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Abstract in the summer of 2012, there was a clear signal of the developing El Nifio over the equatorial
Pacific, and many climate models forecasted the occurrence of El Nifio with a peak phase in the subsequent
winter. However, the warming was aborted abruptly in late fall. Here we show that the abrupt termination of the
2012 Pacific warming was largely attributed to the anomalous sea surface temperature (SST) cooling in the
northeastern and southeastern subtropical Pacific. The anomalous SST cooling induced strong easterly and
low-level divergence anomalies, suppressing the development of westerly and convection anomalies over
the equatorial central Pacific. Thus, the surface warming over the equatorial Pacific was decoupled from the
surface wind forcing and subsurface thermocline variability, inhibiting its further development into a mature El
Nifo in the winter of 2012-2013. This study highlights the importance of the SST anomaly in the subtropical
Pacific in El Nifo prediction.

1. Introduction

Understanding and improving El Nifio/Southern Oscillation (ENSO) prediction are critical for seasonal
predictions because ENSO provides the most important predictability source for global atmosphere [e.g.,
McPhaden et al., 2006]. The current ENSO prediction skill is usually high at about six months [e.g., Jin et al.,
2008]. For longer time lead forecast above 6 months, the forecast skill is relatively low [e.g., Cane et al., 1986;
Fedorov et al., 2003], which is mainly attributed to the spring predictability barrier [Webster and Yang, 1992].
Some recent studies showed that the performance of ENSO prediction can be one year [Ludescher et al., 2013]
or even two years for some strong El Nifio events [Luo et al., 2008], while the ENSO prediction is challenged by
the limitation of the dynamical models to distinguish the eastern Pacific and central Pacific ENSOs at

4-6 months lead time [Hendon et al., 2009; Jeong et al., 2012].

There are no ENSO cases that are exactly the same from the historical observations. In this study, we are
focusing on the tropical Pacific warming of the year 2012, which actually failed to develop into a real “El Nifio”
due to its sudden decay in boreal summer and fall. During the summer of 2012, the eastern Pacific SST
anomaly exceeded a maximum of above 1°C. Interestingly, most of current state-of-the-art climate models
predicted the occurrence of a modest El Nifio in the winter of 2012-2013 given the observed initial warming
in summer [http://www.cpc.ncep.noaa.gov/products/NMME/]. It turned out to be a false alarm of El Nifo.
Thus, the 2012 summer warming was a rarely abnormal case with unexpected termination. Understanding
what conditions prevented the development of the equatorial Pacific warming in the following fall and
winter is essential to improve our understanding of ENSO dynamics as well as ENSO prediction.

2. Data and Methods

We use several monthly mean data sets, including wind data from European Centre for Medium-Range
Weather Forecasts (ECMWF) ERA-Interim data set [Dee et al., 2011], precipitation from Global Precipitation
Climatology Project (GPCP) v2.2 [Adler et al., 2003], and SST from National Oceanic and Atmospheric
Administration (NOAA) ERSST (Extended Reconstructed Sea Surface Temperature SST, V3b) [Smith et al.,
2008]. To reduce the data uncertainty, we use two ocean reanalysis data and three heat flux data sets. The
ocean reanalysis data sets are from GODAS (Global Ocean Data Assimilation System) [Saha et al., 2006] and
the ensemble coupled data assimilation (ECDA) version 3.1 of Geophysical Fluid Dynamics Laboratory (GFDL)

SU ETAL.

©2014. The Authors. 1


http://www.cpc.ncep.noaa.gov/products/NMME/
http://publications.agu.org/journals/
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1944-8007
http://dx.doi.org/10.1002/2014GL062380
http://dx.doi.org/10.1002/2014GL062380

@AG U Geophysical Research Letters 10.1002/2014GL062380

@

(d) u1om

(c)

13/03 -:
12/12 -
12/09 -
12/06 -
12/03 -

1112+

11/09 - T T T T T T
120E 150E 180W 150W 120W 90W 120E 150E 180W 150W 120W 90W 120E 150E 180W 150W 120W 90W 120E 150E 180W 150W 120W 90W
NN T T [T 1T T [ e -] T T T 1T 1T T BT T T 7T 7 T

-2-15-1-05 0 05 1 15 2 -2-15-1-05 0 05 1 15 2 -80-60-40-20 0 20 40 60 80 -2-15-1-05 0 05 1 15 2

Ta(°C) ucms™) u10(ms™)

Figure 1. The evolution of (a) sea surface temperature anomalies (SSTAs) from Extended Reconstructed Sea Surface Temperature SST (ERSST), (b) mixed layer
temperature anomalies (shading) and thermocline depth anomalies (contour line) from Global Ocean Data Assimilation System (GODAS) and ensemble coupled

data assimilation (ECDA), (c) zonal ocean current anomalies from GODAS and ECDA, and (d) anomalous zonal wind at 10 m along the equator (within 5°N-5°S). The
wind fields are from REA-interim. Two solid lines denote the zonal location of the central equatorial Pacific (CP; 180°W-130°W), and eastern equatorial Pacific sections
(EP; 130°W-80°W).

[Chang et al., 2013]. The surface heat flux data are from National Centers for Environmental Prediction (NCEP)
of NCEP-1 and NCEP-2, and Woods Hole Oceanographic Institution (WHOI) Objectively Analyzed Air-Sea
Fluxes (OAFlux) [Yu et al,, 2008]. The climatological mixed layer depth from French Research Institute for
Exploitation of the Sea with a fixed threshold criterion (0.03 kg m ™) [de Boyer Montégut et al,, 2004] is used to
define the mixed layer depth.

For convenience, the equatorial (5°S-5°N) Pacific is divided into three sections: the western equatorial Pacific
(west to 180°W), the central equatorial Pacific (CP; 180°W-130°W), and the eastern equatorial Pacific sections
(EP; 130°W-80°W). The period of 1980-2012 is used to calculated climatological mean values.

3. Results
3.1. Observational Features of the Aborted El Nifio in 2012

We first examine the observational evolution of the anomalous SST, zonal wind, and thermocline depth over
the equatorial Pacific (Figure 1). Following the La Nifia event in 2011, the negative SST anomalies (SSTAs)
persisted in the first half year of 2012 in the CP (Figure 1a). In the EP, positive SSTAs appeared at around
February 2012 and reached above 0.5°C during boreal spring (March-May) of 2012. Note that the positive
SSTAs were mainly confined in the region east of 140°E before June 2012, which then extended westward to
the CP. During the mid- to late-summer, the maximum positive SSTAs reached about 1.0°C both in the CP and
EP. Intriguingly, the positive SSTAs decayed rapidly from late summer (fall) for the EP (CP), representing an
abrupt termination of EI Nifio. As a result, the SSTAs in the equatorial Pacific during the winter of 2012-2013
appeared to be a rather neutral condition. Consistently, the ocean reanalysis data also well capture the
observational evolution feature (Figure 1b). In the following subsection, we will investigate the dynamics
controlling the SSTAs evolution in 2012 in the CP and EP, particularly focusing on the mechanisms resulting in
the abrupt termination of the warming.

3.2. Understanding the Pacific Warming Development in 2012

To identify the factors governing the SSTAs evolution, a mixed layer heat budget analysis following Su et al.
[2010] was carried out in the CP region and EP region, respectively. The mixed layer depth for the EP and CP
region is from the climatological values [de Boyer Montégut et al, 2004]. The heat budgets were calculated
based on individual data separately and the ensemble values (GODAS and ECDA) are analyzed in the following.
For convenience, the SSTAs evolution periods are separated into the developing phase and decaying phase.
According to the observed SSTAs, the developing phase is February-June (February-August) 2012 for the

EP (CP) region, and the decaying phase is July-November (September-November) 2012 for the EP (CP) region.
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Figure 2. (a) The mixed-layer temperature tendency and budget analysis for the developing phase of the 2012 warming
event in the EP (gray) and CP (black): the observed temperature tendency, the three-dimensional temperature advec-
tion, the surface flux heating, the sum of the advection and the surface heat flux, the three terms of temperature advection,
and the latent flux. The calculation is based on GODAS and ECDA. The heat fluxes are from NCEP1, NCEP2, and OAFlux. (b)
Same as Figure 2a, but for decaying phase of 2012 warming even. The decaying phases for the EP and CP are during July-
November and September-November, respectively. The capital terms represent climatological annual cycle, and the prime
terms represent anomalies.

All the terms of the heat budget are shown in Figure S1, and some relatively important terms are shown in
Figure 2. In the following, V= (u, v, w) represents the three-dimensional ocean current, V = (6/0x, 6/dy, 0/0z)
denotes the three-dimensional gradient operator, a prime (') represents the anomaly variables, and a bar (7)
represents the climatologic annual cycle variables. It is indicated that the residual term is relatively small during
the developing phase but relatively larger over the decaying phase (but qualitatively consistent) (Figure 2).

As mentioned above, the initial warming occurred first in the EP in around February 2012 (Figure 1a). During
February-July of 2012, there were anomalous downwelling in the EP region (Figures 3a-3c), which is linked to
the anomalous westerlies over the EP (Figure 1d). Hence, the anomalous vertical advection term associated
with the mean vertical temperature gradient became positive (fw' aT oz > 0), which was largely responsible
for the initial SST warming (Figure 2a) and also the subsurface warming after April-May (Figure 3). Besides, the
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Figure 3. Mean temperature anomalies (contour, with intervals of 0.5°C) and ocean zonal and vertical current (vectors)
along the equator (averaged within 2°N-2°S) during 2012. The data are from GODAS and ECDA.
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subsurface temperature anomalies in the EP region could be affected by the eastward propagation of the
positive thermocline depth (Z20) anomalies from the western Pacific, which were accumulated there during the
decaying phase of the La Nifa of 2011. The positive Z20 anomalies in the EP region enhanced the local SST
warming through the positive thermocline feedback after April 2012 (—w 8T /dz > 0; Figure 2a).

The SST warming in the EP region was further enhanced by the positive zonal advection term (—u" dT/ox > 0;
Figure 2a) because of the anomalous eastward currents (u’ > 0; Figure 3). Following Su et al. [2010], the
anomalous zonal currents are separated into the geostrophic components associated with thermocline
change and the local wind-driven ageostrophic currents. The mean simulated zonal ocean current anomalies
(0.22ms™") in the EP region were dominantly controlled by the zonal geostrophic component (0.22 m s
rather than the local wind-driven component (0.01 m s (Figure S2a).

After the initiation of the SST warming in the EP, it expanded westward with the most pronounced warming
over the CP (Figure 1a). It is revealed that the positive SSTAs tendency in the CP region was mainly determined
by the zonal advection term (—u" 6T /0x > 0; Figure 2a). Similarly, the positive zonal ocean current anomalies
(0.16 ms™ ") were contributed mostly by the eastward geostrophic currents (Figure S2a), which were induced by
the equatorial deepened thermocline. Due to the weak thermocline change over the CP, the thermocline
feedback was very weak during both the developing and decaying phases (Figure 2).

3.3. Cause of the Abrupt Termination of the 2012 Pacific Warming

In this subsection, we are focusing on revealing what induces the rapid decay of the SST warming for both the EP
(from the late summer) and CP (from the fall). Theoretically, the warming decay could be linked to the reduction
of positive feedbacks and/or the increase of negative feedbacks. As shown in Figure 2b, the negative SSTAs

tendency in the EP was primarily determined by the ocean advection terms and the negative surface heat flux.

By contrast, the negative SSTAs tendency in the CP region was mainly caused by the negative net surface
heat flux anomalies (Figure 2b). The net heat flux anomalies became negative (about —0.3°C month™") from
September 2012, which was the major contributor for the negative SSTAs tendency there. At the same
time, the major positive feedback (zonal advection feedback) during the developing phase was reduced
significantly. It was shown that the ENSO amplitude usually tends to decay rapidly if the positive feedbacks
(thermocline feedback and zonal advection feedback) are weak because of the strong thermodynamic
(surface heat flux) damping effect [Jin et al., 2006; Xiang et al., 2012]. The intensified negative net heat fluxes
(mainly the latent heat flux) were caused by the SST warming and also the enhanced trade winds (Figure 4).
Examination of the two major positive feedback terms (zonal advection feedback and thermocline feedback)
shows that they are still positive but with much smaller amplitude compared to that in the developing phase.
Hence, the negative SST tendency for both the CP and EP reflected the combined effect of the intensified
negative feedback (thermal damping) and weakened positive feedback (zonal advection feedback)
compared to the developing phase.

The above budget analysis provides some clues for the rapid SSTAs decay but fails to offer the root cause. As a
strong atmosphere-ocean coupled mode, the conventional El Nifio is usually characterized by anomalous westerly
winds in the western equatorial Pacific, deepened thermocline depth, and anomalous convection near the

CP. This coupled mode can be sustained and intensified through the positive Bjerknes feedback [Bjerknes,
1969]. However, the 2012 El Nifio-like warming case exhibited a distinctly different atmosphere-ocean pattern
in comparison to the conventional El Nifio events. Our analyses show that the termination of the SST
warming in the central-eastern equatorial Pacific was tightly linked to the SST cooling in the northeastern
and southeastern subtropical Pacific (STP) (Figure 4). Previous studies have documented that the SSTAs in
the northeastern/southeastern subtropical Pacific play an important role in triggering the equatorial SST
variability [Vimont et al.,, 2001; Chiang and Vimont, 2004; Yu et al., 2010; Ham et al,, 2013; Zhang et al.,, 2014].

The negative SSTAs in the northeastern STP persisted from the previous 2010-2011 La Nifa (not shown) and
lasted through almost the whole year of 2012 (Figure 4). Associated with this SST cooling in the northeastern
STP, the suppressed precipitation was found near the Intertropical Convergence Zone (ITCZ) region that
drove a local cyclonic circulation and anomalous easterly wind near the equator. Meanwhile, through

the wind-evaporation-SST feedback [Xie and Philander, 1994], the cold SSTAs can sustain itself and even
penetrate into the equatorial western Pacific [Chiang and Vimont, 2004; Vimont et al., 2001; Ashok et al., 2012]
and then force the easterly wind anomalies over the equatorial Pacific. With the existence of the forced
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Figure 4. The SSTAs (shading, with intervals of 0.2°C), the anomalous precipitation (contours, blue for positive and red for
negative, with intervals of 2 mm d71), and the anomalous wind at 10 m (vector, in m 571) during each month of 2012.

easterly wind anomalies over the central-to-western Pacific, the CP shows a low-level divergence inhibiting
the development of anomalous convection and westerly wind anomalies associated with the EP warming
[Xiang et al., 2013]. Meanwhile, the easterly wind anomalies can excite the upwelling oceanic Kelvin wave
propagating eastward and then cancel or reduce the thermocline depth change anomalies in the CP, which
then reduce the zonal advection feedback (Figure S1b) because of the reduction of eastward geostrophic
currents (Figure S2b).

In the EP region, anomalous easterlies appeared around July 2012 and were strengthened in August-September
(Figure 1d), which were likely associated with negative SSTAs in the southern STP (around 130°W-90°W)
through the wind-evaporation-SST feedback [Zhang et al,, 2014]. The local easterly wind anomalies also
contributed to the warming decay by increasing latent heat flux and vertical cold advection (Figure S1) through
generating anomalous upwelling, which tends to occur readily near the coast of Southern American (Figure 3d).
Since the negative SSTAs came into being first in the far eastern equatorial Pacific (Figures 4d-4f), there was
zonal cold advection during decaying period in EP (— T 6T /éx < 0; Figure S1b) with the aid of westward
mean ocean currents. The anomalous cooling waters were also transported poleward by the mean meridional
currents, generating negative meridional advection (f v 0T /8y < 0; Figure Slb).

Therefore, we conclude that the easterly wind anomalies decoupled the surface warming from the convection
and the thermocline variability, holding the key for the termination of the 2012 Pacific warming event.
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4, Summary and Discussion

After 1980s, most of El Niflo events were initiated from the CP. Here we show that the onset of an “El Nifo-
like” warming event in 2012 occurred in the EP during spring with its warming expanding westward to the CP
during the following summer. It was expected to develop into a mature El Nifio in the following winter
according to the current operational model forecasts. However, the positive SSTAs were abruptly terminated
in boreal fall so that a neutral condition was observed in the winter of 2012-2013. We conclude that the
abrupt termination of 2012 warming was mainly controlled by the anomalous SST cooling in the subtropical
Pacific, which decoupled the equatorial SST warming from convection, wind, and oceanic subsurface
variability over the equatorial Pacific.

One question may arise concerning the failure of forecasts by the state-of-the-art models in the summer
2012: What factors hinder the forecasting ability? Here, we notice that the forecasting ability is likely related
to the initial conditions, particularly the negative SSTAs in the eastern subtropical Pacific [http://www.cpc.
ncep.noaa.gov/products/NMME/]. Although most models failed in forecasting 2012 warming, the CFSv1
model still forecasted a neutral or negative state in the equatorial Pacific for the winter 2012 (Figure S3). One
outstanding difference between the CFSv1 and other models lies in the initial conditions: There were
significant negative SSTAs in the northeastern subtropical Pacific in the CFSv1, while such negative SSTAs
were relatively weak in other models (Figure S3). Such features imply that the SSTAs in the northeastern
subtropical Pacific may affect the evolution of equatorial warming in the climate models. This process
highlights the significant role of the SSTAs in the subtropical Pacific in controlling the El Nifio evolution.

In fact, the termination of 2012 Pacific warming is not a unique case. For example, similar processes can also
be found in the SSTAs evolution in the year of 2008 (Figure S4), during which the termination of SST warming
in the eastern equatorial Pacific tends to be related with the negative SSTAs in the subtropical Pacific. Since
the SSTAs in the subtropical Pacific persist from previous winter, the relative longer lead time may facilitate
the prediction of El Niflo events. Hence, the SSTAs in the subtropical Pacific can be an important predictor
which should be considered in the future prediction of ENSO as well as seasonal climate prediction.
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