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ABSTRACT

A 116-yr Southern Oscillation index record was used in conjunction with environmental data and
reports from various authors on disturbances to the anchoveta fishery, marine bird life, etc. off the
Peruvian coast, to infer the occurrence of past El Nifio type events and their intensities. The resulting
long time history substantiates our earlier report that certain Southern Oscillation index features are
excellent precursors of subsequent El Nifio type events. We suggest that statistics derived from this
time history could be useful in the management of the Peruvian anchoveta fishery and for providing

long-range outlooks on El Nirfio type activity.

Anomalously heavy precipitation in the central and western equatorial Pacific and Indonesian
droughts were closely associated with El Nifio type events.

In recent years the world demand for fishmeal has
continued to increase, as has the world population.
The Peruvian anchoveta fishery, which ordinarily
provides over half the world’s supply of fishmeal,
has become a critical resource; and anything that
affects the output of this fishery is of world-wide
significance. Johnson and Seckel (1977) reported
that the catch in this fishery declined from a high
of over 12 million tons (about /5 of the total world
catch of all fish) in 1970 to about 2 million tons in
1973. Although overfishing in 1970-71 may have
contributed heavily to this decrease in anchovy
catch, the strong El Nifo of 1972-73 was undoubt-
edly also a major cause for the precipitous decline
in catch (Figure 1). However, the 1975 catch was
still only about 25% of the record 1970 catch, the
1976 catch remained low, and the target for 1977
has now been reduced to 2 million tons of an-
choveta and other fish such as sardines and hake.
Apparently the unfavorable environmental condi-
tions caused by the very weak event of early 1975
and the moderate El Nirio of 1976-77 have not only
contributed to the delay in recuperation of the
fishery, but also are causing a further degradation
of it. In early October 1977 the Fisheries Ministry
of Peru said (according to a Reuters wire service
report) that the stocks were believed to be so low
that the anchoveta fishing, which was suspended
in May 1977, would not resume until the second
half of 1978.
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Statistical information pertaining to the histor-
ical occurrence of El Nifio type events is presented

* to: 1) aid in long-term fishery assessment (Peru-

vian anchoveta fishery); 2) provide a basis for
speculative long-range outlooks on event occur-
rence (beyond a year in advance); and 3) guide
long-range predictions (1-12 mo in advance). Rela-
tionships between El Nino type events, Southern
Oscillation index trends, index component trends,
and Indonesian droughts are shown and discussed.
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FIGURE 1.—The Peruvian anchovy catch for the period 1962-76
as obtained from the Industrial Fishery Products Market Review
and Outlook for June 1977 (National Marine Fisheries Service
1977). The 1976 figure is a preliminary value. The 1977 figure is
the Peruvian Fishery Ministry target value for anchovies and
other species such as sardine and hake, as reported by Reuters
wire service on 19 October 1977.

ANCHOVY CATCH IN MILLIONS OF TONS
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Wooster (1960), Idyll (1973), Miller and Laurs
(1975), and Caviedes (1975) furnished background
information on El Nifo; Quinn (1974) discussed
monitoring and prediction; and Berlage (1957,
1966), Troup (1965), and Quinn (1971, 1976) pro-
vided background information on the Southern
Oscillation and how it relates to phenomena dis-
cussed in this paper.

Definitions for terms frequently used in this
paper follow: The Southern Oscillation was origi-
nally identified by Walker (1924). It was loosely
defined by Berlage (1966) as a fluctuation in the
intensity of the intertropical general atmospheric
and hydrospheric circulation over the Indo-Pacific
region. The fluctuation is dominated by an ex-
change of air between the South Pacific subtropi-
cal high and the Indonesian equatorial low.
The differences in sea level atmospheric pressure
between sites representing the South Pacific sub-
tropical high and sites representing the Indone-
sian equatorial low are used as indices to repre-
sent the Southern Oscillation (Quinn 1974).

The El Nino type event refers to the appearance
of anomalously warm sea surface temperatures
and abnormally heavy rainfall in the equatorial
Pacific and an invasion of anomalously warm sur-
face water off the coast of Peru and southern
Equador. This event, which is brought about by
relaxation from a prolonged period of strong
southeast trades, is represented by falling and low
Southern Oscillation indices (Quinn 1974). The
magnitude of the interannual relaxation and its
timing with relation to the regular seasonal relax-
ation (Southern Hemisphere summer) appear to
determine the strength of the El Nifo invasion
along the Peruvian coast. Heavy central and west-
ern equatorial Pacific precipitation usually starts
a few or more months after El Nino initially sets
in, but this may not always be the case. By using
the term “El Nino type” we avoid arguments over
what is and what is not an El Nino and can then
account for events that evolve in a similar manner
but vary in timing, intensity, and extent.

The anti-El Nino refers to the contrasting situa-
tion when a strengthening and strong southeast
trade system prevails (represented by rapidly ris-
ing and high Southern Oscillation indices). At
such times we can expect strong upwelling (due to
the divergent equatorial flow under the influence
of strong southeast trades and equatorial easter-
lies), anomalously low sea surface temperatures,
and abnormally low amounts of rainfall over the
equatorial Pacific. Also, off the coast of Peru, we

664

FISHERY BULLETIN: VOL. 76, NO. 3

find strong coastal upwelling, low sea surface
temperatures, lower than average sea level, and
generally favorable physical environmental con-
ditions for biological productivity (due to the up-
welling of nutrient-rich water from lower levels).

METHODS

Data Processing

Atmospheric pressure and much of the rainfall
data before 1961 were obtained from the World
Weather Records (Clayton 1927, 1934; Clayton
and Clayton 1947; U.S. Department of Commerce
1959, 1968). Data for 1961-76 were obtained from
Monthly Climatic Data for the World (U.S. De-
partment of Commerce 1961-76). We were primar-
tly interested in the large-scale interannual
changes. Therefore, we eliminated regular oscilla-
tions from the data, such as the diurnal cycle, by
using monthly mean values (or monthly amounts,
for rainfall), and the seasonal or annual cycle by
subtracting long-term average or normal monthly
values from the actual monthly values. Data so
processed show no particular regularity and no
apparent cycle (Panofsky and Brier 1965). The
filtered and unfiltered monthly anomalies were
used to detect, identify, and evaluate any unusual
changes that took place.

Our interests were focused on fluctuations of an
intermediate scale (Southern Oscillation), with
periods ranging between about 1 and 6 yr. The
remaining short period fluctuations in the
anomalies were eliminated by filtering with a low
pass filter. At the other end of the time scale, there
may be a gradual change of the variate over many
years which is part of oscillations that are long
compared with the record. These extremely long,
gradual changes were not a factor in our study.

In earlier papers (e.g., Quinn 1974, 1976) the
12-mo running mean was applied directly to
monthly values of pressure, pressure differences
(indices), rainfall, etc. as a low pass filter. This
filter not only smoothed the data to some extent
but also eliminated the annual cycle. To more
clearly define the interannual fluctuations
(Southern Oscillation), we recently switched to
the use of the triple 6-mo running mean filter on
the monthly anomalies, which requires three suc-
cessive passes of the 6-mo running mean over the
data. It results in smoother plots and more clearly
defined peaks and troughs, which are of particular
assistance in establishing long-term trends. The



QUINN ET AL.: SOUTHERN OSCILLATION, EL NINO, AND INDONESIAN DROUGHTS

loss of 3 mo time with each application of the 6-mo
running mean is a drawback to its use in forecast-
ing, so we also use the 3-mo running mean and
monthly plots of anomalies for locating inflection
points and evaluating trends on a more immediate
basis in support of forecasts.

Anomaly trends for several indices were main-
tained in time section plots (Figure 2a, b) to
evaluate the Southern Oscillation and its expected
effects on the southeast trade system. Although
these limited records (25-30 yr) clearly showed the
close association of low indices with El Nino type
activity, and high indices with anti-El Niro condi-
tions (Quinn 1974, 1976), it was essential to
extend the study over a much longer period to
determine how frequently these climatic extremes
occurred

The World Weather Records were searched for
the longest and most complete atmospheric pres-
sure records which could be used to extend our
study into the past. Madras, India (1841-1976);
Bombay, India (1847-1976); Djakarta, Indonesia
(1866-1974); and Darwin, Australia (1882-1976)
were within the area noted by Berlage (1957,
1966) to reflect Southern Oscillation-related pres-
sure changes in the Indonesian equatorial low
pressure cell. Santiago, Chile (1861-1976) had the
only long pressure record that could possibly rep-
resent Southern Oscillation-related pressure
changes affecting the South Pacific subtropical
high pressure cell. Although Santiago is generally
to the east of the subtropical high, it does reflect
these pressure changes (Berlage 1957, 1966).

Correlations were run between the Tahiti-
Darwin index and the Santiago-Darwin index on
data for 1935-76 to further substantiate use of the
Santiago-Darwin index for representing the
Southern QOscillation and related El Nino type ac-
tivity. The Tahiti-Darwin index was used for this
comparison since it and the Santiago-Darwin
index showed similar amplitudes in their interan-
nual fluctuations. The similarity was due to the
fact that Tahiti and Santiago are separated by
analogous distances from the usual core of activity
in the subtropical high (see fig. 10 in Berlage 1957,
or fig. 10 in Bjerknes 1969). At zero lag the correla-
tion coefficient between the two indices was 0.88.
The maximum correlation was 0.89 when the
Tahiti-Darwin index led the Santiago-Darwin
index by 1 mo.

Figure 3a-h shows the triple 6-mo running
mean plots of pressure anomalies for Madras

(1841-1976), Bombay (1847-1976), Djakarta

(1866-1974), and Darwin (1882-1976). They also
show similar plots of pressure index anomalies for
Santiago-Bombay (1861-81) and Santiago-Darwin
(1882-1976). The anomaly plots were used along
with other data in the evaluation of El Nifio type
events reported over the past 135 yr.

Classification of Events

The classification of El Niflo type events by in-
tensity is highly subjective since no two cases are
exactly alike with regard to time of onset, dura-
tion, areal extent, thermal departure, degree of
devastation, etc. Determinations concerning
event occurrence and intensity were primarily
based on: 1) reported disruptions of the anchoveta
fishery and marine bird life off the coast of Peru; 2)
scientific reports which discussed events that af-
fected the coastal regions of Peru and southern
Ecuador [e.g., Eguiguren (1894), Frijlinck (1925),
Murphy (1926), Hutchinson (1950), Sears (1954),
Schweigger (1961)]; 3) hydrological data for the
Peruvian coastal region; 4) sea-surface tempera-
ture data along the coasts of Peru and southern
Ecuador; 5) rainfall at coastal stations in Peru and
southern Ecuador; 6) height of preevent peaks and
depth of relaxation troughs in Southern Oscilla-
tion index trends; 7) related indications from
index component trends (when pressure compo-
nents from only one core of the Southern Oscilla-
tion were available); 8) sea-surface temperatures
over the equatorial Pacific; 9) rainfall data for
islands in the central and western equatorial
Pacific.

We categorized events as strong, moderate,
weak, or very weak, depending on the intensity of
the activity and the time of year that it occurred.
The true El Nino sets in during the first half of the
year. A symptom which is common to El Ninos is
the presence of anomalously high sea-surface
temperatures off the coasts of southern Ecuador
and Peru. Other frequently mentioned features
include a southward coastal current, heavy rain-
fall, red tide (aguage), invasion by tropical nekton,
and mass mortality of various marine organisms
including guano birds, sometimes with sub-
sequent decomposition and release of hydrogen
sulfide (known as El Pintor) (Wooster 1960).

Strong El Nifios are recognized as such by all
investigators; they involve positive sea-surface
temperature anomalies along the coast in excess of
3°C, they display most of the aforementioned fea-
tures, and the anchoveta fishery is seriously
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FIGURE 2a.—Triple 6-mo running mean plots of anomalies of the difference in sea level atmospheric pressure (millibars) between Juan
Fernandez Is. (33°37'S, 78°50'W) and Darwin, Australia (12°26'S, 130°52'E), between Easter Is. (27°10'S, 109°26'W) and Darwin,
between Totegegie (23°06'S, 134°52’' W) (Gambier Is.) and Darwin, between Rapa (27°37’S, 144°20’' W) (Austral Is.) and Darwin, and
between Tahiti (17°33’S, 149°20'W) (Society Is.) and Darwin for 1948.63. El Nifio type events (EN) are indicated in strong (S), moderate
(M), and weak or very weak (W) intensity.
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FIGURE 2b.—T'riple 6-mo running mean plots of anomalies of the difference in sea level atmospheric pressure (millibars) between Juan
Fernandez Is. and Darwin, between Easter Is. and Darwin, between Totegegie and Darwin, between Rapa and Darwin, and between
Tahiti and Darwin for 1964-76. El Nifio type events (EN) are indicated in strong (S), moderate (M), and weak or very weak (W) intensity.

666



QUINN ET AL.: SOUTHERN OSCILLATION, EL NINO. AND INDONESIAN DROUGHTS

84 | 1842 | 1843 | 1844 | 1845 | 1846 | 1847 | 184B ) 1849 | 1850 | 185 | 1852
2
=
BOMBAY ©
{mb}
2 —-2
' ",
MADRAS © e - conpreen? 1
{mb) . E
. EN(SI—[—> ]
1841 | 1842 | 1843 | 1844 | 1845 | w46 | w47 | 1848 | 1849 | 1850 | 185t | 1es2
1853 | (854 | 1855 | 1856 | 1857 | iss8 | 1859 | 60 | 186l | 1862 | 1863 | 1864 | 1865 |
—2
JRUT -
BOMBAY o
(mb) L | 1y 1] et — -l
—-2
2 —2
i . OO o v SR
MADRAS O : MLID T b N T L o
{mb} f —lvl
2 Tz
2 2
1 -
SANTIAGO — o T
BOMBAY _ |
(mb) 2
o531 iese 1igss T gse T igs7 Tugse T wsse ' ise0 1 el 862 ' 1863 | 1864 | 1865

YEARS

FIGURE 3a.—Triple 6-mo running mean plots of sea level atmospheric pressure anomalies (millibars) for Bombay (18°54'N, 72°49'E),
India (1847-65) and for Madras (13°00°N, 80°11°E}, India (1841-65}; also triple 6-mo running mean plot of difference in atmospheric
pressure anomalies between Santiago (33°27°S, 70°42'W), Chile and Bombay (1861-65). El Nifio type events (EN) are indicated in
strong (S) or moderate (M) intensity.
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FIGURE 3b.—Triple 6-mo running mean plots of sea level atmospheric pressure anomalies (millibars) for Bombay and Madras, India,
and Djakarta (06°11'S, 106°51'E), Indonesia (1866-81); also, triple 6-mo running mean plot of difference in atmospheric pressure
anomalies between Santiago and Bombay (1866-81). El Nifio type events (EN) are indicated in strong (S) or moderate (M) intensity.
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FIGURE 3c.—Triple 6-mo running mean plots of sea level atmospheric pressure anomalies (millibars) for Bombay, Madras, Djakarta,
and Darwin (12°26'S, 130°52'E), Australia (1882-97); also triple 6-mo running mean plot of difference in atmospheric pressure
anomalies between Santiago and Darwin (1882-97). El Nifo type events (EN) are indicated in strong (S) or moderate (M) intensity.
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FIGURE 3d.—Triple 6-mo running mean plots of sea level atmospheric pressure anomalies (millibars) for Bombay, Madras, Djakarta,
and Darwin (1898-1913); also, triple 6-mo running mean plot of difference in atmospheric pressure anomalies between Santiago and
Darwin (1898-1913). El Nifio type events (EN) are indicated in strong (S) or moderate (M) intensity.
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FIGURE 3e.—Triple 6-mo running mean plots of sea level atmospheric pressure anomalies (millibars) for Bombay, Madras, Djakarta,
and Darwin (1914-29); also, triple 6-mo running mean plot of difference in atmospheric pressure anomalies between Santiago and
Darwin (1914-29). El Nifio type events (EN) are indicated in strong (S) or moderate (M) intensity.
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FIGURE 3f.—Triple 6-mo running mean plots of sea level atmospheric pressure anomalies (millibars) for Bombay, Madras, Djakarta,
and Darwin (1930-45); also, triple 6-mo running mean plot of difference in atmospheric pressure anomalies between Santiago and
Darwin (1930-45). El Nifio type events (EN) are indicated in strong (S) or moderate (M) intensity.
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FIGURE 3g.—Triple 6-mo running mean plots of sea level atmospheric pressure anomalies (millibars) for Bombay, Madras, Djakarta,
and Darwin (1946-61); also, triple 6-mo running mean plot of difference in atmospheric pressure anomalies between Santiago and
Darwin (1946-61). El Nifio type events (EN) are indicated in strong (8) or moderate (M) intensity.
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FIGURE 8h.—Triple 6-mo running mean plots of sea level atmospheric pressure anomalies (millibars) for Bombay, Madras, Djakarta,
and Darwin (1962-76); also, triple 6-mo running mean plot of difference in atmospheric pressure anomalies between Santiago and
Darwin (1962-76). El Nifio type events (EN) are indicated in strong (8) or moderate (M) intensity.
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affected (e.g., the 1957-58 and 1972-73 cases of re-
cent years). Moderate cases are recognized as El
Nifios by most investigators, and display typical
El Nino features to a lesser degree; maximum
monthly sea-surface temperature anomalies
along the coast usually peak in the 2.0°-3.5°C
temperature range (e.g., the 1953, 1965-66, and
1976-77 cases of recent years). The effects of a
moderate El Nifio on the anchoveta fishery are
considerable, but less serious than for the strong
category.

Weak events may or may not be recognized as El
Nifios by investigators; maximum monthly sea-
surface temperature anomalies along the coast
usually peak in the 1.0°2.5°C temperature range,
but may appear relatively latein the year (e.g., the
1951 and 1969 cases of recent years). Very weak
events are not considered to be El Ninos;
maximum sea-surface temperature anomalies, if
they penetrate into the coast, are in the 0°2°C
range (e.g., the 1963 and 1975 events). The weak
and very weak categories are included in this dis-
cussion because the difference between weaker
and stronger events depends not only on the
height of the preevent index anomaly peak and the

200 1346 i947 1948 1949, 1950

1951 | 1952 | 1953

subsequent degree of relaxation reflected in the
southeast trade strength, but also on the timing of
this interannual relaxation. If the timing is in
phase with the regular annual relaxation (South-
ern Hemisphere summer and early fall), a moder-
ate or strong event is likely to occur; if they are out
of phase, a weak or very weak event is likely.
Relaxation troughs that occur near the end of the
year are usually associated with high Peruvian
coastal sea temperature anomalies in the latter
half of the year. The weak and very weak events
may not be of significance to the Peruvian an-
choveta fishery, but they do show up in the west-
ern equatorial Pacific rainfall and their larger
scale aspects may be significant from the
standpoint of associated global fluctuations. Fig-
ure 4 shows'an example of how the recent events
were reflected in the Tarawa rainfall.

The weaker events were included as EN(W) in
Figure 2a, b, since we have a fairly large amount of
evidence available from 1950 on. They were not
included in Figure 3a-h due to the decreasing
availability of evidence as we reach further back in
time. However, these weaker events, ascertain-
ed to the best of our ability from availdble data
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FIGURE 4.—Triple 6-mo running mean plot of anomalies of the difference in sea level atmospheric pressure (millibars) between Rapa
(27°37'S, 144°20°'W) (Austral Is.) and Darwin (12°26'S, 130°52'E), Australia compared with a similarly filtered plot of Tarawa (01°21'N,

172°55'E) (Gilbert Is.) rainfall anomalies (millimeters).
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and literature, are included in Table 1; and, the
typical index and index component trends as-
sociated with them can be noted in Figure 3a-h.

Eguiguren’s (1894) data were evaluated to ex-
tend the record back even further. He classified
rainfall at Piura, Peru (lat. 5°5°S, long. 80°38'W)
into five categories: dry (0), light (1), moderate (2),
good (3), and extra ordinary (4). Considering the
distribution of events over the period 1891-1976in
relation to Eguiguren’s rainfall category distribu-
tion for 1791-1890, it appeared that we could re-
late his category 4 to a strong El Nifo, category 3
to a moderate El Nifio, and categories 2 and 1 to
weak and very weak events respectively. One
must realize that for this Peruvian desert area
long-term average rainfall values have little
meaning, since averages combine data from the
more-frequent drought years with data from the
smaller number of event years when significant
rainfall may occur. A year when an average
amount of rain fell is likely to have been a year
when an event occurred. Whereas the categories 3
and 4 rainfall situations were likely to have been
associated with E1 Nifio, there is no assurance that
the categories 1 and 2 rainfalls were associated
with the oceanic events.

A study of presumed event occurrences (based
on Eguiguren’s information) in relatiion to trends
of the Southern Oscillation indices and index
components for a period when overlapping data
records were available (1841-90) showed a high
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degree of compatibility. Table 1 lists years in ac-
cordance with Eguiguren’s rainfall classification
as well as our interpretation of event intensity
after considering his indications, the index and
index component trends, and the various data and
information sources listed early in this section.
After 1790 and prior to 1841, when no pressure
records were available for a cross-check, we avoid-
ed the weak event category, but accepted Eguigu-
ren’s stronger categories 3 and 4 events. Events
occurring prior to 1791, as reported by Frijlinck
(1925), were considered to be of the strong variety.
Sources for each event are listed in Table 1.

STATISTICAL STUDY OF
EL NINO TYPE EVENTS

From a practical standpoint, we were concerned
with the question of when the next event is likely
to occur and what its intensity might be. There-
fore, this study referred to the onset times for
separate events and the interval between onset
times. When the year immediately following the
year of onset reflected an event of equal or lower
intensity, it was assumed that the initial event
extended into this next year or that the effects of
the initial event held over into the early part of the
next year; and, the whole situation was treated as
a single event. However, when a weaker initial
event preceded a stronger event in a following
year they were treated as two separate events,

TABLE 1.—Year of onset of E] Nifio type events, 1726-1976, as classified according to event intensity by Eguiguren (1894), left, and the
present authors, right (events below intensity 3 were not accepted prior to 1841 when pressure data became available), Numbers refer
to event intensity: 1, very weak; 2, weak; 3, moderate; and 4, strong. Asterisks indicate onset of events considered separate (see text).

Event Key to Event Key to ~Event  Keylto ~Event Key to
Year intensity source Year intensity  source Year intensity  source Year intensity _ source
1726 3 G *1852 2 (2) B, PC 1896 (3) PIL R 1943 (2) G, T,R
1728 4) A, G 1854 2 B 1899 (4) D,PLR 1944 2) PI, T
1763 (4) A 1855 @ PC 1900 (3) PR 1946 (1) Pl R
"1770 (4) A 1857 2 () B,PC 1902 (3) Pl R 1948 (1) PILT, R
“1791 4 (4) A B 1862 2 B 1905 (3) PL R 1951 2) G PILT
1803 2 8 1864 4 4y A/B P 1911 (4) F.E, PI 1953 (3) G.ET
1804 4 (4) B 1866 2 B 912 (3) FoPt 1957 (4) G, L Pl
1814 4 (4) B ‘1868 1 (3 B,CPl 1914 (3) G, PLR 1958 (4) G, L, P!
1817 3 (3) 8 1871 4 3) A.BC 1917 (2) H *1963 (1) Pl R
1819 3 (@) B 1873 2 Pl 1918 (4) C.D PI *1965 (3) M, PI, T
1821 3 3) B8 1875 1 (1) B, P 1919 (3) D, PLR 1969 (2) PLT R
*1824 3 (3) B 1877 4 4) A B8Pl 1923 (2) H, PI *1972 (4) N, O, P!
1828 4 (4} A, B 1878 4 (4 ABP 1925 (4) D E P 1973 (4) N, O T
1829 1 B 1880 2 (3) B, Pl 1926 (4) L, PLT *1975 (1 PP, T
1832 3 3) B 1884 4 4y A B, P 1929 (3) G. 1, PI 1976 (3 Q,PILT
1837 3 (3) B 1885 (3 PI 1930 (3) G, Pl T
1844 3 (2) B, PC *1887 2 (3 B,PI 1932 (2) E. N J
*1845 4 (4) B, C,PC 1888 2 (3 BPI 1939 (3) E.JT
1846 2 (3) B, PC 1889 1 (1} B.PI 1940 2) C.PLT
1850 2 (2) B, PC 1891 (4 D, E Pl "1941 4) E.KT
Key Source Key Source Key Source
A" Frijlinck (1925) H Lavalle (1917, 1924) O Caviedes (1975)
B Eguiguren (1894) I Shepard (1830, 1933) P Wyrtki et al. (1976}
C  Hutchinson (1950) J  Mears (1944) Q Quinn (1976)
D Murphy (1923, 1926) K Lobell (1942) R Rainfali (equatorial and/or Peruvian)
E  Sears (1954) L Wooster (1960) T  Sea-surface temperature off Peru
F  Forbes (1914) M Guillén (1967) PC Pressure component of
G Schweigger (1961) N ldyd (1873) Southern Oscillation index

Pl Southern Oscillation pressure index
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since an additional contribution was introduced in
the following year. The foregoing assumptions
were based on findings from a study of the South-
ern Oscillation index trends and associated events
over recent decades when more data were avail-
able for case history studies.

Our study of strong events was limited to the
period 1763-present (Table 2, Figure 5), since the
break of 35 yr between 1728 and 1763 was 14 yr
longer than the longest subsequent break between
events, and there was no way of eliminating the
possibility that one or more strong events might
have gone unreported over the 35-yr gap. These
data indicate that given a strong El Nifio, there is
a 35% probability of having another strong event
in 7-8 yr, and an 82% probability of having one
within the next 15-16 yr. Considering all available
data, the time between onsets of separate strong
events was never <7 yr.

For strong and moderate events (Table 3, Fig-
ure 5) the record was limited to the period
1791-present when data for both categories were
available. For strong, moderate, and weak events
(Table 4, Figure 5) the record was limited to
1842-present, so we would have at least one index
component trend available for cross-checking the
less prominent weak events. (Madras pressure
data became available in 1841.) With the addition
of very weak events (Table 5, Figure 5), we limited
our record to 1862-present in order to have an

Strong Events
0.75 (1763-1972)

Strong, Moderate
0.75~ 979 Weak Events
(/8424 ~1976)

0.50
3
0.25
I
ole 0 o “:”
lTlTl?IE o(??‘
" L3

Strong, Moderare, Weak
and Very wWeak Events
(1864-1976)

/9

Strong and Moderate

0.75 Events 0.75
(1791-1976)

RELATIVE FREQUENCY

8

0.50

0.25

CLASS LIMITS ({years}

FIGURE 5.—Histograms of frequency distributions for EI Nino
type events by intensity. Number of occurrences within class
intervals is indicated.

index trend available for cross-checking the more
obscure very weak events. (The Santiago-Bombay
index became available in 1861.)

Cases were noted where relaxation from a large
preevent index anomaly peak appeared to be a two
or more stage process. |This type development was

TABLE 2.—Strong E1 Nifios, with intervals between events from
onset to onset.

Years Years
Onset Onset between Onset Onset between
year year onsets year __year onsels
1763 1770 7 1884 1891 7
1770 1791 21 1891 1899 8
1791 1804 13 1899 1911 12
1804 1814 10 1911 1918 7
1814 1828 14 1918 1925 7
1828 1845 17 1925 1941 16
1845 1864 19 1941 1957 16
1864 1877 13 1957 1972 15
1877 1884 7

209 (cumulative years between onsets) —~ 17 (number of intervals) = 12.3 yr,
average time interval between onsets of strong E! Nifios.

TABLE 3.—Strong and moderate El Nifios with intervals be-
tween events from onset to onset.

Years Years
Onset Onset between Onset Onset between
year year onsels year year onsets
1791 1804 13 1887 1891 4
1804 1814 10 1891 1896 5
1814 1817 3 1896 1899 3
1817 1819 2 1899 1902 3
1819 1821 2 1902 1905 3
1821 1824 3 1905 1911 &
1824 1828 4 1911 1914 3
1828 1832 4 1914 1918 4
1832 1837 5 1918 1925 7
1837 1845 8 1925 1929 4
1845 1864 19 1928 1939 10
1864 1868 4 1939 1941 2
1868 1871 3 1941 1953 12
1871 1877 6 1953 1957 4
1877 1880 3 1957 1965 8
1880 1884 4 1965 1972 7
1884 1887 3 1972 1976 4

185 (cumulative years between onsets) + 34 (number of intervals) = 5.4 yr,
average time interval between onsets.

TABLE 4.—Strong, moderate, and weak El Nifios with intervals
between events from onset to onset.

Years Years
Onset Onset between Onset Onset between
year year onsets year __year onsets
1844 1845 1 1905 1911 8
1845 1850 5 1911 1914 3
1850 1852 2 1914 1917 3
1852 1855 3 1917 1918 1
1855 1857 2 1918 1923 5
1857 1864 7 1923 1925 2
1864 1868 4 1925 1929 4
1868 1871 3 1929 1932 3
1871 1873 2 1932 1939 7
1873 1877 4 1939 1941 2
1877 1880 3 1941 1943 2
1880 1884 4 1943 1951 8
1884 1887 3 1951 1953 2
1887 1891 4 1953 1857 4
1891 1896 5 1957 1965 8
1896 1899 3 1965 1969 4
1899 1902 3 1969 1972 3
1802 1905 3 1972 1976 4

132 (cumulative years between onsets) + 36 (number of intervals) = 3.7 yr,
average time interval between onsets.
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TABLE 5.—Strong, moderate, weak, and very weak EI Nifios
with intervals between events from onset to onset.

Years Years

Onset Onset between Onset Onset between
year year onsets year year onsets
1864 1868 4 1923 1925 2
1868 1871 3 1925 1929 4
187 1873 2 1929 1932 3
1873 1875 2 1932 1939 7
1875 1877 2 1939 1941 2
1877 1880 3 1941 1943 2
1880 1884 4 1943 1946 3
1884 1887 3 1946 1948 2
1887 1891 4 1948 1951 3
1891 1896 5 1951 1953 2
1896 1899 3 1953 1957 4
1889 1902 3 1957 1963 5]
1902 1905 3 1963 1965 2
1905 1911 6 1965 1968 4
1911 1914 3 1969 1972 3
1914 1917 3 1972 1975 3
1917 1918 1 1975 1976 1
1918 1923 5

112 (cumulative years between onsets) + 35 (number of intervals) - 3.2 yr,
average time interval between onsets.

first mentioned in Quinn and Zopf (1975).] In
some cases there was an initial fall from a large
preevent (primary) peak which was not fully in
phase with the seasonal relaxation (Southern
Hemisphere summer and early fall) and the result
was a relatively weak event; then, there was the
rise to a smaller secondary peak followed by relax-
ation to a secondary trough which was in phase
with the seasonal relaxation and resulted in a
stronger event. The length of time between the
two troughs was generally 18-22 mo and it is our
opinion that situations of this type may account
for many of the event-to-event intervals that fall
in the short 1-2 yr category. Examples of such
developments can be noted in 1950-53, 1962-65,
and 1973-76 (Figure 2a, b). Preevent peaks occur-
red in 1950, 1962, and late 1973-early 1974. The
first relaxation troughs following these peaks oc-
curred in late 1951, late 1963, and late 1974-early
1975, and weak or very weak events resulted in all
three cases. Then, there were rises to secondary
peaks by mid-1952, mid-1964, and late 1975, fol-
lowed by falls to troughs by early to mid-1953,
mid-1965, and mid-1976, resulting in moderate El
Nifos for these latter years. We must be aware
that these situations can arise and should be par-
ticularly wary when a large preevent peak is fol-
lowed prematurely by a weak or very weak event.
(One must not lose sight of the fact that these
interannual fluctuations in the index anomaly
trends were used to represent the interannual
fluctuations in southeast trade and equatorial
easterly strength as affected by the Southern Os-
cillation.) Figure 6 demonstrates the similarity of
the three two-stage developments discussed
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above; a particularly obvious index trend was
selected to represent each case.

The index trend between late 1872 and 1877
indicates a possible three stage development (Fig-
ure 3b), with a weak event in 1873, a very weak
eventin 1875,and astrongevent in 1877 (Table 1).
It is noteworthy that Indonesian droughts, which
are usually associated with El Nifio, occurred in
1873, 1875, and 1877 (Berlage 1957).

The preevent index anomaly peak has been re-
ported to be a reliable indicator for subsequent El
Nirfio type activity, and our long index record sub-
stantiates this viewpoint. We compiled statistics
on the climb time from trough to peak and fall time
from peak to trough from our long index anomaly
record to provide some general guidance for event
predictions. Figure 7 shows the applicable statis-
tics. Events usually set in while the index is fall-
ing and prior to the index trough inflection point.
Therefore, the contents of Table 6 and Figure 8,
which pertain to time between index peak and
subsequent event onset, can be used to further
refine event predictions. We assumed a March
onset time for all cases in arriving at values in the
column headed “Peak to event onset” (Table 6).
This assumption was made since month of onset
was not available for most of the early cases, and a
study of recent cases showed onset times to range
from January to May.

INDONESIAN DROUGHTS

What happens over Indonesia relates to the
Southern Oscillation (Berlage 1957) and is, there-
fore, an integral part of the activity affecting the

€-D 1949 1950 1951 1952 1953
JF-D 1961 1962 1963 1964 1965
R-D 1973 1974 1975 1976 1977

~

4 T
SRS R:D

’ﬁ
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E-D Lo 1
[ 1 - R
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FIGURE 6.—Recent examples of two stage developments using
triple 6-mo running mean plots of: 1) Easter-Darwin (E-D) index
anomalies (1949-53); 2) Juan Fernandez-Darwin (JF-D) index
anomalies (1961-65); 3) Rapa-Darwin (R-D) index anomalies
(1973-77).
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FIGURE 7.—Frequency distributions of rise time from trough to
peak and fall time from peak to trough (in months) for the triple
6-mo running mean plots of Southern Oscillation index
anomalies (see text). The number of cases falling within a class
interval is entered at the top of the relevant histogram element.

equatorial Pacific and the oceanic region off
northwestern South America. In general, years
when the index is low and El Nifo type activity
occurs are also years of drought in Indonesia (par-
ticularly during the east monsoon season, May-
October).

Using sea salt production on the Island of Mad-
ura (neardJava), which is a very sensitive indicator
of drought and precipitation, as well as some ad-
ministration reports from Java estates, compiled
by Van Bemmelen (1916), Berlage (1957) drew up
a complete series of east monsoons drier than
normal, from 1830 to 1953. Although 93% of the
drought periods occurred during years when El
Nifio type events were under way (Table 7), only
77% of the periods when El Nific type events were
underway were also designated as periods of east
monsoon drought (Table 8). Nevertheless, the as-
sociation between occurrences of these two
phenomena and changes in the Southern Oscilla-
tion index trends are close enough in either case to
indicate common relationships with the large-
scale ocean-atmosphere changes over the Indo-

TABLE 6.—Time (in months) between index peak and E1 Nifio type event onset (assuming onset is in March
of indicated year), and time between index peak and associated Indonesian drought onset (assuming onset
is in May of associated year). Pressure indices (see text) used to determine time of preevent peak were: S-B,
Santiago-Bombay; S-D, Santiago-Darwin; JF-D, Juan Fernandez-Darwin; E-D, Easter-Darwin; T-D,
Totegegie-Darwin; and R-D, Rapa-Darwin. In last column ND indicates no associated drought.

£ Nino type event

Preevent index peak

Peak to event onset  Peak to drought onset

Yearofonset =~ Month of peak Index used No. of Months ___No.of months
1864 Aug -Sept. 1862 S-B 18.5 20.5
1868 Mar.-Apr. 1867 S-B 115 ND
1871 Jan.-Feb. 1870 S-B 13.5 ND
1873 Jan. 1873 S-B 2.0 4.0
1875 Aug.-Sept. 1874 S-B 6.5 8.5
1877 Feb. 1876 S-B 13.0 15.0
1880 Nov. 1878 S-B 16.0 30.0
1884 May 1882 S-B 22.0 12.0
1887 July-Aug. 1886 S-B 7.5 215
1891 Nov.-Dec. 1889 s-8 155 17.5
1896 Oct. 1893 S-D 29.0 31.0
1899 Nov.-Dec. 1897 S-D 15.5 ND
1902 May 1901 S-D 10.0 12.0
1905 Sept.-Oct. 1903 S-D 145 16.5
1911 Jan.-Feb. 1910 S-D 13.5 ND
1914 Sept.-Oct. 1912 JF-D 17.5 75
1917 Aug.-Sept. 1916 S-B 6.5 ND
1918 Aug.-Sept. 1917 S-D 6.5 8.5
1923 Aug. 1921 JF-D 19.0 21.0
1925 May-June 1924 S-B 95 1.5
1929 Dec.-Jan. 1928/29 JE-D 25 4.5
1932 Aug.-Sept. 1931 S-D 6.5 8.5
1939 June-July 1938 JF-D 8.5 22,5
1941 Jan.-Feb. 1940 JF-D 135 155
1943 July-Aug. 1942 JF-D 7.5 215
1946 Dec.-Jan. 1944/45 S-B 14.5 4.5
1948 Aug. 1947 JF-D 7.0 ND
1951 Apr.-May 1950 E-D 10.5 ND
1953 Apr.-May 1952 R-D 105 12.5
1957 July-Aug. 1955 E-D 19.5
1963 May 1962 JF-D 10.0
1965 June 1964 JF-D 9.0 Data not
1969 Mar.-Apr. 1967 T-D 23.5 available
1972 Oct.-Nov. 1970 R-D 16.5
1975 Nov.-Dec. 1973 R-D 155
1976 Sept.-Oct. 1975 R-D 55 7.0
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Pacific region. Based on the association between
El Nino type events, drought years and index fea-
tures, and also an assumption that the drought
will set in during May of involved drought years,
we arrived at values in the column headed “Peak
to drought onset” (Table 6). Figure 8 shows the
resulting statistics which could be applied to In-
donesian drought predictions.

FIGURE 8.—Frequency distributions of time (in months) be-
tween preevent peaks in triple 6-mo running mean plots of
Southern Oscillation index anomalies (see text) and: 1) the onset
of subsequent El Nifio type events (assuming onset is in March of
involved years); 2) the onset of associated Indonesian droughts
(assuming onset is in May of involved years). The number of
cases falling within a class interval is entered at the top of the

relevant histogram event.

TABLE 7.—Association of east monsoon droughts in Java with El Nifo type events.

Drought El Nino type Drought El Nifio type
years event years Notes years event years Notes
1844 1844 1913
1845 1845-46 1914 1914
1850 1850 1918
1853 None Event in 1852 1919} 1918-19
1855 1855 1923 1923
1857 1857 1925}
1864 1864 1926 1925-26
1873 1873 1929 1929-30
1875 1875 1932 1932
1877 1877-78 1935 None Slight lowering of index
1881 1880 Index low 1880-81 1940 1939-40
1883 1941 1941
1884) 1884-85 1944 1943-44
1885 1945
1888 1887-89 1946 1946
1891 1891 1953 1953
1896 1896 Drought data unavailable 1954-75
1902 1902 1976 1976
1905 1905

28 (separate events) +~ 30 (east monsoon drought situations) = 0.93.
93% of east monsoon droughts can be associated with EI Nifio type events.
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TABLE 8.— Association of El Nifio type events with east monsoon droughts in Java.

El Nifio type Drought El Nino type Drought

event years years Notes event years years
1844 1844 1905 1905
1845-46 1845 1911-12 None
1850 1850 1914 1913-14
1852 None Drought in 1853 1917 None
1855 1855 1918-19 1918-19
1857 1857 1923 1923
1864 1864 1925-26 1925-26
1868 None 1929-30 1929
1871 None 1932 1932
1873 1873 1939-40 1940
1875 1875 1941 1941
1877-78 1877 1943-44 1944
1880 1881 Index low 1880-81 1946 1945-46
1884-85 1883-85 1948 None
1887-89 1888 1951 None
1891 1831 1953 1953
1896 1896 Drought data unavailable 1954-75
1899-1900 None 1976 1976
1902 1902

28 (east monsoon drought situations) + 36 (separate events) = 0.78.
78% of El Nifio type events can be associated with east monsoon droughts.




QUINN ET AL.: SOUTHERN OSCILLATION, EL NINO, AND INDONESIAN DROUGHTS

DISCUSSION

Over the past 116 yr (1861-1976), for which we
have adequate data on the occurrence of El Nifio
type events of weaker intensity, there were de-
cades of minimal activity (e.g., 1901-10, 1931-40,
1961-70), but no decade without such activity.
There is no reason to expect any significant change
in the amount of El Nifio activity in the foresee-
able future over that experienced in the past cen-
tury. Therefore, it would appear that our data
(e.g., Tables 2-5) might eventually be used in con-
junction with associated catch data and biological
findings for effective long-range planning in the
management of the anchoveta fishery. For exam-
ple, assessment of maximum sustainable yields
under various environmental conditions ranging
from the favorable extended anti-El Nifio condi-
tion (when there are two or more consecutive years
with high Southern Oscillation indices) to the El
Nifo situation (when there are rapidly falling and
low Southern Oscillation indices) might prove use-
ful for determining the optimum size and flexibil-
ity of the fishing fleet and fish processing facilities.
A key element to such assessments will be a know-
ledge of the required biological recuperation time
following cessation of an unfavorable physical en-
vironmental condition.

Such data could also be used for speculative
long-range outlooks. For example, if we had just
experienced a strong El Nifio, our results suggest
that there is a near-zero probability that we would
experience another strong event in <7 yr after the
onset of the recent situation. However, there
would be an 86% probability that an event in the
very weak, weak, or moderate category would
occur within 3-4 yr after the strong El Nifio onset.
Considering the current situation, and recogniz-
ing that a moderate event set in during 1976 and
held over into early 1977, there is a 54% probabil-
ity (based on our data) that another event of un-
known intensity would set in during 1980. It
would not be reasonable to go beyond statistical
estimates until we find we are approaching a peak
in the Southern Oscillation index anomalies.

When we are nearing a preevent peak and can
assess its height and time of occurrence, then we
can use peak to trough statistics (e.g., Figure 7) to
advantage in forecasting onset time and likely
intensity of the coming El Nifo type event. The
intensity would be based on the height of the index
anomaly peak and the time of year when the sub-
sequent trough was expected to occur. Event onset

time can be further refined by considering Figure
8 statistics. It is also essential in the prediction
procedure to realize that some developments may
involve two or more stages. In cases of this type,
forecast lead times for the separate stages will
often be greatly reduced (to 1-6 mo in advance),
unless historical analogies lead to pattern recog-
nition as the situation evolves.
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