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ABSTRACT

This study shows that, since 1979 when outgoing longwave radiation (OLR) observations became reliably

available, most of the useful U.S. seasonal weather impact of El Niño events is associated with the few events

identified by the behavior of outgoing longwave radiation (OLR) over the eastern equatorial Pacific (‘‘OLR–

El Niño events’’). These events produce composite seasonal regional weather anomalies that are 95% sta-

tistically significant and robust (associated with almost all events). Results also show that there are very few

statistically significant seasonal weather anomalies, even at the 80% level, associated with the non-OLR–El

Niño events. A major enhancement of statistical seasonal forecasting skill over the contiguous United States

appears possible by incorporating these results. It is essential to respect that not all events commonly labeled

as El Niño events lead to statistically useful U.S. seasonal forecast skill.

1. Introduction

The El Niño–Southern Oscillation (ENSO) is the

strongest low-frequency coupled atmosphere–ocean

phenomenon after the seasonal cycle and involvesmajor

disruptions of both the atmospheric and oceanic circu-

lation, particularly in the tropical Pacific but also else-

where. Substantial seasonal surface temperature and

precipitation anomalies around the world, particularly

in the cool seasons, have been associated with its warm

(El Niño) and cool (La Niña) phases (e.g., Ropelewski

and Halpert 1996; Kiladis and Diaz 2009; Larkin and

Harrison 2005a,b). Where statistically strong enough,

these linkages form a basis for predicting seasonally

averaged (‘‘seasonal’’) weather anomalies in the rele-

vant regions and seasons.

Composites of global and U.S. seasonal temperature

and precipitation anomalies over years identified as El

Niño or La Niña have been used to identify the associ-

ations between seasonal weather anomalies and ENSO.

But even in the most strongly affected regions and sea-

sons, considerable differences in strength and spatial

pattern exist between the seasonal weather anomalies

seen in the commonly identified ENSO years. For ex-

ample, in an examination of the effects of El Niño onU.S.

seasonal weather anomalies, Harrison and Larkin (1998)

found that upper-quintile temperature and precipitation

extremes with the same sign as the composite El Niño

average occurred in, at best, only about half of theElNiño

years identified by them, and with much less frequency in

mostU.S. regions. Further, they found that upper-quintile

anomalies of sign opposite to the composite anomaly

were not uncommon in many regions. While these re-

lationships have become an important foundation for

forecasting seasonal weather anomalies (see also Wolter

et al. 1999; Smith et al. 1999), it is worth exploringwhether

improved statistical forecast skill can be obtained.

There has been discussion recently about whether the

commonly used ENSO definitions, which are based on

tropical Pacific surface marine variability [e.g. sea surface

temperature (SST)-based Niño-3 and Niño-3.4 indices
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and the sea level pressure (SLP)-based Southern Os-

cillation index (SOI)] can be improved upon for the

purposes of regional seasonal weather prediction over

the contiguous United States (cf. Larkin and Harrison

2005a,b; Weng et al. 2009). Our work indicates that it

can.

Our focus in this paper is on the connection between

El Niño and seasonal North American and North Pacific

atmospheric circulation anomalies. Current understanding

posits that the chain of events that allows an El Niño event

in the tropical Pacific to influence midlatitude seasonal

weather conditions depends upon anomalous atmospheric

heating across at least the tropical Pacific. The anomalous

heating results from changes in the location and patterns

of deep atmospheric convection, which are associated

with but not entirely determined by anomalous SST. We

find that going directly to outgoing longwave radiation,

which provides a measure of anomalous atmospheric

heating, is key.

Chiodi and Harrison (2010) have recently proposed

an El Niño index based on outgoing longwave radiation

(OLR) behavior in the eastern central tropical Pacific,

where OLR is thought to provide a good proxy for deep

atmospheric convection. OLR behavior in this region

exhibits statistically different characteristics than seen in

the commonly used ENSO indices (Chiodi andHarrison

2010); notably, it is more ‘‘eventlike,’’ exhibiting some

peaks that stand out clearly from the background vari-

ability seen at other times. To streamline its foreseen op-

erational use, we have proposed a redefinition of the OLR

index averaging region, as described further in the data and

methods section. The redefinition enhances the eventlike

quality of the index while preserving the original events

identified over the study period. We describe here some

statistical connections between the events identified by this

OLR–El Niño index and midlatitude atmospheric circula-

tion anomaly behavior that are novel.

To examine the relationship between the behavior of

this OLR–El Niño index and atmospheric circulation

anomalies in the North Pacific and over North America

we perform composite analysis of atmospheric behavior

in the years for which OLR observations are routinely

available (period 1979–2008). Composites based on the

OLR–El Niño events are described and compared with

those based on other years that have ElNiño status based

on the current National Oceanographic andAtmospheric

Administration (NOAA) historical definition, but are

different from those distinguished by OLR behavior. We

focus first on 500-mb geopotential height anomalies,

which are known bymeteorologists to be closely linked to

U.S. seasonal weather anomalies. Since it is the seasonal

weather anomalies that are ultimately the main socio-

economic concern, we also examine the behavior of U.S.

seasonal temperature and precipitation anomalies. We

show that these results will be directly useful to U.S.

seasonal statistical weather prediction efforts.

2. Data and methods

Interpolated daily-average OLR data (Liebmann

and Smith 1996) was obtained from the NOAA/Office

of Oceanic and Atmospheric Research (OAR)/Earth

System Research Laboratory (ESRL) Physical Sciences

Division (PSD), Boulder, Colorado, via their website

(at http://www.esrl.noaa.gov/psd/). The record dates

back to 1974, but includes a gap from March through

December 1978. Our study period is January 1979

through December 2008. Anomalies were determined

by removing the linearly interpolated climatological

monthly average. A climatological base period of 1979–

2008 is used throughout this paper.

The OLR–El Niño index shown herein (Fig. 1) is the

monthly (30-day running average) OLR anomaly over

the region bounded by 58S–58N, 1608–1108W. This is

a subset of the region discussed originally by Chiodi and

Harrison (2010), which used 1708E and 1008W as bound-

aries. The 1708E–1608Wpart of the original index has been

omitted because examination has shown that it exhibits

comparable peak anomalies in a variety of conditions that

include, but are not limited to, the four large events seen in

Fig. 1. The same four events are distinguished by the index

regardless of which averaging region is used; they just

stand out from background variability more clearly us-

ing the modified (1608–1108W) region. The index based

on both the original Chiodi and Harrison (2010) and

FIG. 1. (top) TheOLR–El Niño index and (bottom) the Niño-3.4

SSTA-based index. Solid arrows mark OLR–El Niño events. Un-

filled arrows mark the other years also commonly defined as

El Niño years.
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redefined regions are shown in appendix A for refer-

ence. The redefinition does not affect the results of the

compositing analysis described below; we see it being

useful from an operational perspective.

Monthly average 500-mb-level geopotential height

(z500) fields were obtained from the National Centers

for Environmental Prediction (NCEP) reanalysis data

(Kalnay et al. 1996), and are provided by NOAA/OAR/

ESRL PSD from their website (http://www.esrl.noaa.

gov/psd/data/gridded/data.ncep.reanalysis.html).

Monthly average temperature and precipitation data

for each of the 344 defined U.S. climate divisions were

obtained from NOAA’s National Climatic Data Center

(NCDC 1994), from their website (http://www.ncdc.noaa.

gov/temp-and-precip/us-climate-divisions.php).

The statistical significances of the composite average

z500 and temperature anomalies were determined at

each grid point using Student’s t method for testing

against the null hypothesis that the actual composite

anomaly is zero. For precipitation, which is not normally

(Gaussian) distributed, we use a Monte Carlo/bootstrap

method (Efron and Tibshirani 1991), based on random

sampling of the precipitation anomalies seen in the study

period, to estimate the anomaly statistical significance.

Substantial seasonal weather anomalies occur each

year regardless of ENSO state, and at least a few of the

344 U.S. climate regional divisions are likely to (mis-

leadingly) show statistically significant composite anoma-

lies regardless of the particular years chosen. It is therefore

useful in studies like this, which considers the variability of

themany different climate regions that span the contiguous

United States, to determine whether general characteris-

tics of the anomaly pattern (e.g., the total number of in-

dividual climate divisions with statistically significant

anomalies) are statistically significant in an overall sense.

To do this here, we estimate the overall ‘‘field significance’’

(Livezey and Chen 1983) for each composite by tabulating

the percentage of climate divisions that yield a given at-

tribute (e.g., statistical significance or robustness, as de-

scribed below) and comparing this percentage to the

Monte Carlo/bootstrap probability (N 5 10 000) of ob-

taining that value by random selection (with replacement).

General attributes that are determined unlikely to occur by

chance are then said to be statistically (‘‘field’’) significant.

3. The OLR perspective on El Niño

The behavior of OLR in the eastern central equato-

rial Pacific clearly distinguishes four satellite-era years

(1982/83, 1986/87, 1991/92, and 1997/98) from the back-

ground variability seen at other times (Fig. 1a).

The years distinguished by OLR behavior have com-

monly been identified as El Niño years in the scientific

literature, but not without some debate. Although the

strong events of 1982/83 and 1997/98 are virtually unan-

imous in this respect, 1986/87 is sometimes omitted in

favor of the stronger sea surface temperature anomaly

(SSTA) amplitudes seen in 1987/88, and both 1986/87 and

1991/92 have been classified differently than 1982/83 and

1997/98 by some recent studies that focus on differences

in tropical Pacific SSTA-warming patterns (see Weng

et al. 2009; Kug et al. 2009). Although many similarities

are evident between tropical Pacific surface marine and

OLR variability (cf. Figs. 1a and 1b), the OLR perspec-

tive does not easily emerge from consideration of surface

marine variability alone. Notably, broadscale deep at-

mospheric convection conditions do not reach the eastern

equatorial Pacific in all of the years with warm SSTAs

in the eastern central tropical Pacific (e.g., Niño-3 or

Niño-3.4 averaging regions). We will refer to the four

events distinguishedbyOLRbehavior as theOLR–ElNiño

events. In addition to these four events, five others in the

1979–2008 period are also defined as El Niño events by the

current NOAA historical El Niño definition but not dis-

tinct based onOLRbehavior.We refer to these five events

as the non-OLR–El Niño events.

For reference purposes we list in Table 1, for each of

the four OLR–El Niño events, the months in which the

monthly OLR–El Niño index first crossed220 W m22,

a value that is not seen in any of the other years in re-

cord (no other peak anomaly crosses 215 W m22). The

OLR–El Niño index crosses this threshold by the begin-

ning of winter in each of the four events except 1986/87.

Trial shows that small decreases in this threshold (e.g.,

using the 21.5s value of 17.5 W m22) can be made

without changing the dates listed in Table 1, whereas

increases eventually highlight the larger events of

1982/83 and 1997/98.

Composite analysis shows that the wintertime

(December through February) average OLR anomaly

conditions during the four OLR–El Niño events exhibit a

broad and statistically significant negative anomaly that

spans the central and eastern equatorial Pacific. A statis-

tically significant and positive anomaly is also seen in the

far western Pacific in the OLR–El Niño event composite

TABLE 1. Dates at which the monthly (30-day-running mean)

OLR–El Niño index first crosses the 220 W m22 value during the

OLR–El Niño events.

OLR–El Niño

year 1982–83 1991–92 1986–87 1997–98

Date October

1982

November

1991*

March

1987

May

1997

* The index magnitude weakens in December 1991 before crossing

the 220 W m22 value again and strengthening well beyond it in

January 1992.
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(Fig. 2a). Thus, although the OLR–El Niño events are

usefully distinguished by the unusual occurrence, as seen at

monthly time scales, of deep atmospheric convection

conditions in eastern central tropical Pacific (i.e., 1608–
1108W), the seasonal-scale atmospheric heating anomalies

that occur during these events are not limited to the zonal

bounds of the OLR index averaging region. On the other

hand, statistically significant (negative) OLR anomaly at

this time is mostly only seen near the date line in the non-

OLR–El Niño case (Fig. 2b).

4. Composite atmospheric circulation anomalies

To examine the midlatitude atmospheric circulation

anomalies that occur during these events we composite

seasonally averaged 500-mb geopotential height anom-

alies (z5009) using two different lists of years. The first

includes the four OLR–El Niño events (1982/83, 1986/

87, 1991/92, 1997/98) and the second includes the five

non-OLR–El Niño events (1987/88, 1994/95, 2002/03,

2004/05, 2006/07).We focus first onwintertime [December–

February (DJF)] averages.

The anomaly patterns in the OLR and non-OLR

z5009 composites are quite different. In the DJF OLR-

event case, a coherent negative anomaly is seen in the

North Pacific along with a positive anomaly over much

of central Canada and the northern United States such

that the contour lines between these two extremes

(signifying the direction of the anomalous 500-mb geo-

strophic flow) roughly align with the western North

American coastline (Fig. 3a). Also, a negative anomaly

is seen over much of the southern United States and

Mexico.Much of this anomaly pattern, including regions

over North America, is statistically significant in a local

sense (red shading). Based on the fraction of the area

shown with locally statistically significant anomaly, the

OLR-event z5009 composite is field significant at the 98%

confidence level. The pattern seen in this case is very sim-

ilar to others previously attributed to ENSO forcing (e.g.,

Hoerling and Kumar 2002).

A different sort of behavior is seen in the non-OLR-

event composite (Fig. 3b). In this case, a positive anomaly

occurs over northwestern Canada, but it is relatively

weak, not locally statistically significant, and displaced far

to the northwest of the positive anomaly that is located

over the northern United States and central Canada in the

OLR-event case. The non-OLR-event z5009 composite

also lacks statistically significant anomalies (gray shading)

over the North Pacific and the contiguous United States

and Canada. The non-OLR event z5009 composite is not

field significant.

It is useful to also consider composites based on all

nine of the events comprising the OLR- and non-OLR-

event year lists. A similar anomaly pattern is seen in

both the OLR- and nine-event DJF z5009composites

(cf. Figs. 3a and 3c). Both cases yield field significant

anomaly patterns (p 5 0.98 and 0.95, respectively). How-

ever, the amplitude of the OLR-event composite anomaly

(peak negative anomalies about280 m) is roughly double

that of the nine-event composite anomaly (peak negative

anomalies about 240 m): the non-OLR years do not

contribute much to the pattern seen in the 9-yr composite.

We have also examined the extent to which the z500

anomalies seen in each of the four individual OLR events

resemble the z5009composite. Although some pattern and

intensity details vary from year to year, visual inspection

(individual DJF z5009 averages are shown in appendix B,

Fig. B1) shows that similar features appear over theNorth

Pacific (negative anomaly), across much of the southern

United States and Mexico (negative anomaly), and over

much of the Great Lakes region and central Canada (pos-

itive anomaly) in each of the four OLR-event years. And

although the behavior seen over the North Atlantic and

surrounding regions differs in each of these four years,

the overall robustness of the OLR composite is good;

based the extent of the area with the same-sign anomaly

in each of these four years (shown by shading in Fig. B1),

our Monte Carlo methods estimate that the OLR com-

posite is field significant at the 99% confidence level.

In contrast, each of the DJF z500 anomalies seen in

the five non-OLR events (shown in Fig. B2) have a

considerably different character, suggesting that the

effects of tropical Pacific forcing on the mean regional

atmospheric circulation during these events are sec-

ondary to other sources of midlatitude atmospheric

variability. Based on the extent of the area with the

FIG. 2. Wintertime OLR anomaly composites for (top) the four

OLR–El Niño events and (bottom) five non-OLR–El Niño events,

period 1979–2008. The contour interval is 10 W m22 (zero omitted),

with shading where the composite anomalies are statistically signifi-

cant at the 95% level based on bootstrap/Monte Carlo methods.
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same sign anomaly in each of these five years, the non-

OLR-event composite does not approach field sig-

nificance (,50% confidence level, even taking into

account that five rather than four years are considered

in this case).

We have also examined OLR and non-OLR event

z5009 composites for the overlapping three-month

averages from September–November (SON) through

March–May (MAM), but found that only the OLR-

event composites based on November–January (NDJ),

DJF, and January–March (JFM) averages yield field

significant z5009 anomaly patterns (.90% confidence

level). Unsurprisingly, the pattern is seen in each of these

three overlappingOLR-event cases is similar (appendix C,

Fig. C1). A weaker, but recognizable pattern, is also seen

in the subsequent February–April (FMA) average. None

of the non-OLR-event z5009 composites yield field sig-

nificant anomalies (not shown).We turn attention now to

DJF-average temperature and precipitation anomaly

composites over the contiguous United States.

5. Temperature anomalies

The composite DJF temperature anomaly from the

four OLR–El Niño years is shown in Fig. 4a, with

shading provided in each of the 344 U.S. climate di-

visions that reach statistical significance (p . 0.95) in

a local sense. Coherent and statistically significant warm

anomalies, with amplitude .38, are seen over much of

the north-central United States, along with anomalously

cool temperatures in several southwestern states. The

OLR–El Niño DJF temperature composite is field sig-

nificant (98%) based on the number of climate divisions

(126) that yield statistically significant anomalies.

The non-OLR-event composite (Fig. 4b) has few re-

gions with statistically significant temperature anoma-

lies, and is not field significant.

The nine-event composite (Fig. 4c) has statistically

significant warm anomalies in many of the same north-

central regions seen in the OLR-event composite, al-

though smaller amplitudes are generally seen in these

FIG. 3. Wintertime composite geopotential height anomalies.
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regions in the 9-yr composite. The southwestern United

States does not have statistically significant anomalies in

the 9-yr composite, although the additional regions of

the Pacific Northwest that reach statistical significance

in this case, but not in the OLR-event case, allow the

nine-event composite to reach field significance (95%

level).

We have examined the individual DJF-average tem-

perature anomalies from each of the four OLR–El Niño

events (shown in appendix B, Fig. B3), and found that

the main features of the composite anomaly pattern are

consistent in each (as opposed to perhaps being the re-

sult of disproportionately-large anomalies in just one or

two of the years). Substantial (.38) warm anomalies are

seen over a large and coherent block of the north to

north-central United States in each of these four years.

And, albeit with some variation in their extent and po-

sition, cool anomalies are also seen in the Southwest in

each of these seasonal anomalies, confirming good ro-

bustness for this anomaly feature as well. The anomalies

seen in these four years in other regions, such as themid-

Atlantic and New England states, however, have dif-

ferent characteristics in each year.

Unlike the OLR-event case, the DJF-averaged tem-

perature anomaly patterns seen during the five non-

OLR-event years (Fig. B4) are substantially different

from one another. It may be notable, however, that

1994/95 and 2002/03, the two non-OLR-event years with

height anomalies that are negative in the North Pacific

and positive across the northern/northwest United

States show coherent warming over much of the western

United States (cf. Figs. B2 and B4).

6. Precipitation anomalies

The composite average DJF precipitation anomaly

over the four OLR-event years is shown in Fig. 5a. In

this composite, substantial (.1 in. month21) and sta-

tistically significant wet anomalies are seen over many

of the regions bordering the Gulf of Mexico, the mid-

Atlantic coast, and in the southern United States. Some

indications of dry conditions are also evident in Mon-

tana and the Ohio Valley, but over far fewer regions

than experience statistically significant wet conditions.

This composite anomaly is moderately field significant

(93%).

FIG. 4. Wintertime composite temperature anomalies.
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The non-OLR-event DJF precipitation composite

(Fig. 5b) has very few regions with statistically significant

(.95%) temperature anomalies and is not field significant.

The nine-event precipitation composite bears some

resemblance to the OLR-event composite in that some

of the same regions are significantly wetter/dryer than

usual, but unlike the OLR-event case, the nine-event

composite is not field significant (,80%).

Comparison of the DJF-average precipitation anom-

alies during the four OLR-event years shows that many

of the same Gulf Coast, mid-Atlantic, and southern

U.S. regions experienced unusually wet conditions in

each of these four years, although the intensity of these

conditions varied considerably from year to year (ap-

pendix B, Fig. B5). Other U.S. regions experienced

mainly a mix of wet and dry conditions in these years.

We have examined the DJF-average precipitation

anomalies during the five non-OLR event years (shown

in appendix B, Fig. B6), but find it difficult to identify

characteristics that are substantial and common to all

five, or even just four out of these five years.

7. Discussion and conclusions

The seasonally averaged z5009, temperature, and pre-

cipitation anomalies seen during the recentElNiño events

that are distinguished by OLR behavior in the eastern-

central equatorial Pacific reveal highly statistically signif-

icant wintertime weather anomaly patterns with good

event-to-event consistency over much of the contiguous

United States. The seasonal temperature anomaly pat-

terns seen during these years are characterized mainly by

the now-familiar warmer than usual wintertime tempera-

tures acrossmuch of the northern, especially north-central,

United States, and the precipitation patterns by signifi-

cantly wetter than usual wintertime conditions in many

southeastern U.S. states. The fall and spring seasonal

weather anomaly composites do not have nearly the levels

of robustness and statistical significance seen in the win-

tertime composites.

Many features of the OLR–El Niño wintertime anom-

alies are recognizable in previous, and in some cases

now long-standing, studies of midlatitude atmospheric

FIG. 5. Wintertime composite precipitation anomalies.
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variability (see Wallace and Gutzler 1981 for a seminal

examination of regional atmospheric circulation patterns).

The novel result here is that the wintertime anomaly pat-

terns seen in theOLR–ElNiño years aremuchmore highly

robust and statistically significant than the other years

identified asElNiño by theNOAAdefinition. In particular,

the non-OLR–El Niño years do not often exhibit the sea-

sonal U.S. weather anomalies of the OLR–El Niño events.

Compared to the OLR–El Niño events, the non-

OLR–El Niño years have wintertime tropical Pacific

OLR anomalies that are much weaker and of limited

extent. We imagine that the relative lack of U.S. seasonal

weather anomalies during the non-OLR–El Niño years

results from this much reduced anomalous atmospheric

heating. However, attribution studies with dynamical

models capable of reproducing the observed links be-

tween tropical OLR conditions and the extratropical at-

mospheric variability will be needed to gain a better

understanding of the dynamically key OLR features.

We have attempted but so far been unable to distin-

guish OLR and non-OLR events based on the observed

spatial distribution of tropical Pacific SSTA alone. While

it is perhaps not surprising that the two El Niño events

with the largest SSTAs (1982/83, 1997/98) are in theOLR

event group, and the smallest (2004/05) in the non-OLR

event group, it is difficult to identify other SSTA char-

acteristics that are unique to either. Some recent studies

have called attention to event-to-event differences in the

locations [e.g. central versus eastern tropical Pacific] of

the maximum El Niño SSTAs (e.g., Larkin and Harrison

2005a,b; Kug et al. 2009;Weng et al. 2009). We, however,

find no simple relationship between this aspect of SSTA

and OLR behavior. For example, both OLR-events

(1986/87, 1991/92) as well as non-OLR events (1994/95,

2002/03) have DJF SSTAs with similar amplitude max-

ima located in the central rather than far eastern Pacific.

Likewise, DJF SSTA maxima in the far eastern Pacific

(seen in 1982/83, 1997/98, and 2006/07, albeit with dif-

ferent amplitudes) are not unique to either group.

It can now be seen that forecasts based on previous

statistical linkages that include the OLR–El Niño events

along with the non-OLR–El Niño events will be domi-

nated by the impacts seen during theOLR–ElNiño events

and not be representative of the others. To the extent that

this behavior, evident in the 30-yr period for which high-

quality OLR information is reliably available, remains

unchanged in the coming decades, distinguishing among

OLR and non-OLR–El Niño events offers a means for

improving forecasts ofU.S.wintertimeweather conditions.

It is notable that the OLR–El Niño index has tended

to distinguish the OLR–El Niño years from others

before the arrival of the wintertime impacts (three out of

four cases, 1986/87 being the exception). It is difficult to

know if this aspect of the OLR–El Niño event behavior

will typify future events, but to the extent it continues the

OLR–ElNiño index andOLR–ElNiño seasonal weather

anomaly composites described here will provide a useful

basis for seasonal forecasting in the affectedU.S. regions.

The processes controlling the underlying tropical Pacific

OLR behavior, and whetherOLR–El Niño events can be

predicted in advance of their operational identification

remains uncertain, but may provide fruitful ground for

future study.
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APPENDIX A

Comparison of the Redefined and Chiodi and
Harrison (2010) OLR El Niño Indices

The OLR-based El Niño index discussed above and

by Chiodi and Harrison (2010) is shown here for refer-

ence purposes. Note that the same four pairs of years

(1982/83, 1986/87, 1991/92, 1997/98) are distinguished by

large events in each case, but more so in the redefined

index (upper panel of Fig. A1), because compared to the

Chiodi and Harrison (2010) version, it omits the near

date line (1708E–1608W) region, which shows comparable

strong anomalies in a number of years that include, but are

not limited to, those distinguished by the four large events.

APPENDIX B

The DJF Geopotential Height, Temperature, and
Precipitation Anomalies Seen in Individual Years

The 500-mb geopotential height (Fig. B1 and B2),

temperature (Fig. B3 and Fig. B4), and precipitation

anomalies (Fig. B5 and Fig. B6) averaged over the in-

dividual DJF periods that comprise the OLR–El Niño

event and non-OLR–ElNiño event lists are shownherein.

APPENDIX C

Composite Geopotential Height Anomaly in
Overlapping Seasons

The OLR–El Niño z5009 composites for each of the

overlapping 3-month periods from boreal fall (SON) to

spring (MAM) are shown herein. Unlike the OLR-event

case, the non-OLR–El Niño composites (not shown) do

not yield field significant anomalies in any of the 3-month

periods considered (Fig. C1).
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FIG. A1. OLR anomaly averaged over the box bounded by 58S–
58N and (top) 1608–1108W; (bottom) 1708E–1108W. The curve in

the top panel is repeated from Fig. 1 for comparison.

FIG. B1. Wintertime geopotential height anomalies during the four OLR–El Niño years.
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FIG. B2. Wintertime composite geopotential height anomalies during the five non-OLR–El Niño years.
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FIG. B3. Wintertime temperature anomalies during the four OLR–El Niño years.
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FIG. B4. Wintertime temperature anomalies during the five non-OLR–El Niño years.
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FIG. B5. Wintertime precipitation anomalies during the four OLR–El Niño years.
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FIG. B6. Wintertime precipitation anomalies during the five non-OLR–El Niño years.
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FIG. C1. OLR–El Niño event composite geopotential height anomalies.
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