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Chapter 3:  A Brief Introduction to El Niño and La Niña 

 

Cécile Penland, De-Zheng Sun, Antonietta Capotondi and Daniel J. Vimont 

 

1. Introduction 

 

 The strong anomalous cooling and warming of the tropical Pacific, along with 

their effects on climate and commerce, have been accorded near-religious reverence for 

more than a century.  This reverence was established, perhaps, with the name given it by 

pre-20th century Peruvian sailors frequenting the waters off the western coast of South 

America.  In this area, the prevailing movement of ocean waters consists of a cold, 

northward-flowing boundary current, discovered by Alexander von Humboldt in August, 

1802, and named after him  (Carrillo 1893).  In the late 19th century, it was brought to 

the attention of the Lima Geographical Society that local sailors in the area around Paita 

had long since noticed a reversal of the Humboldt current around Christmas time and 

named the resulting anomalous warming of coastal waters El Niño, meaning "the boy 

child," in honor of the child Jesus (Carranza 1892; Carrillo 1893; Pezet 1895, 1896).  

Later, the name was reserved for the strongest instances of this warming, and the 

opposite, cold phase became known as La Niña.  El Niño and La Niña phenomena recur 

every two to seven years and are predictable up to about a year in advance.  They are 

remarkable because they are deviations from what we call "normal."  Thus, before we can 

make our acquaintance with these creatures, it is necessary to discuss what we mean by 

"normal."    In this context, we employ the term to mean a long-term average of 
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conditions during a particular season of the year.  That is, we define "normal" to mean an 

annually varying description of representative climatological conditions at a geographical 

location.  (NB: In a later chapter, we shall use "normal" as synonymous with 

"orthogonal," but not here.)   

 The enormous social consequences of El Niño and La Niña are a matter of public 

record (e.g., Glantz 1996).  So, it is no wonder that so much effort has been placed in 

trying to identify the observational aspects of these phenomena as well as to model them 

quantitatively with a view toward predicting their occurrence.  Unfortunately for our 

understanding, the salient features of El Niño/La Niña can be represented by a wide 

variety of mathematical models, including chaotic nonlinear models (e.g., Jin et al. 1994; 

Tziperman et al. 1994), models having cyclic behavior (e.g., Schopf and Suarez 1988; 

Battisti and Hirst, 1989; Jin and Neelin 1993a,b; Neelin and Jin 1993), and models where 

variability would die out without the effect of either external forcing, or rapidly-varying 

internal dynamics that are indistinguishable from stochastic forcing (Penland and 

Magorian 1993; Moore and Kleeman 1997a,b). 

 This section is intended to provide an elementary review of the annual climate 

cycle and to summarize the effects of deviations from it, i.e., anomalies, due to El Niño 

and La Niña.  Description is favored in this chapter over mathematical formulae.  Further, 

while we have used the most recent data available to enhance our descriptions 

graphically, we do not claim that this chapter provides any information significantly 

different from what is found in a plethora of previously published books and scholarly 

research papers.  We can only apologize to the authors of those publications for our 

inability to cite them all.  Experts in this field may skip to the following chapters. 
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2. The Annual Cycle 

 

 Our description of average climatological conditions begins with fields readily 

downloaded from the World Wide Web.  In Figs. 1 and 2, we contrast the global 

climatology in December-January-February (DJF: Fig. 1) with those of June-July-August 

(JJA: Fig. 2). All fields are from the National Centers for Environmental Prediction 

Reanalysis Atlas, except for precipitation, which is plotted from the Global Precipitation 

Climatology Project (GPCP) Combined Precipitation Data set.   

 We begin with a description of large-scale sea surface temperature (SST) fields 

(Fig. 1a).  Solar radiation that is either directly transmitted through the atmosphere or 

absorbed and reemitted reaches the surface and heats the land and water masses there.  

Energy absorbed by the ocean is then redistributed by the dynamics of the coupled land-

ocean-atmosphere system.  In this figure, the previously mentioned Humboldt Current, 

which diverges from the Antarctic Circumpolar Current in the vicinity of the Straits of 

Magellan, is clearly seen by the intrusion of cold water northward along the west coast of 

South America.  This current veers westward near the equator, merging with the South 

Equatorial Current and reaching the latitude of about 2oN (Carrillo 1893).  Similarly, the 

Benguela Current along the west coast of Africa causes coastal waters there to be colder 

than those along the east coast at the same latitude. Thus, the warmest SSTs in DJF are 

mainly located in the Southern Hemisphere tropics, but the distribution is far from a 

uniform zonal belt. 



 4 

 Generally speaking, warm water in the tropics is associated with low sea level 

pressure (SLP: Fig. 1b), but SLP has other influences as well.    Most obvious is the 

zonally symmetric nature of SLP in the southern hemisphere compared with the large 

zonal variations in SLP in the northern hemisphere, highlighting the importance of 

northern hemisphere orography to surface meteorology. Low pressures over most of the 

Maritime Continent, northern Australia, and the equatorial west Pacific can be attributed 

to very warm water in the west Pacific/eastern Indian Ocean, the so-called "warm pool."  

Of course, surface temperature varies over land as well as over water, and this is reflected 

in the high SLP over Siberia during DJF.  We remark in passing that Fig. 1b also shows 

the wintertime Aleutian low (the large region of relatively low SLP over the North 

Pacific), which is part of the Northern Hemisphere's subpolar low pressure belt, and 

whose intensity varies widely within the season.   

 The low pressure over the Maritime Continent is characterized by converging 

surface winds (Fig. 1c).  Consistent with other pressure patterns shown in Fig. 1b, we 

also see the persistent easterly trade winds.  These easterlies are very important to 

tropical ocean circulation: the upper ocean near the equator has a layer of warm, nearly 

isothermal water that absorbs solar radiation and is mixed by turbulent surface winds 

This surface layer of warm water is separated from the deeper colder waters by sharp 

vertical temperature gradients called the “thermocline”. The easterly trades tend to “pile 

up” water in the western basin, causing a deeper thermocline in the west and a shallower 

thermocline to the east. Combined with the rotation of the earth, the easterly winds also 

transport surface water away from the equator (“Ekman transport”, Ekman 1905), 

subsequently upwelling water from below to replace the diverging surface waters. Where 
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the thermocline is closer to the surface (in the eastern basin), the upwelling entrains cool, 

sub-thermocline water to the surface, and generates a “cold tongue” of water in the 

eastern basin. A mean temperature section along the equator, which illustrates the zonal 

structure of the thermocline, is shown in Figure 1 of Capotondi (2010, this volume).  

 Tropical surface winds, particularly the trade winds, tend to converge in zonal 

bands appropriately named "convergence zones" associated with enhanced moisture 

convergence and, hence, enhanced precipitation (Fig. 1d).  Note in particular the 

convergence zones in the Pacific.  The Pacific Intertropical Convergence Zone (ITCZ) in 

DJF is located about 5oN, sandwiched between two dry zonal regions, while the South 

Pacific Convergence Zone (SPCZ) extends southeast from the Maritime Continent.  The 

precipitation pattern bears a striking resemblance to the sea surface temperature (SST) 

pattern for the same time of year (Fig. 1a), with some differences.  The similarities occur 

because warm SST gives the atmosphere above it heat and water.  The warm wet air then 

rises to where the cooler temperatures aloft make it impossible to maintain the moisture 

in the gaseous state, so precipitation occurs, releasing latent heat.  Regions of 

precipitation are not entirely determined by SST, though.  Locations of precipitation are 

also determined by large-scale winds, by orography, and by transpiration associated with 

vegetation.  Strong horizontal winds cause evaporative cooling of tropical SST, thus 

reducing the chance of precipitation in those regions.  And so, as is obvious from Figs. 1 

and 2, the ocean and atmosphere are closely coupled with each other. 

 An indication of how SST, SLP, surface wind and precipitation depend on the 

time of year is shown in Fig. 2, which gives the spatial patterns during the boreal summer 

(June-July-August: JJA).  Departures of tropical and subtropical SST from the zonal 
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mean are even more obvious in the boreal summer/austral winter (Fig. 2a), when water as 

warm as 30oC migrates to latitudes as far north as 30oN, and when the eastern boundary 

currents of the Southern Hemisphere oceans bring 18oC water as far north as 20oS.  Note 

also the boreal summer monsoons over south Asia and the gulf coast of North America, 

the austral summer (DJF: Fig. 1) monsoon over northwest Australia, and the meridional 

migration of the convergence zones.   

 Since the heat capacity of the ocean is so much greater than that of the 

atmosphere, the oceanic annual cycle in the tropical ocean is not as dramatic as in the 

tropical atmosphere.  Nevertheless, the oceanic annual cycle is important.  The annual 

cycle in tropical SST is strongest along the west coast of continents, mostly because 

surface temperatures there are particularly sensitive to seasonal variations in the shallow 

thermocline and to seasonally varying Ekman pumping by the wind.  Elsewhere in the 

tropics, the annual cycle of SST is about the same size as or smaller than a typical El 

Niño or La Niña event.  The equatorial Pacific is characterized by a zonal temperature 

gradient with warm water in the west and colder water in the east.  This temperature 

gradient is weakest in the boreal spring, when the basin-wide difference is about 5oC, and 

strongest in the boreal fall, when it is about 9oC (Philander 1990).  This gradient is 

strongest eastward of 140oW, as is its variation with the seasonal cycle.  Although the 

steady, seasonally averaged zonal winds are essential to maintaining this gradient, the 

seasonally dependent zonal wind variations are also important to both oceanic and 

atmospheric circulation.   

 The effect of SST variations on global weather can be severe.  As we have seen, 

warm SSTs increase the likelihood of precipitation, and latent heat release during 
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precipitation strongly influences atmospheric circulation.  When convection occurs in the 

tropics, but not too near the equator, upper-level divergence caused by the warmed, 

expanding air directly forces quasi-stationary planetary scale vorticity waves (i.e., 

atmospheric Rossby waves: Rossby 1939; 1940; Hoskins and Karoly 1981) that are a 

signature of upper-air circulation in midlatitudes.  These waves are inertial waves 

affected by the fact that the Coriolis force changes with the latitude of the Earth.  In fact, 

although the Coriolis force becomes small close to the equator, its meridional gradient 

there is still significant enough that advection by the divergent wind is an important 

source of atmospheric Rossby waves in the tropics (Sardeshmukh and Hoskins 1988).  

The region of strongest SST forcing of precipitation and, hence, of Rossby wave 

generation in the atmosphere, is in the warm pool located in the eastern Indian and 

western Pacific Oceans.  When this warm pool expands east, as during El Niño, or 

contracts west, as during La Niña, sources of planetary scale waves are strongly 

expanded or contracted, and the world's weather systematically changes. 

 

3) El Niño and La Niña 

a) Phenomenology 

 The sea level pressure (SLP) see-saw between the Eastern South Pacific and 

northern Australia is called the Southern Oscillation and has been identified with various 

regional climate variations for decades (Walker and Bliss 1932; Hastenrath 1991).  This 

phenomenon is measured by the "Southern Oscillation Index (SOI)," which is the SLP 

deviation at Tahiti, in the south-central tropical Pacific (15.5oS, 149.5oW), minus that at 

Darwin, on the northern coast of Australia (12.5oS, 131oE).   SOI is generally negative 
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during El Niño and positive during La Niña (e.g., Berlage 1966; Bjerknes 1969).  The 

coupled nature of the system is often indicated through a combination of the terms 

describing the oceanic phenomenon (El Niño) and those of the atmospheric phenomenon 

(the Southern Oscillation): El Niño--Southern Oscillation, or ENSO. 

 Variations of wind and pressure within the seasonal mean provide perturbations to 

the oceanic thermocline, which then propagate to the east as equatorial Kelvin waves and 

to the west as equatorial and off-equatorial oceanic Rossby waves (Matsuno 1966; 

Philander 1990).  If wind perturbations are easterly, they can excite upwelling Kelvin 

waves, causing the thermocline to shoal in the eastern ocean, chilling SSTs there.  If wind 

perturbations are westerly, they can excite downwelling Kelvin waves, causing the 

thermocline to flatten and eastern ocean SSTs to warm.  When the wind anomalies are 

predominantly easterly or westerly, flurries of oceanic Kelvin and Rossby waves can be 

excited, playing a large role in the development of La Niña or El Niño.  The zonal 

temperature gradient is crucial to the existence of El Niño in many numerical models 

(e.g., Jin 1996; Sun 1997) and its seasonality may play a role in the tendency of El Niño 

to peak in the boreal late fall and winter. 

 A schematic of the description of normal conditions we have just given is 

presented in Fig. 3a.  In Fig. 3b, El Niño conditions are represented.  The trade winds in 

the Pacific have weakened and upwelling in the eastern Pacific is reduced, deepening the 

thermocline there.  As a result, the upwelled waters in the eastern Pacific are warmer, In 

contrast, the mixed layer in the western Pacific is slightly shallower than normal, and 

warm water has sloshed from the warm pool into the central Pacific, bringing convection 
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with it.  This redistribution of tropical heating in the equatorial Pacific has a profound 

effect on tropical and midlatitude circulation.   

 La Niña conditions (3c) in the tropics are basically the opposite of El Niño 

conditions in the sense that Pacific trade winds are very strong; the thermocline is 

shallower in the east and deeper in the west, and precipitation has retreated westward as 

waters around the dateline can no longer support convection.  Again, sources of 

atmospheric Rossby waves are redistributed. 

 If one subtracts the SST pattern typical of neutral conditions (Fig. 3a) from that 

typical of El Niño conditions (Fig. 3b), one obtains the classic El Niño anomaly pattern 

(Fig. 4).  Conversely, the classic La Niña SST anomaly pattern (not shown) is nearly the 

negative of the El Niño pattern, but with some deviations, particularly near the west coast 

of South America (An and Jin 2004) and farther away from the equator.   

 Precipitation difference patterns computed as (a) a composite of El Niño minus an 

equal number of neutral years and (b) a composite of La Niña minus an equal number of 

neutral years are shown in Fig. 5 for DJF.  Relatively few years were used in each 

composite; GPCP precipitation goes back only to the early 1980s.  Years were assigned 

to these categories using criteria from the Japan Meteorological Society (JMA) and 

downloaded from the Center of Ocean-Atmosphere Prediction Studies (COAPS) at 

Florida State University (http://coaps.fsu.edu/jma.shtml).  The JMA index defines 

conditions as El Niño (La Niña) if positive (negative) SST anomalies have persisted in 

the Pacific "Niño 3" region (150W-90W, 4N-4S) for a six-month period including 

October-November-December.  Years not belonging to either category, El Niño or La 

Niña, are denoted as “neutral.”  Note that COAPS uses the beginning month of the El 
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Niño/La Niña event to categorize a particular year; our plots of DJF precipitation assign 

category according to the Niño 3 SST anomaly in February.  We have already described 

precipitation differences in the west tropical Pacific; we additionally note the reduction of 

precipitation during El Niño in the west tropical Atlantic and the northeast region of 

South America, enhancement of the Pacific ITCZ, and enhancement of precipitation in 

the southeast and northwest United States.  Very grossly speaking, La Niña has the 

opposite correlation with precipitation in these regions, but there are obvious deviations 

from strict parity over much of the world.  The same can be said for surface air 

temperature (not shown); although El Niño and La Niña have grossly opposite effects, 

parity violations occur in many parts of the globe.  

 

b) Monitoring ENSO 

 

 Given the extreme effects that a couple of degrees Celsius can have on our 

weather, it is very important to monitor conditions indicating whether or not ENSO is 

likely to be active.  It should be noted that using even a slightly different criterion for 

what constitutes El Niño and La Niña conditions results in maps generally similar to what 

we have shown but with visible differences.  In fact, there is no precise, unanimously 

accepted definition of El Niño.  We have used JMA's definition in Fig. 5; NOAA's 

Climate Prediction Center, which is part of the National Weather Service, declares the 

onset of an El Niño episode when the 3-month average sea-surface temperature departure 

exceeds 0.5oC in the east-central equatorial Pacific [between 5oN-5oS and 170oW-120oW]. 

The two definitions agree in their classification of years in which strong events occur, but 
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disagree on weak events.  They are both based on a single index of SST and, as such, do 

not take into account the different "flavors" of El Niño that may evolve quite differently 

from the others.  Further, these are by no means the only definitions of El Niño.  Other 

definitions in terms of more than a single variable at a single location (e.g., Wolter and 

Timlin 1993; Penland and Sardeshmukh 1995; Trenberth and Stepaniak 2001; Penland 

and Matrosova 2006) represent attempts to compromise between conciseness and 

dynamical description.  In any case, generalizations about details of El Niño based on 

only two or three decades of data deserve some skepticism.  

 In spite of some disagreement about the precise definition of El Niño, specific 

areas in the Pacific Ocean, labeled Niño 1, 2, 3, and 4 (Fig. 6), have been chosen in which 

to monitor sea surface temperature anomalies, either because they represent areas that are 

diagnostically important (e.g., Rasmusson and Carpenter 1982), or because they are close 

to areas directly affected by ENSO.  In the last few years, parts of the Niño 3 and Niño 4 

regions have been combined into an area named Niño 3.4 (5N-5S; 170W-120W) as a 

compromise between the part of the Pacific where the signal is strongest and easiest to 

forecast, i.e., Niño 3, and the warm pool, where variations in the location of Rossby wave 

sources affect the United States the most.  The time series of SST anomalies in the Niño 

3.4 region is shown in Fig. 7 along with the Southern Oscillation Index described above.  

Clearly, the SOI and the Niño 3.4 SST index are highly anticorrelated (-0.84). 

 ENSO is such a large phenomenon that it dominates tropical SST variability no 

matter if one confines analysis to the Pacific or includes other basins.  Empirical 

Orthogonal Functions (EOFs) are the eigenfunctions of a covariance matrix (Hotelling 

1933; Lorenz 1956; Kutzbach 1967) and are an objective technique for identifying 
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patterns that dominate variations in a set of data.  The first Empirical Orthogonal 

Function (EOF 1) of SST in the global Tropics is shown in Fig. 8a along with its 

corresponding principal component  (PC 1; Fig. 8b).  The similarity between EOF 1 (the 

sign is arbitrary) and the tropical SST pattern in Fig. 5 is striking.  The similarity between 

Fig 8b and the Niño 3.4 time series is also striking, with one major exception: PC 1 

shows a definite upward trend, much larger than any trend in the Niño 3.4 time series.  

This is due to contributions to EOF 1 by the warming trends in the Indian and South 

Atlantic Oceans.  

 The Fourier spectrum of the Niño 3.4 SST anomaly time series (Fig. 9) has an 

extremely broad peak at low frequencies, indicative of the non-oscillatory nature of El 

Niño.  In fact, there are several overlapping peaks, dominated by a wide spectral feature 

centered about two years and another wide peak centered around 4 years.   A large 

contribution of interdecadal timescales to the spectrum of Niño 3.4 SST is also obvious 

from the broad spectral tail in Fig. 9.  In particular, ENSO activity varies on decadal and 

longer timescales, as seen in the evolution of the ENSO indices shown in Fig. 7.  

 The origin of this “decadal modulation” is still a topic of active modeling 

research. Some hypotheses invoke wind-driven changes of the upper ocean tropical-

subtropical circulation, affecting the rate of equatorial upwelling, which directly impacts 

SST (Kleeman et al. 1999; Solomon et al. 2003; McPhaden and Zhang 2004; Capotondi et 

al. 2005). Other theories rely on the influence upon the equatorial thermocline of extra-

equatorial Rossby waves generated at higher latitudes than those usually involved in the 

ocean adjustment associated with the interannual ENSO (White et al. 2003, Meehl and 

Hu 2006). Since the oceanic Rossby wave phase speed decreases with increasing latitude, 
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Rossby waves generated further away from the equator may lead to equatorial variations 

at longer timescales. Other hypotheses view tropical Pacific decadal variability and the 

decadal modulation of ENSO as the result of atmospheric noise, since a system with a 

spectral peak at interannual timescales may generate decadal variability when forced with 

noise (Flügel and Chang 1999; Seager et al. 2004).  Still other studies invoke ENSO 

nonlinearities as a source of Pacific decadal variability (Rodgers et al. 2004).  

 It is also unclear how tropical Pacific decadal variability relates to the Pacific 

Decadal Oscillation (PDO: Mantua et al. 1997; Zhang et al. 1997).  The PDO pattern is 

defined as the leading EOF of SSTs poleward of 20N, and the PDO index is its 

corresponding principal component time series.  In fact, we do not know whether the 

PDO represents a mode of dynamic variability that is physically distinct from El Niño 

phenomena.  In spite of its name, the spectrum (Fig. 10) of the PDO index resembles 

most closely the quadratically decreasing spectrum of a random walk. Further, the PDO 

shares many observed dynamical properties with El Niño (Newman et al. 2003; Newman 

2007; Alexander et al. 2008), and its basin-scale pattern can be recovered as the 

superposition of SST patterns that characterize interannual variability, consisting of the 

ENSO precursor, the mature phase, and the decaying tail (Vimont 2005). 

  

Section 4: ENSO in the past climates 

 

  Is ENSO just a feature of the present climate, or did it exist in the past climate 

as well? Because of the profound effects of ENSO events on temperature and rainfall 

over many regions of the world, ENSO did leave its signatures in many proxy records of 
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the past climates.  For example, the increased rainfall and flooding events in Ecuador 

during El Nino events leads to increased lake sediments, which allow the 

paleoclimatologists to extract information about the variability in the level of ENSO 

activity from the lake sediments.  A laminated core from a lake in Ecuador is interpreted 

as showing an absence of ENSO in the early and middle Holocene (6000-10000BP; 

Rodbell et al 1999; Moy et al, 2002; Federov and Philander 2000, 2001). The absence of 

ENSO in the early Holocene (or a significantly weaker ENSO during that period in 

comparison with what is seen today) is consistent with the fossil coral records (Tudhope 

et al 2001; Hughen et al, 1999). Using results from a numerical coupled model of 

intermediate complexity (Zebiak and Cane 1987), Clement et al (2000) suggest that the 

weakened ENSO during the early Holocene may be explained by the difference in the 

earth’s orbital configuration at that time.  Sun (2000), on the other hand, suggested a 

possible reduced vertical stratification in the upper ocean during that period may be 

responsible for weakened ENSO conditions in an attempt to find a simple explanation for 

the results of Sandweiss et al. (1996): on the basis of warm water mollusk shells found on 

the coast of Peru at latitudes (where they are not present today), Sandweiss et al (1996) 

inferred that mean temperatures during the early Holocene were warmer – a persistent El 

Niño state.  This inference, however, was questioned by Clement et al. (2000). They 

pointed out that since the cold (La Niña) phase of ENSO was also weaker at this time, the 

mollusks during that time might not be subjected to the extreme cold temperatures that 

occur with La Niña today. While differences between the mean state of the early 

Holocene and today are still under debate, it is more certain that the level of ENSO 

activity was not constant during the Holocene. The coral records from Cobb et al. (2003) 
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further show considerable variability in the level of ENSO activity during the last 

millennium (Fig. 19 of chapter 5, this volume). 

 

 The fossil coral records of Tudhope et al. (2001) also suggest that ENSO was 

weaker than at present during the glacial era, and of comparable amplitude to the modern 

during the last interglacial period.  More records are needed to establish that this 

description is indeed correct.  

 

 Looking even farther into the distant past, some paleoclimatic evidence suggests 

that ENSO did not exist prior to about 3 million years ago. During the early Pliocene 

period (3-5 million years ago), the tropical Pacific is believed to have been characterized 

by a permanent El Niño (Wara et al. 2005, Fedorov et al. 2006) (Fig. 16 of Chapter 5). 

Modeling evidence by Sun (2000), Sun et al. (2004) suggests that the support of ENSO 

requires that the subsurface thermocline water be sufficiently colder than the tropical 

maximum SST. Thus, the existence of a permanent El Niño (or the absence of ENSO) 

during the warm Pliocence period, when the extratropical regions were much warmer 

than today, is theoretically possible (see the chapter by Sun in this volume). 
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List of Figures 
 

Fig. 1:  December-January-February composite means of a) NCEP/NCAR reanalyses of 
surface skin temperature (SST) in degrees Celsius, 1972-2005, b) NCEP/NCAR 
reanalyses of sea level pressure (mb), 1972-2005, c) NCEP/NCAR reanalyses of surface 
vector wind (m/s), 1972-2005, and d) GCPC Precipitation in mm/day, 1980-2008. 
 
Fig. 2: As in Fig. 1, but for June-July-August composite means. 
 
Fig. 3: Schematic of ocean-atmosphere conditions in the tropical Pacific Oceans during 
a) Normal conditions, b) El Niño conditions, c) La Niña conditions. Figure taken from 
the NOAA/PMEL El Niño Theme page. 
 
Fig. 4:  Composite of warm event SSTs (C) minus a composite of neutral SSTs for 
December-January-February.  Warm events: 1983, 1987, 1988, 1992, 1998, 2003 and 
2007.  Neutral events: 1981, 1984, 1985, 1991, 1996, 2001 and 2005.  Data are taken 
from the NOAA Extended Reconstructed Sea Surface Temperature data set. 
 
Fig. 5: a) Composite of warm event GPCP precipitation (mm/day) minus a composite of 
neutral SSTs for December-January-February.  Warm events: 1983, 1987, 1988, 1992, 
1998, 2003 and 2007.  Neutral events: 1981, 1984, 1985, 1991, 1996, 2001 and 2005.  b) 
As in a) but for cold events (1989, 1999, 2000, 2008) minus neutral events (1985, 1991, 
1996, 2005). 
 
Fig. 6: Map of El Niño index regions.  Green: Niño 4.  Red: Niño 3.  White: Combined 
Niño 1 and 2 regions.  Also outlined is the Niño 3.4 region, which is a compromise of the 
Niño 3 and Niño 4 regions.  Figure taken from NOAA/NCEP/CPC. 
 
Fig. 7: Time series of ENSO indices.  Light dotted line: SOI.  Heavy solid line: three-
month running mean of Niño 3.4 SST anomaly.  The Niño 3.4 anomaly is emphasized for 
comparison with fig. 8b. 
 
Fig. 8: a) Leading EOF of 1951-1985 SSTs taken from the Comprehensive Ocean-
Atmosphere Data Set.  Pattern is nomalized to unity.  b) Corresponding Principal 
Component Time series (PC1). 
 
Fig. 9:  Spectrum (Fast Fourier Transform) of PC1 shown in Fig. 8a. 
 
Fig. 10:  As in Fig. 9, but for the PDO time series (see text for details). 
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