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Characteristics of El Nino in 1972'
Warren S. Wooster' and Oscar Guillen3

ABSTRACT
Characteristics of the Niiio event of 1972 were examined, using monthly descriptions of
sea surface temperatures in the eastern tropical Pacific and in the region offshore from Peru,
monthly average temperatures from Peruvian coastal stations, and surface temperature and
salinity data from oceanographic cruises. Observations were compared with those from previous events, especially that of 1965, and some general features of the phenomenon were
established . Atmospheric pressure anomaly data from Lima Airport were found to be negatively correlated with surface temperature anomalies off the central and northern coasts of
Peru . Forerunners of the 1972 event were evident as early as March 1971, and warming off
the southern coast of Peru may have started by August 197 r.

1. Introduction

The name "El Nifio" has been applied to major oceanic disturbances that
occur from time to time off the west coast of South America. Important biological effects have been attributed to these events, including decreases in productivity, redistributions of tropical and subtropical fauna, and reductions in the
abundance and/or avai lability of fish stocks, most notably of the Peruvian
anchovy.
This paper is concerned wi th changes in ocean circulation and physical conditions observed or inferred during the Nifio events. Important characteristics
of the phenomenon as evidenced along the Peruvian coast have become familiar
in recent years (see Wooster, 1960; Bjerknes, 1961, 1966). The immediate
cause appears to be the general weakening of the southern hemisphere trade
wind circulation with the following consequences:
1 . Coastal upwelling weakens or ceases.
2 . With the weakening of the coastal divergence, offshore waters of hi gh
temperature and salinity approach the coast.
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3. Equatorial waters of high temperature an~ low salinity exten~ _in a thin
layer southward along the coast far beyond ~heir usual su~mer pos1t1on. .
Despite the increased documentation of ~1fio events ~u:1~g- recent years Important features remain unexplained; these mclude the 1111t1at10n and decay of
the anomalous conditions, the differences between major and minor events, the
relative importance of the various sources of observed warm water, latitudinal
variations in timing and intensity of the phenomenon, and the relation between
local conditions off the west coast of South America and those of larger scale,
especially in the equatorial region to the west.
Studies of the Nifio phenomenon have always been impeded by the scarcity
of relevant data from the eastern tropical Pacific. The Peruvian Instituto del
Mar has done much to improve the situation during the past decade, but there
are still important observational deficiencies that continue to plague the investigator, especially in the ocean beyond 1oo miles offshore, and in the atmosphere
along the coast. There is a particular need for data on wind stress, for comparison with variations in circulation and characteristics of the near surface
waters.
Occurrence of El Nifio in 1972 provided the opportunity for the present
study in which we have used available observations to reconstruct the development of the event and to relate it to conditions elsewhere in the tropical Pacific
and to features of earlier events.

2. Surface temperature
a. Surface temperatures in the eastern tropical Pacific. Monthly descriptions
of Pacific Ocean surface temperatures and their departures from long term
means are routinely published by the National Marine Fisheries Service of the
United States Department of Commerce (1971-1973). These descriptions are
most detailed north of 20°N; in the tropical zone, where our interest centers,
data are relatively sparse but appear adequate to reveal major features and
changes.
Throughout most of 1971, the equatorial region of the eastern Pacific was
dominated by subnormal temperatures (with negative anomalies from the long
term mean occasionally reaching more than 6°F/3.3°C), suggesting that equatorial upwelling was more intense than usual. The first significant and enduring
change appeared in January 1972 (Fig. 1a) when positive anomalies exceeding
4 °F / 2.2°C were observed several hundred kilometers west of Peru. This
change may have been anticipated by warming on the southern coast of Peru
which, as will be seen later, appears to have begun in late 1971. In February,
regions of negative anomaly began to disappear in the east, and by MarchApril, much of the equatorial region east of 140°W was warmer than usual.
In particular, off Peru and Ecuador, positive anomalies reached values exceeding 6°F/3.3°C. Month by month, the area of positive anomalies extended
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Figure 1 a. Deviation of sea surface temperature (°F) from long term mean, for January 1-3 1, 1972.
Figure r b. Same, fo r July r-3 r, 1972. From U.S. Depa rtment of Commerce. No data sou th of solid
line. Positive anomalies greater than 2°F light solid shade, greater than 4°F dark solid
shade. Negative anomalies greater than 2°F single lines, greater than 4° F crossed lines.

west along the equator (beyond 180° by June), and the anomalies increased in
magnitude (to more than 8°F/4.4°C by July; Fig. 1b). During most of 1972,
especially after June, sea surface temperatures suggested that equatorial upwelling was unusually weak; positive anomalies dominated the equatorial region
from South America to at least the date line, extending north beyond 10°N
and with values commonly greater than 6°F/ 3.3°C east of 120°W. This pattern continued through J anuary 1973.
Restoration of normal condi tions occurred during the next three months.
By February, equatorial upwelling had been reinitiated in several regions west
of G alapagos (at 90°W); by April, negative anomalies were widespread extending along the equator far to the west.
In seeking forerunners of the 1972 event, it is useful to compare sea surface
temperatures with those of the year before. From as early as March 1971
0
(Fig. 2a), equatorial waters between the continent and nearly I oo W were
significantly warmer than in the previous year. This suggests that equatorial
upwelling had already started to decrease in intensi ty in early 19 7 1, although
as noted earlier, it did not fall significantly below normal until a year later. By
January 19 72, not only was a warm anomaly (relative to the long term mean)
apparent offshore from South America (Fig. 1a); much of the tropical ocean
east of 120°W was already significantly warmer than in J anuary 1971 (Fig. 2b.)
To interpret the observed anomalous temperatures one must first examine
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Figure 2a. Deviation of sea surface temperature (°F) from March 1970, for March I- JI , 1971.
Figure 2 b. Same, from January 1971, for January 1-31 , 1972. See caption of Fig.
tion.

I

for other informa-

the distribution of average sea surface temperature in the eastern Pacific (see
W yrtki, 1964). The thermal equator lies north of the geographical equator
throughout the year, falling between 5° and 15 °N depending on the longitude
and the season. A band of minimum temperatures extends along, or just south
of, the equator from the G alapagos Islands to at least 140°W, being most
strongly developed in the southern winter (Fig. 3a). Along the Peruvian coast,
isotherms tend to parallel the coast throughout the year; both the low coastal
temperatures and the equatorial temperature minimum are attributed to windinduced upwelling which is most intense in southern winter. The cold coastal
waters of Peru and their extension westward are separated from the warm
waters of the equatorial region by a front which extends from northern Peru
past the G alapagos Islands. The position and extension of this front plays an
important role in El Nino.
A most striking, and as yet unexplained, feature of the surface temperature
distribution in the eastern south Paci fie, pointed out by Bjerknes ( 1961 ), is
the tongue of warm water extending southeastward from Galapagos to the
northern part of Chile, beyond 20°S. This tongue is most strongly developed
in J anuary (Fig. 3b), but is evident from November through April. Bjerknes
( 1961) proposed that it is fed by a south equatorial countercurrent, possibly
augmented by eastward flow near the equator (from a " surfaced" Cromwell
Current) and by trans-equatorial flows of tropical water at times when the
southeast trades are weak or missing. Wyrtki's (1964) charts suggest that the
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warm tongue may be derived, at
least initially, from eastward fl ow
south of the equator; local heating
must also be important.
As noted above, the offshore
temperature anomalies indicate
that the 1972 event had already
started by J anuary 19 72. During
this month, the warm tongue is
normally well developed (Fig. 3b)
with a region warmer th,in 25°C
centered near 1o 0 S, 8 5°W. In
January 19 72 the pattern of surface temperature distribution was
not conspicuously different from
the average distribution.
By May it was evident that
the normal development of an
equatorial tongue of cold water
was not taking place west of
Galapagos ; in June (Fig. 4a)
when the equatorial front is usually strongly developed between
G alapagos and the continent, an
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Figure 3 a. Average sea surface temperature (0 C) for
Augu • t ·
Figure 3 b. Same, for January. From Wyrtki (1964).

unusual southward breakthrough
of warm tropical waters appears to have occurred. The resulting pool of warm
water was still evident in July; in August (Fig. 4b) another transequatorial
incursion may have occurred, and the surface temperature distribution was
vastly different from normal, the usual equatorial tongue of cold water (Fig. 3a)
being entirely absent from Galapagos far to the west. In September a more
normal pattern was evident, although temperatures remained high. By October, the warm offshore pool began to reform several months ahead of schedule; the few data available suggest that other transequatorial flows of tropical
water could have occurred in November and in February 1973.
b. Surface temperatures near the Peruvian coast. Monthly average sea surface
temperatures for the peri od 1928-1969 have been compiled by Zuta and
Urquizo ( 1972) for the region of the Peruvian coast (3° to 18°S) offshore to
86°W . Charts based on these averages show the coastal expression of features
noted above, including the seasonal variations in the strength and position of the
equatorial front as it intersects the coast and the annual development of the warm
tongue offshore. In addition the positions of upwelling centers are indicated;
the region of year-round upwelli ng at 14-16°S is particularly conspicuous.
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Figure 4a. Sea surface t emperature (°F) for June 1-30, 1972.
Figure 4b. Same, for August 1-31, 1972.

For each month, the Instituto de! Mar prepares charts of average sea surface
temperature and of anomalies from the long term mean (1939-1952 through
December 19 7 1, 1928- 1969 for later months). These charts permit one to
follow the developments of the coastal manifestation of the 1972 Nifio in
greater detail than is possible with the larger area charts discussed earlier.
Conditions along the central and northern coast of Peru, north of 14°S are
different in many ways from those farth er south, and it is useful to consider
these two regions separately. In the northern region there was no consistent
pattern of anomalies through 1971; in January 1972, surface temperatures
were sli ghtly lower than usual (Fig. 5a). The situation changed dramatically in
February (Fig. 5b) when a warm regime (with anomalies to more than 3°C)
was established south to 1o 0 S. This regime extended south to 13°S in M arch,
to l 5°S by April, and to l 7°S by May. The intensity of warming also increased,
and in May through August anomalies greater than 3°C were common throughout the northern region.
In September, the intensity of warming began to decrease, and by November
the northern region was only 1 °-2°C above normal. But in December 1972
intense warming returned, and anomalies of 2°-6°C prevailed in the region.
Not until M arch 1973, did coastal temperatures return to normal.
In the southern region, the scarcity of data makes it more difficult to identify
the pattern of change. As early as August 1971, a significant area (16°-18°S,
74 °-76°W) was some 1.5°C warm, and in September the coastal zone from
1 3° to 17°S was about 1 °C warm. There were few observations in October
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Figure 5a. Deviat ion of sea surface temperature (0 C) from long term mean, coast of Peru, for January
1972.
Figure 5 b. Same, for February 1972. From Institute del Mar. Positive anomalies 1.o-1.9°C light
solid shade, greater than 1.9°C dark solid shade. Negative anomalies 1.o-1.9°C single lines,
greater than 1.9°C crossed lines.

and December, but in November and January 1972 (Fig. 5a) the southern
warming was clearly established. After this, while the northern warming extended southward, the situation off southern Peru was not clear, but by May
waters along the entire coast were warm, suggesting that the two warming
regimes had coalesced. This situation continued through August 1972, with
the anomalies in the southern region usually 1 °-2°C smaller than in the north.
Starting in September 1972, near shore temperature anomalies in the south
began to decrease, and by November-December 1972 southern coastal temperatures were about normal, although some warming may still have been
present offshore. Once again, in January 1973, warm anomalies of 1.5° to
nearly 4 °C were present; these decreased significantly in February and conditions were normal by March 197 3.
c. Temperatures at Peruvian coastal stations. Monthly average values of sea
surface temperature are available from Puerto Chicama (7 °42 1 S) since 1925
(Rep. Peru, 1962) and have often been used to demonstrate the occurrence of
El Nino (for example, see Rodewald, 1958; Roden, 1962). Recently, shorter
series of similar data have been made available to the Instituto de! Mar by the
Compafiia Maritima Pesquera from stations at Paita (about 5°S), Chimbote
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Figure 6. Monthly temperature anomalies (°C) at Paita, Puerto Chicama, Chimbote, Huarmey, and
Chancay; atmospheric pressure anomaly (mb) at Lima Airport. Data from Instituto de!
Mar. Years centered on June.

(about 9°S), Huarmey (about 10°S) and Chancay (about 11.5°S), so that it is
now possible to compare the intensity and timing of anomalous conditions at
several latitudes in northern and central Peru. 4
Observations from these stations are reasonably coherent, and events can be
identified that are common to all of them (see Fig. 6). During the last few
decades there appear to have been minor Nifios in 1951, 1953 and 1969, and
major Nifios in 1957, 1965 and 1972. Periods of low temperature are also
evident; in recent years the cold pe~iod of 1967-1968 is most conspicuous.
The major Nifio events, as indicated by coastal temperature anomalies, have
the following characteristics: they begin in February-May and last for ten to
fourteen months. Maximum temperature anomalies occur in May-July and
commonly have values of 2.0° to 4.0°C, followed by a second maximum of
about the same magnitude in December or January. The intermediate minimum is usually in September or October when the anomaly decreases to 0.5°
or less. The Nifio of 1972 was remarkable in that maximum anomalies exceeded 4°C (to 5.4°C at Huarmey in December 1972), and minimum anomalies were much larger than usual (1.3° at Chimbote, 2.6° at Huarmey).
The minor Nifio events, as indicated by coastal temperature anomalies, have
the following characteristics: they begin in March-May and last for periods
of two to seven months. Maximum temperature anomalies occur in April-] une
and commonly have values of 1.5° to 3.0°C. Because of the relatively short
4. Note that relatively short periods were used for computing the means and anomalies for these
series-10 years for Pai ta, I 5 years for Chimbote and Huarmey, 2 3 years for Chancay.
·
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F igure 7- Surface salinity (0 /oo in February-March 1967, EASTROPAC Expedition (Love, 1972)Salinity less than 34-5°/oo shaded_

duration of these events, there is no conspicuous intermediate anomaly
m1111mum.
Latitudinal variations in the timing and characteristics of the events are not
conspicuous. There is no systematic progression of anomalous conditions southward along the coast; in 1972, for example, large positive anomalies were
observed at Chancay (nearly 12°S) two months before they were observed at
Chimbote (about 9°S) and at lea.st as early as at Paita (about 5°S). There does,
however, seem to be a slight tendency for conditions to return to normal
earlier in the north (Paita to Puerto Chicama) than at Chancay.
It must be remembered that these observations, and hence the conclusions
drawn from them concerning characteristics of El Nifio, are all from north of
12°S (Callao). We know very little about the phenomenon farther south.
Since anomalous conditions may first appear off the Peruvian coast below 14°S,
it is clearly important to strengthen the observational program there as well as
offshore where the southern warming may originate.

3. Surface salinity
a. .Average surface salinity distribution. The average surface salinity distribution is much more poorly known than that of surface temperature. Some information is avai lable from the monthly charts of Bennett (1966) and the
quarterly charts of Zuta and Guillen (1970). Surface salinity charts from the
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Figure 8. Surface temperature (0 C) in February-March 1967, EASTR0PAC Expedition (Love,
1972). Temperature greater than 25°C shaded.

EASTROPIC Expedition of October-December 1955 (Bennett, 1963) and
the EASTROPAC cruises of 1967-1968 (Love, 1972) a,:e also useful.
Principal features of the surface salinity distribution are evident in observations of the EAST ROPAC cruises of February-March 1967 (Fig. 7; Fig. 8
shows accompanying sea surface temperatures; Love, 1972). The relatively
fresh (and warm) equatorial waters are separated from the more saline waters
of the southern hemisphere by the equatorial front which extends from Ecuador
to Galapagos and farther west. The front normally intersects the coast between
4 ° and 6°S, being most strongly developed in southern winter, and farthest
so uth in southern summer. On the southern side of the front offshore from
Peru, surface salinities are everywhere greater than 34.8°/oo.
Along the coast of central and northern Peru, salinity is relatively uniform
through the surface layer so that upwelled water is not distinguished by its
salinity. The average charts of Zuta and Guillen ( 1970) show that surface salinities in this region increase offshore, with coastal values of 34.9-35.0°/oo in
summer and 35 .0-35 .1 °/oo in winter. South of 14°S on the other hand, salinity
decreases with depth in the surface layer, and upwelled water can be identified
by its relatively low salinity. Here too, surface salinities increase offshore; near
the coast they are slightly lower than 34.9°/oo throughout the year.
Salinity characteristics of the warm offshore tongue (Figs. 3b and 8) are not
well known. The summary charts of Zuta and Guillen (1970) suggest that
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Figure 9. Surface salinity (0 /oo), UNANUE Crui se 7202, 15 February-13 March 1972 (Instituto
de! Mar). Salinity less than 34.5°/oo shaded.

values there are high (greater than 35.3°/oo). In most cases, the monthly charts
of Bennett (1966) contain few values in the region of interest; they do support
the belief that the southern part of the tongue, off northern Chile, is relatively
salty, perhaps greater than 35.3°/oo (Bennett speaks of a "high salinity tongue
of western origin which nearly touches the coast at 18°-20°S").
Yet the most extensive published chart of surface salinity, from the
EASTROPAC cruise of February-March 1967 (Fig. 7) shows the tongue on
that occasion to be relatively fresh (less than 34.0°/oo) north of 5°S. Observations of the El Nino proj ect of 1964-1966 (Stevenson, Guillen and Santoro,
I 970) arc not extensive enough to establish this point, although they do support that the warm waters off northern Chile are relatively saline. It appears
likely that the surface waters of the tongue near its origin, somewhere in the
vicinity of the Galapagos Islands, are relatively fresh and that the salinity is
increased by evaporation during the extensive warming farther south.
b. Surface salinity distributions in r972 and r965. The distributions of surface salinity observed on several of the Instituto de! Mar cruises illustrate some
features of the development of the 1972 event. Through I 97 I, surface sali-
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nities along the Peruvian coast
appear to have been normal,
except possibly off southern
Peru where August observations
showed nearshore concentrations
as much as o. I 0 /oo high. By the
first 1972 cruise, in February,
abnormal conditions were already
well established in the north
(Fig. 9). Surface waters of very
low salinity (less than 34.5°/00)
had spread southward to nearly
I o 0 S offshore and gos at the coast,
some 350 km beyond their usual
position. Farther south, beyond
Pisco ( 14°S), conditions appeared
normal. The invasion of tropical

waters continued at least through
the end of April, when low salinities were still observed along the coast to 11 °S.
By June the tropical waters had receded; coastal waters north of Callao were
normal in salinity (although 3°-4°C warmer than average) and remained so
through November. Meanwhile, anomalous conditions appeared south of
Pisco, with coastal surface salinities being o. 1-0.2°/oo high (and 1 °-2°C warmer
than average). By October surface salinities dropped below 34.9°/oo along the
southern coast, suggesting the restoration there of normal conditions.
In December the tropical waters pushed southward again, nearly to Callao
(Fig. 10). Unfortunately, salinity observations were not made south of Callao
(but temperatures south of Pisco were slightly lower than average). By January
1973, low salinity water was present to gos offshore but had withdrawn along
the coast; high values south of Pisco suggested that upwelling there was again
weaker than usual. Observations from UNANUE Cruise 7302 of 19 February
-17 March 1973 (the northern part of the cruise was in March) show that
the tropical water of low salinity was no longer present along the Peruvian
coast south of Caho Blanco; surface salinities remained somewhat higher than
usual along the entire coast (as did surface temperatures), suggesting that
coastal upwelling was not yet fully reestablished. By the next month, the event
appears to have finished.
These observations can be compared with those for the Nifio of 1965
(Guillen, 1967, 1971). That event was reasonably well documented; in addition to cruises of the Instituto de! Mar, observations were made by other laboratories participating in the "El Nifio Project" (see Stevenson, Guillen and
Santoro, 1970 ).

!Fooster & Guillen: Characteristics of El Nino

1974]

399

119•

100

200

!Olio
800

12
C- GALAPAGO!'!!SL-_ _ _ _ _ _ _ _ _ _ _ _ ____._

Figure 11.: Vertical distribution of salinity (0 / 00) between Ecuador and Galapagos, April 1965 (Stevenson , Guillen and Santoro, 1970). Salin ity less than 34.8°/00 shaded.

Temperature records from the various coastal stations (Fig. 6) show that
1964 was colder than usual. Surface salinity charts for February-March, MayJune, August-September, and November-December of that year (Stevenson
et al., 1970) all appear normal. During a cruise in March 1965, water of low
salinity (less than 34.8 °/oo) was observed as far south as Callao ( 12°S). In April
such water was present to 8°S inshore and beyond 1 o 0 S offshore, with coastal
temperatures south to Callao about 2°C warmer than usual. South of Pisco,
both temperatures and salinities were slightly high along the coast.
By July-August, the low salinity waters had withdrawn to the north, and
temperatures north of Callao were close to normal. South of Pisco, higher than
normal (about 1°C) temperatures and slightly higher coastal salinities suggest
continuation of weak Nifio conditions there. In October, temperatures were
again about 1°C higher south to Callao, and salinities were close to normal;
farther south, normal conditions had been restored. By the first cruise of l 966
(February), surface temperatures and salinities along the whole coast were
little different from average, and the event appears to have finished .
c. Sources of warm surface waters. Salinity data are useful for tracing the
origins of warm surface water observed during El Nifio. Earlier studies
(Wooster, 1960) suggested two source regions, nearshore north of the equatorial front (low salinity) and offshore west of central Peru (high salinity).
It now appears that low salinity surface waters may also be coming from near
the Galapagos Islands.
Surface waters of low salinity are always present along the Ecuadorian coast
and reach northern Peru in the southern summer. During the early months of
El Nino, these waters participate in the southward coastal flow, extending to
depths of 20-30 m. Farther west, low salinity water crosses the equator near
Galapagos (Fig. 7) and becomes incorporated in the summer warm offshore
tongue. A section through this water (Fig. 14-S-v 1 8 in Love, 1972) shows it
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to be confined to a surface layer not more than 40 m thick. This tongue of low
salinity water is normally separated from that off the Ecuadorian coast_ by a
wedge of higher salinity water derived from the Peru Current. Dunng a
Nifio period, this wedge may be weakly developed or missing, and the two low
salinity tongues tend to coalesce.
Unfortunately, offshore observations are usually inadequate for tracing
waters from the Galapagos source. Available data from February and December
1972 (Figs. 9 and 10) do suggest a western source of low salinity water
near 7°S. The clearest indication, however, is in a section between Ecuador and Galapagos in early 1965 (Fig. I I) when both low salinity layers
were crossed.

4. Atmospheric pressure
Bjerknes (1961, 1966) has demonstrated that the development ofNifio conditions on the Peruvian coast is associated with oceanic perturbations over a
much larger area, these being linked to a general weakening of the trade wind
circulation as indicated by atmospheric pressure data from appropriate Pacific
island stations. Unfortunately, atmospheric data from the Peruvian coast are
not readily available for examining the details of events there. Surface wind
observations have been made during the research cruises of the Instituto de!
Mar, but suitable climatological wind records are not available for studying
the relationship between non-seasonal changes in equatorward wind stress and
the occasional southward extensions of equatorial water along the coast or the
weakening or intensification of coastal upwelling.
Some information on changes in the atmospheric circulation can be obtained
from coastal atmospheric pressure data. Peruvian climatological records have
not been published since 1965, and the earlier records are incomplete. However,
it was possible to find monthly average pressure data for 1960-1965 for the
following coastal stations:
Talara (4°34'S), Chiclayo (6°47'S), Trujillo (8 °o6'S), Callao (12°00 1 S),
San Juan (15 °23 1 S).
In addition, monthly average pressure data were available from Lima Airport
(about 12°S) for the period April 1949 through January 1973.
These stations all show the same general seasonal pattern, with lowest pressures in February-March, highest in June-September. The annual range increases with latitude, from about 3 mb at Talara to about 6 mb at San Juan.
During the period 1960-1965, average pressures for the months January
through September from Talara to Callao were lowest in 1965 (at each of
these stations, December 1965 pressures were also very low). The maximum
pressure anomalies were greater than I mb. Farther south, at San Juan, 1965
pressures fall in the mid-range of the 1960-1965 data and do not exhibit any
anomalous characteristics.
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Because of the similarity of the pressure variations and anomalies at stations
from Talara to Callao, it seems reasonable to use the more extensive series from
Lima Airport to examine the relationship between atmospheric pressure and
the occurrence of El Nifio. Comparison of the anomalies of coastal temperature
and of atmospheric pressure (plotted with values decreasing upward) shows a
clear similarity in trends indicating a strong negative correlation (Fig. 6). In
particular, during the minor Nifio events of 1951, 1953 and 1969, and the
major events of 1957, 1965 and 1972, pressures were lower than usual (the
greatest negative pressure anomaly in the record, - 2.6 mb, was in August
1972). For prolonged periods in 1962-1964, 1967-1968, and 1970-1971,
high pressures prevailed, coinciding with periods of negative temperature
anomalies.

5, Summary and conclusions
Hitherto, descriptions of the phenomenon known as El Nifio have been
based largely on temperature observations from the northern and central parts
of the Peruvian coast. Now that a greater variety of information is becoming
available from a broader area, more of the nature of the large scale event of
which El Nino is a coastal manifestation becomes apparent.
The development of the 1972 event can be described as follows. As early as
March 1971, surface waters in the equatorial Pacific east of 110°W became
significantly warmer than in the previous year. Along the coast of Peru, the
few surface temperature and salinity data available from south of 14°S suggest
that anomalous conditions may have been established there as early as August
1971. Farther west, surface temperatures first exceeded the long term mean in
January 197 2 when much of the tropical ocean east of 120°W was already
significantly warmer than in January 1971.
On the northern Peruvian coast, the warm regime first became evident
during an oceanographic cruise in February 1972 when a southward extension
of low salinity (less than 34.5°/oo) surface water was observed along the coast
to 10°S. At the same time, anomalously high surface temperatures had already
been observed at 12°S, indicating that decreased coastal upwelling was contributing to the warming. The low salinity waters receded by June 1972,
reappearing during December 1972-February 1973; the high surface temperatures persisted through this entire period.
Meanwhile, the region of warm surface temperature anomalies extended
westward along the equator to at least 180°, the equatorial zone remaining unusually warm through January 1973 with anomalies commonly greater than
3-3°C east of 120°W. Not only was the normal equatorial tongue of cold water
absent during most of 1972, but the few available data suggest that southward
trans-equatorial transgressions of tropical water may have occurred east of the
Galapagos Islands in June, August and November 1972 and again in February
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1973. There is some evidence that low salinity water of this origin approached
the northern coast of Peru in early 1972 and again in the summer of 19721973·
On the southern coast of Peru, south of 14°S, the timing and character of
anomalous conditions differed from that farther north. As indicated above, unusual warming may have begun as early as August l 9 7 1 ; normal temperatures
were not restored until March 1973. Tropical surface waters do not reach
these latitudes, and the high surface temperatures were accompanied by high
salinity concentrations, indicative of reduced upwelling and of movement
onshore of surface waters from the west.
The 1972 Nino had several features in common with the event of 1965,
including the invasion of tropical surface waters during the first quarter of the
year. Some features of these and other Nino events were revealed by time series
of sea surface temperature data from five coastal stations between 5° and 12°S.
These data suggest that there were major events in 1957, 1965 and 1972,
and minor events in 1951, 1953 and 1969. The major Ninos become evident
as early as February, are evident off northern and central Peru for ten to fourteen months, and are interrupted in September or October by a period of reduced temperature anomaly. In contrast, the minor Ninos are not evident
before March and last for two to seven months without a conspicuous intermediate anomaly minimum. The 1972 event was remarkable in that maximum
anomalies exceeded 4 °C and minimum anomalies were much larger than usual.
Periods of low temperature were also evident in the records, the cold period of
1967-1968 being particularly conspicuous.
It is generally believed that the weakening or cessation of coastal upwelling
and the invasion of tropical water during El Nino are associated with a weakening of the southeast trade winds. Although suitable wind data are not available
for testing this belief, atmospheric pressure anomaly data from Lima Airport
show a strong negative correlation with surface temperature anomalies off the
central and northern coasts of Peru. The abnormally low pressures associated
with El Nino are consistent with an unusually southern position of the Intertropical Convergence Zone during such events.
Wyrtki (1973) has recently shown that anomalously high transport in the
north equatorial countercurrent in the central Pacific during the latter part
of certain years precedes an anomalous accumulation of warm water off Central
America. He suggests that these events are related to the occurrence of El Nifio
in northern Peru during the first quarter of the following year. Namias (1973)
then showed that these variations in countercurrent transport could be related
to an index of northeast trade wind strength (i.e., strength of the upper-level
subtropical westerlies), weak values of the index being associated with strong
countercurrent transport, with a total lag of as much as eight months between
wind and temperature off Central America.
Equatorial surface temperatures discussed above indicate that the southeast
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trade winds slackened in early 19 7 1, a nd the mechanism discussed by Wyrtki
and Namias may well have been operating during the 1972 event. H owever,
whereas their correlations emphasize initiation of high transport in the north
equatorial countercurrent in the central equatorial Pacific with anomalously
warm waters appearing later in the east, the observations in 1971 and 1972
illustrate another aspect of the sequence-that is, weakening of the southeast
trades and response of the ocean circulation in the vicinity of the Galapagos
Islands, with the anomalous conditions developing subsequently toward the
west. Further understanding and eventual forecasting of these large scale events
should result from improvement of the monitoring of oceanic and atmospheric
conditions along the equator and on the coasts and offshore from Ecuador
and Peru.
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