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ABSTRACT

Mediante el análisis de anomalías de temperatura superficial del mar (SSTA) en el extremo nororiental del Pacífico 
tropical (0°–10°N, 80°W–100°W), frente a las costas de Centroamérica, utilizando datos de reanálisis para el período 
1982–2018 y aplicando técnicas de correlación lineal, se evidencian episodios de calentamiento anómalo no asociados 
al fenómeno El Niño en la franja ecuatorial (5°S–5°N). El evento de 2014 confirma que estos calentamientos gene-
ran efectos climáticos similares a los producidos por El Niño, sin embargo se dificulta su diferenciación. Los eventos 
identificados presentan características comparables al denominado El Niño costero observado frente a Perú. Para dis-
tinguirlos, se propone la clasificación El Niño costero-inca y El Niño costero-maya, debido al ámbito geográfico de 
ocurrencia. Se plantea la hipótesis de que estos calentamientos podrían tener un origen extratropical y estar vinculados 
a fluctuaciones en el Giro del Pacífico Norte. Estos hallazgos abren una nueva línea de investigación sobre fenómenos 
océano-atmosféricos regionales y contribuyen a mejorar la comprensión de los procesos que fortalecen el diagnóstico 
y la predicción climática en región.

Palabras clave: Pacífico tropical nororiental extremo; 
ENOS; El Niño costero.

Fluctuaciones de la temperatura superficial del mar del Pacífico tropical nororiental extremo  
no asociadas a ENSO

RESUMEN

An analysis of sea surface temperature anomalies (SSTA) in the far northeastern tropical Pacific (0°–10°N, 
80°W–100°W), off the coast of Central America, using reanalysis data for the period 1982–2018 and applying linear 
correlation techniques, reveals anomalous warming episodes not associated with El Niño events within the equatorial 
band (5°S–5°N). The 2014 event confirms that these warmings produce climatic impacts comparable to those genera-
ted by El Niño, although their differentiation remains challenging. The identified episodes exhibit characteristics like 
the Coastal El Niño observed off Peru. To distinguish them, the classifications Coastal Inca El Niño and Coastal Maya 
El Niño are proposed, according to their geographic domain of occurrence. It is hypothesized that these warmings may 
originate from extratropical processes and could be linked to fluctuations in the North Pacific Gyre. These findings 
open a new line of research into regional ocean–atmosphere phenomena and contribute to advancing the understan-
ding of processes that strengthen climate diagnostics and prediction in the region.

Keywords: Far Northeastern tropical Pacific; ENSO; 
coastal El Niño.
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1. Introduction

The extreme phases of interannual variability in sea surface temperature 
(SST) in the tropical Pacific —manifested in the El Niño (EN) and La Niña 
(LN) phenomena (Trenberth, K., 1997)., alterations in atmospheric pressure 
(Southern Oscillation – SO), and changes in the general circulation of the 
tropical atmosphere— induce significant climate anomalies (such as air 
temperature and precipitation) in various regions of the world, particularly in 
tropical America (Haylock et al., 2005; Lyon & Barnston, 2005; Marengo et al., 
2018; Li et al., 2011; Espinoza et al., 2009; Alfaro, 2002; Córdoba-Machado 
et al., 2014; Pabón & Montealegre, 2017; Salas et al., 2020; Cai et al., 2020), 
where they may lead to disasters. One pathway toward reducing disaster risk 
associated with these extreme phases is the development of climate prediction 
and early warning systems (Hildebrand, 2014; Vaughan & Dessai, 2014; 
Adams et al., 2015), grounded in an improved understanding of the climate 
variability linked to EN - LN - SO (hereafter ENSO). This highlights the critical 
need to advance our understanding of the physical processes operating in the 
tropical Pacific.

In the countries of tropical America, operational climate prediction still 
largely relies on the established relationship between ENSO and regional 
climate, despite recent years seeing the emergence of new knowledge 
regarding other processes that influence regional climate (Saenz et al., 2022). 
Monitoring of the ocean–atmosphere system in the tropical Pacific, as well as 
climate prediction schemes, continues to be framed by the conceptual model 
of the canonical El Niño developed during the 1970s and 1980s (Rasmusson 
& Carpenter, 1982). As a result, most of the indices used for monitoring and 
prediction focus on SST behavior in the central sector of the equatorial Pacific 
(Niño 3 and Niño 3.4 regions, between 5°S and 5°N), primarily through the 
Oceanic Niño Index (ONI) calculated from observations in the Niño 3.4 region, 
although the Niño 1+2 region is also monitored. However, research from the 
past two decades, along with regional forecasting experience, suggests that it 
is not only the central-eastern tropical Pacific that causes climate anomalies in 
tropical America; the eastern tropical Pacific also generates a significant signal 
in regional climate, which requires more detailed analysis.

In the spatial distribution of SST anomalies (SSTA) in the tropical 
Pacific, various configurations have been identified (Trenberth & Smith, 2006; 
Ashok et al., 2007; Kug et al., 2009; Takahashi et al., 2011; Johnson, 2013; 
Capotondi et al., 2015; Capotondi et al., 2020; Di Lorenzo et.al., 2022), with 
some studies pointing to the existence of up to nine distinct ENSO-like patterns 
(Johnson, 2013). According to Capotondi et al. (2015), ENSO diversity can 
be recognized through differences in the spatial distribution of SST anomalies, 
the amplitude of these fluctuations, the onset processes, and their overall life 
cycle. For example, phases such as El Niño Modoki, the Canonical El Niño, 
the Eastern Pacific El Niño, and the Central Pacific El Niño can be identified, 
among others. Similarly, Capotondi et al. (2020) improved the characterization 
of ENSO diversity across different categories to identify the leading dynamical 
processes, precursors, and impacts. The resulting climate effects — primarily 
expressed through anomalies in air temperature and precipitation — and their 
impacts, which often result in disaster situations, vary according to the type of 
EN or LN event.

From the diversity of expressions identified in the 5°S–5°N equatorial 
belt (Johnson, 2013), the El Niño (EN) and La Niña (LN) situations classified 
as canonical and Modoki have received the most attention (Takahashi, 2011; 
Marathe et al., 2015). Likewise, analyses of the climatic effects of the tropical 
Pacific in different parts of the world have focused on differentiating the impacts 
of each EN or LN type, including in tropical America (Li et al., 2011; Córdoba-
Machado et al., 2014). However, in the past two decades, other anomalous 
situations distinct from canonical and Modoki EN or LN events have been 
identified and studied, such as the coastal El Niño (Takahashi et al., 2014; Peng 
et al., 2024), a form of EN concentrated in the southeastern tropical Pacific, 
confined off the Peruvian coast. This variant is associated with pronounced 
climatic anomalies in the region and has been responsible for severe impacts, 
including disasters in multiple tropical American nations (Takahashi et al., 
2018). Based on this finding, Peru has incorporated the Coastal El Niño Index 
(ICEN) into its regional climate monitoring and forecasting. ICEN is calculated 
as the three-month running mean of monthly SST anomalies in the Niño 1+2 
region (Takahashi et al., 2011; ENFEN Committee, 2012; Takahashi et al., 2014; 
Woodman & Takahashi, 2014), and it has a strong influence on the country’s 
climatology. Similarly, efforts have been made to develop indices other than the 

ONI to better represent regional processes off the coasts of Ecuador (Bravo de 
Guenni et al., 2016) and Colombia (Rodríguez-Rubio, 2013).

Research on interannual variability in the eastern tropical Pacific has 
primarily focused on the southeastern sector (Niño 1+2 region, off the coasts 
of Ecuador and Peru) (Dewitte & Takahashi, 2017; Hu et al., 2019), while 
adjacent areas off Colombia and Central America have received little attention 
regarding the specific features of SST variability and their impact on regional 
climate. In the comprehensive review by Amador et al. (2016), interannual 
variability in the northeastern tropical Pacific is largely attributed to traditional 
ENSO behavior, with no particularities highlighted for the region. The authors 
also note that few studies have addressed this part of the Pacific. Nevertheless, 
earlier descriptions include those by Herrera-Cervantes & Parés-Sierra (1994) 
on low-frequency SST variations off the California coast; Kessler (2006) on 
ocean circulation near Central America; Amador et al. (2006) and Fiedler & 
Lavín (2017) on atmospheric forcing in the eastern tropical Pacific; and Wang 
& Fiedler (2006), who describe a “warm pool” north of the equator.

Oceanographic features in the northeastern tropical Pacific include the 
Northeastern Tropical Pacific Warm Pool (NTPWP), a vast area off the southern 
coasts of Mexico and Guatemala with SSTs exceeding 28.5°C (Wang & Enfield, 
2001); the Costa Rica Dome, characterized by a shallow thermocline; and the 
Tehuantepec Bowl, where the thermocline is relatively deep (Kessler, 2006). 
Maloney et al. (2008) and Maloney & Kiehl (2002) analyzed intraseasonal 
SST variability in the NTPWP and found that it influences local precipitation. 
Wang & Fiedler (2006) studied interannual variability in the NTPWP and 
associated it with ENSO, without identifying fluctuations driven by other 
processes. Similarly, Karnauskas & Busalacchi (2009a) compared interannual 
SST variability in the NTPWP with that of the central tropical Pacific (Niño 3 
region) between 1982 and 2006, finding a correlation of 0.9, which led them to 
conclude that ENSO controls interannual variability in this region. They further 
explored its effect on Central American precipitation, found that the mature 
phase of the El Niño event can cause a rapid enhancement of the eastern Pacific 
intertropical convergence zone, which directly leads to a positive rainfall 
anomaly over Central America (Karnauskas & Busalacchi, 2009b). Misra et 
al. (2002) also concluded that interannual variability in the NTPWP is strongly 
linked to ENSO. Maloney & Kiehl (2002) and Maloney et al. (2008) found 
that intraseasonal SST variability in the region affects local convection and 
precipitation patterns.

Interannual SST variability in the northeastern tropical Pacific also 
regulates the variability of tropical cyclones in the region (Jin et al., 2014; 
Martínez-Sánchez & Cavazos, 2014; Zhao & Raga, 2015; Ji et al., 2024). 
However, most studies attribute this variability entirely to ENSO, overlooking 
other potential drivers. Dong & Zhou (2014), for instance, suggest that 
interdecadal processes in both the Pacific and Atlantic may influence SST 
variability in the study region. Short-term field campaigns (Raymond et 
al., 2004; Yepes et al., 2019; Sentić et al., 2022) have provided insights into 
mesoscale variability and air–sea coupling in the eastern tropical Pacific, with 
the objective of improving their parameterization and representation in coupled 
modeling frameworks. These efforts contribute to our understanding of broader 
processes such as interannual variability, which is the focus of this study. The 
observation campaign by Yepes et al. (2019), conducted in the least-studied 
part of the northeastern tropical Pacific (Colombian maritime waters), aimed 
to improve knowledge of regional circulation and the processes that drive the 
heavy rainfall observed in this sector (Mejía et al., 2021), and it is expected to 
shed further light on ocean-atmosphere processes in this region of the planet.

Based on SST behavior in the northeastern tropical Pacific during the 
second half of 2014, Pabón-Caicedo & Martínez (2016) and Moreno-Rincón 
& Pabón-Caicedo (2018) proposed that very particular situations might 
occasionally occur in this sector, somewhat different from those already 
defined or associated with ENSO. One example is the warming event in 2014 
(Hu & Fedorov, 2017; Hu et al., 2018), which preceded the strong 2015–2016 
EN event and may have been connected to anomalous SST behavior in the 
California Current System, as described by Zaba & Rudnik (2016), Hartmann 
(2015), McClatchie et al. (2016) and Benthuysen et al (2020). Moreno & Pabón 
(2018) note that similar events may have occurred in 1990, 2000, the second 
half of 2006, and the second half of 2008, when mild warming (with positive 
anomalies near 0.5°C) in parts of the study area preceded the EN events of 
1991–1992 (strong), 2002–2003 (moderate), 2007 (weak), and 2009–2010 
(strong), respectively.

http://et.al
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Song et al. (2012), analyzing environmental conditions for sardine 
spawning in the California Current System (30°–38°N), found that SST 
variability in the region is associated not only with ENSO-related fluctuations 
but also with slightly different conditions, such as those observed during 
the transition from the 1999–2001 LN to the 2002–2003 EN, and from the  
2005–2006 LN to the 2006–2007 EN.  Another research, de Alba - Guzman 
(2024), over a decade, evaluated the spatiotemporal variation in the benthic 
structure and composition of an insular coral community in the Northeastern 
Tropical Pacific, finding increase in abundance of biomass of coral communities 
for the 2010 - 2011 la Niña event, in contrast, with 2015 - 2016 El Niño event 
decrease in different coral community coverage. 

In summary, there is evidence of regional-scale SST warming events 
in the northeastern tropical Pacific that differ from conventional EN or LN 
episodes (Dewitte & Takahashi, 2017; Takahashi et al., 2018; Hu et al., 2018). 
However, most studies have focused on the southern sector (south of the 
equator) of the eastern tropical Pacific. Even in the most recent analysis (Hu et 
al. 2018; Peng et al. 2024) on differences between macro-scale ENSO events 
(across the tropical Pacific) and regional (coastal) events, the focus remains on 
the Niño 1+2 zone, corresponding to the southern portion of the so-called Far 
Eastern Tropical Pacific. The area north of the equator — the far northeastern 
tropical Pacific, off the coasts of Colombia, Panama, Costa Rica, Nicaragua, El 
Salvador, Honduras, and Guatemala — remains unexplored. This highlights the 
need to examine interannual SST variability in the northeastern tropical Pacific 
to identify potential situations that differ from canonical and Modoki EN and 
LN events and to determine how frequently such events may occur.

2. Materials and methods

The area of the eastern tropical Pacific analyzed in this study spans 
from the equator to 10°N and from 80°W to 100°W (Figure 1). This region is 
approximately located between the Galápagos Islands (Ecuador), Cocos Island 
(Costa Rica), and the coastlines of Costa Rica, Panama, and Colombia, south of 
the Gulf of Papagayo (Costa Rica). Figure 1 also shows a broader area extending 
from the equator to 10°N and from 95.5°W to 107.5°W. It is important to note 
that this sector of the northeastern tropical Pacific exhibits a gap in regular 
ocean-atmospheric measurement points, which are mostly limited to islands 
and the coast, sporadic cruises, and satellite sensor data. Even in the proposed 
expansion of ocean observations for the tropical Pacific (Smith et al., 2019), this 
area continues to lack permanent or regular measurement systems.

For this reason, the present analysis relies on monthly SSTA data 
obtained from the NOAA IO.v2 reanalysis (from http://www.cdc.noaa.gov/) 
(Reynolds et al., 2007; Huang et al., 2021), with a spatial resolution of 1° x 
1° (approximately 110 x 110 kilometers). The time series, covering the period 
from January 1982 to August 2018, were extracted for the points labeled A 
through H shown in Figure 1. To identify behaviors distinct from ENSO, these 
SSTA time series were compared with the Oceanic Niño Index (ONI) for the 
same period (https://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/
enso.shtml#history).

To compare interannual behavior in the northeastern tropical Pacific with 
that of the central Pacific (represented by the ONI), the SSTA time series for 
points A–H were smoothed using a five-month moving average, creating a new 
set of SSTA-MM5 series.

The variability of precipitation in Central America and northern South 
America was analyzed using monthly precipitation anomaly (PA) time series 
obtained from NOAA NCEP CPC CAMS_OPI v0208. These data covered the 
same period (January 1982 – August 2018) and have a spatial resolution of 2.5° 
x 2.5°, equivalent to 220 x 220 kilometers. Because the objective is to visualize 
regional rather than site-specific precipitation variability, neither station data nor 
high-resolution datasets were used. The resolution of the NOAA NCEP CPC 
CAMS_OPI v0208 dataset is considered adequate for this purpose. Each PA time 
series represents the behavior of precipitation within the corresponding grid cell.

Initially, a zero-lag linear correlation analysis was conducted between 
the SSTA time series for selected points in the northeastern tropical Pacific 
(see Figure 1) and the ONI. This aimed to determine whether the behavior 
of these points matched or resembled the ONI; low correlation coefficients 
would suggest a distinct pattern in the northeastern Pacific and the possibility 
of identifying regional events different from those detected using the ONI. 
Correlation coefficients were also calculated between the ONI and the SSTA 
time series for points A–H using time lags of 0, 1, 2, 3, 4, and 5 months in the 
SSTA series. This approach seeks to identify any delayed signal transmission 
from the central Pacific to the study area, allowing for a distinction between 
regional and large-scale phenomena.

Correlation analysis was also used to examine the connection between 
SSTA at the labeled points (Figure 1) and monthly precipitation anomalies 
(PA) in Central America and northern South America. Specifically, correlation 
coefficients were calculated between each SSTA time series (points A–H) and the 
PA time series from 29 grid points across the study region (marked with black 
dots in Figure 1), using time lags of 0 to 5 months for the PA relative to the SSTA.

Figure 1. Study area. The inner box highlights the northeastern equatorial Pacific sector. Colored squares labeled with capital letters (coordinates provided in the table to 
the right) indicate the locations of NOAA IO.v2 grid points used to extract the SSTA time series. Black dots represent the locations of the NOAA NCEP CPC CAMS_OPI 

v0208 grid points from which monthly precipitation time series were extracted. Red-lined boxes indicate the following sectors: Sector 1 – Central America; Sector 2 – 
Colombia; Sector 3 – Venezuela; Sector 4 – Northeastern South America.

Point Longitude (oW) Latitude (oW)
A 119.5 9.5
B 115.5 9.5
C 111.5 9.5
D 107.5 9.5
E 90.5 7.5
F 87.5 7.5
G 84.5 7.5
H 81.5 7.5

http://www.cdc.noaa.gov/
https://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/enso.shtml#history
https://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/enso.shtml#history
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3. Results

Figure 2 shows the comparison between the ONI series and the SSTA-
MM5 series at points A, B, C, D, E, F, G, and H (as indicated in Figure 1) during 
the 2013–2018 period. It can be observed that the behavior at points E, F, G, 
and H in 2014 differs from the pattern indicated by the ONI, suggesting that the 
warming in this area was not associated with the El Niño (EN) event, which began 
to be detected in the ONI in the last quarter of 2014. A warming wave is observed 
between late 2013 and early 2014 at points G and H; a warming close to 1°C was 
recorded throughout 2014 at point E, while at point F it remained between 0.5°C 
and 1°C. The warming with SSTA values above 0.5°C lasted for approximately 
11 months, starting between December 2013 and December 2014.

Figure 2. Comparison between the ONI series and the SSTA-MM5 series at points 
A, B, C, D, E, F, G, and H (as shown in Figure 1).

The correlation between the SSTA-MM5 series and the ONI  
(Figure 3) reveals a greater dispersion in the graphs corresponding to points 
E, F, G, and even H. However, correlation coefficients are significantly lower 
only at points D and H. The dispersion observed in the graphs of Figure 3, as 
well as the slightly lower correlation values at the indicated points, confirm the 
earlier observation from Figure 2: there is a distinct difference SST variability 
in a sector of the northeastern tropical Pacific compared to that of the central 
tropical Pacific represented by the ONI.

Figure 4 presents the spatial distribution of the correlation coefficients 
calculated between the SSTA series at each grid point of the NOAA IO.v2 
reanalysis and the ONI series, as well as the SSTA series in the Niño 3 and 
Niño 1+2 regions, with lags of 0, 1, 2, 3, 4, and 5 months. A distinct area of low 
correlation coefficients (around 0.5) is observed north of points A, B, C, D, E, F, 
G, and H, while higher values (above 0.8) are concentrated further south in the 
equatorial channel. It is also notable that for correlations with ONI and Niño 3 
at all lags in time, there is a sector near the Galápagos Islands (between 85°W 
and 95°W) in the equatorial channel where the correlation coefficient drops to 
around 0.5. This area of low correlation values expands as the lag increases. 
In contrast, in the correlation with Niño 1+2, this low-correlation area in the 
equatorial channel does not appear; however, it is evident that the correlation 
coefficient decreases along this strip as the lag increases.

In Figure 5, which summarizes the relationship between SSTA at points 
A, B, C, D, E, F, G, and H and precipitation anomalies recorded at various 
locations in Central America and northern South America, although the obtained 
correlation coefficients are relatively low (ranging from -0.3 to 0.1), negative 
correlation values predominate. This indicates an inverse response of regional 
precipitation variability to variability in the northeastern tropical Pacific. It is 
also evident that this inverse relationship is more pronounced for points A, B, 
C, D, and F, and affects both northern South America and Central America. 
The SST variability at points E, G, and H primarily influences precipitation in 
northern South America and, to a lesser extent, in Central America.

Figure 3. Relationship between the ONI series and the SSTA-MM5 series at points A, B, C, D, E, F, G, and H from Figure 1. The correlation coefficient (r) is indicated in 
each graph at the top left.
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Figure 4. Correlation between the ONI series (left), Niño 3 region (center), and Niño 1+2 region (right) and the SST anomaly series at each grid point in the study area 
(120.5°W – 81.5°W and 0.5°N – 20.5°N). Correlations are calculated with 0-, 1-, 2-, 3-, 4-, and 5-month lags (as indicated by the numbers on the left) of the grid point series.

Figure 5. Linear correlation between the SSTA series of points located in Central America and northern South America. The correlation is calculated without time lag. In all 
cases, the values are negative, indicating an inverse correlation (The color of the dots over the continent corresponds to the color of the respective SSTA point; larger dots 

represent correlations closer to zero, while smaller dots indicate stronger negative correlations).
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In Figure 6, the effect of SSTA recorded at points in the northeastern 
tropical Pacific on precipitation anomalies across four continental sectors is 
shown. Precipitation in sectors 1 (Central America) and 2 (Panama–Colombia) 
responds inversely to SSTA from all points. The 2014 warming event caused 
marked negative precipitation anomalies across the entire region encompassed 
by sector 1 (Central America). In sectors 3 (Venezuela) and 4 (Guyana, 
Suriname, French Guiana, and northern Brazil), the inverse relationship 
between precipitation anomalies and SSTA persists, although the anomalies are 
smaller than in sectors 1 and 2. Figure 6 also illustrates that the magnitude of 
negative anomalies decreases progressively eastward across the sectors.

Figure 7 shows the correlation coefficients between the SSTA series at 
different points and the precipitation anomaly (PA) series recorded at various 
stations within the designated sectors. In sector 1, low negative correlation 
coefficients were obtained between points A, B, C, and D and the precipitation 
anomalies. The correlations for points E and F were very low but positive, 
while highly positive correlations were observed for points G and H, indicating 
a clear response. Precipitation in sector 2 shows a greater sensitivity to SST 

variability at the points analyzed: negative correlation coefficients are markedly 
low for points A and B, and especially for points C, D, and E. Point F exhibited 
a very weak inverse correlation, and points G and H showed weak positive 
correlations. In sector 3, the inverse correlation between PA and SSTA at points 
A through E was low, with a relatively stronger signal at point D. For points F, 
G, and H, the correlation was positive, especially marked for the latter two. In 
sector 4, correlations were quite strong —negative for points A, B, C, D, and F, 
and positive for points G and H—. In general terms, SST variability at the more 
westerly points correlated negatively with precipitation in all sectors, whereas 
points G and H elicited a positive response.

The precipitation deficit described in Figures 6 and 7, and in the 
corresponding text, is also confirmed by analyses from Amador et al. (2015) and 
Martínez et al. (2015a) regarding the climatic conditions in the region during 
2014. Additionally, the severe drought experienced in the area is supported 
by reports from OCHA (2014), Flóres-Mora and the World Bank (2014), as 
well as by coverage in various mass media outlets (print, radio, and television), 
particularly during the second half of 20141.

Figure 6. SSTA series from points A, B, C, D, E, F, G, and H (rows) compared with the precipitation anomaly series of stations located in sectors 1, 2, 3, and 4  
(columns from left to right).

1	 The newspapers (dailies, weeklies, and monthly magazines), as well as radio and TV news programs in the countries of Central America and northern South America, reported the problems 
caused by the drought that developed over the region in the second half of 2014.
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Figure 7. Comparative analysis of the correlations between the SSTA series from points A, B, C, D, E, F, G, and H and the precipitation anomaly series during the 
2013–2014 period in sectors 1 (a), 2 (b), 3 (c), and 4 (d), as shown in Figure 1.

4. Analysis And Discussion

The results presented show that a sea surface warming event occurred 
in the northeastern tropical Pacific in 2014, which was not associated with the 
El Niño (EN) event that developed in 2015–2016. Nonetheless, the climatic 
impact in Central America and northern South America —characterized 
by precipitation deficits and drought— was like that typically produced by 
EN events. Therefore, it is not accurate to consider a single event spanning 
from 2014 to 2016, as suggested by several authors (e.g., Martínez et al.,  
2015a, b; Hu & Federov, 2017), climate monitoring and prediction centers 
(such as the International Research Center on El Niño – CIIFEN), and national 
meteorological and hydrological services in the region. In NOAA’s February 
2015 Climate Diagnostics Bulletin, it was stated: “Taken together, these oceanic 
and atmospheric anomalies are consistent with borderline El Niño conditions” 
(NOAA, 2015a). From the March 2015 bulletin onward (NOAA, 2015b), and 
until September 2015, NOAA openly referred to a weak El Niño event; starting 
in October, it declared the presence of a strong, mature event, thus recognizing 
a continuous development from 2014. In the scientific literature, references to 

a 2014–2016 event persist, often overlooking the distinct ocean-atmosphere 
processes that took place in the northeastern tropical Pacific during that period.

This analysis aligns with the findings of L’Heureux et al. (2015), who, 
based on ONI behavior between 2013 and 2014, described the prevailing 
ocean-atmosphere dynamics and concluded that El Niño conditions were not 
present during that time. Levine and McPhaden (2015) noted that during the 
boreal summer of 2014, Bjerknes feedback was not triggered due to an easterly 
wind burst, stating that the widely anticipated 2014–2015 El Niño event “did 
not materialize and did not even qualify as an El Niño under conventional 
definitions”. Interestingly, in the warm water volume series presented by 
Levine and McPhaden (2015), warming episodes like those in spring 2014 
were also recorded in 1990 and 2001 —years that preceded El Niño events—. 
Furthermore, wind behavior analysis shows that easterly wind strengthening 
events occurred in both spring 1990 and spring 2014.

Tang et al. (2022) compared the 1997–1998 El Niño event with the 
2015–2016 event, highlighting the latter’s distinctive development in the far 
northeastern tropical Pacific. They note that, in contrast to the strong SSTA 
observed in that region during 1997–1998, the anomalies during 2015–2016 
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were modest - even though the 2015–2016 El Niño was very intense in the 
central Pacific -. Clearly, the warming recorded off the coast of Central America 
in 2014 was not associated with the 2015–2016 El Niño event. However, 
according to Zhong et al. (2019), this warming may have played a key role 
in shaping the characteristics of the 2015–2016 event (e.g., the westward 
displacement of the core of maximum SST anomalies and its intensity).

To explore the origin of the 2014 warming event, Figure 8 presents 
monthly SSTA in the Pacific from October 2013 to December 2015. Notably, 
during the last quarter of 2013, an abnormally warm core is observed migrating 
eastward from the northwestern Pacific (off the coast of Japan) toward the 
eastern Pacific, eventually settling off the west coast of North America. This 
core was associated with the marine heatwave recorded in the North Pacific 
between 2013 and 2015 (Hartman, 2015; Di Lorenzo and Mantua, 2016; 
Chen et al., 2016). By January 2014, warming is evident off the coast of the 
California Peninsula —a phenomenon analyzed by McClatchie et al. (2016), 
who distinguished it from the subsequent effects of the 2015–2016 El Niño—. 
Between February and March 2014, the area of positive SST anomalies spread 
southward along the coasts of Mexico and Central America, forming a broad 
band of positive anomalies extending from the U.S. coast to Panama. A warm 
core also developed near 90°W (close to the Galápagos Islands, Ecuador) 
within the equatorial zone. Di Lorenzo et al. (2016) highlighted the emergence 
of an ENSO-like configuration during boreal autumn 2014 and the formation 
of a positive Pacific Decadal Oscillation (PDO) arc between January and 
May 2015. Analysis of the PDO series (https://www.ncei.noaa.gov/access/
monitoring/pdo/) reveals a shift from negative to positive phase during boreal 
spring–summer 2014. Figure 8 also shows that the first equatorial Kelvin wave 
conducive to the 2015–2016 El Niño event emerged between May and June 
2015 in the equatorial channel (5°S to 5°N).

The preceding description provides evidence that the origin of the 2014 
warming event in the far northeastern Pacific, off the coast of Central America, 
was not associated with processes in the equatorial channel. Rather, it was 
generated by extratropical processes in the North Pacific, which can be traced 
from the North American coast and the California Current System (CCS), 
located slightly north of the study area of this work. The interannual variability 
of SST in this region may be associated with CCS variability, as can be inferred 
from the analysis presented above. Some authors (Amador et al., 2006; 
Karnauskas, 2009a, b) have identified ENSO as the main driver of variability 
in the northeastern tropical Pacific. However, recent investigations (Moreno-
Rincón & Pabón-Caicedo, 2018), together with the analysis presented in this 
study, open the possibility that other modes —beyond ENSO— may influence 
interannual variability in the far northeastern tropical Pacific. One such mode 
is the CCS itself, where both warm and cold events can occur regardless of the 
presence of the positive or negative phases of ENSO (Fiedler & Mantua, 2017). 
Over the past four decades, warming events in the CCS without the presence of 
a positive ENSO phase were recorded in 1981, 1990, 1996, 2001, and the most 
intense one in 2013–2015. The years 2000, 2006, and 2008, previously noted 
by Moreno & Pabón (2018) as having exhibited warming events off the Central 
American coast, coincide with peaks in the CCS SST anomaly series presented 
by Fiedler & Mantua (2017).

Hartman (2015) analyzed the peculiar spatial distribution of SST 
anomalies observed in the North Pacific in 2014 by exploring three SST 
variability modes: the PDO, ENSO, and the North Pacific Oscillation (NPO) 
mode. Spatially, the latter two reproduce distributions similar to those observed 
in 2014. Hartman (2015) noted that the first mode, associated with the PDO and 
ENSO, explains 30% of the variance, while the second and third account for 
8%. He argued that the second and third modes may be influenced by the North 
Pacific Gyre Oscillation (NPGO) (Di Lorenzo et al., 2008), also referred to as 

the Victoria Mode (VM) (Li et al.,2023; Shi et al., 2023). Several authors have 
suggested that this latter mode may play a role in the development of El Niño 
conditions. In addition, Heidemann et al. (2024) identified a link between the 
Interdecadal Pacific Oscillation (IPO) and ENSO.

The presence of warming in the far northeastern tropical Pacific, such as 
that documented in 2014 and supported by the analysis in this study, suggests 
the possibility that coastal El Niño-type events may occasionally occur off 
the coast of Central America, like those observed south of the equator, off the 
coast of Peru. These events —here referred to as “Maya Coastal El Niño” to 
distinguish them from the Peruvian events, which could be called “Inca Coastal 
El Niño”— contribute to the variability of climate phenomena in the tropical 
Pacific. Such events produce extreme precipitation deficits in Central America 
and northern South America, often leading to drought-related disasters. This 
opens a potential line of research to further explore the frequency, dynamics, 
and drivers of these events; their relationship with the PDO, NPGO, VM, and 
ENSO; their coastal propagation southward toward Central America; and their 
impacts on the climate of Central America, the Caribbean, and northern South 
America.

Conclusions

This study demonstrated that warming events with sea surface temperature 
anomalies (SSTA) near or above 0.5°C occur in the far northeastern tropical 
Pacific, with durations ranging from 6 to 12 months. These events are not 
reflected in the SSTA series of the Niño 1+2, Niño 3, or Niño 3.4 regions, nor in 
the ONI index, and resemble the coastal warming events observed off the coast 
of Peru, south of the equator, commonly referred to as Coastal El Niño events. 
For differentiation, we propose to refer to the Central American counterpart as 
“Maya Coastal El Niño” (with the southern events referred to as “Inca Coastal 
El Niño”).

Based on the 2014 warming event, it was established that Maya Coastal 
El Niño events result in reduced precipitation in Central America and northern 
South America, leading to drought conditions that negatively affect the 
socioeconomic systems of countries in the region.

The investigation into the possible origin of these warming events in 
the far northeastern tropical Pacific determined that they are of extratropical 
origin and likely associated with fluctuations in the North Pacific Gyre that 
occasionally extend further south, beyond the California Current System. This 
finding opens a new line of research into the dynamics of Maya Coastal El Niño 
events and invites further exploration into the role of the South Pacific Gyre in 
the evolution of Inca Coastal El Niño events.

The results of this study also underscore the importance of monitoring 
ocean–atmosphere processes in this sector and incorporating such analysis into 
climate diagnostics and prediction efforts. This calls for the strengthening of 
observational systems in the far northeastern tropical Pacific.

Acknowledgments

The authors express their gratitude to the Universidad Nacional de 
Colombia, Department of Geography – Research Group “Tiempo, Clima y 
Sociedad”, for their ongoing support in the development of this study. We also 
thank the Dirección General Marítima for supporting the academic training 
of its personnel by funding the lead author’s Doctorate in Marine Sciences. 
Special thanks to the CIIFEN team for their support during the doctoral research 
stay and for generously sharing their knowledge on the El Niño phenomenon. 
Finally, we acknowledge NOAA for providing access to reanalysis data, which 
allows for the identification of climate variability phenomena that would not be 
evident using only in situ monitoring data.

https://www.ncei.noaa.gov/access/monitoring/pdo/
https://www.ncei.noaa.gov/access/monitoring/pdo/


395Juan Leonardo Moreno-Rincón and José Daniel Pabón-Caicedo

Figure 8. Monthly sea surface temperature anomalies from October 2013 to December 2015. Constructed using images published in the NOAA Climate Diagnostics 
Bulletin during the specified period, accessed via the following link: https://www.cpc.ncep.noaa.gov/products/CDB/CDB_Archive_html/CDB_archive.shtml
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