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Who Killed the Big 2014 El Nino? 

Mike McPhaden 

NOAA/PMEL, Seattle, Washington, USA 

Email: Michael.J.Mcphaden@noaa.gov 

The year 2014 started out with a bang when a series of westerly wind bursts occurred west of 

the date line between January and April. These wind bursts generated a series of powerful 

downwelling Kelvin waves that led to anomalous warming in the equatorial cold tongue of 

the eastern Pacific, apparently signaling the onset of an El Niño. The Kelvin waves observed 

in February through April 2014 were as large as those seen at the onset of the 1997-98 El 

Niño, the strongest on record, leading to speculation that a major event was underway. 

Moreover, there was broad consensus among forecast models for development of an El Niño 

during the second half of 2014. Thus, the scientific community and the popular press were 

abuzz with the prospect of climate fireworks reminiscent of 1997-98. However, the 

atmosphere did not immediately respond to the initial oceanic warming and the positive 

ocean-atmosphere feedbacks that characterize El Niño evolution did not materialize. This 

presentation will describe what happened in the tropical Pacific this past year, how the 

forecasts for the event evolved with time, and the implications of what has occurred for future 

research on El Niño. 

 

Weakened ENSO Predictability in the Early 21st Century 
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Predictive skill for ENSO in the early 21
st
 century declined sharply relative to the last two 

decades of the 20
th

 century despite ongoing improvements of seasonal forecast systems. This 

decline coincides with a shift in Pacific climate to increased trade winds and colder 

temperatures in the eastern Pacific, which has previously been associated with the recent 

pause in global-mean surface warming. Here we show, using seasonal forecast sensitivity 

experiments, that this shift in background climate has also acted to reduce ENSO 

predictability because the atmosphere-ocean coupling that drives ENSO has weakened. These 
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findings help explain the fickle development and disparate predictions of El Niño in 2014, 

which temporarily decayed during boreal summer after developing strongly in spring.  

 

Eastern Pacific feedbacks and the forecast of extreme El Niño events  

Ken Takahashi
1
, Boris Dewitte

2
, and Jorge Reupo

1 

1
Instituto Geofísico del Perú, Lima, Peru 

2
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We propose that extreme El Niño events, such as the ones in 1982-1983 and 1997-1998, are 

qualitatively different from the other events due to nonlinear feedbacks in the eastern Pacific, 

specifically the triggering of deep convection and the associated amplification of Bjerknes 

feedback. Evidence for this is provided by observations contrasted with the longer series from 

the GFDL CM2.1 coupled model. Similarly, we also propose that, although positive 

equatorial heat content anomalies are a necessary condition for such events, the presence of 

strong westerly wind stress anomalies in the central equatorial Pacific in boreal summer 

appears to have been both necessary and sufficient condition for extreme El Niño. This was 

particularly the case in 1982, when there was little prior indication that the event would grow 

fast late in that year and it appears that external wind forcing was key for kickstarting the 

event and allowing it to exceed the threshold for the amplified Bjerknes feedback. 

Here we present preliminary results of an analysis of retrospective forecasts for the 1982-

2010 period from by the models participating in the US National Multimodel Ensemble 

(NMME) project, which includes GFDL CM2.1, specifically looking at the onset of the 

observed extreme El Niño, the role of convective nonlinearities in the eastern Pacific and 

random perturbations within the ensembles, and the effect of climate drift at different lead 

times. Of particular interest are the differences in the CM2.1 model between its forecast 

(initialized) and long-term (stabilized) runs.  

 

Role of western boundary reflection in evolution of ENSO events 

Xuebin Zhang
 

CSIRO Oceans and Atmosphere Flagship, Hobart, Australia 

Email: xuebin.zhang@csiro.au 

Equatorial wave dynamics is an essential component of several popular ENSO paradigms. 

With a linear equatorial wave model, the relative importance of wind-forced and boundary-

reflected equatorial Kelvin and Rossby waves on the ENSO event evolution is examined. In 

particular, according to the delayed oscillator Paradigm, the western boundary reflection 

should not only trigger ENSO events, but also terminate ENSO events. In this study, the 

triggering and terminating effects of western boundary reflection are estimated over different 

historical periods to see whether there is significant change of the role of western boundary 

reflection in evolution of ENSO events. 
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Variability of SST structure in the western Pacific warm pool and its 

relationship to El Niño 
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Sea surface temperature (SST) structure inside the western Pacific warm pool (WPWP) is 

usually overlooked because of its relative homogeneity, but it shows a clear meridional high-

low-high pattern in boreal summer-autumn. Here we find that this SST low is significantly 

intensified in July–October of El Niño years (especially extreme El Niño years) and splits the 

28.5°C-isotherm-defined WPWP (WPWP split for simplification). Composite analysis and 

heat budget analysis are performed in the WPWP split zone. It is revealed that the enhanced 

upwelling induced mainly by positive wind stress curl anomaly accounts for WPWP split 

events. Horizontal advection and sea surface net heat flux seem to have no significant 

contribution to the formation of WPWP split. 

The influences of WPWP split on the wind field and subsequent El Niño event are further 

investigated based on the Matsuno-Gill model. We construct an asymmetrical cooling 

formula to represent the WPWP split to solve the model. Both the solution and composite 

analysis indicate that the SST low in WPWP split events creates significant anomalous 

westerly winds, warms the tropical Pacific Ocean and consequently intensifies the following 

El Niño event. Lead-lag correlation shows that WPWP split index, defined as the SST 

difference in the split region relative to 28.5°C, is highly related to and leads the Niño 3.4 

index by 1 month. These results imply that the WPWP split is important in the development 

of El Niño events and might also play a considerable role in producing extreme El Niño 

events. 

 

 

A Tripole Index for the Interdecadal Pacific Oscillation 
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A new index is developed for the Interdecadal Pacific Oscillation, termed the IPO Tripole 

Index (TPI). The IPO is associated with a distinct ‘tripole’ pattern of sea surface temperature 

anomalies (SSTA), with three large centres of action and variations on decadal timescales, 

evident in the second principal component (PC) of low-pass filtered global SST. The new 

index is based on the difference between the SSTA averaged over the central equatorial 

mailto:sjhu@qdio.ac.cn
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Pacific and the average of the SSTA in the Northwest and Southwest Pacific. The TPI is an 

easily calculated, non-PC based index for tracking decadal SST variability associated with 

the IPO. The TPI time series bears a close resemblance to previously published PC-based 

indices and has the advantages of being simpler to compute and more consistent with 

methods used to track the El Niño–Southern Oscillation (ENSO), such as the Niño 3.4 and 

Trans Niño Indices. The TPI also provides a simple metric, with physical units of °C, for 

evaluating decadal and interdecadal variability of SST fields in a straightforward manner, and 

can be used to evaluate the skill of dynamical decadal prediction systems. Composites of SST 

and mean sea level pressure anomalies reveal that the IPO has maintained a broadly stable 

structure across the seven most recent positive and negative epochs that occurred during 

1870-2013. The TPI is shown to be a robust and stable representation of the IPO phenomenon 

in instrumental records, with relatively more variance in decadal than shorter timescales 

compared to Niño 3.4, due to the explicit inclusion of off-equatorial SST variability 

associated with the IPO. 

 

 

Two types of El Niño events under decadal climate shift 
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It is well recognised that the Interdecadal Pacific Oscillation (IPO) influences interannual and 

decadal fluctuations in surface temperature, convection and wind in the tropical Pacific. 

However, little is known about how the IPO directly impacts the frequency and intensity of 

the different “flavours” of El Niño-Southern Oscillation (ENSO), namely Central-Pacific 

(CP) and Eastern-Pacific (EP) type events. Here we compare reanalysis data to model results 

from the Coupled Model Intercomparison Project Phase 5 (CMIP5), to investigate changes in 

the frequency and intensity of the EP and CP types of ENSO events in both the negative and 

positive phases of the IPO. We achieve this by utilising 92 model simulations, including pre-

industrial (PI) control, historical runs and future climate change runs with four emission 

scenarios (from high mitigation (RCP2.6) to business-as-usual (RCP8.5)).  

The model results suggest that there is no significant westward shift in the CP ENSO in either 

phase of the IPO, regardless of the future emission scenarios. Further analysis indicates that 

there is no evidence that they frequency of both types of ENSO will increase over this 

century based on model projections. Therefore, regardless of whether effective mitigation or 

business-as-usual pathways are taken, CP and EP type ENSO events should not increase in 

frequency.    

 

Revisiting El Niño Modokis 
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Applying various linear and non-linear approaches and the composite analysis on observed and 

reanalyzed climate datasets primarily for the 1950-2010 period, we revisit the tropical Pacific 

variability. Our objective is to examine whether a significant number of climate events, catalogued as 

El Niño Modokis, warrant a classification distinct from canonical El Niños. We demonstrate that the 

El Niño Modoki events indeed display a seasonal evolution and teleconnections different from the 

canonical El Niños, and that the distinction is not subject to inclusion of the two extreme El Niños 

1982 and 1997 as canonical El Niños. We show that the El Niño Modoki events are not an artifact due 

to the orthogonality constraint associated with the EOF technique. Our cluster analysis shows that 

evolutions of the canonical El Niño and El Niño Modokis through various seasons differ from one 

another. In addition to the well-known distinctions in teleconnections of both types of El Niños, the 

impacts on the rainfall variability of the Middle East through North Africa are found to be opposite to 

one another in boreal summer. Importantly, the dynamic and thermodynamic air-sea coupling strength 

is distinctly different between the El Niño Modoki and the canonical El Niño events. We find that, 

dynamic feedback intensity is stronger during canonical El Niño as compared to El Niño Modoki 

because the air-sea coupling strength, a major contributor to Bjerknes feedback, is maximum during 

the developing stages and decreases thereafter for El Niño Modokis. The wind-thermocline coupling 

is also significant only for mature canonical El Niños. In case of thermodynamic feedback intensity, 

SST-wind evaporation feedback is dominant for El Niño while SST-cloud-radiation feedback is 

important during El Niño Modokis. 

 

 

The role of the southward wind shift in the seasonal phase locking of ENSO 
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Near the end of the calendar year, when El Niño events typically reach their peak amplitude, 

there is a southward shift of the equatorial zonal wind anomalies which were centred around 

the equator prior to the event peak. Previous studies have shown that ENSOs anomalous wind 

stresses, including this southward shift, can be reconstructed with first two EOFs of 

equatorial region wind stresses. Here we develop a hybrid coupled model of the tropical 

Pacific which includes a statistical atmosphere that utilises these first two EOFs of equatorial 

wind stress along with a linear Shallow Water Model (SWM) Ocean, and a stochastic 

Westerly Wind Burst (WWB) model. This hybrid coupled model is then used to assess the 

role of this meridional wind movement during ENSO winds on both the seasonal 

synchronization of the events as well as the duration of the events. It is found that the relative 

symmetry of ENSO winds leads to the stronger coupling between the atmosphere and ocean 

in JJA which enhances the growth of SSTA, whereas the strong asymmetry of ENSO winds 

in DJF acts to damp SSTA. This changing coupling strength due to the meridional movement 

of winds results in the model producing a Christmas peak in variance similar to that seen in 

the observations, although with a smaller magnitude. Regarding the duration of ENSO 

events, the addition of the southward wind shift in the hybrid couple model leads to warm 

events shorter, 4 months on average, compared to simulations without the meridional wind 

movement. Considering that the meridional movement of ENSOs wind anomalies does not 

mailto:shamal@tropmet.res.in
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play a role in the duration of cool events, the wind movement may explain the observed 

duration asymmetry.   

 

 

Towards Understanding the Dynamics of El Niño Complexity 

Fei-Fei Jin 

           Dept. of Atmospheric Sciences, SOEST, University of Hawaii at Manoa, USA 

Email: jff@soest.hawaii.edu  

ENSO exhibits rich variations in its intensity, its timescales and spatial patterns in sea surface 

temperature (SST) anomalies and other associated fields.  The notion of different ENSO 

features of the so-called central Pacific and eastern Pacific ENSO types, and the recent 

recognition of the existence of combination-mode which comes from ENSO and annual-cycle 

interaction but has its own distinct time-space features, both further reveal the complex nature 

of ENSO.  This talk will briefly review some recent progresses in understanding ENSO 

dynamics for its three basic aspects.  We will discuss the roles of so-called state-dependent 

noise in generating extreme El Nino events, the roles of the annual cycle and ENSO 

interaction in generating rich ENSO timescales, and roles of the potential of multiple ENSO 

modes in generating different ENSO periodicity and patterns. 
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The termination of large El Niño events usually starts at the turn of the calendar year. This 

process limits the seasonal variance growth of eastern equatorial Pacific sea surface 

temperature anomalies and strongly contributes to seasonal variance modulation of ENSO. It 

is also a major source of predictability and shortens the duration of El Niño events to 

considerably less than half of the dominant interannual periodicity.  

This presentation will introduce a physical framework that explains the emergence of four 

key features of ENSO: (i) its seasonal variance modulation, (ii) the seasonally locked 

termination of large El Niño events, (iii) spectral combination tones and (iv) 2:1 phase 

locking. The theoretical framework is supported by a hierarchy of atmosphere/ocean model 

experiments that demonstrate that a characteristic wind anomaly pattern, which arises as a 

nonlinear combination tone between ENSO and the annual cycle acts as the key terminator of 
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strong El Niño events via generation of upwelling Kelvin waves and asymmetric heat 

discharge. We present evidence that the seasonal development of the South Pacific 

Convergence Zone plays an essential role in establishing the dynamics of this prominent 

combination tone wind pattern, which involves the Philippine Sea Anticyclone and the 

southward shift of ENSO-related wind anomalies. Furthermore, the effect of this combination 

tone wind pattern is studied on the generation of sea-level anomalies in the western tropical 

Pacific. 

The last part of this presentation will focus on the question, how annual cycle/ENSO 

interactions may change in response to greenhouse warming. 

  

 

Some thoughts on atmospheric feedbacks for the ENSO seasonal phase locking 

Dietmar Dommenget
1
 and Yanshan Yu

1 

1
Monash University, Australia 

Email: dietmar.dommenget@monash.edu 

ENSO variability has a seasonal phase locking, with SST anomalies decreasing during the 

beginning of the year and SST anomalies increasing during the second half of the year. In this 

study it is shown that the seasonal phase locking as observed exist in model simulations of 

the linear recharge oscillator and in the slab ocean model coupled to a fully complex AGCM. 

It suggests that atmospheric feedbacks can lead to the seasonal phase locking in different 

ways. In the slab ocean model simulation the seasonal phase locking is primarily caused by 

state dependent cloud feedbacks that are negative during warm SST seasons (beginning of the 

year) and positive during cold SST seasons (second half of the year). 

 

 

The central role of clouds in enhancing ENSO variability 

G.Rädel, T.Mauritsen, D. Matei and B. Stevens 
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Cloud feedback processes is the largest source of uncertainty concerning climate sensitivity 

in global climate models (Vial et al. 2013), and - in addition to ocean dynamics - are likely 

key players in determining the modes of interannual natural variability such as ENSO and 

PDO (e.g. Dommenget, 2008, Clement, 2009, Bellomo, 2014). Here we show that positive 

cloud feedbacks act to double ENSO variability in a coupled climate model (MPI-ESM) by 

enhancing the atmospheric circulation response to SST changes leading to energy 

convergence thereby amplifying the response. This is done by comparing a control simulation 

of the standard model with one from a model version with disabled cloud feedback.  

The cloud feedback is locked by presenting the climate model’s radiation code with randomly 
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chosen stored cloud scenes from a long control simulation. This is different from the method 

used in Mauritsen et al. (2013) who presented the radiation code with stored clouds in the 

sequence they appeared in the control simulation. The latter results in imposed low-frequency 

variability resulting from clouds because the scenes auto-correlate in time, making it 

impossible to study the role of clouds in shaping natural variability. This methodological 

problem is alleviated by choosing a scene from a random year from the control simulation - 

albeit at the same time and day as the current time step - eliminating auto-correlation in the 

imposed cloud fields. The procedure leads to a weak warming drift which becomes 

acceptable for the purpose of this study after a few decades of the 250-year run. 

Our analysis shows that enhanced high-level cloudiness associated with deep convection over 

warm anomalies of the ENSO3.4 region reduce atmospheric longwave cooling locally. This 

leads to atmospheric ascending motion and anomalous convergence of low-level winds. 

Thereby moist static energy is transported towards the SST anomaly in a positive feedback 

loop, enhancing its strength and persistence. Interestingly, the circulation patterns associated 

with cloud feedbacks extend to the entire Pacific basin, possibly playing an important role in 

linking ENSO variability to other regions through tele-connections.   

Furthermore, a first look at the relation between cloud feedbacks and ENSO strength in other 

CMIP5 models will be presented.  
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There are strong evidences of interactions between Indian, Atlantic and Pacific Oceans at the 

inter-annual time scale. While the classical picture is that the Indian and Atlantic Oceans only 

play a passive role in ENSO evolution, many new studies suggest an active role of these two 

basins on ENSO. However, the mechanisms underlying these relations are not fully 
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understood and the relative roles of tropical versus extra-tropical variability in each basin, as 

well as the relative impacts of these two basins, remain unclear. 

In this work, we first provide a short review of recent works on the influence of Indian and 

Atlantic Oceans on ENSO. We highlight that finding regions outside the tropical Pacific that 

influence ENSO from the analysis of observations remains a difficult task. Furthermore, other 

approaches using conceptual, forced atmospheric or partially prescribed hybrid coupled 

models do not account for the full set of air–sea processes which may play a key role in the 

relationships between Indian, Atlantic and Pacific Oceans. 

Thus, to better understand how the Indian and Atlantic Oceans impact ENSO variability, we 

present new results from two long (110 years) sensitivity experiments using the SINTEX-F2 

coupled model, which simulates realistically many facets of ENSO. For each experiment, we 

suppressed the SST variability in either the Indian or Atlantic Oceans by applying a strong 

nudging of the SST toward a SST climatology computed from a control experiment. 

In both sensitivity experiments, the Pacific mean state is not changed. However, these 

experiments demonstrate that decoupling the Indian or Atlantic variability modifies the 

phase-locking of ENSO to the annual cycle, influences significantly the timing and processes 

of ENSO onset and termination stages, and, finally, shifts to low frequencies the main ENSO 

periodicities. Overall, the results suggest that both the Indian and Atlantic SSTs have a 

significant damping effect on ENSO variability and promote a shorter ENSO cycle. The 

impact on ENSO variability is particularly significant when the Indian Ocean is decoupled. 

Another interesting result is that decoupling the Atlantic or Indian Oceans changes the 

relative role of other ENSO atmospheric precursors such as the extra-tropical Pacific 

Meridional Modes (PMM) in the South and North Pacific. Physical processes explaining 

these changes are then explored. 

 

Strong and weak connections of El Nino and mid-latitudes in the CMIP5 
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Recent results highlight the importance of North Pacific Oscillation (NPO), which plays a 

key role to connect the tropical SST variability (i.e., ENSO) and the atmospheric circulation 

in the midlatitudes via the Seasonal footprint mechanism (SFM). Therefore, it is valuable to 

examine how the atmospheric circulation over the North Pacific (i.e., NPO) is favourable to 

initiate the El Nino using a long term of climate model simulations of the Coupled Model 

Intercomparison Project Phase 5 (CMIP5). In this study, we examine the 28 CMIP5 multi-

model datasets in the present climate (i.e., the historical run) to identify how the NPO forcing 

simulated in the CMIP5 climate models is associated with the initiation of El Nino event. In 

particular, we focus on the NPO during the boreal spring (March-April-May) and the 

subsequent El Nino event in the following winter. It is found that there exist strong versus 

weak connections of El Nino and NPO forcing among the CMIP5 models, which is 

associated with the properties of El Nino simulated in the CMIP5 model. This results 
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indicates that connections of tropics-midlatitude play a role to modulate the El Nino 

properties, therefore, it would be important to understand how such connections change under 

the global warming.  

 

 

The final push to extreme El Niño: Why is ENSO asymmetry underestimated in 

climate model simulations? 
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El Niño-Southern Oscillation (ENSO) is a dominant mode of natural climate variability that 

can impact global-scale, weather-related disasters. The location, intensity, and scale of impact 

greatly differ according to its phase, namely El Niño (warm) and La Niña (cool). Moreover, 

observational evidence shows that the amplitude of El Niño can grow far beyond that of its 

La Niña counterparts, i.e., the warm phase of El Niño-Southern Oscillation can grow much 

stronger than the cold phase. While a number of mechanisms have been proposed to account 

for this asymmetry, current climate models still underestimate such skewness.  

In this study, we focused on the final pitch that pushes strong ENSO to their extremes. 

Analysing observational reanalysis products and climate model simulations, it is found that 

the anomalous zonal advection of warm water is a major process that pushes El Niño events 

to extreme. The reason that many of climate models fail to capture the observed skewness is 

largely due to a lack of this zonal advective feedback. Models that successfully simulate the 

observed skewness have a greater eastward longitudinal movement of convection centre and 

higher convective activity over the central Pacific as observed, and the ocean in these coupled 

system is more sensitive to atmospheric forcing, inducing stronger zonal advection. Our 

result suggests that realistic simulation of convection movement is crucial for simulating 

properties of El Niño-Southern Oscillation. 
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Complex interactions manifest between modes of tropical climate variability across the 

Pacific, Indian, and Atlantic Oceans. The El Niño-Southern Oscillation (ENSO) extends its 

influence on the Indian Ocean basinwide mode (IOBM), the Indian Ocean dipole (IOD), and 

the Atlantic equatorial mode (AEM; sometimes referred to as the Atlantic zonal mode, or 

Atlantic Niño). ENSO is in turn further influenced by these modes. Interactions between 

these modes can alter their strength, periodicity, seasonality, and ultimately their 

predictability. The interactions and relative influences between pairs of climate modes were 

investigated with a series of partially decoupled experiments using a coupled climate model. 

In the decoupling experiments, the air-sea interaction over each tropical ocean basin, as well 

as pairs of ocean basins, were suppressed in turn. The interactions are summarised in Fig. 1. 

We found that Indian Ocean variability acts to dampen ENSO and the AEM, but conversely 

they each promote Indian Ocean variability. There are some eras where the AEM enhances 

ENSO variability, or vice versa, and others where there is mutual damping, but the net 

influence between the two appears to be negligible. 

 

     

 

 

 

 

 

 

 

 

Fig. 1. A summary of the net influences between modes of tropical climate variability. A plus indicates 

that the ocean at the source of the arrow acts to enhance the variability of the mode(s) in the ocean at the 

point of the arrow. A minus indicates that the ocean acts to dampen the variability. A zero indicates that 

the ocean has no discernible net influence. The dominant modes in the tropical region (shaded in dark 

blue) are: the Indian Ocean dipole (IOD) and basinwide mode (IOBM), the El Niño Southern Oscillation 

(ENSO), and the Atlantic equatorial mode (AEM). 
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variability 

Yanshan Yu
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Air-sea thermodynamic coupling in the tropical Indian, tropical Atlantic and extra-tropical 

oceans can influence ENSO features in the tropical Pacific. In this study these effects are 

explored by using an AGCM coupled with slab ocean and a simple recharge oscillator ENSO 

model through switched on/off air-sea thermodynamic interaction in respective ocean area. It 

is shown that the decoupling in the tropical Indian and Atlantic Ocean will decrease ENSO 

amplitude and increase its period due to less coupling between SSTA and thermocline depth; 

decoupling in the extra-tropical oceans has not significant impact on ENSO amplitude and 

period, but more impacts on the dominant modes of SSTA in the tropical Pacific with 

decreasing 1
st
 EOF and increasing 2

nd
 EOF, and thus affect ENSO diversity.  The behavior of 

power spectra shift in these decoupling experiments can be further explained to some extent 

in a simple toy model.    

 

The Mechanism of onset of Warm Water discharge related to El Niño 

Soumi Chakravorty
1
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1 
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Email: soumi@tropmet.res.in 

El Niño related SST anomalies over the tropical Pacific have strong impact on the global 

climate. Prior to the onset of El Niño accumulated warm water of the western Pacific (WP) is 

transported eastward along the equatorial gave guide which then increase the east Pacific 

SST. In the past several speculations were made on the discharge process and the associated 

El Niño mechanisms. However what causes the onset of discharge process is still an unsolved 

issue.  

The study reveals that the discharge process begins in DJF(-1/0) about an year before the 

peak phase of El Nino. The positive SST anomalies in DJF(-1/0) over the north WP induce 

strong convection over this region though air-sea interaction. The associated cyclonic 

circulation induces westerly wind anomalies over the equatorial WP. The onset of discharge 

process is closely associated with southward shift in trade wind maximum and weakening of 

zonal winds over and north of the equator. Weakening of the zonal wind over equatorial 

Pacific and appearance of westerly winds over WP primarily controls the onset of discharge 

process. The Sverdrup transport which is associated with the recharge-discharge process also 

shows that onset of discharge process (poleward transport) is initiated from northern 

hemisphere in DJF(-1/0) where south hemisphere recharge process is still continuing due to 

prevailing easterly wind anomalies. The pole ward Sverdrup transport in the southern 

hemisphere is evident from MAM(0) onwards and which persists for longer duration than 

that of northern hemisphere. We also found that Indian Ocean play a important role on this 

discharge process.  
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New insights in the genesis and persistence of the anomalous low-level North-

West Pacific Anticyclone 

Malte F. Stuecker
1
, Fei-Fei Jin

1
, Axel Timmermann

2
, and Shayne McGregor

3 

1
Department of Meteorology, UH Manoa, USA 

2
IPRC, UH Manoa, USA 

3
CCRC, University of New South Wales, Australia 

Email: stuecker@soest.hawaii.edu 

Nonlinear interactions between ENSO and the Western Pacific warm pool annual cycle 

generate an atmospheric combination mode (C-mode) of wind variability. We demonstrate 

that C-mode dynamics are responsible for the development of an anomalous low-level North-

West Pacific anticyclone (NWP-AC) during El Niño events. The NWP-AC is embedded in a 

large-scale meridionally anti-symmetric Indo-Pacific atmospheric circulation response and 

has been shown to exhibit large impacts on precipitation in Asia. In contrast to previous 

studies, we find the role of air-sea coupling in the Indian Ocean and North-West Pacific only 

of secondary importance for the NWP-AC genesis. Moreover, the NWP-AC is clearly 

marked in the frequency domain with near-annual combination tones, which have been 

overlooked in previous Indo-Pacific climate studies. Furthermore, we hypothesize a positive 

feedback loop involving the anomalous low-level NWP-AC through El Niño and C-mode 

interactions: the development of the NWP-AC as a result of the C-mode acts to rapidly 

terminate El Niño events. The subsequent phase shift from retreating El Niño conditions 

towards a developing La Niña phase terminates the low-level cyclonic circulation response in 

the Central Pacific and thus indirectly enhances the NWP-AC and allows it to persist until 

boreal summer. Anomalous local circulation features in the Indo-Pacific (such as the NWP-

AC) can be considered a superposition of the quasi-symmetric linear ENSO response and the 

meridionally anti-symmetric annual cycle modulated ENSO response (C-mode). We 

emphasize that it is not adequate to assess ENSO impacts by considering only interannual 

timescales. C-mode dynamics are an essential (extended) part of ENSO and result in a wide 

range of deterministic high-frequency variability. 

 

 

Effectiveness of the Bjerknes stability index in representing ocean dynamics 
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El Niño – Southern Oscillation (ENSO) is understood as an ocean-atmosphere feedback 

process. The Bjerknes Stability Index (BJ index), derived from the mixed-layer heat budget, 

mailto:fsm@utas.edu.au
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has been widely used to quantify these feedback processes to explore the stability properties 

of ENSO. More recently the index has been used for intermodel comparisons, particularly in 

CMIP5.  

We investigate the effectiveness of the BJ index formulation in representing the ocean 

components of the feedback, namely the thermocline, zonal advective, and Ekman feedbacks.  

The output from ACCESS-OM (a global ocean/sea-ice climate model) is used to calculate the 

heat budget in the eastern equatorial Pacific. From there the assumptions in the formulation 

of the BJ Index are tested. 

We find that the BJ index overestimates the magnitude of the thermocline feedback in the 

eastern equatorial Pacific by up to a factor of nine. Furthermore, the BJ index underestimates 

the variability and magnitude of the Ekman feedback as well as the importance of the zonal 

advective feedback in the generation of ENSO events. The primary reason for these 

differences was the assumption of linearity between variables in the BJ index formulation.  

These results imply that an intermodel comparison that relies on the BJ index to explain 

ENSO behaviour is not necessarily a good reflection of dynamical differences between 

models that are inherently nonlinear. The BJ index may also not fully explain dynamical 

changes in ENSO under global warming scenarios. 

 

 

A Coupled Air-Sea Response to Westerly Wind Events 
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Strong equatorial westerly winds persisting for a few weeks over the western or central 

Pacific, called westerly wind events (WWEs), warm sea surface temperature (SST) in the 

eastern Pacific, sometimes triggering El Niño. However, the response of the coupled 

atmosphere-ocean system to WWE may depend on its location and time of occurrence. In this 

study, mechanisms of the coupled air-sea response to WWEs are investigated using a coupled 

general circulation model, MIROC5.2. We made a set of 10-member ensembles with 

idealized pattern of WWEs imposed in different month from January to July and also in 

different longitude from 160 °E to 160 °W. Initial ocean states are set to be near-neutral so 

that the lagged response to WWEs can be isolated. The results show that the Niño3 SST can 

be warmed and maintained favorably when the WWE is imposed in May at any longitude. 

Following the annual cycle of the thermocline, warm subsurface water produced by the 

WWE propagates eastward and reaches the surface in the eastern equatorial Pacific in boreal 

summer when the positive SST anomaly can strongly interact with the inter-tropical 

convergence zone, resulting in further warming. While the coupled response was sensitive to 

time rather than longitude of WWEs, there would be a preferable set of their combination that 

maximizes the role for triggering El Niño in the subsequent winter.    
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Searching for pre-conditions of extreme El Nino 

By Soon-Il An, Ji-Won Kim, Sang-Wook Yeh, You-Geum Ham 

The strongest interannual variation, El Nino has a great impact on whole globe, which was 

especially devastating, when the super-size events, like 1972-73, 1982-83 and 1997-98, 

occurred. We have made a great step forward in understanding of El Nino on behalf of more 

than 30 years accumulation of in situ or real-time observation and modeling development, but 

are still suffering for accurate prediction of timing and amplitude of El Nino. Here, we 

propose that meet for two conditions in the early spring tropical Pacific is sufficient for 

emergence of extreme El Nino. These are the westerly surface winds over the western-to-

central Pacific and the positive upper-ocean heat content over the equatorial Pacific basin. 

Only three super-size El Nino events passed both thresholds (one standard deviation) 

obtained from statistics of each condition. Numerical experiments incorporated with those 

springtime conditions further confirmed that two conditions guaranteed the emergence of the 

super El Nino. 

 

 

Is an equatorial Pacific Warm Water Volume buildup really a precondition for 

El Niño? 
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The buildup of the warm water in the equatorial Pacific prior to an El Niño event is 

considered a necessary precondition for the events development, while the event initiation is 

thought to be triggered by bursts of westerly wind. However, in contrast to the view that 

warm water slowly builds up prior to an El Niño event, the volume of warm water in 

equatorial Pacific doubled in the first few months of 2014, reaching values in march that were 

consistent with the warm water buildup prior to the extreme 1997/1998 El Niño. It is notable 

that this dramatic WWV buildup co-occurred with a series of westerly wind bursts in the 

western tropical Pacific. Here, we detail how idealized bursts of westerly wind can produce a 

buildup of equatorial Pacific warm water, detailing differences in the zonal and meridional 

extent of the wind burst, the meridional location of the wind burst and the timing of the 

WWV change. We then attempt to reconcile these results with our current view of ENSO 

dynamics and predictability. 
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Simulation and prediction of extreme ENSO events in Hadley Centre models and 

impacts on the Philippines 

Sarah Ineson 

Met Office Hadley Centre, Exeter, U.K. 

Email: sarah.ineson@metoffice.gov.uk  

First we explore long coupled simulations with two recent versions of the Hadley Centre 

model, GA3 and CG2, to see if extreme ENSO events are simulated. Both models have the 

same resolution, with a horizontal grid spacing of 0.83° x 0.56° for the atmosphere and 0.25° 

for the ocean, but different physics and atmospheric dynamical core. The GloSea5 seasonal 

prediction system, introduced by the Met Office in 2013, is based on the GA3 version of the 

coupled model; this prediction system gave very good guidance on the state of the tropical 

Pacific throughout 2014, and was also able to reproduce the rapid development of the 

1997/98 El Niño. Extreme El Niño events are associated with major drought impacts in the 

Philippines. We will look at the ability of the coupled models and the GloSea5 prediction 

system to simulate and forecast such events. 

 

Operational forecasting and monitoring of the El Niño-Southern Oscillation 

Catherine Ganter and Felicity Gamble  

Bureau of Meteorology 

Email: c.ganter@bom.gov.au, f.gamble@bom.gov.au 

The Bureau of Meteorology operationally issues updates and forecasts of the status of the El 

Niño-Southern Oscillation (ENSO). The main point of reference for publicly available ENSO 

information from the Bureau begins with the fortnightly ENSO Wrap-Up, which summarises 

current ENSO observations, model outlooks, and climatologists' expert opinion. The Climate 

Model Summary, which examines eight WMO Global Producing Centre models, is designed 

to support this information. More recently, the Bureau introduced an alert system for ENSO, 

known as the ENSO Tracker, which aims to provide a more simplified communication of the 

ENSO status. 

This talk aims to provide some insight into how these services are generated, and provide an 

operational perspective on forecasting and communicating the complex ENSO development 

and decay through the 2014-15 season. 
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 Factors Controlling El Niño and La Niña Evolution Asymmetry and 

ENSO amplitude changes in the current and future warming climate  

Tim Li, M.-C. Chen, and Lin Chen
 

University of Hawaii at Manoa 

In this talk I will address three issues related to ENSO dynamics, namely, what controls the 

evolution asymmetry between El Niño and La Niña episodes, what are fundamental precursor 

processes that determine the development of regular and super El Niños, and what causes the 

diverge ENSO amplitude changes under global warming among CMIP5 models. 

For the first part, a mixed-layer ocean heat budget analysis with use of atmospheric and 

oceanic reanalysis data was performed. It was found that fundamental differences between El 

Nino and La Nina evolutions lie in distinctive thermodynamic damping and thermocline 

related dynamic response during the El Niño and La Niña decaying phase. For the second 

part, a statistically significant difference between super and regular El Niño groups lies in the 

rainfall and SST anomaly distribution and associated wind and thermocline anomalies in the 

western equatorial Pacific during the ENSO pre-onset stage. For the third part, whether 

ENSO amplitude will increase or decrease depends greatly on Bjerknes feedback strength 

change, which in turn is regulated by the projected mean trade wind and ocean subtropical 

cell changes in the tropical Pacific. 

 

A (specific) characterisation of ENSO nonlinearity in CMIP5 models 

Neil Holbrook
1,2

, Felicity Graham
1
, Roland Proud

1,3,4
 and Mat Collins

5 

1
Institute for Marine and Antarctic Studies, University of Tasmania, Australia 

2
ARC Centre of Excellence for Climate System Science, University of Tasmania, Australia 

3
PERG, SOI, University of St Andrews, Scotland, United Kingdom 

4
Australian Antarctic Division, Australia 

5
College of Engineering, Mathematics and Physical Sciences, University of Exeter, United Kingdom 

Email: neil.holbrook@utas.edu.au 

El Niño – Southern Oscillation (ENSO) is fundamental to Earth’s natural climate variability. 

As such, it is important that ENSO, and thus the expression of ENSO mechanisms and 

variability, are represented well in climate models for studies of climate variability and 

change. Previous studies have shown that the leading mode of ENSO can be adequately 

characterised by linear dynamics. This does not imply that linear dynamics accurately 

characterise different ENSO flavours, or mechanisms for growth and termination. Further, 

strong or extreme ENSO events have highlighted the importance of nonlinear behaviour in 

the ENSO system. This study investigates the nonlinear contribution of ENSO dynamics to 

the time evolving volume-averaged east equatorial Pacific mixed layer temperature anomaly 

tendency across a suite of models from the Coupled Model Intercomparison Project Phase 5 

(CMIP5), by comparing linear and nonlinear solutions to the ocean mixed layer heat budget 
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equations. We find substantial differences in this characterisation across the models, and will 

provide some thoughts on possible implications. 

 

The Asymmetry of Subsurface Temperature Anomalies Associated with ENSO 

in the Equatorial Western Pacific 

Yongqiang Yu
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The phenomenon of ENSO asymmetry has been recognized for many years, but most studies 

have focused on the asymmetry of surface temperature anomalies in the equatorial eastern 

Pacific. Here, the authors investigate the temperature asymmetry associated with ENSO in 

the subsurface of the western Pacific through analysis of observations and numerical 

experiments with an ocean GCM. Both the observation and simulation exhibit significant 

ENSO asymmetry, characterized by negative temperature skewness in the equatorial western 

Pacific and positive skewness in the eastern Pacific. Heat budget analysis reveals that 

nonlinear dynamical heating results in the positive temperature asymmetry in the equatorial 

eastern Pacific, but tends to weaken the negative temperature asymmetry in the equatorial 

western Pacific. The climatological meridional current transports the temperature anomalies 

and corresponding negative asymmetry from the off-equator region to the equator in the 

subsurface of the western Pacific. Through a sensitivity experiment with reversed wind stress 

forcing, the authors suggest that the skewness of the wind stress anomalies does not 

contribute to the negative temperature asymmetry in the western Pacific in the first-order 

approximation, while the internal nonlinear dynamics does play a key role. The study 

suggests that, as a result of nonlinear processes, the oceanic responses to anomalous wind 

stress are nonlinear and asymmetric in the tropical Pacific. 

 

 

A mechanism for ENSO intensity changes under global warming in CMIP5 

models 

Harun A. Rashid 
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We investigate the impact of an enhanced CO2 forcing on the simulation of ENSO properties 

using the pre-industrial control and abrupt4xCO2 experiments from a set of 19 CMIP5 

models. About half of these models show a strengthening of ENSO—the other half show a 

weakening—when the atmospheric CO2 concentration is abruptly quadrupled from its pre-

industrial value. These differences in the projected ENSO amplitude change are found to be 

strongly correlated with the differing strengths of the anomalous zonal wind stress forcing in 
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the equatorial central Pacific simulated by the models. Those models simulating a stronger 

(weaker) ENSO also simulate stronger (weaker) westerly wind stress anomalies under global 

warming. The stronger (weaker) westerly wind stress forcing in turn occurs in association 

with a stronger (weaker) deep convection, suggesting the importance of a strong coupling 

between the surface zonal winds and deep convections in ENSO amplitude changes under 

global warming. Only a subset of the models simulate the stronger zonal wind–convection 

coupling, even though all the models simulate a warmer mean state under the enhanced CO2 

forcing. This differing response to a warmer mean state among the models appears to be an 

important factor in the simulation of a strengthening or weakening ENSO under global 

warming.  

 

ENSO-dynamics in CMIP simulations and future change scenarios in the 

framework of the linear recharge oscillator model. 

Asha Vijayeta, Dietmar Dommenget and Yanshan Yu 

Monash University, Melbourne 

Email: vijayeta.2107@gmail.com 

ENSO-dynamics in CMIP simulations and future change scenarios show a wide spread of 

uncertainties and little significant changes in ENSO statistics under global warming. In this 

study we use the concept of the linear recharge oscillator model to diagnose the ENSO-

dynamics in all CMIP model simulations. The results illustrates that the ENSO-dynamics and 

there diversity within the CMIP ensemble can be very well represented with the linear 

recharge oscillator model diagnostics. The individual recharge oscillator parameters show a 

clearer response to global warming than other simple SST statistics, suggesting some 

agreement in the changes of ENSO-dynamics. 

 

ENSO stability under climate change.  
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Typically multi-model ensemble studies show mixed responses of El Nino Southern 

Oscillation under climate change, so it is currently unknown how or even if global warming 

will impact ENSO and its teleconnections. ENSO is governed by various ocean-atmosphere 

interactions in the equatorial Pacific which provide either positive amplifying or negative 

damping feedbacks. These can be quantified using the Bjerknes’ Stability (BJ) Index, a 

measure of ENSO stability which adds together various components each representing the 

strength of an ENSO feedback. 

In a HadCM3 perturbed physics ensemble the BJ index has been utilised to analyse the 

representation of the ENSO feedbacks and their response under the SRES A1B warming 

scenario. The most important feedbacks to El Nino development, the dominant thermocline 

feedback and thermodynamic damping as well as the slightly weaker zonal advective 
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feedback, are initially simulated weakly by the ensemble compared to observations. This is 

related to common CGCM biases, such as the cold tongue bias, which cause weak ocean-

atmosphere interactions. The most influential of these are a weak response of ocean currents 

to wind stress, a weak thermocline slope response to wind stress and weak latent heat flux 

and shortwave flux dampings. 

Global warming causes a large increase in the strength of thermodynamic damping as well as 

smaller changes in the positive feedbacks which results in the zonal advective feedback 

becoming more dominant than it was in a cooler climate. These responses can be linked to 

increasing shortwave damping in the central equatorial Pacific, increasing sensitivity of ocean 

currents to wind stress anomalies and a decreasing sensitivity of wind stress to sea surface 

temperature in the east Pacific triggered by mean climate changes. The thermodynamic 

damping response dominates total stability causing the slightly unstable ENSO simulated by 

the ensemble to become more damped despite an increase in ENSO amplitude. 

Results here suggest that when using the BJ index to assess ENSO, caution must be 

exercised, as the BJ index is not always representative of ENSO amplitude. This may be 

caused by non-linearities in ENSO feedbacks not accounted for by the linear calculation of 

the BJ index or by ENSO feedbacks existing on slightly different scales from each other 

leading to a single feedback response dominating the BJ index. 

 

Control of decadal and bidecadal climate variability in the tropical Pacific by 

the off-equatorial South Pacific Ocean 
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Delayed negative feedback processes determining intrinsic decadal and bidecadal timescales 

for the tropical variability in the Pacific are investigated based on climate model experiments. 

By comparing a control run driven by preindustrial forcing and the partial blocking runs 

driven by the same forcing but with ocean temperature and salinity restored to climatology in 

selected regions, subsurface oceanic signals of South Pacific origin are shown to precede SST 

variability in the NINO3.4 region. Using a linear reduced gravity ocean model driven only by 

wind stress changes and an off-line tracer model, oceanic wave adjustment triggered by 

changes of wind stress curl in the South Pacific extratropics is suggested to be essential for 

the decadal component of the equatorial SST while slower isopycnal advection of subsurface 

temperature anomalies from the formation region of South Pacific Eastern Subtropical Mode 

Water controls the bidecadal component. The intrinsic timescales of the tropical variability 

are regulated by simple linear ocean dynamics. 

 

Interannual variability of atmospheric CO2 growth rate associated with ENSO 
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Better understanding of what controls the global carbon cycle is a key to more confident 

climate projection. Previous studies suggested that the growth rate of carbon dioxide (CO2) 

concentration in the atmosphere is well correlated with the El Niño-Southern Oscillation 

(ENSO). In other words, during El Niño (La Niña) phase more (less) CO2 tend to remain in 

the atmosphere. In this study, long-term simulations of the Earth System Models (ESMs) in 

the Coupled Model Intercomparison Project Phase 5 (CMIP5) archive are employed to 

examine interannual carbon flux variability associated with the ENSO. It is shown that the 

ESMs simulate reasonably well the close relationship between atmospheric CO2 

concentration and ENSO with a delay of several months. Increased atmospheric CO2 

concentration associated with El Niño is mostly due to decreasing Net Primary Production 

(NPP) in the ESMs. It is suggested that NPP anomalies over South Asia and the Maritime 

Continent are at their maxima during boreal spring, leading to lagged CO2 growth rate by 

four to five months from the peak phase of El Niño. It is further revealed that decrease in 

NPP is likely caused by precipitation reduction over the tropical rainforest regions. The 

ESMs simulate the ENSO-related carbon cycle to a certain degree; however, the carbon 

fluxes from heterotrophic respiration and natural fire are likely underestimated in the ESMs 

compared to the observational studies. These uncertainties in parameterization of current 

ESMs, especially respiration sensitivity to temperature, should be concerned in future carbon 

cycle modeling. The CMIP5 ESMs with fully coupled carbon cycle are developed for 

simulating carbon-climate relationship to diagnose current state and predict future state. 

However, validation for model fidelity has not yet been conducted rigorously. Because ENSO 

has a relatively shorter time scale and we have relatively longer data for ENSO and 

atmospheric CO2 concentration, our study suggests a good metrics to evaluate model fidelity 

for global carbon cycle. In particular, since the response of terrestrial carbon flux has a 

relatively shorter time scale, they can be commonly used to various time scales from 

interannual to long-term climate change. In this sense, our study suggests different carbon-

climate feedbacks corresponding to tropical climate responses to greenhouse warming. For 

example, the El Niño-like long-term climate response may accelerate atmospheric CO2 

increase and global warming by decreasing terrestrial uptake, while La Niña-like response 

may decelerate both processes. This carbon-climate feedback will be worthwhile to 

investigate rigorously in future study. 

 

Changes in the ENSO/SPCZ relationship from past to future climates; further 

questioning about links between hydrological cycle and ENSO 
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Studying ENSO in different climate contexts gives the opportunity to: 1) identify the 

mechanisms linking it to the mean state, 2) use available high temporal resolution archives 

records to test our understanding with past periods. Using simulations of the Mid Holocene (6 

kyr BP and 4 kyr BP), the Last Glacial Maximum (21 kyr BP) and a future climate with 

carbon dioxide multiplied by four (4xCO2), we show that ENSO is significantly modified 

depending on the climate context. Archives used for past ENSO reconstructions (corals, giant 

clams) are mainly located in the southwestern tropical Pacific. Local rainfall conditions in 

this region are very sensitive to little changes in the SPCZ (South Pacific Convergence Zone) 

location, so that it is decisive for the teleconnection characteristics and for the signal recorded 

by the paleodata. The SPCZ location is statistically related to ENSO as it moves during 

ENSO events, but it still has its own variability. We show that the link existing between the 

SPCZ location variability and ENSO is different across the different climates. This affects the 

SPCZ sensitivity to ENSO events and the amplitude of the SPCZ response, as well as spatial 

pattern shifts. The results demonstrate that the teleconnection mechanisms inferred from the 

modern climate cannot be directly extrapolated to other climates.  We will further discuss the 

whole tropical hydrological cycle and energetics in the different climates. By comparing heat 

fluxes and transports during El Niño years and neutral years, we want to track the 

mechanisms determining ENSO evolution across the different climates. 
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The El Nino Southern Oscillation (ENSO) is the dominant mode of tropical Pacific climate 

variability with a global impact.  ENSO events are characterised by large changes in ocean 

and atmospheric circulations that arise through a suite of Bjerknes coupled feedback 

processes in the equatorial Pacific Ocean.  These changes are felt outside the tropical Pacific 

and the impacts are particularly intense during years of extreme ENSO events.  There are 
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only a few extreme ENSO events in modern observational record.  The 1982 and 1997 El 

Nino were such events, involving extraordinarily strong warming of the eastern equatorial 

Pacific Ocean which caused major reorganisation of atmospheric convection and disruptions 

of global weather patterns, including decimations of marine life and the native bird 

population in the Galapagos Islands.  Catastrophic floods occurred in Peru and Ecuador, 

while many neighbouring regions south and north suffered severe droughts.   The 1997 El 

Nino alone caused about US$40 billion damages and claimed more than 20,000 human lives 

worldwide.  The 1997 El Nino was followed by the 1998 extreme La Nina event which was 

also catastrophic. The southwestern US experienced one of the most severe droughts in 

history.  Thousands died and millions lost their homes in China due to flash floods and 

storms. Utilising the large database of the Coupled Model Intercomparison Project, our recent 

research shows that extreme ENSO events are projected to occur more frequently under 

greenhouse warming.   Such response is linked to changes in the mean climate whereby the 

eastern equatorial Pacific Ocean and the Maritime Continent are projected to warm faster 

than the surrounding regions.  In particular, we found that more than 70% of the increased 

frequency in extreme La Nina is years that follow an extreme El Nino.  This suggests that 

climate swings of opposite ENSO extremes from one year to the next are projected to be 

more frequent in the future. 
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 El Niño-Southern Oscillation (ENSO) is the dominant mode of ocean-atmospheric 

interaction in tropical Pacific. The response of ENSO to global warming is not fully 

understood till now. Recently, several studies revealed that the rainfall anomalies of El Niño 

shift eastward and intensify under global warming due to mean state changes, even though 

the Niño3 SST does not change much and shows large uncertainties among the models. 

Based on CMIP5 multi-model simulations, this study suggests that the enhanced rainfall 

response of El Niño to global warming is due to an El Niño-like SST warming pattern in 

tropical Pacific. This pattern leads to Niño3 SST being closer to the tropical rainfall threshold 

temperature, in favor of more rainfall in eastern equatorial Pacific during El Niño, and then 

larger rainfall variance. 

In addition, even though the ensemble mean increases, the change of Niño3 rainfall variance 

still shows large diversity among the models. This inter-model diversity is highly correlated 

with that of Nino3 SST variance change, indicating a coupled relationship between El Niño 

rainfall and SST changes. Comparing with the results from AMIP simulations and AGCM 
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experiments, we found that the SST warming pattern over tropical Pacific is the main source 

of uncertainty of Niño3 rainfall/SST variance change in future projections. 
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El Niño-Southern Oscillation (ENSO) is the most prominent mode of climate variability on 

interannual time scales, having destructive impacts on climate and weather worldwide. 

Understanding how ENSO will respond to greenhouse warming is, therefore, of broad 

scientific and socioeconomic interests. Robust projected changes in certain aspects of ENSO 

have been recently established across climate models which we rely on to make projections. 

However, there is as yet no consensus on the change in the amplitude of the associated sea 

surface temperature (SST) variability, despite its strong effects on marine ecosystem and 

rainfall worldwide. We attribute the previous lack of consensus to an expectation that the 

trend in ENSO SST amplitude over the twenty-first century is unidirectional, and to 

unrealistic model dynamics of tropical Pacific SST variability. We show that the response of 

ENSO SST amplitude is time-varying, with an increasing trend in ENSO amplitude before 

2040, followed by a decreasing trend thereafter as revealed from the nine most realistic 

models among 22 models in the Coupled Model Intercomparison Project phase 5 database, 

forced under historical and greenhouse warming scenarios. The time-dependent behavior is 

linked to a longitudinal differential surface warming rate across the Indo-Pacific basin.  

 

Why did CMIP5 models fail to reproduce the recent La Niña-like climate shift?  

Jing-Jia Luo¹, Gang Wang², and Dietmar Dommenget² 

¹CAWCR, Bureau of Meteorology, Melbourne, Australia  

²School of Earth, Atmosphere and Environment, Monash University, Australia. 

Email: j.luo@bom.gov.au 

 

It is observed that a La Niña-like climate shift has occurred in the recent three decades, in 

association with the intensified Walker Circulation and trade winds as well as cooling sea 

surface temperature (SST) in the eastern equatorial Pacific. The cooling SST trend has partly 

contributed to limit the global mean temperature rise in the last decade despite the 

continuously increasing CO2 emissions. However, the majority of CMIP5 models with a 

realistic set of historical radiative forcing failed to reproduce the La Nina-like climate shift 

and overestimated the global warming rate during 1981-2010. Some efforts were made to 

seek whether natural/internal multi-decadal variability might cause the discrepancy between 

the models and observations by assuming that the models were perfect and therefore multi-

model ensemble mean rate would ideally represent the impact of external radiative forcing. 
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Whereas, some other studies suggested that the recent La Niña-like climate shift might be 

driven by the external forcing. Noting the large biases existing among the CMIP5 models, 

here, we aim to investigate whether some common model deficiencies might deteriorate the 

model’s capability in reproducing the recent La Nina-like climate shift. Our preliminary 

results suggest that both remote and local mechanisms in the tropics might play a role in 

causing the discrepancy between the model ensemble mean and observations. Discussions on 

how those mechanisms would affect models’ projections of future climate will also be 

presented. 

 

 

Multidecadal ENSO variability and teleconnections over the past millennium 
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Whether the “Super El Niño 2014-15” develops may be related to the current background 

climate state in the Pacific being more conducive to La Nina events. Tropical Pacific 

background state changes slowly, on decadal to multidecadal timescales, and partially 

determines Tasman Sea storm climate; other primary drivers include the neighboring Indian 

and Southern Ocean regions. Low frequency variability is difficult to quantify given the 

relatively short instrumental record. We approach the problem by using both paleoclimate 

evidence and AOGCM data to investigate multidecadal variability in the spatial structures 

and teleconnection patterns of the leading Southern Hemisphere modes, including ENSO. 

Our dataset is PaleoR-MQ, a gridded multivariate climate system reconstruction for the 

Southern Hemisphere spanning the past 1200 years at decadal to multidecadal resolution. 

PaleoR-MQ is analogous to modern reanalysis products but constrained by paleoclimate data 

instead of meteorological observations. Gridded fields produced for each time period allow 

the spatial signatures of anomalous climatic periods to be resolved. Climate indices 

representing different variables—such as Niño3.4 calculated from SST data and the Southern 

Annular Mode (SAM) calculated from atmospheric data—can be derived from a dynamically 

consistent framework allowing robust examination of multidecadal teleconnection variability 

over the past millennium. The approach makes no prior assumptions about teleconnection 

stationarity; therefore non-canonical modes such as ENSO Modoki and the Pacific South 

America modes are also resolved.  

When evaluated over the past 1200 years we find multidecadal to centennial scale persistence 

in a wide range of mean state configurations. Persistent SAM+ve during the Medieval 

Climate Anomaly was coupled to mostly El Niño from 1000-1150 CE and then mostly La 

Niña/La Niña Modoki from 1150-1260 CE. Persistent SAM-ve during the Little Ice Age was 

coupled to mostly El Niño from 1270-1600 CE and then mostly La Niña from 1600-1900 CE. 

The combination of La Niña/La Niña Modoki coupled to SAM-ve appears to be associated 

with the most extreme storm periods in the Tasman Sea, such as during the 1600-1900 CE 

period. Understanding the range and drivers of low frequency variability in background 

Pacific mean state may also help to improve ENSO predictability over shorter timescales. 
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Helen V. McGregor
1,2

,  Steven Phipps
3
, Matthew Fischer

4
, Michael K. Gagan

1
, Laurent 

Devriendt
2
, Andrew Wittenberg

5
, Colin D. Woodroffe

2
, Jian-Xin Zhao

6
, Jessica J. Gaudry

2
, 

David Fink
4
, Allan R. Chivas

2 

1
Research School of Earth Sciences, The Australian National University, Australia  

2
School of Earth and Environmental Sciences, University of Wollongong, Australia 

3
Climate Change Research Centre and ARC Centre of Excellence for Climate System Science, 

University of New South Wales, Australia 
4
Institute for Environmental Research, Australian Nuclear Science and Technology Organisation, 

Australia 
5
Climate Change, Variability, and Prediction Group, NOAA/Geophysical Fluid Dynamics 

Laboratory, USA  
6
School of Earth Sciences, University of Queensland, Australia 

Email: mcgregor@uow.edu.au 

Palaeoclimate reconstructions show that the frequency, intensity and seasonality of the El 

Niño-Southern Oscillation (ENSO) have varied through time. However, it is unclear if 

changes in ENSO variability are in response to climate forcing or dominated by intrinsic 

climate variability. In this study we examine the response of ENSO to changes in orbital 

forcing over the past 6,000 years using 255 years of new seasonally-resolved coral 
18

O data 

for Kiritimati (Christmas) Island combined with previously published records. Kiritimati 

Island is in the core NINO3.4 region of the central equatorial Pacific and is optimally located 

to record ENSO variance. The new coral 
18

O records all show interannual variance lower 

than for Kiritimati 
18

O records for the late 20
th

 century. Furthermore, the pooled 
18

O results 

for Kiritimati reveal a statistically significant increase in ENSO variance from the mid-

Holocene to the present. The trend is robust against a number of possible biases in the 
18

O 

records. Importantly, the coral trend in ENSO variance is reproduced in a set of Holocene 

climate simulations from the CSIRO Mk3L model, but the variance falls outside the range 

produced by unforced control simulations from the CSIRO Mk3L and GFDL CM2.1 models. 

Together, the palaeoclimate ENSO records and model simulations suggest that the dynamics 

of ENSO respond to external forcing.  
 

 

Pacific-tropical Atlantic sensitivity to El Niño patterns 
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This study investigates the atmospheric teleconnections to the Eastern Pacific (EP) El Niño 

and El Niño (EN) Modoki events onto the tropical Atlantic Ocean. It has been shown that the 

EP El Niños drive significant warming of the tropical North Atlantic basin during boreal 

spring via the atmospheric bridge and tropospheric temperature mechanisms. The EN Modoki 

impact on tropical Atlantic sea surface temperature (SST) is, however, unclear. Using a suite 

of numerical experiments forced by idealized SST anomalies in the equatorial Pacific, we 

show that the Pacific-tropical Atlantic teleconnections are weaker during EN Modoki 
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compared to EP El Niño years. Results reveal that the EN Modoki teleconnections are 

synchronized to the seasonal cycle. In particular, the location of the EN Modoki SST 

warming is favourable for exciting atmospheric teleconnections in boreal winter but not 

during spring. This occurs due to the seasonal shift of the Intertropical Convergence Zone 

(ITCZ) that moves southward during boreal winter, enhancing deep convection and heavy 

rainfall in the central western Pacific. The anomalous SST around the dateline (common in 

EN Modoki events) drives a further southward displacement of the ITCZ intensifying the 

supply of latent heat to the overlying atmosphere, thereby optimizing the conditions for 

enhanced deep convective processes that occur in the ITCZ. During boreal spring, the ITCZ 

draws back northward, reducing deep convection over the underlying SST warming in the 

central Pacific. Thus the EN Modoki-tropical Atlantic teleconnections naturally weaken from 

boreal winter to spring, even in the presence of a persistent SST anomaly in the central-

western Pacific.  In addition to the position of the equatorial Pacific warming, the EN Modoki 

pattern seems to be an important factor modulating atmospheric teleconnections. We suggest 

that the cooling in the eastern Pacific counteracts the atmospheric response driven by the 

central western Pacific warming, generating a consequent weaker connection to the tropical 

Atlantic compared to the stronger link seen during EP El Niño events. 
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El Niño-Southern Oscillation is a major source of interannual variability of rainfall over the 

Australian region. In particular, eastern Australian rainfall is strongly influenced by ENSO, 

and the relationship is nonlinear, with positive rainfall anomalies during La Niña events being 

larger than negative rainfall during El Niño events (Power et al. 2006). In addition, the 

ENSO-rainfall teleconnection is modulated on multi-decadal time scales by the Inter-decadal 

Pacific Oscillation (Power et al. 1999). In order to provide a baseline for evaluating future 

projections of Australian rainfall variability, we examine natural variability over the last 1000 

years in climate model simulations. 

A new set of simulations of the last 1000 years was carried out as part of the Coupled Model 

Intercomparison Project Phase 5 (CMIP5) and Palaeoclimate Modelling Intercomparison 

Project Phase 3 (PMIP3).  These “Last Millennium” simulations cover the period 850-1850 

A.D. and include forcing such as greenhouse gas changes, volcanic aerosol inputs associated 

with known eruptions and changes in insolation. The simulations therefore allow us to 

investigate the natural variability of ENSO and Australian rainfall over a much longer period 

than the instrumental record of around 100 years.  

The ability of six CMIP5/PMIP3 models to simulate the present day ENSO-eastern 

Australian rainfall teleconnection is evaluated. All models are able to capture the negative 

correlation between NINO3.4 SST and rainfall, with varying skill. The variability of spring-

summer eastern Australian rainfall over the 1000 year simulations remains strongly 
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correlated with ENSO in all models, although several models have periods when the 

teleconnection “breaks down” – i.e. weakens substantially for several decades. The 

relationship of these periods of teleconnection breakdown with both the strength of ENSO 

and the mean state of the Pacific is investigated. 
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Power, S., T. Casey, C. Folland, A. Colman and V. Mehta (1999), Inter-decadal modulation of the impact 

of ENSO on Australia, Climate Dynamics, 15, 319-324. 
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El Niño-Southern Oscillation (ENSO) episodes can occur in the eastern or central equatorial 

Pacific, and these different types of ENSO affect the South American precipitation in 

different ways. Here we look at ENSO teleconnections to South America in the CMIP5 

models. We find that the CMIP5 models can reproduce the general patterns of sea surface 

temperature anomalies (SSTA) in different types of ENSO, and that most of the models can 

reproduce the correct sign of precipitation anomalies in northeastern South America during 

austral summer and autumn, and in northern South America during austral summer. But most 

of them fail to reproduce the correct precipitation sign in the eastern and southeastern regions 

of South America in both seasons and during all categories of ENSO. The models that can 

represent the precipitation sign during Canonic and Modoki+A El Niño in the northeast and 

north South America are different those models that can represent these sign in east and 

southeast South America. Hence we consider two different sub-ensembles; the first ensemble 

includes six models that can best represent the sign of precipitation in north and northeast 

South America during Canonic and Modoki+A El Niño, and the second ensemble includes 

three models that can best represent the sign of precipitation on east and southeast South 

America during Canonic and Modoki+A El Niño.  

Comparing historical simulations and projection (rcp8.5 scenario) experiments, the sub-

ensembles show that SST anomalies are stronger in all ENSO categories. When we compare 

precipitation anomalies in historical scenarios with projections, the sub-ensembles show an 

increased precipitation during Canonical El Niño events and a decreased precipitation during 

Canonical La Niña events in the four chosen regions (northeast, north, east, and southeast 

South America), during austral summer and autumn. Individual models show the same 

ensemble trend during Canonical ENSO, the exception being in east South America during 

MAM: during Canonic El Niño two of three models have a decreased precipitation in future 

when compared with historical patterns, while the sub-ensemble has an increase in 

precipitation. Also in east South America during MAM, all models and the ensemble show an 

increased precipitation during Canonical La Niña instead of decrease as in other regions and 
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seasons. The composite precipitation trend simulated by models is not the same during 

Modoki+A El Niño; some models show an increased precipitation while others show a 

decrease, in the same region and season. The models chosen have difficulty in representing 

Modoki+A La Niña; in the first sub-ensemble just 2 of 6 models have Modoki+A La Niña 

years in historical and rcp8.5 scenarios in both seasons, while in second sub-ensemble just 1 

of 3 models have this category of ENSO in both scenarios in austral summer and no models 

have this category in austral autumn. Normally, the trends in Canonical plus Modoki+A 

ENSO are similar to those which occur in Canonical ENSO. 
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This study investigated the dominant mode(s) influencing flood risk in Jakarta, Indonesia.  

The several methods were conducted such as Multiple Linear Regression (MLR), Empirical 

Orthogonal Function (EOF), and Generalized Extreme Values (GEV) to investigate how the 

dominant mode(s) drive more extreme precipitation causing flood events in the area. The 

results are given as follows. Firstly, both MLR and EOF show that Asian Summer Monsoon 

and ENSO are the dominant modes influencing average precipitation in Jakarta. Secondly, 

MLR and EOF reveal that ENSO is the dominant mode influencing extreme precipitation in 

Jakarta. Thirdly, La Niña event becomes the dominant driver of extreme precipitation as 

shown by significant negative regression in MLR analysis, spatial and temporal distributions 

of the first EOF signal and the tail behavior of GEV’s probability density function during 

December – February period, the flood season in Jakarta. 
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ENSO is a highly complex phenomenon that still presents many challenges to the climate 

modelling community. Simple metrics and diagnostics are required to distil ENSO behaviour 

in models into a useful form for model inter-comparisons and climate change studies. 

 

Many diagnostics have been derived to explain ENSO behaviour that are applicable to our 

available observational record. ENSO characteristics in CGCMs however range broadly and 

appear well outside the range of observed behaviour. Indeed the range of ENSO behaviour 

across leading models is larger than the projected changes to ENSO from global warming.  

 

mailto:gerry_fisika@yahoo.com


30 
 

Metrics that are successful in describing the observed ENSO do not always capture the 

corresponding features in a climate models. For example the Nino3.4 SST index captures the 

major region of SST variability over the observed period, but misses the peak variability in 

some CGCMs 

 

Here we diagnose how well a set of commonly used metrics capture ENSO in coupled 

models compared to observations, especially considering the well known biases in the 

tropical Pacific. Metrics we explore include Nino3.4, EOFs, Central Pacific ENSO indices, 

the Dynamic Warm Pool Edge (DWPE), the Bjerknes Stability (BJ) Index, the unified 

oscillator and the heat budget diagnostics. A demonstration of the pros and cons of each is 

given using CMIP5 model output with recommendations for the more robust indices.  
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The Indonesian Throughflow (ITF) is an integral component of the Earth’s climate.  The state 

of ocean and atmospheric circulations and thus climate variability, such as the El Nino 

Southern Oscillation (ENSO), is dependent upon changes in the ITF which impact on heat 

and salt balance across the Indo-Pacific oceans. Understanding its variability and link with 

ENSO however remains elusive due to limited direct observational data.  Previous modelling 

studies have shown that the relationship between ENSO and ITF is not as apparent as one 

would expect from their geographical proximity and the strength of this relationship may 

vary across different models. An ensemble approach using climate models is required to 

resolve this issue. Using 20 models that participated in the Coupled Model Intercomparison 

Project fifth instalment (CMIP5), and an ocean reanalysis as a reference, we find that local 

processes in the Indian Ocean side play a more dominant role on ITF variability than ENSO.  

This is corroborated by the high inter-model correlation between the variability amplitude of 

the ITF and that of the zonal winds south of the Maritime Continent, but not with ENSO 

amplitude.  Indian Ocean variability can thus be a source for the varying degree of ITF-

ENSO linkage.  Further, we show that the local and remote forcings are associated with two 

different vertical structures of ITF variability: the Indian Ocean forcing is associated with 

surface-intensified transport anomaly, while the ENSO forcing primarily with anomalous 

subsurface transport.  These links are substantiated by the mean state change under 

greenhouse warming in that the projected weakening of the ITF is found robust only at 

subsurface, consistent with the lack of inter-model consensus in the change of the Indian 

Ocean local wind forcing.  
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A suite of model experiments, in which the resolution of atmospheric and oceanic 

components is systematically altered, is explored to assess the impact on ENSO simulation 

and prediction. In addition, flux-adjusted version of the coupled models is developed to 

assess the impact of mean-state errors on ENSO simulation and prediction. Overall, 

refinement of both oceanic and atmospheric resolution lead to improvements in many aspects 

of the simulation of ENSO, as does artificially correcting the mean-state errors through flux-

adjustment. However, some persistent errors in ENSO remain, indicating the improved 

representation of unresolved processes is still required. Particular focus will be placed on 

ENSO nonlinearity (particularly the phase-locking of ENSO to the annual cycle) and to 

ENSO teleconnections. 
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As ocean resolution increases in models our simulations of ENSO become more realistic and 

therefore more reliable for seasonal forecasting and climate projections. CMIP5 class models 

ran with ocean resolutions in the tropics typically of the order of 1/3° to 1/2 ° meridionally 

and 1° longitudinally. In CMIP6 it is not unreasonable to expect that some of the submitted 

models will run with resolutions of the order of 1/4°. Indeed models already exist that run at 

1/10° or higher.     

Increasing ocean and atmospheric resolution in coupled models reduces the coupling biases 

in the tropics relevant to ENSO. A different question is how increasing ocean resolution 

improves the ocean ENSO dynamics? In this study we assess how ocean models with 

differing resolutions simulate key ENSO dynamics when forced with observed winds that do 

not contain coupling biases. This allows us to determine whether the resolution increase is 

important only for coupling processes or whether it fundamentally changes the way ENSO 

develops in the ocean. It also points to where small differences might impact the growth of 

coupling errors. 

We analyse two runs of ocean-only models: one a component of Australian Community 

Coupled Earth System Simulator (ACCESS) and the other the Ocean Forecasting Australia 

Model (OFAM3). Both are forced with ERA fluxes and have the same ocean configuration. 

The only differences between these models are resolution (1/3° for ACCESS and 1/10° for 

OFAM) and the size of the friction coefficients applied to account for the differing abilities of 

the models to resolve eddies. 

Surprisingly we find very little difference between the output of the two ocean models. The 

behaviour of the equatorial thermocline and eastern Pacific mixed layers are almost identical. 
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The differences occur in the western Pacific mixed layer and barrier layer, and the formation 

of Kelvin waves. 
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Sea surface temperature (SST) metrics are often used to investigate how global warming will 

impact El Niño-Southern Oscillation (ENSO) behaviour in coupled general circulation 

models (CGCMs). However, SST metrics are limited in their ability to provide a clear picture 

of ENSO behaviour, at least partly due to biases in CGCMs. 

Here, the realism of El Niño evolution is evaluated in the Australian Community Climate and 

Earth System Simulator CGCM (ACCESS-CM1.3) using the mixed layer heat budget 

equation calculated during El Niño development and contrasted against that of the ACCESS 

ocean-only component (ACCESS-OM). Two types of El Niño are identified in the CGCM. 

The first is a double peaked event with warming centres evolving concurrently in the eastern 

and western Pacific. The separation between the two peaks is attributed to the westward bias 

in the warm pool edge. Despite differences between the evolution of SST patterns in the 

CGCM double peaked El Niño events and those of the OGCM, some CGCM double peaked 

events are erroneously categorised as central Pacific El Niños by SST metrics. The second 

CGCM El Niño type involves warming in the eastern Pacific that is similar to that of the 

corresponding OGCM events, yet displays a different dynamical evolution.  

Double peaked events are also found in several CMIP5 models, indicating that the behaviour 

identified in ACCESS-CM1.3 is consistent with other leading coupled models. The results 

suggest that the evaluation of evolution pathways is a more powerful and complete method 

for diagnosing El Niño spatial flavours in CGCMs than standard SST metrics. 
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Part I is subtitled “Walker Circulation Surface Limb Response to El Niño/La Niña.”  The 

zonal wind component at 10-m height was recorded with satellite-borne scatterometer 

instruments SeaWinds-on-QuikSCAT (June 1999 – November 2009) and ASCAT-on-

MetOp-A (October 2006 – present).  A 1-month-averaged time series dataset was produced 

for 1°S-1°N (called “equator”) with 2°-longitudinal grid during March 2000 (when the 

MISR-on-Terra dataset began) – June 2011.  The RSS-reprocessed ASCAT and QuikSCAT 

datasets had a time-averaged bias in zonal wind speed of ~ 0.1 m s
-1

 and correlation 

coefficient of ~ 0.9 over 1 June 2007 – 31 October 2009; the RSS-reprocessed ASCAT 

dataset ended in June 2011.  The March 2000 – June 2011 interval encompassed four El 

Niños and five La Niñas.  The time-averaged easterly wind speed in the west Pacific (150°E-

150°W) was weaker in El Niño compared to that in La Niña.  The west Pacific zonal wind 

pattern was consistent with the conventional wisdom developed from analyses of the very 

intense El Niño events in May 1982 – June 1983 and May 1997 – April 1998, including the 

eastward shift of the surface limb of the Walker Cell during El Niño.  However, the zonal 

surface wind pattern in the east Pacific (150°W-90°W) was not consistent with conventional 

wisdom because no difference was found between the time-averaged strengths of the easterly 

wind in El Niño and La Niña events.  One hypothesis for this contrarian result is the central 

Pacific nature of the El Niño events (called “El Niño Modoki”) during March 2000 – June 

2011.  However, the El Niño Modoki hypothesis did not appear consistent with “observed” 

(determined from the ECCO version 4 representation of oceanographic conditions) depths of 

the 20°C isotherm, which is considered an adequate proxy for thermocline depth, during El 

Niño and La Niña episodes.  Another hypothesis is related to the veracity of the satellite wind 

vector measurements at 10-m height; this hypotheis was extinguished through an examination 

of zonal wind measurements at 700-m height recorded with the MISR instrument on Terra.  

The MISR and QuikSCAT/ASCAT wind-measuring techniques were independent of each 

other.  The MISR result at 700-m height was identical to the QuikSCAT/ASCAT result at 10-

m height.  In the east Pacific, the 10- to 700-m wind shear (maximum 5x10
-3

 s
-1

) increased 

(decreased) during La Niña (El Niño). 

Part II is subtitled “An Oceanographer Reaches for the Stratosphere.”  Time-averaged (March 

2000 – February 2014) global longitudinal profiles of the MISR zonal wind component in 3°-

latitude x 3°-longitude areas centered at the equator will be described in 2-km layer 

thicknesses from 1-3, 3-5, … 15-17, and 17-19 km.  The zonal winds at 1-3 km resembled 

those in the planetary boundary layer at 700-m height (described in Part I), i.e., eastward 

wind directions over the Indian Ocean and westward wind directions over the Atlantic and 

Pacific Oceans, with maximum speeds of -13 m s
-1

 over the central Pacific Ocean at 150°W 

and -9 m s
-1

 in the west Atlantic at 45°W.  The 13-15 km layer, compared to other 2-km 

layers below 19 km, had the longest longitudinal extent of eastward wind directions and 
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strongest eastward wind speed in the Pacific (175°W-105°W and 12 m s
-1

 at 140°W) and 

Atlantic (35°W-20°W and 5 m s
-1

 at 30°W).  In the Indian Ocean, westward wind speeds of -

15 m s
-1

 occurred from 60°E-100°E.  The longitudinal shapes of the zonal wind profiles along 

the equator had “flipped” between the surface and 14 km.  The transition from lower 

troposphere westward winds in the Atlantic and Pacific to upper troposphere eastward winds 

occurred between 5-7 and 7-9 km; additional analysis will refine the transition height.  

Results of ongoing analyses of the longitudinal profiles of zonal winds at 13-15 km during 

four El Niños and six La Niñas in March 2000-February 2014 will be discussed, including the 

longitudinal displacement of the upper limb of the Walker Cell during El Niño.  The impacts 

of the El Niño/La Niña displacements of the Walker Cell on rainfall (measured with TRMM) 

over Australia and the Maritime Continent will be described.              
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The equatorial Pacific zonal wind response during El Niño tends to be stronger than during 

La Niña in the observations.  Most CMIP5 models exhibit such nonlinearity, yet weaker than 

the observed.  The nonlinearity can be reproduced by driving a linear shallow water model 

with a model's or the observed precipitation response to ENSO, which can be decomposed 

into two main components: the zonal and meridional redistribution of the climatological 

precipitation.  The zonal redistribution plays the dominant role in the zonal wind response, 

even though the two components have comparable contributions to the total rainfall. 

The meridional redistribution component plays an indirect role in the nonlinear wind 

response by limiting zonal redistribution during La Niña and thus enhancing the nonlinearity 

in the wind response significantly.  During La Niña, the poleward movement of the ITCZ and 

SPCZ reduces the equatorial zonal mean precipitation available for the zonal redistribution 

and its resulting zonal wind response.  Conversely, during El Niño, the equatorward 

movement of the ITCZ and SPCZ have relatively little influence on the zonal redistribution 

of precipitation. 

The effect of the biases in the models' climatological precipitation and total precipitation 

response patterns are compared.  The underestimate of equatorial westerly wind anomalies 

during El Niño is predominantly due to the lack of precipitation anomalies over the eastern 

equatorial Pacific. Models that achieve a more realistic simulation of easterly wind anomalies 

during La Niña do so for the wrong reason, due to a compensation of biases in both the 

climatological precipitation and the total precipitation patterns. 
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Cold waves hit Eurasia during February to March 2010 associated with the negative Arctic 

Oscillation (AO). It is said that El Nino and stratospheric sudden warmings (SSWs) 

connected to the negative AO in this late winter season. Ineson and Scaife (2009) showed a 

global teleconnection pathway from the Pacific region to Europe via the stratosphere. Wave 1 

of the stationary wave is strengthened by a deeper Aleutian low during El Nino in the upper 

troposphere, and propagates into the stratosphere. The upward propagation of the El Nino 

signal drives a weaker westerly circulation in stratosphere, anomalously high geopotential 

height over the polar cap and anomalously low geopotential height over the middle latitudes, 

and increases the probability of SSWs. These disturbances to the middle and upper 

stratosphere propagate downwards to the troposphere on monthly timescales and can persist 

for many weeks. Now, these processes draw attention as the source of winter predictability in 

mid-latitudes. 

Here we used an atmospheric general circulation model that has been extended into the 

stratosphere, and conducted an uninitialized 100-membar ensemble simulation for the 2010 

winter season. Probability of the negative AO events in the 2010 ensemble was compared to 

that of 50-year AMIP-type experiments. We found that occurrence of upward propagation of 

the El Nino signal and SSWs was stochastic even when the same SST anomaly of the 2010 El 

Nino was given to the AGCM, whereas a shift in the probability distribution for wave 1 

structure was substantial. Occurrence of the tropospheric negative AO is strongly connected 

to the wave 1 signals associated with El Nino. We will also discuss the potential impact of 

global warming on the probability of the negative AO via the stratosphere in late boreal 

winter. 
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By analysing the observed rainfall since late 1880s, we find that, the Indian summer monsoon 

rainfall (ISMR) is significantly correlated with the following Australian summer monsoon 
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rainfall (ASMR) for the period 1888 to 2010. We find that on inter-decadal timescales, the 

correlation of the ISMR with the subsequent ASMR varies on multi-decadal periods. The 

association significantly weakens during the 1932-1966 period. We find that this weakened 

inter-monsoon link was due to breakdown of the El Niño Southern Oscillation (ENSO) links 

with the ASMR.  Using observed and reanalyzed datasets, we investigate the   role of Atlantic 

Multi-decadal Oscillations (AMO) in weakening the in-phase association between ISMR and 

following ASMR during the 1932-1966 sub-period. We find that this weakening was 

associated with strengthening of low level westerlies, and an increase in local low level 

convergence, in the northern Australia associated with the warm phase of the AMO, during 

1932-1966. During the warm phase of the AMO, the air over the north Atlantic gets warmer 

and inducing geopotential height anomalies and causes upper level divergence in this region. 

This divergence results a Rossby wave train. This Rossby wave train emanates southeastward 

from off the west coast of subtropical South America to the midlatitudes of the South Atlantic 

Ocean, embedded in the subtropical westerly jet waveguide over the South Atlantic and 

South Indian oceans   and travels eastward. This Rossby wave induces an anti-cyclonic 

anomaly in the upper troposphere over Australia, which is at the exit of the westerly 

waveguide. This leads to low-level convergence and upper level divergence over Australia.  

This low level convergence due to AMO, intensifies the background the westerly winds in 

Australian summer monsoon region, and thereby impedes the penetration of dry easterly 

anomalies during El Niño episodes as compared to other sub-periods. This eventually 

decreases the negative rainfall anomalies over Australian monsoon region.  On the other 

hand, the fact that ISMR-ENSO negative relation is robust during the 1932-1966 period 

results in the apparent breakdown of the lead relationship of the ISMR with the ASMR.  

     

 

Relative roles of the Central Pacific and Western North Pacific precipitation 

anomalies in El Nino teleconnection 

Jong-Seong Kug, Hye-Young Son, and Sunyong Kim 
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El Nino, the strongest interannual variability, has great global impacts via atmospheric 

teleconnection, but its impact is quite various among inter-El Nino events and season due to 

the distinct teleconnection patterns. Precipitation responses to El Nino SST are characterized 

by positive precipitation anomalies over the equatorial central Pacific (CP) and negative 

precipitation anomalies over the Western North Pacific (WNP) to a large extent. It is 

demonstrated here that the CP and WNP precipitation anomalies play opposite roles in 

leading El Nino teleconnection pattern over North Pacific. We show that different 

teleconnection patterns among inter-model El Nino events can be explained by considering 

two precipitation effects to some extent. Moreover, we found that the seasonality in El Nino 

teleconnection is closely related to changes in the relative magnitude of two precipitation 

anomalies. During early winter, the WNP precipitation effect is relatively strong so that the 

anticyclonic flow is observed over North Pacific, while the explosive cyclonic flow 

overwhelms during late winter due to relatively strong CP precipitation effects. The Linear 

Baroclinic Model and CMIP5 model analyses strongly support the arguments from the 

observational analyses.    
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Marine heat waves of increasing intensity which cause widespread mass coral bleaching 

events are threatening the integrity and functional diversity of corals reefs
1-3

.  Here, we 

demonstrate the role of inter-ocean coupling in escalating thermal stress on reefs in the poorly 

studied southeast Indian Ocean (SEIO), through a robust 215 year (1795-2010) geochemical 

proxy sea surface temperature (SST) record. We found that the extreme marine heat waves 

affecting the SEIO are linked to the behaviour of the Western Pacific Warm Pool on decadal 

to centennial timescales, and are most pronounced when a strong zonal SST gradient between 

the western and central Pacific co-occurs with strong La Niña's. This gradient forces large 

changes in heat flux that exacerbate SEIO heatwaves. Better understanding of the zonal SST 

gradient in the western Pacific is expected to improve projections of the future activity of 

SEIO heatwaves and their ecological impacts in this potential coral refugia region of low 

human development.   

1. Feng, M., M. J. McPhaden, S. P. Xie, J. Hafner, La Niña forces unprecedented Leeuwin Current 

warming in 2011, Sci. Rep. 3, 1277 (2013). 

2. Moore et al., Unprecedented Mass Bleaching and Loss of Coral across 12° of Latitude in Western 

Australia in 2010–11, PLoS ONE 7, e51807 (2012). 

3. Zinke, J. et al. Corals record long-term Leeuwin Current variability during Ningaloo Niño/Niña since 

1795, Nature Communications 5, 3607, doi:10.1038/ncomms4607 (2014). 
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Ningaloo Niño refers to the episodic occurrence of anomalously warm ocean conditions along 

the subtropical coast of Western Australia (WA). Ningaloo Niño typically develops in austral 

spring, peaks in summer and decays in autumn, and often occurs in conjunction with La Niña 

conditions in the Pacific which promote poleward transport of warm tropical waters by the 

Leeuwin Current.  Since the late 1990s, there has been a marked increase in the occurrence of 

Ningaloo Niño, which we attribute to the recent swing to the negative phase of the Inter-

decadal Pacific Oscillation (IPO). The swing to the negative IPO sustains positive heat 

content anomalies off the WA coast so favoring enhanced poleward heat transport by the 

Leeuwin Current. It also drives an atmospheric teleconnection that initiates more frequent 

cyclonic wind anomalies off the WA coast, which reduce latent heat loss from the ocean 

surface and further strengthen the Leeuwin Current.  
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Although ENSO is a tropical climate oscillation, it impacts the whole globe through 

atmospheric teleconnections. In the Southern Hemisphere, the extratropical signature of 

ENSO is the second dominant mode of variability of the pressure field. Here we assess the 

interplay of ENSO with the first mode of variability, the Southern Annular Mode (SAM). We 

show how the occurrence of a positive or negative ENSO during a positive SAM event may 

modify two important wind forcing terms that drive the ocean circulation: westerly wind 

stress over the ACC envelope and easterly wind stress along f/H contours that loop around 

Antarctica. 

We show that ENSO modulates the westerly winds anomalies associated with a positive 

SAM, with a positive ENSO weakening the westerly anomalies. More importantly, we show 

that SAM and ENSO equally impact the wind stress around Antarctica. Both positive SAM 

and positive ENSO equally act to strongly weaken (and even shut down) the easterly winds, 

while the wind anomalies associated with negative ENSO and positive SAM cancel each 

other. By controlling the intensity of wind stress along f/H contours, the interactions of a 

positive or negative ENSO with SAM provide two different barotropic forcings of the 
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Antarctic Circumpolar Current (“free mode”) and lead to two different eddy responses of the 

current.  

SAM has intensified in recent decades and is projected to intensify further in future climate 

scenarios. However to fully predict and understand the Southern Ocean circulation response 

to future wind forcing, we must first be able to predict ENSO and understand its 

teleconnection to the south. 
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The El Niño Southern Oscillation (ENSO) phenomenon, which features strong oceanic 

surface warming over the equatorial eastern Pacific, has major climatic and societal impacts. 

In particular, it greatly influences the yearly variations of tropical cyclone (TC) activities in 

both the Pacific and Atlantic basins via atmospheric dynamical factors such as vertical wind 

shear and stability.  Until recently the direct ocean thermal control of ENSO on TCs has not 

been taken into consideration because of a mismatch in both timing and location: ENSO 

peaks in winter and its surface warming occurs mostly along the equator, a region without TC 

activity. Here, we show that El Niño – the warm phase of an ENSO cycle – effectively 

discharges heat into the eastern North Pacific basin two-three seasons after its wintertime 

peak, leading to intensified TCs. This basin is characterized by abundant TC activity and is 

the second most active TC region in the world. Due to the time involved in ocean transport, 

El Niño’s equatorial subsurface “heat reservoir”, built up in boreal winter, appears in the 

Eastern North Pacific several months later during peak TC season (boreal summer/fall). Via 

this delayed ocean transport mechanism, ENSO provides an additional heat supply favorable 

for the formation of strong hurricanes. This thermal control on intense TC variability has 

significant implications for seasonal predictions and long-term projections of TC activity 

over the eastern north Pacific. 
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The tropical Indian, western Pacific, and Atlantic Oceans have warmed more rapidly than the 

eastern Pacific in the past 50 years. The impact of this asymmetric warming trend on the 
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anomalous global circulation and record-high Australian rainfall during the strong La Nina 

event in austral spring 2010 was investigated using the Australian Bureau of Meteorology 

coupled model seasonal forecast system (POAMA). To tackle this problem, we conducted 

three different forecast sensitivity experiments by initialising POAMA with 1) the sea surface 

temperatures (SSTs) of 1 September 2010 that contained well developed La Nina conditions; 

2) the SSTs of 1 September 2010 but detrended over the period 1960-2009; and 3) the SSTs 

representing the long-term linear trend.  

The results of experimental forecasts for September to November of 2010 highlight a 

synergistic response to the La Nina SST anomalies and the SST trend.  The tropical rainfall 

anomalies were nonlinearly amplified, thereby promoting a stronger positive excursion of the 

Southern Annular Mode (SAM), thus enhancing the wet conditions over eastern Australia by 

upwards of 30%. The mechanism for promotion of high SAM by this combination of La Nina 

anomalies operating in conjunction with the SST trend is similar to SAM response to global 

warming. Implications for prediction of future La Nina events are to be discussed.  
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We present results from a suite of SST-forced experiments performed with the ACCESS 

atmospheric general circulation model. We first investigate the tropical Pacific rainfall 

response to linear increases in the amplitude of annually-repeating canonical El Nino (EN) 

and La Nina (LN) SST anomalies. Linear increases in the EN SST anomaly amplitude trigger 

nonlinear changes in rainfall amounts, resulting in an eastward shift of the equatorial rainfall 

and an equatorward shift of the ITCZ. The addition of a global warming SST pattern 

enhances the shifts. Weak LN SST anomalies approximately mirror the EN case; however 

large LN SST anomalies generate a much weaker nonlinear response. 

We find that despite the nonlinear response, simply increasing the amplitude of a canonical 

EN SST anomaly does not generate the `zonal SPCZ’ observed in the 1982/1983 and 

1997/1998 EN events. A residual SST pattern (1982/83 & 1997/98 average minus canonical 

EN) is gradually added to a large-amplitude canonical EN SST anomaly, producing a zonal 

SPCZ only when the SST pattern approaches the observed pattern. We find that in our runs, 

the position of the ITCZ follows the meridional SST maxima, whereas the position of the 

SPCZ is influenced more by the zonal SST maxima. 

Finally, we perform experiments using time-varying SSTs. To determine the nature of rainfall 

changes in the twenty-first century, experiments are conducted using observed 1950-2011 

SSTs, and with the observed SSTs plus a global warming SST pattern. We find the addition 

of the warming pattern results in an increase and eastward shift of rainfall along the equator, 

and a southward shift of the ITCZ. These changes are smallest for weak LN events, and 

largest for strong EN events. 
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The basic pattern of climate change in the tropical Pacific in climate models shows an 

increase in rainfall in the equatorial Pacific, anchored to a broad equatorial local maximum in 

SST warming. This leads to an intensification and eastward shift of rainfall anomalies 

associated with canonical El Niño events, potentially leading to changes in both tropical and 

mid-latitude teleconnections. When defining El Niño in terms of rainfall anomalies, this 

intensification leads to an increase in the frequency of ‘extreme’ events, in which significant 

convective rainfall moves from its climatological west Pacific position into the central and 

eastern Pacific.  

While these changes seem relatively robust in coupled models, the models themselves exhibit 

persistent systematic biases, in particular a cold tongue that is generally too cold and extends 

too far into the west Pacific with associated rainfall and trade wind biases. SST anomalies 

associated with ENSO in coupled models also show a wide diversity in terms of evolution, 

spatial pattern, amplitude and frequency. In addition, the mechanisms responsible for changes 

in El Niño teleconnections, in particular those associated with El Niño events that have 

different spatial patterns, different amplitudes and different temporal evolution, are not well 

understood. 

The aim of ENSOMIP is to characterize and understand the response of the atmosphere to 

ENSO SST anomalies under enhanced CO2 conditions under controlled conditions of 

identical ENSO SST anomalies, superimposed on a mean pattern of SST change that is the 

same in each AGCM. Thus we can ‘control out’ some of the uncertainty associated with 

mean SST biases and with ENSO SST diversity.  

Here we aim to (i) briefly outline the draft experimental (and organisational) plans and 

associated hypotheses for ENSOMIP, (ii) facilitate discussion of the scientific issues related 

to ENSOMIP, (iii) elicit suggestions to improve the plans, and (iv) encourage participation in 

this new activity.  

 

 

 


