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Short Communication

A plausible atmospheric trigger for the 2017 coastal El Niño
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ABSTRACT: The far eastern tropical Pacific experienced a rapid, marked warming in early 2017, causing torrential rains
along the west coast of South America with a significant societal toll in Peru and Ecuador. This strong coastal El Niño was
largely unpredicted, even a few weeks before its onset, and it developed differently from either central or eastern events. Here
we provide an overview of the event, its impacts and concomitant atmospheric circulation. It is proposed that a remotely
forced, sustained weakening of the free tropospheric westerly flow impinging the subtropical Andes leads to a relaxation of
the southeasterly (SE) trades off the coast, which in turn may have warmed the eastern Pacific throughout the weakening of
upwelling in a near-coastal band and the lessening of the evaporative cooling farther offshore.
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1. Data

To describe the coastal El Niño 2017, we use daily mean
surface and pressure-level wind components and geopo-
tential height from the National Centers for Environmental
Prediction (NCEP)–National Center for Atmospheric
Research (NCAR) reanalysis (Kalnay et al., 1996) on
a 2.5 × 2.5∘ lat-lon grid. Daily sea surface temperature
(SST) was obtained from NOAA high-resolution blended
SST (Reynolds et al., 2007) on a 0.25 × 0.25∘ lat-lon grid.
Daily (non-interpolated) Outgoing Longwave Radiation
(OLR) fields was obtained from the NOAA Earth System
Research Laboratory. Anomalies for those fields were cal-
culated as departure from long term monthly means using
the period 1979–2015. Monthly mean ENSO (El Niño
Southern Oscillation) indices (Niño3.4 and Niño1+2)
from 1870 to 2017 were calculated from the HadISST
(Rayner et al., 2003) using 1951–2000 as the base period.
Monthly values of the Southern Oscillation Index (SOI)
from 1870 to 2017 were obtained using CRU data based
on the method given by Ropelewski and Jones (1987).
Local rainfall and river flow data were obtained from
the Peruvian Meteorological and Hydrological Service
(SENAMHI).

2. Event overview

After several years of neutral or slightly colder condi-
tions, the tropical Pacific experienced a rapid warming
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in late 2014 that culminated about a year later in a
major event (e.g., Levine and McPhaden, 2016; Bell
et al., 2017), popularly known as El Niño Godzilla
(Figure 1(a)). At the height of the 2016 austral summer
(January–February–March; JFM) warmer than normal
SSTs extended across the equatorial Pacific from west
of the dateline to the coast of South America, with
Niño3.4 reaching 2.1∘C and Niño1+2 surpassing 1.3∘C,
both values among the five largest in the last 150 years
(Figure 1(b)). A negative Southern Oscillation Index (SOI)
(−1.6 hPa) reveals a strong ocean–atmosphere coupling
during the mature phase of that event. The subsequent
cooling was marked in the central tropical Pacific, with
Niño3.4 dipping to −0.5∘C by August 2016 (accompanied
by SOI ∼+0.3 hPa) but not so much in the far eastern
Pacific where SST anomalies around +0.3∘C remained
during the rest of the year (Figure 1(a)).

Towards the end of 2016, dynamical [e.g. the NCEP
coupled forecast system model version 2 (CFSv2)] (Saha
et al., 2014) and statistical models [e.g. the linear inverse
modelling (LIM) procedure] (Penland and Magorian,
1993) predicted near-normal SST across the tropical
Pacific for the austral summer 2017. Given that context,
it was not surprising that by December 2016 many opera-
tional climate centres anticipated near-neutral conditions
for the next quarter over the central (IRI; CPC-USA) and
eastern Pacific (ERFEN Ecuador; ENFEN Peru). Then
came January 2017: While the central Pacific experienced
a minor warming rising Niño3.4 to ∼0∘C and the SOI
remained near zero, the far eastern Pacific warmed more
than a degree and remained at that level for the rest of
the austral summer. Even though the warming was larger
farther south, Niño1+2 index captured most of it and
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Figure 1. (a) Time series of the monthly Niño1+2 (red line; SST anomalies 0∘ –10∘S, 90∘ –80∘W from HadISST dataset), Niño3.4 (blue line; SST
anomalies 5∘N–5∘S, 170∘–120∘W from HadISST dataset) and the SOI (black lines) over the last decade. The anomalies are calculated with respect
to 1951–2000 and the monthly series were smoothed by a 1-2-1 filter. Dashed boxes indicate the basin-wide 2015–2016 El Niño and the 2017
coastal event. (b) Scatter plot of Niño3.4. Scatter plot of austral summer mean (January–February–March) Niño3.4 (SST anomalies 5∘N–5∘S,
170∘–120∘W) and Niño1+2 indices. Each circle represents one summer, from 1870 to 2017, coloured according to the SOI. The small numbers are

the years of the top five El Niño. Also shown are the indices for the austral winter 2016.

reached +1.4∘C during JFM 2017, the fifth largest value
on record (Figure 1(b)). Such conditions along the equa-
torial Pacific, warm in the far east but cold or near-neutral
in the centre, has been referred to as a ‘coastal El Niño’
and have occurred previously only in 1891 and 1925
(Takahashi and Martínez, 2017), with the 2017 case being
the most extreme (Figure 1(b)). The SST and wind fields
in the far eastern Pacific during the summer 1925 were
described in detail by Takahashi and Martínez (2017) and
show resemblance of the event described here. Unlike the
present event, the 1925 coastal El Niño was followed by a
significant warming in the central tropical Pacific the next

summer. Notably, the surface warming of coastal El Niños
does not fit the spatial pattern of either eastern or central
Pacific events (Kao and Yu, 2009; Takahashi et al., 2011;
Hu et al., 2016).

The coastal warming occurred at the time of maximum
SST on its annual march (Horel, 1982) with coastal
temperatures above 28∘C and setting the stage for deep
convection (e.g. Graham and Barnett, 1987; Sulca et al.,
2018) from the equator to ∼12∘S (Figure 2(a)). The
west coast of tropical South America and the adjacent
Andes mountains experienced frequent episodes of heavy
rains from mid-January to early April 2017. Plenty of
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hydroclimate information has been provided by the Peru-
vian and Ecuadorian hydrological services, but let us here
consider two records in the Piura region, northern Peru,
to put this event in context. Between January and April
the rainfall accumulated at San Miguel station exceeded
700 mm, about 15-times larger than the long-term mean
accumulation, only comparable to the values observed in
the summer of 1983 and 1998 (Figure 3(a)). As is char-
acteristic in this arid coast, the Piura river was virtually
dry for most of the austral winter and spring 2016 but its
flow suddenly increased around the third week of January
2017 and by mid February it exceeded 700 m3 s−1 (∼seven
times the long-term mean) for most days (Figure 3(b)).
It was not until mid-April 2017 that the flow returned
to near-average values. The torrential rains at the coast
and further inland triggered numerous landslides (locally
known as Huaicas) and flooding that resulted in a death
toll of at least 200, hundreds of thousand homes destroyed
or affected and widespread damage to civil works and
infrastructure (United Nations (UN), 2017). Peru expe-
rienced most of the impacts, facing losses estimated to
be US$ 3100 million, nearly 1.5% of the country’s GDP
(Macroconsult, 2017).

3. Surface warming

The warming off the coast of tropical South America in
early 2017 departed substantially from the typical evolu-
tion of El Niño events (either canonical or Modoki) that
begins with the arrival of a downwelling Kelvin wave
along the equator (e.g. Neelin et al., 1998). Not only there
was a disconnection between SST anomalies in the cen-
tral and far eastern Pacific (Figures 1 and 2) but the rapid
warming occurred without a significant rise of the coastal
sea level or a deepening of the thermocline (e.g. Climate
Prediction Center (CPC), 2017). The lack of these ingredi-
ents was also evident in the strong coastal El Niño of 1925
documented by Takahashi and Martínez (2017).

To shed light on the mechanism behind the 2017 coastal
El Niño, we analyse the daily time series of SST and along-
shore wind off the coast of northern Peru (Figures 3(c)
and (d)). Significant warming occurred in less than a
week around January 20 (W1) followed by pulses in late
February and early March (W2 and W3, respectively).
The upwelling favourable SE trades are highly persis-
tent in this region but, on average, they have a weak
minimum in austral summer. The trades were stronger
than average during most of 2016 but they experienced
a marked drop off in early January 2017 that persisted
for most of the month. Notably, the first warming pulse
(W1) occurred almost simultaneously with the period of
minimum southerlies (and even weak northerlies) off the
coast. Likewise, the subsequent warming episodes (W2
and W3) were coeval with periods of very weak trades. The
2017 austral summer-mean magnitude of the SE trades was
among the lowest in the reanalysis period (1948–2016)
and most of the daily wind speed values were within the
lowest 5% of the historical distribution (not shown). After

early April 2017, the SE trades returned to near-normal
values and the coastal SST experienced a cooling although
it remained ∼1∘C above average (as it was during most of
2016).

Figure 2(b) shows the surface wind anomalies during
the second week of January 2017 and the SST difference
centred in that period. Between 5∘S and 20∘S there was
a warming in excess of 1∘C extending about 1500 km
offshore, just in the region that experienced the largest
NW wind anomalies and, hence, a minimum intensity of
the SE trades (the reanalysis wind anomalies are not too
strong right at the coast, perhaps due to the coarse spatial
resolution of this data). The unavoidable inference is
that the far eastern Pacific warming in summer 2017 was
produced by the marked decrease in the SE trades, through
the weakening of upwelling in the near-coastal band and
the lessening of the evaporative cooling farther offshore.
A transient variation in surface wind induces a change in
ocean mixing and a perturbation in SST affecting all the
surface fluxes. An upper-ocean heat budget is thus required
to test this hypothesis but such a task is beyond the scope
of this note. Over the eastern tropical Pacific, however,
solar radiation reaching the surface is largely balanced by
latent heat fluxes (e.g. Weare et al., 1981) and because the
former is only indirectly affected by a change in surface
winds, maintenance of the surface heat balance after
the wind drop off requires a change in the near-surface
moisture gradient. As a first approximation, we assume
an invariant near-surface air temperature and relative
humidity (set at 21∘C, 85%). Using the latent heat bulk
formulation {QLE =Lv·Ce·𝜌·W·[qsat(SST) − q(Tair, RH)]}
and a linear formulation of the Clausius–Clapeyron
equation [qsat(SST) ≈ −0.007+ SST·10−3], we can
estimate the wind-driven surface temperature change
as ΔW/WBL[qsat(SST) − q(Tair, RH)]BL·10+3 where
WBL is the wind speed baseline value (∼10 m s−1)
and [qsat(SST) − q(Tair, RH)]BL is the baseline surface
moisture gradient (∼4 g kg−1). Thus, halving the wind
speed – as observed offshore – leads to ∼2∘C increase in
SST, not too far from the observed surface warming.

4. Atmospheric forcing

We now move to the outstanding question, what caused
the decrease in the SE trades off Peru? Takahashi and
Martínez, 2017 proposed that internal, coupled dynam-
ics in the ITCZ region was largely responsible for the
strong coastal El Niño of 1925 in the absence of signifi-
cant external atmospheric forcing. In contrast, the episodic
nature of the warming pulses (W1, W2, W3) and their
onset after each SE trades minima suggest a more promi-
nent role of external forcing in the 2017 event, although
ocean–atmosphere feedback cannot be ruled out. We pro-
pose that the external forcing in the recent coastal El Niño
was provided by vacillations in the free-tropospheric sub-
tropical westerlies. This flow is a key ingredient of the sub-
tropical SE Pacific circulation, because its blocking by the
subtropical Andes leads to subsiding equatorwards flow
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Figure 2. (a) SST (colours) and surface wind (arrows) averaged between 15 and 30 January 2017. (b) Difference (colours) in SST averaged between
25 and 30 January minus SST averaged between 15 and 20 January 2017. Also shown are the surface wind anomalies (arrows) averaged from 20 to

25 January 2017. The small diamonds indicate the centre of the grid boxes considered in Figures 3(c) and 4(a).

(Rodwell and Hoskins, 2001) and cools the sea surface
through enhanced evaporation (Takahashi and Battisti,
2007) and low cloud feedbacks (Richter and Mechoso,
2006).

Figure 4(a) shows the zonal wind component in a col-
umn upstream of the subtropical Andes (27.5∘S, 72.5∘W).
Easterly flow is generally confined to the lowest 2 km, so
that westerly flow impinges the rest of the Andes (reaching
more than 5 km in these latitudes) and increases farther up.
Nonetheless, the mid-level westerlies are punctuated by
periods of very weak flow or even easterly winds. Of par-
ticular interest, each pulse of ocean warming/low trade in
the summer of 2017 was contemporaneous with a period of
easterly flow expanding well into the middle troposphere.
The most prominent case occurred during mid-January,
in concert with W1, when easterly winds dominated the
whole column for a couple of weeks (Figure 4(b)). In this
case, the relaxation of the westerlies below 5 km took
place from 30∘ to 10∘S, leading to the decrease of the
SE trades at lower levels (Takahashi and Battisti, 2007)
and, presumably, the subsequent warming of the far eastern
Pacific.

The easterly wind anomalies in the subtropics and west-
erly anomalies farther south were in balance with a deep
anticyclonic anomaly that persisted for several weeks
in January 2017 centred at 33∘S, 75∘W (Figure 4(c)).
Both the intensity (>120 mgp at 200 hPa) and longevity
(3 weeks) of this anomaly were extreme. The warm
core of this anticyclone leads to record breaking high
temperatures in central Chile (30–40∘S) that contributed

to the worst ever recorded fire season in that region
(CONAF, 2017). As an example, the daily maximum
temperatures in Santiago – right below the anticyclone’s
centre – climbed to over 32∘C almost every day of Jan-
uary (Figure 3(e)), resulting in a monthly mean anomaly
of +3.3∘C. Figure 4(c) also includes the average OLR
anomalies that are interpreted here as a proxy of rainfall.
The anomalous easterly winds in the subtropics foster
copious rainfall over the central Andes (due to augmented
moisture transport from the interior of the continent)
(e.g. Garreaud, 2000) further increasing the flooding in
coastal southern Peru, while the anomalous westerlies in
mid-latitudes enhanced the orographic precipitation over
the austral Andes (e.g. Garreaud et al., 2013).

In turn, the anticyclonic anomaly over western sub-
tropical South America during W1 seems to be part of
a quasi-stationary Rossby wave train extending across
the south Pacific (Figure 4(c)). Such Rossby wave trains,
termed as Pacific South American mode (PSA), are a recur-
rent feature in this region and often triggered by tropical
convection (Mo and Higgins, 1998). In the January 2017
case there was a wavenumber 3 pattern, with the west-
ernmost anticyclonic anomaly centred over southern Aus-
tralia. Note that this upper-level height anomaly is located
to the south of an area of enhanced OLR in connection with
abnormally high rainfall over northern central Australia
(Figure 4(c)). The intense deep convection was not obvi-
ously related to the Madden–Julian activity that during
late January was active over the western Indian Ocean. We
did find however anomalous westerly flow in that region
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Peruvian coastal SST (°C)
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Figure 3. (a) Extended summer (January–April) rainfall accumulated at San Miguel de Piura (5.2∘S, 80.7∘W, 30 m asl) in the coast of northern Peru.
(b) Daily flow of the Piura River (station Ñacara; 5.1∘S, 80.2∘S, 118 m asl) from April 2016 to May 2017 (blue area). The red line indicates the
long-term mean average. (c) Daily SST off the coast of Peru (10∘ –12∘S, 82∘ –80∘W; Figure 1(a)). The red line indicates the long-term mean average.
Periods of rapid warming during the summer of 2017 (W1, W2, W3) are indicated by grey bars. (d) Alongshore wind speed off the coast of Peru
(area average 10–12.5∘S, 82.5∘–80∘W). Positive values indicate SE flow. The thin grey lines are the daily values; the thick black line are the 3-day
running mean. Trade winds stronger (weaker) than average are highlighted by blue (orange) shading. (e) Daily maximum air temperature at Santiago,

Chile (33.5∘S, 71∘W). Days warmer (colder) than average are highlighted by orange (blue) shading.

transporting moist air towards northern Australia and feed-
ing the storms there. Upper-level anticyclones over west-
ern subtropical South America were also evident during
W2 and W3 but not connected with a PSA pattern, suggest-
ing a more prominent role of extratropical wave activity
(e.g. downstream development) in forcing such anomalies.
Assessing the relative role of tropical and extratropical

forcing in sustaining the anticyclonic anomalies in W2 and
W3 demands further analysis.

5. Summary and outlook

The coastal El Niño during the austral summer 2017 has
been the strongest on record and caused torrential rains
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Figure 4. (a) Time height diagram of the zonal wind at 27.5∘S, 72.5∘W (Figure 1(a)), from April 2016 to April 2017. The daily values were smoothed
using a 3-day moving average. The zero line is indicated by the black contour. The dashed boxes indicate the warming episodes off Peru (Figure 2).
(b) Latitude height diagram of the zonal wind anomalies (colours) along 80∘W (to the west of the Andes) averaged between 15 and 25 January
2017 (warming event W1). The Andean ridge height is shown by the thick dashed line. Thin contours indicate the mean zonal wind. (c) 200 hPa
geopotential height anomalies averaged between 15 and 25 January 2017 (warming event W1) contoured every 50 mgp. Positive values in red,

negative values in blue and the zero line is omitted. Also shown are the OLR anomalies (colours) for the same period.

along the west coast of tropical South America, with
hundreds of fatalities and significant economic losses in
Peru and Ecuador. After the very intense, basin-wide El
Niño 2015/2016 the surface ocean in the far eastern Pacific
remained ∼0.5∘C warmer than average and experienced
an extra 1.5∘C warming in a series of week-long episodes
in January, February and March of 2017. The behaviour
of the ocean–atmosphere system during this event differs
substantially from the canonical ENSO dynamics, and this
short contribution proposes a dominant role of external
atmospheric forcing.

Climatologically, the blocking of the free tropospheric
westerlies impinging the tall subtropical Andes results in

subsiding equatorwards flow (Rodwell and Hoskins, 2001)
and cools the surface of the tropical/subtropical eastern
Pacific through enhanced evaporation and cloud feedbacks
(Richter and Mechoso, 2006; Takahashi and Battisti,
2007). On this basis, we posit that episodes of substantial
lessening of the westerlies led to a relaxation of the SE
trades off the coast, even reversing the flow at some times.
The association between mid-level westerlies in the sub-
tropics and near-surface flow over the far eastern Pacific
at low latitudes was evident during the summer of 2017,
but it should be analysed in a longer context and demands
modelling to gauge the strength of such coupling. The
variability of the westerly flow aloft was driven by
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geopotential height anomalies at about 35∘S, which at
least in one case was part of Rossby wave train across the
Pacific emanating from northern Australia and causing
record-breaking air temperatures in subtropical South
America. The second part of our conceptual model is
the connection between the SE trades relaxation and the
warming of the eastern Pacific through the weakening
of upwelling in a near-coastal band and the lessening of
the evaporative cooling farther offshore. As before, this
connection stands out when analysing the time series
and spatial pattern of wind and SST during early 2017,
but it should be tested throughout an upper-ocean heat
budget. Local ocean–atmosphere feedbacks may amplify
this initial wind/SST perturbation (e.g. Takahashi and
Martínez, 2017). Probing the mechanisms suggested here
offers an opportunity to understand coastal El Niño and,
hence, contribute to preparedness efforts to face strong
events in the future.
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