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Resum

El gran impacte que ElI Nifo — Oscil-lacié del Sud (ENSO) té en
la nostra societat industrialitzada ha esperonat la comunitat
cientifica d’arreu a entendre quins sén els mecanismes fisics
que el controlen, aixi com clarificar quina ha estat la seva historia.
El registre sedimentari de sensors naturals, com els llacs o la
mar, ha permes reconstruir la historia de 'ENSO. En aquest ar-
ticle, els autors donen una visioé sintetica de la historia d’aquest
fenomen climatic al llarg dels darrers quatre milions d’anys.

Paraules clau: El Nifio — Oscil-lacié del Sud (ENSO),
historia climatica recent de la Terra,
reconstruccions paleoclimatiques, estudis
multiparametrics de sediments lacustres i marins.

Abstract

The large impact of the El Nifio — Southern Oscillation (ENSO) in
our industrial society has spurred the scientific community to
understand the physical processes that trigger this climate
phenomenum and to elucidate its history. The sedimentary
record of natural sensors, such as lakes and seas, was used to
reconstruct the history of the ENSO and to obtain a compre-
hensive history of this climate phenomenon throughout the last
4 million years.

Keywords: El Nifio — Southern Oscillation (ENSO),
recent climate history of the Earth, paleoclimate
reconstructions, multi-proxy lacustrine and marine
sediment studies

Extreme climate phenomena have major effects on the socio-
economic structure of our advanced technological society. The
sudden increase in mortality that occurred in France (and to a
lesser extent in Spain) as a consequence of the anomalous
meteorological conditions (temperatures 2-6 °C higher and
precipitation 25-50 mm lower than average) during the sum-
mer of 2003 is a good example of these effects. Another exam-
ple is the considerable economic loss endured during the ex-
tremely hot summer of 1983 along much of the Mediterranean
coast of the Iberian Peninsula (increase in forest fires and water
shortages).

The current warming trend of the global mean temperature
(0.6° £ 0.2 Cinthe last 140 years), attributed to anthropic activ-
ities, especially the exponential use of fossil fuels, is generally
considered to be the main cause of the increased frequency
and intensity of these extreme climatic phenomena [1]. Hence,
forecasting their frequency and intensity is of paramount im-
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portance in order to prevent and mitigate their consequences.
At present, forecasting is performed using meteorological se-
ries for computer modelling (atmospheric pressure, precipita-
tion, temperature, etc.).

Although considerable advances have been made in our un-
derstanding of the climatic evolution of the Earth during the last
150 years, by studying the available instrumental meteorologi-
cal series, extreme climatic events have been less well docu-
mented. The lack of documentation can be attributed to the lim-
ited time span covered by these series. The meteorological
series usually cover the last 60 years and only few of them span
the whole 20th century. This short period does not allow us to
perform reliable forecasting of these extreme climatic events,
marking them as “unusual” or “extraordinary”. One example of
this limitation is the extreme climatic phenomena with a recur-
rence pattern of about 40 years. These phenomena are present
in the instrumental series only once or twice. Hence, there is an
urgent need for extending meteorological series back in time in
order to accurately forecast extreme climatic phenomena.

One way to extend instrumental meteorological series back
in time is to use a “natural sensor” such as oceans, lakes, tree
rings, and cave stalagmites. These biological and geological
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records are very sensitive to climate change, and they allow us
to observe changes at a very high temporal resolution (even at
a seasonal scale, in the case of laminated lake or marine sedi-
ments and tree rings) over long time periods (i.e., the last
15,000 years). These “natural sensors” are in dynamic equilibri-
um with the main environmental conditions, and when these
conditions change the sensors react by adapting to them in or-
der to achieve new equilibrium conditions. For example, an in-
crease (decrease) in precipitation leads to a rise (drop) in the
lake water level, which in turn, induces changes in the physico-
chemical conditions of the lake. These new physico-chemical
conditions give rise to variations in the ecological structure of
limnic organisms (appearance/disappearance of new/old
species) and to chemical precipitation of new minerals (i.e.,
carbonates and salts), among other changes.

All these changes are reflected in the sediments that settle
at the bottom of the aquatic ecosystems. Hence, the charac-
terization of these sediments reveals the paleoclimatic evolu-
tion of the studied area, while studies of the geological and bio-
logical records provide insight into the main mechanisms that
triggered the paleoclimatic evolution (i.e. solar activity, North
Atlantic Oscillation (NAQO), El Nifio — Southern Oscillation
[ENSQ]) and to establish the recurrence periods of extreme cli-
matic phenomena.

The present-day ENSO phenomenon

One of the extreme climatic phenomena that have attracted
the attention of both the general public and the scientific com-
munity is the El Nifio — Southern Oscillation (ENSO). This is
mainly due to the impact that El Nifio has on the global socio-
economic structure. For example, in 1997, there were cata-
strophic floods along the coasts of Peru, Ecuador, and along
most of the east coast of the USA. At the same time, there
were devastating droughts in the Peruvian and Bolivian alti-
plano, northeast Brazil, Indonesia, New Guinea, and Australia.
Owing to extreme dry conditions, widespread forest fires raged
in most of Kalimatan (New Guinea). The intense smoke from
these extensive fires disrupted air traffic and caused the tem-
porary closure of the airports in Singapore, Malaysia, and In-
donesia. The beginning of 1998 was marked by devastating
floods that affected western Canada, Southeast Asia, and
southern Africa, while the summer of that year was abnormally
cold and rainy in southeast Asia.

The ENSO not only triggers catastrophes. In 1998, the rain-
fall increased by more than 500% in the hyper-arid regions of
Ecuador, giving rise to exuberant vegetation cover for the fol-
lowing three years. The local communities adapted themselves
to this precipitation regime and took advantage of these short
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Figure 1. Atmospheric circulation and location of the thermocline during (a) EI Nifio and (b) La Nifia events, and (c) neutral conditions. Modified from:
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rainy periods to develop an intensive agriculture [2]. The ENSO
phenomenon is the most prominent year-to-year climate varia-
tion on Earth [3].

Physical mechanisms of the ENSO

The name El Nifo was coined by the fishermen of Peru. The
western coast of South America is one of the most productive
fishing areas in the world, due to the upwelling of cold and nu-
trient-rich Antarctic waters caused by the easterly winds
(Fig.1a). This upwelling is attributed to the position of the ther-
mocline in the surficial waters (<100 m deep) in this area. The
upwelling of these cold and nutrient-rich waters favors high bi-
ological productivity, which is expressed, among other para-
meters, by considerable anchovy shoals and large colonies of
marine birds along the Pacific coast of South America. From
time to time (approximately between 2 and 7 years), around
Christmas, the high biological productivity is interrupted by the
influx of warm water masses from the eastern tropical latitudes
of the Pacific Ocean. The sea surface temperature (SST) un-
dergoes a sharp increase in temperature such that the warm
water masses push the thermocline downwards, diminishing
(or even blocking completely) the upwelling of nutrient-rich wa-
ters and thus sharply reducing biological activity [4] (Fig. 1a).
The predominant winds during these warmings are the wester-
lies. The coincidence of this decrease in biological activity with
Christmas led the fishermen to name the phenomenon “El
Nifio” (“El Niflo Jesus” or the Christ child). Subsequent studies
have shown that El Nifio has a counterpart, known as “La
Nifa”. Thus, El Nifio represents the warm phase and La Nifa
the cold episodes (Fig. 1b).

El Nifio is part of a more complex atmospheric phenomenon
known as the Southern Oscillation, giving rise to the complete

name of this climatic phenomenon, the El Nifio — Southern Os-
cillation (ENSQ). The ENSO has been defined as a dipole or os-
cillator; while a number of mechanisms have been proposed,
none of them have been fully accepted to date [4-6]. The di-
pole concept does not imply the idea of cyclicity since every
ENSO event varies in duration, magnitude, temporal evolution,
and spatial structure [3].

Under normal or “neutral” conditions, there is a SST warm-
ing in the western tropical area of the Pacific Ocean, north-
wards of Australia and eastwards of Indonesia. Simultaneous-
ly, at these latitudes but close to the coasts of Pery and
Ecuador, the water temperature is 4 — 10°C colder, mainly due
to the upwelling of the cold Antarctic waters. This water tem-
perature gradient triggers the atmospheric pressure gradient,
which in turn controls the trade winds (Fig. 1c). Periodically, for
reasons that remain largely unexplained, warm surficial waters
expand eastwards. The influx of warm waters triggers the sink
of the thermocline, a reduction of the SST gradient, and there-
fore to a decrease in the atmospheric pressure gradient, with
subsequent weakening of the trade winds. The chain of warm-
ing events in the equatorial Pacific gives rise to the El Nifo
phenomenon described in the previous paragraph (Fig. 1a).
The opposite situation arises when cold waters from the
Antarctic spread westwards, strengthening the trade winds
and enhancing the upwelling. These are the La Nina climate
events (Fig. 1b).

The ENSO phenomena give rise to modifications in the
ocean water currents and in the atmospheric circulation. The in-
dex that defines the ENSO is the SST anomaly of the area,
which ranges between 90° W — 150° W and 5° S - 5° N (Fig. 2).
This geographical area is known as El Nifio 3.4. Positive SST
anomalies are identified as El Nino events, whereas negative
SST anomalies correspond to La Nifia events. These anomalies
must be one standard deviation higher than the mean neutral
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conditions for a period exceeding 5 months to be considered as
ElI'Nifio or La Nifia events [7]. Furthermore, not all ENSO events
have the same evolution and affect the same geographical ar-
eas. For example, some ENSO events affect the eastern coast
of the USA, others impact the South American coast, and a few
(only the strongest ones) have catastrophic effects in both ar-
eas. The first early warning announcements forecasting ENSO
conditions several months in advance appeared in the weekly
reports of the National Oceanic and Atmospheric Agency
(NOAA) of the USA. However, the predictions only took into ac-
count the El Nifio 3.4 area, which mainly affects the USA and
not the coast of South America. These announcements result-
ed in considerable confusion in South American countries, such
as Ecuador and Chile, until the situation was resolved by defin-
ing a second ENSO area. The latter is known as “El Nifio 1.2”
and is located between 80° W - 90° W and 10° S—0° S (Fig. 2).
The atmospheric changes due to the El Nino dynamics are de-
fined by an index known as the Southern Oscillation Index (SOI),
which is the normalized difference in the sea-level atmospheric
pressure between Darwin (Australia) and Tahiti. Negative

anomalies indicate ElI Nino conditions, positive ones La Nina
conditions. A comparison of the SST and SOl indices demon-
strated that they record the same climatic process (Fig. 3).

Characterization of the instrumental meteorological series
has shown that the intensity and recurrence patterns of the
ENSO have not been constant over time. The 1920s and
1960s were marked by large and frequent ENSO events,
whereas in the 1930s few such events occurred. The instru-
mental meteorological series of the Iberian Peninsula have
shown that the ENSO signal only appears from the 1960s on-
wards [8].

The ENSO phenomenon has been used in many global cli-
mate models (GCM) to forecast its behavior in emission sce-
narios in which the present CO, concentration is doubled.
These models have produced contradictory results. Some au-
thors have claimed that, from the 1970s onwards, the ENSO
has increased in frequency and duration [9] as a result of glob-
al warming and that this tendency will continue. Other authors
have argued that this recent behavior does not deviate from
that expected for natural climate variability [3].
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Figure 3. Two indexes of the ENSO phenomena. (a) Pacific Ocean sea surface temperature (SST) anomalies of the zone ranging between 90°W —
150°W and 5°S - 5°N. Positive values (in red) indicate El Nifio conditions whereas negative ones (in blue) depict La Niha conditions. (b) Normalized
difference of the sea-level atmospheric pressure between Darwin (Australia) and Tahiti. This index defines the Southern Oscillation Index (SOI). Posi-
tive values (in blue) indicate La Nifia conditions and negative ones (in red) El Nifio conditions.
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Figure 4. Worldwide distribution and impact of the El Nifio (left) and La Nifa (right) events during winter (up) and summer (bottom). Modified from:
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/impacts/warm_impacts.shtml

Clearly, despite significant advances in our understanding of
the ENSO, a number of questions remain unanswered:

e What are the main mechanisms that trigger the ENSO
phenomenon? Is it a stochastic climatic phenomenon as
some authors claim? Or is it related to solar activity? And
if 50, is this relationship straight or non-linear?

e What are the spatio-temporal patterns of this climatic
phenomenon? When did it start? Has its behavior been
constant through time, or have there been periods when it
has not been active?

e What will the future behavior of the ENSO be like under
global warming scenarios? Will it increase in its frequency
and/or intensity? Will only the El Nifio events increase and
not those of La Nifia? Will the ENSO influence the same
geographical areas or will it spread towards other areas?

The sedimentary records from lacustrine and marine ecosys-
tems can provide answers to some of these questions.

The history of the ENSO as recorded in lacustrine
and marine sediments

The onset of the ENSO during the Miocene and Pliocene
(last 4 Myr)

There is no solid evidence for the onset of the ENSO phenome-
na. Some studies have proposed that the closure of the Isth-

mus of Panama, between 3.5 and 4.0 million years (Myr), gave
rise to the onset of the present-day ENSO [10]. Closure en-
hanced heat transport in the Atlantic Ocean, with subsequent
modifications of the water current. More recently, it has been
proposed that closure of the Indonesian Seaway had a greater
effect on heat transport (and, hence, on the onset of the ENSO)
than the closure of the Isthmus of Panama [12]. Still other re-
searchers have attributed the ENSO cyclicity to a much earlier
period (54-33 Myr), namely the Eocene Green River Forma-
tion [13].

Moreover, there is no consensus on the temporal evolution
of the ENSO phenomena over time. Some marine sedimentary
records indicate that the ENSO was a permanent phenomenon
during the Pliocene, between 5 and 3 Myr, when conditions
were much warmer than today [13]. These records also mark
the end of the warm climate conditions and of the permanent
El Nifo for two reasons:

e Growth of the northern continental glaciers at the start of
the Quaternary (approx. 2.8 Myr ago) because of an am-
plification of the obliquity of the Earth

e The presence of cold surface waters in oceanic upwelling
zones at low latitudes (both coastal and equatorial)

The Pliocene lacustrine sequence of Villarroya (Sierra de
Cameros, northern Spain) is one of the oldest continental
records containing signals with the same periodicities as the
ENSO [14]. The sedimentary record consists of alternating
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light and dark thin layers and laminae. Each pair of light and
dark laminae is called a varve, which represents the sediment
deposited within a year. The light laminae are made up of
gastropods, ostracods, and charophytes, reflecting the pro-
ductivity cycle of late summer and autumn. Their varying
thickness has been attributed to changes in the temperature
(i.e., thicker light laminae would imply higher productivity, and
hence, higher summer temperatures) [14]. This sedimentary
record was dated by magnetostratigraphy at approximately
2.8 Myr [15]. Spectral analysis of these varves suggests that
sedimentation was driven by solar activity, ENSO-like phe-
nomena, the North Atlantic Oscillation (NAO), and Quasi-Bi-
ennial Oscillation (QBO). This lacustrine record shows that
the ENSO phenomena had the same climate dynamics as
they do today.

The Late Quaternary (last 1 Myr)

The cyclical transgressive shelf successions of the Middle
Pleistocene Ichijiku and Kakinokidai Formations (ca. 700,000
years) in the Boso Peninsula (Japan) provided evidence that
these successions were formed approximately every 10 years,
mainly due to periodic strengthening of the ENSO and to the
reduced frequency of typhoons in the Western Pacific [16]. The
ENSO triggered fluctuations in the paths and speeds of the pa-
leo-Kuroshio oceanographic current (the strongest surface
current in the Western Pacific region, derived from the North
Equatorial Current), which controlled the main climatic oscilla-
tions in the Western Pacific. This sedimentary succession al-
lowed us to identify short, high-frequency oscillations in the
ENSO intensity, similar to those observed in the present-day
instrumental series.

A previously described ENSO model [17] clearly showed
that the ENSO only ceased twice during the last 500,000
years: during the Younger Dryas [the last cold spell before the
present-day interglacial conditions; dated between 10,000 and
11,000 years before present(BP)], and at about 400,000 years
ago, when the climatic conditions were similar to those of the
Younger Dryas [18].

The last Glacial cycle (last 130,000 years)

There are very few continuous records that cover the last
130,000 years and enable us to characterize the ENSO evolu-
tion at millennial and centennial time scales, and most of them
correspond to marine sequences [19-21]. Nevertheless, a few
continental records allow us to accurately describe inter-
decadal changes in ENSO frequency and intensity during short
time windows of the last glacial stadial [16, 22-24].

The oxygen isotope record of these marine sequences re-
flects changes in precipitation and in the temperature regimes
at centennial and millennial time scales. Heavier §'0 values in-
dicate more arid and/or cold conditions and vice versa. Spec-
tral analyses carried out on §'®0 records obtained from corals
indicate that during the last glacial stadial there were no major
changes in ENSO frequency or regularity [20]. Only millennial-
scale shifts were observed. Stott and coworkers claimed that
the El Nifio conditions correlate with stadials at high latitudes,
whereas La Nifia conditions correlate with interstadials [25].

Continental lacustrine sequences revealed that the ENSO
intensity increased during the glacial period and involved geo-
graphical areas other than those presently affected, because of
the global atmospheric circulation differed. The landslide-
dammed lakes of northwestern Argentina (formed between
40,000 and 25,000 years BP) together with other evidence [26,
27] indicate that the climate conditions in tropical and subtrop-
ical South America during the glacial period were wetter than at
present [22, 23]. The sediments of the lakes that developed
behind the landslides are made up of varves, the thickness of
which reflects changes in rainfall (thick varves correspond to
humid years and vice versa). Spectral analyses of varve thick-
ness provided evidence for ENSO-like cyclicities (Fig. 5). Thicker
varves seemed to be associated with enhanced ENSO events,
and thus heavy rainfall.

The Last Glacial Maximum (LGM) corresponds to the cold-
est temperatures attained during the last glacial stadial and is
dated between 25,000 and 21,000 years BP. During the LGM,
the temperature pattern in the tropical Pacific resembled that of
El Nino, with reduced zonal and meridional low-latitude gradi-
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ents [21]. At about 20,000 years BP, a warm period triggered
an increase in seasonality, favoring an increase in the number
of ElI Nifo events. The abrupt warming phase, dated at approx-
imately 14,800 years BP, induced a sharp increase of ~2°C of
the zonal gradient and a shift towards more La Nifa-like condi-
tions [21]. It seems that this shift was not global. The sedimen-
tary record of Lynch’s Crater, located in northeast Australia,
suggests that between 17,900 and 12,500 years BP the fre-
quency and amplitude of El Nifio-like conditions in this area
were greater [25]. The enhanced ENSO expanded the regional
aridity, resulting in greater disruption of the vegetal cover.

The last 10,000 years

The increase in the zonal gradient, initiated at about 14,800
years BP, was blocked during the Younger Dryas. This induced
a progressive decrease in seasonality, which, in turn, triggered
the progressive weakening and a reduction in the amplitude of
the ENSO [28, 29]. The establishment of a long-term La Nifia
pattern in the tropical Pacific during this period seems to have
been a consequence of the ENSO reduction [21]. Hence, the
onset of the Holocene (the present-day interglacial conditions

which began about 10,000 years BP) was marked by the ab-
sence of the ENSO phenomena, especially of the El Nifio pat-
tern. Spectral analyses of the gray-scale curve of the annually
laminated sediments of Laguna Pallcacocha (Ecuador) showed
that the ENSO bands (particularly the El Nifio bands, since the
rainfall in this area is triggered by this climate phenomenon)
were absent from ~15,000 to 7,000 years BP (Fig. 6) [28, 29].
This absence was most likely due to a reduced zonal SST gra-
dient caused by: (a) elevated SSTs in the equatorial and coastal
upwelling zones of the eastern Pacific Ocean, (b) a smaller and
less intense western Pacific warm pool, or (c) by elevated SSTs
and smaller Pacific warm pools. Apparently, the oscillation be-
tween La Nifa and El Nifio states was muted [30]. A compre-
hensive coupled GCM confirmed the weak amplitude of the
ENSO cycle between 9,000 and 6,000 years BP [31]. A possi-
ble explanation for the absence of the ENSO in the early/middle
Holocene can be found in the orbital configuration of the Earth
at that time [32]. The progressive reduction of seasonality also
triggered the gradual weakening of the summer monsoon in
East Asia and the growing strength of the summer monsoon in
the Indian Ocean (the two most important monsoon systems at

Laguna Pallcacocha (Ecuador)
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lower latitudes), thereby changing the rainfall patterns in East
Asia [33].

According to some researchers, the onset of the present-
day ENSO conditions occurred about 7,000 years BP [28, 29,
34]. However, others have claimed that this climatic phenome-
na started about 5,000 years ago [33, 35]. The ENSO frequen-
cy did not increase monotonically but in a gradual pulsative
way [29]. The processes that modified the ENSO status are
poorly constrained and controversial, although changes in the
mean thermocline state of the eastern equatorial Pacific [34]
and long-term orbital changes [29] have been proposed.

The intensity of the ENSO grew from ~5,000 to ~3,000
years BP, when it reached its highest values [35]. Terrestrial
and marine records located within the Indo-Pacific Warm Pool
(IPWP) showed that the reconstructed El Nifio temperature
perturbations were larger than any observed in the modern
record [36]. It should be pointed out that changes in the tem-
perature, size, and positioning of the IPWP (an area defined be-
tween 10°N and 20°S and between 90°E and 180°E) profound-
ly affect global climate and, hence, ENSO development. The
temperature perturbations were reconstructed using the Sr/Ca
and U/Ca ratios measured in corals as paleothermometers
(warmer waters imply greater incorporation of Sr and U in the
coral carbonates, and higher values of the Sr/Ca and U/Ca ra-
tios). Tighter coupling in the Pacific Ocean between the Inter-
Tropical Convergence Zone, located further to the south than
at present, and the Southern Oscillation could have served to
amplify the variability in precipitation associated with the ENSO
[35]. The highest ENSO values coincide with the onset of hu-
mid conditions in South America.

The last 1,000 years

Large ENSO frequencies and amplitudes, exceeding those that
occurred in the 20th century, have characterized the last 1,000
years [17]. The §'80 isotope record from the island of Palmyra
(tropical Pacific) suggests that the ENSO events of the 17th
century were as severe as those caused by the 1997 El Nifio
event (Fig. 7). These large oscillations in frequency and ampli-
tude were not observed during the 12th to 15th centuries. The
foregoing results are in good agreement with lacustrine records,
such as those of Lago Puyehue (Argentina) [38]. The varved
sedimentary record of this lake shows that the enhanced El

Nifio events coincided with thin varves (El Nifio events imply arid
conditions in this region). Furthermore, the ENSO behavior was
not the same worldwide. Tree rings from subtropical North
America reveal that the 17th and 18th centuries, coinciding with
the Little Ice Age, were characterized by low-amplitude ENSO
events [39]. The mechanisms that control this ENSO decadal-
scale variability are not known. It has been proposed that this
variability is associated with changes in the mean state as a re-
sult of natural decadal-scale variability or greenhouse warming
[40, 41]. The following hypotheses have been suggested to ac-
count for the ENSO decadal-scale variability:
e Noise in the climate system, most probably of atmos-
pheric origin, interfering with the ENSO onset [42, 43]
¢ Aninverse relationship with solar activity [39, 44] (high so-
lar activity would imply less ENSO variability and vice versa)
via the thermostat mechanism [45]
e Changes in the SST of the Tropical Atlantic [46]

Conclusions

Lacustrine and marine sedimentary records have proved to be
valuable archives of the probable onset and evolution of the
ENSO.

Apparently, the onset of the ENSO conditions occurred at
about 3.5-4 Myr, as a result of the closure of either the Isthmus
of Panama or the Indonesian Seaway. These climate phenom-
ena have been constant through time, except during the
Younger Dryas (10,000-11,000 years BP) and at about
400,000 years BP, when climatic conditions were similar to
those of the Younger Dryas. Geological records have highlight-
ed the absence of the ENSO bands during these two periods.

No evidence for any major change in the ENSO frequency or
regularity during the last glacial stadial (the last 130,000 years
BP) has been found. Lacustrine sequences have revealed only
increases in the intensity of the ENSO events during this time
period. The increase in seasonality that occurred at ca. 20,000
years BP intensified the El Nifio events whereas the marked in-
crease in the zonal gradient at ca. 15,000 years BP favored La
Nina-like conditions.

The abrupt Younger Dryas cold-spell led to a decrease in
seasonality, resulting in ENSO weakening and amplitude re-

(tropic Pacific Ocean)
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Figure 7. ENSO variability was isolated by applying a
high bandpass filter (2-7 years) to the deseasoned
monthly coral §'80 anomaly data from Palmyra Island
(tropical Pacific). Frecuency and intensity of the
ENSO events are expressed by the oscillations of the
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duction. The beginning of the Holocene was marked by the ab-
sence of the ENSO. Present-day ENSO conditions started be-
tween ca. 7,000 and 5,000 years BP. ENSO intensity attained
its highest values at about 3,000 years BP.

The last 1,000 years have been characterized by ENSO fre-
quencies and amplitudes that exceeded those of the 20th cen-
tury. The amplitude was smaller for the period between the
12th and 14th centuries whereas the 17th century was marked
by severe ENSO events.
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