In 2014-2016, persistent ridging 
caused a large-scale
marine heat wave

Gentemann, Fewings, and García-Reyes
Geophysical Research Letters, 2017

Volume 44 • Issue 1 • 16 January 2017 • Pages 1– 604

The heat wave was worse 
in the southern half
of the California Current System.
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white: anomaly < 1 std dev

(Bond et al., 2015 and others)



wind and SST anomalies in “southern relaxation” phase
have similar spatial structure to southern half of split Blob
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Figure 6. Evolution of wind stress anomalies for the composite wind relaxation event, based on 

67 events during May–August 2000–2009. The number in each panel indicates time in days 

relative to the onset of wind relaxation at the Pt. Conception buoys (dy 0). Color indicates the 

wind stress anomaly in the direction of the mean wind stress at each point (Figure 1). Blue 

indicates weaker than the mean upwelling-favorable wind stress, and/or downwelling-favorable 

wind stress. Red indicates the upwelling-favorable wind stress is stronger than the mean in 

Figure 1. Red and blue contours indicate a wind stress anomaly of +/- 0.03 Pa. The cross-mean 

component of the wind stress anomalies is weak (not shown). Grey indicates the anomaly is not 

wind stress anomaly 
during southern relaxation (stage 3)

Fewings et al., JGR 2016, Fewings MWR 2017

change in SST  
during relaxation

Flynn, 2016  
Flynn et al., JGR 2017

The dominant wind variability along the coast in summer is a dipole



A Scientific / Technical / Management Description

1 Motivation and Objectives
In the northeast Pacific during 2014–2016, one of the largest recorded marine heat waves (MHWs)

occurred, known in the popular press as “The Blob”. This MHW caused major damage to economically
important fisheries and other ecosystems from Alaska through California associated with species shifts
[Peterson et al. 2017; Whitney 2015; Auth et al. 2017] and an unprecedentedly large bloom of toxic
algae that spanned the entire coastline [McCabe et al. 2016]. Though The Blob a↵ected the entire
northeast Pacific, the sea-surface temperature (SST) anomalies along the west coast of the United
States in summer were much stronger along the southern half of the coastline, California and Baja,
than the northern half, Washington and Oregon [Gentemann et al. 2016]. This north-south di↵erence
was so strong by summer 2015 that The Blob split in two parts, one in the Gulf of Alaska and one
extending from central California to Baja (Figure 1a); the split was reported in the journal Science as
“flummoxing” scientists [Kintisch 2015]. The reason for the splitting of the MHW has remained
unclear, but the strong regional variation in SST anomalies is consistent with region-specific variations
in frequency of MHWs worldwide [Scannell et al. 2016] and in the rate of change of the number of
days with extremely cold or warm SST along the world’s coasts [Lima and Wethey 2012]. The
scientific community’s lack of understanding of the causes of regional variation within MHWs prevents
accurate prediction of MHWs and the resulting economic and ecological impacts.

We have observed a striking similarity between the SST pattern of the split Blob (Fig. 1a) and a
characteristic quasi-dipole wind pattern we recently described o↵ western North America (NAmer)
(Fig. 1c) [Fewings et al. 2016; Flynn et al. 2017; Fewings 2017]. Until now, however, this quasi-dipole
wind pattern has not been considered as a possible cause of regional variation in SST anomalies during
MHWs o↵ western NAmer. We observe an analogous pattern in SST and wind stress o↵ South
America (SAmer) during the MHW in January 2016 (Fig. 2).

We propose to determine whether there is a systematic relationship between the
characteristic regional wind forcing patterns in summer and the spatial structure,
intensity, and persistence of midlatitude MHWs west of North and South America.

Fig. 1: SST and wind stress anomalies during the recent northeast Pacific MHW and during typical
regional wind relaxations. (a) SST anomaly during July 2015 (http://podaac-tools.jpl.nasa.gov/soto).
(b) Composite SST anomaly from 44 “southern relaxation” events in summer 2006–2009. (c)
Composite wind stress anomaly during 67 “southern relaxation” events in summer 2000–2009, from
QuikSCAT. (d) Wind stress anomaly in July 2015 from RapidSCAT and ASCAT-A with COARE 3.5
bulk algorithm.
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Could unusual persistence of the southern relaxation phase
of the dipole
explain the "Split Blob”?
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occurred, known in the popular press as “The Blob”. This MHW caused major damage to economically
important fisheries and other ecosystems from Alaska through California associated with species shifts
[Peterson et al. 2017; Whitney 2015; Auth et al. 2017] and an unprecedentedly large bloom of toxic
algae that spanned the entire coastline [McCabe et al. 2016]. Though The Blob a↵ected the entire
northeast Pacific, the sea-surface temperature (SST) anomalies along the west coast of the United
States in summer were much stronger along the southern half of the coastline, California and Baja,
than the northern half, Washington and Oregon [Gentemann et al. 2016]. This north-south di↵erence
was so strong by summer 2015 that The Blob split in two parts, one in the Gulf of Alaska and one
extending from central California to Baja (Figure 1a); the split was reported in the journal Science as
“flummoxing” scientists [Kintisch 2015]. The reason for the splitting of the MHW has remained
unclear, but the strong regional variation in SST anomalies is consistent with region-specific variations
in frequency of MHWs worldwide [Scannell et al. 2016] and in the rate of change of the number of
days with extremely cold or warm SST along the world’s coasts [Lima and Wethey 2012]. The
scientific community’s lack of understanding of the causes of regional variation within MHWs prevents
accurate prediction of MHWs and the resulting economic and ecological impacts.

We have observed a striking similarity between the SST pattern of the split Blob (Fig. 1a) and a
characteristic quasi-dipole wind pattern we recently described o↵ western North America (NAmer)
(Fig. 1c) [Fewings et al. 2016; Flynn et al. 2017; Fewings 2017]. Until now, however, this quasi-dipole
wind pattern has not been considered as a possible cause of regional variation in SST anomalies during
MHWs o↵ western NAmer. We observe an analogous pattern in SST and wind stress o↵ South
America (SAmer) during the MHW in January 2016 (Fig. 2).

We propose to determine whether there is a systematic relationship between the
characteristic regional wind forcing patterns in summer and the spatial structure,
intensity, and persistence of midlatitude MHWs west of North and South America.

Fig. 1: SST and wind stress anomalies during the recent northeast Pacific MHW and during typical
regional wind relaxations. (a) SST anomaly during July 2015 (http://podaac-tools.jpl.nasa.gov/soto).
(b) Composite SST anomaly from 44 “southern relaxation” events in summer 2006–2009. (c)
Composite wind stress anomaly during 67 “southern relaxation” events in summer 2000–2009, from
QuikSCAT. (d) Wind stress anomaly in July 2015 from RapidSCAT and ASCAT-A with COARE 3.5
bulk algorithm.

1

(a) SST anomaly, July 1, 2015

"The Blob” 

GHRSST L4 MUR



In July 2015, winds in the southern California Current System
WERE in a persistent relaxation state

We extended Hilbert EOF 1 of along-coast wind velocity to 2015 
using OceanSAT, RapidSCAT, and ASCAT-A satellite winds.
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FIG. 8. Hovmoller diagrams of along-coast wind velocity and its (H)EOFs during 21 June – 18 September

2009 (dates based on buoy data availability). In (d,e) the real part of HEOF 1 is shown. In (f,g), the observed

time series at each site has been scaled by its standard deviation to be consistent with the (H)EOFs. The color

scale is the same in all panels and has units of standard deviations (at each site). Magenta areas in (f,g) indicate

out-of-range positive values. Black dots on left axes indicate the positions of the buoys or QuikSCAT grid points.

Black triangles along the horizontal axes indicate the times of onset of wind relaxation at Point Conception, CA,

based on the Melton et al. (2009) index.
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2009 (dates based on buoy data availability). In (d,e) the real part of HEOF 1 is shown. In (f,g), the observed

time series at each site has been scaled by its standard deviation to be consistent with the (H)EOFs. The color

scale is the same in all panels and has units of standard deviations (at each site). Magenta areas in (f,g) indicate

out-of-range positive values. Black dots on left axes indicate the positions of the buoys or QuikSCAT grid points.

Black triangles along the horizontal axes indicate the times of onset of wind relaxation at Point Conception, CA,

based on the Melton et al. (2009) index.
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Yes, during most of July 2015 the southern CCS was in a relaxation state
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The anomaly in wind stress during July 1-14, 2015
does show a large-scale wind relaxation

RapidSCAT + ASCAT + QuikSCAT 
mean wind stress anomaly, 1–14 July 2015

relaxation
(blue)



The air-sea heat flux anomaly does NOT explain the SST anomaly
during the split Blob of 2015 (or typical wind relaxations; Flynn et al., JGR 2017)

net air-sea heat flux anomaly, 1–14 July 2015 residual in 1-D heat budget = (a) - (b)change in SST anomaly, 1–14 July 2015°C

Z Jul 14

Jul 1
Rdt = (SST 0|Jul 14 � SST 0|Jul 1)�

Z Jul 14

Jul 1

Qnet

⇢cph
dt

surface mixed layer anomaly heat budget:

OAFlux air-sea heat flux anomaly is near zero  
or the wrong sign to explain observed increase in SST. 

We hypothesize changes in vertical mixing and entrainment cause the SST anomalies



We suggest the spatial structure of NE Pacific marine heat waves
will be predictable even if the timing is not: a split Blob



Conclusions
• The “split Blob” spatial structure of the MHW  

= large-scale MHW + regional dipole SST anomaly  
from persistent “southern” wind relaxation 

• Persistent ridging causes large-scale MHW
• Persistent ridging causes regional “southern" wind relaxation
• Southern wind relaxation causes dipole SST anomaly
• The sum of SST anomalies is a split Blob.  

• Wind stress (and curl) anomalies,  
but NOT surface heat flux anomalies,  
explain the stronger SST anomalies  
in the southern CCS.

• This implies mixed layer depth changes and entrainment  
cause the dipole SST anomaly 

• This suggests the “split Blob" spatial structure 
will also occur in future MHW in the NE Pacific


