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A B S T R A C T   

The transitions between the phases of the El Nino-Southern Oscillation (ENSO) are abrupt changes in the Sea 
Surface Temperature (SST) conditions, which lead to opposite SST anomalies from the boreal winter of one year 
to the next boreal winter. In this work, we studied the influence of these transitions of ENSO over the general 
circulation and three Low-Level Jets (LLJs) over northern South America. We carry out a composite analysis of 
seasonal anomalies for climatic variables such as SSTs, vertical wind speed, precipitation, water vapor transport, 
and low-level winds to evaluate changes in the hydroclimatic features. We found that the ENSO phase transitions 
may induce changes in the vertical wind speeds associated with the Walker cells over the far-eastern Pacific 
Ocean, which gradually increases (reduces) their downward velocities during the transition from El Niño to La 
Niña (La Niña to El Niño), and increases(reduces) their upward velocity over northern South America. During the 
El Niño to La Niña transition (La Niña to El Niño), we found that the low-level water vapor transport changes 
over the zones of the Caribbean LLJ, the Orinoco LLJ, and the Chocojet with distinctive patterns during the 
transition years. Moreover, we found a precipitation dipole around the latitude 5◦N over the far-eastern Pacific 
ocean (western Colombian coast) that persists throughout JJA and SON, especially for the El Niño to La Niña 
transition whereas negative precipitation anomalies predominate over the continental territory of northern South 
America during the La Niña to El Niño transition. This work contributes to the characterization of ENSO during 
its abrupt transitions and provides new information about the effects of those transitions on tropical hydro
climatology, which can be used to improve diagnosis, analysis, and modeling of the influence of ENSO over the 
far-eastern Pacific and northern South America.   

1. Introduction 

The El Niño-Southern Oscillation (ENSO) is a process consisting of an 
oceanic component (El Niño) and an atmospheric one (the Southern 
Oscillation) that occurs at inter-annual timescales. ENSO’s oceanic 
component is associated with anomalous sea surface temperatures (SST) 
in the tropical Pacific Ocean, while its atmospheric component refers to 
changes in the sea level pressures along the tropical Pacific basin 
(Enfield and Mayer, 1997; Sarachik and Cane, 2010). The ENSO system 
has traditionally been classified into two main phases, one warm and the 
other cold, known respectively as El Niño (EN) and La Niña (LN), which 
are associated with anomalous increases (decreases) in SSTs in the 
central tropical Pacific and alterations in Walker’s circulation (WC) 
(Philander, 1983; Rayner et al., 2003; Giannini et al., 2001). In addition, 
a more detailed analysis of the ENSO phases defines several ways to 
classify the events according to the region of the Pacific that changes its 

SST, which could be a Central Pacific or an Eastern Pacific event (Ashok 
and Yamagata, 2009). 

In particular, over northern South America (NSA), ENSO modifies 
various meteorological processes related to convection induced by far 
eastern Pacific coastal warming and atmospheric perturbations resulting 
from Rossby waves and Walker circulation anomalies (Cai et al., 2020). 
Furthermore, several studies have shown evidence of a decrease (in
crease) in precipitation during El Niño (La Niña) over northeastern 
South America, while northwestern South America experiences the 
opposite alterations in precipitation, i.e., an increase (decrease) during 
El Niño (La Niña) (Grimm and Tedeschi, 2009; Poveda et al., 2011; 
Glantz and Ramirez, 2020). ENSO also affects the surface wind speeds 
and frequency of occurrence of the NSA Low-level jets (LLJs), the 
Caribbean LLJ (Wang, 2007), Orinoco LLJ (Builes-Jaramillo et al., 
2022), and ChocoJet (Serna et al., 2018). These LLJs are associated with 
an increase (reduction) in water vapor transport, as well as divergent 
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(convergent) winds linked to precipitation. The nature of these alter
ations in LLJs depends on their season of activity and the phase of ENSO. 
Moreover, ENSO is related to droughts or floods that cause severe 
ecological, socio-economic, and environmental impacts worldwide, 
depending on the phase and location of the region under study (Diaz 
et al., 2001; Cai et al., 2020). 

The implications of ENSO transitions (from EN to LN or vice versa) 
on tropical hydroclimate are understudied. However, during the last 
decade, there has been a notable interest in their study, leading to 
diverse approaches for defining transitions. Wu et al. (2009) investi
gated the differences between atmospheric and oceanic features during 
boreal summers for ENSO-developing and ENSO-decaying conditions 

over the western North Pacific. Their results offer new findings on the 
relationships between ENSO-developing (ENSO-decaying) and the 
Walker circulation related to the cross-equatorial flow characteristics 
(anomalous anticyclone suppressing local rainfall). Warner and Moum 
(2019) defined four types of ENSO transitions in the western and 
equatorial tropical Pacific cold tongue (denoted as EN–warming, 
EN–cooling, LN–warming, LN–cooling), based on the magnitude of the 
ONI index and the temporal gradient of ONI. Their approach helps to 
identify that the mixing of oceanic waters (or lack of it) contributes to 
the heating of the sea surface during transitions to peak EN and cooling 
during transitions to peak LN. Hence, according to the authors, this 
oceanic mixing acts as a positive feedback mechanism for developing EN 

Fig. 1. Geographical location of the region of study over northern South America including the representative areas associated with the ChocoJet, CLLJ, and OLLJ.  

Fig. 2. ENSO phase transition according to the ONI index classification. (a) the EN→LN transition, and (b) LN→EN transition. (gray) average of EN→LN event 
transitions or LN→EN transitions. (light dotted blue) Threshold of the ONI index for the canonical LN (temperature anomalies below  − 0.5 ◦C), and (light dashed red) 
Threshold of the ONI index for the canonical EN events. (dark dash blue) mean of the LN events. (dark dash red) mean of the LN events. 

A. Builes-Jaramillo et al.                                                                                                                                                                                                                      



Atmospheric Research 290 (2023) 106786

3

and LN events. 
Bahrami et al. (2020) studied the impact of two types of ENSO 

transitions (El Niño to La Niña and La Niña to El Niño) on atmospheric 
circulation, rainfall, and temperatures in the Middle East during boreal 
autumn. They found that during EN to LN (LN to EN) transitions, the Sea 
Level Pressure structure over the Atlantic region changes, with a mini
mum (maximum) between the Iceland low and the Azores high. These 
conditions are associated with enhanced (decreased) rainfall over most 
parts of the Middle East. Fang (2020) defines ENSO transitions based on 
changes from the prior year to the current year as cyclic, episodic, and 
multi-year, which correspond to LN to EN, Neutral to EN, and EN to EN 
(with a similar classification for LN). This work argues that, for example, 
multi-year La Niña events can shift the region of reduced precipitation to 
the southeast in the US more than other La Niña events. The author also 
argues that during the summer, cyclic La Niña events can generate 
distinct atmospheric wave trains to the extratropical Pacific and cause a 
significant warming signal over the Midwest in the US compared to 
multi-year La Niña events. 

Mokhov and Timazhev (2022) have defined nine types of ENSO 
transitions, including Neutral to EN, Neutral to LN, and Neutral to 
Neutral, which they classify as a continuation of Neutral conditions. 
They argue that their approach is useful in obtaining predictive esti
mates of the risk of anomalous regional weather and climatic conditions 
using predictive model simulations for the evolution of the ENSO pro
cesses. Specifically, their approach can be used to estimate anomalously 
high Surface Air Temperature values in May-June-July in Asian Russia 
regions for the EN to EN transition. Additionally, they estimate that 
positive temperature anomalies have been increasing (from 80 up to 
100%), including extremely high values, in the spring-summer months 
in European Russia regions for the EN to LN transition and Asian Russia 
regions for the EN to EN transition. These findings demonstrate that 
studying ENSO transitions can provide new insights into the effects of 
ENSO on atmospheric processes worldwide. However, all previous 
works have been based on limited data records and use non-unified 
definitions of ENSO transitions. 

Acknowledging the limitations imposed by the few recorded ENSO 
transition episodes in historical datasets and the absence of prior studies 
on the influence of such transitions in the region, this study addresses 
the following questions: (1) What are the changes in vertical wind speed 
associated with the Walker cells during ENSO transitions?; (2) Do the 
ENSO phase transition years alter precipitation and water transport in 
NSA in contrast to ENSO-neutral conditions?; and, (3) Do the surface 
wind speed patterns associated with the Low-level jets, during their most 
active seasons, change during ENSO transitions in relation to neutral 
ENSO conditions?. To tackle these questions, we analyze the anomalies 
of sea surface temperatures (SST), vertical wind speeds, precipitation, 
and water vapor transport (WVT), and the wind speed anomalies of 
three Low-level Jets in their seasons of activity over NSA during the 
ENSO transition years. 

This work is organized as follows: Section 2 describes the study re
gion and datasets. Section 3 presents the methods in detail, including the 
composite analysis, the definition of ENSO transitions, and the 
comparative analysis procedure. Section 4 presents the results and dis
cussion. Finally, 5 provides conclusions and outlines future work. 

2. Study region and data 

The study region is defined by the coordinates 50◦W–90◦W and 10◦S- 

Table 1 
Years of EN→LN and LN→EN ENSO transitions during the 1959–2022 period.  

Transition Transition year El Niño event La Niña event 

EN→LN 1964 1963 1964 
1960 1969 1970 
1973 1972 1973 
1983 1982 1983 
1988 1987 1988 
1995 1994 1995 
1998 1997 1998 
2005 2004 2005 
2007 2006 2007 
2010 2009 2010  

Transition Transition year La Niña event El Niño event 
LN→EN 2016 2015 2016 

1965 1964 1965 
1972 1971 1972 
1976 1975 1976 
2006 2005 2006 
2009 2008 2009 
2018 2017 2018  

Fig. 3. ENSO phase transitions according to the ONI index classification. (a) the EN→LN transition, and (b) LN→EN transition. Threshold of the ONI index for the 
canonical LN (dashed blue) and EN (dashed red) events. The multi-annual mean of the canonical phase (a) LN and (b) EN, black dotted line, and black line, 
respectively. (gray) average of all the ONI events classified. 
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Fig. 4. Seasonal anomalies of the vertical velocity of winds (ω) during phase transition year minus the Neutral phase of ENSO (N) over the 5◦N - 5◦S. (left) EN→LN 
transition minus N and (right) LN→EN minus N. 
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20◦N, covering the NSA region. The Low-Level jets (LLJ) studied in this 
research are located in areas (as shown in Fig. 1) associated with the 
higher activity of the Caribbean LLJ (CLLJ) (12.5◦W–17.5◦N, 
80◦W–70◦W) (Wang, 2007); the Choco LLJ (ChocoJet) (2◦N–7◦N, 
82◦N–80◦W) based on (Sierra et al., 2021; Cerón et al., 2020), and the 
Orinoco LLJ (OLLJ) (6◦N–8◦N and 67◦W–69◦W) (Builes-Jaramillo et al., 
2022). We use data from SST, zonal and meridional wind speed, vertical 
wind speed (ω) from the pressure levels 1000 hPa to 700 hPa, precipi
tation, and specific humidity provided by the ERA5 atmospheric rean
alysis (Hersbach et al., 2020), for the period 1959–2022, a monthly time 

scale and a 0.25◦ x 0.25◦ grid size. 

3. Methods 

3.1. ENSO transitions 

First, to define the canonical phases of ENSO (EN and LN), we used 
the Oceanic Nino Index (ONI) classification by the United States Climate 
Prediction Center. This classification defines EN (LN) when the five 
running three-month seasons’ average of the SST is above  + 0.5 ◦C 

Fig. 5. Seasonal Sea Surface Temperatures anomalies for ENSO phase transition minus neutral ENSO conditions. Gray dots denote the zones with statistical sig
nificance according to the t-test at the significance level of 0.05. 

A. Builes-Jaramillo et al.                                                                                                                                                                                                                      



Atmospheric Research 290 (2023) 106786

6

(below  − 0.5 ◦C) in the Niño 3.4 zone, then the canonical EN (LN) 
occurs (NOAA, 2022). 

Second, we define transitions based on the works by Bahrami et al. 
(2020) and Mokhov and Timazhev (2022), which state that most EN 
events reach their peaks in the boreal late autumn or early winter, while 
all LN events tend to occur in the boreal late spring or summer, peaking 
in late boreal autumn or early winter. Considering these factors, we 
revise the ONI index by identifying changes from El Niño to La Niña 
[hereafter EN→ LN] as well as changes from La Niña to El Niño [here
after LN→ EN]. Hence, years, where there is a change from EN → LN or 

vice versa from boreal winter (prior year) to boreal winter (next year) 
are classified as transition years. Fig. 2 illustrates the definition of a 
transition year as the year when the canonical ENSO turns from EN to LN 
or vice versa. 

3.2. Composite analysis 

We use the seasonal composite analysis method (Boschat et al., 2016; 
Xie et al., 2017) to study the anomalies of climatic variables including 
wind speed, precipitation, and water vapor transport during the ENSO 

Fig. 6. Precipitation anomalies during ENSO phase transition minus neutral condition for the four trimesters of the year. Gray dots depict the coordinates with 
statistical significance according to the t-test. 
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transition years compared to the ENSO Neutral condition (N). To 
compute the composite we follow the next steps: (1) we define the 
months for each ENSO phase transition year and the months in canonical 
Neutral events according to the ONI index; (2) we isolate the climatic 
variables for the months in transition years previously defined, as well as 
for the canonical ENSO event, which constitutes the keytimes; (3) we 
isolate the climatic variables and compute the average and anomalies for 
all key-times; and finally, (4) we use the t-student test to verify whether 
there is a significant anomaly between the ENSO transitions years and 
the neutral condition. In particular, we calculate two anomalies for each 

climate variable, EN→LN minus N [hereafter EN→LN (N)] and LN→EN 
minus N [hereafter LN→EN (N)]. 

Moreover, we analyze the surface wind speeds associated with each 
LLJ during its active season. Hence, we compute composites for Choc
oJet during September-October-November (SON), for the CLLJ during 
June-July-August (JJA) and December-January-February (DJF), and for 
the OLLJ during DJF. 

Fig. 7. Seasonal anomalies of water vapor transport (WVT) and wind speed for northern south America for ENSO transitions minus neutral conditions at 925 hPa. 
The boxes highlight the region associated with the LLJs during its season of high activity. Black arrows denote locations where winds speed at 925 hPa during 
transitions is statistically different from the canonical phases according to the t-test at the significance level of 0.05. 
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4. Results 

4.1. ENSO transitions 

Following the ENSO phase transition classification mentioned in 
Section 3.1, we identified eleven EN→LN transitions and six LN→EN 

transitions during the 1959–2022 period (Table 1). These transitions 
were selected based on the mature conditions of one phase of ENSO at 
the end of the first year (preceding year) and the mature opposite phase 
(transition year) at the end of the second year, as illustrated in Fig. 3. 
Fig. 3a also presents the composite for the EN→LN transition as well as 
the composite for the canonical LN events. Additionally, Fig. 3b shows 
the composite for the LN→EN transition and the composite for the ca
nonical EN events. Fig. 3 evidences the abrupt decrease (increase) of SST 
anomalies for the EN→LN (LN→EN) transition in one year, during which 
the SST anomalies can change from ∼+2oC to ∼ − 2oC (∼ − 2oC to ∼ +

2oC). 
The Walker circulation is one of the main drivers of the atmospheric 

feedback of ENSO (Bayr et al., 2020), and it is primarily influenced by 
the SST differences between the eastern and the warm pool of the 
western Pacific Ocean (Philander, 1990). Fig. 4 shows the seasonal mean 
vertical velocity anomalies over the 5◦N - 5◦S region for the ENSO phase 
transition years minus the neutral conditions over the region (clima
tology of the 1959–2022 period). During MAM, for the EN→LN transi
tion (Fig. 4 left), the downward wind velocities decrease in the 
atmospheric column (1000 hPa - 200 hPa) in the far-eastern Pacific 
(FEP) region (-100◦W and − 180◦W) and the Indo Pacific. Furthermore, 
there are upward wind velocities over the NSA and the Tropical Atlantic 
basin, which contrast with the neutral conditions (Appendix A Fig. 11). 
During JJA, the downward wind velocity significantly increases from 
− 180◦W to − 140◦W between the atmospheric pressure levels 1000 hPa 
to 600 hPa. This pattern is repeated for SON and DJF, while for DJF, the 
downward wind velocity decreases from 400 hPa to 200 hPa at the 
longitude − 150◦W. For the seasons JJA, SON, and DJF, the upward wind 
velocities increase over the NSA continental territory. 

During the MAM season, for the LN→EN transition (Fig. 4 right), the 
FEP region shows an increase in downward wind velocities between 
longitudes of − 100◦W and − 150◦W, while upward wind velocities in
crease over the NSA and Tropical Atlantic basin. In contrast, during JJA, 
SON, and DJF, the FEP zone shows a reduction in downward wind ve
locities covering the atmospheric column from around − 120◦W to 
− 180◦W. Additionally, upward wind velocities decrease over the NSA 
and Atlantic (Appendix A Fig. 12). 

Previous studies have shown that changes in the Walker cell over the 
tropical Pacific are primarily observed in the central and FEP zones, 
where ENSO develops in response to changes in SST and atmospheric 
circulation patterns. These alterations in the upward (downward) cir
culation branches of the Walker cell could be associated with stronger 
(weaker) Pacific trade winds (Bayr et al., 2018), a reduction (increase) 
of equatorial Atlantic precipitation (Sasaki et al., 2015; Saravanan and 
Chang, 2000; Tedeschi and Sampaio, 2022), and feedback from surface 
net heat fluxes (Guilyardi et al., 2009). 

The SST anomalies over the tropical Pacific Ocean are a dis
tinguishing characteristic of ENSO (Gill, 1980; Bjerknes, 1969; Wang 
and Picaut, 2013), with its warm (EN) and cold (LN) canonical phases 
associated with higher (lower) SSTs than normal conditions. Although 
these patterns have been extensively studied for the ENSO canonical 
phases (EN - LN), the changes in SSTs for the transitions EN→LN and 
LN→EN in relation to the neutral ENSO conditions have been under
studied. Fig. 5 shows the composite seasonal SST anomalies during the 
ENSO transitions relative to neutral conditions years. During the 
EN→LN, there are positive SST anomalies, which gradually change to 
negative SST anomalies in DJF over the Pacific coasts of Peru, Ecuador, 
and Colombia. In contrast, during LN→EN from MAM to DJF, positive 
SST anomalies exhibit an uninterrupted increase. 

During the EN→LN (LN→EN) transition, the SSTs anomalies increase 
(decrease) in MAM and JJA over the Caribbean Sea, while there is a 
gradual decrease (increase) from SON to DJF. A remarkable feature 
during the LN→EN transition is that over the Pacific basin, positive SST 
anomalies persist throughout the year with a progressive increase. We 
used the Hadley Centre Global Sea Surface Temperature dataset (Rayner 
et al., 2003) to obtain these results, which were consistent with ERA5 

Fig. 8. Atmospheric cross-section of wind speed anomalies of ENSO transitions 
minus ENSO canonical phases from 1000 hPa to 700 hPa for the zones asso
ciated with the LLJs (Fig. 1) during its season of high activity. Gray dots depict 
the coordinates with statistical significance according to the t-test at the sig
nificance level of 0.05. 
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(not shown). 

4.2. Precipitation and water vapor transport during the ENSO transitions 

Fig. 6 shows the composites of seasonal precipitation anomalies for 
ENSO transition years. During the EN→LN transition in MAM, precipi
tation increases over the Pacific coast of northern Peru, Ecuador, and 
western Colombia. In contrast, precipitation reduces over the Orinoco 
River basin during this transition. During JJA and SON, precipitation 
exhibits a dipole over the FEP region, with a latitudinal band (north of) 
around 5◦N showing a decrease (increase) in precipitation anomalies. 
During SON, this dipole is more evident, with higher precipitation 
anomalies over Central America. During DJF, positive precipitation 
anomalies cover the Colombian Pacific coast, the western Andean 
mountain range, and the northern Amazon River basin. 

During the LN→EN transition in MAM, precipitation decreases over 
the Pacific coast and the FEP. In particular, negative precipitation 
anomalies appear on the western coast of Colombia, Ecuador’s central 
Andes, and the Orinoco River plains between Colombia and Venezuela. 
Furthermore, precipitation decreases over the Caribbean Sea while 
increasing over the northeast Amazon River basin and the Andean re
gion. During JJA, precipitation anomalies show a dipole between the 
western Pacific coast of Colombia and northern central America, where 
precipitation anomalies increase over FEP and Ecuador’s Pacific coast 
(below the latitude 5◦N). For the northernmost part of the continental 
territory and the Caribbean Sea, there is a reduction of precipitation, but 
the higher anomalies occur in the Andes and Guianese shield. Moreover, 
during SON, the positive anomalies of precipitation in the FEP region 
reach up to 10◦N latitude and some portion of the Atlantic coasts in 
Central America, while there are higher negative anomalies over the 
Caribbean Sea, northern Peru, and northern Brazil. During DJF, the 
increased precipitation over the FEP weakens and maintains over a 5◦N 

to 0◦N latitudinal band. Additionally, there is a reduction in precipita
tion over the Andean mountain range from northern Colombia to central 
Peru and a negative precipitation anomaly intensification over the 
Guianese shield. 

During the EN→LN transition, positive anomalies are observed over 
the NSA Andes and the Caribbean from the JJA season through DJF. This 
feature even covers the Orinoco basin and the northern Amazon and 
induces an abrupt change from the dry conditions related to EN. Such 
changes in mountainous regions like the Andes can be related to flood or 
landslide events (Shi et al., 2021; Wang et al., 2021). In addition, during 
the LN→EN transition, there is a pattern of negative precipitation 
anomalies from the Caribbean to all of NSA. Lower precipitation is 
consolidated over northeast Colombia and the Orinoco basin from SON 
to DJF, which might be related to a drier onset of the South American 
Monsoon System (de Carvalho and Cavalcanti, 2016), meaning less 
precipitation over the Amazon basin. Precipitation patterns over NSA 
are coherent with the vertical wind speed anomalies shown in Fig. 5. For 
the EN→LN (LN→EN) transition phase, there is an increased (reduced) 
upward wind speed that may be related to positive (negative) anomalies 
of precipitation over NSA. Perturbations of the Pacific Walker circula
tion are related to changes in the convection patterns over the Pacific 
Ocean and also over NSA and Africa (Bayr et al., 2020; Rao et al., 1998; 
Oliver, 2005). 

Fig. 7 presents the seasonal anomalies of water vapor transport 
(WVT) and wind speed at 925 hPa for the ENSO phase transitions 
compared to neutral conditions. During the EN→LN transition in MAM, 
there is a reduction of WVT over the OLLJ corridor. There are also 
changes with respect to neutral conditions, but with lower significance 
and magnitude. These results for MAM could be related to the increase of 
SSTs (Fig. 5) and precipitation over the Pacific coast and Caribbean sea, 
which may induce a reduction of the moisture availability to be trans
ported by the LLJs. During JJA, there is a reduction (increase) of WVT 

Fig. 9. Annual cycle of zonal wind speed over the Chocojet, CLLJ, and OLLJ regions for the 925 hPa level.  
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over the Caribbean during the active season of the CLLJ, while in SON, 
the increase in WVT over FEP is concomitant with the active season of 
the Chocojet, and there is an increased WVT over the OLLJ corridor. 
During DJF, there are higher wind speed anomalies over the OLLJ 
entrance region, and the enhanced WVT over the OLLJ corridor is one 
important source of moisture toward the Amazon river basin. In 
contrast, the northeast of the Amazon river basin experiences a reduc
tion in WVT during this season. 

During the MAM season, the LN→ transition shows an increase in 
WVT over the OLLJ and the Panama LLJ, but a reduction over the 
Papagayo LLJ, as reported by Romero-Centeno et al. (2007) and 
Ordóñez-Zúñiga et al. (2021). In JJA, there is an increase in WVT over 
the Caribbean Sea, which continues into SON. During this season, the 
WVT anomalies increase over the OLLJ corridor, but decrease over the 
ChocoJet pathway into the continent. In DJF, WVT decreases over the 
OLLJ corridor, which is its most active season. At the same time, WVT 
anomalies increase over the northeast Amazon, while the CLLJ winds 
shift towards the Pacific over Panama. The LN→EN transition shows an 
increase in WVT anomalies over the Pacific coast during JJA and SON, 
coinciding with an increase in observed precipitation, as shown in Fig. 5. 

This could be associated with the physical barrier imposed by the 
westernmost Andes Mountains, outside the ChocoJet’s highest activity 
season (Yepes et al., 2019). During SON, the ChocoJet region shows a 
WVT increase (decrease) during EN→LN (LN→EN). In DJF, WVT 

reduces (increases) for the EN→LN (LN→EN) transition over the CLLJ 
region. 

A notable feature of the EN→LN transition is the positive WVT 
anomalies along the OLLJ corridor during SON and the negative pre
cipitation anomalies over northern South America. This regime could 
induce a penetration of the South America Low-Level Jet (SALLJ) over 
the Southeast South America (SESA) region with increased WVT, lead
ing to more intense precipitation events in the Argentina and Bolivia 
Andes (Nesbitt et al., 2021; Sasaki et al., 2022). 

4.3. Wind speed of the LLJs during the ENSO transitions 

Fig. 8 shows the anomalies in wind speeds during ENSO transitions 
compared to neutral conditions in the seasons when the ChocoJet, CLLJ, 
and OLLJ are active. During SON, LN→EN transition causes a reduction 
in wind speed from 2◦N to 7◦N between 1000 hPa to 850 hPa in the 
Chocojet region, while the EN→LN transition increases wind speed in 
the same area. These results agree with those in Fig. 7, which show 
reduced (increased) south-easterlies on the northern Pacific coast of 
Colombia, between latitudes 4◦N and 6◦N for the LN→EN (EN→LN) 
transitions. 

During the active seasons of the CLLJ (JJA and DJF), for both tran
sitions, there is evidence of changes in the magnitude of wind speed. For 
JJA, the vertical structure of wind speed anomalies increases (decreases) 

Fig. 10. Schematic depiction of changes in the Walker Circulation from − 150◦W to − 50◦W and the statistically significant changes during each season over northern 
South America for the EN→LN and LN→EN phase transitions. 
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from the 1000 hPa to 800 hPa pressure levels for the LN→EN (EN→LN) 
transition. In DJF, there is a dipole in the vertical distribution of wind 
speed anomalies at the CLLJ region, with an increase (reduction) in the 
lower atmospheric levels (1000 hPa to 900 hPa) and a reduction (in
crease) in wind speeds between 900 hPa and 750 hPa atmospheric levels 
around latitudes 10◦N and 14◦N for the LN→EN (EN→LN) transition. 

In DJF, wind speeds decrease (increase) for the LN→ EN (EN→ LN) 
transitions in the OLLJ. In both cases, the higher anomalies occur at 
latitudes 6.0◦N and 8.0◦N between 900 hPa to 700 hPa atmospheric 
levels. This result may not be related to the jet’s conditions in particular 
but to the boundary conditions provided by the easterlies, which are the 

predominant wind structure in the region above 850 hPa. 
The profiles of vertical wind speeds in the areas defined for the 

ChocoJet, CLLJ, and OLLJ (See Fig. 1) confirm the features mentioned in 
the literature for the canonical ENSO phases, such as the decrease (in
crease) of winds at 950 hPa of the CLLJ during LN (EN) in JJA (Wang, 
2007); the increase (decrease) of wind speed at 925 hPa of the ChocoJet 
during LN (EN) in SON (Sierra et al., 2021); and the slight decrease 
(increase) in wind speed at 950 hPa of the OLLJ during EN (LN) in DJF 
(Builes-Jaramillo et al., 2022). However, our analysis of vertical profiles 
during the EN→LN and LN→EN does not show any differences compared 
to neutral conditions (not shown). 

Fig. 11. Seasonal climatology of the vertical velocity of winds, ω, over the 5◦N - 5◦S region for (left) EN→LN phase transition and (right) N neutral phase.  
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Fig. 9 the annual cycles of the wind speed cross-section of each low- 
level jet during transitions and neutral conditions. As a general feature 
in these cycles, we can observe that during the EN→ LN (LN→ EN) 
transitions, there is an increase (reduction) of the mean wind speed 
compared to neutral conditions. In particular, the Chocojet and CLLJ 
experience higher deviations from neutral conditions, especially during 
the seasons of their higher activity. Changes in SSTs (Fig. 6) and SST 
gradients between the FEP facing NSA and the Caribbean may induce 
changes in the low-level jets in the region. One clear example is the off- 
season changes of the Chocojet and CLLJ; the former increases its wind 
speed for both transitions during JJA, while the latter increases its wind 
speed during SON at the LN→EN transition (Figs. 7 and 9). 

5. Conclusions and future work 

We studied the influence of ENSO over northern South America using 
an approach based on the transitions from El Niño (EN) to La Niña (LN) 
or vice versa. In particular, we investigated the case of the abrupt ENSO 
transitions from one phase of ENSO to the opposite in one year, from 
boreal winter to boreal winter. Our approach aims to shed light on the 
behavior of each transition as an event worth analyzing to examine the 
variations of the climatology patterns of sea surface temperatures, water 
vapor transport, and precipitation over northern South America, as well 
as the wind speeds associated with the Low-Level Jets: Caribbean, 
Choco, and Orinoco. 

Our results evidence that during both ENSO transitions (EN→LN and 

Fig. 12. Seasonal climatology of the vertical velocity of winds, ω, over the 5◦N - 5◦S region for (left) LN→EN phase transition and (right) N neutral phase.  
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LN→EN) for each season there is a set of significant anomalies from the 
neutral state of ENSO experienced in the region in terms of Sea Surface 
Temperatures (SST), precipitation, surface wind speeds, and water 
vapor transport (WVT). In particular, we found that the higher anoma
lies (positive or negative) during ENSO transitions depend on the loca
tion and variable. Notwithstanding, the far-eastern Pacific, the 
Caribbean sea, the eastern Orinoco, and the northern Amazon river 
basin exhibit the most notorious changes, which is explained in terms of 
the fast changes of SST during the transition years from one ENSO phase 
to another. Furthermore, we point out that the EN→LN (LN→EN) tran
sition shows predominant positive (negative) SST anomalies that remain 
along the year over the far-eastern Pacific. Nevertheless, the pacific 
coasts experience increased precipitation in both transitions. Moreover, 
these climatic anomalies also reveal a precipitation dipole around 5◦N 
over the tropical far-eastern Pacific Ocean, noticeable during both 
transitions for the JJA and SON seasons. 

Fig. 10 provides a schematic representation of the changes observed 
in the Walker circulation (WC) over the Eastern Pacific (EP) and 
Northern South America during ENSO transitions. The figure also shows 
the areas with statistically significant changes in precipitation, SST, and 
WVT for each season. During the EN→LN (LN→EN) transition, the NSA 
ascent branch and EP descent branch of the WC exhibit a decreased 
(increased) pattern. In MAM, the WC over NSA during EN→LN (LN→EN) 
transition is closer to the EN (LN) canonical phase, while in JJA, the 
circulation changes abruptly to a pattern more related to LN (EN) ca
nonical phase. This change becomes more consolidated through SON 
and DJF. Our results suggest that the observed anomalies in precipita
tion are consistent with the WC patterns found during the ENSO tran
sition phases, where the inhibition (permission) of convection during 
the EN (LN)-like WC is noted in previous studies (Grimm and Ambrizzi, 
2009; Zheleznova and Gushchina, 2017). 

Some of the most noticeable features of the anomalies during the 
phase transitions are the precipitation dipole over the far-eastern pacific 
which for the EN→LN (LN→EN) transition is found over the ocean (land) 
during JJA and SON. There is an effect over WVT along the corridors of 
the Low-level jets. For the EN→LN transition, there is an increased WVT 
over the Chocojet pathway from MAM to SON, and the OLLJ corridor 
experiences abrupt changes during the LN→EN transition from SON to 
DJF that might alter WVT transport from the Orinoco basin to the 
Amazon basin. Our results show the effect of an abrupt ENSO transition 
from one phase to another, pointing out their relevance in improving the 
region’s climatic diagnosis and characterization of hydroclimatic 
processes. 

The limitations of our approach based on abrupt ENSO transitions 
summarizes in four key aspects: (1) this study is based on small samples, 
which is a limitation for achieving robust statistical results; this limita
tion also has been documented in other works Bahrami et al. (2020); (2) 
our results may pose a caveat to be considered in the water planning 
mainstream, although water availability and the occurrence of droughts 
and floods are associated with the canonical phases of ENSO, notwith
standing few works study in-depth particularities of the ENSO changes 
(as transitions focused here), can be associated with the strongest events 
and impacts in some locations of northern South America; (3) our 
classification of the ENSO transitions was based only on SST anomalies 
over the Nino3.4 zone; (4) currently, a transition approach is out of the 
scope for cases associated with the Central and eastern Pacific types of 
ENSO, because those considerations would lead to smaller samples than 
those used in this work. In this sense, although this study presented 
unprecedented results for northern South America ENSO transitions 
require further research to be confirmed or rebutted in the future. 

Further questions about the ENSO transitions and their regional and 
local characteristics deserve future work: (1) How are the ENSO tran
sitions in the context of Center Pacific and Eastern Pacific ENSO events?; 
(2) How Atmospheric-Oceanic Global Climate models simulate the 
ENSO transitions?; (3) How are ENSO transitions in the context of 
climate change?; (4) How are other climatic processes (Atlantic 

Multidecadal Oscillation, Pacific Decadal Oscillation, and others) 
altered during ENSO transitions?; (5) How is the influence of other types 
of ENSO transitions? 
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Nicolas, J., Peubey, C., Radu, R., Schepers, D., Simmons, A., Soci, C., Abdalla, S., 
Abellan, X., Balsamo, G., Bechtold, P., Biavati, G., Bidlot, J., Bonavita, M., De 
Chiara, G., Dahlgren, P., Dee, D., Diamantakis, M., Dragani, R., Flemming, J., 
Forbes, R., Fuentes, M., Geer, A., Haimberger, L., Healy, S., Hogan, R.J., Hólm, E., 
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