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Abstract: A pronounced climatic pattern, synonymous with protracted EbNiativity, persisted during much

of the first half of the 1990s. The impact of this anomaly was primarily a consequence of its duration, which
was much longer than the life cycles that have marked a number of the well-documented majto EV&lits

over the last 30-odd years. Depending on which oceanic or atmospheric parameters or which regions of the
Indo-Pacific basin are examined, this recent pattern has been described as either a ‘sequencé @&\ ritkn

or a ‘persistent’ El Nio episode. Such an occurrence has been attributed to a variety of causes, ranging from

-l an enhanced greenhouse effect to volcanic dust to a major change in the earth’s climate system. Much of the
,/f h‘\_ above conjecture has occurred because the recent’BlS¢iquence/climatic anomaly has been considered with
II.—." regard to only contemporary data and events. This study first expands this perspective by examining evidence
f | for both protracted El Nia and La Nita phases of the El NaSouthern Oscillation (ENSO) in historical
'-.,_-' instrumental data. However, since the presence of such signals in records of relatively short length is of limited
'“*x J_,a" statistical significance, recourse to reconstructions based on longer proxy records is hecessary. A reconstruction
e S of the Southern Oscillation Index (SOI) derived using a multiple regression model incorporates tree-ring records
from ENSO-sensitive regions of the Pacific, including the southwestern USA, Mexico and Indonesia. This
HOLOCENE reconstruction shows a number of ‘persistent’ Eféand La Nifa event sequences through time. Due to their
;q'-ﬁ&:"'r generally lower and differing temporal and spatial resolution, the length and amplitude of palaeo-events cannot
L8

always be compared directly among different proxies or with events in the various instrumentally based records.
Nevertheless, the reconstruction demonstrates that features indicative of ‘persistent’ event sequences have
occurred prior to the period of instrumentally based indices. This finding is supported by documentary evidence
from other ENSO-sensitive regions across the Indo-Pacific basin.

Key words: ENSO, El Nifo, La Nifa, Southern Oscillation Index, persistence, instrumental records, historical
records, Indo-Pacific basin, Pacific Ocean.

Introduction nifying a regime change in the climatic system (Graham, 1994;
Kerr, 1994; Milleret al, 1994a; 1994b; Latikt al, 1995; 1996;
During much of the first half of the 1990s, the global climate 1997; Wang, 1995; Kleemaet al., 1996; Webster and Palmer,
system was affected by a climatic anomaly that could be inter- 1997)? Alternatively, was Mount Pinatubo haze or some combi-
preted as suggestive of an unusual EfdNphase of the broader nation of the above factors a possible cause (Kerr, 1993; Latif
El Nifio Southern Oscillation (ENSO) phenomenon (Goddard and and Barnett 1994a; 1994b; Trenberth and Hurrell, 1994; Gu and
Graham, 1997). Apart from the odd month or two, the Tahiti- Philander, 1995; Jiangt al, 1995; Wang and Ropelewski, 1995;
Darwin Southern Oscillation Index (SOI) was consistently nega- Self et al, 1997)? Complicating such conjecture is the fact that
tive from August 1990 until June 1995 (Allat al., 1996a). How- most stages of the recent event were poorly predicted by numeri-
ever, during this time the SOI fluctuated in intensity to the extent cal models of ENSO, indicating that these models do not include
that one could argue that three closely following ETdlepisodes all that is needed to forecast the phenomenon (Kerr, 1993). This
occurred, or equally that the climate system has been in a ‘persist-is not surprising, given that aspects of the ENSO structure encap-
ent’ El Nifio state (Liuet al, 1995). Several questions have sulated in such models have evolved from considerations of the
emerged. Is such a sequence unique in the climatic record (Gagecanonical life cycle observed during many major events during the
et al, 1996; Trenberth and Hoar, 1996; 1997; Harrison and Lar- late 1950s to early 1970s through to the different spatio-temporal
kin, 1997; Rajagopalaet al, 1997)? Can it be taken as a possible structure of the events of the 1980s (Allahal., 1996b).
manifestation of enhanced greenhouse conditions, or even as sig- Other evidence points to the presence of natural fluctuations in
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the climate system and ENSO on decadal to multidecadal time- maries. Authors who provided additional material or raw data
scales (Allanet al, 1996b; Brassington, 1997), and the need to from their published studies are cited in the Acknowledgements.
resolve the nature and impacts of such variability on climatic pat- The most widely used long-term signatures of the ENSO
terns. Most recently, Wang and Wang (1996), Torrence and phenomenon have been indices of the Southern Oscillation (Allan
Webster (1998) and Torrence and Compo (1998) have used wave-et al, 1996a; 1996b). Of those that have been derived, the most
form and wavelet analyses of oceanic and atmospheric data tocommonly used is the Tahiti-Darwin SOl (anomalies of monthly
reveal a varying nature for ENSO phases over various parts of the Tahiti minus Darwin MSLP differences are standardized by the
historical record. Not only has the amplitude/variance of ENSO standard deviation of the Tahiti minus Darwin series) often attri-
fluctuated between periods of more robust signal in the 1870- buted to Troup (1965), but first detailed in raw tabulated form by
1910s and 1970-90s and less energetic signal in the 1920-30<ittock (1974). Historical mean sea-level pressure (MSLP) rec-
and 1960s (Allanet al, 1996b), but ENSO has also varied in ords for Darwin (since 1874) and Tahiti (since 1876) were
periodicity. From 1870 to 1910 the SOI had a dominant period obtained from the sources referenced in Alitnal. (1991). The
of 3—4 years, from 1910 to 1920 and again from 1930 to 1960 it full historical SOI series, and those portions relating to extended
was 5-7 years, and from 1970 to 1990 it was 5 years (Wang El Nifio and La Nim phases, were constructed in the manner
and Wang, 1996). Such broad characteristics are also evident indetailed in Allanet al. (1991). Periods of missing MSLP data at
a comparison of various wave analyses of ENSO signatures in either Tahiti or Darwin were filled with values from the Young
Kestin et al. (1998), and with particular reference to Indian sum- (1993) reconstruction, and the entire historical SOI series back to
mer monsoon rainfall and Nin3 region SSTs in Torrence and 1876 was then recalculated. This infilled SOI is shown to be
Webster (1998). In fact, Torrence and Webster (1998) indicate extremely highly correlated @ +0.99) with the only other avail-
that interdecadal fluctuations in ENSO are linked to similar vari- able monthly gap-filled SOI (Jones, 1988; Kelly and Jones, 1996)
ations in Indian summer monsoon rainfall. They further suggest in Allan et al. (1996a). The SOI was not reconstructed before
that differences in ENSO characteristics between the 196079 and1876 due to concerns about the reduction in variance in the Tabhiti
1980-95 epochs are due to fluctuations in its phase locking with MSLP record.
the annual cycle which, in turn, affects the strength of the ENSO  Historical sea-surface temperatures (SSTs) for the central-
‘predictability barrier’ (the period when predictability is weakest) eastern equatorial Pacific (CEP-EEP) dli& and Niro 4 regions
in the boreal spring (austral autumn). Thus, there is a growing were obtained from the Hadley Centre for Climatic Prediction and
need to resolve the full nature of ENSO fluctuations in the context Research, United Kingdom Meteorological Office (UKMO)
of natural and anthropogenic influences on the climate system. (Rayner, 1996, personal communication). Details of the Global

In this paper, an evaluation is made of the degree to which the sea-lce and Sea Surface Temperature (GISST) data set from
most recent El Nin sequence is unusual relative to prior long which the Nito 3 and Nio 4 region SST anomalies were derived
events using historical, instrumentally based, documentary andare provided in Parkeet al. (1995) and Rayneet al. (1995).
palaeoclimatic records. To place the sequence in perspective, The studies by Allan (1993) and Allagt al. (1996b) detail a
schematic maps of the global rainfall signhatures of the long event number of recent papers that resolve significant spectral signals
from 1990 to 1995 are compared and contrasted with the averagein oceanic and atmospheric variables indicative of ENSO phases
El Nifio pattern derived from a composite of contemporary events in the Indo-Pacific region. The two most dominant signals are a
(Allan, 1993; Whetton and Rutherfurd, 1994; Allahal., 1996b). quasibiennial (QB) frequency of around 18 to 35 months, and a
Instrumentally based indices calculated from various oceanic andlower frequency (LF) of around 32 to 88 months. As the interac-
atmospheric parameters are then examined and decomposed inttion between these frequency bands is seen to dictate a great deal
their dominant spectral components. Such data are analysed forof ENSO nature, all of the instrumentally based indices detailed
periods of what have been termed ‘persistent’ ErdNand, to above are filtered in the QB and LF ranges by a recursive But-
encompass the whole phenomenon, LaaNionditions in the his- terworth (bandpass) filter (Stearns and Hush, 1990) after having
torical instrumental period. Overall, these records provide a depic- had their linear trends removed.
tion of major fluctuations in ENSO variables over the past 120  The longitude-time diagram of recent SST anomalies across the
years. Yet, even this time interval cannot reflect the full range of tropical Pacific was redrawn from TAO Project Office/
spatial and temporal variability of the phenomenon. In order to PMEL/NOAA sections available on their World Wide Web
expand an evaluation of the nature of the most recent event, docu-(www) site. Precipitation anomalies during 1990, 1991, 1992,
mentary evidence and several well-dated high-resolution proxy 1993, 1994 and 1995 were redrawn from impact maps and
records are explored in order to place recent events into a betterdescriptions in various issues of tiidimate System Monitoring
context with regard to past situations and the longer term natural Monthly Bulletinlisted in the references. The 1994 and 1995 maps
(i.e., non-anthropogenic) variability of the climate system. The were drawn from data on the World Meteorological Organization
prime focus of this analysis is a new experimental SOI reconstruc- (WMO) www site.
tion by Stahleet al. (1998), using tree-ring data from the Pacific A number of research papers have described proxy and histori-
Basin. Such high-resolution proxy data sequences are beingcal data series which relate to ENSO (e.g., Lough and Fritts, 1985;
encouraged and expanded with the implementation of the Stewartet al, 1989; Lindesay and Vogel, 1990; Cleavelaidl.,
PAGES/CLIVAR initiative of the Annual Records of Tropical 1992; Stahle and Cleaveland, 1993; Cetel., 1993; Jacoby and
Systems (ARTS) (Cole, 1997). The above report shows a reason-D’Arrigo, 1990; D’Arrigo et al, 1994; Druffel and Griffin, 1993;
able distribution of sites across the tropical-subtropical Indo- Dunbaret al, 1994; Quinn, 1993; Quinat al, 1993; 1996; Whet-
Pacific region, a situation which is improving rapidly (Figure 1 ton and Rutherfurd, 1994; Cook, 1995; Tudhogteal, 1995;
in Cole, 1997), and indicates the potential for the construction of Charleset al, 1997; Mooreet al,, 1998). The locations of these
spatial fields of proxy climatic indicators in the near future. proxy records across the Indo-Pacific basin are shown in Figure
1. The geographical positions of the proxy data sources match
regions where contemporary ENSO rainfall anomalies occur
(Figure 2). However, as noted in the following section, only the
tree-ring proxy records were able to be used in this paper.

The SOI reconstruction used in this study is for the boreal win-
Various data sets examined in this study were drawn, where poss-ter (DJF) and is detailed in Stahé al. (1998) and evolved in
ible, from research papers in the literature and climatic sum- the following manner. Various combinations of proxies related to

Data sources and methods
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Figure 1 Location of proxy data types over the Indo-Pacific region discussed in this paper.
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Figure 2 Schematic diagram showing a composite of global Eld\precipitation anomalies derived from contemporary and some historical records.
Average monthly durations of the anomalies are shown by boxed letter sequences. Anomaly shading signatures are given in the key.

ENSO-type variables were evaluated for inclusion in experimental precipitation anomalies to define ENSO influence does not pro-
versions of the SOI reconstruction. The final reconstruction is duce a pattern that is very different from that defined by air tem-
based only on the tree-ring data from Java, Indonesia and theperature relationships (see Halpert and Ropelewski, 1992; Atlan
southwestern USA and Mexico. Other series were omitted from al., 1996b). The only major exceptions are in Alaska/northwestern
the final reconstruction for various reasons. Some of these seriesCanada and the southwestern Pacific, although some of the timing
lacked a temporal length extending well beyond the historical of rainfall and temperature responses in overlapping regions does
instrumental record, did not possess stable variance over time ordiffer slightly.
did not display a significant correlation with the historical Tabhiti-
Darwin SOI. Others were omitted on the grounds that they
showed most response on longer decadal-multidecadal timescalefnstrumental record
and little consistent relationship with interannual or low-frequency
fluctuations in ENSO. The development of an SOI reconstruction Description of 1990-1995 El Nifio sequence
reflecting the boreal winter situation is particularly advantageous, As the ENSO phenomenon involves an aperiodic, large-scale
in that it encompasses the season of strongest ENSO influence irocean-atmosphere interaction centred in the Indo-Pacific basin
contemporary and historical data series. The reconstruction coversthat generates atmospheric perturbations which carry its influence
the period from 1706 to 1977, and explains some 53% of the to higher latitudes in both hemispheres, its physical manifestations
observed SOI variance for the period 1877-1977 (Stahlal., take on near-global dimensions. Papers by Ropelewski and
1998). Halpert (1987; 1989), Kiladis and Diaz (1989) and Halpert and
As teleconnections to higher latitudes can vary between ENSO Ropelewski (1992) and the atlas/book of Alla al. (1996b)
phases (Allaret al.,, 1996b), efforts have been made to focus on detail schematic maps showing the spatial and temporal patterns
more tropical-subtropical proxies. This is particularly true of the and evolution of global precipitation and temperature impacts gen-
Pacific-North America (PNA) teleconnection which has been erated by both ENSO phases (EI"Niand La Nifa). Such dia-
shown to be linked more closely to interdecadal patterns than to grams encapsulate the most coherent signals evident from com-
interannual ENSO fluctuations (Glangt al., 1991). posites of the more pronounced events, and have a tendency to
It should also be noted, that focusing on the distribution of reinforce the canonical pattern associated with the phenomenon.
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Nevertheless, they are important visual impressions of some of port for such evidence, with a period of low values in the first
the physical manifestations that occur during major ENSO phases.third of the year, a return to positive values during the mid-
Patterns of near-global precipitation derived from such com- seasons, and a fall in the index in the last third of 1990 (see
posites for the El Nin or warm phase are shown in Figure 2, and Figure 5).
are contrasted with the precipitation response during each year of By 1991 (Figure 3b), indications of an El Ninevent were
the recent ‘persistent’ event in Figure 3, a-f. As can be seen in much more prominent and widespread in the global precipitation
Figure 2, the regions of precipitation anomalies vary in the timing anomalies. Major and widespread drought conditions are evident
of their response to El Nim episodes. However, there is a tend- in Indonesia, New Guinea and eastern Australia during the austral
ency for the regions of major spatial extent to show peak responsewinter and spring seasons. The SOl was negative with an increas-
in the boreal summer to winter period. Other hydrological, clima- ing downward trend during 1991 signifying the development of
tological and environmental responses over the globe during botha mature event (Figure 5).
phases of ENSO can be found in Halpert and Ropelewski (1992), During 1992 (Figure 3c), oceanic and atmospheric variables
Allan (1993), Whetton and Rutherfurd (1994) and Allah al. suggest that warm event conditions, evident during the first third
(1996b). Detailed descriptions of climatic patterns during the of the year, appear to be diminishing by the middle seasons. The
recent El Nifo sequence are given in tidimate System Monitor- SOl reflected these conditions, with a jump back to positive values
ing Monthly Bulletinsand in articles on the global climate and in May, and again between August and September (perhaps sug-

seasonal climate summaries in theurnal of Climateand the gesting a breakdown in the event), giving way to negative values
Australian Meteorological Magazinegspectively. for the remainder of the year (Figure 5).

Major precipitation anomalies in 1990 (Figure 3a) show mini- The redevelopment of the El Ninin late 1992 continued
mal coherence with those associated with average Eb Mon- throughout most of 1993, until a return to a weak positive SOI

ditions (Figure 2). However, there are indications that a warm in November and December (Figure 5). Precipitation anomalies
event was evolvingGlimate System Monitoring Monthly Bulletin, in 1993 (Figure 3d) showed patterns that were less suggestive of
1990). The Southern Oscillation Index (SOI) provides further sup- El Nifio responses as the year progressed.
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Figure 3 Schematic diagrams showing global precipitation anomalies for the years (a) 1990, (b) 1991, (c) 1992, (d) 1993, (e) 1994 and (f) 1995. Average
monthly durations of the anomalies are shown by boxed letter sequences. Anomaly shading signatures are given in the key.
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SST Anomalies (°C) and precipitation anomalies had returned to near-average distri-
1990 butions and indicated an end to the ElNisequence (Figure 3f).
Positive SOI values during the three-month period from July to
September 1995 supported the cessation of ‘persistent’ Eb Nin
conditions and even became indicative of the LaaNavent that
occurred in late 1995 and matured in 1996.

1991

1992 The course of the recent protracted El"dlican be traced
5 through various oceanic and atmospheric variables in the Indo-
g 1993 Pacific region (McPhaden, 1993; TAO www site). Perhaps the
! most revealing aspects of this episode can be charted by the oce-
1994 anic temperature profile across the equatorial Pacific. Figure 4
shows a longitude-time series plot of SST anomalies in the equa-
1995 torial band 2N-2°S since 1990. This analysis suggests that a

warm event had begun to develop steadily during 1991, had
: reached a peak in the austral summer of 1991/1992 when a broad
140°E  160°E  180° 1600W  1400W  120°W  100°W positive SST anomaly dominated the CEP but then weakened in
the latter part of 1992. El Nim conditions were re-established by
Figure 4 Longitude-time plot of the SST anomalies across the .P_acific early 1993, particularly in the western equatorial Pacific (WEP).
averaged f°T the band’B-2’S from 1990 to 1996. Negative (pOS't'Ve) As in 1992, the event appeared to have terminated following a
SST _anomahgs are shown by darker (lighter) shading. Line (shading) con- return 1o ne’gative SST anomalies during much of 1994. However
tour interval is 0.8C (0.25C). S . . - o . !
this situation soon gave way to El NMirconditions again during
the later 1994 to early 1995. The eventual cessation of this recent
The SOI trace (Figure 5) indicated a return from persistently g Njifg sequence occurred during mid- to late 1995. From the
negative values during the austral summer of 1994, with strong |,ngitudinal distribution of SST anomalies during the event
suggestions of the cessation of the event. However, as in 199254.,0nce in Figure 4, it is evident that warm SST anomalies, asso-
and 1993, signs of the event wea_lkenlng_were short-lived, an_d by ciated with El Nito conditions, tended to show more persistence
the austral autumn of 1994 El Ninconditions were once again in the WEP-CEP region than in the eastern equatorial Pacific

evident (Figure 3e). This patlem continued, with a moderate- (EEP). It appears to depend on which regions of the Pacific Ocean

strong event throughout the austral winter to summer of 1994 . - . )
. . are examined as to whether the recent episode is considered to be
(Figure 3e). As in 1992, 1993 and 1994, the SOI showed a return . . .
an extensive event or a sequence of events. This Eb Nattern

to near-zero values in the first few months of 1995. However, by . . L
: . L A does not follow either the general or canonical structure exhibited
the middle of 1995, oceanic and atmospheric circulation patterns
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Figure 5 ‘Persistent’ El Nifo events defined from raw Southern Oscillation Index (SOI) values (solid lines) and sea-surface temperature (SST) anomalies
(dashed lines) since 1876.
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by El Nifio phases in the last 30 years. Consequently, this type Applying the above criteria, the gap-filled SOI series and the
of event has been termed a ‘persistent’ sequence in this study. Nifio 3 and 4 SST indices from 1876 to 1996 were found to con-

However, to begin to evaluate past EI'Wievents with charac- tain four ‘persistent’ El Nim and six ‘persistent’ La Nia event
teristics similar to 1990-95, it is necessary to look at longer-term sequences (Figures 5 and 6). In Figure 5, it can be seen that the
parameters and evidence from the regions of prominent ENSO 1990-95 ‘persistent’ El Nio event has a comparable structure
impact. To complete the picture, it is also vital to examine periods to the 1911-15 sequence, but is the longest historical occurrence
of ‘persistent’ La Nima conditions. In the next section, both ENSO observed in the instrumental record. An equally interesting aspect
phases are sought in records of historical SOl and SST data.  of this analysis is the resolution of ‘persistent’ La"Hiepisodes

in the sequence. As can be seen in Figure 6, the ‘persistent’ cold

Comparable events in the Instrumental Record: El phases of ENSO are of similar magnitude and length to ‘persist-
Nifios and La Niiias ent’ warm phases. All of the event sequences resolved by this
Attempting to deduce periods likely to have experienced ‘persist- approach show a tendency for short, but marked fluctuations back
ent’ ENSO phases requires a judgement of the characteristics thatowards zero or values of opposite sign during the course of their
define such episodes. After examining the available data, and thelife history. Such behaviour can be expected when dealing with
familiar canonical events, it was decided to designate periods of the amount of climatic noise inherent in raw monthly values of
24 months or more when the SOI and thée dNBvand 4 CEP-EEP  the SOI or SST, but it may also reflect the season cycle dynamics
SST indices were of persistently negative or positive sign, or of in ENSO as it attempts to recover from an event.
the opposite sign in a maximum of only two consecutive months  Noise in the raw SOl is reduced when filtering the data in the
during the period, as ‘persistent’ episodes. QB and LF intervals. This technique is also applied t6'dNB

Long La Nina Sequences
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Figure 6 ‘Persistent’ La Nia events defined from raw Southern Oscillation Index (SOI) values (solid lines) and sea-surface temperature (SST) anomalies
(dashed lines) since 1876.
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and 4 CEP-EEP SST anomalies, in order to produce a suite ofenhanced ENSO activity from the beginning of these series up
independent indicators of ENSO from the Pacific basin. The until the 1910s and again since the 1940s-50s. During the
superposition of the QB and LF components of the ENSO signal intervening epoch, ENSO activity is markedly less. These broad
in the three time series is most revealing, and highlights the very regimes are most readily apparent in the LF component of ENSO,
strong coherence in the signatures of the bulk of the various typesalthough QB frequencies also show similar features. It is well
of El Nifio and La Nira phases across this region. Figure 7 indi- known that the number of major ENSO phases in the 1920s-30s
cates that the interaction of the QB and LF signals is basically epoch was reduced (Allapt al., 1996b), but Figure 7 reveals
responsible for much of the magnitude and duration of both ENSO that this can be attributed principally to the suppression of the LF
phases. Some of the major historical and contemporary ENSO component of ENSO. However, recent studies by Mann and Park
phases with more canonical structure (ETdBrin 1877-78, 1888—  (1996; 1998) indicate the presence of distinct quasidecadal and
89, 1904-05, 1972—-73 and 1982-83 and Ladsiri890, 1903, interdecadal signals in the climate system. The interaction of these
1939, 1950-51 and 1970-71) show a particularly close phasinglow frequency modes with ENSO QB and LF components may
of the QB and LF components, especially in the SOI series. It is provide additional reinforcement of protracted El"Niand La

the LF signal that reveals modulations of ENSO phases that leadNifia phases, as suggested by Allan (1998) and Adtzal. (1998).

to ‘persistent’ sequences, even at times when the QB component In order to obtain a longer-term perspective and statistical sam-
shows signals of the opposite sign. As shown by the studies of pling of the incidence of the above characteristics of ENSO
Wang and Wang (1996), Torrence and Webster (1998) and Torr- phases, an investigation of documentary records and proxy data
ence and Compo (1998), there are also longer period decadal-is needed. From such analyses, ENSO-related proxies were evalu-
multidecadal fluctuations in ENSO characteristics, with periods of ated for possible inclusion in the experimental reconstructions of

1 5 n n . . n | | L . | . " | — I

1.0 /T T T | I —_— —
186 1880 1900 1920 1940 1960 1980 2000

Year

Figure 7 18-35 (QB) and 32-88 (LF) month bandpass filtered series of (a) the Southern Oscillation Index (SOI) and (b) GISST-lza8ednNid
region sea-surface temperatures (SSTs) in the central to eastern equatorial Pacific Ocean (CEP-EEP) since 1871. All anomalies and normalizations ar
with respect to the 1961-90 period. 18-35 (32—-88) month filtered series are shown by light (heavy) lines.



108 The Holocene 9 (1999)

the SOI (Stahleet al, 1998). As mentioned, the best of these was event (1859-64). These are approximately equal in length to the
considered to be the version of the reconstruction based only on‘persistent’ El Nito of 1990-95. The next longest phenomena are
tree-ring data from Indonesia, the southwestern USA and Mexico two five-year episodes (El Nin1710-14 and La N 1764—68).
(Stahleet al, 1998), used in the present analyses below. Docu- There is generally a marked increase in the number of events of
mentary evidence provides an independent source of information both phases as the length of event decreases, so that there are four
for comparison with this reconstruction. four-year El Nifo and two four-year La Nia episodes, and eight
three-year El Nin and four three-year La Ninevents. It is evi-
dent that both ‘persistent’ EI N and La Nim events have
Proxy and documentary records of occurred previously and are not unique to the recent period. How-
ENSO ever, additional verification of these long sequences is desirable
and is sought in the following section.

SOI reconstruction using proxy records of ENSO

In this section the tree-ring-based SOI reconstruction (Figure 8) Historical documentary support

is used to evaluate the frequency, severity and length of ‘persist- Probably the best known and used historical documentations of
ent’ events prior to the period of instrumental record using only E! Nifio and ENSO-related events for the past several centuries
DJF data. For the overlapping instrumental period, this expands are those of the late William Quinn (most recent examples are in
the number of ‘persistent’ EI Nos discerned by the monthly ~ Quinn, 1992; 1993).These listings vary in their degree of spatial
instrumental data from 4 to 11 in DJF alone (Table 1a), and shifts representation: one is a regional record for coastal western South
the period of some sequences in both ENSO phases. HoweverAmerica (El Nifo)? another includes the wider Pacific region
the strongest protracted events tend to be retained. Future Soi(focusing on El N or warm phases of ENSO only), and others
reconstructions will need to resolve more of the ENSO life cycle list the occurrence of Nile River floods associated with both
if greater precision is to be achieved. Given these constraints, ENSO phases (Quinn, 1992; 1993). Quinn (1993) also attempts to
Table 1 shows the ‘persistent’ events (defined as continuous detail the links to northeastern Brazil drought, anomalously heavy
values of the same sign for three or more years) identified in both rainfall in subtropical Chile and across the equatorial Pacific
the DJF instrumental SOI (Table 1a) and in the reconstruction Ocean, drought associated with Indonesian east monsoon failure,
(Table 1b) for the period of overlap from 1877 to 1977 (the eastern/northern Australian drought, and deficient summer mon-
observed and reconstructed DJF SOI have& 4 correlation in

Figure 9). This is reinforced by correlations €0.68 and—0.67 1The bulk of Quinn’s papers on the ENSO phenomenon have dealt with evidence
between DJE Nia 3 and 4 SST series and the reconstructed DJE for historical El Nifo events in the South American region (Quetral,, 1978; 1987,

. . . . . Quinn and Neal, 1983; 1995). However, as research has shown, these events need
SOl'in the hIStoncal InStrume,ntal period (not shown). T,he proxy not always be representative of the wider ENSO phenomenon across the Indo-Pacific
reconstruction captures the sign and length, and approximate mag-asin. The Quinn (1992; 1993) papers attempt to look at evidence for large-scale
nitude of the 1912-15, 1916-18, 1921-23, 194042 and 1947—49ENSO responses. Nevertheless, they deal with only the warm phases of the phenom-
events, and partially captures the 1893-95, 1931-33 and 1955-enon when referring to ENSO and no similar length compilation of cold phases is
57 events. However. it misses those in 1927—30. 1935-37 1952_available. Whettoret al. (1996) provide the most complete attempt to document

! ' S both phases of ENSO since 1700.
54, 1960-63 and 1964-66. The best correspondence is generally Recent papers by Hocquenghem and Ortlieb (1992), Mattresd (1993), Ortlieb
found for episodes with the most extreme negative or positive and Machare (1993), Ortlieb (1994) and Whettenal. (1996) have questioned

average SOl values. ‘Persistent’ episodes identified in the recon-aspects of the South American regional Efdlindices given in Quinn (1992; 1993).
struction but not in the instrumental record genera”y represent These latest Quinn sequences are shown to be influenced by wider global indications
. . . of ENSO warm phases. Most affected are some of the dates, magnitudes and
relatlvely_/ ml_nor events, W!th low average _Va“‘_es' reliability of events in the earliest centuries of the Quinn (1992) regional series.
Examination of the pre-instrumental period in Table 1c reveals pocquenghem and Ortlieb (1992), Ortlieb and Machare (1993) and Ortlieb (1994)
one seven-year La Ninevent (1752-58) and one six-year La&lin  indicate that they are undertaking revisions of the Quinn regional Eb Naries.

RECONSTRUCTED TAHITI-DARWIN DJF SOI
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Figure 8 Reconstructed DJF SOI from 1706 to 1977 based on Java, Indonesia; southwestern USA and Mexico tree-ring dath §5td191@8). The
solid line is the trace of a smoothing spline run through the data to emphasize decadal variability.
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Table 1 soon rainfall over India since the mid-17003he most recent,
wider Pacific version of Quinn’s ENSO events (Table 4 of Quinn,
Period Sign Length Value 1993) is used in this study in order to focus on Pacific-wide mani-
festations of ‘persistent’ events. Quinn’s rankings for relative
(a) Longest sequences 3r) in Tahiti-Darwin SOI (Dec—Feb) 1877— intensity of ENSO events are: \/Svery strong, S=strong and
1964 M = moderate; confidence ratings range betweemdinimal and
1893-95 + 3 5.20 5 = complete. ‘Persistent’ warm event sequences in this listing are
igigig ; g _gig considered to be those lasting three or more years, a .de.finition
1921-23 . 3 6.93 which appears to best match the identification of events in instru-
1927-30 + 4 6.35 mentally based indices.
1931-33 - 3 -2.80 Recently, Diaz and Pulwarty (1994) used spectral methods to
1935-37 - 3 -1.90 investigate various scales of variability among long documentary
1940-42 - 3 -11.20 and proxy records in ENSO-sensitive regions of the Americas,
igg_ﬁ B g :2'2(7) east Africa and China. Their study suggested that ENSO charac-
1955_57 + 3 6"30 teristics on the 2—-10-year timescale have been quite consistent
1960-63 ¥ 4 350 over the last millennia. This is a period of time that some sources
1964-66 - 3 -5.70 suggest includes epochs of significantly warmer and colder con-
1979-81 - 3 -1.97 ditions (e.qg., the so-called ‘Medieval Optimum’ and the ‘Little Ice
1985-88 - 4 —4.88 Age’) (Lamb, 1982). However, recent reviews by Hughes and
1990-95 - 6 —6.20 Diaz (1994) and Bradley and Jones (1995) have questioned this
(b) Longest sequences (@r) in SOI reconstruction 1877-1977 ?’Ssertion' Thgy squest that |n fact eViden,Ce Is poor for. both the
1878-80 + 3 4.25 Medieval Optimum’ and the ‘Little Ice Age’, particularly in the
1884-86 - 3 -3.09 tropics and across the Southern Hemisphere. As a result, there is
1892-94 + 3 5.18 now much uncertainty about the spatio-temporal extent, magni-
1895-97 - 3 -2.31 tude and causes of these epochs. Such inferences are supported
1898-00 + 3 3.48 by a recent 500-year general circulation model (GCM) simulation
iggg‘ﬁ ; g _i'gé of the climate system (Hunt, 1998).
191215 _ 4 564 Using a number of documentary and proxy data records from
1916-18 ¥ 3 5.34 Africa, northern China and India, Whetton and Rutherfurd (1994)
1921-23 + 3 6.18 investigated the occurrence of ENSO phases over the last 500
1926-28 - 3 -4.15 years. The ENSO relationships described in their paper can be
1930-33 - 4 —3.94 traced back to the mid-1700s, but data problems seem to affect
igjgjg ~ g ;1105'83 resolution prior to that time. However, some improvement in early
1953-57 + 5 342 ENSO signatures is found in the reanalysis of Whettinal.
1958-60 _ 3 ~1.63 (1996). Nevertheless, the number of signatures available decreases
1968—70 - 3 -3.52 with time and thus tends to limit their usefulness to the height of
1974-76 + 3 2.91 the colonial periods in regions across the Indo-Pacific domain.
Table 2 shows an intercomparison between periods of Quinn
(c) Longest sequences (3r) in SOI reconstruction 17061876 ENSO (QU), Nile Flood (NI), Indian Monsoon Rainfall Failure
1710-14 - 5 —2.53 (IRF), North China Rainfall (NCR), NE Brazil Drought (BD),
1715-17 + 3 3.28 - . .
1718-21 _ 4 318 Southern Chile Rainfall (SCR), Indonesian East Monsoon
1728-30 + 3 1.82 Drought (IMD), Australian Drought (AD), from Quinn (1993) and
1744-47 - 4 6.76 Whetton and Rutherfurd (1994) and South African summer rain-
1749-51 - 3 -3.30 fall (SASR) from Lindesay and Vogel (1990), and sequences of
1752-58 + 7 2.82 three years’ duration and more of protracted ETdNand La Nia
i;gg‘gf J: g _52,'1; episodes as defined by the SOI tree-ring-based reconstruction of
1776-79 + 4 149 Stahleet al. (1998) from 1706 to 1876. Recent re-evaluations of
1791-93 _ 3 —4.07 regional South American Quinn El Nindates by Hocquenghem
1814-16 - 3 _5.66 and Ortlieb (1992) and/or Ortlieb (1994) are also included after
1817-20 + 4 2.49 the year designation in Table 2.
1827-29 - 3 -3.23 Several factors play significant roles in dictating the viability
1830-32 + 3 2.64 of this type of intercomparison. As noted earlier, the availability
igg?jg B 2 :g:g; of important documentary evidence from countries across the
1843-46 _ 4 ~1.05 Indo-Pacific basin is generally dictated by the extent of colonial
1848-50 - 3 2132 presence. To be of use to this project, these data need to be
1859-64 + 6 4.00 recorded in ENSO-sensitive regions. In addition, the records/
1870-72 + 3 3.28 observations need not only to be drawn from the most reliable
1873-75 - 3 -112 sources but also to be interpreted correctly. As detailed in Note

_ ‘ 2, several South American researchers have questioned some of
Four protracted ENSO sequence periods, lengths and values in Table 1(ahe earlier dates given by various Quinn evaluations of regional

are deduced from the DJF SOI values relative to the 1877-1977 baseE| Nifio conditions. This has come about through a reassessment
period. This provides a time series that can be related to the proxy SOI

reconstruction, as in Figure 9. If the DJF SOI values are evaluated relative

to the full base period of instrumental data since 1877, then'the 1931-33, 3Caviedes (1991) has examined links between ENSO phases and Caribbean hurri-
1935-37 and 1979-81 sequences are not_resolved as lasting three Yeargnes using historical data sources covering the last 500 years. However, there are
or more. However, the 1974-76 sequence is then resolved and others arggnsiderable changes in data type and quality with regard to hurricane statistics over
modified to the extent that the 1985-88 and 1990-95 episodes are reducedime, so that inferences of longer-term patterns and trends that may shed light on

in length to the years 1986-88 and 1991-95. ENSO characteristics must be seen as very speculative.
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ACTUAL AND ESTIMATED TAHITI-DARWIN DJF SOI
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Figure 9 Observed (solid line) Tahiti-Darwin DJF SOI and estimated (dashed line) DJF SOI for the period of overlap from 1877 to=1687.74).
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of the recorded incidence of rainy years in both central Chile and tude, frequency and duration, but also the spatial extent of telecon-
Peru. As a consequence, Ortlieb (1994) suggests that a reasonableection patterns and signatures. The result is that there are periods
convergence of Quinn’s regional El Nirdates and Chilean rain-  of decades when documentary and proxy evidence is likely to be
fall events occurs only after about 1817. Such findings are clearly more or less viable. As shown in Stahi¢ al. (1998), singular
evident in Table 2 in Ortlieb (1994), and are supported by spectrum analyses (SSA) of the reconstructed SOI used here
increased coherency among El"Nisignatures after the above reveal weak ENSO signal variance at both the 3.53 and 4.07 year
date in Table 2 of this paper. Working on a wider variety of data bands in the mid-eighteenth, nineteenth and at the turn of the
sets, Whetton and Rutherfurd (1994) and Whettoral. (1996) twentieth centuries. In between these times, and during this cen-
see more of a 1770s time before which existing historical records tury, these ENSO bands display generally robust signals with high
of El Nifio and La Nita episodes become questionable. Together, variance structure, and thus ENSO’s climatic influences are more
these findings indicate a need to be wary of making too much of |ikely to be present and recorded in historical and proxy sources.
early documentary evidence for ENSO phases, especially in iso- The period of weak ENSO variance in the instrumental 1920s—

lation or where supporting material is sparse or marginal. 30s period is just discernible in the Stakleal. (1998) SSA series,
The reliability of the tree-ring chronologies used in the SOl and in relation to the above fluctuations in the proxy-based SOI
reconstruction is discussed in detail in Staéteal. (1998). Basi- is quite small.

cally the southwestern USA and Mexican trees, with considerable Considering all of the above aspects, Table 2 provides varying
replication of data across the region, respond significantly and support for reconstructed SOI phases of EfdNiand La Nifa.

most strongly to ENSO phases around the boreal (austral) winter |, finging confirmation of event sequences in the historical data,
(summer) season. The single chronology from Java is still signifi- ¢qnsideration was given as to whether to include the weakest or

cantly correlated at this time, but .explains less SOI variance than ., marginal teleconnection linking ENSO to northern Chinese
the southwestern USA and Mexican trees. The strongest Javangincall wWhen it was this one variable dictating whether a year

tree-ring response t_o moder_n ENSO indices is in the _boreal was said to be of one ENSO phase or the other, its omission led
(austral) summer (Wlnter.) period. Thus, the Eastern Hemlsphereto the confirmation of 11 more El Kinand two more La Nia
proxy response 1S technlgally .the weaker Qompongnt n .the S,OI events. Treatment of this evidence in the above manner is justified
reconstruction based on individual correlation relationships with by the variable phasing of northern Chinese rainfall with the

ENSO phases. However, in examinations of the SOI reconstruc- sequence of the 1990—95 ‘persistent’ ET blievent in Figure 3, a—

tIOI’.] |tsglf, Stahla?t al.(1998) prowde.stro.ng ewdencg .f"’”.“ Cross- f, and with other historical ENSO phases during the instrumental
validation statistics (split period calibration and verification tests L
period in Allanet al (1996b).

on the reconstructed time series) and correlations with inde- Taking all of the above into account. the two longest sequences
pendent ENSO indicators for a particularly robust reconstructed . 9 ! 9 d

series. At this stage the early historical documentary evidence In the reconstruction, a seven-year and a six-year LaaNin
appears to be of most concern, and problems with it seem to 1752-58 and 1859-64, do not show coherent support in the his-

impinge on this study. Nevertheless, further use and analysis oftorlcal data. The period 1754-56 is not documented as experienc-

the proxy SOI reconstruction employed here may provide grounds ing any El Nifo events in Hocquenghem and Ortlieb (1992) or
for improvements or modifications to it that will establish more

Ortlieb (1994), and only 1757 appears to be justified as a La Nin
clearly its veracity.

year, while the long sequence of Australian droughts from 1861—
Perhaps the most complicating aspect in assessments of variou

54 seems incongruent with a ‘persistent’ La"&liperiod. The next
ENSO evidence is the impact that decadal to multidecadal fluctu- 'ONgest sequences are five-year ETdland La Nira episodes in

ations in the climate system have on the phenomenon (Allan, 1710-14 and 1764-68 respectively. Of these, there is compelling

1998; Allanet al. 1998). These low frequency variations lead to vidence that at least a good part of the former ‘persistent
not only waxing and waning of El Nimand La Nifa event ampli- sequence occurred, although Hocquenghem and Ortlieb (1992)
and Ortlieb (1994) fail to identify regional El Ninconditions

during this time. However, apart from a La Niiin 1767 there is
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Table 2 Periods of Quinn ENSO (QU), Nile Flood (NI), Indian Monsoon Rainfall (IR), North China Rainfall (NCR), NE Brazil Drought (BD), Southern
Chile Rainfall (SCR), Indonesian East Monsoon Drought (IMD), Australian Drought (AD), South African Summer Rainfall (SASR) from Lindesay and
Vogel (1990) from Quinn (1993) and Whetton and Rutherfurd (1994), and their relationship to”&laNth La Nifa sequences defined by the SOI
reconstruction from 1706 to 1875. Recent re-evaluations of regional South American QuinficEtiddés by Hocquenghem and Ortlieb (1992) and/or
Ortlieb (1994) are shown by the symb#lafter the year designation

Large blocks of light (dark) shading links evidence suggesting protracted El Nifio (La Nifia)
conditions.

% = EI Nifio | = Extended periods of rainfall
i = La Nifia deficiency or drought
+ = Rainfall/flood occurrence
m = Drought/rainfall deficiency = Extended periods of rainfall
@®/® = Category ignored in excess or flooding
persistence
consideration

00 = R ' D -

1726
1727 + %

173¢ = + o+ o &
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Table 2 Continued
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Table 2 Continued
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Table 2 Continued
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Table 2 Continued

YEAR Q
1857#ky
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1866 = +* m + m
1867 * m - =
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no documentary support for 1764-68 being part of a ‘persistent’ ‘persistent’ La Nira episodes. Although the most recent event is
episode. There is generally strong evidence that four-year ‘persist-the longest in duration, it shows similar temporal behaviour to
ent’ El Nifio phases in 1718-21, 1744-47, 1837-40 and 1843—-46the 1911-15 and 1939-42 sequences. There are also other ENSO
have validity. However, none of the four-year La B (1776— episodes which show ‘persistent’ features. Interestingly, both ‘per-
79 and 1817-20) are verifiable by the documentary evidence. Thesistent’ warm and cold event sequences have occurred with simi-
remaining three-year reconstructed ENSO phases show very condar frequency and magnitude in the observed record. Analyses of
trasting relationships with the various historical data. Of these, the filtered series reveal that the bulk of the ENSO signal is contained
most supported are the El Nia of 1749-51, 1791-93, 1814-16 in QB and LF components. Superposition of these components
and 1833-35 and the La Nim of 1728-30 and 1870-72. The results in enhancement and annulment of the overall signal, and
remaining ‘persistent’ events of either phase show usually some so modulates the magnitude and frequency of EloNamd La
year with documentary elements that relate to the correct ENSO Nifia events. ‘Persistent’ ENSO phases reflect the dominance of
episode, but not the full sequence. Interestingly, of the sequencesa pronounced LF signal in the climate system, but may also be
with poor support in the historical records there is perhaps some modulated by distinct quasidecadal and interdecadal modes of
clustering around the mid-eighteenth and nineteenth epochs ofvariability.
weak variance in the 3.53 and 4.07 year SSA bands of the recon- An examination of historical documentary and selected palaeo-
structed SOI. climatic records of ENSO suggests that ‘persistent’ event
Despite caveats about the quality of the early documentary evi- sequences of three years’ duration and longer are not rare or
dence discussed above, it would seem that long EbNaguences unusual, and have occurred with around the same range of event
are better supported than are the ‘persistent’ LaaNihases. The length during the past. It is estimated that El'dliavents of this
result is that there remain about four or five ‘persistent’ ETdNin  nature have occurred with a frequency of around four or five times
sequences occurring in each of the eighteenth and nineteenth cenper century when matched against available historical documen-
turies. tary evidence (Table 2). This estimate compares favourably with
the instrumentally based data which indicates a frequency of
around six times per century. However, La Bievents tend to

Conclusions be poorly resolved in the longer historical documentary records.
No evidence for an enhanced greenhouse influence on the fre-
Evaluation of the instrumental record of the SOI, andd\&and guency or duration of ‘persistent’ ENSO event sequences was

4 CEP-EEP SST series has revealed that ‘persistent’ eventfound among the ensemble of instrumentally based, documentary
sequences (as defined here) have occurred previously over the pasind proxy data. However, analyses of both instrumental and proxy
100 to 120 odd years. Over this time, monthly instrumental data data show that decadal-multidecadal signals are present in the
indicates that there have been four ‘persistent’ ETdNand six ENSO record. In general, such low frequency fluctuations are
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poorly understood and may explain recent difficulties in fore- further extension of the Tahiti-Darwin SOI, early ENSO events and Dar-
casting ENSO and, as noted above, have an influence on thewin pressureJ. Climate4, 743-49. _ _
occurrence of protracted ENSO phases. It is probable that theyBradley, R.S. and Jones, P.D.1995: Climate sinceap150Q London:
are linked to other features of the global climate system and Routledge, 706 pp. _ o
require further investigation Brassington, G.B.1997: The modal evolution of the Southern Oscillation.
i J. Climate10, 1021-34.
Recent recovery of pressure data for Jakarta (Koreteal., . T . : . )
L Caviedes, C.N.1991: Five hundred years of hurricanes in the Caribbean:

1997) and Madras (Carroll, 1997, personal communication) has

. . . their relationship to global climate variabilitie&eoJournal23, 301-10.
extended the MSLP time series at these stations back to 1841Charles, C.D., Hunter, D.E. and Fairbanks, R.G. 1997: Interaction

(1829 using June-November raindays) and 1796 respectively.penyeen the ENSO and the Asian Monsoon in a coral record of tropical
Together with MSLP series from stations across the Indo- climate.Science277, 925-28.
Australasian region that extend back to the 1840s-50s, such aschenoweth, M.1996: Ship’s loghooks and ‘The year without a summer.
Trivandrum (India), Colombo (Sri Lanka) and Singapore, the Bull. Amer. Meteor. SocZ7, 2077-93.
above provides a longer measure of the Southern Oscillation, or Cleaveland, M.K., Cook, E.R.and Stahle, D.W. 1992: Secular varia-
at least one dipole of it. This may be further enhanced if it were bility of the Southern Oscillation detected in tree-ring data from Mexico
possible to piece together the Sydney (Australia) MSLP record and the southern United States. In Diaz, H.F. and Markgraf, V., editors,
back to the start of Australian colonization by Europeans in 1788 El Nifio: historical and paleoclimatic aspects of the Southern Oscillation
(Chenoweth, 1996). Apart from the documentary evidence Cambridge: CUP, 271-91. _
described in this paper, these MSLP series constitute the only Climate System Monitoring Monthly Bulletin 1990: Issue No. 12,
observational MSLP database with which the proxy-based SOI WCDMP, UNEP, WMO.
. L. ——1992: Issue No. 1, WCDMP, UNEP, WMO.
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Cole, J.E. 1997: ARTS: annual records of tropical systems - a
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