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Resumen.- Durante 2013-2015 un parche de agua cálida llamado Warm Blob apareció en el noreste del Pacífico, trayendo consigo 
efectos a nivel físico y biológico. Dicho evento aparenta ser único en su tipo, sin embargo, existe evidencia de otros tres eventos 
similares al reciente evento Warm Blob durante el periodo de 1854 a 2017 al analizar las anomalías históricas de la TSM en el Oceáno 
Pacífico. Cada evento mostró el mismo patrón espacial distintivo del Warm Blob —primero, un parche de agua cálida se desarrolla en 
el norte del Océano Pacífico, al sur de Alaska, y gradualmente se propaga hacia el sur a lo largo de la costa, alcanzando la península 
de Baja California. Durante el evento de 2013-2015, dicho parche de agua cálida elevó las anomalías de la temperatura del mar por 
encima de 0,5 °C, con una anomalía máxima cercana a 4 °C. Los otros eventos pasados encontrados en la serie de tiempo ocurrieron 
en 1874, 1936 y 1962, y tuvieron una duración de alrededor de 18-24 meses cada uno. Cada evento de calentamiento es descrito, 
mostrando que el más intenso fue el de 2013-15, seguido por el de 1935-36. Los resultados sugieren una periodicidad de ocurrencia 
de 25 a 60 años que también puede ser trazado en la biología de la región. Estos resultados proponen que dichos calentamientos 
son parte de la variabilidad climática en el Pacifico noreste y deben de ser estudiados con más detalle para determinar su causa.

Palabras clave: Temperatura superficial del mar histórica, diagrama de Hovmöller, datos del ERSST, ENOS, eventos pasados, similares 
al Blob

Abstract.- During 2013-2015 a patch of warm water called Warm Blob appeared in the northeastern Pacific, producing several effects 
at biological and physical level. This event appears to be unique, however, evidence was encountered for another three events 
similar to the recent Warm Blob event during the period from 1854 to 2017 through analyzing the historical anomalies of the SST 
anomalies in the Pacific Ocean. Each event showed the same distinctive Warm Blob spatial pattern —firstly, a patch of warm water 
develops in the northern Pacific south of Alaska, and gradually spreads southward along the coast reaching up to Baja California 
Peninsula. During the 2013-2015 event, this warm water patch raised the seawater temperature anomalies above 0.5 °C, with a 
maximum of 4 °C. The other past events obtained in the time series analysis occurred in 1874, 1936 and 1962 and lasted around 
18-24 months each. Each warming event is described, showing that the most intense was the 2013-15, followed by the 1935-36. 
The results suggest a periodicity of occurrence of 25 to 60 years that can also be traced on the biology of the region. These findings 
propose that such warmings are part of the climatic variability in the northeastern Pacific and should be studied with more detail 
to determine its cause.  
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Introduction
During October 2013, an anomalously warm water body 
(around 500 km wide and 90 m deep) developed in the 
northeast Pacific Ocean; such water body persisted during 
2014 and 2015 (Freeland & Whitney 2014, Bond et al. 
2015, Whitney 2015, Di Lorenzo & Mantua 2016). The 
area where the sea surface anomaly was recorded reached 
anomalies greater or equal than 4 ºC, and was nicknamed 
“North Pacific Warm Anomaly”, “Warm Blob” or simply 

“Blob” (henceforth called Warm Blob) (Cavole et al. 
2016, Di Lorenzo & Mantua 2016, McCabe et al. 2016). 
This event initially developed south Alaska as a patch of 
warm water around 31-56ºN, 130-165ºW, elongating and 
moving progressively alongshore, reaching Baja California 
Peninsula by the end of 2014 (Bond et al. 2015, Swain 
2015). Although, both the magnitude and geographical 
extent of the Warm Blob varied during the time it was 
registered, sea surface temperature (SST) anomalies were 
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There were 5 main oceanographic characteristics 
observed during the Warm Blob that made this event a 
distinctive:

1. When the Warm Blob started, there was no warming 
in the equatorial region during the onset, meaning there was 
no ENSO event occurring;

2. There was an initial warming in the northern Pacific 
region, particularly around 31-56ºN, 130-165ºW with SST 
anomalies above 0.5 ºC; 

3. The lasting of the SST anomalies during the Warm 
Blob was at least 18 months;

4. The maximum anomalies recorded were above 4 ºC, but 
during the propagation of the warming, anomalies between 
2-3 ºC were common;

5. The observed warming extended towards the coast 
and propagated southwards and alongshore reaching up 
to 18-20ºN.

The Warm Blob has been considered a unique event, like 
no other recorded before, but, is this true? This assumption 
brings some other questions: was really the Warm Blob the 
first one event? Is it possible to find evidence of similar 
warmings in historical sea surface temperature (SST) data? 
If so, how apart in time are these events from each other? 
The present work attempt to answer these questions trough 
examining the SST anomalies for the last 150 years using 
the oceanographic criteria afore mentioned as a basis for 
determining the presence of past Warm Blob events.

Materials and methods
To search for past warming events, SST anomalies in the 
north-eastern Pacific Ocean were analysed. With that aim, 
the extended reconstruction of sea surface temperature 
version 5 data set -ERSST v5- was selected (Smith & 
Reynolds 2003, Huang et al. 2017), which is a data series 
with a great time span and quality (NOAA-NCEI)3. This 
database has monthly values and a spatial resolution of 2 
by 2 degrees (latitudinal and longitudinal) for each data 
point. ERSST data set is generated from the International 
Comprehensive Ocean-Atmosphere Dataset (ICOADS), 
and several other sources; covering from January 1854 to 
present (Huang et al. 2017).

between 1-4 ºC higher than usually recorded along the west 
coast of North America. According to Freeland &Whitney 
(2014), Bond et al. (2015), Peterson et al. (2015), and Swain 
(2015), this SST anomaly was caused by an expansion of 
the North Pacific atmospheric high-pressure cell to the 
north, which led to reduced ocean cooling and enhanced 
northward surface ocean transport by anomalous easterly 
winds which suppressed heat loss from the ocean to the 
atmosphere. Thus, the anomaly resulted of a persistent 
atmospheric high-pressure ridge over northeastern Pacific 
that is connected to the North Pacific Oscillation (NPO) 
which caused decreased surface cooling and decreased 
equatorward Ekman transport in the Gulf of Alaska 
(Hartmann 2015, Di Lorenzo & Mantua 2016, Gentemann 
et al. 2017). The ridge also reduced normal winter storms 
from reaching the West Coast of the United States (U.S.) 
contributing to drought conditions across the entire West 
Coast during 2014 through mid-2016 (Seager et al. 2015, 
NOAA 20161). Baxter & Nigam (2015) emphasize in the 
role of the North-Pacific Oscillation and the teleconnection 
with the West Pacific Pattern as the main contributors to the 
climatic anomaly that finally caused the Warm Blob.

The southwards alongshore propagation of this warm 
water patch brought some harmful biological events that 
were recorded: In the US west coast, an unprecedented 
toxic algal bloom in 2015 caused closures of commercial 
and recreational fisheries and contributed to the stranding of 
marine birds and mammals (Welch 2015, Cavole et al. 2016, 
McCabe et al. 2016). Also, several unusual pelagic species, 
such as giant squid, sunfish, blue shark, and skipjack tuna 
among others, were recorded in fisheries (Medred 20142, 
CPWA 2015). Several seabird species experienced mass 
mortalities. Most birds examined during necropsy were 
emaciated, with starvation the most likely cause of death 
linked to a large warm water anomaly and harmful algal 
bloom playing a secondary detrimental role (Gibble et al. 
2018). In particular zooplanktivourous species resulted to be 
affected by the heatwave like the Cassin’s Auklets (Jones et 
al. 2018), whose species have already been identified as an 
indicator species of the effects of ocean warming on marine 
ecosystems (Wolf et al. 2009, 2010). In fact, the breeding 
populations are described as declining in recent decades due 
to changes in prey availability and phenology associated 
with climate variability (Lee et al. 2007, Green et al. 2011). 

1NOAA's National Centers for Environmental Information. 2016. State of the climate: Drought for June 2016 report. <https://www.ncdc.noaa.
gov/sotc/drought/201606>

3NOAA's National Centers for Environmental Information. Extended Reconstructed Sea Surface Temperature (ERSST) v5. <https://www.ncdc.
noaa.gov/data-access/marineocean-data/extended-reconstructed-sea-surface-temperature-ersst-v5>

2Medred C. 2014. Unusual species in Alaska waters indicate parts of Pacific warming dramatically. Anchorage Daily News. <https://www.adn.
com/environment/article/tuna-ocean-sunfish-indicate-portions-pacific-warming-dramatically/2014/09/15/>
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For this study, only full years up to December 2017 were 
used. For searching of past events, only SST anomalies 
were used. SST anomalies were obtained by subtracting the 
climatological mean value of each month (Kushnir 1994, 
Ramos-Rodríguez et al. 2012); also, a low-pass Lanczos 
filter with a 12-month window was used to eliminate intra-
annual variation in the time series (Moore & McCabe 
1999, Ramos-Rodríguez et al. 2012). To study and make a 
graphical representation of the SST anomalies throughout 
time, a Hovmöller diagram was plotted (time vs latitude) 
from 64ºN to 30ºS for the period 1854-2017.

The Figure 1 show the data points selected and used to 
create the Hovmöller diagram. It is worth noticing that most 
of the pixels are next to the coast, excepting the pixels above 
30ºN, which start to set apart from coast reaching 165ºW. 
The reason is to monitor the region where the warming 
sets in before moving southwards. The area below Baja 
California Peninsula, southwards up to 30ºS, was selected 
to evaluate if the warming does not match with the onset 
of an ENSO event.

Once the matrix of data was created and the Hovmöller 
diagram was plotted, a filtered diagram was used to locate 
events that were not so short (less than 6 months), then 
negative anomalies were removed in an unfiltered diagram 
to corroborate and estimate the span and southwards 
propagation of the events (Fig. 2). Once with the events 
selected, the 5 criteria mentioned in the earlier section were 
applied trying to find events similar to the Warm Blob. If 
an event meeting all the criteria mentioned was found, then 
the period of occurrence was selected, SST anomalies were 
plotted and the data was explored to compute duration, 
meridional extension and the distribution of SST anomaly 
and its intensity.

Figure 1. Area of study and selected data points to extract the time series used to plot the Hovmöller diagram. The mean temperature for each 
point is shown / Área de estudio y los puntos seleccionados para extraer las series de tiempo utilizadas para graficar el diagrama de Hovmöller. 
Se indica la temperatura media para cada punto



113Vol. 55, N°2, 2020 
Revista de Biología Marina y Oceanografía

Results

Hovmöller, Warm Blob and other warming 
events

The Figure 2 shows filtered Hovmöller diagram for SST 
anomalies for the period 1854-2017 (upper panel), and 
the unfiltered diagram after removing negative anomalies 
(lower panel). As it can be seen, there are several warmings 
in the north. After searching for events in both diagrams, 
almost 20 warmings were found, but in view of the 5 
aforementioned criteria to data, only 4 events considered as 
Warm Blob were considered (Table 1). These corresponds 
to 1874-75 (first event), 1935-37 (second event), 1963-64 
(third event) and 2013-15 event (fourth event, the most 
recent Warm Blob). All of them depicted in red boxes in 
Figure 2 (lower panel). Note how during the occurrence 
of the warming there is no ENSO event in the equator 
(shaded gray boxes in Figure 2). The past warming events 

were not as strong and conspicuous as the most recent 
Warm Blob, however, all of the events met all the criteria 
and will be described shortly. There were some other 
warming events found. However, most of them either 
occur in synchrony with “El Niño” or they do not meet 
the criteria of the southward latitudinal extension or the 
duration of the event. For example, a warming event was 
detected in 1898, it had positive anomalies of 4.7 ºC, there 
was no ENSO event in the equator during this warming, 
but it was not considered due it only reached the 46ºN and 
it did not propagate any further. The main characteristics 
(duration, maximum anomalies and southward extent) for 
the warming events found are summarized in Table 1. In 
the following paragraphs, each event will be described 
according to the Figure 2. It should be noticed that the four 
warming events’ description does not follow an intensity 
order found during the results analysis, but an inverse 
chronological order.

Figure 2. Hovmöller diagram of SST anomalies. The X-axis corresponds to monthly values from 1854 to 2017, and the Y-axis to 2 by 2° data points 
(quadrants), from 30°S to 64°N. In the upper panel the filtered series of anomalies is shown. In the lower panel the unfiltered series after removing 
the negative anomalies is shown. The red boxes shown the warming events detected. Gray shaded boxes show warmings in the north that were 
accompanied by positive ENSO events. Note that during the warmings depicted in red boxes there is no ENSO event occurring in the equator / 
Diagrama de Hovmöller de las anomalías de la SST. El eje-X corresponde a los valores mensuales de 1854 a 2017, y el eje-Y a los puntos de datos 
de 2 por 2° (cuadrantes), de los 30°S a los 64°N. En el panel superior se muestra la serie filtrada de las anomalías. En el panel inferior se muestra la 
serie sin filtrar después de remover las anomalías negativas. Los recuadros rojos muestran los eventos de calentamiento detectados. Los recuadros 
sombreados grises muestran los calentamientos en el norte que se acompañaron de eventos ENOS positivos. Nótese que durante los calentamientos 
en los recuadros rojos no hay presencia de evento ENOS en el ecuador
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2013-15 event
Focusing only in the last part of the Hovmöller diagram 
(Fig. 2), in the rightmost red box, it can be noted that before 
the onset of the 2015-16 “El Niño” there were neutral 
and positive anomalies (up to 2 ºC) above 30ºN which 
propagated southward, and although by late 2014 ENSO 
event began, the warming does not occur in synchrony 
with such event; however, the effects of both events should 
have been combined during 2015. The warming at the 
north is really evident, as also its extent, reaching 18ºN 
before the beginning of “El Niño”. When monthly plots 
are analysed for the period (Fig. 3), it can be corroborated 
that the warming started in a region around 31-56ºN and 
130-165ºW, appearing in October 2013 (not shown), 
with the Warm Blob clearly formed by December 2013 
(Fig. 3a). The warming in the region lasted 18 months, or 
maybe more, but it is difficult to assess exactly because 
the appearance of ENSO event by beginning-mid 2015. 
It reached the 18ºN, nevertheless, such asseveration is 
hard to assess due to the onset of “El Niño” during 2015. 
According to the Hovmöller diagram (Fig. 2) the maximum 
positive anomalies recorded were 3.7 ºC.

Table 1. Warmings detected in north Pacific. In addition, it is shown 
if at the moment of occurrence there was an ENSO event ongoing 
in the equator, its south extent, the maximum anomaly recorded in 
ERSST data and the span of the event / Calentamientos detectados 
en el Pacífico norte. Adicionalmente, se muestra si al momento del 
evento existía un evento ENOS en el ecuador, su extensión hacia el sur, 
la máxima anomalía registrada en los datos del ERSST y la duración 
del evento

1962-63 event 

The second red box from right to left in Figure 2 shows 
a warming above 18ºN starting around 1962 that extends 
up to 1963. The first portion of this warming does not 
have positive anomalies greater than 1.5 ºC above 50ºN. 
However, by mid-1962 a warming started around 60ºN, 
with positive oceanic anomalies that reached 2.5 ºC 
(Fig. 2 lower panel), and also, it propagated southwards 
reaching 18ºN. Monthly plots of the region showed a 
clearly “Blob-like” patch of warm water developing by 
January 1962 (Fig. 3b) reaching a maximum around July-
September 1962, with coastal anomalies near 2.2 ºC around 
34-52ºN, 140-160ºW, and propagating southwards up to 
18ºN (February 1963, Fig. 3f). This warming event had 
SST anomalies between 0.5 and 2.5 ºC in the northeastern 
Pacific, and it lasted around 19-22 months.

1935-37 event 
The second red box from left to right in Figure 2 indicates a 
warming above 20ºN starting around 1934-35 that extends 
up to 1936-37. The first portion of this warming, does not 
have positive anomalies greater than 1 ºC above 50ºN. 
However, by late-1935 a warming started around 60ºN, 
with positive coastal anomalies that reached ∼3 ºC, and 
also, it propagated southwards reaching ∼18ºN.

Monthly plots of the region showed an intermittent 
warming during 1934 and beginning of 1935. However, 
a clearly “Blob-like” patch of warm water developed by 
August 1935 (Fig. 3c) reaching a maximum by mid-late 
1936 (Fig. 3g), with oceanic anomalies ≥ 3 ºC around 
36-58ºN, 125-160ºW, and propagating southwards up to 
∼18-20ºN. This warming event had SST coastal anomalies 
between 0.5 and 1.5 ºC in the northeastern Pacific, and it 
lasted around 22-24 months.

1874-75 event 
Using the same criteria to explore the mid-1870’s event, 
a warming in the north is detected (Fig. 2, leftmost red 
box), which expanded southwards reaching 20ºN and 
showed anomalies between 0.5-2.5 ºC, mostly around 
1-1.5 ºC. When monthly SST anomalies for the region 
are plotted again, a warming similar to the Warm Blob is 
observed in February 1874 (Fig. 3d), with positive SST 
anomalies observed in the oceanic region around 30-44ºN, 
130-160ºW which progressively moved towards the south 
coast of Alaska.

Also, the warming reached up the tip of Baja Peninsula. 
This event mostly showed anomalies around 1 ºC, but 
reached values close to 3 ºC at some points (e.g., July 
1875 at Baja California peninsula, not shown). This event 
extended until December 1875 (Fig. 3h).
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Discussion

Reliability of ERSST data
When some sort of climatic reconstruction data is used, it 
often raises the question of how reliable such data is, and 
this applies to ERSST data too. There are several articles 
that used this reconstruction for other research objectives 
(e.g., Montecinos et al. 2003, Liu & Curry 2010, Ramos-
Rodríguez et al. 2012). In Figure 2, the ENSO events can 
be easily observed as they are shown either as positive 
or negative anomalies (“El Niño” or “La Niña”) near the 
Equator. Besides, for every ENSO event, intensity and 
meridional extension can be easily detected and quantified. 
If observed in detail, such events agree with the historical 
events detected using proxies pointed out in previous works 
(Whetton & Rutherfurd 1994, Gergis & Fowler 2009), and 
with the list published by National Oceanographic and 
Atmospheric Administration (NOAA-PSL)4. For example, 

looking back in time, a really strong event occurred in 
the late 1870’s; such event was signaled in the works of 
Kiladis & Diaz (1986), Whetton & Rutherfurd (1994) and 
Gergis & Fowler (2009), indicating that the event spanned 
from 1876 to 1878; meanwhile, the first authors indicated 
that it had at least the same an intensity of the 1982-83 
event, the remaining authors pointed it out as an event 
corresponding to a strong or very strong event. When the 
anomalies for such period were plotted, they corroborated 
what was mentioned in literature: “it started in by late 
1876 and ended at the beginning of 1878, and it was a 
really strong event”. Following the listed events by these 
authors, any other event, positive or negative, was verified, 
finding every one of them and corroborating the intensity 
pointed in the articles mentioned above. Also, it should 
be mentioned that ERSST data is used by NOAA Climate 
Prediction Center for monitor the “El Niño” by using an 
index know as Oceanic Niño Index (ONI) (NOAA-CPC 
2018)5, therefore, there is certainty that ERSST data is 
quite reliable. 

4NOAA Physical Sciences Laboratory (PSL). Past Events. What years are ENSO years? <https://www.esrl.noaa.gov/psd/enso/past_events.html>
5NOAA-CPC. 2018. El Niño / Southern Oscillation (ENSO): Cold and Warm episodes by season. <https://www.ncdc.noaa.gov/sotc/drought/201606>

Figure 3. Monthly plots showing the early-beginning and mature-ending phase of the warming events found in this study. a) and e) 2013-15 event; 
b) and f) shows 1962-63 event; c) and g) 1936-38 event, d) and h) 1874-75 event / Mapas mensuales mostrando la fase inicial/temprana y la fase 
madura/tardía de los eventos de calentamiento encontrados en el presente estudio. a) y e) evento de 2013-15; b) y f) evento de 1962-63; c) y g) 
evento de 1936-38, d) y h) evento de 1874-75
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Indirect evidence of Warm Blobs’ presence
Although several negative impacts of the Warm Blob were 
aforementioned, one that should be greatly considered as 
a proxy, is the effect for reducing the recruitment of some 
pelagic species, particularly the sardine fishery in the 
northeastern Pacific. In the works of Radovich (1982) and 
Ueber & MacCall (1992) the historical catches of sardine 
fishery are shown. During the 1939-40 seasons, one year 
after the 1936-38 Warm Blob was detected; the fishery fell 
52% in comparison to the previous season (catches dropped 
from 95,270 to 45,610 tons). Considering only the sardine 
catch in the British Columbia, the catch showed a reduction 
of 89.4% from one season to another (51,770 to 5,520 tons). 
In the season 1961-62, the sardine catch was 46,798 tons, 
falling almost 60% the next year (18,792 tons). But when 
only California fishery is considered, the sardine catch 
fall 84%, from 25,528 to 4,127 tons. In recent years, the 
sardine fishery had been observing a decline since 2006-
07, but the exploitation rate start dropping exactly in the 
onset of the 2013-15 Warm Blob, reaching a minimum in 
2016, after the Warm Blob ended (Shester & Enticknap 
20166, OCEANA 20187). 

It is not implied that Warm Blob is the only factor in the 
decline, but its effects greatly reduce sardine recruitment 
due to increase water temperature, which affects sardine 
physiology and increasing metabolic rate. Also, with the 
advection of warmer waters, there is the appearance of 
plankton not suitable for feeding the larvae and small fish, 
or even toxic plankton that can kill the fish at early stages 
(Lasker 1964, 1965). As a result, the remainder upper 
trophic levels that rely on sardine are affected, particularly 
fish, seabirds, marine mammals.

Not all warming in the north can be a Warm 
Blob

As shown in Table 1, 20 warm-up events were detected in 
the north using the Hovmöller diagram. However, thirteen 
of those events occurred in synchrony with an ENSO event 
(gray shaded boxes in Figure 2). Those events were not 
considered as a Warm Blob, due that once “El Niño” starts 
its poleward propagation, particularly towards north, it 
is difficult to separate its effects from a Blob-like event. 
Also, it can be argued, that even the warming detected in 
the north can be the advection consequence of “El Niño”.

Three of remaining warming events had a maximum 
southern extent between 46 (one event in 1898, 17-months 
length) and 26ºN (two events, 1967 and 1980, 9- and 
14-months length respectively) with a span less than 18 
months. These events were not considered as a Warm 
Blob, due mainly that neither the propagation reached 
the 20-18ºN, with the warming staying in the north most 
of the time, nor was the lasting at least 18 months. The 
criteria aforementioned to point out a warming event can be 
debatable. Nevertheless, it was considered the most recent 
event (2013-14), and its main characteristics as the basis 
for searching past events. However, it is recognized that the 
criteria used cannot be definite or precise, and more studies 
must be submitted to validate them. Also, more variables 
can be incorporated to determine a warming event. 

The 4 warming events detected showed no “El Niño” 
occurring in the equator during the onset and southern 
propagation; 3 of them preceded an ENSO event (1874, 
1963 and 2014), only the 1936 event preceded an “La 
Niña” event. More studies are required to determine a 
relationship between ENSO events and the warmings.

In conclusion, at least 20 warming events in the 
northeastern Pacific were described from 1854 to 2017, 
from which three of them, were quite similar to the 
2013-14 event known as Warm Blob. These three events 
have been detected and described. All of them originated 
between 130-160ºW and 30-58ºN, their mean duration was 
18 months; they propagated southwards up to 18-20ºN, 
and the maximum observed anomalies were at least 2 ºC. 
Obviously, the most recent event was the most intense, 
stronger, and more extended geographically, and it mixed 
with a strong ENSO event. Nevertheless, the other events 
shown have an almost identical development and spatial 
pattern, with differences in intensity and geographical 
extent, and slightly dissimilarity at the origin.

The events are apart from each other 61 (1875-1936), 
26 (1938-1962) and 49 (1964-2013) years. These events 
have a series of consequences of biological importance 
with impacts in the trophic web. Such impacts can be 
traced back in time series of catch, sightings, monitoring 
of mammals, etc. and can and should be used as proxies. 

6Shester G & B Enticknap. 2016. The role of fishing in the Pacific Sardine collapse. OCEANA Blog USA. <https://usa.oceana.org/blog/role-
fishing-pacific-sardine-collapse>
7OCEANA. 2018. The modern-day Pacific Sardine collapse: How to prevent a future crisis. OCEANA Blog USA. <https://usa.oceana.org/
responsible-fishing/modern-day-pacific-sardine-collapse-how-prevent-future-crisis>
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