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ABSTRACT  

Abstract for a PhD thesis submitted in December 2010 at the University of Manchester by 
Anna Elisabeth Carlsson-Hyslop titled òAn anatomy of storm surge science at Liverpool Tidal 
Institute 1919-1959: Forecasting, practices of calculation and patronageó 

When the effects of wind and air pressure combine with a high tide to give unusually high 
water levels this can lead to severe coastal flooding. This happened in England in early 1953 
when 307 people died in the East Coast Flood. In Britain today such events, now called storm 
surges, are forecast daily using computer models from the National Oceanographic Centre in 
Liverpool, formerly the Liverpool Tidal Institute (TI). In 1919, when TI was established, such 
events were considered unpredictable. TIõs researchers, Joseph Proudman (1888-1975), 
Arthur Doodson (1890-1968), Robert Henry Corkan (1906-1952) and Jack Rossiter (1919-
1972), did much mathematical work to attempt to change this. In 1959 Rossiter published a 
set of statistical formulae to forecast storm surges on the East Coast and a national warning 
system was predicting such events using these formulae. At this point TI believed they had 
made surges at least as predictable as they could with their existing methods. This thesis 
provides a narrative of how this perceived rise in the predictability of surges happened, 
analysing how TI worked to achieve it between 1919 and 1959 by following two interwoven, 
contingent and contested threads: practices of calculation and patronage. 

A key aspect of this thesis is the attention I pay to material practices of calculation: the 
methods, technologies and management practices TIõs researchers used in their mathematical 
work on storm surge forecasting. This is the first study by historians of oceanography or 
meteorology that pays this detailed level of attention to such practices in the construction of 
forecasting formulae. As well as using published accounts, I analyse statistical research in the 
making, through notes, calculations, graphs and tables produced by TIõs researchers. They 
used particular practices of calculation to construct storm surges as calculable and predictable 
scientific objects of a specific kind. First they defined storm surges as the residuals derived 
from subtracting tidal predictions from observations. They then decided to use multiple 
regression, correlating their residuals with pressure gradients, to make surges predictable. By 
considering TIõs practices of calculation the thesis adds to the literature on mathematical 
research as embodied and material, showing how particular practices were used to make a 
specific phenomenon predictable.  

I combine this attention to mathematical practice with analysis of why TIõs researchers did this 
work. US historians have emphasised naval patronage of physical oceanography in this period 
but there is very little secondary literature for the British case. The thesis provides a British 
case study of patronage of physical oceanography, emphasising the influence on TIõs work not 
only of naval patronage but also of local government, civil state and industrial patronage. 
Before TIõs establishment Proudman argued that it should research storm surges to improve 
the Laplacian theory of tides. However, when the new Institute received patronage from the 
local shipping industry this changed and the work on forecasting surges was initially done as 
part of a project to improve the accuracy of tidal predictions, earning TI further patronage 
from the local shipping industry. After a flooding event in 1928 the reasons for the work and 
the patronage again shifted. Between then and 1959 TI did this work on commission from 
various patrons, including local government, civil state and military actors, which connected 
their patronage to national debates about state involvement in flood defence. To understand 
why TIõs researchers worked on forecasting surges I analyse this complex mix of patrons and 
motivations. I argue that such complex patronage patterns could be fruitfully explored by 
other historians to further existing debates on the patronage of oceanography.  
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CHAPTER 1, INTRODUCTION 

If the effects of wind and air pressure combine with a high tide to give unusually high 

water levels this can lead to severe coastal flooding. This happened during a flooding 

event in early 1953 when more than 300 people died on the East Coast of England. 

Today these ôstorm surgesõ are seen as predictable flows of sea water that are forecast 

daily and linked to a nationwide warning system. The forecasts are run by the Met 

Office for the Environment Agency and use complex computer models produced at the 

National Oceanographic Centre ð Liverpool, the successor of the Liverpool Tidal 

Institute (TI). In early November 2007, when the models predicted a sea level of a 

similar height to that of 1953 on the East Coast of England, the governmentõs 

emergency committee COBRA met. In the end only a little flooding took place, as the 

wind and thus the height of the surge was lower than the worst predictions, but the 

event exemplifies the high levels of government concern about, and investment in, 

storm surge forecasting today. 

In 1919, when TI was established, ômeteorological effects on sea levelõ as they were then 

known were not forecast on a regular basis. Indeed many, such as the late George 

Howard Darwin, deemed such effects to be unpredictable. These potentially 

catastrophic flows of sudden and unpredictable sea water were recurrent, yet out-of-the-

ordinary and irregular events. TIõs researchers set out to change this. In 1959 a set of 

statistical forecasting formulae for storm surges was published by one of them and a 

warning system, using these formulae amongst other things, was forecasting such events 

on the East Coast of Britain. At this point TI believed they could predict surges, or at 

least as well as possible with current technology and methods. This thesis looks at how 

this rise in perceived predictability happened; something which has not previously been 

studied by historians. How were surges made (more) predictable by TI between 1919 

and 1959? 

One key aspect of how TIõs researchers made surges more predictable was by 

introducing new practices of calculation, by which I mean that they introduced new 

methods, technologies and management practices to perform calculations. These 

practices of calculation produced particular chains of documents, i.e. sheets of papers 

with inscriptions on them linked to other such documents ð an example of one link in 

such a chain could be the re-inscription of tidal gauge graphs into a table. TIõs 
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researchers attempted to make disorderly sea water into predictable storm surges by 

first defining surges as the residual ð the difference between observed and predicted sea 

level ð and then constructing formulae to forecast such residuals. To produce the 

forecasting formulae they used particular mathematical, often statistical, practices. Their 

particular practices of calculation constituted surges as calculable and, eventually, 

predictable phenomena, in a contested and contingent process of constructing chains of 

documents.  

The construction of surge forecasting formulae by TIõs researchers was closely related 

to the resource gathering and institution building they took part in, as well as the 

patronage given to them by those who wanted predictions of surges (and more generally 

increased control over nature). Debates over patronage were a key source of 

contingency in TIõs work on storm surges which at times impacted on their practices. 

Another obvious contingency was the influence of major surge events in promoting 

work in the area, particularly in 1928 and 1953. TI also made choices regarding which 

practices of calculation to use and how to organise the documents and formulae they 

worked with. These choices were contingent on a range of issues such as the training of 

their workers, earlier work and practice, computational limits and specific demands 

from patrons. 

This thesis analyses the work TI did on understanding and forecasting meteorological 

effects between 1919 and 1959. Initially this work was done not to forecast flooding but 

to attempt to provide ôcorrectionsõ to the published tidal predictions for the benefit of 

the Liverpool shipping industry, which was the patron of the work providing funding 

and other support. The primary concern of TIõs patrons then was not with higher than 

expected water levels but with lower than expected water levels, which could lead to 

ships stranding. The work on meteorological effects was part of a programme of 

increasing the accuracy of tidal predictions using new practices of calculation, which 

was linked not only to the researchersõ earlier work but also to the increasing size of 

ships and the impact of the First World War. As part of this work storm surges were 

defined as residuals, the difference between observed and predicted sea level, and 

statistical methods were used to try to make them predictable in Liverpoolõs port. 

The narrative traces the work done on storm surges at TI from its establishment to the 

late 1950s and how this was affected by various events and decisions. When fourteen 

people died in a flood event in London in 1928 the early programme of work changed, 
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shifting towards forecasting flooding. The patron of the work also shifted, towards local 

government, and in particular local authorities in London. During the Second World 

War a request from the Hydrographic Department of the Admiralty (Hydro) for a 

storm surge forecasting formula led to renewed emphasis on statistical practices in TIõs 

surge work. After the war, the work for the local authorities continued and, in an odd 

twist, the report that resulted from this work was printed in a very limited edition by the 

US Navy in the late 1940s. 

The 1953 flood event was another turning point for TIõs work on surges. After this 

event central government became the largest patron of storm surge science and with 

this new patronage TI constructed statistical forecasting formulae that were taken up by 

the newly established warning system. In 1957 TI declared they had produced as good 

as possible forecasting formulae of the statistical form they had been honing for many 

years, and, after a couple of years testing, those in charge of the warning system at 

Hydro agreed. However, TI had already begun doubting the validity of their own 

practices and the formulae they produced a couple years earlier. At the same time a 

dispute with the Met Office regarding TIõs methods for calculating the effect of the 

wind had broken out. After these two simultaneous events TI began arguing that if 

more ôaccurateõ formulae were wanted for the warning system, shifts in their practices of 

calculation were needed, away from their previous statistical methods. They began one 

such shift in 1959, when digital computers were introduced into their storm surge work 

for the first time, which marks the end of the thesis. 

This thesis does two things. Firstly, it looks at the work done at TI, concentrating on 

how it performed its mathematical calculations. The researchers at the Institute were 

trained as mathematicians and one of them, Arthur Thomas Doodson (1890-1968), had 

worked with Karl Pearson, the statistician, and with anti-aircraft ballistics computations 

during the First World War. The other, Joseph Proudman (1888-1975), had studied 

mathematics at Liverpool and Cambridge universities. TIõs disciplinary links were thus 

initially primarily to mathematics and mathematical physics. The thesis concentrates on 

one recurrent aspect of TIõs work: mathematical research on forecasting storm surges. It 

also discusses some of their work on periodic tides. In particular, the thesis focuses on 

the practices of calculation used in the storm surge work, which were frequently 

statistical and computational. Much of TIõs work was set within a particular tradition of 

mathematical analysis fostered at Cambridge and in particular a tradition of tidal analysis 
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with links to Pierre-Simon Laplaceõs work. At TI this tradition was developed together 

with new ways of organising and performing precision calculations, brought from 

Doodsonõs wartime work. The storm surge work depended on the use of computational 

aids, such as tables, calculating machines and tidal predictors, and particular 

management methods to produce chains of documents linked to other documents. TIõs 

work to predict tides and storm surges provides a case study of the use of particular 

practices of calculation on a particular phenomenon to produce particular chains of 

documents. As such, this study adds to the small but growing literature on the practices 

involved in mathematical work, emphasising the physical materiality of such research, 

for example the use of technologies of calculation. In particular I analyse TIõs work as 

that of constructing documents in linked chains, emphasising the importance of 

contingent choices during the construction process.  

Secondly, the thesis provides a case study of an institute and a research topic that today 

would be considered oceanographic, concentrating on the patronage structure of the 

two. Most work on the history of physical oceanography has emphasised the 

importance of naval patronage and rarely focused on direct industrial or civil state 

patronage. While TI was dependent for its income on sales of tidal predictions to the 

Navy, in the shape of Hydro, it was equally dependent on industrial patronage from the 

local shipping industry for further financial support and a building. The third element of 

TIõs patronage structure was Liverpool University, providing connections to academia. 

Like a three-legged stool, TI relied on all three legs for patronage ð if one leg had 

broken, the whole structure is likely to have fallen down. For example, while most of 

TIõs funding was provided by the shipping industry in the early 1920õs, Hydro then 

commissioned TI to do tidal predictions because of its connections with the university 

and because TI was neither a state organisation nor a private business. The three 

elements of TIõs patronage structure were interconnected and interdependent. From the 

standpoint of most history of physical oceanography the patronage of storm surge 

science is equally unusual: first shipping industry, then local government and only after 

1953 civil state patronage, with some, but only some, naval involvement throughout. 

The thesis thus provides a case study of research into physical oceanography for which 

naval patronage was only one part of the story, arguing for increased attention to non-

naval patronage in the history of this field. 
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Throughout the thesis I emphasise the contested and contingent nature of patronage TI 

received from different actors. TI did not receive ônavalõ or ôstateõ patronage; they 

received patronage from one particular part of one department of the Admiralty, the 

tidal branch of Hydro, and later one particular department of civil central government, 

the Ministry of Agriculture and Food. In addition, the patronage they received was 

frequently contested. Securing patronage involved TIõs researchers and supporters in 

complex negotiations and intense arguments about a wide range of issues, such as the 

accuracy of tidal predictions, the type of oceanographic science state actors should 

support and, of course, much institutional politics. Such politics was not only an issue 

within individual institutions and departments but also between local and central 

government, between Liverpool University and the local shipping industry, and between 

different groups of scientists. While TIõs work on predicting tides and surges was aimed 

at increasing the predictability of nature, different actors disagreed not only on whether 

this aim was necessary but also on how to achieve it.  

The two themes of patronage, especially the gradual increase of state patronage, and 

TIõs use of statistical practices of calculation to make surges calculable, tell a story of 

how a particular phenomena was ôtamedõ by scientists for their patrons using statistics.1 

It also provides yet another example of the gradual rise of technological and scientific 

governance of nature during the twentieth century, but focuses on the details of how 

this rise happened rather than on the governance that eventually came out of the work.2  

This is partly because the formulae that resulted from TIõs work on constructing surges 

as potentially predictable were not put into use until after the flooding in 1953. Before 

then TI primarily used their forecasting formulae to promise increased predictability, or 

governance, of water; promises that only some actors were interested in. While the 

thesis discusses the contested increase in the number of actors interested in governing 

the sea, the primary focus of it is how storm surges were made calculable and 

predictable, or governable. This was done through the use of particular practices of 

calculation funded by particular actors for particular reasons. To study why and how 

surges were made calculable is a necessary foundation to understand the increase in 

                                                

1 Compare Ian Hacking, The Taming of Chance (Cambridge: Cambridge University Press, 1990), 22.  
2 W Harry G Armytage, The Rise of the Technocrats (London: Routledge and Kegan Paul, 1965); David 
Edgerton, Warfare State: Britain, 1920-1970 (Cambridge: Cambridge University Press, 2006). For a recent 
example of historical work describing the rise of governance of nature, see Mark Whitehead, State, Science, 
and the Skies: Governmentalities of the British Atmosphere (Chichester: John Wiley & Sons, 2009). 
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governance of the sea. Without understanding how TI tried to make surges predictable 

before 1953 we cannot understand how particular state actors attempted to govern it 

using TIõs formulae for the warning system after 1953. However, for a full picture of 

this increase in governance this study should be complemented by wider studies of how 

different parts of society have attempted to govern the sea, e.g. by building coastal 

defences. 

This introduction will now situate the thesis within the contexts of the literature on the 

history of oceanography, meteorology and on practices of calculation. First, however, it 

will introduce storm surges in a little more detail. I then review the literature after which 

I provide an overview of the thesis.  

 

1.1 PRESENT-DAY CONTEXT: WHAT ARE ôSTORM SURGESõ AND WHY DO 

THEY MATTER TODAY? 

What were the events that the workers at TI tried to forecast? Today they are called 

ôstorm surgesõ. In 1919 they were called meteorological effects, which is a more 

descriptive term. Scientists today define storm surges as relatively rapid changes in sea 

level due to wind and atmospheric pressure that affect the regular periodic tidal pattern.3 

This thesis focuses on storm surges as they affect England, i.e. extra-tropical storm 

surges.4  

According to recent descriptions by scientists, surges form when òthe atmosphere 

forces the water body, which responds by generating oscillations of the water level with 

various frequencies and amplitudesó.5 Such an oscillation is then transported by the 

wind until it comes into contact with a coast either nearby (leading to a ôlocalõ surge) or 

far away (an ôexternalõ surge). A complex combination of causes decide the period and 

level of storm surges, such as the direction, speed and duration of the wind, the change 

                                                

3 Two introductory texts to tides, prediction and surges are John D. Boon, Secrets of the Tide : Tide and Tidal 
Current Analysis and Applications, Storm Surges and Sea Level Trends (Chichester: Horwood Publishing, 2004); 
Pugh, Changing Sea Levels. 
4 More extreme storm surges are formed in tropical waters. These can be extremely deadly and/or 
destructive, for example during the 1991 Bangladesh cyclone, the 1970 Bhola cyclone or the 2005 
hurricane Katrina. 
5 Gabriele Gönnert et al., Global Storm Surges, ed. German Coastal Engineering Research Council, Archive 
for Research and Technology on the North Sea and Baltic Coast (Holstein: Westholsteinische 
Verlagsanstatl Boyens & Co., 2001), 7. 
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in atmospheric pressure, the layout of the coastline and seabed, the track and intensity 

of the storm, and the rotation of the earth.6 The southern North Sea, including 

Englandõs East Coast, is sensitive to storm surges due to its semi-enclosed funnel shape 

which intensifies the height of the surge. Like the ordinary tide, surges travel 

southwards along Englandõs east coast. As they also both travel at about the same 

speed, due to both being similar kinds of travelling waves, a surge that coincides with 

high tide will affect most of this coast, as it did in 1953. Storm surge flooding has been 

recorded throughout European history, often with severe consequences in terms of loss 

of land or lives.7  

One reason to study the history of storm surge science is the context of climate change. 

According to the most recent research storm surges themselves are not predicted to 

become statistically significantly more frequent or severe due to climate change, but the 

Intergovernmental Panel on Climate Change expects sea level to rise.8 This increase in 

sea level means that the impacts of storm surge events are likely to become more 

pronounced, leading to increased risk of flooding and erosion. Any climate related sea 

level changes will come on top of the gradual geological changes that have affected 

Britain since the last glaciation, with some areas, notably London and the South, 

sinking, while others rise. Such sea level changes, and the North Seaõs susceptibility to 

meteorological effects, mean the British have a long history of dealing with coastal 

flooding and erosion. Their responses to surges have varied across time and 

circumstances. For example, the number of storm surges in the Thames Estuary 

increased in the Middle Ages, causing loss of land. Considerable resources were initially 

spent to combat this, but as labour costs increased after the Black Death some retreat 

from the threatened land took place instead.9 While today there is much policy interest 

                                                

6 The rotation of the earth matters as the highest storm surges do not necessarily result from winds 
perpendicular to the coast, as the coriolis effect leads to what is known as Ekman transport  when wind-
drifted water is deflected up to 45° away from the wind direction (to the right in the Northern 
hemisphere). Ibid., 2-4; Keith Smith and Roy Ward, Floods: Physical Processes and Human Impacts (Chichester: 
John Wiley & Sons, 1998), 151; Pugh, Changing Sea Levels, 139-141. 
7 Smith and Ward, Floods: Physical Processes and Human Impacts. 
8 IPCC, òClimate Change 2007: Synthesis Report, Summary for Policymakersó, 2007 p. 8, 
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf accessed 30th November 2009. 
Jason Lowe et al., UK Climate Projections Science Report: Marine and Coastal Projections (Exeter: Met Office 
Hadley Centre, 2009). 
9 James A Galloway and Jonathan S Potts, "Marine Flooding in the Thames Estuary and Tidal River 
C.1250-1450: Impact and Response," Area 39, no. 3 (2007). 

http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_spm.pdf
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in coastal flooding,10 and much scientific work on sea level change and storm surges,11 

there is as yet little historical work on how the British have previously dealt with coastal 

flooding, or with other types of extreme weather.12 This thesis looks closely at how a 

particular understanding of meteorological effects, as storm surges that could be 

forecast using statistics, developed, which was one key way in which British society dealt 

with storm surges in the period 1919-1959. It  thus aims to contribute towards providing 

a historical analysis of adaptation to extreme weather and climate change, particularly 

the use of science in twentieth century adaptations.  

I will now discuss literature relevant to the thesis, covering in turn literatures related to 

patronage of oceanography, forecasting of extreme meteorological events, differences in 

the type of mathematics used by different oceanographers and, finally, practices of 

mathematics, including a discussion of accuracy. 

 

1.2.1 PATRONAGE OF OCEANOGRAPHIC SCIENCE 

How and why TI attempted to make surges predictable was closely linked to who their 

patrons were. Patronage is a major topic of interest in history of science as a lens 

through which to analyse a range of issues. Ronald Doel discusses a range of questions 

that studies of patronage can be concerned with: What was the consequence of 

patronage for research? What was its influence on institutions? What research did it 

NOT allow? How did it link to politics? How did it influence the community and 

culture?13 In short, patronage is not just about money, but also about values, research 

and identity. As Mario Biagioli puts it, analysing patronage "is the key to understanding 

processes of identity and status formation that are the keys to understanding both the 

scientists' cognitive attitudes and career strategiesó.14 The funding of science is involved 

                                                

10 For example the Pitt Review after the summer 2007 floods and DEFRAõs recent publication of both 
òAdapting to Coastal Change: Developing a Policy Frameworkó and the òUK Marine Science Strategyó 
11 Specific programmes of work include Coastal Flooding by Extreme Events (CoFEE), Oceans 2025 
(especially the Sea Level and Vertical Land Movement work package 1.9) as well as continuing work on 
the storm tide warning system. 
12 See also Roderick J. McIntosh, Joseph A. Tainter, and Susan Keech McIntosh, "Climate, History and 
Human Action," in The Way the Wind Blows : Climate, History and Human Action, ed. Roderick J. McIntosh, 
Joseph A. Tainter, and Susan Keech McIntosh (New York: Columbia University Press, 2000). 
13 Ronald E. Doel, "Constituting the Postwar Earth Sciences: The Military's Influence on the 
Environmental Sciences in the USA after 1945," Social Studies of Science 33, no. 5 (2003). 
14 Emphasis in original. Mario Biagioli, Galileo, Courtier: The Practice of Science in the Culture of Absolutism 
(London: The University of Chicago Press, 1993), 14. 
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in the careers, identities and work of scientists, and this was certainly the case with 

storm surge science at TI. 

This section introduces literature on the history of oceanography, and to a lesser extent 

allied sciences, concentrating on patronage issues in the period from the First World 

War to the late 1950s. It argues that US historians of physical oceanography have 

concentrated heavily on military patronage, de-emphasising industrial patronage which 

was very important at TI. It also argues that what little work has been done in regards to 

twentieth century history of UK oceanography has focused more on its deficiencies 

than its actual work. By oceanography I mean research concerned with the sea. 

 

1.2.2 MILITARY PATRONAGE OF US EARTH SCIENCE 

Analysts of the patronage pattern of earth sciences in the US have argued that military 

patronage has been very important for physical earth sciences, such as physical 

oceanography and meteorology, especially in the post-war period.15 Chandra Mukerji 

has identified oceanography as an extreme case within the sciences with an unusually 

high dependency on government funding. She argues that in the post war period 

oceanographers were given funding so that they would be a reserve labour force to 

support policy or in case of need, e.g. during war.16 Naval patronage of physical 

oceanography has often been linked to the two world wars and the Cold War, though 

different authors identify different trigger points. For example, Gary Weir has studied 

the relations between the US Navy and oceanographers from the First World War to 

the Second World War and beyond. He argues that in the US the First World War led 

to military interest in physical oceanography, especially for detection of submarines. 

After the First World War lack of funding for both the Navy and academic 

oceanography led to a partnership between the Navy, especially the US Hydrographic 

Office, and academic oceanographers, with the Navy offering practical support such as 

                                                

15 Doel, "Constituting the Postwar Earth Sciences."; Kristine C. Harper, Weather by the Numbers : The 
Genesis of Modern Meteorology (London: The MIT Press, 2008). 
16 Chandra Mukerji, A Fragile Power: Scientists and the State (Princeton: Princeton University Press, 1989). 
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space on ships and also some monetary support. He argues that this relationship 

continued and grew in strength during the Second World War and beyond.17  

Others have argued that the Second World War was an important trigger in the rise of 

naval patronage of science. Ronald Rainger, for example, has argued that the patronage 

pattern of the Scripps Institute of Oceanography shifted from a mixed pattern of 

patronage and oceanographic research in the interwar period, towards a strong focus on 

military patronage and physical oceanography after the Second World War.18 Jacob 

Darwin Hamblin in turn identifies a different trigger point. In his view naval patronage 

of oceanographic research had only a limited start during the war when an òawakeningó 

of the mutual benefits of co-operation between Navy and oceanographers took place.19 

Instead he argues that the Navy was not thoroughly supportive until the first half of the 

1950s, when they on the suggestion of scientists through the Hartwell report began to 

develop atomic submarine warfare and defence. This was done to ensure the Navyõs 

role within the larger US military and administration, which he argues was pro-air force 

at this time. This, according to Hamblin, led to a much higher level of naval patronage 

of oceanography during the 1950s.20 Despite the identification of different trigger 

points, these US historians of oceanography agree that naval patronage was very 

important for oceanography, especially physical, in the period covered by this thesis.  

 

1.2.3 BRITISH OCEANOGRAPHY AND STATE PATRONAGE OF SCIENCE 

Little historical work has been done on UK twentieth century oceanography and what 

has been done has emphasised its supposed deficiencies and communication problems 

with the Navy. I will question both these assumptions in this thesis. For example, 

Hamblin mentions Edward Crisp Bullard as a British case study of somebody doing 

                                                

17 Gary E. Weir, An Ocean in Common: American Naval Officers, Scientists, and the Ocean Environment (College 
Station, Texas: Texas A&M University Press, 2001). 
18 Ronald Rainger, "Constructing a Landscape for Postwar Science: Roger Revelle, the Scripps Institution 
and the University of California, San Diego," Minerva 39, no. 3 (2001); Ronald Rainger, "Adaptation and 
the Importance of Local Culture: Creating a Research School at the Scripps Institution of 
Oceanography," Journal of the History of Biology 36, no. 3 (2003). See also  Naomi Oreskes and Ronald 
Rainger, "Science and Security before the Atomic Bomb: The Loyalty Case of Harald U. Sverdrup," 
Studies In History and Philosophy of Science Part B: Studies In History and Philosophy of Modern Physics 31, no. 3 
(2000). 
19 Jacob Darwin Hamblin, Oceanographers and the Cold War : Disciples of Marine Science (London: University of 
Washington Press, 2005), 9-10.  
20 Ibid., ch 2.  



 

26 
 

oceanography in interwar Britain, but takes Bullardõs words at face value when the latter 

claimed that British oceanographers were worse off than the Scandinavians in terms of 

support for their deep-sea work, with Hamblin seemingly arguing that not much ôgoodõ 

oceanography was done in the interwar period in Britain due to lack of state support.21 

TI provides a case study of an oceanographic institution in Britain that found enough 

patronage to establish itself in this period. In addition the so-called Discovery 

Committee was doing considerable amounts of oceanographic research in the Southern 

Oceans in the interwar period. Its work, which was run by the Colonial Office, focused 

on research related to the economic resources of the Antarctic, especially whales.22 

Bullardõs comment was made in the context of discussions regarding what geophysical ð 

not oceanographic ð research should be emphasised in a Royal Society report on the 

ôneedsõ of geophysics after the Second World War.23 Bullardõs claim may thus be better 

seen as that of a public scientist arguing for further financial support from the state for 

his geophysical science.24  

Margaret Deaconõs work on twentieth century oceanography provides another example 

of how historians have argued that oceanography was weak in the UK in the interwar 

period and also that communications problems between the Navy and civilian scientists 

limited the work.25 Recently she stated that òthe nation that sent out the Challenger 

Expedition seemed largely to have lost interest in oceanic research, especially physical 

                                                

21 Ibid., 8-11. Bullard makes the relevant statement in Bullard to Darwin, 1st Mar 1946, BLRD F.85, 
Churchill Archives Centre, Churchill College, Cambridge 
22 Margaret Deacon, "Marine Science in the UK before World War II," in Of Seas and Ships and Scientists: 
The Remarkable Story of the UK's National Institute of Oceanography 1949-1973, ed. Anthony Laughton, et al. 
(Cambridge: The Lutterworth Press, 2010). This contradicts Clarkeõs statement that the Colonial Office 
had not provided significant funds to fisheries research before the 1940s, see Sabine Clarke, "A 
Technocratic Imperial State? The Colonial Office and Scientific Research, 1940 - 1960," Twentieth Century 
British History 18, no. 4 (2007): 474. 
23 òList of projectsó and various draft minutes and reports re Post-War needs in Geophysics Committee 
from 1944, BLRD F.86, and Bullard to Darwin, 1st Mar 1946, BLRD F.85, Churchill Archives Centre, 
Churchill College, Cambridge 
24 CMB 101, AE/1/2/3 & AE/1/9/4, Royal Society, shows Bullardõs involvement in various Royal 
Society Committees on Geodesy and Geophysics. For more on public scientists see Edgerton, Warfare 
State; Andrew Hull, "Passwords to Power - a Public Rationale for Expert Influence on Central 
Government Policy-Making: British Scientists and Economists, c. 1900 - c. 1925" (PhD, University of 
Glasgow, 1994); Andrew Hull, "War of Words: The Public Science of the British Scientific Community 
and the Origins of the Department of Scientific and Industrial Research, 1914-1916," The British Journal for 
the History of Science 32, no. 4 (1999). 
25 However, Deaconõs main work on the history of oceanography has concentrated on developments 
before the twentieth century, see Margaret Deacon, Scientists and the Sea 1650-1900: A Study of Marine 
Science (London: Academic Press, 1971). 
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oceanography, in the first part of the twentieth centuryó,26 blaming this on lack of 

money. Despite stating this lack of interest in and support for oceanographic science, 

she then goes on to list work in biological oceanography and naval science, providing 

examples of work actually done. She briefly mentions TI as a ònotable exceptionó to 

what she says is the otherwise poor record of UK oceanography in the first half of the 

twentieth century.27 Earlier work of hers provides further examples of oceanographic 

work done in co-operation between the Navy and oceanography in the UK. She 

describes how Hydro survey ships were used by oceanographers for field work before 

the First World War, and how during the war this co-operation increased. At the end of 

the war plans were made to permanently incorporate oceanographic work into the 

Admiralty. This was said to be òin the national interestó due to the increasing 

importance of submarines. While these plans came to little, Deacon discusses how other 

oceanographic research, e.g. on tidal streams, was carried out by the Navy in the early 

1920s.28 Willem Hackmannõs book on the history of sonar provides further examples of 

such naval oceanographic work.29 Despite detailing quite substantial amounts of 

oceanographic work being done, both Hackmann and Deacon argue that such work 

was limited, in part by problems of communication with traditional Navy personnel 

struggling to accept civilian advice.30  

David Edgerton has argued against such views in his analysis of the relations between 

military, state and science in twentieth century Britain. He focuses on military-related 

state-supported research in Britain from 1920 to 1970, arguing that the British state 

spent large sums of money on military-related research and development in this period. 

He has adopted the concept ôwarfare stateõ to summarise his views. For the interwar 

period he argues that Britainõs military remained well funded, and that, for example, the 

Navy was at least as strong, if not stronger, than other countriesõ navies, including in the 

area of R&D.31 While much literature on military patronage of science focuses on the 

Cold War period, Edgerton argues that there were close links between the military, 

state, industry and science in Britain well before the Second World War, and that much 

                                                

26 Italics as in original. Deacon, "Of Seas and Ships and Scientists," 19. 
27 Ibid., 22. 
28 Margaret B. Deacon, "G. Herbert Fowler (1861-1940): The Forgotten Oceanographer," Notes and 
Records of the Royal Society of London (1938-1996) 38, no. 2 (1984): 273. 
29 Willem Hackmann, Seek & Strike : Sonar, Anti-Submarine Warfare and the Royal Navy, 1914-54 (1984), 11-
43. 
30 Ibid; Deacon, "G. Herbert Fowler." 
31 Edgerton, Warfare State, 21-33. 
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new technology and innovations came from state/military/industrial research 

establishments in the interwar period.32  

What I take from Edgerton is an emphasis on tracing the actual extent of military and 

other state patronage of British science, such as TIõs, in this period. As historians we 

should go beyond scientistsõ statements that the military and state did not provide 

sufficient support and that British science thus suffered. Like Weir has argued for the 

US, and Deacon and Hackmann show for Britain, there were at least some connections 

between the academic and naval oceanographic communities from the time of the First 

World War. However, unlike Edgerton, my focus is not on the stateõs relationship to 

military and science, but on a particular and rather peculiar institute which had links not 

only to specific departments of the military and civil state, including local government 

but also to industrial and academic actors. Edgerton argues that oceanography was a 

state science, but the work TI did was more than this.33   

 

1.2.4 NON-NAVAL PATRONAGE  

The concentration on naval patronage in much of the history of oceanography is useful 

and will be followed up in this thesis; however TIõs patronage was often not military but 

instead industrial. Close links between industry and science have been described in 

many other branches of science and this source of patronage for oceanography should 

no less be ignored than military patronage.34 While there are some exceptions to the 

heavy emphasis on naval patronage, particularly of biological oceanography, historians 

of physical oceanography have until recently rarely concentrated on inter-linkages with 

industry in the discipline, and instead concentrated on state patronage.35  

                                                

32 Ibid., 122. 
33 Ibid., 112. 
34 See for example Jeff Hughes, "Plasticine and Valves: Industry, Instrumentation and the Emergence of 
Nuclear Physics," in The Invisible Industrialist, ed. Gaudillere and Lowy (1998); Robert Fox and Anna 
Guagnini, "Introduction," in Education, Technology and Industrial Performance in Europe, 1850-1939, ed. Robert 
Fox and Anna Guagnini (Cambridge: Cambridge University Press, 1993), 7-8; Karl Grandin, Nina 
Wormbs, and Sven Widmalm, eds., The Science-Industry Nexus : History, Policy, Implications, Nobel 
Symposium 123rd (2002) (Stockholm: Science History Publications/USA 2004); Jean-Paul Gaudillière, 
"The Invisible Industrialist : The Technological Dynamics of 20th-Century Biological Research," in The 
Science-Industry Nexus : History, Policy, Implications; Nobel Symposium 123rd (2002), ed. Karl Grandin, Nina 
Wormbs, and Sven Widmalm (Stockholm: Science History Publications/USA, 2004). 
35 For examples focused on biological oceanography, see Helen Rozwadowski, The Sea Knows No 
Boundaries : A Century of Marine Science under ICES (London: International Council for the Exploration of 
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However, lately more attention has been paid to industrial and other non-naval 

patronage of physical oceanography in various guises. For example, David Van Keuren 

has discussed the use of deep sea drilling technology developed by the oil industry in 

oceanographic and geological research.36 Ronald Doel et al also discuss industrial 

patronage when writing about work creating the Heezen-Tharp physiographic map of 

the ocean floor in the 1950s. One of the researchers involved in this map 

simultaneously did contract work for Bell Labs, which provided him with extra data and 

funding for the mapping work, while he helped them find a low-maintenance route for 

their new trans-Atlantic phone cable. Doel et al emphasise that the links to the industrial 

Bell Labs, as well as to the military, were very important for this key oceanographic 

research project. This shows that industrial patronage could be important even in 

American physical oceanography in the 1950s, often identified as a point when military 

patronage dominated oceanography.37 Eric Mills has recently argued that concerns 

regarding fisheries, agriculture and other industrial issues with links to weather and the 

sea had a key role in stimulating research in marine sciences generally in Scandinavia in 

the late nineteenth century. He has also downplayed the role of the Second World War 

as a trigger in the development of modern-day oceanography.38 Hamblin has recently 

written in more depth on the links between oceanographers, radioactive waste and 

atomic energy establishments of the US, Britain and France in the late 1950s. He turns 

the traditional patronage question of the influence of patronage on scientistsõ work on 

its head, arguing that the scientistsõ patronage strategies influenced the patronsõ policies 

and status.39 In addition, while his book Oceanographers and the Cold War concentrates on 

military patronage of oceanography in the 1950s he also mentions many other sources 

                                                                                                                                     

the Sea in association with University of Washington Press, 2002); Vera Schwach, "An Eye into the Sea: 
The Early Development of Fisheries Acoustics in Norway, 1935-1960," in The Machine in Neptune's Garden: 
Historical Perspectives on Technology and the Marine Environment, ed. Helen Rozwadowski and David K. van 
Keuren (Sagamore Beach, MA: Science History Publications, 2004). See also Susan Schlee, A History of 
Oceanography: The Edge of an Unfamiliar World (London: Robert Hale & Company, 1973). 
36 David K. van Keuren, "Breaking New Ground: The Origins of Scientific Ocean Drilling," in The 
Machine in Neptune's Garden: Historical Perspectives on Technology and the Marine Environment, ed. Helen 
Rozwadowski and David K. van Keuren (Sagamore Beach, MA: Science History Publications, 2004). 
37 Ronald E. Doel, Tanya J. Levin, and Mason K. Marker, "Extending Modern Cartography to the Ocean 
Depths: Military Patronage, Cold War Priorities, and the Heezen-Tharp Mapping Project, 1952-1959," 
Journal of Historical Geography 32, no. 3 (2006). 
38  Mills, The Fluid Envelope of Our Planet, ch 3 & 9, esp p. 260. 
39 Jacob Darwin Hamblin, "Hallowed Lords of the Sea: Scientific Authority and Radioactive Waste in the 
United States, Britain, and France," Osiris 21, no. 1 (2006). 
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of patronage, arguing that scientists played a strong role in defining their own part in 

the Cold War.40 

Despite these recent examples of attention to non-military patronage, many historians 

of physical oceanography seem to almost assume a dominance of military patronage in 

the discipline. Doel et al are quick to point out that Bell Labs were also secretly laying 

cables for military use, arguing there were close links to military needs even in the 

industrial patronage. However, the examples above demonstrate that the patronage 

patterns of oceanographic science have often been complicated, involving a range of 

patrons and interests with influences going in both directions between scientists and 

patrons.41 Atsushi Akera has argued historians should attend to what he calls 

fundamental pluralism in terms of institutions, interests, opportunities and priorities, in 

his case research into computers during the Cold War.42 While attention to military 

patronage is important because of its special political implications, the historiansõ 

attention to it should not necessarily be all-consuming, as all patronage has political 

implications which should be attended to. 

From the above it is clear that military patronage has been crucial for the work of 

American oceanographers both before and, especially, after the Second World War. 

However, there is not enough secondary literature to establish whether this pattern 

applies to the UK too. In addition, the emphasis by historians on naval patronage may 

neither take full account of other sources of patronage nor of the scientistsõ work in 

forming their own roles and relationships with patrons. This thesis will look closely at 

the connections between the Admiralty and TIõs work but it must also take account of 

TIõs other sources of patronage. By doing so this thesis provides an example of a 

different kind of patronage structure compared to that outlined by most historians of 

oceanography, in which industrial, local government and civil state patronage was also 

important. In addition it traces the connections between different parts of the state and 

TI, analysing how discussions and disputes between different state actors related to TIõs 

patronage and its research. By attending both to such disputes and to the institution 

                                                

40 Hamblin, Oceanographers and the Cold War, conclusion. 
41 See also Angela NH Creager, "The Industrialization of Radioisotopes by the U.S. Atomic Energy 
Commission," in The Science-Industry Nexus : History, Policy, Implications; Nobel Symposium 123rd (2002), ed. 
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building strategies used by TIõs researchers I attempt to show the contestation and 

contingency involved in TIõs patronage. 

 

1.3 PRACTICES, ESPECIALLY OF FORECASTING 

During the twentieth century forecasting of extreme events, for example of storm 

surges, by experts has increased. Recently Gary Alan Fine wrote, in relation to weather 

forecasting, that ò[s]ociety depends on prognostication, allowing social systems to 

prepare for whatever shocks may transpireó.43 The rise in forecasting of extreme events 

underlying this quote is a topic which has primarily been analysed within the history of 

meteorology but rarely with attention to the researchersõ practices in developing 

forecasting methods. Before discussing that literature I will here define my usage of the 

term ôpracticeõ.  

As Joseph Rouse makes clear ôpracticeõ is a term with many meanings and many varied 

theoretical attachments in social science and history.44 To me paying attention to 

practices is to pay attention to bodily skills and discipline. In addition, and following 

Rouse, I see language as part and parcel of the practices, skills and disciplines I am 

interested in. In particular, I am interested in how TI developed forecasting formulae in 

a practical manner ð for example, how they used pen, paper, tidal gauge records and 

calculating machines to construct such formulae. Attention to such practices of 

calculation provides a deeper understanding of how TIõs workers made surges 

predictable than is possible to achieve by attending only to published accounts of their 

work. Overall, my attention to practice places me within the wider project in history of 

science that attempts to show scientific and mathematical work as embodied work, that 

makes ôthingsõ in particular ways with particular effects, and that does not effortlessly 

travel.  

                                                

43 Gary Alan Fine, Authors of the Storm (Chicago: The University of Chicago Press, 2007), 245. 
44 Joseph Rouse, "Practice Theory," in Handbook of the Philosphy of Science, ed. Dov M Gabbay, Paul 
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Several historians of meteorology have studied historical attempts at making storms, or 

extreme flows of air, into more predictable or governable events.45 A key study is 

Robert Friedmanõs Appropriating the Weather on Vilhelm Bjerknes. By appropriating the 

weather, Friedman means that Bjerknes redefined, reclassified and restructured weather 

to make it more predictable by redefining it as a hydrodynamical problem, reclassifying 

the atmosphere into new three-dimensional concepts and restructuring weather 

forecasting to make it useful to flight, farming and fishing, and also to achieve 

professional support and recognition.46  

Overall such work on the construction of methods to predict extreme events is more 

limited in the history of oceanography. However, recently Eric Mills has recast 

Friedmanõs story about Bjerknes in oceanographic terms, describing how Bjerknes 

developed his hydrodynamical theorems. These were applicable to ôbaroclinicõ 

conditions when lines of equal pressure and equal density are inclined due to properties 

of the oceans, like temperature, creating the possibility of currents. He then discusses 

how these theorems were taken up and further developed by oceanographers such as 

Bjørn Helland-Hansen and Johan Sandström, making Bjerknesõs theorems into 

simplified equations that could be more easily calculated. In particular, he claims that 

once Helland-Hansen had reformulated the theory òit was a routine matter to calculate 

the difference of current speed between surface and the depths across the plane joining 

the two stationsó.47 However, neither Mills nor Friedman go into detail of the practices 

of calculations used by Bjerknes, Helland-Hansen or Sandström. What were the 

routines used in these calculations and how were they made into routines by the 

researchers? What did Bjerknes and the others do in terms of practices to make the 

weather or ocean currents calculable and predictable? 

This question is not answered by history of meteorology, which has instead either 

focused on the use of forecasting techniques or the development of numerical weather 

prediction using digital computers. Anthropologists and historians of twentieth century 

                                                

45 Vladimir Jankovic, "The Politics of Sky Battles in Early Hanoverian Britain," Journal of British Studies 
41(2002); Katherine Anderson, Predicting the Weather (Chicago: The University of Chicago Press, 2005); 
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meteorology have often concentrated on day-to-day forecasting of extreme weather 

events. For example, Fine has studied how weather forecasting is done through 

everyday practice in a particular institutional settings, the importance of workplace 

culture in this and how changes in forecasting technology led to changes in forecasting 

practice.48 While his emphasis on practice is useful, he concentrates on the practices 

involved in everyday prediction, downplaying other aspects of importance for a full 

understanding of the prediction process, such as the reception of forecasts or the 

construction of forecasting formulae.49 Other historians of twentieth century 

meteorology have focused on the role of digital computers.50 Kristine Harper is a recent 

example of this, combining discussions of the development of numerical weather 

forecasting and digital computers with debates about the role of military and other 

patronage. Her work indicates the importance of patronage and institutional politics in 

earth sciences.51 Paul Edwards similarly combines an account of the history of 

computing and meteorology. He interestingly pays some attention to practices of 

calculation including those used before digital computers were introduced.52  

While researchers like Friedman and Mills concentrate on the work done on the science 

of forecasting, both they and for example Harper pay less attention to unpublished 

accounts of how the technical content was constructed than this study does. This thesis 

adds to the literature of history of meteorology and oceanography by studying another 

set of practices of calculation in depth ð statistical ones as opposed to digital computing 

ð in an under-studied time period. From the history of meteorology I take the attention 

to the history of forecasting, transferring this interest into the history of oceanography 

where forecasting has been emphasised much less. 

                                                

48 Fine, Authors of the Storm, 111. See also e.g. Steve Rayner, "Domesticating Nature: Commentary on the 
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1.4 DIFFERENT MATHEMATICAL APPROACHES TO OCEANOGRAPHY AND 

STORM SURGES 

The work TI did to develop surge forecasting formulae primarily used statistics. 

However, this statistical work linked to Proudmanõs and Doodsonõs wider tidal and 

oceanographic research as well as debates regarding the definition and 

institutionalisation of oceanography. This section sets out a number of different 

mathematical approaches to physical oceanography, contrasting the Laplacian tradition 

to dynamical oceanography, and also discussing work on the history of storm surge 

science in the Netherlands. Here and later in the thesis I will argue that the formation of 

contemporary oceanography as a discipline needs to be seen as contested definitional 

work in which debates between proponents of different approaches played a key role. 

Before returning to review the literature I will briefly describe TIõs links to the Laplacian 

tradition. Doodsonõs wider work on the predictions of tides, within which the work on 

surges was set, came from the tradition of harmonic analysis of tides. Proudman also 

worked in this tradition of òclassical hydrodynamics and analytical mathematicsó.53 

Much of his work consisted of extension and application of Laplaceõs tidal equations to 

theoretical (as opposed to actual) bodies of water.54 Both Proudman and Doodson thus 

belonged to the Laplacian tradition of work on the hydrodynamic theory of long waves. 

This tradition was strong in Britain (and at Cambridge especially), including researchers 

such as George Biddell Airy (1801-1892), William Thomson/Lord Kelvin (1824-1907), 

Horace Lamb (1849-1934) and George Howard Darwin (1845-1912).55 As Eric Mills 

has put it recently, those who worked in this tradition were òresolutely theoreticaló, did 

not work with actual geophysical fluids (they did not for example take account of 

temperature differences) and do not seem òto have had the slightest interest in applying 

a significant body of theoretical fluid mechanics to the dynamics of the oceanó.56 

However, tidal work was a key application of the work in this tradition, as described 

from different historical angles by Paul Hughes, Michael Reidy and David Edgard 

Cartwright. They do not consider storm surges in any great detail. Cartwright 
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concentrate on the technical development of tidal science and predictions.57 Hughes 

does the same, but also discusses some of the technologies of calculation used by 

researchers.58 Reidy concentrates on developments in tidal science in the first half of the 

nineteenth century, usefully emphasising links with industrial and military concerns.59 

An alternative approach to studies of the physical properties of oceans was being 

developed in Scandinavia around the turn of the century. The development of this 

ôdynamical oceanographyõ has been analysed by Mills. He argues that much of physical 

oceanography went down the route of a particular kind of dynamical mathematical 

analysis, following the development of Bjerknesõs methods as discussed above. He 

argues that this dynamical analysis came to dominate oceanography. As an example of 

the difference between the two approaches he mentions that while Lord Kelvin had 

analysed barotropic flow, Bjerknes dealt with baroclinic flow, during which variation in 

ocean properties, such as temperature, creates conditions for currents that were not 

analysed in the Laplacian tradition.60  

While Mills is at pains to emphasise contingencies in how the dynamical method was 

adopted and adapted in different circumstances, he none the less portrays Bjerknesõs 

hydrodynamics as the key part of the route that led to modern day oceanography, as 

dominated by what he calls its foundation text, The Oceans. This book, published in 

1941, was written by Harald Sverdrup (geophysicist and physical oceanographer), 

Martin Johnson (zoologist) and Richard Fleming (chemist). Mills argues that post war 

oceanography was shaped not so much by the war as by Sverdrupõs vision of an 

integrated oceanography, incorporating physical, geological, biological and chemical 

sciences, and with dynamical oceanography as a crucial organising framework, as 

expressed in The Oceans.61 Millsõs emphasis on dynamic oceanography as the key part of 

the eventually successful approach to oceanography is particularly clear in how Mills 

portrays George McEwenõs alternative approach, describing it as mathematical physics. 

He writes that òMcEwenõs method used a mathematics that was patently too complex 
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and inappropriate to the quality of his dataó.62 He argues that when McEwen entered 

oceanography, in the US in 1912, the future of the field was not determined and thus 

McEwen could not have foreseen that his methods would not become mainstream 

oceanography, but his emphasis is on explaining McEwenõs failures. Mills discusses 

developments in Scandinavia, Canada, France, Germany and the US, but only mentions 

Britain in passing. According to him this is because little work was done in Britain using 

dynamic oceanography in the period he focuses on, before the Second World War.63  

The emphasis on Laplacian tidal equations in TIõs theoretical work means that this 

thesis complements Millsõs study, as his work concentrates on one particular strand of 

physical oceanography which TIõs work did not fall into. While Proudman interacted 

closely with dynamical oceanography, for example writing a textbook on it towards the 

end of his career, his own research was focused on Laplacian tidal equations. He also 

defended this approach from accusations by Bjerknes and others that its neglect of 

baroclinic conditions, leading to vertical acceleration such as temperature-induced 

currents, could cause serious error, by arguing that the conditions under which this 

became a problem did not occur in actual tides in the oceans.64 While thorough analysis 

of this dispute is outside the scope of this thesis,65 it shows that Proudmanõs primary 

loyalty was towards theoretical work on tides in the Laplacian tradition. Proudmanõs 

Dynamical Oceanography references some of TIõs work on storm surges and discusses 

some of the causes involved in surge generation (e.g. the effects of atmospheric 

pressure on the sea and the travel of such effects), but it does not name the 

phenomenon and does not discuss it in a focused section, demonstrating the distance 

between TIõs work on forecasting storm surges and dynamical oceanography.66 While 

TIõs researchers were aware of and interacted with dynamical oceanography, their own 

work was different from this approach.  

Some work on the history of storm surge science has been done in the Netherlands, but 

this has focused on tidal modelling research done for hydraulic coastal engineering 

                                                

62 Ibid., 210. 
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projects. Cornelis Disco and Jan van den Ende covers the period before 1953 in most 

depth, while Wiebe Bijker provides more cover for the period after 1953.67 They all 

identify 1953 as a key event, giving storm surge science impetus and funding. As I will 

do, they all also emphasise the interconnections between politics at many different 

scales and the techno-scientific work, as Bijker has expressed in the title of one of his 

articles: òDikes and dams, thick with politicsó.68 Disco and van den Ende have made the 

more specific claim that mathematical models of tides and storm surges were used as 

socio-political management tools by engineers to provide compelling, trusthworthy 

evidence in support of various engineering schemes for dams. They also discuss a range 

of different types of models, including electric and scale models, and differentiate 

between different types of mathematical models, using different equations, often based 

in hydrodynamic theory but also employing ideas from the harmonic methods of 

predicting tides.69  

Unlike TIõs work with statistical forecasting formulae, the aim in the Dutch work 

analysed by historians was to predict the response of the sea water to new dams, dikes 

and other flood defences. The work described by these authors was linked to the 

planning of engineering projects instead of real time warning systems, but it used some 

of the same practices of calculation: human computers, slide rulers and desk calculators, 

careful checking of results, and lots of time and paper.70 While Disco and van den 

Endeõs emphasis on this is useful, I will discuss TIõs use of such practices in more 

depth. The practices were used for different purposes: TI used these practices for 

statistical calculations to forecast surges, whereas the work described by Disco, van den 

Ende and to some extent Bijker involved different kinds of mathematics based in fluid 

dynamics.  
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Within oceanography generally and tidal and storm surge science in particular there 

were thus a number of different mathematical approaches available. This thesis 

discusses how TI went down one particular route. While concentrating on TIõs 

approach, it also pays some attention to different approaches to oceanography, 

especially regarding the institutional landscape of UK oceanography after the Second 

World War when debates about different types of oceanography impacted on TI. This 

problematises Millsõs argument regarding the origin of contemporary oceanography, at 

least in Britain. In the case of Britain I believe this argument needs to be further 

contextualised in contested debates about the nature of oceanographic science at 

different times.  

 

1.5.1 PRACTICES OF MATHEMATICS 

While the perspective of history of oceanography is highly relevant to understand TIõs 

work on predicting tides and surges, both Doodson and Proudman were trained as 

mathematicians and the work they did was mathematical, often statistical in relation to 

storm surges, and involved a large numbers of calculations. The overview of the existing 

literature above has identified a fascination with naval patronage within the history of 

oceanography, and a fascination with forecasting within the history of meteorology. 

While recent work by Mills has looked at the use of a particular type of mathematics 

within oceanography and Reidy pays some attention to practices of calculation 

regarding early nineteenth century tidal predictions, the literature review has also found 

a lack of attention to the construction of formulae used in forecasting and to the 

practices of theoretical work in both meteorology and oceanography. This lack, and 

Doodsonõs and Proudmanõs disciplinary affiliation to mathematics, brings us to this 

section on the history of mathematics and practices of calculation. How exactly did TI 

make surges calculable and predictable? The short answer is that they used multiple 

regression statistics to construct correlations that were then used to construct a 

forecasting formulae, but how did they do this practically? What was involved in this 

work? 

This section will first look at how historians have argued that mathematics can be 

studied through practices, but have rarely done so, before turning to examples of those 

who have in fact done this. In this area I concentrate on the work of Andrew Warwick, 
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Bruno Latour, Michael Lynch and Herbert Kalthoff, developing concepts and critiques 

I will then use to analyse TIõs attempts to make surges predictable in the rest of the 

thesis. 

  

1.5.2 MATHEMATICS AS AMENABLE TO SOCIOLOGICAL AND HISTORICAL 

STUDY 

Various historians of science have argued that mathematics is as amenable to 

sociological analysis as other scientific work. They have also argued that the 

universalisation of mathematics takes just as much work as the universalisation of 

experimental findings, and relies just as much on tacit knowledge and on networks of 

correspondence and data as experimental science.71 For example, Warwick has argued 

that there are a number of similarities between the theoretical and laboratory sciences, 

such as that the travel of both theoretical and experimental knowledge is difficult and 

dependent on tacit skills.72 David Bloor has described mathematics as a òbody of skills, 

beliefs and thought processes into which individuals must be initiatedó. 73 

Despite this, historians of science have paid considerably less attention to the practices 

involved in mathematical work than they have to the practices involved in laboratory 

science. Historical work on statistics could be an obvious comparison for TIõs use of 

statistics in forecasting storm surges. However, work on the history of statistics has 

concentrated on the development of statistics to around the First World War and its use 

in social science for the purposes of the state. When there has been attention to the use 

of twentieth century statistics in natural sciences, this has concentrated on biology 
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(especially inferential statistics) and physics (e.g. probability and quantum physics), and 

does not appear to have concentrated on practices. I will refer to some of this work 

when discussing aspects of TIõs work, but the history of statistics has not emphasised 

twentieth century applications and practices of calculation in sciences like oceanography 

or geophysics so comparison case studies are limited. What this literature has done is to 

make very clear that statistics is amenable to sociological and historical studies, showing 

many links between the particular social and scientific concerns of the practitioners of 

the work.74  

More generally, work on the practices used in mathematical work in specific physical 

sciences in the twentieth century is somewhat limited. While there has been some work 

done on the history of computing before digital computers, work analysing practices of 

calculation in relation to specific applications in more depth is still limited. However, 

the literature on computing often usefully describes machines and methods of work.75 

Some attention has been paid to the role of practices of teaching mathematics and 

theoretical physics and to the influence of this on research.76 When attention has 

focused on professional mathematical research, this has often concentrated on the 

process of constructing proofs in ôpureõ mathematics.77 However, I am interested not in 
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the practices of ôpureõ mathematics but in the practices involved in using statistics while 

trying to make a particular phenomenon predictable. Eric Livingston points out that the 

mathematical practice of theoretical physicists, which is closer to what I am interested 

in, is not necessarily the same as that of professional mathematicians, even if they are 

working on proofs of the ôsameõ phenomena ð his example is the divergence theorem ð 

but that both can be studied through attention to practice.78 That is also the key 

message I take from this body of literature: mathematical work, even pure mathematics, 

can be studied as a historically contingent material practice. 

 

1.5.3 WORK ON PRACTICES OF MATHEMATICS 

I now turn to literature that has discussed the use of mathematical practices in scientific 

work, such as the use of statistics and computational techniques in particular disciplines, 

in more detail. One example is Edwardsõs recent book on computing and meteorology. 

He describes the use of statistics in climatology before digital computers and discusses 

practices of calculation, such as the use of analogue computing, other computing aids 

and punch cards, in meteorology in the first half of the twentieth century.79 He pays 

particular attention to the limits introduced by computational practices, introducing two 

concepts to analyse this: data and computational friction. He defines data friction as 

òthe costs in time, energy, and attention required simply to collect, check, store, move, 

receive, and access data,ó whereas computational friction is the òexpenditures of energy 

and limited resources in the processing of numbers [or, differently expressed,] the 

struggle involved in transforming data into information and knowledgeó.80  Edwardsõs 

attention to the impact and use of computing technology in a specific scientific 

discipline, meteorology, is interesting and useful. However, he relies on secondary 

sources which limit his attention to practices of calculation as they are written up. In 

addition, his focus is on the limits set by computing, not on the particular practices 

actually used in specific case studies. Another example is Mary Croarkenõs work on LJ 

Comrie at the Nautical Almanac Office, describing how he introduced computing there, 

but Croarkenõs work concentrates on computing per se instead of its use in other 
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aspects of science.81 Jon Agarõs work on the links between computing and government 

ties together practices of calculation with an emphasis on the rise of the state and 

statistics, but in this work he pays less attention to scientific/mathematical research.82 

 

1.5.4 WARWICK: THE MATERIAL CULTURE OF MATHEMATICS 

An important exception to the lack of attention to the practices of mathematics is 

Warwickõs work. He has argued for the study of theoretical works as skilled and 

practice-laden work, into which practitioners are encultured and trained so that many 

techniques and much òtheoretical technologyó becomes tacit and taken for granted: 

òthe products of theoretical work can be viewed as the cultural artifacts of the 

theoretical practices learned and articulated by theoreticiansó.83 His primary case study 

of how these theoretical practices were learnt and used is the development of 

mathematical physics at Cambridge University, which he approaches from the view of 

how students were trained, examined and worked between the eighteenth century and 

the early twentieth century. He emphasises the development of a particular material 

culture of mathematics at Cambridge, for which written exams, coaching as well as 

indvidual practice, and pen and paper were important. Through their training in these 

material practices mathematical physicists from Cambridge developed particular skills 

and sensibilities. Warwick also emphasises how mathematical physics travelled, 

discussing how the Cambridge teaching methods as well as theories travelled (or not as 

the case may be), how theories from elsewhere, such as Albert Einsteinõs work on 

relativity, were received at Cambridge and how the skills and theories taught there 

interacted with  such ôreceivedõ theories in research work.84 To him, the cultural history 

of mathematical physics is a necessary explanation for how the òtechnical historyó of 

this discipline was made possible.85  

Warwick has also linked the history of technologies of calculation to physics, arguing 

that precision measurements and precision calculations were closely linked. Both 
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increased in Britain at the same time from the mid to late nineteenth century, and both 

were dependent on sets of new practices and technologies as well as on a specific 

industrial and governmental setting. New technologies of calculation, such as 

mathematical tables, calculating machines and new management practices regarding 

human computers, enabled the application of the new nineteenth century mathematical 

physics and analysis not only to the needs of bureaucracy, business and military but also 

to science and the creation of empirical laws ð for example the kind of forecasting 

formulae TI constructed. Practices and technologies of calculation connected the style 

of mathematics taught for the Cambridge Mathematical Tripos, using pure algebraic 

analysis, to the needs of physics. He argues that new technologies of calculation led to 

new practices, which together enabled workers to calculate more and for longer with 

fewer mistakes (i.e. with higher accuracy and precision).86  

I take my attention to the material culture of mathematics and technologies of 

calculation from Warwick, but look at mathematical practice in a very different setting 

from Cambridge: that of provincial Merseyside. While Proudman and Doodson had 

links to the world of Cambridge mathematics, for example through training, they 

operated in a different world in which industrial and naval patronage was crucial. I will 

be combining attention to their practices of calculation with their attempts to enlist 

patrons. I also concentrate on the construction of statistical formulae in relation to a 

specific physical phenomenon of direct interest to TIõs patrons, not the development of 

theoretical mathematical physics ð I concentrate on TIõs work on statistical forecasting 

formulae and harmonic tidal predictions, not their work on the hydrodynamic theory of 

surges or tides. In particular, I analyse the use of the theoretical technology of statistics 

as well as technologies of calculation in TIõs work on this. 

 

1.5.5 LATOUR: CHAINS OF DOCUMENTS THAT CONNECT 

The practices of calculation TI used to construct forecasting formulae for surges 

produced reams of documents connected in chains; pieces of paper with numbers, 

graphs and calculations on them which linked to other such documents. To analyse how 

TI used new practices of calculations to produce and connect such documents I use 
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Bruno Latourõs work on chains of inscriptions as a framework. This is partly as he has 

emphasised such documents, which he calls inscriptions or forms, and partly as he is 

one of the researchers who have encouraged studies of mathematical work from the 

same standpoint as other scientific work, emphasising that it is not abstract or 

transcendental but accessible to analysis through the study of documents and 

practices.87 I will focus on one particular aspect of Latourõs work, extending his idea of 

chains of inscriptions to pay more attention to contingencies and less attention to the 

power-seeking behaviour of scientists. 

According to Latour one important aspect of scientific work is to create and combine 

inscriptions to find patterns. These inscriptions are transformed from one 

element/form to another in a never-ending chain of transformations producing òchains 

of elementsó, with each element being a ôre-presentationõ of another. Each 

transformation leads both to amplifications and reductions, for example in terms of 

materiality or compatibility.88 In TIõs case they received inscriptions from tidal gauges 

which they, through a number of transformations, turned into other inscriptions or 

documents ôre-presentingõ the surge as numbers extracted out of the tidal gauge record. 

Such documents, or n-th order forms, could be more easily stored (due to being 

compact) and also compared with other such surges.  

Latour argues that the creation of n-th order forms gives rise to unexpected 

ôsupplementsõ for the scientists, i.e. results that increases their ability to intervene or 

convince.89 Such forms/inscriptions mobilise and stabilise the world, making aspects of 

it moveable and intelligible to the scientist, and by being such ôimmutable and 

combinable mobilesõ they allow scientists to òspeak more authoritatively and with more 

assuranceó about the world.90 For Latour scientists become master of the phenomena 

they are studying through work creating chains of documents, by studying such 

documents and finding patterns in the traces on them.91 Such mastery is particularly 

pronounced in ôcentres of calculationõ, such as TI, that bring together inscriptions and 

do additional work with them, creating further inscriptions, especially using calculations 

                                                

87 Latour, Science in Action, 237-247; Bruno Latour, "A Relativistic Account of Einstein's Relativity," Social 
Studies of Science 18, no. 1 (1988): 25. 
88 Latour, Pandora's Hope, 70.   
89 Latour, Science in Action, 246. 
90 Latour, Pandora's Hope, 99-102, quote from 101.  
91 Ibid., 53.   



 

45 
 

and mathematical formalism.92 TI used statistical calculations on their inscriptions of 

surges to produce further documents, attempting to create forecasting formulae for 

surges to make this phenomenon predictable. Latour sees mathematical formalisms or 

theories as just another step in the creation of more and more mobile yet immutable 

inscriptions, arguing that they allow scientists to òassemble many allies in one placeó.93 

For example, using Einsteinõs relativity theory scientists could do more than without it: 

òmore frames of reference with less privilege can be accessed, reduced, accumulated 

and combined, observers can be delegated to a few more places in the infinitely large 

(the cosmos) and the infinitely small (electrons), and the readings they send will be 

understandable.ó94 

Latour is emphatic that the increase in power scientists gets from equations come from 

them increasing connections, not from some miracle of immaterial thinking. For 

example, he argues that the Lorentz transformation, as used by Einstein, increased 

connections by òdefin[ing] the paperwork necessary to move documents from one 

frame to the other and still maintain superimposition of traces at the end.ó95 He 

emphasises the paperwork involved in constructing Einsteinõs formulae: òthe word 

relativity refers to this lowly work of building and relating frames to another in such a 

way that some kind of stable form can be maintainedó through various 

transformations.96 Latourõs emphasis on such logistical work in the construction of 

formulae, such as Reynoldsõs formula,97 Mendeleevõs table,98 Galileoõs law of falling 

bodies99 or a diagram produced after fieldwork in Brazil,100 is productive for me. 

Together with the analytical tools I take from Warwick and others it provides an 

approach to analyse TIõs mathematical work on surge forecasting as practice. However, 

Latourõs main focus when it comes to theory, or formalism as he often calls it, is on the 

links between language and nature, with him concentrating on denying the òcanonical 

viewó that the two are separate and need mysterious bridges to connect up. Despite his 
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emphasis on paperwork, he is usually less concerned with how chains of inscriptions or 

formulae are constructed in practice by scientists, instead focusing on debating various 

philosophical and sociological issues.101  

My focus is instead on how TI constructed their particular chains of documents and 

forecasting formulae. Why does a scientist create one document and not another? Why 

use one formula or mathematical technique over another? Latour does not much 

discuss the choices or work involved in creating these particular relationships. For 

example, his narrative of pedological research in Brazil analyses the scientistsõ 

òunbroken series of well-nested elementsó, e.g. of earth, pedocomparator and diagrams, 

but spends less time analysing how the scientists had chosen to construct each element 

or the particular links between them.102 How did these elements come to take the form 

of a wellnested unbroken series? While I agree that scientists construct chains of 

documents, I will add to this picture by further emphasising the work, choices and 

contingencies involved in constructing such chains of documents. 

My emphasis on the choices made when constructing chains of documents is closely 

linked to how I de-emphasise the power-seeking behaviour of TIõs scientists. As is clear 

from the description of his view of the construction by scientists of chains of 

documents above, Latour explicitly argues that such work gives power to scientists. His 

concentration on the power of scientists has been criticised as assuming that scientists 

seek power and control, and gain this through their work, while in fact there are often 

strict limitations to the extent of their power.103 In particular Latour claims that 

mathematicians are in a strategic position to increase their powers as he sees 

mathematics and formulae as concentrating connections. To him, an increase of 

formalism will lead to an increase in connections in the network the 

formalism/equation is at the heart of, and thus to an increased ability for scientists to 

intervene, i.e. more equations equals more power. As he puts it in reference to theories: 

òInscriptions allow conscription!ó104 
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While TIõs researchers of course sought a certain amount of dominance in order to 

ensure their instituteõs continued survival and patronage, I will downplay the extent to 

which TIõs researchers sought power as such. The choices they made when constructing 

chains of documents or choosing formulae cannot necessarily be explained by reference 

to them seeking power or domination ð it was as much about immediate reactions as 

about long-term planning. Latour instead writes: òAll innovations in picture making, 

equations, communications, archives, documentation, instrumentation, argumentation, 

will be selected for or against depending on how they simultaneously affect either 

inscription or mobilizationó.105 I cannot see how a scientist can necessarily know in 

advance how a new ôinnovationõ will affect inscription (i.e. the process of creating chains 

of documents) or mobilisation (i.e. the process of enlisting allies), and thus how they 

can select for or against it on this ground ð it has to be tried out first. If scientists 

cannot know in advance if their experimental work will produce one of Latourõs 

ôsupplements,õ they cannot select the ôinnovationõ that will produce one, as they do not 

necessarily know which one will. Instead the shape of the chain of documents and the 

choices made in its construction must depend on other factors.  

Latourõs work on chains of inscription provides a framework for my attention to 

documents and formulae. I will add to this framework by attending to the 

contingencies, choices and work involved in TIõs construction of chains of documents. 

This is inspired not only by Warwickõs work on the practices of mathematics but also by 

work done by Kalthoff and Lynch on practices of calculation. 

1.5.6 PRACTICES OF CALCULATION CONSTITUTING CALCULABLE ENTITIES 

How are events, such as storm surges, made into entities onto which mathematical 

practices, such as statistics, can be used to, say, predict future surges? This has been 

discussed from different angles but with similar results by Michael Lynch and Herbert 

Kalthoff, both arguing that things are constituted as calculable entities through practices 

of calculation, or mathematisation in Lynchõs terminology. 
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 Lynch argues that different renderings of a phenomenon ð in his case visual 

representations of biological specimens ð select and, crucially, add visual features,106 and 

that such representations òare essential to how scientific objects and orderly 

relationships are revealed and made analyzableó.107 In particular, practices of selection 

and visualisation, such as òclearly marking the outlines to distinguish one case from 

anotheró,108 produce coded and aggregated objects onto which ò[a]rithmetic and graphic 

representational operations can then be performed on the basis of the enhanced 

identities and differencesó.109 Lynchõs basic argument is that scientists constitute and 

frame phenomena through visual and mathematical practices that make them calculable. 

I agree with this and will give a detailed example of such a process operating in TIõs 

mathematical work in chapter five. Lynch however argues that such practices operate 

òin the direction of generic pedagogy and abstract theorizingó, i.e. he argues that 

scientists are able to in advance select how to constitute objects with a goal of specific 

desired results in mind. The same criticism as against Latourõs selection of innovations 

to produce supplements applies: how can the scientist know in advance what practice 

will lead to a specific result in terms of pedagogy or theorising?110 I will instead argue 

that while TIõs practices of calculations made surges into calculable objects, they did so 

in particular contingent ways that in unpredictable ways limited future calculations.  

Kalthoff has paid more attention to how practices of calculation produce chains of 

documents that bind as well as connect. Whereas he comes from the field of social 

studies of finance and concentrates on how banks make risk calculable, he specifically 

discusses how this was done through practices of calculation, using particular computer 

programmes containing particular formulae producing particular written documents 

from particular data put together in particular ways.111  He argues that such practices, 

and in particular the formulae used, bring into being entities that are structured in 
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specific ways, for example by the rules of mathematics.112 Following Heidegger, 

Kalthoff argues that calculation technology is part of a modern system of ordering of 

resources: òmodern technology transforms the objects it [calculation] reveals into 

uniform, materialized things that can be measured and compared through computing, 

balancing and calculatingó.113 However, the use of such technologies of calculation 

òmeans being set in a ôchainõ é of calculation: one level of calculation sets or place 

another level of calculation é one interpretation sets another interpretationó.114 He 

argues that in modern society these set chains limit our understanding of phenomena, 

making technological understanding seem the only legitimate form.  

Kalthoffõs and Lynchõs approaches provide a way of analysing how TI made surges into 

calculable scientific objects.115 I will describe in detail how TIõs practices of calculation 

constituted theoretical entities they called surges. These entities were linked to changes 

in sea level through chains of documents, in Latourian fashion. Surges were made 

calculable entities, and indeed constructed, through practices of calculation. Kalthoff 

differentiates between calculating something and calculating with that something and 

Lynch makes a similar differentiation between constructing a picture with selected 

attributes and mathematically analysing those ôresiduesõ: òConstructing a ôgoodõ picture 

of a laboratory specimenõs residues is [a] prerequisite for mathematically analyzing those 

residuesó.116 I will explore this differentiation further in chapter five by discussing how 

the process of making surges into calculable entities was not sufficient to also make 

them predictable. In addition I explore the contingent process of establishing particular 

practices of calculation, which in turn contingently produce and structure the entities 

the practices constitute. Studying how chains of documents come into being provides a 

way to understand the historical contingencies involved in scientistsõ use of such chains. 
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1.5.7 ACCURACY, TRUST AND PRACTICES OF CALCULATION 

A key theme in this thesis is that TI attempted to increase the ôaccuracyõ of their 

calculations or predictions of tides and storm surges. By ôaccuracyõ they meant the 

closeness between observed and predicted sea level. How this closeness was judged will 

be further discussed in various places of the thesis. Much work has been done on 

accuracy in history of science, though it has concentrated on precision measurements.117 

I discussed one exception to this emphasis on precision measurements above in the 

context of Warwickõs work on the links between technologies of calculation and 

accuracy. His work in this area shows that arguments about accuracy developed in the 

wider literature on precision measurements can also be adapted for other areas of 

science, such as computational and theoretical work.  

The wider work on precision measurements has shown that demands for increased 

accuracy of scientific measurements or calculations often have been linked to the needs 

of state or industry.118 For example, early nineteenth century German states wanted 

more precisely defined standards of weight and measure, which led to physicists 

working on precision measurements.119 Industry, both precision instrument engineering 

and the telegraph industry, was heavily involved in debates on precision measurements 

of resistance standards.120 I will argue that this was also the case at TI, discussing a 

number of cases where TIõs work on improving the accuracy of tidal and surge 

predictions was linked to industrial, military or state demands. Graeme Gooday argues 

that trust was another important issue in relation to late nineteenth century electrical 

measurements. Trust in these measurements was a complex web of trust in people and 

their morality, materials, reading practices, machines, mathematical theories and the 

level of care taken.121 Rhetoric about precision measurements could also be important in 

                                                

117 E.g. Gooday, The Morals of Measurement; M. Norton Wise, "Introduction," in The Values of Precision, ed. 
M. Norton Wise (Chichester: Princeton University Press, 1997); Bruce J. Hunt, "The Ohm Is Where the 
Art Is: British Telegraph Engineers and the Development of Electrical Standards," Osiris 9(1994); Simon 
Schaffer, "Late Victorian Metrology and Its Instrumentation: A Manufactury of Ohms," in The Science 
Studies Reader, ed. Mario Biagioli (London: Routledge, 1999). 
118 Wise, "Introduction."; Warwick, "The Laboratory of Theory."; Simon Schaffer, "Accurate 
Measurement Is an English Science," in The Values of Precision, ed. M. Norton Wise (Chichester: Princeton 
University Press, 1997); Hunt, "The Ohm Is Where the Art Is."  
119 Kathryn M. Olesko, "The Meaning of Precision: The Exact Sensibility in Early Nineteenth-Century 
Germany," in The Values of Precision, ed. M. Norton Wise (Chichester: Princeton University Press, 1997). 
120 Schaffer, "Accurate Measurement Is an English Science."; Gooday, The Morals of Measurement; Hunt, 
"The Ohm Is Where the Art Is." 
121 Gooday, The Morals of Measurement, 263-267.  
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institution building. As Gooday has argued, physicists from the 1860s to 1880s appealed 

for resources for teaching laboratories by rhetorically using recent dramatic 

developments in research on precision measurements to justify the funding. Such 

appeals were made within a setting where there was both supply of laboratory training, 

through the expansion of physics in terms of personnel and resources, and demand for 

such training due to debates on scientific education and the expansion of the telegraph 

industry.122 I discuss how TI used similar arguments about accuracy to argue for funding 

in the 1920s, linking accuracy to trustworthiness as well as to funding, but in the context 

of precision calculations instead of precision measurements.  

 

1.5.8 PRACTICES OF CALCULATION AND  STORM SURGES 

In order to analyse how TI attempted to make storm surges more predictable I use a 

range of analytical tools and approaches. From Warwick I take my attention to the 

material culture and practices of mathematics ð how the seemingly universal language 

and results of mathematics were constructed in a particular place and in particular ways, 

using particular technologies. From Latour I take my attention to networks of 

inscriptions, centres of calculation and enrolment of patrons ð chains that connect. 

From Lynch and especially Kalthoff I take the idea that particular entities are made 

calculable through practices in a particular way on particular documents ð chains that 

bind. From the literature on precision measurement I take my attention to the rhetoric 

and practices involved in scientific work on accuracy and how this linked both to 

demands from state and industry and to arguments for patronage by scientists ð TIõs 

work was linked to its patronage. 

This thesis thus provides a case study of how a group of mathematicians attempted to 

make a particular phenomenon, storm surges, (more) predictable through the use of 

particular practices of calculations, creating documents and formulae. Such work on the 

accuracy of tidal predictions was linked to demands from industry and state actors. TIõs 

work on the predictions of tides and surges was intensely dependent upon specialised 

practices of calculation, equipment (e.g. tide predictors) and networks of 

                                                

122 Graeme Gooday, "Precision Measurement and the Genesis of Physics Teaching Laboratories in 
Victorian Britain," The British Journal for the History of Science 23, no. 1 (1990); Gooday, The Morals of 
Measurement, 63, note 77.  
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correspondence, including the provision of data from many sources. These practices, 

technologies and data were used to construct documents and formulae in specific ways, 

using statistical practices of calculation to constitute storm surges as predictable events. 

Only by concentrating on the details of TIõs mathematical practice is it possible to 

understand what TI did to make surges predictable.  

 

1.7 CHAPTER OVERVIEW 

Chapter two describes how TI, the institute where the storm surge work discussed in 

the rest of the thesis was done, was established. This is set into the context of the First 

World War and debates regarding the effect of this war on science and the involvement 

of the state in scientific research. I also discuss aspects of tidal research before TIõs 

establishment, focusing on changes in the level of accuracy in predictions deemed 

necessary by different actors. TI originated during the First World War as part of a 

British Association for the Advancement of Science (BAAS) proposal to set up a 

Geodetic Institute to conduct academic research and give advice to the government. 

However, only the tidal part of it was developed while the rest of the institute was 

dropped, when Joseph Proudman via existing university-based networks managed to 

convince two Liverpool shipping brothers, Charles and Alfred Booth, to provide 

funding for five years.  

The ability of Proudman to convince businessmen of the need for TI was grounded in 

the increased size of ships and in the recent war during which the Navy had needed 

tidal predictions for mining operations and to ship troops to the continent. Together 

these two factors, war and larger ships, had changed the level of accuracy state and 

industrial actors wanted in tidal predictions, but this was not reflected in the initial 

BAAS proposal for which Proudman emphasised research on tidal theory. During the 

process of establishing TI, its research programme, as put forward by Proudman and 

Doodson, changed towards emphasising predictions over tidal theory. This change 

depended on audience, the work already done and on information received, crucially 

from the Hydrographic Department of the Admiralty (Hydro). I argue that shipping 

men provided funding as they wanted more ôaccurateõ tidal predictions that were closer 

to observations, and that because of this patronage increasing such accuracy became 
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one of key aims of the Institute. Within this research programme meteorological effects 

was one aspect that was said to need work. 

The third chapter then looks at how TI tried to implement this research programme 

during its first five years. The focus of the chapter is TIõs work to improve the accuracy 

of tidal predictions in comparison with observations, and to predict meteorological 

effects. In both cases I argue that they introduced new practices of calculation, such as 

management routines and ideas from statistics. The chapter therefore also discusses TIõs 

calculating machines and the human computers who used these, as well as the person 

who introduced them to TI, Arthur Doodson, and his work experiences during the First 

World War. These experiences shaped his practices of calculation.  

The chapter argues that TIõs research workers linked accuracy and trustworthy 

predictions to practices of calculation. It provides a case study of the links outlined by 

Warwick between demands from different actors, developments of technologies of 

calculation and mathematical work, both theoretical and computational, aimed at 

improving the accuracy of the numbers generated by a specific theory.123 Doodson used 

new technologies and practices of calculation to redevelop the harmonic theory of tidal 

prediction as well as analysing tidal data to find further constituents by analysing 

residuals. He argued that because of these new practices of calculation he was able to 

include more of the constituents of tides in predictions, and that therefore these 

predictions would be of higher accuracy, i.e. closer to observations of tides. His 

arguments were however not only linked to developments in demands for accuracy and 

practices of calculation, but also closely linked to TIõs institution building activities. I 

argue that the way Doodson and Proudman talked about improving accuracy was 

steeped in the need to justify both their funding and the work they did ð talk about the 

need for accurate tidal predictions was a key part of their institution building strategy. 

As part of their work on the accuracy of tidal predictions, TIõs researchers defined 

surges as residuals, a definition which I argue was also linked to Doodsonõs earlier work. 

Chapter four analyses how TI used the results of the work discussed in chapter three 

both to do predictions and to argue for patronage in the period up to 1929. The chapter 

also discusses how the Navy increased its patronage of TI, first by proxy via 
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Department of Scientific and Industrial Research (DSIR) grants between 1921 and 

1923. In 1923 the funding from the Booth brothers and from DSIR ended, at which 

point TI used the results of their earlier work to argue for further patronage from the 

shipping industry and the Navy. TIõs work on tidal predictions had been influenced by 

Hydro but not directly paid for by them until 1923 when an agreement was signed after 

which TI provided Hydro with an increasing amount of tidal predictions and analysis. 

This provided a measure of long-term funding and security for TI. The chapter looks at 

how this agreement followed not only TIõs research on tidal predictions but also 

network building with Hydro and internal concerns within Hydro regarding the quality 

of predictions from their other supplier.  

With the agreement in 1923 the naval ôlegõ in TIõs triangular patronage structure had 

appeared on a permanent basis. The other two legs, the university and the shipping 

industry, repeatedly renegotiated their relationship during the first decade of TIõs 

existence, but at the end of it they had agreed a patronage and governance structure that 

would remain in place until the end of the period covered by the thesis. Under this 

structure the Mersey Docks and Harbour Board (MDHB) paid a key role as patron of 

TI, housing it and providing funds, while the University had an important but smaller 

role, providing little monetary assistance but access to academic networks. One 

important industrial patron in this period was the Liverpool Steamship Owners 

Association (LSOA). They also became involved in 1923, following an appeal to them 

via personal contacts. A key part of this appeal from TI was a promise to provide 

forecasts of meteorological effects for Liverpool port. The main argument of this 

chapter is that TIõs researchers were able to use their earlier work on predictions and 

storm surges to gain patronage and generate income by producing tidal predictions and 

forecasts of meteorological effects. They also built networks with their patrons, which 

by the mid 1920s were sufficiently strong that even when the meteorological forecasts 

were twice deemed unsuccessful this had no major effect on TIõs patronage. 

While the first three empirical chapters covered TI and its work fairly widely, chapter 

five focuses on storm surge work. It concentrates on one flooding event in 1928, when 

fourteen people died in central London. The chapter analyses what TI and others did in 

response to this chance event, especially concentrating on TIõs practices in their 

construction of surges. The chapter also looks at how the 1928 event led to changes in 

the patronage of TIõs storm surge science, with a move towards local government, away 
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from shipping industry patronage. The change of patronage was linked to a change of 

focus towards the forecasting of floods. TI however retained the idea of forecasts as 

corrections to tidal predictions and an emphasis on both increases and decreases in the 

water level, demonstrating the links between their work and the needs of their earlier 

industrial patrons.  

The chapter analyses how TIõs definition and construction of surges came to dominate 

the scientific report into the event. TI used their work on surges, first to get another 

contract to do further research into them, and then to fulfil their promise to their new 

clients, in part by convincing others to use their definition of surges. This convincing 

was done partly through rhetorical displays of expertise and partly by using established 

and new practices to make a number of surges into calculable objects for themselves 

and the Met Office. A key section of the chapter analyses how TI did this and how they 

constructed (as opposed to defined) surges as residuals. It looks in detail at the practices 

of calculation involved: how tidal gauge records and tidal predictions were made into 

numbers on documents which were in turn transformed into more numbers on other 

documents and eventually into graphs of ôsurgesõ as residuals. This provides a detailed 

example of how TIõs practices of calculation operated and how they constituted surges 

as calculable in a particular way, in a similar way to how Kalthoffõs bank constituted risk 

or Lynchõs scientists made specimens calculable.124 However, I argue that in order to 

make storm surges predictable it was not enough to make them calculable, as 

exemplified by how despite work by both TI and the Met Office the events were still 

deemed unpredictable. 

Chapter six analyses a number of events involving TIõs storm surge work, especially 

concentrating on discussions regarding patronage from state actors for this work. The 

contested nature of patronage for research into storm surges was further emphasised in 

the decade after the 1928 event, through a dispute between London County Council 

(LCC), the Ministry of Health and the Treasury regarding who should fund proposed 

further research by TI into storm surges. In the end LCC gave in, nearly a decade after 

the event in 1937, and funded the work together with some other local authorities. With 

this the civil state had rejected becoming patron of storm surge science, but almost 

immediately after this, during the early part of the Second World War, the Navy became 
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interested in TIõs work. In response to a request from Hydro in 1940 TI, who had 

already begun the research using one particular method, changed tack and produced a 

forecasting formula for the German coast using a different method involving statistics. I 

argue that the Navyõs demands, together with problems with an earlier method TI had 

experimented with, impacted on the specific practices TI used and the type of formulae 

they constructed. After the war one of TIõs research workers constructed a forecasting 

formula for Southend outside London, using similar methods to those used on the 

German coast during the war, i.e. statistical, and wrote up the work. To do this TIõs 

researchers had to make choices regarding how to organise the data ð for example 

which typology, theory and formulae to use. Such choices were contingent on many 

things such as the amount of work involved in calculations, the researcherõs training and 

Hydroõs request, and impacted on the results TIõs work produced. I here develop my 

argument that chains of documents did not only connect but also bind.   

 In a curious incident, the report from the LCC work was not printed in the UK, but 

instead appropriated by the US Navy who had a very limited edition printed in the US, 

indicating further naval patronage of TIõs storm surge work. More generally however, 

TI did not see the dramatic increase in naval patronage following the war that other 

historians of oceanography have reported. While the Navy and other state actors 

increased their patronage of oceanography in the UK too, this increase went to the new 

National Institute of Oceanography (NIO), an organisation led by George Deacon 

(1906-1984) who had worked on wave and swell forecasting for the Navy during the 

war. While Proudman and Doodson had been closely involved in its establishment, I 

argue that NIO represented a different kind of oceanography to that done at TI, which 

fits better into Millsõs analysis of the development of dynamical physical oceanography. 

Following the contested establishment of NIO TIõs patronage structure was re-

affirmed, with an increased emphasis on research agreed with MDHB and the 

University. This meant that during the 1950s TI continued more or less as before in 

terms of overall patronage and governance structure. One exception to the general 

continuation of the existing patronage structures was for storm surge work, which saw a 

dramatic increase in state patronage following the major storm surge in 1953. 

Chapter seven, the final empirical chapter, discusses this chance event, the 1953 East 

Coast flood, and the impact it had on storm surge science. The event led to a shift 

towards demand for, and patronage from, state actors for surge science, with generous 
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central government funding given to TIõs work on forecasting surges. The chapter first 

discusses how and why state actors became patrons, emphasising the contested nature 

of this process. In comparison to most secondary literature on the event I argue that 

there was substantial political pressure on the government from the opposition to 

provide funding and that this, together with the existence of research-supportive 

officers within the land drainage division of the Ministry of Agriculture and Fisheries, is 

why (parts of) central government became a patron of storm surge science. This 

patronage was in fact seen as a potential long-term saving by Cabinet ministers. 

The new patronage changed the framework within which TI did their work, leading to a 

coming together ð or even collision ð of different practices, which in turn led to 

questioning of TIõs practices both by others and themselves. As part of their work, they 

had made particular choices in terms of practices of calculation, in particular how they 

calculated winds. These choices were criticised during a debate in the mid 1950s but 

when TI responded by suggesting they change from statistical practices towards more 

theoretical work they were asked to continue with statistics. After another couple of 

yearsõ work TI declared the statistical formulae as good as they could get. Using 

statistics, storm surges were now as predictable as TI thought they would get and TI 

wanted to develop other practices. Through material produced as part of the 

questioning of TIõs wind calculations I take a last look at TIõs practices. This pulls 

together various strands of my discussion about TIõs practices of calculation, again 

emphasising how they through work and choices made chains of documents that were 

shaped in particular ways, and both connected and bound them. When they suggested a 

change away from statistical practices TI was suggesting that new chains of documents 

needed to be constructed to gain further decreases in the difference between predicted 

and observed residuals. They wanted to part-break their earlier chains, changing away 

from statistics but retaining the image of surges as residuals, but this did not happen in 

the 1950s. 

As TI no longer wanted to construct surge forecasting formulae using the statistical 

practices of calculation they had honed since 1919, the end of the 1950s marks the end 

of the thesis. An additional push towards new practices of calculation was Doodsonõs 

retirement, aged 70. That, and the take-over of TI by the University in 1960, ending the 

patronage structure that had been in place since 1929, forms a suitable endpoint to the 

thesis.  



 

58 
 

CHAPTER 2 (1919-20), THE ESTABLISHMENT OF TI: SHIP 

SIZES, WAR AND TIDES  

This chapter outlines the establishment of the Tidal Institute (TI), in particular who 

became a patron of the Institute and why. It sets this in the context both of previous 

work on tides, especially regarding the accuracy of predictions, and debates regarding 

the involvement of state actors in science at the end of the First World War.  While the 

chapter concentrates on the establishment of TI, it also gives an understanding of the 

reasons for TIõs initial work on storm surges. Today concerns with storm surges are set 

within the context of coastal flooding and climate change, but the initial work on 

meteorological effects on tides at TI was set within wider arguments for increasing the 

ôaccuracyõ of tidal predictions. The chapter also introduces actors that will recur 

throughout the thesis. How, and to what extent, did these different actors ð Liverpool 

University, BAAS, Hydro and the shipping industry ð become involved with TI? 

In particular, what was the role of state actors in TIõs establishment? There is debate in 

the literature regarding the links between the state, military and science at the time of 

the First World War. Some writers have argued that the state and military were slow to 

take up and support science, while others argue that it in fact got strongly involved at 

this time. For example, Andrew Hull argues a number of new scientific bodies were 

established with the involvement of the state and the military at the same time that TI 

was set up. In the UK the Department of Scientific and Industrial Research (DSIR) was 

key in this. As well as itself being one of the scientific bodies that were established 

during the war, it set up seven new research stations, such as the Radio Research Board, 

in the period 1917-1920. DSIR also took over the National Physical Laboratory (NPL) 

from the Royal Society and the Geological Survey from the Board of Education, and 

created Co-operative Trade Research Associations.1 Hull sees the creation of these new 

organisations, and the establishment of various military-scientific bodies, such as the 

Board of Invention and Research at the Admiralty, the Munitions Invention 

Department for the Army and the Air Inventions Committee, as evidence for òa 
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dramatic wartime conversion of the British government to belief in the worth of 

scientific research in war and peace, and a major financial commitmentó.2  Hull is 

arguing against authors such as Guy Hartcup who has claimed that stories of scientific 

and technological success during the First World War were mainly òrelatively simple 

pieces of engineeringó. Hartcup further argued that chemical gas warfare and tanks 

failed to take off because of a òfailure on the part of the ôuserõ to appreciate the 

capabilities and limitations of these new weaponsó, not because of òtechnological 

failingsó3. According to Hartcup, the military authorities had been complacent regarding 

R&D pre-war and during the war they were slow to realise the possible contributions of 

science.4  

One reason behind TI was that the First World War had increased the interest in tidal 

matters, as its Secretary, Arthur Doodson (1890-1968), later noted.5 In the introduction 

I discussed how historians of oceanography have found that the First World War led to 

an increased military interest in physical oceanography and hydrography.6 For example, 

the UK Hydrographic Department (Hydro) organised an international conference in 

1919 that led to the creation of the International Hydrographic Bureau in 1921. The 

Bureau was aimed at increasing exchange and standardisation of hydrographic 

information, including tidal data.7 This increase of naval interest in oceanography may 

have provided a supportive environment for something like TI, but does not in itself 

explain its establishment. This chapter will analyse the establishment of TI as a specific 

case study of the debates regarding the role of state patronage of science at the end of 

the First World War. I argue that the question may need to be reformulated. Instead of 

asking if the war led to increased state and military funding of science generally, it may 

                                                

2 Hull, "Passwords to Power", 79. Varcoe provides further support for the idea of a sudden increase in 
activity creating scientific organisations following the First World War. Varcoe, Organizing for Science in 
Britain, 44-46. 
3 Emphasis in original. Guy Hartcup, The War of Invention: Scientific Developments, 1914-18 (London: 
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and E. Kay Andrews, "The Committee of Civil Research: Scientific Advice for Economic Development 
1925ð30," Minerva 7, no. 4 (1969). 
4 Hartcup, The War of Invention, 6, 161.  
5 Arthur Doodson, Personal Information File, Royal Society. Doodson will be further introduced in the 
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6 Weir, Ocean in Common; Deacon, "G. Herbert Fowler," 284. 
7 Weir, Ocean in Common; Archibald Day, The Admiralty Hydrographic Service, 1795-1919 (London: Her 
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be more useful to ask whether the war influenced what kinds of scientific work were 

done by different actors.  

On a related note, I also discuss what kind of arguments garnered TI patronage. TIõs 

founders were able to argue there was a need to increase the accuracy of tidal 

predictions following the war and the recent increase in the size of ships. It was by 

appealing to the needs of state and industry for better tidal predictions that TI received 

patronage, but who exactly was prepared to pay for their work? While state actors 

already had a long history of heavy involvement in tidal science they were not directly 

involved in TIõs initial establishment and did not provide funding, but did influence TIõs 

research programme. Instead financial patronage from industry, often not emphasised 

by historians of physical oceanography, was important for TI.  

 

2.1.1 TIDAL WORK BEFORE TI 

The Hydrographic Department had a deep interest in tidal science at the time of TIõs 

establishment, as they had had at least since the early nineteenth century when Michael 

Reidy describes them as òthe research and development wing of the British Admiraltyó. 

Reidy emphasises the close links between tidal research, the demands of merchant 

shipping and the military demands of the Admiralty in the early nineteenth century, 

arguing that tidal research enabled the British commercial and military empire to control 

the seas.8 From 1833 onwards the Admiralty organised the collection of tidal gauge data 

and published tide tables, but the calculation of the tide tables were done by outside 

contractors.9 The Admiralty continued to publish tide tables and be involved with tidal 

science throughout the rest of the nineteenth century and into the twentieth.10  

Those who calculated the tide tables Hydro and others published used different 

methods. One method, the synthetic one, had been developed with support from 

BAAS in the 1820s and 30s.11  William Thomson (Lord Kelvin, 1824-1907) and the 

American William Ferrel (1817-1891) then independently developed the harmonic 

                                                

8 Reidy, Tides of History, 140. See also Hughes, "A Study in the Development of Primitive and Modern 
Tide Tables". 
9 Reidy, Tides of History, 116; Day, The Admiralty Hydrographic Service, 1795-1919 47. 
10 Day, The Admiralty Hydrographic Service, 1795-1919  
11 Reidy, Tides of History; Hughes, "A Study in the Development of Primitive and Modern Tide Tables". 
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method of tidal analysis and prediction in the 1860s. Thomsonõs work was done as part 

of a BAAS committee and expenses were paid by BAAS. The harmonic method was 

further developed by George Howard Darwin (1845-1912) in the 1880s, again with 

support from BAAS.12 The BAAS thus had a tradition of supporting research into tidal 

predictions. 

Darwinõs version of the harmonic method of tidal analysis and prediction was critically 

revised by TIõs researchers and it will therefore be described in a little more detail. In a 

book which was based on his Lowell Lectures in Boston in 1897,13 he explained the idea 

behind the harmonic method of tidal predictions: òThe analysis of tidal observations 

consists in the dissection of the aggregate tide-wave into its constituent partial waves, 

and prediction involves the recomposition or synthesis of those wavesó.14 This synthesis 

could either be done by hand or by using a mechanical computer called a tidal predictor.  

By analysing the tide-creating forces, or potential, of the moon and the sun, Darwin 

produced lists of astronomical constituents for a BAAS report in 1883. Such 

astronomical constituents represent the influence of different aspects of lunar and solar 

motion on the tides. Each constituent has an angular speed (related to its period and 

frequency) and an amplitude. Darwin also listed a number of other tidal constituents, 

related to non-astronomical influences on the tides, such as the effects on the tidal wave 

of shallow water. The depth of the water impacts the height of tides in many places 

including on the German coast and in estuaries such as the Thames or Mersey.  

Howevever, while he detailed these he also stated that he did not consider it necessary 

to analyse for other than the astronomical constituents and a few non-astronomical 

constituents of the particular type called compound tides to account for the periodic 

tides. His summary schedule of constituents included six compound tides out of 36 

possible.15 

                                                

12 Hughes, "A Study in the Development of Primitive and Modern Tide Tables"; Cartwright, Tides. 
13 Kushner claims the book was a òscientific bestselleró translated into several languages, see David 
Kushner, "Sir George Darwin and a British School of Geophysics," Osiris 8(1993): 206. The Lowell 
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14 George Howard Darwin, The Tides and Kindred Phenomena in the Solar System: The Substance of Lectures 
Delivered in 1897 at the Lowell Institute, Boston, Massachusetts, 2nd ed. (London: John Murray, Albemarle 
Street, 1901), 208.  
15 George Howard Darwin, "Report of a Committee for the Harmonic Analysis of Tidal Observations," 
in Report of the Fifty-Third Meeting of the British Association for the Advancement of Science, Southport - 1833, 
September (London: John Murray, Albemarle Street, 1884), esp p 52-53, 65-78 & 99.  
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Darwin discussed the ôcorrectnessõ of such harmonic tidal predictions, admitting that 

the weather often caused problems:  

The utmost that can be expected of a tide-table is that it shall be correct in calm 

weather and with a steady barometer. But such conditions are practically non-

existent, and in the North Atlantic the great variability in the meteorological 

elements renders tidal prediction somewhat uncertain.16  

Though he said the effect of barometric pressure was well known, with an inch change 

in mercury being equal to a change of sea level of just more than a foot, and winds 

known to be a major cause of errors to tidal predictions, Darwin did not think 

meteorological effects could be predicted. He did not believe forecasting formulae for 

meteorological effects could be developed.17  

Despite these problems Darwin believed harmonic theory produced successful, ôgood 

enoughõ, predictions and that this was evidence it was a true theory for the tides: 

òPrediction must inevitably fail, unless we have lighted on the true causes of the 

phenomena; success is therefore a guarantee of the truth of the theoryó.18 He claimed 

that the set of constituents his schedule for harmonic analysis produced òcontain a 

complete record of the behaviour of the sea at the place in questionó.19 To Darwin, wind 

and barometric pressure was a source of error to otherwise trustworthy predictions. He 

drew a sharp line between these meteorological effects and ordinary ôtrueõ periodic tides, 

which he thought his theory and methods adequately captured and could predict 

accurately.  

Methods of predicting tides were further developed by staff at Hydro before and during 

the First World War. In 1912 a full-time tidal officer, Commander Harold Dreyer 

Warburg (1878-1947), was appointed by Hydro. Warburg had entered the Navy in 1894, 

concentrating on surveying from ships from 1899 until his eyesight stopped him doing 

this work in 1910, when he began office-based work, soon concentrating on tides.20 

Following his work on prediction methods, computation of some non-harmonic tide 

                                                

16 Darwin, The Tides and Kindred Phenomena in the Solar System, 219.  
17 Ibid., 220.  
18 Ibid., 225-226.  
19 My emphasis. Ibid., 199.  
20 J. F. Parry, "Meeting for the Discussion of Geophysical Subjects, Wednesday, 1918 June 12," The 
Observatory 41(1918); Day, The Admiralty Hydrographic Service, 1795-1919 325-326.  
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tables was taken in-house, with an additional computer hired, though Hydro continued 

to have harmonic predictions for waters further afield, especially diurnal (once-daily) 

tides, done by outside contractors.21 In 1917 Warburg was appointed Superintendent of 

Tidal Work.22  

Hydro outsourced harmonic predictions as these were done using special tidal predictor 

machines and the department did not have one. Together with others William Thomson 

had developed these predictor machines, see figure 2.1 for an example. They are a form 

of mechanical analogue computers, or a type of automatic integrating machine.23 The 

machines added together the previously found harmonic constituents for a particular 

port to produce a prediction.24 Thomson had a bitter dispute with one of his 

collaborators, Mr E Roberts, regarding who should be considered the inventor of tidal 

predictors.25 In the end Mr Roberts built his own tidal predictor machine, and 

established a business in Broadstairs producing tidal predictions. This business was later 

taken over by his son and continued to provide the Admiralty with predictions. At the 

end of the First World War the two outside contractors Hydro used was this company, 

Messrs. Roberts & Son, and the NPL which had another machine.26 

                                                

21 Day, The Admiralty Hydrographic Service, 1795-1919 257. 
22 Ibid., 325-326. 
23 James S. Small, The Analogue Alternative: The Electronic Analogue Computer in Britain and the USA, 1930-1975 
(2001); Michael R. Williams, A History of Computing Technology (London: Prentice-Hall, 1985); Crosbie 
Smith and M. Norton Wise, Energy and Empire: A Biographical Study of Lord Kelvin (Cambridge: Cambridge 
University Press, 1989), 370-371; Arthur Thomas Doodson, "Tide-Predicting Machines," Nature 118, no. 
27 November (1926). 
24 For more on the operation and invention of tidal predictor machines, see Hughes, "A Study in the 
Development of Primitive and Modern Tide Tables"; Cartwright, Tides. 
25 Described in detail in Hughes, "A Study in the Development of Primitive and Modern Tide Tables", ch 
9. 
26 Day, The Admiralty Hydrographic Service, 1795-1919 257. 
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Figure 2.1: A Kelvin tidal predictor, used by TI from 192427  

 

The following, written by Warburg in 1921, describes in a somewhat idealised manner 

how Messrs. Roberts & Son went about producing predictions: 

A staff of two is permanently employed: (a) a man of great age (Mr. Roberts 

says 80) who is the computer, that is to say he carries out all the hack work of 

computing harmonic constants, and (b) a girl who reads times and heights from 

the machine curves. Mr. Roberts states that he always works the machine 

himself, checks both computations and curve readings personally, and 

personally calculates the harmonic constants from the computerõs results. ....  

The staff employed are certainly highly expert and efficient and the general 

methods leave but a few loopholes for errors. Each machine curve is checked 

by means of 5 computed heights (the National Physical Laboratory checked 

each by 2 only); the times and heights are written on the curves themselves and 

                                                

27 Permission to reproduce in unpublished material kindly given by National Oceanographic Centre, 
Liverpool. I thank J Eric Jones there for providing me with a copy of the picture and allowing me to use 
it. 
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printed proofs checked from the curves, and in fact it is difficult to see how 

methods could be improved, but the work proceeds with such rapidity that 

errors undoubtedly do occur. 

Mr. Roberts has reduced actual work to the lowest possible limit; for instance in 

the computation of constants much division is required ð he has his own M.S. 

Tables for dividing any numbers with any other; these are complete tables, i.e. 

they give the required result without interpolation of any sort; it is only by 

shortening work in this way he can get on with so small a staff. 

He employs no calculating machines, stating that an expert computer with the 

necessary tables is both quicker and more accurate than any machine.28  

In this description Warburg emphasised the practices of calculation used at Messrs. 

Roberts, such as how they checked and simplified the work to increase accuracy and 

efficiency. While Warburg was positive regarding these practices, he also claimed that 

the speed with which the work was done led to errors. This high speed was necessary 

for the company to make a profit. 

Hydroõs interest in tides and tidal research further increased during the First World War, 

as the war stopped the earlier exchange of tidal predictions between different countries, 

including between Germany and England. To substitute for these Warburg had first 

tried what he called the òscientificó harmonic method, but had found it 

òunsatisfactoryó, giving large differences between predicted and observed tides for the 

North Sea ports that were crucial for the war. Instead he had invented a òrough 

unscientific methodó to predict these tides which he claimed ògave good resultsó.29 

War-induced needs had led Warburg to identify problems with the harmonic method, 

arguing that it was not producing ôgood enoughõ predictions, in opposition to what 

Darwin had claimed at the end of the nineteenth century. He argued further work in 

this area was necessary, implicitly arguing for further funding. 

Since the first half of the nineteenth century there had been close links between military, 

industry and science regarding tidal work. In the early twentieth century such links 

                                                

28 òMethods, staff, etc.ó, part of Minute from Warburg to Hydrographer, 28 Sep 1921, in HYD 
587/1921, within H 4434.23, UKHO 
29 Parry, "Discussion of Geophysical Subjects," 286. 
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existed between Hydro, NPL (run by the Royal Society for much of this period), 

Messrs. Roberts & Son and also the users of predictions, both naval and merchant 

shipping. The state, in the form of Hydro, was heavily involved in the calculation of 

tidal predictions and had been so since the nineteenth century, both doing ôroutineõ 

work and research, but so were industry and scientists. In addition, regarding tidal 

predictions Hydro had its own R&D programme in the form of Warburgõs work, which 

forms a case study against to those who argue the military did not take scientific 

research seriously before and during the First World War. 

 

2.1.2 HOW TO JUDGE THE ACCURACY OF A TIDAL PREDICTION? 

The (insufficient) accuracy of tidal predictions was identified as an important issue at 

the end of the First World War by Hydro. In February 1919 Warburg gave a detailed 

technical presentation of his new methods for predicting tides to the Royal 

Geographical Society. In this he emphasised that while the number of tidal predictions 

published by the Admiralty had increased radically between 1833 and 1912 òthere had 

been no corresponding increase in accuracyó though òthe increase in size, speed and 

draft of vesselsó had made a higher accuracy desirable well before the war, which he 

claimed was why he had begun work on it.30 During the discussion of Warburgõs paper, 

Hydrographer Parry emphasised the importance of accurate tidal predictions to seamen. 

He stated that during the recent war the laying of mines, the avoiding of torpedoes and 

the rapid movement of ships had relied on tidal predictions: òif a vessel is being chased, 

it may be a question of life or death to her to be able to decide whether she may cross 

over a shoal or not [i.e. decide what the depth of the water is, influenced by the tide], 

and the disadvantage of not being able to cross and having to go round the shoal is 

obvious to us alló.31  

Earlier Darwin had judged harmonic tidal predictions to be accurate, but now Hydro 

said they were not sufficiently accurate. In one sense judging the accuracy of tidal 

predictions was a ôsimpleõ comparison between the predicted and observed tide in a 

                                                

30 Harold Dreyer Warburg, "The Admiralty Tide Tables and North Sea Tidal Predictions," The 
Geographical Journal 53, no. 5 (1919): 308-309. 
31 J. F. Parry et al., "The Admiralty Tide Tables and North Sea Tidal Predictions: Discussion," The 
Geographical Journal 53, no. 5 (1919): 327. 
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particular location at a particular time. However, this comparison was of course far 

from simple. While tides are continuous, tidal predictions of times and height were 

usually given only for high and possibly low water.32 These times and heights were thus 

the numbers whose ôaccuracyõ was at stake when talking about the accuracy of tidal 

predictions,33 but Warburg pointed out that for seamen it was more important that the 

time of high water was accurate than the height.34 In his paper Warburg spent 

considerable time defining what he meant by accuracy as ò[t]he proper judging of the 

accuracy of tidal predictions is not a simple matteró.35 In the end he developed point-

scoring system for predictions, so that those closest to measured records got the highest 

scores, and produced percentage measures of the degree of accuracy of tidal 

predictions. He claimed this showed that his new equation method of predicting tides 

produced more accurate predictions than the method usually used by the Hydrographic 

Department.36  

To increase accuracy was to reduce the difference between observed and predicted 

times and heights of high and low waters. However, judging what this difference was 

involved complex comparisons and judgements of tidal gauge records and predictions. 

Firstly, the accuracy of tidal gauge records compared to actual sea levels was by no 

means assured, as there could be measurement errors, for example if the gaugeõs clock 

was wrong, or issues with where and how the gauge had been placed ð one part of a 

port might have a different tidal pattern to another ð or there might be problems with 

deciding the datum.37 Even if the tidal gauge record was deemed to represent sea levels 

at a chosen place closely enough, these records included meteorological effects, which 

tidal predictions made no pretence of including, so to judge the accuracy of the 

predictions in comparisons with the records it was necessary to take meteorological 

                                                

32 See e.g. Harbour Regulations and Tide Tables from Januarly to December, 1911, for the Port of Lagos, Southern 
Nigeria,  (Lagos: Government Printer, 1910). 
33 Arthur Thomas Doodson, "Report on Harmonic Prediction of Tides," in Report of the Eighty-Eighth 
Meeting of the British Association for the Advancement of Science, Cardiff - 1920, August 24-28 (London: John 
Murray, Albemarle Street, 1920), 321-322.  
34 Warburg, "The Admiralty Tide Tables and North Sea Tidal Predictions," 310. 
35 Ibid.: 311. 
36 Warburg 1919. Warburg seems to use the term ôdegree of accuracyõ as a quantitative term for the 
accuracy of a large number of predictions whereas he uses the term ôaccuracyõ in general discussion and 
when talking about one specific prediction, compare Gooday, The Morals of Measurement, 57. 
37 For an example of such problems, see Shankland to Doodson, 22nd May 1928, Box 16, BA 
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effects out of the records.38 However, the difficulties in calculating what the 

meteorological effect were made it difficult to take them out of the records. Warburg 

had identified this as a key problem, but had not had time to work on it, so had instead 

chosen to assess the accuracy of the predictions during the summer, when 

meteorological effects should be smaller.39 

Secondly, the accuracy of predictions by themselves was another issue, both analysing 

for constants and calculating predictions using such constants. Predictions were 

connected to observations through the process of analysing tidal gauge records for the 

constituents that were used in the predictions ð if the observations were poor the results 

of the analysis would also be poor. In addition, choices during the process of analysis, 

such as how many or which constituents to analyse for, could impact on the 

predictions. Another issue was that only a limited number of the potentially very large 

number of harmonic constituents found could be included in machine calculations, as 

tidal predictors were physically limited in terms of the number of constituents they 

could be set to include. Even if the fullest practicable harmonic development of tides 

was used, there were non-harmonic aspects of the tides that a standard harmonic 

prediction did not necessarily include, such as further shallow water effects. 40 The 

analysis and predictions also relied on complicated calculations that needed not only to 

follow the latest theory of how to calculate tidal predictions but also to follow 

mathematical rules without mistakes.41 The use of tidal predictor machines introduced 

potential calculation errors which needed to be accounted for when gauging the 

accuracy of predictions.42 Warburg pointed out that harmonic predictions produced by 

different people using the same constants differed substantially, linking this to such 

machine errors.43 

                                                

38 Emphasis added. Liverpool Tidal Institute, Tidal Institute: First Annual Report, 1920 (Liverpool: 
University of Liverpool, 1920), 7-8. 
39 Warburg, "The Admiralty Tide Tables and North Sea Tidal Predictions." 
40 Emphasis added. Liverpool Tidal Institute, Tidal Institute: First Annual Report, 1920, 7-8. 
41 This immediately raises issues of rule-following, which is philosophically problematic ð how to know 
that the rules have been applied correctly is not necessarily obvious, even if we can decide what the rules 
are. See Warwick, "The Laboratory of Theory," 313-316; Harry M. Collins, Changing Order : Replication and 
Induction in Scientific Practice, 2nd ed. (London: The University of Chicago Press, 1992). 
42 See folder òMachine testsó, Box 126, BA and Arthur Thomas Doodson, "To Assist Works on the 
Tides," in Report of the Eighty-Ninth Meeting of the British Association for the Advancement of Science, Edinburgh - 
1921 September 7-14 (London: John Murray, Albemarle Street, 1922), 243.  
43 Warburg, "The Admiralty Tide Tables and North Sea Tidal Predictions," 310. 
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As Graeme Gooday has emphasised, judgements of measurement accuracy depended 

on many different issues and varied over time and situation.44 The same held for 

judgements of the accuracy of tidal predictions. While Darwin considered that his 

harmonic method produced accurate predictions at the end of the nineteenth century, 

Hydro did not think so at the end of the First World War. In addition there were 

multiple judgements and issues, such as regarding the accuracy of observations 

including meteorological effects, involved in this matter. The accuracy of 

measurements, calculations and predictions were all connected together and what the 

necessary accuracy was or what accuracy meant was often left vague. This meant that 

talk of and work on the accuracy of predictions could easily be used for rhetorical 

purposes, such as when Warburg argued for further work in this area during his 

presentations.  

 

2.1.3 PROUDMANõS CAREER BEFORE TI 

Warburg was not the only new tidal researcher in the 1910s. Another was Joseph 

Proudman (1888-1975), who later became TIõs Director. His father was a farm bailiff 

and tenant farmer in Bold, between Widnes and St Helens (in Merseyside), and he 

himself was a pupil teacher between 1902 and 1907 in nearby schools. As he was not 

from a privileged background he needed to earn a living through his scientific work. In 

1907 he became a scholarship student of Mathematics at the University of Liverpool 

where he gained the B.Sc. in 1909 and B.Sc. Honours in 1910. Again as a scholarship 

student he then went to Trinity College, Cambridge, to study pure and applied 

mathematics. After passing the Mathematical Tripos in 1912, with distinction and first 

class grades in the final exam, he spent a third year at Cambridge doing research. This is 

when he became interested in tides.45 Proudman later described how he went to 

Cambridge with a view to do research on electricity and chose courses accordingly. 

However, after he had sat his exams he claims he could not, despite talking to a number 

of mathematicians in Cambridge, including Joseph Larmor, find anyone who could give 

him the òdefinite problemó he felt he needed. His Director of Studies eventually 

                                                

44 Gooday, The Morals of Measurement, 268. 
45 This was a couple of years after the nineteenth-century Wrangler system had been abandoned in 1909. 
Warwick, Masters of Theory, 284-285. 
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recommended that Proudman write to Horace Lamb (1849-1934), Professor of 

Mathematics at Victoria University of Manchester, who ò[b]y return of postó sent him a 

problem in the theory of tides Proudman deemed suitable.46 As part of his work on 

hydrodynamics Lamb had worked on the mathematical theory of tides and other types 

of oceanic waves such as tsunamis.47 After this Proudmanõs research career centred on 

the dynamical theory of tides.  

After his student years in Cambridge, in 1913, Proudman took up a post as lecturer in 

mathematics at Liverpool University. He continued to teach at Liverpool when in 1915 

he became a Fellow of Trinity College, spending summers in Cambridge. During most 

of the First World War Proudman remained at Liverpool due to òbeing placed in a low 

medical categoryó but, on top of the tidal work, he also worked on ballistics at the 

Research Department of Woolwich Arsenal for the last half of 1918.48 His health 

problems may have been due to recurrent psychological issues rather than physical 

problems, as two later episodes of what was called exhaustion, nervousness and 

insomnia have been recorded.49 At Woolwich he produced a paper on òthe gyroscopic 

dirft [sic] of a shelló. He had also worked with Thomas Bertrand Abell (Professor of 

Naval Architecture), who in turn worked with the Admiralty.50 Proudman thus had 

some personal networks with the military world. 

Much of TIõs mathematical research was based in a tradition of mathematical physics 

rooted at Cambridge,51 in particular the development there of Laplaceõs work on the 

hydrodynamic theory of long waves. TIõs statistical work on forecasting storm surges 

was complemented by work in this tradition, for example developing solutions to 

related dynamical problems for simplified basins.52 Proudman was TIõs main 

practitioner of this hydrodynamical work and their link to the Laplacian tradition. How 

did he acquire the skills to operate in this tradition? He claims to have òfelt no needó 

                                                

46 Joseph Proudman Biographical lecture D 212/2, LUA 
47 A. E. H. Love and R. T. Glazebrook, "Sir Horace Lamb. 1849-1934," Obituary Notices of Fellows of the 
Royal Society 1, no. 4 (1935). 
48 Joseph Proudman, Personal Records of Fellows of the Royal Society, Royal Society Archive, 8.2 
49 In summer 1932 he was given leave for exhaustion and nervousness, see documents in D/BO 1/5/1, 
MMM ð North Street. In 1951 Doodson mentioned to Hydrographer Day that Proudman òis troubled 
with insomnia, is not allowed to see anyone and has just received a termõs leave of absence.ó Doodson to 
Day, 2nd Feb 1951, D/BO 1/4/17, MMM ð North Street. 
50 University Council Report book, 1918, S2466, LUA 
51 Warwick, Masters of Theory. 
52 See e.g. Arthur Thomas Doodson, "Meteorological Perturbations of Sea-Level and Tides," Geophysical 
Journal International 1, no. s4 (1924). 
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for coaching, nor for tutorial classes, once at Cambridge, instead claiming lectures and 

working out of examples were òcompletely satisfactoryó for him and his teachers.53 This 

partly reflects the changes the Cambridge mathematics course was undergoing at the 

time of Proudman's attendance. Following the reforms to the Mathematical Tripos in 

1909 fewer used private coaches and the subjects students were choosing were 

changing, away from the earlier emphasis on the solution of physical problem.54 

However, it also indicates that he had already acquired some of the skills necessary to 

pass the Cambridge mathematics exams successfully before arriving at the university.  

In addition, Proudman seems to have been torn between the ôoldõ and ônewõ Cambridge 

styles, claiming to have learnt most from RA Herman, whom he described as òof the 

old Cambridge schooló and whom Andrew Warwick calls a leading coach.55 However, 

he also claims that he was òmuch attractedó to the kind of mathematics practiced by 

Littlewood and Hardy, whom he called òpure mathematicians of a new type in 

Englandó whose work Warwick suggests attracted many students under the new 

examination system. 56 Yet, when Proudman failed to find an attractive problem in 

electricity, he turned back to physically related problems solving in the tradition of 

mathematical physics. 

While Warwick discusses how former wranglers turned public school teachers were 

important in preparing students for the Cambridge Tripos in the nineteenth century, 

Proudman did not go to public school.57 However, Warwick also mentions that 

Ebenezer Cunningham and Harry Bateman, both Cambridge-trained mathematicians, 

were holding junior lectureships in mathematics at Liverpool University at about the 

same time Proudman was a student there.58 Proudman describes his undergraduate 

teaching at Liverpool as including òwork[ing] out vast quantities of examplesó set, 

                                                

53 Joseph Proudman Biographical lecture D 212/2, LUA 
54 Warwick, Masters of Theory, 280-285; Andrew Warwick, "Cambridge Mathematics and Cavendish 
Physics: Cunningham, Campbell and Einstein's Relativity 1905-1911 Part II: Comparing Traditions in 
Cambridge Physics," Studies In History and Philosophy of Science Part A 24, no. 1 (1993): 2-3. Proudman 
claimed many were still using coaches when he attended Cambridge. 
55 Warwick, Masters of Theory, 283. Joseph Proudman Biographical lecture D 212/2, LUA 
56 Ibid., 434. Joseph Proudman Biographical lecture D 212/2, LUA 
57 Ibid., ch 5. 
58 Warwick, "Cambridge Mathematics and Cavendish Physics: Cunningham, Campbell and Einstein's 
Relativity 1905-1911 Part I: The Uses of Theory," 639 & 644. 
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corrected and criticised by his lecturers, all of which had been wranglers.59 This indicates 

that he was developing some of the specific problem solving and learning skills used by 

Cambridge mathematicians while he was at Liverpool University, taught by former 

wranglers, much like the public school students discussed by Warwick. Further 

investigations of how, and the extent to which, teaching methods first developed at 

Cambridge spread to mathematics departments at other universities in Britain when 

wranglers lectured there is something that could extend Warwickõs thesis regarding how 

mathematical teaching methods have travelled.  

 

2.2.1 THE LIVERPOOL SETTING: THE SHIPPING INDUSTRY AND THE 

UNIVERSITY 

Both Liverpool University and the Liverpool shipping industry were involved in the 

establishment of TI. Their interests in TI and tidal work are introduced here, beginning 

with the shipping industry. When TI was established in 1919 the shipping man Alfred 

Booth gave £350 per year towards payment of the salary for the Secretary of TI while 

his brother Charles Booth, also a shipping man, gave £50 per year towards working 

expenses, both for five years.60 This was the core of the early TIõs funding, but why did 

these shipping men provide funding for tidal science? No direct evidence of why the 

Booths decided to fund TI appears to exist, so this section attempts to find a more 

contextual answer.61 I argue that the Booths were part of a modernising faction of the 

Liverpool shipping community who owned and managed ever-larger ocean liners, had 

links with university science as well as the state and were keen on increasing the 

throughput of the port, spurred on by the First World War. 

The Booth brothers, Charles (1868-1938) and Alfred (1872-1948), had obvious and 

direct interests in the success of shipping, particularly in Liverpool, with Charles being 

chairman of the Booth Steamship Company and Alfred chairman of the Cunard 

Steamship Company, but also more generally. Alfred Booth had studied Mathematics at 

Kingõs College, Cambridge, graduating in 1894. He did not come very high in the order 

                                                

59 Joseph Proudman Biographical lecture D 212/2, LUA. The Professor, FS Carey, had been third 
wrangler about 1880 and another lecturer, James Mercer, was senior wrangler in 1905, according to 
Proudman. 
60 Gift book 1 Oct 1903-Sep 1912, Feb 1919, S81, LUA 
61 See note 97, this chapter, for references regarding TIõs establishment 
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of merit at shared 29th position in Part I, but his mathematical training gave him a 

chance of understanding what Proudmanõs work was about and the proposed research 

TI would do.62 He had been Chairman of the Board of Trade Committee on the 

Shipping and Shipbuilding Industries and member of Lord Balfourõs Committee on 

Commercial and Industrial Policy in 1916, so was involved in national politics.63 Charles 

Booth was similarly involved in a range of organisations and companies. Crucially he 

was on the University Council for many years, forming a link between the shipping 

world and the university. He was also involved in port-related organisations, as 

Chairman of the Employers Association of the Port of Liverpool (1919-1938) and later 

a member of the Mersey Docks and Harbour Board (1924-1938).64  

Another of TIõs industrial patrons was the Mersey Docks and Harbour Board (MDHB), 

a large organisation heavily dominated by shipping interests that had run Liverpool port 

since 1858.65 From 1920 MDHB were represented on the governing committee of TI, 

and thus another of TIõs patrons which became gradually more and more important 

during the first decade of its existence. MDHB had had a long-standing interest in tides 

and their prediction, as evidenced by the existence of committee papers on tidal 

matters, for example discussing several investigations into differences in tide tables 

produced by different organisations.66 MDHB was interested in tides as the height of 

the tides determined when ships of different sizes could access the port.67 As the size of 

ships increased with the introduction of ever-bigger ocean liners before the war this 

became more and more of an issue. Table 2.1 shows the increase in tonnage per vessel 

from 375 tonnes per vessel in 1880 to 996 tonnes in 1919, indicating that ships became 

larger. New docks, able to cope with ships with 34 foots draught, were said to be 

needed by companies running passenger and cargo ocean liners, as the current docks 

                                                

62 Cambridge University Reporter, 29th May 1894, p 846, and 12th Jun 1894, p 904. He does not appear to 
have sat the Part II exam, which only the more advanced students sat after another years work, see 
Warwick, Masters of Theory, 267-268.  
63 REGISS database, "Who's Who - 1897-1998." 
64 Ibid. 
65 The Board had 28 members, 24 of whom were elected by users of the Docks (so primarily shipping 
men) and 4 were nominated by the Mersey Conservancy Commissioners. Stuart Mountfield, Western 
Gateway : A History of the Mersey Docks and Harbour Board (Liverpool: Liverpool University Press, 1965). 
66 MDHB WUP T111 òLiverpool Tide Tables,ó Liverpool Maritime Museum Archive 
67 James N. Shoolbred, "The Tidal Regime of the River Mersey, as Affected by the Recent Dredgings at 
the Bar in Liverpool Bay," Proceedings of the Royal Society of London. Series A, Containing Papers of a Mathematical 
and Physical Character 78, no. 523 (1906). 
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could not deal with ships with such draughts.68 In response to such demands for larger 

and deeper docks with wider entrances and other facilities, the Docks Board organised 

new dock facilities and ôimprovementsõ to the Mersey, including ôtraining banksõ to 

control the channels of the river and dredging in the Edwardian period.69 Another 

concern was that such work could lead to changes in the tides.70  

A key factor behind industrial demands for increasing accuracy of tidal predictions was 

thus the increasing size of ships with the introduction of ocean liners. Another was the 

First World War, as it led to a large increase in ships using Liverpool docks which 

created congestion, labour shortages and raised costs. In 1915 the Liverpool Committee 

for the Co-ordination of the Naval, Civil & Military Requirements of the Port was 

established by central government in 1915, to reduce the congestion of the port as this 

was said to be important for the war effort. It had representation from a range of 

interests, including not only the ship-owners of MDHB but also the Navy, labour, 

railways and others, and was chaired by Alfred Booth.71 Initially the MDHB criticised 

this new committee,72 but according to Francis Hyde, an economic historian of the port, 

òmeasures were taken as a result of the war to improve efficiency [i.e. increase the portõs 

throughput]ó, so the MDHBõs initial resistance was overcome.73 At the time of TIõs 

establishment the Liverpool shipping industry was divided into factions. MDHB has 

been characterised by Adrian Jarvis as having a òcosy environment, high average age 

and a low turnover of membersó at this time, which he claims led to poor policy making 

and poor performance monitoring, including some spectacular overspends on poorly 

managed projects.74  

 

 

                                                

68 Mountfield, Western Gateway, 140. 
69 Ibid., 105-109,115-125. 
70 Shoolbred, "The Tidal Regime of the River Mersey, as Affected by the Recent Dredgings at the Bar in 
Liverpool Bay." 
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Year 
 

Total number 
of vessels 

Total tonnes 
net registered 
tonnage 

Tonnage 
per vessel 

1880 20,070 7,524,533 375 

1881 20,249 7,893,948 390 

1882 20,966 8,104,136 387 

1883 21,315 8,527,531 400 

1884 23,940 8,800,362 368 

1885 21,529 8,571,454 398 

1886 20,598 8,370,723 406 

1887 21,884 8,797,783 402 

1888 22,241 9,017,935 405 

1889 22,662 9,291,964 410 

1890 23,633 9,654,006 408 

1891 22,775 9,772,506 429 

1892 22,304 9,968,697 447 

1893 21,206 9,468,539 447 

1894 21,170 9,960,902 471 

1895 23,943 10,777,146 450 

1896 23,695 11,046,459 466 

1897 23,640 11,473,421 485 

1898 24,664 11,815,376 479 

1899 25,522 12,534,116 491 

1900 24,870 12,380,917 498 

1901 24,334 12,648,539 520 

1902 24,214 13,308,305 550 

1903 24,827 14,537,751 586 

1904 25,400 15,626,241 615 

1905 26,065 15,996,387 614 

1906 25,773 16,147,856 627 

1907 25,635 17,064,211 666 

1908 25,739 17,111,814 665 

1909 24,799 16,747,479 675 

1910 24,961 16,654,071 667 

1911 25,377 17,600,888 694 

1912 23,483 17,327,415 738 

1913 24,982 18,433,269 738 

1914 24,756 19,086,672 771 

1915 22,562 18,980,913 841 

1916 18,742 15,679,943 837 

1917 16,747 14,018,652 837 

1918 11,855 11,687,204 986 

1919 12,372 12,324,010 996 

1920 17,115 16,521,373 965 
Table 2.1: The total number of vessels and the total tonnage for which MDHB were paid rates, the ratio of 

which shows the increase in tonnage by vessel between 1880 and 192075 
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There was conflict between the traditionalist MDHB and the modernising war 

committee, led by Alfred Booth, during the First World War. The modernisers appear 

to have won out, leading to the ôefficiency driveõ identified by Hyde, which was 

continued after the war. It led not only to further attempts to cater for larger ships, e.g. 

through building works to widen the entrance to the Alfred Docks, but also to changes 

in the management of MDHB, such as its financial routines.76 This efficiency drive 

coupled with the longer term trend of increasingly larger ships and a tradition of 

donations to the university seems the most likely reason why the Booths funded TI. 

Within such an efficiency drive funding research on improving tidal predictions would 

have made sense as it was supposed to help reduce accidents, such as ships grounding 

due to lower than expected tides, and also increase throughput, as water depths would 

be known ð supposedly ð with more certainty, so shipping could be allowed to enter 

and leave for longer. As we will see below and in the next two chapters, in funding 

applications TI repeatedly argued that ôinaccurateõ tidal predictions caused dangers, 

delays and expense for shipping, which their work could fix.77  

 

2.2.2 L IVERPOOL UNIVERSITY 

The University formally established the new TI, and is thus an important patron for the 

Institute, but provided very little funding. TI was not unusual in being hosted by the 

University but funded by local shipping industry, as the Universityõs own history of 

patronage shows. Throughout the Universityõs history it had relied heavily on local 

industry, especially shipping, for funding; a common pattern for English provincial 

universities at this time. When Liverpool University College was set up in 1881 much of 

the funding came from local subscribers, including £6230 by ship owners towards a 

chair of Mathematics.78 As funding from other sources increased, the proportion from 

industry decreased, but the shipping industry and traders continued to contribute 

significant sums, for example to establish the School of Tropical Medicine in 1899 

(supported by amongst others the Booth Line, which traded with Brazil), and a chair in 

                                                

76 Ibid., 136-146. 
77 LSOA General Minutes, part 2: 1920-1964, (illegible date) April 1923, Vol 29, D/SS/2/4, MMM 
78 Thomas Kelly, For Advancement of Learning : The University of Liverpool, 1881-1981 (Liverpool: Liverpool 
University Press, 1981), 48-49. In 1884 the college joined Victoria University and then in 1903 Liverpool 
became an independent University. 
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Naval Architecture in 1909.79 Much research work was done for the shipping industry, 

e.g. on using cement in waterwork construction, cold storage machinery and marine 

propulsion using internal combustion engines.80  

Donations from the shipping industry to the university continued during and after the 

First World War. For example, in 1920 ship-owners and industrialists endowed four 

chairs in engineering.81 Though not directly from the shipping industry, one of the war-

time donations is of particular interest due to its links to TIõs work. In 1919 a 

Department of Oceanography was created, endowed by Natural History Professor 

Herdman and his wife. Biological oceanography had existed at the University since the 

1880s with a marine biology station established in 1887 and moved to Port Erin, Isle of 

Man, in 1892, when a Fisheries Laboratory also became part of the Natural History 

department.82 Herdman had successfully argued that this research was important for the 

fishing industry and got monetary support from local industry as well as government for 

this òapplied biologyó.83 The Department of Oceanography initially concentrated on 

biological oceanography, so was not in direct competition with TIõs mathematically-

based physical oceanography. Its establishment was mainly Herdmanõs way of leaving a 

legacy but also seems to be part of the general increase in interest in oceanography 

following the war, which TI was similarly part of. If there was any competition between 

the Herdmansõs Department of Oceanography and Proudmanõs TI this has not left any 

traces in the sources.  

Given this context of constant and repeated donations by shipping men to the 

university, it is not surprising that industrial patronage was important to TI, despite the 

lack of comparators within history of oceanography. However, we now turn to how it 

came to be that TI was founded through a benefaction from shipping men such as the 

Booth brothers, because this was not the initial plan. 

 

                                                

79 Ibid. 
80 June Jones, "Science, Utility and the 'Second City of the Empire': The Sciences and Especially the 
Medical Sciences at Liverpool University 1881-1925" (PhD, University of Manchester, 1989), 73-74. 
81 Kelly, For Advancement of Learning : The University of Liverpool, 1881-1981, 245. 
82 Ibid., 72-73. 
83 Jones, "Science, Utility and the 'Second City of the Empire'", 94-100. 
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2.3 THE ESTABLISHMENT OF TI: THE BAAS CONNECTION  

During the First World War a large BAAS committee of senior scientists under section 

A (Mathematics and Physics) set up a survey of the state of geodetic research, in part 

they said to keep alive scientific interest in geophysics following George Howard 

Darwinõs death.84 The committee argued that a Geodetic Institute, covering geodesy, 

seismology, terrestrial magnetism and tides, was necessary and would give much useful 

help to the state. They also argued that there existed no specialised research institution 

for work on these topics and, critically, no British institution that could provide 

scientific advice to government on these topics.85 The arguments for the proposed 

Geodetic Institute are likely to have been part of the wider agenda to increase the links 

between science, military and government, which has been identified at BAAS and 

elsewhere in relation to the establishment of DSIR,86 and  the emphasis within BAAS to 

use science for ònational efficiencyó.87 These BAAS scientists were arguing for increased 

funding for theoretical geodetic research by framing their proposed institute as assisting 

the state. 

These arguments can be exemplified by the tidal survey. As part of the wider BAAS 

survey Horace Lamb prepared a report on the current state of research on tides. Lamb 

asked Proudman, his protégé, to help with the report.88  However, their report to the 

BAAS concentrated on academic aspects of tidal science. It claimed that though existing 

tide-tables were ôsufficiently accurateõ for practical needs, ôimprovedõ predictions of 

                                                

84 The non-tidal members of the committee were astronomer Frank Watson Dyson, who chaired it, 
physicist Charles Chree (who reported on magnetic observations), Charles F Close (Director General of 
the Ordnance Survey), astronomer and physicist James Hopwood Jeans, mathematician Augustus 
Edward Hough Love, geologist Henry George Lyons, astrophysicist Hugh Frank Newall, physicist Arthur 
Schuster, Napier Shaw (who reported on meteorology), geologist Aubrey Strahan, astronomer and 
seismologist Herbert Hall Turner, George W Walker (who reported on seismology) and Major EH Hills 
(who reported on geodesy and surveying). Frank W Dyson, "Meeting for the Discussion of Geophysical 
Subjects, Wednesday, 1917 Nov 7," The Observatory 40, no. 520 (1917): 444. 
85 Organising Committee of Section A, "Reports on Physical Sciences for Which World-Wide 
Observations Are Important," in Report of the Eighty-Seventh Meeting of the British Association for the 
Advancement of Science, Bournemouth: 1919, September 9-13 (London: John Murray, Albemarle Street, London, 
1920), 27-31. 
86 Roy M. MacLeod, "Scientists, Government and Organised Research in Great Britain 1914-16," Minerva 
8, no. 1 (1970); Roy M. MacLeod and E. Kay Andrews, "Scientific Advice in the War at Sea, 1915-1917: 
The Board of Invention and Research," Journal of Contemporary History 6, no. 2 (1971); Hull, "War of 
Words." 
87 Roy M. MacLeod, "Retrospect: The British Association and Its Historians," in The Parliament of Science: 
The British Association for the Advancement of Science, 1831-1981, ed. Roy M. MacLeod and Peter Collins 
(Northwood: Science Reviews, 1981), 2. 
88 Joseph Proudman, "Arthur Thomas Doodson, 1890-1968," Biographical memoirs of the Fellows of the Royal 
Society 14(1968): 193. 
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periodic tides were needed to further theoretical research on the dynamic theory of 

tides. One issue was uncertainties in the harmonic constants for long-period periodic 

tides which were due to òmeteorological disturbancesó.89 In other words, storm surges 

needed to be analysed so they could be separated from periodic tides, which in turn 

would lead to improvements of the general (Laplacian) theory of tides. The report did 

not mention such improvements as being linked to improvements in predictions as 

published by the Admiralty. Overall this report emphasised the theoretical aspects of 

tidal science over the need to improve predictions for practical reasons, arguing that 

funding for theoretical but not practical research was necessary. There was a disconnect 

between the message of the main geodetic committee, claiming the proposed institute 

would assist the state, and the message of Lamb and Proudman, not discussing state 

needs but instead focusing on theoretical research.  

The Hydrographer argued there was a similar disconnect between academic tidal 

research and the work of ôpractical menõ. As part of their campaign for increased state 

support of geodetic research the BAAS committee organised meetings at the Royal 

Astronomical Society to bring together workers in the field of geophysical sciences.90 In 

1918 one of these geophysical discussions covered tides and was attended both by 

Proudman and key Hydro staff, including the Hydrographer Parry who chaired. At this 

meeting Warburg, Lamb and Proudman all presented work. The Hydrographer claimed 

to have only accepted to chair the discussion to emphasise the need for co-operation 

between òpracticaló men, like himself and Warburg, and òscientificó men, like Lamb 

and Proudman. He thought such co-ordination was lacking and pointed out that 

òknowledge of the tides was vital to the seaman, especially in waró.91 Yet despite this call 

for increased tidal research, quoting the war as one reason it was needed, Hydro did not 

offer monetary assistance either to the proposed Geodetic Institute or to the Tidal 

Institute. 

In the end the proposed Geodetic Institute petered out, as other actors including the 

Royal Society were working towards setting up a similar institute at Cambridge 

                                                

89 Horace Lamb and Joseph Proudman, "Preliminary Report on Tides and Tidal Currents," in Report of the 
British Association for the Advancement of Science, 1918 (London: John Murray, Albemarle Street, London, 
1919), 15. 
90 Dyson, "Discussion of Geophysical Subjects." 
91 Parry, "Discussion of Geophysical Subjects."  
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University funded not by the state but by private benefaction.92 BAAS decided to let 

others organise ð and fund ð geodetic research, though they continued to argue in 

favour of it.93 In relation to DSIR Hull has argued that the BAAS was more radical than 

the Royal Society in its demands for increased state funding of science at this time. The 

Geodetic Institute may be a further example of such institutional politics, and as with 

DSIR, the Royal Society and in this case also Cambridge University ôwon outõ, with the 

result of fewer demands for state funding of science.94  

This section has discussed some of the academic reasons for establishing TI, primarily 

to further research on tidal theory, and also that TIõs establishment was part of a wider 

context of contested arguments for increasing scientific involvement with the state. 

However, while these arguments for theoretical research from BAAS had not been 

enough to get funding, the proposed tidal branch of the Geodetic Institute turned into 

TI. 

 

2.4.1 THE ESTABLISHMENT OF TI   

How was TI established? In early 1918 Proudman had hoped to become head of the 

tidal department of the proposed Geodetic Institute but then later in the year, as the full 

Institute became less likely, he started formulating plans for setting up a separate tidal 

institute at Liverpool, to be funded by shipping men. By November he had formulated 

a memorandum to be put to these shipping men via the professor of mathematics, FS 

Carey.95 While this memo appears to have been lost, at this stage Proudman clearly 

reformulated his proposal in a way he thought would appeal to industry, which worked. 

In early 1919 he had a meeting with Charles Booth, member of the Council of the 

University, who apparently called the proposed Tidal Institute a òcapital ideaó and said 

he would put the idea to his brother.96 A few days later in early February Charles told 

Proudman that he and his brother Alfred Booth would provide funds of £400 per year 

                                                

92 Organising Committee of Section A, "Reports on Physical Sciences for Which World-Wide 
Observations Are Important," 27-31. 
93 EH Griffiths and EO Henrici, "The Urgent Need for the Creation within the Empire of a Central 
Institution for Training and Research in the Sciences of Surveying, Hydrography and Geodesy," in Report 
of the Eighty-Eighth Meeting of the British Association for the Advancement of Science, Cardiff - 1920, August 24-28 
(London: John Murray, Albemarle Street, 1920). 
94 Ibid.  
95 Doodson to Margaret, 19th Feb 1918, 17th Jun 1918 and 19th Nov 1918, Doodson Papers 
96 Doodson to Margaret, 4th Feb 1919, Doodson Papers 
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to support TI for five years.97 The University then became involved, accepting the 

Boothsõ offer and establishing TI òas proposed in the lettersó from the Booth 

brothers.98 With this TI was established. 

Proudman became Director, a role for which he was not paid but instead remaining 

employed by the University, and Arthur Doodson Secretary of the new Institute, which 

was housed by the University, providing it with a room in the Holt Physics Laboratory.  

As rooms were scarce at the University this shows it wanted to encourage the 

Institute,99 but while they were clearly happy to be involved in TI they did not fund it, 

providing only a minimal grant (initially £10 per year).100 When TI was established its 

governing committee had only six members and was dominated by the University and 

the Booths,101 but by 1920 it had grown to 15 members. While there was a strong 

contingent of shipping men, consisting of the Booths and representatives of MDHB, 

scientific representatives had numerical dominance of the governing committee at this 

point.102 

                                                

97 Joseph Proudman, Personal Records of Fellows of the Royal Society, Royal Society Archive, 9.1. Sources 
that discuss the early TI include òThe Liverpool Observatory and Tidal Instituteó (Draft article, 
Proudman to Roberts, 16th May 1935, D/BO 5/1/1, MMM ð North Street), Joseph Proudman 
Biographical lecture (D 212/2, LUA); Cartwright and Ursell, "Joseph Proudman. 30 December 1888 - 26 
June 1975."; Proudman, "Arthur Thomas Doodson, 1890-1968."; Liverpool Tidal Institute, Tidal Institute: 
First Annual Report, 1920; Joyce Scoffield, Bidston Observatory: The Place and the People (Birkenhead: 
Countyvise Ltd, 2006); J. Eric Jones, "From Astronomy to Oceanography - a Brief History of Bidston 
Observatory,"  http://www.pol.ac.uk/home/history/jejhist.pdf. A few letters from TIõs secretary Arthur 
Doodson to his future wife mentions discussions with Proudman on the proposed TI, but they do not 
cover why it was proposed (Doodson to Margaret, 19th Feb 1918, 17th Jun 1918 and 19th Nov 1918, 
Doodson papers). No letters to or from Proudman or the Booths on this issue seem to have been 
preserved. The establishment of TI is recorded in the University Council Minutes, but this gives little 
information (University Council Minute 18th Feb 1919, S2221, LUA). The University Gifts book provides 
confirmation of the Booth's monetary gifts, with Alfred Booth giving £350/yr towards payment of the 
salary for the Secretary of TI while Charles Booth gave £50/yr towards working expenses, both for five 
years (Gift book 1 Oct 1903-Sep 1912, Feb 1919, S81, LUA). These official University notes are the only 
direct primary sources on TIõs establishment. Other actorõs Minutes (e.g. MDHB main Board and its 
Marine Committee) do not even record the establishment of TI. The main archive of TI consists of 
material collected after TI had been established and has nothing on this very early stage. 
98 University Council Minute 18th Feb 1919, S2221, LUA. The letters from the Booths do not seem to 
have been kept. 
99 Doodson to Margaret, Feb 12th 1919, Doodson papers 
100 Tidal Institute Ledger, S2147, LUA 
101 The University set up a small committee with six members (the two Booths, Proudman, the Professor 
of Mathematics FS Carey, the President of the University Council and the Vice-Chancellor). University 
Council Minute Book 14, Minutes from meeting on 18th Feb 1919, S2221, LUA 
102 By 1920 the Committee had grown to 13 members: the same two official University representatives, 
the two Booth brothers, five academics (Proudman; Carey; R Hargreaves, Reader in Applied 
Mathematics; Horace Lamb; and L R Wilberforce, Professor of Physics), three representatives from 
MDHB (Sir Francis C Danson, C Livingston and F W Mace, MDHB's Marine Surveyor) and finally W E 
Plummer, Director of Bidston Observatory (somewhere between an academic member and the shipping 
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Another of TIõs early sources of funding was BAAS. In the wake of the proposed 

Geodetic Institute Section A (Mathematics and Physics) of the BAAS set up a tidal 

committee chaired by Doodson.103 In the autumn of 1919, TIõs first year, this 

committee was given the largest grant within section A of £150, which went to TI to 

pay for staff to do computational work. After this the BAAS funding of the committee 

quickly declined, e.g. to only £35 in 1920, and completely stopped in 1922.104 The role 

of BAAS and this funding will be returned to in the next two chapters.  

 

2.4.2 PROUDMANõS MOTIVATIONS FOR ESTABLISHING TI AND HIS CAREER 

AFTER TI  

Proudman was a finder of opportunities and funding for himself and his chosen field, 

for example when he contacted Lamb asking for a research problem or when he was 

able to convince the Booths to fund TI. He however had to put much effort into trying 

to find a niche and support, balancing his life, for example teaching at Liverpool and 

researching at Trinity College, and applying for funding, for example from the Booths. 

As we will see in the remainder of this chapter and the following two Proudman looked 

for funding for TI wherever he could think of, gradually adjusting how he portrayed 

TIõs research programme to fit the audience. He invented his institution building 

strategies as he went along.  

As the memo to the Booths have not been preserved it is unclear exactly how 

Proudman framed the Institute to them, but it seems likely it was as a combination of 

theoretical work, as in the BAAS reports, and as work aimed at improving tidal 

                                                                                                                                     

men of MDHB). In 1921 two more academics, W A Herdman (Emeritus Professor) and J Johnstone 
(Professor of Oceanography) were added to the committee. Liverpool Tidal Institute, Tidal Institute: First 
Annual Report, 1920; Liverpool Tidal Institute, Tidal Institute: Second Annual Report, 1921 (Liverpool: 
University of Liverpool, 1921). 
103 The other members were Horace Lamb (chair), Charles F Close (Surveyor General), Philip Herbert 
Cowell (Director of the Nautical Almanac Office), Horace Darwin, G Herbert Fowler (oceanographer, 
see article by M Deacon), Hydrographer Learmouth, Proudman, Geoffrey Ingram Taylor, DõArcy W 
Thompson, Joseph John Thomson and Herbert Hall Turner. The committee was dominated by Doodson 
and TIõs work, see folder HD 1472/1920 within HD 1401/1500/1920, UKHO. 
104 Report of the Eighty-Eight Meeting of the British Association for the Advancement of Science, Cardiff - 1920, August 
24-28,  (London: John Murray, Albemarle Street, London, 1920), xx; Report of the Eighty-Ninth Meeting of the 
British Association for the Advancement of Science, Edinburgh - 1921 September 7-14,  (London: John Murray, 
Albemarle Street, London, 1922), xxxi; Report of the Ninetieth Meeting of the British Association for the 
Advancement of Science, Hull - 1922 September 6-13,  (London: John Murray, Albemarle Street, London, 
1923), xxvi. 
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predictions, which the Instituteõs research programme later emphasised. For a few years 

starting in 1915 Proudman collaborated with Geoffrey Ingram Taylor (1886ð1975), a 

Cambridge mathematician and physicist, on the theory of the disturbances to a rotating 

fluid caused by moving solid.105 Proudman wrote to Taylor that TI was set up in order 

to take the suggested work from the BAAS report forward by òone man spending the 

whole of his time on material relating to actual tidesó.106 As Proudman later described 

the rationale for TI, the BAAS study and his own experience from six years of 

theoretical research on tides led him to believe òthere was an opportunity for an 

instituteó in Britain researching tides.107 While an important part of spotting this 

opportunity was finding gaps in academic work that could be filled by the Institute (as 

done in the BAAS report), another part of it was Proudmanõs realisation that such an 

Institute was potentially fundable by the shipping industry, if related to actual tides.108 

While he was still emphasising the more theoretical work suggested by the BAAS report 

at this point, this was now to be done on actual, as opposed theoretical, tides, though he 

still did not discuss tidal predictions. However, his discussions with the Booths also 

began a process of making him aware of the industrial need for tidal prediction in a way 

he claimed not to have been before establishing TI.109 

In addition, for Proudman, establishing TI not only furthered his academic research on 

tides but also his own career. Following the establishment of TI, he was upgraded 

(without competition from other candidates) from Lecturer to Chair of Applied 

Mathematics at Liverpool from October 1919.110 That establishing TI was important to 

his career can also be seen from his Royal Society Certificate of Election from 1925. 

Almost half of the òQualificationsó section on this was spent on TI and its work, with 

the rest concentrating on his own work on the dynamical equations of the tides for 

                                                

105 The collaboration led to the formulation of what is now called the Taylor or Taylor-Proudman 
column, Cartwright and Ursell, "Joseph Proudman. 30 December 1888 - 26 June 1975," 324. 
106 My emphasis. Proudman to Taylor, 18th Mar 1919, GIT D66, Trinity College Library, Cambridge  
107 Proudman, "Arthur Thomas Doodson, 1890-1968," 193. 
108 Doodson to Margaret, 19th Nov 1918, Doodson Papers 
109Joseph Proudman, "Report on Harmonic Analysis of Tidal Observations in the British Empire," in 
Report of the Eighty-Eighth Meeting of the British Association for the Advancement of Science, Cardiff - 1920, August 
24-28 (London: John Murray, Albemarle Street, 1920). and Proudman to DSIR, 8th Jul 1919, DSIR 
36.13.4, NA 
110 University Council Minute 4th Nov 1919, S2221, LUA 
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which he had won the Adams Prize in 1923.111 In 1933, when the previous professor, 

James Johnstone, retired, Proudman took over the Department of Oceanography, 

refocusing it on physical oceanography.112 

 

2.5 THE ROLE OF THE NAVY IN THE ESTABLISHMENT OF TI 

For Proudman establishing TI was an important part both of supporting his chosen 

topic of research and of establishing his own career. For Liverpool University, TI was 

another research institute funded by local shipping men, while for those funders TI was 

part of a wider modernising agenda aimed at increasing the throughput of Liverpool 

port and make the passage of the increasingly large ships they owned and managed safer 

and faster. While all the actions and motivations by those involved should be seen with 

the First World War and an increased role by the state in supporting science in the 

background, TI was established without state support or involvement. While it was part 

of the creation of new scientific organisations described by Hull it was not directly 

linked to state actors at this early stage through funding, especially not after the collapse 

of the plans for the Geodetic Institute.113 However, while the state initially provided no 

funding, a particular part of it, the Hydrographic Department of the Admiralty, quickly 

became involved in defining TIõs research programme. 

As part of developing TIõs research programme the scientists there started 

corresponding with Hydro in late summer 1919, exchanging information and asking for 

advice. The first preserved letters are from August 1919, more than half a year after TI 

was established, and fairly formal and impersonal. While this is indicative of the initially 

distant relationship between the two organisations, the letters also show how Hydro 

became increasingly involved with TIõs work. In their correspondence Hydro told TI 

what they thought were the main problems with current tidal predictions, for example 

that they were particularly poor for shallow water ports. This was an issue identified 

                                                

111 Proudman; Joseph (1888-1975) Elected 1925, FRS Certificate of a Candidate for Election, see 
http://www2.royalsociety.org/DServe/dserve.exe?dsqIni=Dserve.ini&dsqApp=Archive&dsqCmd=Ima
geView.tcl&dsqDb=Catalog&dsqImage=EC_1925_11.jpg. Last accessed 25th June 2010. 
112 Jones, "Science, Utility and the 'Second City of the Empire'". 
113 Hull, "Passwords to Power".  
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from Warburgõs work on prediction accuracy during the war.114 In these letters Hydro 

tried to influence TIõs work, suggesting it should work on the issues with predictions 

identified by Warburg. TI took them up on their suggestions, but not literally. For 

example, Warburg explained to the Hydrographer in 1920 that he had told Proudman 

that he disagreed with TIõs choice of port for in-depth analysis, as he thought Newlyn 

tides had too little shallow water effects to provide a good basis for new ways of 

calculating the tides, but TI continued working on Newlyn tides.115 Without paying for 

the work, Hydro tried to influence TIõs tidal research to fit its own agenda and to some 

extent achieved this aim.  

About the time of TIõs establishment there were discussions within the Hydrographic 

Office regarding the quality of the tidal predictions they purchased. When the India 

Office moved its tidal predictor machine from NPL in Teddington to India in 1920, 

Messrs. Roberts & Son became the only external provider of predictions to the 

Hydrographic Office.116 Several staff at the Hydrographic Office discussed whether they 

should purchase their own machine and take at least some of the calculations in-house. 

Doing this would prevent Messrs. Roberts & Son from becoming a monopoly and also 

reduce the governmentõs dependence on private business which could potentially 

increase the charges or reduce their services without warning.117 Both Hydrographer 

Learmonth and the Director of Scientific Research, FE Smith, initially argued that 

Hydro should purchase a tidal predictor. However, Warburg then paid a visit to Messrs. 

Roberts & Son. His report, a part of which was quoted above in section 2.1.1, reduced 

Hydroõs concerns about the quality of predictions and the possibility of a sudden 

cessation of provision sufficiently to put the matter on hold for a few years. In addition, 

finance was an issue for Hydro which influenced the decision to stick with Messrs. 

Roberts & Son.118 This discussion further supports my earlier contention that Hydroõs 

staff were concerned about the quality of tidal predictions at this time. However, despite 

their frustration with the state of tidal research they were not involved in TIõs 

                                                

114 Correspondence in folder òMachine testsó, Box 126, BA Doodson acknowledges this in his work, 
Doodson, "Report on Harmonic Prediction of Tides." 
115 Minute, 3rd Jul 1920, H 4567/20, UKHO 
116 I have found no information on why the India Office moved their machine. 
117 òProposal to establish an Admiralty tide predicting machine,ó Memorandum by Hydrographer 
Learmonth, 25th May 1921, H4434/23, UKHO 
118 Documents in file HYD 587/1921, within H4434/23, UKHO 



 

86 
 

establishment and did not provide any direct funding to the young TI ð it was not even 

mentioned in the debates regarding the supply of predictions.  

While my findings regarding Hydroõs lack of involvement in TIõs establishment may 

seem to support those who have argued that the Navy was slow on the uptake of 

academic science, this is not how I interpret the situation. Instead, as at the Royal 

Astronomical Society geophysical meeting on tides in 1918, they wanted to encourage 

ôscientistsõ to work with ôpracticalõ men, like themselves, to improve tidal predictions. 

The Navy was keen to communicate and co-operate, but does not at this stage appear 

to have even considered that financial support of TI from the Navyõs limited resources 

would be a way to do so.119 At this time there was not an obvious way for state and 

science to co-operate; instead the form of such co-operation was up for discussion.  

If anyone was, it was Proudman who was slower on the uptake of the naval needs for 

tidal research. He later claimed that he had not realised how bad the predictions were 

seen to be by seamen until after he had established TI, implying he had not picked up 

on Hydroõs complaints during the geophysical meetings.120 However, as we now turn to, 

it is clear that the complaints and suggestions of Hydro and other seamen like the 

Booth brothers changed TIõs early research programme towards one which emphasised 

tidal predictions.   

 

2.6 TIõS RESEARCH PROGRAMME 

TIõs research programme, as presented to potential or actual patrons, changed as TI was 

established. It changed from the theoretically oriented research programme developed 

as part of the BAAS report which had failed to get funding, towards a research 

programme which received funding from shipping men and was also influenced by TIõs 

discussions with Hydro.121 In TIõs first annual report, written by Proudman and 

Doodson and presented both to TIõs actual and potential funders, a key justification for 

TIõs existence and funding was said to be to improve tidal predictions generally. It is 

                                                

119 Documents in file HYD 587/1921, within H4434/23, UKHO.  
120 Proudman, "Report on Harmonic Analysis." and Proudman to DSIR, 8th Jul 1919, DSIR 36.13.4, NA 
121 Liverpool Tidal Institute, Tidal Institute: First Annual Report, 1920. 
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thus a first example of how the patronage TI received from shipping men, interested in 

tidal predictions, interacted with their stated research programme.122 

TIõs First Annual Report constructed the research problem of the Institute by stating 

that existing tidal predictions faced several problems. Some of these problems had been 

pointed out to them by Hydro, while TI had identified others through their own work. 

Like Warburg had, they mentioned that for a port such as Liverpool the existing tidal 

predictions varied substantially between different suppliers of prediction. Second, when 

comparing predicted and observed tidal heights, using records from tidal gauges, there 

were also large differences TIõs researchers called residuals. TI saw the reduction of 

these residuals as important to increase the ôaccuracyõ of tidal predictions, and a crucial 

aspect of this was in turn to investigate meteorological effects, as can be seen from their 

frequent mention in this programmatic statement of TIõs proposed research in its First 

Annual Report: 

In predicting tides we want firstly an accurate record of observations taken over 

a number of years; secondly, an accurate analysis of the record so as to discover 

the laws which the normal tide follows and to disentangle the irregular 

meteorological effects; thirdly, an accurate method of predicting the normal tide; and 

lastly, a method of predicting the irregular meteorological effects. At the present time 

these wants are far from being satisfied, but it has been the general opinion that 

only the last is serious. It may be remarked that the meteorological effects cannot 

well be investigated until we know accurately what the tides would be without 

them.123  

TIõs research programme, as presented to its potential and actual patrons in its First 

Annual Report, thus emphasised accurate tidal predictions. In order to predict tides 

more accurately predicting meteorological effects was seen as a key task.  

TIõs objectives were of course wider than that covered by the above quote: the 

Instituteõs aims were to do scientific research into tides, to train students in applied 

mathematics, be a òbureau of organised information concerning the tidesó and to do 

                                                

122 More examples of this will follow, especially in chapter four. 
123 Emphasis added. Liverpool Tidal Institute, Tidal Institute: First Annual Report, 1920, 7-8. 
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commercial research.124 While their research programme itself was wider and included 

work not directly linked to predictions, it is clear that the way in which Proudman 

framed the needs for the work changed as his audience changed. With shipping men as 

key patrons and in collaboration with Hydro, he now emphasised the importance of 

improving tidal predictions for the use of shipping that he had denied were necessary 

when writing the report to BAAS with Lamb. Within this research programme the need 

to study storm surges was emphasised, which illustrates that initially the study of storm 

surges at TI was not linked to flooding but to a wider programme of increasing the 

accuracy of tidal predictions.  The next chapter will look at how TI tried to implement 

this research programme. 

 

2.7 CONCLUSION 

This chapter has analysed how TI was established and has introduced some of TI's early 

patrons: Proudman, Liverpool University, BAAS, the Booth brothers and MDHB, and 

also discussed the role of Hydro. TIõs initial patronage represented a combination of 

academic and industrial interests, with the Navy providing TI with the resource of 

research ideas. While TIõs heavy reliance on industrial patronage was common at 

Liverpool University, as at other similar universities in England at the time, it makes TI 

a relatively unusual case in the history of physical oceanography which has focused on 

naval patronage. The First World War was an important background factor for an 

increase in interest in tides and oceanography generally, as it had cut off the supply of 

tidal predictions, led to congestion in ports such as Liverpool and seen the use of 

submarines. However, while the Navy was neither directly involved in the establishment 

of TI nor provided funding, fairly quickly it became involved in the definition of TIõs 

research programme. 

In relation to the debates regarding the role of the First World War in increasing state 

involvement in scientific research, such an increase was not obviously evident in TIõs 

establishment. The BAAS plans were not given state funding and in the end TI relied 

on industrial funding. In TIõs case the question posed by historians needs to be framed 

differently. It was not so much whether the First World War led to increased state 

                                                

124 Ibid., 5.  
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support of science in general, but whether it led to increased interest in and support of 

particular types of research. That it certainly did: the TI that eventually resulted had a 

research programme that was focused on tidal predictions, instead of the more 

theoretical programme pictured as part of the proposed Geodetic Institute, and this was 

linked to Hydroõs concerns and to TIõs patronage from the Booths, which in turn was 

linked to the efficiency agenda prompted by the war. In addition, the border between a 

patron providing resources and a non-patron is not straightforward. While Hydro 

neither provided finance, like the Booths, nor space, like the university, it did provide 

assistance with research topics. As we will see in chapter four Hydroõs patronage would 

grow from this beginning, as it explored various ways of co-operating with TI and 

influencing its work.  
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CHAPTER 3 (1920-23), TIDAL PREDICTIONS AND 

PRACTICES OF CALCULATION  

The previous chapter showed that the key argument TI used to get funding was that its 

work would increase the accuracy of tidal predictions. This increase in accuracy had to 

do both with increasing the accuracy of periodic tidal predictions and with providing 

ôcorrectionsõ to such predictions to account for irregular meteorological effects. This 

chapter argues that TI attempted to increase the accuracy of tidal predictions by 

introducing new practices of calculation, such as new types of mechanical calculators 

and statistics. According to TIõs researchers their practices of calculation were new. 

Arthur Doodson, for example, claimed that he was introducing a new way of calcuating 

constituents which was faster and more accurate.1 As Andrew Warwick has suggested, 

such changes in the practices of calculations to increase accuracy need a historical and 

contextual explanation.2 A context for these changes was provided in the previous 

chapter: TI's work to introduce new ways of calculating tidal predictions was set in the 

context of the First World War and a shipping industry increasingly using larger ships. 

In addition, their new ways of doing such calculations were inspired not only by 

scientific work but also by ballistics calculations done by Doodson, TIõs secretary, 

during the war.  

When offering him the job of secretary, Joseph Proudman linked Doodsonõs òabilityó 

or skills to the future patronage of TI: 

When the number of years [of funding from the Booths] is up (and possibly 

before) the work done will be reviewed and if it is considered to warrant it, an 

attempt will be made to fund a permanent institute on a larger basis, by 

appealing to the remaining ship owners of Liverpool. From what I know of the 

subject and your ability I am certain that if you come now the thing will be a 

success.3  

                                                

1 Doodson, "To Assist Works on the Tides," 218. 
2 Warwick, "The Laboratory of Theory," 317.  
3 Proudman to Doodson, quoted in Doodson to Galloway, 6th Feb 1919, Doodson papers 
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The future of the institute, especially its ability to get funding, thus depended on it 

showing it could improve the accuracy of tidal predictions used by TIõs shipping 

industry patrons. This linked patronage to the practices of calculating tidal predictions.  

Warwick has argued that new technologies of calculation enabled the application of the 

new nineteenth century mathematical analysis both to the need of business and military, 

and to scientific work.4 His short piece on this concentrates on technologies of 

calculation such as table making and does not provide a detailed case study of how a 

particular òproblem of generating numbers from analytical expressionó was affected by 

these developments.5 This chapter provides such a case study, showing how the 

industrial and military setting outlined in the previous chapter came together with the 

practices of calculation Doodson learnt during his early career, to change how the 

particular problem of generating tidal predictions from harmonic theory was done in 

order to make them more accurate. This was a key part of Proudmanõs and Doodsonõs 

institution building for TI. To justify their work and funding, TIõs researchers had to 

convince others that the work they did needed doing, which they did by arguing that 

earlier methods were not ôaccurate enoughõ. As Graeme Gooday has made clear the 

definition used by scientists and others of 'accurate enough' often changes over time: 

òWhat counted as accuracy was what constituted a sufficient degree of accuracy for a 

particular purpose to be undertaken within existing contextual constraints of money and 

time to the satisfactions of relevant audiencesó.6 This applied not only to precision 

measurement, but also to precision calculations. Such arguments were also not only 

about science but also about patronage from state, industrial and other actors. 

 

3.1 ARTHUR DOODSON AND THE PRACTICES HE BROUGHT TO TI 

I will begin this chapter by introducing TIõs key workers, first Arthur Thomas Doodson 

(1890-1968) and then the computers. In 1913 Arthur Thomas Doodson was one of 

Proudmanõs first research students, which is how the two met. When TI was established 

in 1919 Proudman was Director whilst also holding down other posts, while Doodson 

became the senior full-time member of Institute staff as Secretary. I will here describe 

                                                

4 Warwick, "The Laboratory of Theory," 313. 
5 Ibid., 344.  
6 Emphasis in original. Gooday, The Morals of Measurement, 268.  
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Doodsonõs career before he started at TI in some depth, including the influence of debt, 

deafness and religion, using letters from him as a primary source.  While obviously one-

sided, these letters provide a contextual understanding of the skills he acquired during 

his early career which help in understanding TIõs practices of calculation and how they 

went about trying to increase the accuracy of tidal predictions.7 His skills were in 

precision engineering and the use of mechanical calculators, as well as in doing statistics, 

applied mathematics and manual calculations.8 In terms of research, his key skills were 

those of organising mathematical problems in a way that was amenable to manual 

calculations and then organising and managing these calculations; skills he would later 

use at TI. 

Like Proudman, Doodson was not from a privileged background. Doodsonõs father was 

for a time a cotton mill manager, but had problems with employment; attendant 

financial difficulties meant Doodson could not attend full time secondary school. Again 

like Proudman, he was a pupil-teacher while also doing half-days and evening classes at 

various schools in Leigh and Rochdale outside Manchester.9 Initially Doodson wished 

to become a teacher and started studying sciences at Liverpool University in 1908 while 

also training as a teacher, but as he became seriously deaf while a student he could not 

pursue this career.  He gained a first class B.Sc. degree in 1911 in chemistry and 

                                                

7 Much of the biography I present here is based on letters Doodson wrote to his wife-to-be Margaret 
Galloway. In 1954 Doodson collected together some of these letters and put a selection into a folder 
which is now part of the Doodson papers at Liverpool World Museum. The selection is far from 
complete (often only part of letters have been preserved) and are self-selected. It is clear from some of 
the notes he has had added that the selection he made concentrated on his scientific work, but it also 
covers his early career in some details. There is little on his relationship to Margaret or e.g. religion, 
though the letters discuss some personal matters such as finance and his conscientious objections to the 
war. The same folder also contains a few letters to his university colleague Nightingale.  
Some caution in the interpretation of Doodsonõs letters to his girlfriend is necessary, as he will have 
wanted to present his work in a good light to her and in extension to her parents, to convince them he 
was progressing in his career sufficiently so that he would eventually have the income it was felt he 
needed in order to marry Margaret. However, while the introduction of new practices of calculation may 
not have been as smooth as Doodson told Margaret, he did progress in his career during this period and 
it seems likely that it was his skills in organising and managing calculation that enabled this, especially as 
biographies of him (e.g. his FRS one by Proudman) similarly emphasise his skills in this area. The letters 
to Margaret provide the best available evidence of how Doodson acquired these skills. They also offer 
some insight into these kinds of practices and how Doodson worked. 
8 While Doodson used his skills in light engineering and precision measurements at TI e.g. in redesigning 
tidal predictor machines, they are less relevant to the argument and will not be emphasised. For 
something about how he used these skills, see Doodson, "Tide-Predicting Machines."  
9 Doodson Personal Information File, section 6, RSA 
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mathematics and then studied for an honours degree in mathematics which he gained in 

1912 (also first class).10 

Finding employment proved difficult with his disability but he worked first as a meter-

tester at Ferranti in Hollinwood from late 1912. Doodson there set about learning 

electrical theory through self study, formal classes and by discussions with a superior. 

About a year into his post he claimed to have been able to fix a meter, using this 

knowledge of electrical theory, and also to have been able to successfully defend his way 

of fixing the meter to the Head Tester, who had not initially believed Doodson did it 

correctly.11 Self study and long hours were a key part in how Doodson acquired skills at 

this point.  

Money was very short for the Doodson family and he had run up debts while attending 

university so Doodson was continually looking around for better paid opportunities.12 

In the summer of 1914 the managers at Ferranti had been asked to recommend a 

person for a post at Manchester Corporation and Doodson was nominated.13 He started 

work there in August at the Testing and Standardizing Department as òpolyphase meter 

and instrument testeró and stayed there throughout the beginning of the war.14 

Doodson found the work at Manchester Corporation more interesting than at Ferrantiõs 

as it was less routine and involved òplenty of experience on all kinds of instruments 

taking them to parts and calibrating them to 1/10th per cent accuracyó. He was in charge 

of testing the candle power of lamps and how they distributed light, whilst also 

calculating the results of all the testing and doing other work such as experimenting on 

meter discs.15 

At the same time as this precision testing and standardisation work he was also working 

on precision calculations. In 1913 he registered as a part time research student at the 

Department of Mathematics of the University of Liverpool where Proudman supervised 

him. Here his skill in organising computations started to be developed whilst working 

on Riccati-Bessel functions and on tables of sines and cosines of radians, and he was 

                                                

10 Proudman, "Arthur Thomas Doodson, 1890-1968." 
11 Doodson to Galloway, 9th Dec 1912 and òprobably October 1913ó, Doodson papers 
12 Doodson to Galloway, 1st Apr,  1st, 11th, and 18th Mar 1914, 14th Jun 1914, Doodson papers 
13 Doodson to Galloway, 14th , 20th Jul 1914, Doodson papers 
14 Doodson to Galloway, 1st Aug & 14th Oct 1914, Doodson papers 
15 Doodson to Nightingale, 3rd Dec 1914, 4th Aug 1915 Doodson papers 



 

94 
 

awarded a M.Sc. degree in 1914.16 Doodson sent these tables to the BAAS committee 

on mathematical tables, at this time organised by John William Nicholson, which 

published them and offered him a place on the committee which he took up for two 

years in 1915 and 1916.17 His calculation work, often done while travelling or during 

lunch breaks, here gained him entry to national-level networks of professional 

mathematicians.18  

Following his Masterõs work Doodson continued his collaboration with Proudman, 

doing calculations  to produce tables and graphs related to what they called the 

Diffraction Problem; or more formally the diffraction or scattering òof a plane 

electromagnetic wave by a perfectly conducting sphereó. The work went on through 

1914 and into 1915, in preparation for publication by the Royal Society.19 In letters to 

Margaret, his wife-to-be,20  Doodson explained how he introduced new practices of 

calculations, not included by Proudman, to make the work more accurate by for 

example introducing checks on the arithmetical procedures.21 These practices of 

calculation was what made Doodsonõs work different from othersõ work. He wrote to 

Margaret that he was òastonished to see the mass of interesting resultsó he had obtained 

as he had òsucceeded in making the component curves depend on other curves of small 

amplitude and which can thus be easily graphed on a large scale é I have resolved the 

curves into simpler components which show the structureó.22 This is one example of 

                                                

16 Proudman, "Arthur Thomas Doodson, 1890-1968." 
17 Doodson to Galloway, 14th May 1914, Doodson papers. For more on the Mathematical Tables 
Committee, see Martin Campbell-Kelly and Mary Croarken, "Beautiful Numbers: The Rise and Decline 
of the British Association Mathematical Tables Committee, 1871-1965," IEEE Annals of History of 
Computing 22, no. 4 (2000); Warwick, "The Laboratory of Theory." For more on mathematical tables, see 
Campbell-Kelly et al., The History of Mathematical Tables. 
18 Proudman, "Arthur Thomas Doodson, 1890-1968."  
19 Doodson to Galloway, 20th Jul, 1st Aug, 17th Dec 1914, 14th Mar 1915, Doodson papers, Joseph 
Proudman, Arthur Thomas Doodson, and G. Kennedy, "Numerical Results of the Theory of the 
Diffraction of a Plane Electromagnetic Wave by a Perfectly Conducting Sphere," Philosophical Transactions 
of the Royal Society of London. Series A, Containing Papers of a Mathematical or Physical Character 217(1918). 
20 Margaret had been to school and university with him, studied science or mathematics, helped him with 
calculations, created paper versions of slide rules and was teaching science at a girlõs boarding school.  
Doodson to Galloway, 2nd Mar 1916, Doodson papers 
21 Doodson to Galloway, 20th Jul, 1st Aug, 17th Dec 1914, 14th Mar 1915, Doodson papers 
22 Doodson added that he did not have time to give details. Doodson to Galloway, 17th Jun 1915, 
Doodson papers 
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Doodson practicing the skills involved in going from mathematical theory to 

calculation, in this case by working out a way to divide curves into constituents.23  

Through 1915 the war became an ever bigger concern for Doodson. He had been 

deeply religious, as was Margaret, since about 1914 and was an active member of a local 

church. This church was part of òThe Churches of God in the Fellowship of the Son of 

Godó, a splinter group from the Plymouth Brethren (which in turn is an Evangelical 

Christian group, often socially conservative and separate from other free churches).24  

Despite joining recently his religion had a great impact on his life and meant he was a 

conscientious objector to the war. Doodson wrote to his friend Ernest Nightingale in 

August 1915 that ònothing will drive me into the army or even into association with it 

in any shape or formó and òmy views are very decided on the questionó.25 As a 

conscientious objector, but also referring to his deafness and scientific work, Doodson 

was brought in front of the local conscription tribunal in March 1916. After rough 

treatment he was eventually given òabsolute exemptionó on conscientious grounds with 

the condition that he must do work of ônational importance.õ26 

Doodsonõs search for more interesting work and a higher salary, to pay off his debt and 

to enable him to get married, continued.27 When Karl Pearson at University College 

London advertised a post involving statistical work Doodson applied and received an 

encouraging reply. While Pearsonõs laboratory did war-related government work 

Doodson assumed this was medical work, which he could not object to, but he did not 

think he would be accepted because of his conscientious objections.28 However, 

                                                

23 Much later Doodson published a version of this method of smoothing numerical tables, see Arthur 
Thomas Doodson, "A Method for the Smoothing of Numerical Tables," The Quarterly Journal of Mechanics 
and Applied Mathematics 3, no. 2 (1950). 
24 Proudman, "Arthur Thomas Doodson, 1890-1968." See also John Rylands University Library, 
"Frequently Asked Questions, for the Christian Brethren Collections,"  
http://www.library.manchester.ac.uk/specialcollections/collections/brethren/faq/#d.en.111853.  
25 Doodson to Nightingale, 4th Aug 1915 Doodson papers 
26 Doodson to Galloway, 13th Apr; 4th Mar 1916, added notes dated 1954; 23rd Mar 1916, Doodson 
papers. In a 1954 note he explains that the tribunal refused to deal with him as a conscientious objector 
because of the subsidiary grounds and that he was treated roughly and called names. He writes that his 
case was mentioned twice in parliament. For example he was called òa disgusting mass of shivering fató 
by one member of the Shaw tribunal and this was referred to in Parliament as an example of poor 
treatment of conscientious objectors in the Tribunals, see Hansard, òArmy Estimates, 1916-1917ó, HC 
Deb 16 March 1916, vol 80, c2435, 
http://hansard.millbanksystems.com/commons/1916/mar/16/army-estimates-1916-17#column_2435. 
Accessed 18th Jan 2010. 
27 Doodson to Galloway, 9th Dec 1915, Doodson papers 
28 Doodson to Galloway, 1st Jun 1916, Doodson papers 

http://www.library.manchester.ac.uk/specialcollections/collections/brethren/faq/#d.en.111853
http://hansard.millbanksystems.com/commons/1916/mar/16/army-estimates-1916-17#column_2435
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Doodson was offered the post, the tribunal agreed for him to go29 and he began work at 

the Draperõs Biometric Laboratory in late September.30  

Initially he liked the work, and the ways in which he worked was praised as accurate by 

Pearson, as Doodson gave the results of a particular calculation to eight figure accuracy 

where others had given six figures using the interpolation method he had developed 

when working on the Diffraction Problem with Proudman.31 However, in December 

Pearson told him that the laboratory was likely to be wholly turned over to defensive 

war work, such as calculations for anti-aircraft or anti-submarine defence, and if he did 

not accept this work he would have to leave his post.32 The war-related work gave 

Doodson the feeling that his òhands were not clean but bloodstainedó and according to 

his letters to Margaret he seriously considered refusing.33 However, he would have had 

difficulties finding another post as a conscientious objector to do the sort of work he 

could and wanted to do ð he seems to have become involved in the work at UCL 

quickly ð and in the end decided to stay. While he in his letters claimed he was also 

doing the more Christian thing by honouring the promise he had had to give to Pearson 

before getting the post to do whatever work he was given, and claimed to take comfort 

in that the fellow Brethrens he consulted agreed with him that he must keep his 

promise, it seems likely that the prospect of unemployment was as great or a greater 

part of his decision.34 Perhaps being away from family and old friends in London 

loosened his resolve as a relatively new recruit to the church.35 

In 1917 Pearsonõs laboratory was turned over wholly to war work, doing calculations 

for the Anti-Aircraft Experimental Section (AAES) of the Munitions Inventions 

                                                

29 Pearson has been described as sympathetic to Quakers and their hardship, which may have had 
something to do with him taking the religious Doodson on. Theodore M. Porter, Karl Pearson: The Scientific 
Life in a Statistical Age (Oxford: Princeton University Press, 2004), 250.  
30 While Magnello emphasises the differences between the work done in Pearsonõs different laboratories, 
the Galton Eugenics Laboratory and the Draperõs Biometric Laboratory, with the latter focusing on 
statistical rather than eugenic work, Doodson did not differentiate between the two in his letters. The 
differences may have been blurred by the increase in warwork. Magnello, "The Non-Correlation of 
Biometrics and Eugenics: Rival Forms of Laboratory Work in Karl Pearson's Career at University College 
London, Parts 1 and 2." 
31 Doodson to Galloway, summer and autumn 1916, especially 14th Nov 1916, Doodson papers 
32 See also Magnello, "Karl Pearson and the Establishment of Mathematical Statistics."; David Alan Grier, 
When Computers Were Human (Oxford: Princeton University Press, 2005). 
33 Doodson to Galloway, 24th Jan 1917, Doodson papers 
34 Doodson to Galloway, December 1916 and January 1917, Doodson papers 
35 He did however remain a member of the church for life, even when Margaret died young, something 
which Proudman described as limiting his social life, Proudman, "Arthur Thomas Doodson, 1890-1968." 
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Department.36 The practices of calculations used gradually changed during this year. 

Many of these changes in practices were instigated by Doodson, sometimes in 

collaboration with colleagues, after disputes with Pearson. In February the staff was 

smoothing values in double entry tables produced as part of the ballistics work. 

Doodson had suggested using his method from the Diffraction Problem. This used the 

differences between values in the table to produce ôfamiliesõ of curves, one for the 

vertical and one for the horizontal aspect of the table, and then smoothed the table by 

comparing the values in it to these curves. His method minimised differences between 

the values to be smoothed and a function derived from those values. However, Pearson 

suggested a slightly different method applied to only one direction of the table. Pearson 

found his own version of the method not worth the trouble and suggested abandoning 

Doodsonõs method, leading to a disagreement.  

At this point Doodson described the war work in scathing terms:  

The work goes on in a silly fashion, curves are drawn with splines [aids for 

drawing curves consisting of a flexible strip of material that is fastened down] 

that have natural kinks in them and then read ôaccuratelyõ with a lens! No 

wonder the final results need smoothing!37  

As part of his spat with Pearson, who was unusually badtempered at this time according 

to Doodsonõs colleagues,38 Doodson suggested to ògraph not the function, but the 

function minus its first approximationó. He claimed this would increase the accuracy òat 

least 10 timesó based on his experience from the work on the Diffraction Problem.39 

Pearson did not agree with it, but A W Young, one of Doodsonõs colleagues, tried it 

and liked the method. Together the two developed this more numerical, less graphical 

method based on interpolation to calculate the tables for the war work, e.g. of 

coordinates, over the year. Only very gradually did Pearson come round to the method, 

                                                

36 For more on the work of this Section, see June Barrow-Green, "Planes and Pacifism: Activities and 
Attitudes of British Mathematicians During WW1," Gresham College with British Society for the History 
of Mathematics, http://www.gresham.ac.uk/event.asp?PageId=45&EventId=616 ; Michael Pattison, 
"Scientists, Inventors and the Military in Britain, 1915-19: The Munitions Inventions Department," Social 
Studies of Science 13, no. 4 (1983); Meg Weston Smith, "E. A. Milne and the Creation of Air Defence: Some 
Letters from an Unprincipled Brigand, 1916-1919," Notes and Records of the Royal Society of London 44, no. 2 
(1990). 
37 Doodson to Galloway, 14th Mar 1917, Doodson papers 
38 Pearson was known to be difficult to work with at the best of times, see Porter, Karl Pearson: The 
Scientific Life in a Statistical Age, ch 9. 
39 Doodson to Galloway, 14th Mar 1917, Doodson papers 
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with lots of arguments. However, towards the end of the year, especially after 

complaints in October 1917 regarding the accuracy of tables produced with the old 

method from the users of these at AAES, Doodsonõs method was used more and 

more.40  

Doodson was gradually and informally promoted. Pearson would sometimes let 

Doodson take charge of the work, as in November 1917 when all the staff were 

working under his direction on developing a numerical interpolation method, but 

sometimes Pearson would insist that his own methods be used.41 At this point Doodson 

claimed the changes he introduced made the work quicker and more òcorrectó, i.e. 

accurate, partly as his method was numerical instead of graphical:  

We are exceedingly busy at College, just finishing a gun off by a new 

interpolation method I developed. There will [be] no necessity for any drawing 

work at all, and the method is a very good one, giving results correct to 0.1 foot 

easily where drawing was sometimes out by 10 or even 20 feet.42  

While Pearson would sometimes still do the theory of a problem (i.e. turning it into 

solvable equations), he often left the planning out and organising of the work (i.e. 

dividing the solvable equations into smaller parts organised onto documents that could 

be used by the computers) to Doodson. This emphasises that Doodson's key skill was 

that of organising calculations, which included such things as being able to lay out the 

work clearly for the other computers and write neatly.43 Doodson claimed his method 

to do the ballistics work was òmuch more accurate than the other, involves less work, is 

far more expeditious, [and] needs only a short table (I could get it on this sheet of 

paper) in place of a large volume of tablesó.44 It was these practices of calculation, 

speeding up the work ð he claimed by five times45 ð and making the calculations more 

òaccurateó (e.g. closer to whatever was considered the ôtrueõ value, however defined),  

that enabled him to slowly rise in the ranks at UCL.  

                                                

40 Doodson to Galloway, spring to autumn 1917, Doodson papers 
41 Doodson to Galloway, 26th Nov 1917, Doodson papers 
42 Doodson to Galloway, 19th Nov 1917, Doodson papers 
43 Doodson to Galloway, 29th Nov 1917, Doodson papers 
44 Doodson to Galloway, 15th Oct 1917, Doodson papers 
45 Doodson to Galloway, 26th Nov 1917, Doodson papers 
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The development and usage of Doodsonõs methods and the practices attached to them 

continued in early 1918. In late January the Director of Ordnance at Woolwich paid a 

visit to UCL to find out about one of the methods Doodson had developed, the small 

arc method. The Director was ògreatly interestedó and Doodson had the method 

written up for him. Doodson wrote to Margaret that ò[my] reputation is made as far as 

small arc methods is concernedó. 46 However, Doodson was feeling less and less happy 

with Pearson, was concerned about his future prospects and still felt that the war work 

stained him: òThis kind of work can never receive the blessing of God; of that I am 

certainó.47  

This state of affairs continued until late March, when Doodson was asked whether he 

would take over the managing of the AAES work as Pearson was stepping down. 

Initially he was minded to decline the post for conscientious reasons, as he would work 

directly for the Munitions Inventions Department, but in the end accepted the post.48 

The only indication why he decided to accept despite his conscientious objections is 

that he was ò[r]econciled in measure to it ... as its principal service was in connection 

with the protection of London against Zeppelinsó.49 There were also no better 

conditions elsewhere, even if he could have found another job. Again, the threat of 

unemployment, enjoyment of the work and perhaps distance from his fellow Brethren, 

combined with an awareness that this post would be a major step up in his career, 

appears to have overcome his conscientious objections against the work. 

As Director of the Computing Branch of AAES Doodson was now òresponsible for all 

computations and tables respecting anti-aircraft gunnery and a staff of about 15 

computatorsó.50 The AAES work continued until the Armistice and beyond. Doodson 

continued to develop and distribute his methods, co-operating with Archibald Vivian 

Hill (the head of AAES), Ralph H Fowler and other mathematicians, many of whom 

were or became FRS and had close connections to Cambridge mathematics (often with 

Trinity College, Proudmanõs college). This gave Doodson connections to the 

                                                

46 Doodson to Galloway, 22nd Jan 1918, Doodson papers 
47 Doodson to Galloway, 4th Feb 1918, Doodson papers 
48 Doodson to Galloway, 22nd Mar, 5th Apr, 1918, Doodson papers 
49 Doodsonõs Personal Information File, section 8, RSA 
50 Faculty of Science Minutes, 19th Feb 1923, S3025, LUA. Compare Grier, When Computers Were Human, 
133. 
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Cambridge-focused personal networks in mathematics that Proudman had entered 

through his studies.  

After the Armistice Doodsonõs team was eventually moved to Woolwich. Though the 

team was offered to continue working most left the military soon after the war. 

Proudman offered his former student Doodson the post as Secretary at TI in early 

1919, which Doodson quickly accepted. He started work at TI and married Margaret in 

April. He refused to be put forward for an honour, which many of his mathematician 

colleagues received, as it was for war work. He was however keen to make sure that he 

and his team were clearly referenced and quoted in publications such as the Textbook of 

Ballistics produced in 1919, to make sure they were given their due credit for the 

methods they had developed.51 This and his decision to accept the promotion to direct 

the Computing Branch of the AAES illustrates the tensions between Doodsonõs 

conscientious objections and his career building strategies. It is clear that Doodson had 

strong conscientious objections but he also saw that he and his colleagues needed 

recognition for their work to further their careers.  

Before starting at TI Doodson had no experience of tidal work,52 but during his early 

career he had acquired a range of skills including in precision measurement and 

precision calculation, and above all skills in organising complex calculations. These skills 

had enabled him to rise in the ranks during the war and later this chapter will look at 

how he used these on a particular computational and mathematical problem ð that of 

tidal predictions ð but first other workers at TI and some of their tools will be 

introduced. Both the workers and their tools were important for TIõs attempts to 

increase the accuracy of tidal predictions through new practices of calculation. 

 

3.2 TIõS COMPUTERS, CALCULATING MACHINES AND WORKING PRACTICES 

At TI Doodson was from very early on assisted by assistants called ôcomputersõ. These 

computers were usually female and school leavers, though the first computer was Miss 

A L Cooper who unusually for TIõs computers had a B.Sc. She had worked for 

                                                

51 Doodson to Galloway, summer 1918 to February 1919 and 1954 notes, Doodson papers 
52 David Edgar Cartwright, "The Historical Development of Tidal Science, and the Liverpool Tidal 
Institute" (paper presented at the conference Oceanography, the past: Third International Congress on 
the History of Oceanography, Woods Hole, Massachusetts, USA, 1980). 
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Doodson for a while in London during the war.53 In 1921 a second computer, Miss S K 

Lowry, was added. The staff then remained the same until Miss A Ainsworth was added 

in 1926 and Miss D Dood in 1927, which correlates with a rise in tidal predictions done 

by TI during this period which will be discussed in the next chapter. None of the three 

later computers had degrees.54 Later the number of computers gradually increased, 

reaching 13 women in 1959.55 

TIõs computers left behind sheets after sheets of numbers, graphs and other calculations 

ð a major part of the Bidston archive ð but there were obvious and clear status and 

gender divisions at TI, separating out the researchers from the computers.56 Joyce 

Scoffield has described her duties as a junior ôcomputerõ in the early 1960s (i.e. just after 

the end of the period covered by the thesis) as òto observe the weather, to operate the 

tidal prediction machines, to fire the one-oõclock gun, to do ôdifferencingõ [mathematical 

smoothing work checking tidal predictions] and to make coffee for everyone and 

prepare lunch for the male staffó.57 In other words, the computers then did a mix of 

scientific work, general administrative duties and housekeeping. Of note is Scoffieldõs 

comment that the ôdifferencingõ methods used to smooth tidal predictions were based 

on work Doodson had done during the war.58 She also described some of the processes 

and practices involved in doing predictions: setting up the tidal predictor, running it 

while taking down the results, checking these results using ôdifferencingõ (which 

involved calculations, checked by a more senior computer titled ôsmootherõ who then 

graphed the figures), writing up and photographing of the predictions. All in all she 

estimates that predicting the tides for one port took four days for several people, in 

total 30 people hours.59 While there will have been changes to the routines over the 

years, especially in regards to the copying of the final results, her work will have been 

similar to that done by the female computers in the late 1920s as mechanical tidal 

predictors were still used in the 1960s.  

                                                

53 See e.g. Doodson to Galloway, 1st Jul 1918, Doodson papers 
54 Liverpool Tidal Institute, Tidal Institute: First Annual Report, 1920; Liverpool Tidal Institute, Tidal 
Institute: Second Annual Report, 1921; Liverpool Tidal Institute, Tidal Institute: Seventh Annual Report, 1926 
(Liverpool: University of Liverpool, 1926); Liverpool Tidal Institute, Tidal Institute: Eighth Annual Report, 
1927 (Liverpool: University of Liverpool, 1927).  
55 LOTI, Annual Report 1959 (Liverpool: C. Tinling and Co. Ltd., 1959). 
56 Compare Steven Shapin, A Social History of Truth: Civility and Science in Seventeenth-Century England 
(London: University of Chicago Press, 1994 ), ch 8.  
57 Scoffield, Bidston Observatory.  
58 Ibid., 275. 
59 Ibid., 225-228.  
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The computers and Doodson used various calculating aids from the start and TI 

acquired its first tidal predictor in 1924, with another added in 1929. Apart from such 

specialised calculating aids TI used general purpose calculating machines. By 1935 TI 

had five: one second hand Tate Arithmometer (bought in 1919), a second hand 

Muldivo (bought in 1921), two new Comptometers (one bought in 1921 and another 

one in 1931) and a new electrical Monroe calculating machine (bought in 1925). In 1935 

Proudman argued that TI needed to buy a new calculating machine on efficiency 

grounds, claiming that the old second-hand ones were inefficient as they were liable to 

error and of òprimitive typesó, and that ò[a]n operator using one of them cannot do 

nearly so much work in a given time as he could if he were using a more efficient 

machineó.60 In response to Proudmanõs request a òvery satisfactoryó Mercedes Euklid 

No. 38 calculating machine was purchased.61 This emphasises both the importance 

given to calculating machines by TI and also how Proudman linked error-prone and 

slow machines to inefficiency, i.e. lower output of work. He argued that a more accurate 

(less error-prone) and fast machine equalled more efficient work, which in turn meant 

the worker could do more work, so fewer workers needed to be employed. This 

argument clearly worked on TIõs governing committee, as they gave funding for the 

purchase of machines.  

There is some debate in the secondary literature regarding the extent scientists 

employed mechanical calculators in the early 1920s. According to Mary Croarken 

calculating machines, like the Brunsviga, were not commonly used by scientists until at 

least the middle of the 1920s, which would mean TI was an early adopter of such 

machines.62 On the other hand, according to Warwick scientists were using mechanical 

calculators widely by the turn of the century and Paul Hughes has identified the use of 

arithmometers by British tidal researchers in the nineteenth century.63 However, at the 

time of TIõs establishment the tidal prediction company Messrs. Roberts & Son did not 

                                                

60 Proudman to Roberts, 3rd Oct 1935, D/BO 3/3/1, MMM ð North Street. Note how Proudman 
genders the operator as male, despite most of TIõs computers being female. 
61 Doodson to Secretary, 22nd Oct 1935, D/BO 3/3/1, MMM - North Street. TI continued to purchase 
different calculating machines throughout the period covered by this thesis, e.g. a comptometer in 1948 
(Doodson to Mountfield, 30th Jul 1948, D/BO 3/3/1, MMM - North Street). 
62 Croarken, Early Scientific Computing in Britain, ch 1&2. 
63 Warwick, "The Laboratory of Theory."; Hughes, "A Study in the Development of Primitive and 
Modern Tide Tables", ch 10. 
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use them.64 Pearson has been identified as an early adopter of calculating machines, by 

both Warwick and Croarken, and his students clearly took after him regarding the use 

of such machines.65 Like another of Pearsonõs ôdisciplesõ, LJ Comrie (1893-1950), who 

introduced mechanized computation at the Nautical Almanac Office, Doodson seems 

to have re-introduced mechanized calculators into English tidal science.66 Their 

adoption of such machines were also part of a wider increase in the mechanization of 

calculation and information processing at this time, which by Jon Agar has been linked 

to the sort of modernisation and efficiency ôdriveõ Alfred Booth led during the First 

World War.67 Proudmanõs argument that a computer with a more ôefficientõ calculating 

machine could do more work is an example of this. The use of mechanical calculators 

was one of the ways in which Doodson organised TIõs tidal computations in a way that 

increased their data processing capabilities.  

The photograph in Figure 3.1 illustrates TIõs working practices. The photo is likely to 

have been staged to show the range of work TI did, probably for some promotional 

literature or an article about them, and portrays TI as an efficient and orderly scientific 

computation office. Doodson and Dennis are posing, performing tasks deemed typical 

or representative of TIõs work. Doodson is using a calculating machine at his desk, 

surrounded by writing material, including a ruler to construct documents, and a waste 

paper basket under his desk. The booklet on his table looks like a copy of one of TIõs 

Annual Reports. The computer is using another ruler, taking measurements from a 

record, perhaps a tidal gauge record, which is being held down by a heavy stick to 

manage the roll of paper. In the foreground another weight holds a large chart of what 

appears to be the Irish Sea.68 In the background another desk has books on it and more 

papers, which can be seen as symbolising TIõs more analytical and theoretical work as 

opposed to the measurements and calculations being done by Doodson and the 

computer. A university gown is hanging in the background, signalling to the viewer that 

this setting is an academic as opposed to a commercial or military computing operation. 

  

                                                

64 Proudman, "Report on Harmonic Analysis," 340. òMethods, staff, etc.ó, part of Minute from Warburg 
to Hydrographer, 28 Sep 1921, in HYD 587/1921, within H 4434.23, UKHO 
65 Croarken, Early Scientific Computing in Britain, ch 1&2; Warwick, "The Laboratory of Theory." 
66 For more on Pearson and ôdisciplesõ see Porter, Karl Pearson: The Scientific Life in a Statistical Age. 
67 For example in A Boothõs work for the war time committee. Agar, The Government Machine, 177.  
68 The larger scale original shows the outlines of the land around the Irish Sea rather clearer but it is 
impossible to make out what was on the sea area of the chart.  
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Figure 3.1: Doodson and one of the computers, Mrs Dennis, in TIõs room at the University campus in the 

Holt Physics Laboratory69  

 

Judging from this picture, the image TI wanted to portray of their work was that of 

organised calculations, with one task per table and with different people specialising on 

specific tasks. While the chart is displayed to the camera hanging artfully off the shelf, 

even Doodsonõs somewhat dishevelled collection of papers can be interpreted as that he 

is writing on a number of documents simultaneously, and thus operating in an efficient 

and productive manner (or the papers may just have been disorganised by the 

photographer to soften the image and lead the eye towards the supposed result of the 

                                                

69 Permission to reproduce in unpublished material kindly given by the copyright-holder National 
Oceanographic Centre, Liverpool. The computer and the location has been identified by staff at NOC 
Liverpool, but there is no further information as to its context. I thank J Eric Jones and the NOC 
Liverpool library staff for providing me with a copy of the picture and allowing me to use it. As Mrs 
Dennis started work at TI in 1929, the picture is likely to be from the late 1920s or the 1930s given the 
age of Doodson and Dennis. The empty bookshelves in the background suggests it may have been taken 
soon after most of TI and its possessions moved to Bidston Observatory in 1929, so perhaps the picture 
was taken to promote the merger of TI and the Observatory (which will be discussed in the next chapter). 
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posed work process: the chart). Everything is thus well organised, seemingly staged to 

portray order and productivity. TI is thus displayed as an efficient producer of scientific 

calculations, which would be a suitable image to put across to potential funders or 

purchasers of tidal predictions. 

Another issue that can be noted in the picture is the physicality of mathematical and 

computational work involving documents. If Dennis worked in the position in the 

picture regularly she probably developed backache, while Doodsonõs fingers or papers 

would get inkstains from the fountain pen lying on the table. In addition, of note is the 

physical materiality of documents: weights are needed to keep them in order and they 

need to be organised in particular ways to be productive, as in the case of Doodsonõs 

papers (whether they were organised as an example of mathematical practice or by the 

photographer to draw the eye) or the documents surrounding the books on the back 

table. While flat surfaces and documents are no doubt easier to work with than ôraw 

natureõ, as Bruno Latour has argued, documents need material work too ð the 

comfortable office Latour refers to would soon give Dennis a bad back and the roll of 

paper would escape her control without the weight on it.70  Adding this materiality to 

Latourõs notion of chains of documents makes it stronger, by showing one aspect of 

how such chains are constructed.  

This photograph provides a picture of how TI worked and its setting, and literally 

makes some of their computational work and workers visible, albeit in a very posed 

manner. It well summarises this section by emphasising the importance to TI of human 

computers, mechanical calculating machines and documents. Such calculating machines 

were linked to efficiency by Proudman, and TI was part of a group of organisations, 

often with personal links to Pearson, who were keen to use calculating machines. While 

the picture shows little of the non-mathematical work at TI ð such as how the 

computers made coffee or the work involved in archiving documents ð it emphasises 

the physicality of mathematical work. In addition it tells us something about how TI 

wished to be portrayed: as an academic, efficient and productive computational 

organisation that achieved results. However,  it does not explain the details of how TI 

used practices of calculation to justify their work and funding by attempting to increase 

the accuracy of tidal predictions. This will be discussed next. 

                                                

70 Latour, Pandora's Hope, 38, 53.   
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3.3 ACCURATE TIDAL PREDICTIONS AND PRACTICES OF CALCULATION 

3.3.1 LACK OF ACCURACY AS AN ARGUMENT TO JUSTIFY FUNDING 

One of TIõs early sources of funding was BAAS, who provided £150 funding in 1919 

for computer assistance to a tidal committee chaired by Doodson.71 In order to justify 

the funding given to the committee and used by TI, Proudman and Doodson needed to 

convince their audience at BAAS that they were doing necessary research, which boiled 

down to justifying research on tidal predictions. This in turn meant convincing their 

audience that Darwinõs methods of tidal analysis and predictions were no longer 

accurate enough. To justify their funding and their research they used a rhetoric linking 

trust and accuracy familiar to historians of precision measurements.72 TIõs use of the 

term ôaccuracyõ  was very like that by physicists arguing for funding for teaching 

laboratories in the 1860s to 1880s, analysed by Gooday. Like these physicists TI used a 

rhetoric of accuracy to argue for funding and support, but unlike them TI emphasised 

accurate precision calculations, not measurements.73  

Many TIõs researchers needed to justify believed that tidal predictions were seen to be 

ôgood enoughõ by seamen. Judging from his earlier BAAS report with Horace Lamb, 

this had included Proudman, but while procuring TIõs funding and developing its 

research programme Proudman had changed his views. He explicitly admitted this, 

claiming that after further work he had found existing predictions wanting.74 However, 

his earlier view that the predictions were good enough for seamen was still widespread. 

The responses to a paper by Harold Warburg from Hydroõs tidal branch, whose work 

on tidal predictions was mentioned in the previous chapter, given to the Royal 

Geographic Society in 1919, exemplifies the surprise some expressed at the need to 

improve harmonic predictions. During the discussion of Warburgõs paper, a Mr EC 

Barton expressed òshock to learn that the harmonic methods have fallen into such 

disreputeó. The chairman of the talk, the geologist Sir Aubrey Strahan, was surprised at 

the need for òextreme accuracyó in tidal predictions, and questioned the value of 

                                                

71 Report of the Eighty-Eight Meeting of the British Association for the Advancement of Science, Cardiff - 1920, August 
24-28, xx. 
72 See for example Gooday, "Precision Measurement and the Genesis of Physics Teaching Laboratories in 
Victorian Britain."; Gooday, The Morals of Measurement; Schaffer, "Accurate Measurement Is an English 
Science."; Hunt, "The Ohm Is Where the Art Is." 
73 Gooday, "Precision Measurement and the Genesis of Physics Teaching Laboratories in Victorian 
Britain.", also Gooday, The Morals of Measurement, 63, note 77.  
74 Proudman, "Report on Harmonic Analysis," 323.  
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working with errors in periodic tidal predictions when meteorological factors could not 

be predicted.75 Another example of the view that meteorological effects were a greater 

problem for the accuracy of tidal predictions than the harmonic methods used in their 

analysis and prediction comes from Nature in 1921. In an exchange of letters Proudman 

argued against the views of AC Tennant, a previous employee of MDHB. The latter had 

suggested that meteorological effects should be the priority of tidal research. Proudman 

instead claimed harmonic predictions were not as good as normally thought and needed 

work before meteorological effects could be dealt with.76  

In this exchange Proudman was not only arguing for tidal research generally and 

specifically at TI but also justifying TIõs initial concentration on periodic tides rather 

than meteorological effects. However, Proudman only came to concentrate on analysis 

and prediction after TI was given funding from shipping men and advise from Hydro. 

In the exchange in Nature Proudman was thus justifying an initial research programme, 

influenced by TIõs patronage to focus on periodic tides, and defending this from 

accusations from Tennant and others that research on this topic was not necessary. 

More generally, this was also part of Proudman and Doodsonõs institution building 

strategy.  To justify TIõs existence, its research programme and funding Proudman and 

Doodson argued that the accuracy of tidal predictions produced through existing 

methods was now insufficient for the needs of the users of such tidal predictions. They 

did this through a number of routes, such as Proudmanõs article in Nature and the 

exchange there with Tennant, but I will here concentrate on how they attempted to 

change the definition of the necessary accuracy in predictions through reports to their 

patron BAAS.  

In reports officially from the Tidal Committee to BAAS Proudman and Doodson used 

a strong rhetoric linking trust to accuracy, arguing that current predictions were not 

trustworthy as they were inaccurate and that further work by scientists ð i.e. themselves 

ð was needed on predictions.77 For example, in his 1920 report Proudman tried to 

dislodge the belief in existing harmonic analyses as bringer of truth and a high level of 

                                                

75 Parry et al., "The Admiralty Tide Tables and North Sea Tidal Predictions: Discussion," 329.  
76 Joseph Proudman, "Ocean Tides," Nature 107(1921); "The Scientific Investigation of the Ocean : Need 
for a New 'Challenger' Expedition," Nature 106, no. 2653 (1920); A. C. Tennant, "Ocean Tides " Nature 
107(1921): 299-300; Joseph Proudman, "[Letters to Editor], Reply to Tennant," Nature 107(1921): 300. 
77 On trust in science see e.g. Theodore M. Porter, Trust in Numbers: The Pursuit of Objectivity in Science and 
Public Life (Chichester: Princeton University Press, 1995); Shapin, A Social History of Truth; Gooday, The 
Morals of Measurement. 
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accuracy by critically analysing Darwinian harmonic analysis. He questioned how close 

such harmonic analyses were to the observed astronomical tide: it òyet remains to be 

found to what precise extent the purely astronomical tide at any station may be 

expressed as a series of a reasonable number of harmonic constituentsó.78 As another 

example, he compared òten different determinations of what ought to be the same 

constantó, finding that òthe deviations from year to year [in the values found for the 

constant] are so great as to prohibit any reliance being placed on the results of the 

customary analysing processes applied to a single year's dataó.79 Again, he was talking 

about deviations, or lack of accuracy, stopping the results of established analysing 

procedures from being reliable, or trustworthy. 

At the same 1920 BAAS meeting at which Proudman criticised harmonic analysis, 

Doodson reported, equally critically, on the accuracy of existing harmonic prediction of 

tides. He first argued that current harmonic predictions of the periodic tides ought to be 

satisfactory, given existing theory and methods of calculations, despite meteorological 

effects causing difficulties in producing closeness between predicted and observed tidal 

levels.80 He then claimed that it was in fact well known that predictions of the periodic 

tide were not ôaccurate enoughõ: òthere are periodic or systematic differences in height 

and time of high water which are sufficiently serious in many cases to cause distrust é 

the distrust has led in many cases to the complete abandonment of the method of 

harmonic predictionó.81 Doodson explicitly linked inaccuracies, i.e. differences between 

observed and predicted tides, to distrust, and this in turn to the use of tidal predictions. 

As an example of the òdegree of inaccuracy [which was] considered by authorities to be 

unsatisfactoryó Doodson mentioned that the average error at Quebec for the time of 

the high water was 16 minutes and for low water 28 minutes despite the analysis being 

based on what he said was good data.82 Doodson also listed other problems, for 

example that predictions by different organisations gave different results despite using 

the same harmonic constants: òWhere é we may have two different predictions, each 

supposed to be authoritative, which differ occasionally by nearly a foot and on average 

by five inches in height, then oneõs confidence in the accuracy of prediction is badly 

                                                

78 Proudman, "Report on Harmonic Analysis," 323.  
79 Ibid., 327-328. He here uses statistical error analysis, which Gooday argues was still relatively 
uncommon practice in Britain. Gooday, The Morals of Measurement, 75-76.  
80 Doodson, "Report on Harmonic Prediction of Tides," 321. 
81 Ibid.  
82 Ibid. 
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shakenó.83 Doodson did not give any examples of any practical problems caused by 

these issues, just that they were causing the abandonment of the harmonic method. 

Improving accuracy was presented both as necessary and as a self-evident goal of 

scientific work to ensure the survival of Darwinõs harmonic method. 

By attempting to convince their listeners or readers that existing predictions should not 

be seen as good enough, Proudman and Doodson were justifying their research 

programme and funding. In addition, like so many other scientistsõ calls for work to 

increase accuracy, TI's calls for increasing the accuracy of tidal predictions should be 

seen in the industrial and military context set out in the previous chapter. Their 

arguments were also very similar to those of earlier physicists arguing for funding for 

laboratories, but instead arguing for funding for mathematical research.84 Another 

difference is that TI emphasised very recent, post-war, achievements by themselves and 

not the achievements of the wider scientific community over a few decades. They were 

thus using the stereotypically modern argument of insisting on what Steven Shapin has 

called òthe insufficiency of authoritative texts and upon the careful inspection of 

testimonyó.85 For example, Proudman gave a case where earlier workers had taken a 

calculation shortcut which Proudman wanted the reader to doubt the validity of, 

pointing out that William Thomson had stated that the equilibrium principle should be 

used to allow for òthe changing inclination of the moon's orbit to the earth's equatoró.86 

Proudman claimed that even when it was later found that òthe inclination of the moon's 

orbit é was not according to the equilibrium principleó it was still òafterwards always 

treated as if it were soó.87 Tidal researchers had trusted Thomson, the authority, and 

followed his advice instead of taking account of the evidence. Proudman was arguing 

this was not enough; an argument which justified TIõs choices of research topic. 

When complaining about the use of the equilibrium principle Proudman was also 

arguing that the ways the calculations had been done previously did not take into 

account factors he deemed necessary and thus did not produce sufficiently accurate 

                                                

83 Ibid., 322. 
84 Gooday, "Precision Measurement and the Genesis of Physics Teaching Laboratories in Victorian 
Britain.", also Gooday, The Morals of Measurement, 63, note 77.  
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86 Proudman, "Report on Harmonic Analysis," 336. 
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results. The chapter now turns to how TIõs researchers changed the practices of 

calculating tidal predictions and argued that their new methods produced more accurate 

results. 

 

3.3.2 NEW PRACTICES OF CALCULATION: RESIDUALS AND ABACS 

TIõs first step in justifying their research and funding had been to encourage distrust in 

existing methods. The next step for them was to show they could do better, which they 

did by linking the introduction of new practices of calculation to increased accuracy. 

Doodson had not only questioned the status of Darwinian harmonic analysis as bringer 

of truth but also claimed that the methods involved were inefficient and cumbersome, 

producing uncertain and scanty results.88 Doodsonõs work was linked to his experience 

of running mathematical laboratories during the war as well as his development of 

methods of calculation. He now took these new practices of calculation and turned 

them on tides, and argued that the new practices led to an increase in accuracy.  

Overall Doodsonõs method was one of intensive analysis of tidal records, by which he 

meant subtracting partial tides as they were determined and examining the successive 

residues.89 As part of this work he also re-developed the tide-generating potential, i.e. 

reworked how the harmonic theory had been worked out mathematically by Darwin, 

using new tables for the motion of the moon calculated by E W Brown (1866-1938).90 

He linked work on the theory of harmonic prediction to introducing new practices of 

calculation, making this a case study of the use of such practices to improve the 

accuracy of the numbers generated by a specific theory, which was also adapted through 

this work.91  

I will concentrate on two key aspects of Doodsonõs method, which differentiated it 

from that developed by Darwin: Doodsonõs emphasis on residuals and his use of new 

methods of calculation. Doodsonõs method of analysing tides first removed major, 

known constituents and then analysed the residues, or the number left after the known 

                                                

88 Doodson, "To Assist Works on the Tides," 234.  
89 Ibid., 217. 
90 Arthur Thomas Doodson, "The Harmonic Development of the Tide-Generating Potential," Proceedings 
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constituents had been subtracted, for further constituents. These further constituents 

were then taken out and the residual again analysed. He claimed certain errors were 

òproportional to the size of the constituent producing itó. Concentrating on the smaller 

constituents found in the residuals after known major constituents had been removed 

could account for such errors, especially ones related to the presence of other 

constituents.92 This linked to what Doodson thought another important difference 

between his and Darwinõs methods was. While Darwin may not have agreed with this 

portrayal of his method, Doodson and Proudman suggested that Darwinõs methods did 

not account for the possibility of unknown or perturbing constituents. This was because 

of Darwinõs identification of a suggested list of constituents to analyse for, as discussed 

in the previous chapter, and the lack, as Doodson portrayed it, of inbuilt checks for 

whether there were other constituents that might influence the ones found through the 

process.93 Doodson and Proudman claimed it was ògeneral practiceó to minimise 

residuals through the least square method in relation to one only of the large 

constituents and then ignore the rest of the residuals.94 Proudman had identified this as 

a major source of error in analysis, leading to òimperfectly isolatedó constituents.95 In 

particular he considered this a problem with shallow water effects  with speeds similar 

to that of other constituents, as the effect might not be separated fully from the other 

constituents.96  

To deal with this problem Doodson adapted Darwinõs method of analysis for use on 

residuals, claiming that working with residuals instead of observations gave ògreater 

freedom possible in the details of analysisó.97 To analyse for a particular constituent 

Darwin had taken values at a given hour for each lunar day and then averaged these 

values from thirty consecutive days. He then used the 12 averages from one year to 

calculate constants A and B, which were used to estimate the height of the constituent.98 

This had worked in the case he analysed as the periods in the constituent was either a 

                                                

92 Doodson, "To Assist Works on the Tides," 236. 
93 Ibid., 220, 233-226.  
94 Proudman, "Report on Harmonic Analysis," 330, 332. 
95 Ibid; Doodson, "To Assist Works on the Tides," 220. 
96 Proudman, "Report on Harmonic Analysis," 333. 
97 Doodson, "To Assist Works on the Tides," 236. 
98 As Darwin explained the use of A and B: òSupposing n to be the speed of any tide in degrees per mean 
solar hour, and t to be mean solar time elapsing since 0h of the first day; then the immediate result of the 
harmonic analysis is to obtain A and B, two heights (estimated in feet and tenths) such that the height of 
this tide at the time t is given by A cos nt + B sin nt.ò Darwin, "Report of a Committee for the Harmonic 
Analysis of Tidal Observations," 78.  
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year or half a year.99 Doodson implied this did not necessarily work in all cases if the 

periods were different. He instead used sets of 10 daysõ data which were then further 

averaged to find the final value of A or B. However, instead of straightforward 

averaging using a pre-set interval of time, for example Darwinõs 30, Doodson used 

asymptotic means to find the values of A and B. He constructed the asymptotic means 

graphically, by drawing curves of the sum of the values for A (or B) divided by the 

number of As (or Bs) and then drawing a smooth curve visually finding the tendency of 

the mean (the dotted curves in Figure 3.2). When working on the Diffraction Problem 

with Proudman and on ballistics calculations during the war Doodson emphasised 

methods that combined the use of numerical and graphical interpolation techniques, 

and used differences or residuals as an integral part of this work.100 While asymptotic 

means are somewhat different from his earlier smoothing and interpolations technique, 

the graphs constructed for that again emphasise the (decreasing) differences between 

means and a subsidiary function, in this case the trend of the asymptotic mean.  

 

                                                

99 The meaning of ôdayõ and ôhourõ is complicated in tidal science. Ideally these should be in ôspecial timeõ, 
related to the time taken for the argument of the residuals to increase by 360 degrees if it was diurnal or 
720 degrees if it was semidiurnal, but in another difference between the two methods Darwin had used 
mean solar hours and corrected for this, while Doodson generalised Darwinõs method by using special 
time. Doodson, "To Assist Works on the Tides," 233-238. 
100 He later summarised his methods of interpolation and smoothing as follows: òA subsidiary function is 
built up of differences corresponding to those obtained from the table to be smoothed and is then 
compared with the tabulated function. The difference between the two is then smoothed graphically.ó 
Doodson, "A Method for the Smoothing of Numerical Tables," 217. 



 

113 
 

Figure 3.2: An example of Doodsonõs graphs to calculate the asymptotic means of the values of A and B for 

the constituent M2, as presented in the BAAS report. M is the number of contributory values of A or B 

respectively.101  

 

In combination with his mathematical arguments, Doodson couched his work in a 

strongly rhetorical and moral, sometimes metaphysical, language justifying the funding 

TI had received. He linked his use of residuals and his practices of calculation to the 

trustworthiness of his methods. Twenty years earlier Darwin had claimed that the 

success of harmonic methods meant that the theory was true and that his method gave 

a full description of the behaviour of the seas.102 Doodson questioned this, claiming that 

earlier methods assumed their own truth by only analysing for expected constituents: 

òthe resulting numbers are taken on trustó.103 He claimed his own methods of 

calculation instead were designed to give indications of unknown constituents or 

disturbances, such as meteorological effects, as such unknown aspects would show up 

as residuals. This was not just about the calculations but also a moral and metaphysical 

claim. In terms of reality and truth, for Doodson it was all in the residuals: òOur sole 

                                                

101 Doodson, "To Assist Works on the Tides," 239. 
102 Darwin, The Tides and Kindred Phenomena in the Solar System, 225-226.  
103 Doodson, "To Assist Works on the Tides," 220. 
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index of reality lay in the residues. If, after taking out all the ôDarwinian constituents,õ 

there were unmistakable signs of semi-diurnal constituents still remaining, then this 

would be regarded as sufficient proof of realityó.104 Reality was in the calculations and 

the data, not in how Darwin had worked out his theory or in Lord Kelvinõs predictor 

machines.105 To account for ôrealityõ Doodson argued that new practices of calculation 

accounting for residuals were necessary.  

A more down to earth reason why Doodson saw his concentration on residuals as an 

important part of increasing the accuracy of tidal calculations was that he found new 

constituents this way. For example, Darwin had only analysed for six of the 29 

constituents Doodson deemed necessary to predict the shallow water effects on tides at 

Liverpool.106 Darwin had stated that he had only thought it was necessary to analyse for 

such effects for the main lunar and solar constituent, but Doodson ignored this 

statement and found many other constituents for shallow water effects using his 

analysis.107  

In addition the idea of residuals was also important for his work on meteorological 

effects, and I will discuss it in a little more detail. The term ôresidualõ is still common in 

modern statistics where residuals can be calculated in a number of ways but indicate the 

distance between the observed data point and the equation line found by a particular 

statistical model.108 Residuals are an integral part of least-squares analysis, a very 

common statistical model, as when such a regression equation is fitted, this finds values 

that minimises the sum of squared residuals.109  

The concept of residual was still in development at the time of TIõs establishment. Both 

Theodore Porter and Donald MacKenzie identify Francis Galton as the first who saw 

residuals as variation, arguing that earlier workers in the area had seen such residuals as 

measurement errors and not ôrealõ variation. They argue Galtonõs emphasis on variation 

                                                

104 Ibid.  
105 Gooday has pointed out that machines that were connected to William Thomson were especially 
highly regarded and trusted, almost revered, in electrical measurement at the end of the nineteenth 
century. The same regard may have been extended to his tidal predictor. Gooday, The Morals of 
Measurement, 269. 
106 Doodson, "To Assist Works on the Tides," 222. 
107 Darwin, "Report of a Committee for the Harmonic Analysis of Tidal Observations," 74. 
108 Andy Field, Discovering Statistics Using SPSS, 3rd ed. (London: SAGE Publications, 2009), 215. 
109 Ronald R. Hocking, "Linear Regression," in Encyclopedia of Statistical Sciences, ed. Samuel Kotz, et al. 
(John Wiley & Sons, Inc., 2006). Accessed 13th July, 
http://mrw.interscience.wiley.com/emrw/9780471667193/ess/article/ess1468/current/pdf. 



 

115 
 

came from his interest in hereditary traits.110 He shared this interest with Doodsonõs 

former employer Karl Pearson, who also saw residuals as real variation.111 According to 

Desrosières, Pearson interpreted residuals in regression models as a combination of 

measurement errors, omitted variables or as variability of unknown origin. Desrosières 

argues that this analysis of residuals as made up of different parts was taken further by 

econometric modellers in the 1930s and 1940s. By these modellers the residual was 

further divided into errors in specification of the model (i.e. how the theory was 

translated into a statistical model including the choice of specific measurable variables 

to stand for the theoretical ones), irreducible variability and errors of measurement. 

Analysis of unexplained variability could be used to formulate further refinements of 

the econometric model.112 What these econometric modellers did is also what Doodson 

did in his tidal work ð analysing unexplained variability through residuals to refine the 

harmonic model of tidal prediction.  

The second aspect of Doodsonõs work I will concentrate on was his methods of 

calculation. He argued that the new methods and practices of calculation he introduced 

were what had made his investigation possible, as he claimed they reduced errors and 

increased the speed of work:  

The investigations were made possible by the invention of a scheme for the 

numerical calculation and summation of the harmonic constituents; this scheme 

very greatly reduced the labour of calculation, and the results of summation of 

one set of constituents could be relied on to within about 0.01 foot.113 

His report detailed the scheme of calculation, or abacs, Doodson had created to help 

calculate and sum the harmonic constituents. This involved constructing special 

purpose scales graduated in degrees on one side and òthe appropriate cosine scaleó on 

the other side, enabling the calculator to read off cosines and multiples of these without 

referring to trigonometric tables.114 He cut such scales into sections as long in degrees as 

                                                

110 Porter, The Rise of Statistical Thinking, 1820-1900, 293-296; MacKenzie, Statistics in Britain, 56-72.   
111 In his case his view on residuals was also linked this to his views on causality. For example, in òThe 
Grammar of Scienceó he wrote that ò[t]here is always in non-organic as in organic phenomena a residual 
variationó and thus phenomena are not causal but contingent. Karl Pearson, The Grammar of Science (New 
York: Cosimo, 1911, this edition 2007), 174. He emphasised contingency, which he saw as similar to 
correlation, over causation. Pearson, The Grammar of Science, 176. 
112 Desrosières, The Politics of Large Numbers, 305-307. 
113 Doodson, "To Assist Works on the Tides," 218. 
114 Ibid., 224. 
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the speed of the constituent being calculated and put these together side by side, see 

Figure 3.3. This meant it was possible to find the sums by drawing horizontal straight 

lines between the sections. In his description of this and other methods and schemes 

for calculation, he frequently gave practical details. For example in this case he stated 

that ò[t]he best procedure is to use paper ruled in quarter-inch squares with the vertical 

lines half an inch apart, and with one half-inch to a degreeó.115  

 

 Figure 3.3: Example scale for reading off cosines and multiples of these. An example of the specific new 

technologies of calculation Doodson introduced to compute tidal constituents.116  

 

Doodson repeatedly emphasised what he called the trustworthiness of his methods, 

discussing his error-checking procedures for calculations of predictions in detail and 

also claiming that his new methods reduced errors inherent in Darwinian harmonic 

analysis.117 The same emphasis was found in his otherwise more formal and 

mathematical article in the Proceedings of the Royal Society, where he also redeveloped the 

tide potential. There too he discussed his practices of calculation, emphasising not just 

how his methods were fully numerical and harmonic throughout, but also for example 

how his new notational scheme made the work easier, how he introduced checks on the 

                                                

115 Ibid.  
116 Ibid., 229. 
117 Ibid., 228-231. 






























































































































































































































































































































































































