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Imperial Oscillations: Gilbert Walker and the construction of the Southern Oscillation

George Adamson
There has been a recent call within geography, anthropology and Science and
Technology Studies (STS) literature to examine the spatial imaginaries created by discourses
of climate.1 The primary motivation for this call has been anthropogenic climate change. In his
recent monograph, Mike Hulme drew a distinction between the distant, politics-infused and
socially-constructed global ‘climate’, and the local, embodied ‘weather’ that is experienced
directly and connected to place. 2 However, this binary is too simple to fully explain
atmospheric science, which incorporates intermediate scales of analysis such as synoptic or
regional-scale systems. One particular dimension that will be examined here is the spatially
connected statistical world of climatic oscillations and teleconnections. These climate ‘modes’
are not weather, but neither are they a unified climate. The framing of a statistically
interconnected climate constructed through this form of atmospheric inquiry permeates a
number of imaginaries. These climate modes bound global weather in particular ways and
present local disasters as elements of an interconnected climate.
The oscillatory climate mode which has the largest place in the public imagination is
the El Niño Southern Oscillation (ENSO), a coupled ocean-atmosphere phenomenon that
affects the equatorial Pacific Ocean. Unlike many modes (for example, the North Atlantic
Oscillation) the underlying physical mechanism that causes ENSO is generally considered to
be reasonably well understood. This is the El Niño phenomenon, a quasi-periodic movement
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of warm water from the west to the east Pacific. The atmospheric component of ENSO is
referred to as the Southern Oscillation, a ‘see-saw’ pressure relationship between the east and
west equatorial Pacific.
Previous work undertaken to understand the imaginaries associated with ENSO has
primarily focussed on the oceanic El Niño/La Niña component of ENSO. The anthropologists
Kenneth Broad and Ben Orlove, for example, have described how the event in Peru was used
as a conduit for various imaginaries of globalisation, presenting Peru as both a participant in a
global technoscientific network and also as the passive victim of malign foreign forces.3 The
cultural analyst Marita Sturken has explored the 1997-98 El Niño in the imagination of
Californian males who followed the event on the Weather Channel: El Niño was presented as
a conspiracy narrative, the ‘über explanation for all events’. Through this event Californian
males constructed their identity as a uniquely resilient people living in a dangerous location at
the edge of the western world.4
Other researchers have explored the imaginaries associated with the names El Niño and
La Niña. In the English-speaking world these terms give ENSO a ‘Latin exoticism’, allowing
the phenomenon to be Othered. 5 In Southern California in 1997 the threat of El Niño storms
was consciously paralleled with the threat of illegal Central American immigration. 6 The
personality of El Niño has also been gendered, with the term ‘La Niña’ applied to the opposite
extreme of ENSO, a name given by the South African climatologist S. George Philander in
1985 to reflect its status as El Niño’s ‘consort’, the ‘lesser’ of the pair. 7 The environmental
historian Julia Miller has explored the politics of this artificially gendered duality, with El Niño
presented as an embodiment of masculine destruction. La Niña is expressly described as the
less destructive extreme in ENSO, therefore comprising a Derridian hierarchical dualism.8 This
gendering of the phenomenon may have implications for the way that communities prepare for
hazards associated with El Niño or La Niña. 9
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ENSO can be framed in multiple ways. Depending on the definition adopted the
phenomenon can be described as extremes, deviations from a norm, a smooth and quasiperiodic oscillation, a dynamic ocean-atmosphere process, or a spatially-aggregated set of
teleconnections. Most previous work on ENSO imaginaries has focused on the framing of El
Niño as an extreme event or deviation. This chapter focuses on the ways of understanding
relationships in world weather created by the spatial correlations that make the Southern
Oscillation (and other global climate oscillations) visible. 10 The visibility of the Southern
Oscillation is contingent upon specific sets of statistical practices that bound the Earth’s climate
through degrees of correlation, that is, the extent to which weather patterns in certain parts are
related to weather patterns in other parts. In the case of ENSO this is the relationship with the
central Pacific.
The correlation patterns associated with the Southern Oscillation form specific spatial
imaginaries. The Southern Oscillation also generates temporal imaginaries, with weather
patterns viewed as a constantly varying fluctuation or oscillation. This is represented by figure
1, which is the time series of the Southern Oscillation Index (determined through a standard
measure of the Southern Oscillation Index developed by AJ Troup in 1965: the difference in
pressure between Darwin and Tahiti).11 Negative values are indicative of El Niño conditions
and positive values indicative of La Niña conditions. This imaginary places El Niño and La
Niña in an unbroken cycle and shows ENSO as a relatively smooth oscillation. Both of these
sets of imaginaries – the spatial correlation and temporal fluctuation – bound the fourdimensional ENSO into two-dimensional space, although the nature of the imaginaries created
by the two sets of images is quite different.
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Figure 1. Time series of the Southern Oscillation Index from 1880 for 2016. <source>

This chapter explores the emergence of these spatial and temporal imaginaries through
the work that led to the construction of the Southern Oscillation. It focuses on the career and
research of Gilbert Walker, a British mathematician and meteorologist who worked as Director
General of Observatories in India from 1903 to 1923. Walker was a colonial scientist working
within a particular set of contexts, and understanding these contexts is vital to appreciate the
role that climate oscillations have played in society. The chapter will discuss his personal
experiences during the work towards the creation of the Southern Oscillation, the epistemic
traditions in which he was working and the practices that he devised whilst working towards
the eventual formalisation of the Southern Oscillation. The chapter will also explore some of
the legacy of the Southern Oscillation as Walker defined it. This chapter is therefore part of an
ongoing project to explore the (historical) geographies of ENSO knowledge production and
circulation.
<H1>Gilbert Walker
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Figure 2. Gilbert Walker. From Walker (1997) ‘Pen portraits of Presidents – Sir Gilbert Walker, CSI, ScD, MA,
FRS’.12

Gilbert Walker (figure 2) was born on 14th June 1868. He received a scholarship to St.
Paul’s School in 1881 and a scholarship in mathematics to Trinity College Cambridge in 1885.
His academic career in mathematics was impressive: he was named Barnes Scholar in 1887,
Senior Wrangler in 1889 and elected Fellow of Trinity College in 1891. He became a lecturer
in 1895,13 where his research focussed on pure and applied mathematics and particularly the
mathematics of projectile flight, 14 an interest spurned by a visit to Australia in the late 1880s
and his fascination with the boomerang, which earned him the nickname ‘Boomerang
Walker’.15 He also focussed on the mathematics of waveforms and electromagnetism, 16
including a paper on aberration which won him Cambridge University’s Adams Prize in 1899
together with Joseph Larmor.17
Walker was appointed Assistant to the Meteorological Reporter in India in 1903. In
1904 he became the third head of the Indian Meteorological Department (IMD) and second
Director General of Observatories, succeeding Sir John Eliot, who had himself succeeded
5

Henry Blanford.18 Walker had no formal background in meteorology and preceded his journey
to India with a tour of observatories in the USA, where he met and subsequently corresponded
with a number of American meteorologists and astronomers. Whilst in America he
demonstrated the unusual flight of the boomerang to several of his hosts, founding ‘boomerang
clubs’ at the U.S. Department of Agriculture Weather Bureau in Washington D.C. and the
Yerkes Observatory in Williams Bay Wisconsin. 19 His interest in Boomerangs continued whilst
in India and he would throw them on the Annandale racecourse in Simla to the amusement of
the Viceroy.20
As head of the IMD Walker brought in a number of British scientific assistants, whom
he allowed to conduct their own research alongside their duties at the IMD.21 Four of these
employees – JH Field, John Patterson, Charles Normand and George Simpson – later became
directors of meteorological services (In India, Canada and the United Kingdom.) George
Simpson – with whom Walker corresponded regularly – was a researcher on atmospheric
electricity who worked on James Scott’s Antarctic expedition in 1910-1912. Under Walker’s
directorship the number of officer posts in the IMD occupied by Indians rose from three (of
thirteen) in 1920 to ten in 1923. He also maintained a large team of Indian clerks, including
one meteorologist, Rai Bahadur Hem Raj, who was promoted to the position of Imperial
Meteorologist in 1910 in recognition of 20 years of service. 22 Walker and Hem Raj co-authored
a paper on the “Cold Weather Storms of Northern India” in 1913. 23 Little is known of his other
clerks, although in 1913 Walker did write a recommendation for the ‘boy-mathematician’
‘genius’ Srinivasa Ramanujan, who did not work for the IMD.24
Walker conducted substantial research activities when in India, including painstaking
mathematical research that would lead to the codification of the Southern Oscillation. This was
published in Walker’s own journal the Memoirs of the Indian Meteorological Department from
1909, and then in the Quarterly Journal of the Royal Meteorological Society on his return to
6

the United Kingdom. He published nine editions of ‘Correlations in seasonal variations of
weather’ between 1909 and 1924, followed by six editions of ‘World Weather’, forming a
continuum of research on weather correlations. Based on his observations in India Walker also
published three papers on the mathematics of tropical bird flight during the 1920s and wrote
the Encyclopaedia Britannica entry on ‘natural flight’ in 1929.25
Walker suffered poor health on at least two occasions. From 1890 to 1892 he spent
three winters in convalescing in Switzerland where he became an expert ice skater. 26 Sometime
in 1911 or 1912 he again suffered a ‘breakdown in health’ and was forced to spend time away
from India, causing Simpson to end his tenure in Antarctica early to return to India. 27 Walker
returned to India in May 1912. 28 There is little evidence that Walker associated his poor health
with climatic conditions in India, indeed he seems to have found the climate agreeable. 29 After
his return from India in 1924 Walker spent the rest of his working life as Professor of
Meteorology at Imperial College (then the Imperial College of Science and Technology) where
he undertook research on the cellular structure of unstable fluids and the formation of clouds
and cyclones.30 He retired in 1934 but continued to publish until 1947, acting as editor of the
Quarterly Journal of the Royal Meteorological Society from 1925 to 1941. He was awarded a
Royal Medal by the Royal Society in 1924, the Symons Gold Medal by the Royal
Meteorological Society in 1943, and knighted in 1924. He died on 4th November 1958.
<H1>Walker’s Work
It is often stated that Walker’s selection as successor to John Eliot is surprising. 31 This
somewhat misrepresents the nature of Walker’s role in India and the status of meteorological
research at the turn of the nineteenth and twentieth century. The Director General of
Observatories was in charge of observatories with three remits: meteorological, astronomical
and geomagnetic observation (as well as, in some cases, tidal and geodesic). Many of the
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observatories were primarily set up for geomagnetic observation with meteorological
instruments introduced later; correspondingly, meteorologists during the nineteenth century
were often foremost astronomers. Meteorology, geophysics and astronomy were thus regularly
researched interchangeably using the same or similar theories. 32 Walker had a strong
background in electromagnetism and came highly commended in this field, having won the
Adams prize in 1899 due to his work on the aberration of light, research that the Senior
Assistant to the Greenwich Observatory Frank Watson Dyson described as ‘of as much interest
of the Astronomer as the Physicist or Mathematician’.33 He was elected Fellow of the Royal
Society in 1904 on the back of this work,34 and received an employment reference from Lord
Kelvin.35 He therefore had a highly successful career in the disciplines that contributed to
‘observatory science’ (see Naylor and Goodman in this volume), even if this did not include
meteorology.
Walker’s early research in India focused on electromagnetism, including a number of
lectures in Calcutta in 1908 under the title Outlines of the Theory of Electromagnetism.36 Some
of his earliest administrative responsibilities as Director General of Observatories were to settle
arguments between magnetic, meteorological and astronomical observers, as evident in a letter
from Louis Agricola Bauer and the Department of International Research in Terrestrial
Magnetism in Washington:
“Is it not possible in consultation with all parties concerned to make an annual division of
expenses? For example, so much for astronomical work, so much for meteorological work,
etc., so that the astronomers, meteorologists and magneticians will know precisely how
much to count on and be made responsible for limiting their expenditures and researches
within the amount assigned. This is the way we do it in the Coast and Geodetic Survey
where also varied interests are represented.” 37
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The three-way nature of Walker’s administrative responsibilities is reflected in those
he visited in America before arriving in India: the meteorologist Cleveland Abbe; the
astronomers George Ellery Hale and Edward Pickering; the geophysicist Louis Agricola Bauer.
He also visited Gustav Hellmann at the Preußischen Meteorologischen Institut (Prussian
Meteorological Institute) in Berlin on his way to India.38
Walker’s other primary responsibility as head of the Indian Meteorological Department
was to devise a long-term average forecast for the Indian monsoon, which had been the
principal goal of the Indian Meteorological Department since its establishment in 1875. Henry
Blanford had established a regression-based formula for predicting average monsoon rainfall
over the subcontinent in 1886, which from 1887 had included data from beyond India; Blanford
inferring in 1887 that droughts in India were associated with pressure systems over Mauritius,
Australia and Central Asia. 39 John Eliot extended the forecast to incorporate the strength of the
trade winds over the Indian Ocean, Nile flood data and pressure systems over the southern
Indian Ocean, South America and South Africa. 40 These forecasts had failed around the turn of
the twentieth century, neglecting to predict the drought of 1899 that led to a devastating
famine.41
Walker’s work to predict the monsoon was influenced by these regression-based
forecasts and also by a search for a terrestrial footprint of astronomical cycles that had been
prevalent within meteorology since the late nineteenth century. This tradition emerged from
the joint practice of meteorological, astronomical and geomagnetic research and was led by
two particular scholars later named by Walker as influences: Sir Norman Lockyer and William
James Stuart (WJS) Lockyer. This father and son team were both astronomers by training, with
Norman

Lockyer

best

known

for

his

pioneering

work

using

spectroscopy

(‘spectroheliography’)42 to examine variations in solar activity. The elder Lockyer’s
meteorological work primarily focussed on the actions of sunspots on weather patterns. This
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was influenced by the discovery in 1843 of the 11-year sunspot cycle, which Lockyer
considered the ‘Saros of meteorology’ after the Saros cycle that was used to predict solar and
lunar eclipses.43
Norman Lockyer’s philosophy regarding meteorological research was laid down in his
1872 monograph Meteorology of the Future, where he stated that:
“Surely in Meteorology, as in Astronomy, the thing to hunt down is a cycle, and if that is
not to be found in the temperate zone, then go to the frigid zones or the torrid zones to look
for it, and if found, then above all things, and in whatever manner, lay hold of, study it,
record it, and see what it means”44
Lockyer’s work included a report in 1879 to the Indian Meteorological Department on
the links between the sunspot cycle and southern Indian rainfall and the cyclic nature of famines
in Madras. This was well received in London but rejected for monsoon forecasting. 45 Later,
working with WJS Lockyer, he sought to uncover pressure relationships in world weather and
to determine cycles within those relationships through harmonic analysis, principally to
ascertain the role of sunspots in global weather patterns.46 This included in 1906 the discovery
of a ‘barometric see-saw of short duration (about 3.8 years) occurring between India and
Cordoba’.47
Another important influence on Walker was the Swedish meteorologist Hugo
Hildebrand Hildebrandsson, who in 1897 published work on atmospheric ‘centres of action’.
This involved plotting pressure data from 68 meteorological stations around the world for the
period 1875 to 1884.48 Among other trends, this demonstrated an opposition of pressure
between Sydney and Buenos Aires. Although the relationship was only established by
observation of plotted curves, Walker later claimed that this was the first observation of the
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Southern Oscillation, stating that Hildebrandsson was the first to visualise ‘the far-reaching
character of the subject’.49
Walker also corresponded regularly with the British meteorologist William Napier
Shaw, who in 1905 published a paper on the potential relationship between rainfall in northwest
Europe and the trade winds over St. Helena.50 It is likely that this work on weather relationships
between geographically unconnected regions of the world was an influence on Walker’s later
approach. It is also likely that he was influenced by the directors of observatories that he met
in the USA in 1903. For example, Cleveland Abbe – an astronomer before he was a
meteorologist – wrote the following regarding Walker’s departure from New York:
“Our weather between Washington and New York is very apt to repeat itself in seven-day
periods for a little while and then start off on another period. To-day, therefore, I may
venture on a long-range prediction, to the effect that on Wednesday April 8th, at New York,
you will sail out of the harbour with pleasant weather.”51
Walker’s work to understand the variability of the Indian monsoon therefore derived
from correlation-based studies of relationships in ‘world weather’ in order to derive regressionbased forecasts. He did not follow the development of dynamical meteorology that was being
developed by Abbe and Vilhelm Bjerknes amongst others,52 despite Abbe encouraging Walker
to turn his attention to dynamical meteorology in a letter of 1902.53 Instead, Walker held that
‘the relations between weather over the earth are so complex that it seems useless to try to
derive them from theoretical considerations; and the only hope at present is that of ascertaining
the facts and of arranging them in such a way that interpretation shall be possible’.54 His
research did eventually turn to dynamical meteorology on his return to the UK where he
undertook laboratory-based analysis on the formation of clouds.55 Whilst in India, however,
the pragmatic considerations of forecasting a system as large and diffuse as the Indian monsoon
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apparently drove Walker towards a statistical approach, his obligations as a colonial
meteorologist and forecaster trumping his instincts.
Three decisions made by Walker early during his time in India were fundamental to his
work. First, an understanding of world weather and hence forecasting of the Indian monsoon
required an extension of focus beyond the Indian Ocean to incorporate the entire world,
including relationships with a lag of several months (here he did take a lead from Abbe).56
Secondly, correlation analyses could not be undertaken with individual meteorological stations
but rather ‘centres of action’ where meteorological conditions were closely correlated and
which affected regions around them. This concept of centres of action had been introduced by
Teisserenc de Bort in 1881 and adopted by Hildebrandsson,57 but Walker extended the
definition to regions that are seasonally important as well as annually and to include rainfall
and temperature. He also introduced the definition of ‘passive’ centres of action that are
homogenous but affected by other regions rather than affecting them.58 The 17 centres of action
that Walker ultimately isolated included Iceland, various parts of Australia, South America, the
Indian peninsular and Java. 59
Walker’s third decision, and arguably his most important contribution to the search for
relationships in world weather, 60 was to explore new mathematics of the significance of
correlations and periodicities. This was in response to a criticism of the Lockyer’s earlier work;
namely that the likelihood of finding strong relationships or patterns are increased where large
numbers of relationships are selected. Walker was the first meteorologist to apply the Pearson
coefficient to relationships between sets of recorded meteorological data. 61 He also calculated
the ‘probable error’ of a relationship to determine the likelihood of the relationship being
derived through chance, correctly surmising that if a relationship was artificially selected from
a number of relationships the chance of a trend being ascertained would increase with the
number of relationships compared. This criterion was also applied to harmonic analysis. Here
12

he was building particularly on the work of Arthur Schuster (a friend with whom he
corresponded regularly) who had published a method for determining the reliability of
periodicities with an a priori specified frequency.62 Walker presented a mathematical ‘criterion
for reliability’ in his third paper in the Memoirs of the Indian Meteorological Department in
1914 under the title ‘Correlation in seasonal variations of weather III: On the criterion for the
reality of relationships or periodicities’. 63 He considered a relationship reliable when the
probability of it having occurred by chance was less than or equal to 1/20 (equivalent to the
95% significance value commonly used in statistics today).
Walker used his criterion to examine the reality of apparent relationships in world
weather. One particular area that Walker applied his criterion to was the influence of sunspots.
In ‘Correlation in seasonal variations of weather III’ he calculated correlations between
sunspots and temperature, rainfall and pressure in different parts of the world. 64 In ‘Correlation
in seasonal variations of weather VIII’ he added relationships with the number of cyclones in
different regions and cloudiness in India. He ultimately concluded that the sun ‘plays a
subsidiary part as a control of weather’, 65 basing his arguments on a mixture of empirical
analysis and the absence of a physical explanation:
“In general it appears that for explaining the weather abnormalities of the seasons the
variations of the solar radiation are inadequate, and we must seek the reasons in the previous
distribution of seasonal features over the earth. In this conclusion we disagree with the
widely prevailing idea that such abnormalities are an immediate consequence of changes in
the heat given out by the sun. As a definite example I know nothing in solar physics to
explain without reference to previous terrestrial conditions the contrast between the biggest
Indian monsoon on record in 1917 and the monsoon in 1918 that has only been surpassed
in scantiness twice in the last sixty years.”66
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The philosopher Christopher Pincock argues that the Lockyers were one major casualty
of this analysis.67 Indeed Walker seems to have had somewhat of a frosty relationship with the
Lockyers. In a letter of 1903 George Hale remarked to Walker that ‘I am glad your visit to
Lockyer turned out to be more satisfactory than you had anticipated.’ 68 In a postscript of a letter
to Walker in 1909 Arthur Schuster stated ‘you need no longer be afraid of Lockyer in the
Observatory Committee his influence is nil.’ 69 However, there is no evidence that Walker
sought to directly contradict the Lockyers, and the mentions of them in his papers are generally
respectful. Indeed, he named the Lockyers as amongst ‘the previous workers to whom I owe
most’, alongside Hildebrandsson and Felix Maria von Exner, C Braak, Bjørn Helland-Hansen
and Fridtjof Nansen, and Robert Cockburn Mossman.70
<H1>The Southern Oscillation
Between 1914 and 1923 Walker utilised his criterion for reliability to search for
statistically robust correlations in world meteorological data. This involved the undertaking of
large quantities of calculations in Simla, aided by a surfeit of Indian clerks who were otherwise
underemployed due the unavailability of British supervisors during the First World War. 71 He
also applied his criterion to analysis of ‘oppositions’ or ‘see-saws’ of pressure between
different regions of the world, some of which had previously been suggested by the Lockyers
and others. In doing so he was able to provide a mathematical justification for a ‘well known’
opposition of pressure between Iceland and the Azores. 72 He also corroborated a ‘familiar’
fluctuation in the North Pacific, the discovery of which he attributed to a relationship between
pressure in the North Atlantic and weather over Europe postulated by Niels Hoffmeyer in 1878.
In 1924 he named these relationships the North Atlantic Oscillation (NAO) and North Pacific
Oscillation (NPO).73 This word ‘oscillation’ was taken from a paper by his precursor as
Director of Observatories John Eliot in 1895 on ‘certain oscillatory changes of pressure of long
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period and short period in India’, although this was the first time it had been used for such
large-scale variability.74
The relationship that Walker considered most significant was a ‘swaying of pressure on
a big scale backwards and forwards between the Pacific Ocean and the Indian Ocean’. 75 This
‘swaying’ he identified between two clusters of meteorological stations. The first cluster
included ‘the high pressure centres in the north and south Pacific (San Francisco, Tokio [sic]
in summer, Honolulu in spring, summer and autumn, Samoa, S. America)’ The other included
‘the centres of relatively low pressure in the region of the Indian Ocean (Cairo, N. W. India,
Port Darwin, Mauritius, S. E. Australia and the Cape)’.76 In 1924 he codified this relationship
as the Southern Oscillation (SO).77 Walker credited HiIdebrandsson and the Lockyers for the
first discovery of this relationship, although both had represented the relationships only
graphically with no statistical relationships.78 It is unclear whether Walker was inspired by his
contemporaries to apply his criterion to these relationships or whether he arrived on them by
chance and gave the credit due to his good nature.79 However, in demonstrating the relationship
mathematically Walker gave the relationships what Pincock refers to as a ‘superior epistemic
position’, as well as names.80
In 1932 Walker, together with Edward Bliss, published indices for the three oscillations
(NAO, NPO and SO).81 These were derived through correlation and some relatively arbitrary
mathematics whereby datapoints that co-varied less strongly were assigned a value of 0.7,
explained as follows:
“We might divide the centres of the oscillation into two groups, those in the first group
tending to have positive departures when those in the second are below normal; and we
might further suppose that a, b, c represent the proportional departures of three strongly
marked members of the first group, and d, e two less marked members of that group; and
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that f, g, and h, i, j stand for strongly and less strongly marked members of the second group.
Then we might take (a + b + c – f – g) as a first approximation for the oscillation as a whole.
On correlating this first approximation with the data of the individual centres we might find
that while a, c, and g have coefficients of .78, .75 and -.82 respectively, b has only .64 and
must therefore go into the less strongly marked or B group, and perhaps the coefficient of i
shows that it ought now to go into the more strongly marked or A group. So as a second
approximation we try (a + c – f – g – i) + .7 (b + d + e – h – j), and after one or two more
experiments we find a formula consistent with its relationships.”
The formula for the Southern Oscillation in austral winter (June to August) was then defined
as:
(Santiago pressure) + (Honolulu pressure) + (India rain) + (Nile flood) + 0.7(Manila
pressure) – (Batavia pressure) – (Cairo pressure) – (Madras pressure) – 0.7(Darwin
pressure) – 0.7(Chile rain)
For the austral summer the formula derived was:
(Samoa pressure) + (Northeast Australia rain) + 0.7(Charleston pressure) + 0.7(New
Zealand temperature) + 0.7(Java rain) + 0.7(Hawaii rain) + 0.7(South Africa rain) – (Darwin
pressure) – (Manila pressure) – (Batavia pressure) – (Southwest Canada temperature) –
(Samoa Temperature) – 0.7(Northwest India pressure) – 0.7(Cape Town pressure) –
0.7(Batavia temperature) – 0.7(Brisbane temperature) – 0.7(Mauritius temperature) –
0.7(South American rain)
From these indices Walker calculated correlations with the Southern Oscillation and
meteorological parameters (rainfall, temperature and pressure) from all of the observatories he
had data available for. From this he created spatial correlation charts for the Southern
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Oscillation, reproduced as figures 3a-c and 4a-c here. Walker also produced charts of pressure
lagged by six months, although these are not presented here. Later he also applied harmonic
analysis to his Southern Oscillation Index, demonstrating a period of around 3 years.82
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Figure 3: Spatial correlations of Walker’s Southern Oscillation index for June to August with a. pressure, b.
temperature, c. rainfall.
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Figure 4: Spatial correlations of Walker’s Southern Oscillation index for December to February with a. pressure,
b. temperature, c. rainfall

Walker’s charts show many of the relationships that are now commonly associated with
the Southern Oscillation, including strongly positive associations with rainfall over India,
Australia, Southern and Eastern Africa and parts of Southeast Asia (i.e. higher rainfall during
what we now consider La Niña conditions), and negative relationships over the equatorial
Pacific and South America. Likewise, pressure in June-August displayed a strong positive
relationship with the Southern Oscillation in a band across the central Pacific. It is interesting
that Walker did not identify a similar relationship for December-February, although the chart
for relationships of pressure in that region with the Southern Oscillation six months previously
(not shown) does show this. Pressure relationships in the Indian Ocean and around
Australia/Southeast Asia are negative.
Walker produced several hypotheses to explain the underlying mechanisms of the
Southern Oscillation. For all three oscillations he attributed the mechanism to ‘an increase in
the general circulation’. 83 For the Southern Oscillation he first attributed the change in the
circulation to unusually heavy ice flows in Antarctica leading to high pressure in South
America; South America being as an ‘active’ station within the Southern Oscillation during the
Southern winter.84 However he had dropped this hypothesis by 1932. 85 Port Darwin was noted
to be a particularly active location, but Walker was not able to suggest any mechanism that
explained its importance. Regarding sunspots, Walker noted that they were thought to offer
‘some influence’ on the Southern Oscillation, 86 yet ‘solar activity cannot be the cause of the
SO’.87 In World Weather V (1932) he recorded that the strong negative coefficients with
temperature off the coast of South America could be related to ‘the cold Humboldt current and
of the relatively cool SE and ESE winds blowing from over it, so that an increased circulation
might furnish the explanation’. 88 That is, that the strength of the easterlies deriving from the
19

Humboldt Current may explain the mechanism of the Southern Oscillation (an ‘increased
circulation’ being associated with a positive Southern Oscillation and hence what are now
considered La Niña events). Thus, Walker came close to suggesting the mechanism of ENSO
as it is currently understood, although he did not follow this line of enquiry.
Walker saw that the lack of a physical mechanism should not be an impediment to using
statistical methods. He viewed the Southern Oscillation index as a useful measure of
‘foreshadowing’ seasonal weather patterns in different parts of the world, a term he invented
to account for the lower level of precision in these techniques compared to forecasting. 89 To
this suitability of this approach he invoked his own experience in developing a statistical
forecast of the monsoon in 1908, which was not based on an underlying understanding of the
monsoon. This had provided a ‘closeness of fit’ of around 0.5, a similarity he illustrated with
a time series in World Weather.90
<H1>Discussion
Philipp Lehmann has argued that the first decades of the twentieth century represented
a shift in the science of the weather, as meteorology and climatology were increasingly split
off from one another.91 Studies of the weather developed along the lines of the dynamical
meteorology being developed by Bjerknes. Climatology continued the study of cycles
popularised by Eduard Brückner and others. This latter tradition incorporated understandings
of anthropogenic influences on the climate through deforestation and used climate to explain
human history and racial difference. It was also increasingly associated with eugenics, as David
Livingstone has demonstrated elsewhere in this volume, with Ellsworth Huntington becoming
somewhat of a parody of this tradition. Lehmann argues that the climatic tradition was
scrutinized by dynamical approaches through the first half of the twentieth century and was
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found lacking, leading to a (temporary) demise during the middle of the twentieth century that
was aided by its unpleasant political associations.
It is difficult to fit Gilbert Walker into this simple dichotomy. Walker avoided
dynamical meteorology as a tool for forecasting and instead followed a statistical approach,
producing what Cleveland Abbe disparagingly referred to as ‘climatological forecasts’ (an
endeavour that Abbe described as ‘wandering away from the higher intellectual light’).92
Nevertheless, he was a mathematician by training with advanced understanding of physical
processes and was closer to the dynamical meteorologists in his personal relationships. He
corresponded regularly with Cleveland Abbe, Felix Exner and William Napier Shaw and
showed no evidence of sharing the political views of Huntington and his contemporaries. He
also did eventually embrace dynamical meteorology through his work on convection and cloud
formation, and he acknowledged Arthur Schuster in 1943 for helping him recognise ‘the
physical rather than the mathematical side of meteorology’.93
Walker generally avoided use of the term ‘climate’ either in his research papers or
published correspondences. Neither did he apparently have much interest in theories of
anthropogenic climate change. The American climatologist and eugenicist Robert DeCourcy
Ward wrote to Walker on ‘the influence of forests upon rainfall in India’ in December 1904.94
His response is not recorded but given the lack of any discussion of anthropogenic influences
on climate in Walker’s writings it can be assumed that it was in the negative. He was also
dismissive of the cultural, physiological and economic implications of climatic cycles that
interested Huntington, William F. Peterson, Clarence Mills and others (see Livingstone, this
volume). There is no evidence that he based this dismissal on political grounds; rather his
criticisms related to the weak mathematics that characterised economic climatology. For
example, in 1922 the economist William H. Beveridge published a paper on ‘Wheat prices and
rainfall in western Europe’ in the Journal of the Royal Statistical Society, which claimed to
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find a link between wheat prices from 1500 to 1869 and the sunspot cycle. Walker wrote a
letter to Nature to demonstrate the weak mathematics in Beveridge’s paper, which clearly
irritated Beveridge.95
Criticising periodicities that did not use the criterion of reliability became a fixation in
the later years of his career. In 1945, Walker stated that he had ‘spent much time and energy in
attempting to diminish faith in very doubtful periodicities’.96 For example, in an editorial for
the 1936 volume of the Quarterly Journal of the Royal Meteorological Society Walker
reproduced a comment in ‘Earthquakes and Mountains’ by Harold Jeffreys, which stated that
that ‘it is to be wished that editors of journals would make it an absolute rule not to publish
papers on periodicities if these criteria are not applied; if the results are not significant they are
worthless, and if they are significant opinion is prejudiced against them in advance’. 97 Walker
replied:
“If, as is probably true, ninety-five per cent of the periods announced are non-existent, it
will save costs in printing, as well as valuable time spent in reading, if such a rule is
enforced.”98
As well as helping to popularise the idea of climate cycles, Walker should perhaps then also be
credited with helping to instigate the movement away from them.
Rather than Walker’s place within an intellectual schism in meteorology and
climatology in the early twentieth century, it may be better to classify Walker through the
tradition that he emerged from, and the context within which he was working. In regard to the
former, Walker’s approach to meteorology was shaped primarily by his training in
electromagnetism and mathematics and through his administrative and intellectual
responsibility to all of the fields that came under his jurisdiction as Director of Observatories.
Walker’s approach married harmonic analysis in physics with meteorology, carrying on a
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tradition that was at least half a century old but giving it new mathematical rigour. It is
interesting that Walker chose the word ‘oscillation’ to describe the climate modes he
uncovered; whilst the Lockyers recognised the introduction of this term to tropical meteorology
by John Eliot it is a word they used sparingly, preferring ‘periods’ or ‘variations’.99 Huntington
and Napier Shaw used ‘pulses’.100 Walker himself originally used the term ‘swayings’,101 and
it is certainly not at all clear from the time series of the Southern Oscillation presented in World
Weather V that the phenomenon can be described as a smooth ‘oscillation’.102
His use of the term may be explained by his long correspondence with Arthur Schuster
who was a pioneer of harmonic analysis in meteorology, most significantly applying the
analysis to sunspot data in 1906, validating the 11-year Schwabe cycle. 103 Like Walker,
Schuster’s background was in physics and his primary contribution to meteorology through
mathematics. Walker apparently saw himself as building on Schuster’s work and he
acknowledged him when receiving the Symons Medal in 1934. 104 His influence is evidenced
in his note in response to Beveridge’s paper:
Before Schuster’s papers on the periodogram it was customary for a period to be accepted
as real provided that it had an amplitude comparable with that of the original figures under
analysis; and he revolutionised the treatment of the subject by showing that if the squares of
the intensities of the various periodic terms are plotted in a periodogram … then the
probability that a particular ordinate will equal or exceed ka is e-k. … Sir William Beveridge
… goes a stage further, and after picking out the largest from a number of intensities he
applies the same criterion as if no selection had occurred … It is however clear that if we
have a hundred intensities whose average is a decided from a number of random figures
then the probable value of the largest of these chance intensities will not be a but will be
considerably greater, and it is only when the largest amplitude actually derived materially
exceeds the theoretical chance value thus obtained that reality can be inferred. … As pointed
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out in a paper ‘On the criterion for the reality of relationships or periodicities’ in the Indian
Meteorological Memoirs (Vol. XXI, No.9, 1914) the same principle is valid when
discussing relationships.105
Walker, like Schuster, worked from an epistemology that believed in the primacy of
mathematics. His approach to meteorology was to apply the mathematical rigour he had used
in studying electromagnetics and the physics of motion to meteorology, in this case through
the mathematics of statistics. Within this context, the attribution of the term oscillation
(suggesting a misleading regularity) is understandable.
Walker’s approach to meteorology can be classified as the collection of data on weather
variability and the processing of these data to reveal relationships over large spatial and
temporal scales that were not previously visible. Through this he sought to uncover patterns
that may aid in the seasonal prediction of weather. There is little evidence that Walker saw
himself as a tool of colonial power. He fought for the independence of the IMD as separate
entity to the colonial Observatory Committee and under his directorship unprecedented
numbers of Indians were promoted to officer positions within the IMD. 106 Yet his work was
influenced by a particularly imperial imaginary. Much has been written about the way that
attempts to formalise the natural and social world through data-gathering enabled colonial
power, with statistical surveys such as William Henry Sykes’ Statistic of the Deccan allowing
the colonial government to understand and therefore control territories recently acquired. 107
These data-driven practices constructed a particular British vision of the subcontinent: colonial
science and statistical practice drew together disparate landscapes, environments, communities
and religions to construct a unified territory that was made visible through techno-science. This
territory therefore required techno-scientific governance, providing a justification for, as well
as an aid to the British Raj.
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Katherine Anderson has described the role of meteorology within this colonial scientific
enterprise. Control of the Indian atmosphere provided a synecdoche for governance of the
subcontinent. Meteorology provided ‘a timely example of underlying law and practical
command’. Imperial meteorology and medicine could also validate colonial rule by
diminishing the effects of the famines, epidemics and cyclones that had been a recurrent aspect
of life on the subcontinent, as well as naturalising such events and thus partially removing them
from the domain of direct governmental responsibility.108 Observatories had a particular
function within this endeavour, as discussed by Naylor and Goodman elsewhere in this volume.
Observatories were deliberately located in places where they could be beacons of imperial
expansion and colonial superiority. They could act as ‘centres of improvement and civilisation’
to ‘encourage the development and refinement of rough-and-ready settler society at the
imperial frontier’. These were spaces ‘apart from the world, where social and physical forces
were heavily regulated’. 109 Within them, (male) observers could embody the imaginary of the
ideal colonial scientist and administrator: an intelligent, precise, and unemotional individual
who governed through supreme patience and intellect that was an example to his native
subordinates.110 Inside these spaces the meteorologist could fantasise about ‘bringing
equilibrium to turbulent atmospheres’, just as the District Collector, also located in spaces away
from the Indian metropole, fantasised about bringing order to a chaotic territory through clearheaded British governance.111 The colonial Hill Stations and ‘summer capitals’ of the Raj, such
as Simla in which Walker was located, served similar purposes.112
Walker’s archives reveal little evidence that he paid particular attention to these
considerations. In fact, it would be fair to say that Walker primarily considered himself as a
scientist who happened to be working in India, rather than an imperial scientist. Yet the specific
geographies of colonial meteorology enabled his work. Walker’s examination of ‘world
weather’ relied almost entirely on data that were collected from observatories in imperial
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centres or European colonies. Each of the 17 meteorological ‘centres of action’ that he isolated
were located within the territories of Great Britain, Russia, Portugal and the United States, with
the exception of South America (comprising former colonies) and Iceland (from 1918 in an
Act of Union with Denmark). Walker’s complicated Southern Oscillation Index includes data
from 26 locations, each of which were located in extant or former colonies at the time the
indices were derived. The maintenance of these expensive observatories around the world and
the sharing of data globally – that allowed Walker to undertake his analysis – was also arguably
only enabled by the collaboration between a relatively small number of imperial powers that
began with Vienna Congress of 1873. The proliferation of meteorological data that led to the
codification of the Southern Oscillation was the outcome of a particular manifestation of
imperial power, itself building on an imaginary of the interaction between colonial science and
governance.113 Furthermore, it was only through the availability of large amounts of cheap
Indian labour that Walker was able to undertake the mass of calculations required to uncover
the Oscillation.
This brings the argument back to the spatial imaginaries of climate that opened this
chapter. Walker’s approach to meteorology (which would now probably be considered ‘big
data’) created a way of understanding the atmosphere that was separate from the lived
experience of weather and that relied on mathematical calculations to uncover and understand.
The correlation charts that Walker produced in ‘World Weather V’ (figures 3 and 4) construct
two particular imaginaries. Firstly, that weather is spatially interconnected across the globe and
that these relationships are only loosely related to terrestrial topography. Walker’s climate is
both globally integrated through correlations, and cosmopolitan insofar as these relationships
have no association with national borders. The Southern Oscillation Index itself was derived
from data-points across the world with no particular relationship to the central Pacific as the
Southern Oscillation is understood today. The correlation patterns are therefore self-referential
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and do not bound weather parameters to a specific region. Walker’s charts thus represent a
manifestation of the meteorologist Douglas Archibald’s earlier description of weather as
recognising ‘neither political nor superficially physical divisions of the land’, and ‘require[ing]
to be studied on the largest possible scale’.114
Yet, as Katherine Anderson has shown in relation to Archibald’s statement,115 the
political neutrality of the Southern Oscillation is at best partial. Walker’s maps were derived
from data collected in observatories, the formal ‘havens for the travelling [European] observer’
that often shared little commonalities with the imperial cities in which they were located, let
alone the colonised countries that hosted them. The new way of understanding the atmosphere
as revealed by the charts relies entirely on colonial spaces of science. Walker’s climate is
globally interrelated, but reliant for its construction on observatories for the generation of data,
and the ‘ramshackle’ headquarters of the IMD in Simla for the analysis.116 Thus, these imperial
spaces were presented as central to an understanding of weather across the entire global
atmosphere, without any need for an appreciation of physical processes. Likewise, the
architecture of European imperialism was necessary both for their creation and for their
interpretation in understanding and predicting weather. The significance of this imaginary for
the subsequent history of statistical climatology is an interesting avenue for future analysis.
<H1>Conclusions
At the time of his death, Walker’s legacy was presented as one of failure. The
statistician Ronald Fisher stated to the Royal Meteorological Society in April 1922 that ‘no
new meteorological fact has been discovered by means of correlation coefficients; certainly up
to the present no practical forecasts had been obtained from correlation coefficients’. 117 The
meteorologist William Dines, reviewing Walker’s assorted contributions to the Memoirs of the
Indian Meteorological Department, concluded that ‘correlation is of very little use for the
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purpose of forecasting unless the coefficients concerned are very high’. 118 Walker’s only
notable defender was Hendrik Berlage Jr, head of meteorology at the Koninklijk Magnetisch
en Meteorologisch Observatorium te Batavia. Berlage published a paper in 1934 that linked
the periodicity of the Southern Oscillation to rainfall over Indonesia and suggested utility for
forecasting,119 but this enthusiasm was somewhat of an anomaly.
It is perhaps the association of Walker’s work on cycles with controversial
Huntingtonian climatology that was responsible for the rejection of Walker’s meteorology
during the middle decades of the twentieth century, despite Walker’s lack of engagement with
this tradition. Walker himself lamented ‘an attitude of scepticism [in England] in such matters
that is of the greatest value as an antidote to rashness; but it is, in my view, excessive when
applied to conclusions based on an adequate number of years such as forty or fifty’.120 Walker’s
obituary by his Imperial colleague Percival Sheppard in the Quarterly Journal of the Royal
Meteorological Society included a statement that has been often quoted:
“Walker’s hope was presumably not only to unearth relations useful for forecasting but to
discover sufficient and sufficiently important relations to provide a productive starting point
for a theory of world weather. It hardly appears to be working out like that. We still do not
have a quantitative theory of the general circulation but such progress as has been made in
this study since World War II derives from different beginnings. Nevertheless, as theory
advances, it may well be profitable to look back and see whether Walker’s findings give a
lead for further advances.”121
Contemporary commentators, however, missed how close Walker came to identifying
the mechanisms of what would later be called ENSO. As well as recognising a possible role
for the Pacific easterlies and the Humboldt Current,122 and postulating a particularly important
role for pressure over Darwin,123 Walker also twice suggested that ocean circulations and
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temperatures may be responsible for the mechanism.124 In an address to the Royal
Meteorological Society in 1927 he suggested that relationships between regional pressure and
the Southern Oscillation may be explained by ‘variations in temperature of a local current [or]
variations in activity of the general oceanic circulation.’ In the same paper he demonstrated a
relationship between temperature over Samoa, the Nile floods and pressure over Port Darwin,
all now considered important ENSO teleconnection regions.125 Likewise, in the Smithsonian
Annual Report for 1935 he recommended ‘a search for an explanation in terms of slowly
changing features, such as ocean temperatures’.126
It was not many years after Walker died that his approach was validated. 1958, the year
of Walker’s death, was also the International Geophysical Year. During this period oceanic
expeditions generated direct observations of the 1957-58 El Niño event,127 kick-starting a new
drive to understand El Niño. The period saw several new papers by Berlage on the Southern
Oscillation, including the development of a simplified index.128 The culmination of this work
was the linking of the Southern Oscillation with sea surface temperatures in the west-central
Pacific in 1969 by Jacob Bjerknes and the postulation of what would later be called ENSO.129
Bjerknes’ discovery of a mechanism for the Southern Oscillation legitimised Walker’s
approach to find relationships first and mechanisms second. Since then statistical climatology
has become a fundamental part of climatology, reinforced by the development of climate
models that allow mechanisms for statistical relationships to be determined experimentally.
It is in the context of this proliferation of statistical climatology and development of
several new oscillations over recent decades (including the Pacific Decadal Oscillation, Indian
Ocean Dipole, Atlantic Multidecadal Oscillation etc.) that the imaginaries associated with
Walker’s work must be reviewed. Despite rejection in his lifetime, since his death Walker’s
approach has become paradigmatic. It is therefore particularly important that the context in
which it was developed is understood. Broadly speaking, the Southern Oscillation can be
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construed as emerging from the confluence of two imaginaries. The first came from Walker’s
background, an epistemology that gave primacy to robust mathematics over all other forms of
knowledge production and thus elevated the persona of the empirical (male) scientist above
those whose knowledge was interwoven with emotional or political considerations. This was
cultivated during his formative career in late-nineteenth century Cambridge and exported by
Walker to India.130 The second was more overtly imperial: the disciplining of the Indian
atmosphere through the particular practices of colonial observatory science. The integration of
these imaginaries by a man who believed that ‘what is wanted in life is ability to apply
principles to the actual cases that arise’ precipitated the construction of the Southern
Oscillation.131
Several areas emerge from this analysis that would merit closer attention. Walker’s
work was reconsidered in the context of scientific diplomacy during the Cold War. Greg
Cushman has shown how oceanic El Niño research during this period was harnessed to build
soft-power relationships with Latin American countries and create a culture of reliance on US
techno-science.132 The similarity to the knowledge-governance practiced by the colonial
government in British India is striking. Likewise, it is notable that the one researcher to
enthusiastically utilise Walker’s work during his lifetime was Hendrik Berlage Jr, Director of
the Batavia Observatorium and essentially Walker’s direct contemporary within the Dutch East
Indies. This suggests both an intriguing of a relationship between colonial governmentality and
statistical formulations of the atmosphere, and leads to questions regarding centre-periphery
relations in the context of the legitimacy of colonial science. Further work is therefore required
to understand the way that the imaginaries bound up with the Southern Oscillation travelled,
and the contexts within which they eventually gained legitimacy.
Accounts of the history of climatology have highlighted the importance of colonial
meteorology in the globalisation of climate during the nineteenth and twentieth century.
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Imperial concerns expanded the meteorological-geographical imagination of the European
centres at the same time that colonial territories provided new field sites for the installation of
instruments to extend meteorological knowledge across space and into the sky.133 Walker’s
work both complements and complicates these accounts. The Southern Oscillation produced
an imaginary of a globally-interconnected atmosphere, but the interrelatedness is incomplete
and large regions are excluded through lack of data or lack of relevance. The Southern
Oscillation itself is global in its reach, yet it is given agency as a discrete feature rather than a
component of a holistic climate. Thus, Walker’s work provides new opportunities within which
to examine the distinctive nature of colonial meteorology in the peripheries and to provide
nuance to our understanding of climatic and meteorological science during the twentieth
century.
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