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An ocean model forced with winds from an atmospheric reanalysis of the first half of the 

twentieth century shows that the 1918/19 El Niño was much stronger than previously thought.

B y any measure the year 1918 was tumultuous.  
 Marked by the end of World War I, an influenza  
 pandemic that killed over 25 million people 

(Johnson and Mueller 2002), a crippling drought in 
India (Parthasarathy et al. 1994), and revolutions in 
four countries, it was a period of tremendous social 
upheaval. It was also a year of intense global climate 
variability. The year 1918 began with record-setting 
cold temperatures in much of the United States: 
January 1918 still stands as the coldest January reg-
istered in Central Park in New York, New York. In 
summer, just as influenza started to take hold in the 

trenches of eastern Europe, India began to experience 
one of its worst droughts of the twentieth century 
(Parthasarathy et al. 1994). Late summer and fall 
were marked by an unusually weak Atlantic hurricane 
season (Donnel 1918), and in late fall North America 
was unusually warm.

Climate patterns such as a weak Atlantic hur-
ricane season, failure of the Indian monsoon, and 
weak all-Australia rainfall are widely recognized as 
El Niño teleconnections (Gray 1984; Torrence and 
Webster 1999; Power et al. 2006). However, Quinn 
et al. (1987) describe the El Niño of 1918 as “weak 
to moderate” and Kaplan et al. (1998) show modest 
temperature anomalies of about only 3°C in Decem-
ber 1918 with the largest anomalies adjacent to the 
coast of South America. It is difficult to reconcile the 
strong global teleconnections with a tepid El Niño; 
however, there is some evidence that ocean tempera-
tures in the east Pacific may not have captured the 
intensity of the 1918/19 El Niño. Quinn et al. draw 
a distinction between El Niño, which they take to 
mean the oceanic changes that occur near the coast 
of South America, and El Niño–Southern Oscillation 
(ENSO), which they take to mean basin-scale ocean–
atmosphere changes. Interestingly, in an earlier 
paper, Quinn et al. (1978) rank the 1918/19 ENSO, 
which includes indicators such as the Southern 
Oscillation index (SOI) and precipitation anomalies 
throughout the Pacific basin, as strong. In this paper, 
we consider El Niño and ENSO to refer to the same 
coupled phenomenon.
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A lack of ocean observations from the central 
equatorial Pacific during the first half of the twentieth 
century has limited efforts to determine the strength 
of El Niño prior to the late 1950s. A difficulty in 
characterizing the severity of past El Niño events is 
that there are few direct observations of the tropical 
Pacific Ocean available for this purpose. The number 
of sea surface temperature (SST) observations in the 
International Comprehensive Ocean Atmosphere 
Data Set (ICOADS; Worley et al. 2005) for the years 
of 1918 through 1919 is shown in Fig. 1. Shown by 
a rectangle is the Niño-3.4 region, which extends 
from 5°S to 5°N and from 170° to 120°W and is a 
commonly used measure of El Niño intensity. Note 
that the number of SST observations in the Niño-3.4 
region during this 2-yr period is extremely limited, 
but there are regions along the coast of South America 
for which the data coverage is better. The principal 
reason that there are few direct measurements in the 
central Pacific Ocean during this period is that the 
war effort concentrated shipping, and hence the abil-
ity to measure SST, in the North 
Atlantic. A similar reduction 
of observations occurs during 
World War II.

As a result of limited observa-
tions, scientists often rely on SST 
reconstructions (Kaplan et al. 
1998; Rayner et al. 2003), which 
combine temporal records of SST 
at a few locations with typical 
spatial patterns of SST observed 
in later decades that have more 
abundant data. A limitation of 
this methodology is that it as-
sumes that the spatial patterns of 

SST variability do not change over 
time. An alternative method is to 
use an ocean model to “hindcast” 
the SST fields. Until recently it was 
not possible to model the state of 
the tropical Pacific Ocean before 
the 1950s, primarily because of the 
lack of surface meteorological forc-
ing data. However, a new reanalysis 
dataset of the atmospheric circula-
tion for the period of 1908 through 
1958 provides us with this missing 
atmospheric forcing dataset, and 
allows us to model the ocean state 
in the first half of the twentieth 
century.

This study relies on an ocean 
hindcast, which we refer to as SIMU 3.0.2, of the 
global oceans from 1908 through 1958. The ocean 
model is based on the Parallel Ocean Program (POP) 
software (Smith et al. 1992). The ocean model has a 
global average 0.25° (latitude) × 0.4° (longitude) × 
40-level eddy-permitting resolution with 10-m spac-
ing near the surface.

The ocean model surface boundary conditions 
are provided from a new atmospheric dataset called 
the Twentieth Century Reanalysis Project (C20r; 
Whitaker et al. 2004; Compo et al. 2006, 2008). 
These atmospheric reanalyses include only surface 
observations of synoptic pressure and monthly SST 
and sea ice distribution from the Hadley Centre 
Global Sea Ice and Sea Surface Temperature, version 
1.1 (HadISST1.1) dataset (Rayner et al. 2003). The 
atmosphere reanalysis uses a state-of-the-art data 
assimilation methodology called the ensemble filter, 
which is described by Whitaker and Hamill (2002). 
The surface wind stress from C20r is used in the 
ocean model for the surface momentum f luxes. 

FIg. 1. The number of surface temperature observations in the 
ICOADS (Worley et al. 2005) dataset from Jan 1918 through Dec 
1919. Note the limited number of observations in the Niño-3.4 region 
(shown as a rectangle).

FIg. 2. Niño-3.4 index time series (°C) based on reconstructed SST 
(black), simulated SST (red), and ocean reanalysis SST (blue). Anoma-
lies were computed by removing the monthly climatology from 1908 to 
2007 for HadISST1.1, from 1908 to 1958 for the simulation, and from 
1958 for 2007 for the ocean reanalysis.

178 fEbruAry 2010|



Solar radiation, specific humidity, cloud cover, 2-m 
air temperature, precipitation, and 10-m wind speed 
are used in the bulk formulas for computing heat 
and freshwater f luxes. Model output, such as tem-
perature, salinity, and velocity, is averaged by month 
and is mapped onto a uniform global 0.5° (latitude) 
× 0.5° (longitude) × 40-level (vertical) grid using the 
horizontal grid spherical coordinate remapping and 
interpolation package, with second-order conserva-
tive remapping (Jones 1999). 

The Niño-3.4 temperature anomaly from the 
HadISST1.1 reconstruction is shown for the period 
from 1908 through 2007 in Fig. 2 as a black curve. 
The Niño-3.4 reconstruction shows a succession of 
El Niño and La Niña events, with amplitudes that 
range from fairly weak (par-
ticularly in the early part of the 
record) to very strong (notably in 
1982/83 and 1997/98). However, 
the number of observations that 
go into this Niño-3.4 SST recon-
struction are quite limited in the 
first half of the twentieth century 
(Fig. 1); notably, there were few 
direct observations of tempera-
ture during the period from 1917 
through 1919. Thus, during these 
early years the Niño-3.4 SST 
reconstruction relies heavily on 
assumed geographic patterns 
together with SST observations 
outside of the Niño-3.4 region, 
and thus it should be assumed to 
be tentative.

Also shown in Fig. 2 is the 
simulated Niño-3.4 SST anomaly 
for the period from 1908 through 
1958 from SIMU 3.0.2 (in red) and 
the Niño-3.4 SST anomaly from 
an ocean reanalysis (Carton and 
Giese 2008) for the period from 
1958 to 2007. In the latter part 
of the twentieth century, when 
there are many observations, 
the reconstructed Niño-3.4 SST 
and the reanalyzed Niño-3.4 SST 
agree quite well. However, in the 
early part of the record there 
is a considerable difference in 
estimation of the magnitude of 
El Niño events, even though the 
two time series are well correlated 
(r = 0.86). Of particular interest 

is the SST anomaly during the 1918/19 El Niño, for 
which the reconstructed SST suggests a fairly modest 
El Niño with an anomaly of about 1.5°C, while simu-
lated SST reveals the presence of a massive event with 
Niño-3.4 SST anomalies in excess of 2.5°C.

To confirm our estimates of the strength of the 
1918 El Niño, we first turn to an indirect proxy, the 
ratio of the 18O to 16O isotopes in tropical Pacific 
corals whose isotope ratio changes with changing 
surface temperature and salinity (Cole et al. 1993). 
The coral isotope record (expressed in δ18O notation) 
from the Maiana Atoll (0.93°N, 173°W; Urban et al. 
2000) in the central equatorial Pacific is in excellent 
overall agreement with the simulated Niño-3.4 time 
series (Fig. 3). The two time series have a correlation 

FIg. 3. Simulated Niño-3.4 index time series (as in Fig. 2), Maiana Atoll 
δ18O isotopic anomaly time series (Urban et al. 2000), the C20r Tahiti–
Darwin difference of surface pressure (Pa), and the all-India seasonal 
(Jun–Sep) rainfall anomaly (cm; Parthasarathy et al. 1994).
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of r = 0.68. There is a high degree of coherence be-
tween δ18O and the Niño-3.4 temperature anomaly in 
the period from 1917 through 1919, with the highest 
temperature anomaly from the simulation coinciding 
with the lowest value of δ18O and the lowest tem-
perature anomaly coinciding with one of the highest 
values of δ18O.

The surface pressure difference between Tahiti and 
Darwin (akin to the SOI) from the C20r reanalysis is 
plotted in the third panel from the top. This pressure 
difference, an important measure of interannual vari-
ability, has been smoothed with a 12-month running 
average. The pressure difference shows that 1918/19 
is anomalous, as expected during an El Niño event. 
However, the pressure difference from the C20r run is 
not as exceptional during 1918/19 as the SST anomaly 
is from the ocean simulation. An equally large SOI 

anomaly occurs during 1915, even though the SST 
anomalies are weak at this time.

Failure of the Indian monsoon, one of the reasons 
that Sir Gilbert Walker first started exploring chang-
es in the climate of the Pacific in the nineteenth cen-
tury, is intimately linked to El Niño (Torrence and 
Webster 1999). Krishna Kumar et al. (1999) show 
that the relationship between ENSO and the Indian 
monsoon varies decadally, but they show that in the 
early part of the twentieth century the relationship 
is strong. Precipitation averaged over India from 
the Dai et al. (1997) dataset shows a striking change 
between 1917 and 1918, when rainfall went from well 
above normal, to well below normal (Fig. 3, lower 
panel). In fact, 1918 is recognized as one of the most 
severe droughts of the Indian subcontinent during 
the twentieth century, matched only by the intense 

drought of 1972 (also a 
year of a strong El Niño, 
e.g., Fig. 2). Maps of pre-
cipitation anomalies show 
that during the El Niño 
event there were negative 
anomalies over much of 
India, over the west and 
east parts of Australia, and 
over the Nordeste region 
of Brazil. There are posi-
tive anomalies over much 
of Southeast Asia and the 
Gulf states of North Amer-
ica. Island precipitation 
data show that central and 
western Pacif ic rainfall 
was extremely high in late 
1918 and early 1919 (Ichiye 
and Petersen 1964; Reiter 
1978), consistent with a 
strong El Niño.

The evolution of wind 
and SST anomalies during 
the 1918 event, shown in 
Fig. 4, is consistent with 
that of a strong El Niño 

(Ha rr ison a nd L a rk i n 
1998). Throughout most of 
1917 stronger-than-normal 
easterly trade winds forced 
anomalously strong up-
welling and colder-than-
normal SST. Many El Niño 
events are thought to be ini-
tiated by intense mesoscale 

FIg. 4. Time–longitude anomalies relative to the climatology from 1908 to 
1958 of the equatorial Pacific climate averaged over 2.5°S–2.5°N during 
1917–19. (a) Zonal wind stress anomaly (dynes cm−2) and (b) simulated SST 
anomaly (°C).
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convective events in the western equatorial Pacific, 
known as westerly wind bursts (Giese and Harrison 
1990). In March 1918 an intense westerly wind burst 
occurred with peak zonal stress of 0.75 N m−2. It is 
interesting to note that the intensity of this wind burst 
exceeds that of the westerly wind bursts preceding 
the 1997/98 El Niño, which are shown by McPhaden 
(1999). The March 1918 westerly 
wind burst, and a somewhat weaker 
wind event in June and July 1918, 
led to surface warming (Fig. 4, right-
hand panel). The warming spreads 
eastward across the Pacific through 
the spring and early summer of 1918, 
reaching the coast of South America 
in May 1918. In the central Pacific 
the warming continued until about 
September 1918 and then began to 
abate.

Beginning in late September 1918 
there is another period of westerly 
wind anomalies, peaking in January 
1919 with another strong episode of 
westerly wind. This weakening of 
the easterly trade winds in fall and 
winter of 1918/19, as well as the in-

tense westerly wind episode, led to an even stronger 
warming of the surface (in excess of 4°C) from 
November 1918 through March 1919. By July 1919 the 
eastern equatorial Pacific had cooled to below normal, 
although interestingly there were still weak westerly 
wind anomalies in the western Pacific.

That the strength of the 1918/19 El Niño was not 
previously recognized is likely due to two factors. The 
first is the fact that during World War I the number 
of ocean observations was extremely low, so that at 
the peak of the El Niño there were few SST measure-
ments in the Niño-3.4 region. The second is the fact 
that the 1918/19 El Niño had only a relatively weak 
expression near the coast of South America. The SST 
anomaly averaged from April 1918 through May 1919, 
the period of warming during the 1918/19 El Niño, is 
shown from the simulation (Fig. 5, upper panel) and 
from the HadISST1.1 reconstruction (lower panel). 
The simulation shows a strong SST anomaly from 
160° to 90°W and a weaker warming near the coast 
of South America. The HadISST1.1 reconstruction 
shows the largest SST anomaly adjacent to the coast of 
South America, with modest warming in the central 
Pacific. Because the few observations that were taken 
in 1918/19 were near the coast of South America, SST 
reconstructions tend to underestimate this El Niño. 
This result may also explain the incongruity of Quinn 
et al. (1987) ranking the 1918/19 El Niño as weak to 
moderate, whereas earlier the 1918 ENSO was ranked 
as strong (Quinn et al. 1978).

Did the 1918/19 El Niño play a role in the events 
that unfolded during 1918? It seems likely that this 
El Niño was responsible for the failure of the summer 
monsoon that afflicted India. Krishna Kumar et al. 

FIg. 6. The change in boreal winter (DJF) climate from 1917/18 to 
1918/19. Values over land are shaded in 1°C intervals and come from 
the NASA Goddard Institute for Space Studies surface air tempera-
ture (Hansen et al. 1999) dataset and values in the oceans are from 
the ocean simulation. The contour interval for SST is 1°C, starting 
at 0.5°C.

FIg. 5. SST anomaly (°C) averaged for the period from 
Apr 1918 through May 1919 from the (top) simulation 
and (bottom) HadISST1.1 dataset. A climatology for 
the period from 1908 to 1958 is removed to form the 
anomaly.
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(1999) show that the relationship between El Niño 
and the failure of the Indian monsoon has changed, 
with a stronger relationship in the period from 1860 
to 1970. Unlike El Niño in recent decades, the 1918/19 
event was confined to the central portion of the 
Pacific Ocean (Fig. 5, upper panel) and did not have 
a strong east Pacific signature. Thus, the trans-Niño 
index (TNI; Trenberth and Stepaniak 2001) for the 
1918/19 El Niño is relatively weak. It has been shown 
that El Niño events with weak TNI are more likely to 
be associated with drought in India (Krishna Kumar 
et al. 2006). Our results fit well with that finding: The 
1918/19 event is a very strong El Niño as measured 
by the Niño-3.4 index, but has a weak TNI, and the 
1918 Indian drought was one of the strongest of the 
twentieth century. It is also notable that influenza, 
which coincided with the anomalous changes in 
global climate, hit the Indian population particu-
larly hard that summer, with mortality estimated at 
18 million people (Johnson and Mueller 2002). The 
coincidence of these events suggests that climate may 
have played a role in the devastating mortality of the 
1918 influenza pandemic in India.

One expects such dramatic changes in the equa-
torial Pacific to have consequences for climate over 
North America. The winter [December–February 
(DJF)] surface air temperature (Hansen et al. 1999) 
difference between 1917/18 and 1918/19 over land 
is shown in Fig. 6. The winter SST change between 
1917/18 and 1918/19 from our simulation is shown 
as contours. Surface air temperature warmed by 8°C 
in eastern North America, with some cooling in 
the southwest United States and northern Mexico. 
Similarly dramatic changes in climate occurred 
across much of central northern Asia. Indeed, the 
surface air temperature change from 1917/18 to 
1918/19 is among the largest year-to-year changes 
on record.

This study raises several questions about our 
understanding of El Niño and a changing climate. 
These questions include understanding how El Niño 
changes both on decadal time scales and in response 
to global warming. The model results suggest that 
El Niño events in the beginning of the twentieth 
century were comparable in magnitude to the strong 
events in 1982/83 and 1997/98, raising the possibility 
that El Niño strength has not increased significantly 
in response to global warming. However, the model 
results do show that El Niño events were stronger 
at the beginning and end of the twentieth century, 
with weaker events in the middle of the twentieth 
century (Fig. 2). Because the twentieth-century 
reanalysis uses the HadISST1.1 data as a surface 

boundary condition, there is the possibility that the 
atmospheric response of the C20r reanalysis is un-
derestimated. Future studies are planned to explore 
the atmospheric response to modeled SST because 
the model-generated SST would, in principle, give 
rise to a stronger atmospheric response to the larger 
SST anomalies. The methodology used in this paper 
could also be used to understand other strong, but 
poorly observed, El Niño events, such as the 1939–41 
and 1912 El Niños.
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