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We contribute to the argument for a “new” business history employing a quantitative approach.
We illustrate opportunities for new perspectives from this approach using a novel microlevel
longitudinal database comprising 131 variables for 1,419 cooperative creameries in Denmark
for the period 1898–1945, which we also document and make available to the scholarly
community. We present a number of applications of the data, including investigating regional
productivity differences, expenditure on fire insurance, and survivorship and reporting biases.
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Introduction

As with any dynamic field of research, the goals and methods of business history are fre-
quently reflected upon.1 For example, the focus on bigAmericanmanufacturers, following the
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pioneering work of Alfred D. Chandler and John Kenneth Galbraith, was questioned by
Youssef Cassis.2 Business history today has moved beyond the narrow confines of the United
States, and big business no longer dominates research, although there are still arguments in
favor of a wider focus.3 Building on this, the aim of the present work is twofold. First, we
present a new database of Danish dairy cooperatives (“creameries”) 1898–1945, which will
allow for a variety of directions for future research due to three qualities: a long time span, a
large sample, and in-depth coverage throughmany variables. Second, the insights for the field
of business history,which can be gained fromquantitative analyses, provide amotivation for a
“new” business history.

Several business historians, most recently Abe de Jong, have argued that case research
based on rich primary sources, which dominates the field of business history, could usefully
contribute to a theorization of the field, which in turn would allow it to connect more easily
to related disciplines, such as economics and economic history.4 We are economic histo-
rians who have contributed to business history in the past. There is an increasing focus on
crossing interdisciplinary boundaries today, and as the theoretical assumptions economics
has been based on are increasingly called into question, the core insights from business
history have an opportunity to teach important lessons. Indeed, there is a general consensus
that economics and economic history today are dominated less by homo economicus and
more by advanced statistical methods.5 Nevertheless, as the Nobel Laureate George Akerlof
has so pertinently pointed out, this has meant that economics stands guilty of the “sins of
omission,” whereby economic research ignores important problems when they are hard to
tackle using its methodologies taken from the “hard” sciences.6 Although this is beyond the
scope of the present work, one can easily imagine how the qualitative work of business
historians might help fill this gap through knowledge of entrepreneurs and entrepreneur-
ship, and how firms act within their political and social context. In short, economic and
business history have much to teach each other, and we hope that the data we present
here will whet the appetite of business historians as a complement to work more qualitative
in focus.

The type of datawepresent here allows for the consideration of industriesmadeup ofmany
small firms, which typically do not leave behind the sort of comprehensive archives needed

2. Chandler, Strategy and Structure; Chandler,Visible Hand; Chandler, Scale and Scope; Galbraith,New
Industrial State; Cassis, Big Business.

3. Jones and Zeitlin, Introduction to The Oxford Handbook; Scranton, “Foundations and Futures.”
4. de Jong, “Research in Business History.”
5. See e.g., Noah Smith, “Data Geeks Are Taking Over Economics,” Bloomberg, August 25, 2016, https://

www.bloomberg.com/opinion/articles/2016-08-25/data-geeks-are-taking-over-economics; David Sloan Wilson,
“Economic Theory Is Dead. Here’s WhatWill Replace It,” Evonomics, January 12, 2016, https://evonomics.com/
economic-theory-is-dead-heres-what-will-replace-it/;
Jérémie Cohen-Setton, “The Empirical Shift in Economics,” Bruegel (blog), Bruegel, June 15, 2015, https://
www.bruegel.org/blog-post/empirical-shift-economics. For a dissenting view, see Beatrice Cherrier, “Is There
Really an Empirical Turn in Economics?” Perspectives (blog), Institute for New Economic Thinking, September
29, 2016, https://www.ineteconomics.org/perspectives/blog/is-there-really-an-empirical-turn-in-economics.
(All accessedNovember 29, 2022.) On economic history and econometrics, seeMargo, “Integration of Economic
History.”

6. Akerlof, “Sins of Omission.”
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for case studies. Our database covers 1,419 Danish cooperative creameries over the period
1898–1945 and 131 variables. The rapid spread of industrialized dairying from the 1880s until
World War I, based on the use of a new technology—the steam-powered automatic cream
separator, a centrifuge—was a definingmoment in the development of Denmark, leading to its
rapid convergence with the leading economies of the time, and an unusually balanced growth
path between town and country.7 This case helps to shed light on the business history of
cooperation, in which there has been a tendency to ignore cooperatives and other noncapi-
talist enterpriseswith a fewnotable exceptions, such as PatriziaBattilani andVeraZamagni on
Italian cooperative enterprises; John F. Wilson, AnthonyWebster, and Rachael Vorberg-Rugh
on the Co-operative Group in the UK; Eva Fernández on the diffusion of cooperatives in
thirteen countries 1880–1930; and Jordi Planas and Samuel Garrido on cooperative wine
making in Spain.8

De Jong terms the use of empirical techniques in business history “bizhismetrics.”9 We
demonstrate how our use of big data allows us, for example, to consider firm-level produc-
tivity and the determinants of this, and to examine the issue of survival bias, connecting to
thework of Laura Panza, SimonVille, andDavidMerritt, whouse a survival analysis on firm-
level data from the Australian Stock Exchange 1901–1930 to investigate the determinants of
longevity of firms, finding that firm size is a poor predictor but that age and profitability are
statistically significant.10 In our case, none of the individual creameries we consider have
survived. Waves of mergers over the course of the twentieth century led to a near monopoly
for the large Danish-Swedish dairy cooperative Arla. Mads Mordhorst employed a cultural-
historical framework, narrative theory, and Pierre Nora’s notion of memory, and argued that
the process of globalization has led to Arla being seen as monopolistic and undemocratic, in
contrast to the Danish national story of the democratic development of the country, serving
to illustrate the importance of our case beyond the confines of economic and business
history.11 It should be noted that our database also contains information on, for example,
technology, the adoption of which reflects the sort of management decisions of interest to
business historians, and we present other potential avenues for future research in the
conclusion. Quantitativemethods are prevalent in teaching and research in business schools
today, as they are seen as important core competencies in decision making. This is also the
origin of our database, as data was seen as the foundation of cooperative management
decisions—the reason, indeed, that the data was collected and published in the first place
by contemporaries.

7. Bjørn, Dansk mejeribrug 1882–1914; Henriksen, “Transformation of Danish Agriculture”; Khaustova
and Sharp, “Note on Danish Living Standards.”

8. Battilani and Zamagni, “Managerial Transformation”; Wilson, Webster, and Vorberg-Rugh, Building
Co-operation; Fernández, “Selling Agricultural Products”; Planas, “Emergence of Winemaking”; Garrido,
“Cooperatives, Opportunism and Quality Product.”

9. de Jong, “Research in Business History.”
10. Panza, Ville, and Merrett, “Drivers of Firm Longevity.” See also Colli and Vasta’s network analysis of

large business groups in Italy, and Van Lieshout, Bennett, and Smith, who use data onworkforce numbers from
the British censuses of 1851–1881. Colli and Vasta, “Large and Entangled”; Van Lieshout, Bennett, and Smith,
“British Business Census.”

11. Mordhorst, “Arla and Danish National Identity.”
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The remainder of this paper proceeds as follows. In the following section, we provide our
argument for quantitative business history. In section 3, we explain the background to the
collection of the creamery statistics and the challenges that were faced, and in section 4 we
provide an overview of the database. Section 5 presents some applications of the data, and
section 6 concludes.

Toward a Quantitative Business History

During the past twenty-five years or so, there has been an expansion in business history
research, which has seen a shift away from the study of individual firms toward a “richer
understanding of business systems” and a methodological expansion from qualitative to
quantitative research methods. Some have therefore argued for a plurality of methodologies,
among themquantitative hypothesis testing along the lines of that used in the “new” economic
history, althoughbusiness history as adiscipline has traditionally shied away from this.12 This
mirrors earlier calls for a broader business history encompassing more than single company
descriptive case studies toward a more generalizable and analytical discipline, although one
that is not isolated fromother social sciences.13Thus, there have been calls for business history
to move beyond the traditional Chandlerian and post-Chandlerian descriptive case study of
core industries and large firms.14

A special issue of Enterprise & Society from 2013 on “How to Do Business History” took
up this very debate. Daniel M. G. Raff noted the survival bias evident in much of business
history, argued thatwe should try to understand all participants in amarket, and pushed for a
focus on the choices and processes behind the various outcomes reached.15 He noted that “it
is easiest to carry out this forward-looking approach to history writing when there is infor-
mation about a genuine cross-section of the population” but that “this is rarely obtained in
business history.”Therefore, amajor contribution of the presentwork is thatwepresent such
a cross section. Similar issues were taken up in another special issue of Enterprise & Society
in 2020,withRaff again arguing for the importance of understanding howdecisions aremade
and Philip Scranton backing this up, noting that, although business history has moved
beyond the narrow confines of big business, “outcomes are contingent, unstable, and

12. Eloranta, Ojala, and Valtonen, “Quantitative Methods”; Decker, Kipping, andWadhwani, “New Busi-
ness Histories!”; Jones and Friedman, “Business History”; de Jong, Higgins, and van Driel, “Towards a New
Business History?”; Jones, “Debating Methodology”; Wilson et al., Introduction to The Routledge Companion;
de Jong, “Research in Business History.”

13. Redlich, “Approaches to Business History”; Glover, “Comment Approaches to Business History”;
Hidy, “Business History.”

14. Kipping, Kurosawa, and Wadhwani, “Revisionist Historiography”; Toms and Wilson, “Business
History.”

15. Raff, “How to DoThingswith Time.”Responding to this, Popp noted that it is important not to focus on
outcomes (e.g., failure/success) but to understand why decisions are made in the first place, and Rosen added
that we should remember that externalities such as pollution are not internalized by the firm, so we need to go
beyond the individual firm-level decision process. Popp, “Making Choices in Time”; Rosen, “What Is Business
History?”

4 Sharp et al.

https://doi.org/10.1017/eso.2023.5 Published online by Cambridge University Press

https://doi.org/10.1017/eso.2023.5


temporary, and… they are also plainly the wrong place to start an inquiry.16 It thus becomes
crucial to ask questions that locate actors at the outset (or in the middle) of emergent
processes whose trajectory is only partly understood and whose success or failure is hardly
within their span of control.” Our database is rooted in the microlevel but allows for
quantitative work with implications for the macrolevel, covering a period when the dairy
sector expanded before World War I, faced economic difficulties during the war and imme-
diately afterward, and then began a gradual process of consolidation. The industry was
highly competitive, both on the domestic market and against rivals abroad, and the period
marked considerable technological and institutional changes. As Geoffrey Jones andWalter
A. Friedman have argued, “Rigorous analysis of large datasets has been shown to transform
our understanding of generalizations based on qualitative research.”17 In fact, the dairy
industry inDenmark teaches us that, if business history only focuses on qualitative accounts,
then the histories of many smaller firms will be lost; much of the information we have on
them survives in the form of the data that we describe below.

Thedearth of quantitative research in business history is surprising, given the prevalence of
quantitative methods in teaching and research in business schools. Broadly speaking, quan-
titative methods are widely taught within business schools, as they are seen as key compe-
tencies for managers to make informed decisions.18 Within wider business research,
quantitative methodologies have been a dominant strategy in research.19 This is evident from
a recent survey of all empirical articles published in the Journal of International Business
Studies between 1970 and 2019 that found 87 percent of articles were quantitative in nature.20

Similarly, David Strang and Kyle Siler highlight the methodological diversity within publi-
cation trends in Administrative Science Quarterly from 1958 to 1970, showing the increased
engagement of social scientists with organization studies and how this has led to awider array
of approaches with a strong quantitative element.21 As it is widely acknowledged that qual-
itative and quantitativemethods are appropriate for different research questions and contexts,
we are not arguing for a superior methodological approach.22 Rather, the relative absence of
one is surprising, given the evolution within social sciences and their influence on business
research, thus indicating that there could be scope for greater engagement of business histo-
rians outside traditional academic silos if a broader methodological range is used.23

The creation of new ventures is a core theme in management, organizational theory, and
strategic management.24 Explaining variation in new ventures, survival and termination and
exit, requires longitudinal (repeatedmeasurement of the same subject over time) data, such as
the U.S. Longitudinal Business Database.25 Using data from the U.S. LBD, Vincent Sterk, Petr

16. Raff, “Business History”; Scranton, “Foundations and Futures.”
17. Jones and Friedman, “Business History.”
18. Waters, Quantitative Methods for Business.
19. Bryman and Bell, Business Research Methods.
20. Nielson et al., “Fifty Years of Methodological Trends.”
21. Strang and Siler, “From ‘Just the Facts.’”
22. Lo, Rey-Martí, and Botella-Carrubi, “Research Methods in Business.”
23. Abbott, Chaos of Disciplines.
24. For a review, see Shepherd, Souitaris, and Gruber, “Creating New Ventures.”
25. Chow et al., “Redesigning the Longitudinal Business Database.”
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Sedláček, and Benjamin Pugsley find that ex ante variation in firm characteristics (such as
business models) are more important than persistent ex post shocks (such as demand shocks)
in explaining the longevity ofU.S. start-ups.26 Other studies use different longitudinal surveys
to assess the influence of entrepreneurial optimism for the establishment of new ventures and
the changing risk preferences as ventures age.27 Elsewhere, Panayiotis Georgallis, Glen Dow-
ell, and Rudolphe Durand look at the factors that lead to the state support for new industries,
finding this to be greaterwhere the sectorswere uncontested.28 Recentwork has seen attempts
to finesse the research method by separating the likelihood of survival from the magnitude of
growth.29

Another avenue of interest is the wide disparity of productivity among businesses. Pro-
ductivity differences across firms (businesses) has been widely documented, even businesses
within the same industry, and this has led to continued use of firm (business) level data to
explore this issue inmore detail.30 Thework of Erik Brynjolfsson and Lorin Hitt is an example
of an early study using firm-level data to document heterogeneity in productivity of firms
adopting information technology.31 Another aspect of this, which has been focused on
recently, concerns how firms respond to uncertainty in business decision making. Hitesh
Doshi, Praveen Kumar, and Vijay Yerramilli find uncertainty affects firm investment deci-
sions, but this varies by firm size, with smaller firms more affected.32 Alon Kalay, Suresh
Nallareddy, and Gil Sadka find a close relation between firm-level performance shocks and
economy wide uncertainty and how these two can interact.33 Finally, Nicholas Bloom et al.
show how manager expectations are influenced by historical experience and how these
expectations influence investment decision making.34

The Case of the Danish Creameries and the “Operational Statistics”

The case of the emergence of the Danish butter industry is well-known, and a sizeable
literature—Danish and international—has been devoted to exploring how a small and rela-
tively backward country, reeling from the loss of most of its territory (Norway in 1814 and
Schleswig and Holstein in 1864), managed to create a world-beating dairy industry—one
based on well over one thousand small, democratically organized cooperatives of peasant
farmers. Denmark became the largest exporter of butter in the world prior to World War I,
successfully outcompeting traditional suppliers of the important British market, such as
Ireland, and would later become an important provider of know-how to other countries, such

26. Sterk, Sedláček, and Pugsley, “Nature of Firm Growth.”
27. Anglin, McKenny, and Short, “Impact of Collective Optimism”; Wennberg, Delmar, and McKelvie,

“Variable Risk Preferences.”
28. Georgallis, Dowell, and Durand, “Shine on Me.”
29. Delmar, Wallin, and Maged Nofal, “Modeling New-Firm Growth.”
30. Syverson, “Product Substitutability”; Syverson, “What Determines Productivity?”
31. Brynjolfsson and Hitt, “Paradox Lost?”
32. Doshi, Kumar, and Yerramilli, “Uncertainty, Capital Investment, and Risk Management.”
33. Kalay, Nallareddy, and Sadka, “Uncertainty and Sectoral Shifts.”
34. Bloom et al., “Business-Level Expectations and Uncertainty.”
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as the United States and Russia, the latter of which would go on to become the second largest
exporter before the 1917 October Revolution.35 Common to these explanations is an impres-
sion that the cooperatives rolled over Denmark in something of a uniformwave,which is often
compared to relative failure in other countries. In the present work, as a first application of the
database, we use a simple fixed effects setup to demonstrate that there was also heterogeneity
between regions of Denmark, something that contests a homogenous linear business history of
creameries in Denmark.36

Many reasons have been given for the success of the Danish cooperative creameries. Ingrid
Henriksen demonstrates that cooperation was particularly well suited to dairying and that,
given the technology of the time, they were ideally suited to overcoming the problems of
potential lock-in and asymmetric information, although they were not necessarily technolog-
ically “savvy” and often dragged their feet in the implementation of new technologies.37

Denmark was, however, quick to embrace “winter dairying,” which allowed producers to
enjoy higher prices at times of the year when more traditional operators were unable to
produce.38 The homogeneous population of Denmark, in contrast to the divisions of Ireland,
have also been suggested as a reason the cooperation found special favor, although Henriksen
et al. 2012 and Henriksen et al. 2015 demonstrate that social cohesion was not enough, and
explain that the legal system, in particular the ability to enforce contracts, was also important.
Eoin McLaughlin and Paul Sharp demonstrate that a lack of sizeable proprietary competitors
also explained Denmark’s relative success compared to Ireland.39 Henriksen et al. 2011
demonstrate that the productivity of the cooperatives in terms of butter production was owed
mostly to their rapid adoption of the centrifuge rather than their organizational form, and
Markus Lampe and Sharp show that farmers were able to increase milk yields through the
introduction of multiple innovations in, for example, breeding and feeding.40 Sofia Teives
Henriques and Paul Sharp explain that Denmark was also fortunate in having a particular
geographywith a long coastline,which allowed coal, a vital input, easy and cheap access to the
entire country, although this followed centuries of searching for coal in a countrywhere it was
practically nonexistent.41 Finally, Lampe and Sharp, and Nina Boberg-Fazlic et al., have
demonstrated the role of traditional landed elites who introduced new practices to Denmark
from the eighteenth century, and through continuous innovation laid the basis for the rapid
spread of industrial dairying in the final decades of the nineteenth century.42

Understanding the decision-making that allowed for this processmeans understanding the
decisions of hundreds of managers and boards of individual cooperatives, as well as the
“knowledge elites” in government, educational institutions, and more. The background of

35. Boberg-Fazlic and Sharp, “Immigrant Communities”; Korchmina and Sharp, “Denmark and Russia.”
36. Controlling for variables that are constant across firms.
37. Henriksen, “Avoiding Lock-In”; Henriksen and Hviid, “Diffusion of New Technology.”
38. Henriksen and O’Rourke, “Incentives, Technology and the Shift.”
39. O’Rourke, “Late 19th Century Denmark”; O’Rourke, “Culture, Conflict and Cooperation”; Henriksen,

Lampe, and Sharp, “Strange Birth”; Henriksen, McLaughlin, and Sharp, “Contracts and Cooperation”;
McLaughlin and Sharp, “Competition Between Organisational Forms.”

40. Henriksen, Lampe, and Sharp, “Role of Technology”; Lampe and Sharp, “Just Add Milk.”
41. Henriques and Sharp, “Danish Agricultural Revolution”; Ranestad and Sharp, “Success Through

Failure?”
42. Lampe and Sharp, Land of Milk and Butter; Boberg-Fazlic et al., “‘Getting to Denmark.’”
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this decision-making is, however, to a large extent the sort of statistical informationwepresent
here, and the editors of the statistics offered advice based on their reading of the information
they had collected. In fact, a major contribution of the aforementioned elites was the early
adoption of sophisticated agricultural accounting, probably unique in a world perspective at
the time, which allowed farmers to make rational and informed decisions regarding both how
and what to produce.43 Part of this was the dissemination of knowledge through educational
establishments, scientific journals, extension services, and other publications, which allowed
for the rapid diffusion of best practice. Although the collection and standardization of
accounting material for landed estates had a longer history, the first attempt to do this for
the cooperatives was under M. C. Pedersen in 1884, just two years after the first was estab-
lished in 1882, at the request of the then chair of the Association of Agricultural Societies of
Jutland’s dairy committee, Frederik Friis,whohoped to be able to demonstrate their inferiority
compared to privately owned concerns. In fact, Pedersen’s report, which covered just seven
cooperative creameries in western Jutland, ended up demonstrating the opposite and thus
providing an important boost to the cooperative movement.

The dairy consultant Bernhard Bøggild carried on this work in a number of publications in
the 1880s.When creamery associations, representing the cooperatives at a regional level, were
established, they took responsibility for this, and various reports were published surveying
increasing numbers of creameries for different parts of the country between 1891 and 1897.44

In 1897, it was decided to request that all cooperatives submit accounts for publication by a
central organization, and it is these “Operational Statistics of Creameries” (Mejeridriftsstatis-
tik, MDS) that we have hand collected from the original published volumes and that allow us
to construct detailed microlevel longitudinal data over many decades. Our database com-
prises 1,419 creameries over the period 1898–1945 and up to 131 variables. We are not aware
of any other such detailed microlevel database for the major industry of any country covering
such a long period, and in such detail. MDS continued to be published until the early 1970s,
but increased rationalization of the industry and a lack of comparability to earlier volumes
means thatwe chose to end in 1945. This database provides uswith the scale and scope to view
the dynamics of the dairying industry over time, revealing key elements of the decision-
making process and how factors such as regional geography influenced decisions, even for
a small country such as Denmark.

Some background on MDS is necessary in order to understand their representativeness,
reliability, and significance. Thus, the first volume of MDS (1897/1899) provides a helpful
summary of the battle to establish the Operational Statistics. In the winter of 1897, the
creamery associations of Jutland, Funen, and Zealand, which represented the cooperatives
in their respective regions, applied for government funding of up to 4,000 kroner from the
Ministry of Agriculture to collect statistics from their members.45 They received a reply on
September 24, 1897, addressed to the chairman of the United Creamery Associations of

43. Lampe and Sharp, “Quest for Useful Knowledge”; Lampe and Sharp, “Accounting for the Wealth.”
44. To avoid confusion, we refer to the published volumes of MDS throughout with MDS followed by two

years. The first is the year of the data covered in that volume, and the second is the year of publication. MDS,
1897/1899.

45. To provide context, a male urban laborer could expect to earn around 2.6 kroner per day in 1897.
Khaustova and Sharp, “Note on Danish Living Standards.”
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Jutland (samvirkende jydske Mejeriforeninger). The ministry explained that they had
exchanged letters with the Danish Royal Agricultural Society, an organization founded in
the eighteenth century and largely representing traditional landed elites, and had ultimately
concluded that they could not proceed without first receiving more details on exactly how
the information was to be collected and processed, how much it would cost, and whether it
was clear that a large proportion of creameries would be willing to share their accounts.
Moreover, they requested that further planning should be in collaboration with the Royal
Agricultural Society, which had declared itself willing. The Creamery Associations wrote to
the Royal Agricultural Society on October 6, 1897, and held their first meeting with them on
October 26 of the same year. There was general agreement about the importance of the
project, but disagreement regarding how exactly it should be organized. Ultimately, how-
ever, they agreed on the following points: (1) that it should be led by a committee of three
members, one from the Royal Agricultural Society, one from the CreameryAssociations, and
one from theMinistry of Agriculture’s dairy consultant; (2) that the annual work plan should
be determined at a meeting of delegates, at which each Creamery Association should par-
ticipate with one representative, and other provincial agricultural organizations and the
Danish Association of Dairymen (Dansk Mejeristforening) should also be represented (the
idea being that this would facilitate fruitful collaboration); and (3) that the costs should be
calculated as at least 6,000 kroner the first year, and the requested support was increased to
this amount.

One member subsequently decided to take issue with the first point, and this led to
continued negotiations, which were additionally delayed by the poor health of the president
of the Royal Agricultural Society, Jørgen Carl la Cour. Under the new president, Count Gustav
Wedell Wedellsborg, point 1 was changed so that the committee should consist of four
members: the president of the Royal Agricultural Society, its dairy consultant, and two
representatives of the Creamery Associations, while the other points were left substantially
unchanged. TheMinistry agreed to support this initiativewith 4,000 kroner for the budget year
1898–1899, and parliament accepted this. This was communicated in a letter from the Min-
istry dated April 15, 1898, to the United Creamery Associations of Jutland, stating that they
would leave the responsibility to the Royal Agricultural Society and the Creamery Associa-
tions to perform the task to the extent that the amount offered could cover.

OnMay 16, 1898, the committee as constitutedmet for the first time, and itwas decided that
responsibility for organizing the statistics shouldmostly rest with the Creamery Associations,
so that three committee members would now come from them, and just one from the Royal
Agricultural Society, and that point 2 should be removed. A new proposal was sent to the
ministry proposing that the 4,000 kroner would be administered by those four members. Half
was to be distributed in amounts of 5 kroner per creamery that was a member of the associ-
ations, under the condition that each association should contribute the same amount, that they
submit accounts that could be used for the Operational Statistics, that a report should only be
printed for an association if at least fifteen usable accounts were submitted, and that only two
copies of the statistics would be sent to each creamery in each association. In order for the
accounts to be usable, creameries were required to use a certain standardized form, covering
365 days andwith an accounting year ending sometime betweenOctober 1, 1897, and January
1, 1898. The other half of the money would be at the disposal of the committee to cover expert
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advice and printing costs, with 1,000 kroner to each activity. The ministry accepted this
revised plan on September 27, 1898.46

Although itwas originally planned that the statisticswould be compiled separately for each
association, the committee eventually agreed that it made more sense to collect the reports in
one volume, which was subsequently published each year with a short introduction. Ten
copieswere distributed to each CreameryAssociation, and onewas sent to creameries outside
the associations, to parliament members, to chairs of agricultural societies, etc.47 By 1901, the
organizationwas running an increasing deficit, and it asked the government for an extra 1,500
kroner, but ultimately the MDS were combined with the publication of butter price statistics,
which were previously published elsewhere, with government support of 9,000 kroner.48

Production was turned over to a Committee for Creamery Statistics (Udvalg for Mejeri-
Statistik), consisting of one representative from the Royal Agricultural Society, two from the
United Danish Agricultural Associations (De samvirkende danske Landboforeninger), three
from the United Danish Dairy Associations (De samvirkende danske Mejeriforeninger), and
one from the Association of Danish Dairymen (Dansk Mejeristforening).49

Besides the obvious value of themassive amount of data collected, the introduction to each
volume provides a wealth of important qualitative information and analysis of the published
statistics, touching on issues such as fuel prices, tuberculosis, and war, as well as the more
mundane aspects of how to run a creamery based on the results of their statistical analysis.
This material provides the qualitative material for understanding decisions made for the
industry on the macrolevel, with considerable influence for actors in the individual cream-
eries, and based of course on the statistical information. Of course, these decisions could only
be as good as the data collected, and the editors frequently emphasized the importance of
submitting accounts, and complained about low compliance rates in the early years, although
this improved from around a third in the first years of the twentieth century, to about half by
1910, and two-thirds by the late 1920s, at which point it is stated that “it can be considered
completely responsible to use the calculated averages as an expression of the general situation
of dairying.”50 Although the first submissions of accounts from the individual creameries
were patchy andmany could not be used, andwere thus not published, already in the volume
for 1899 improvement is noted, which was greatly facilitated by the publication of standard-
ized accounting books.

From the beginning, the editors encouraged more creameries to submit their accounts,
explaining that the comparison would facilitate improvements for the individual creamery,
and for the situation of dairying in the country as a whole. One editor provided a particularly
pertinent motivation:

It can easily be understood that replying to the given questions gives a very reliable picture of
the individual creamery before and now, not to mention the historical and general statistical

46. MDS, 1897/1899.
47. Ibid.
48. MDS, 1901/1902.
49. MDS, 1902/1903.
50. MDS, 1929/1930.
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interest that the collection of this information has at a time when it is still possible to collect
authentic data from the beginning of the cooperatives. The present generation will, quite
naturally, not attach great value to this information, since thedevelopment is occurring before
their eyes; but future descendants will quite surely value it highly.51

A later editor explained that “accounts are the compass of the creamery.Without them one
manages blindly, and if one is to have one’s accounts accounting-wise in order, it is important
that they are notmisleading, but point in the direction of the greatest possible return under the
given conditions.”52 Occasionally, editors speculated about the reasonswhy some creameries
did not submit their accounts, for example, because they were embarrassed by bad results,
because their accounting systemwas incompatible with that of theMDS, or because theywere
simply happy to freeride on the efforts of others, somethingwhichwas even once described as
morallywrong.53 There is no doubt that the entire sectorwas put under a great deal of pressure
to provide accurate accounts, and despite the weaknesses in the data discussed below, we
believe that our database can be considered to provide a good—if imperfect—snapshot of the
condition of dairying in Denmark over the period covered. If nothing else, our case study
illustrates some of the challenges involved for our proposed “big data” approach to business
history.

Overview of the Database

The data we decided to collect from MDS can be roughly divided into four categories:

1. Basic characteristics (e.g., name, year of establishment, number of shareholders, etc.)
2. Financial statistics (e.g., amount spent on fire insurance, debt, dividends, etc.)
3. Input/Output (number of cows, amount of milk processed, butter produced, milk/butter

ratio, etc.)
4. Technology and energy sources (use of refrigeration, types of fuel used, number of centri-

fuges, etc.)

Appendix A contains tables with a description of all the variables presented by category, as
well as the range of years for which the variable is available (Tables A.1-A-4). Furthermore,
appendix B contains summary statistics for all of these variables (Tables B.1-B.4). It should be
noted that, partly because of time constraints, we did not collect every piece of published
information, and chose to exclude some for reasons of lack of comparability between volumes,
or our own subjective lack of interest.

As noted above, the data collected is not without its flaws, in particular during the early
years, with the most obvious issue being that not every creamery submitted accounts. We can
only speculate, as did the editors of MDS, on the reasons for this, and whether there might be
certain characteristics common to those who did not send their accounts. For example,

51. MDS, 1900/1901.
52. MDS, 1910/1911.
53. MDS, 1902/1903; MDS, 1928/1929.
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although itmight be that “worse” or less efficient creamerieswere less likely to have kept good
accounts, which would have made it possible for them to participate, it might also be the case
that the most modern creameries simply had less interest in the project, perhaps because they
received useful information from elsewhere, or they were content to free ride, which would
certainly have been rational at the level of the creamery.Whatever the case, our analysis below
demonstrates quite some heterogeneity in productivity between the individual creameries,
which might only have been greater if we had access to the full sample.

In their introductions to each volume of MDS, the editors describe the most important
issues of the accounts submitted. Somewere, of course, simply not compatiblewith the need
to provide meaningful data for comparison between creameries. For example, the first
accounts, which only cover Funen and Jutland, totaled 156 of which only 101 could actually
be used, either because the remainder, which were thus not published, did not cover the
relevant period, or because of other reasons. Another issue that was raised almost every year
was that creameries failed to harmonize their accounting years, although the actual dates
covered are recorded in our database. The accounts for cheese production are mentioned as
being particularly incomplete for the early years, reflecting the lack of importance attached
to this minor part of Danish dairying.54 Making the accounts comparable was also a consid-
erable task, although it became easier as standardized accounting forms becamemorewidely
used. In the first volume, some associations chose to anonymize their data, and we thus did
not include them.55 In the MDS for 1899 (1900), very few accounts were received from
Maribo, and these were thusmergedwith Sorø and Præstø, which also included, bymistake,
those for Odden (Holbæk). As the accounting forms became more standardized, certain
creameries stopped participating for some years, as it took somework tomake their accounts
compatible, although this issue was only temporary.56 Pricing the biproducts of butter
production (i.e., buttermilk and skim milk, as well as whey from cheese production) also
proved difficult, and the system for this was changedwith theMDS for 1916 (1917), meaning
that the prices before and after this year are not directly comparable. Finally, the small
association in Bornholm did not send accounts for 1926 and 1927 because of changes in
the accounting year.

The variables not digitized are within the following approximate categories: classical
accounts (incomes, expenses, etc.); cheese statistics; and milk production and milk fat dis-
tributed over the months of the year.

A key issue with the construction of large-scale hand-entered databases such as this one is
the validation of the data. We have, however, used several techniques to ensure the greatest
possible accuracy. First, we used a judgement-based method. From previous work, we have
knowledge of realistic values of, for example, the milk/butter ratio, which was the main
productivity measure recorded (see also below). Thus, we were able to verify or correct
unlikely values. Furthermore, we have visually inspected all observations in plots and
checked all unlikely entries. Second, we employed statistical methods, in particular amethod
centered on outliers in individual variables and a regression-based technique.

54. Although, see Henriksen, Hviid, and Sharp, “Law and Peace.”
55. MDS, 1897/1899.
56. MDS, 1909/1910.
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All of these approaches are presented in detail in appendix C, and might be of value to
others considering similar exercises.

Some Applications of the Database

We now illustrate the power of our database with three applications: first, we consider the
extent of heterogeneity in terms of productivity between the individual creameries; second,
we investigate the use of fire insurance as just one example of how onemight look at decision-
making (risk aversion) at the level of the creamery; and finally, we consider the extent of
survivor bias.

Heterogeneity of Productivity

As a first application of the database, we aimhere to determinewhether the productivity of the
individual creameries differed to a significant extent between regions, after controlling for
trivial explanations for this—after all, the microlevel adds little detail to our prior knowledge
without such heterogeneity. As noted above, a common efficiencymeasure of the timewas the
milk/butter ratio (MB_ratio), which is theweight ofmilk necessary to produce oneweight-unit
of butter.57 Thus, in order to document heterogeneity in productivity, we model this ratio
nonparametrically, that is, using regional dummies and annual fixed effects:

MB_ratioit ¼ β0þ
X

j
βj1 Region_consistentit ¼ j½ �þ

X
t
γt1 Yearit ¼ t½ �þ εit (1)

The set that j iterates over contains all regions (except the excluded region), and the set that t
iterates over contains all years. 1[x] is an indicator function returning 1 if x is true and
0 otherwise. The reference year is chosen as 1898 (the first year), and Silkeborg is chosen as
the reference region, as it is the one with an averageMB_ratio closest to the overall average. If
any element of β is different from 0, then this is evidence that there are regional differences in
productivity. Thus, we test the hypothesis β¼ ½0; …; 0� with a classical F-test to see whether
this is the case. If the hypothesis is rejected, then this is direct evidence that levels of produc-
tivity differed across creameries in different regions.

Principally, we can think of efficiency of butter production in terms of milk input being
affected by two factors: first, the technology used in processing the milk into butter (i.e., the
ability to extract asmuch butterfat from themilk as possible), which depended on aminimum
efficient scale of production; and second, the quality of themilk (i.e., the fat or creamcontent of
the milk)—the higher the fat content, the more can be extracted per unit of milk.

Ourmain specification does not, however, capture possible heterogeneity induced from the
differing quality of milk, which might principally be determined by variation in the breed of
cows, with varying geographic accessibility.58 In order to argue that any heterogeneity
observed can be found in the production itself, we need to rule out this source of variation.

57. See e.g., Henriksen, Lampe, and Sharp, “Role of Technology.”
58. See Lampe and Sharp, “Just Add Milk,” for an analysis of cow productivity.
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Another determinant of productivity is the scale of production. Appendix D documents how
some regions reported creameries of much larger size than others. Taken together, this moti-
vates the following alternative specification:

MB_ratioit ¼ β0þ
X

j
βj1 Region_consistentit ¼ j½ �þ

X
t
γt1 Yearit ¼ t½ �þ

δ1 log Cows_nowitð Þþδ2Milk_fatit þ εit
(2)

Here Cows_now is the number of cows supplying the creamery, and Milk_fat is the fat
content of the milk. We only have information on milk fat content from 1929. For this reason,
we show results both with andwithoutMilk_fat.We refer to the specification withMilk_fat as
2A and the specification without as 2B.

Finally, we might suspect that the regional heterogeneity changes over time, and this
motivates the following flexible specification:

MB_ratioit ¼ β0þ
X

jt
βjt1 Region_consistentit ¼ jΛYearit ¼ t½ �þδ1 log Cows_nowitð Þþ εit (3)

A problem in usingMB_ratio as an outcome variable is that some of the heterogeneity will be
caused by randomness in the production process,making the ratio an unfitmeasure of efficiency
of the individual creamery. This could be addressed by decomposing the random and ineffi-
ciency elements of the heterogeneity in a Stochastic Frontier Analysis (SFA) approach.59 How-
ever, we are not interested in obtaining a measure of individual productivity of each creamery,
and for this reason the MB ratio suffices for our purpose and simplifies the analysis somewhat.
Nevertheless, an analysis based onSFAwas also performed andyielded similar results.Weused
the specification of George E. Battese and Timothy J. Coelli, in which explanations of the
inefficiency aremodeled directly in amaximum-likelihood framework.60 However, we encoun-
tered the so-called wrong skew problem, which causes the Hessian and thereby all classical
standard errors to be undefined, thus motivating our focus on the nonparametric specification
outlined above.61 An alternative method would be to supplement the current analysis with a
variance decomposition—for instance, estimating Shapley values, which is an estimate of how
much a specific variable (or groups of variables) contribute to explaining the variation in the
outcome (here MB ratio). Doing this, we find, depending on the specification, that the region
contributes between 3 and 44 percent of the variation in the MB ratio. Such a spread highlights
the importance of furtherworkwithmore completemodels in order to understand this variation.

Table 1 presents our regression results from the first two specifications.62 The reference
region is chosen to match the mean MB ratio for that period, meaning that deviations can be
roughly compared to the average. Note that there is considerable regional variation in pro-
ductivity, as revealed by the very strong F-statistic on the regional dummy parameters. This
does not qualitatively change when taking milk quality and production scale into account.
It should be noted that, although there is regional variation in creamery size, the parameters on

59. See e.g., Henriksen, Lampe, and Sharp, “Role of Technology”; Lampe and Sharp, “Just Add Milk.”
60. Battese and Coelli, “Model for Technical Inefficiency.”
61. Kumbhakar, Parmeter, and Zelenyuk, “Stochastic Frontier Analysis.”
62. Regression tables are generated with Leifeld, “texreg.”
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the regional dummies do not change much between specifications 1 and 2B. This is evidence
that the regional variation is not only determined by regional heterogeneity in creamery size,
and that some other factor must be of importance. The parameters do, however, change a lot
when controlling for milk quality.

Because of the relatively large amount of data, it is not hard to provide precise estimates, but
these also show that our results are economically significant and consistent with at least one
feasiblemechanism. Thus,MB ratios are, in general, larger in regions that are in the geographic
periphery of Denmark. In Ringkøbing (the worst performer), around 1.05 kg of additional milk
is needed for every kg of butter when compared to Aarhus (the best performer). Moreover,
0.24 kg of this difference can be attributed to factors other than milk quality, at least for the
years 1929–1945, for which we have data on this.63 Aarhus is the largest city in Jutland,
whereas Ringkøbing is in the rural western part of Jutland.

Table 1. Regression table for specification 1 and 2

Specification 1 Specification 2A Specification 2B

(Intercept) 26.463 (0.075)*** 41.198 (1.120)*** 27.539 (0.267)***
Region Bornholm –0.164 (0.016)*** –0.073 (0.039) –0.108 (0.009)***
Region Fyn –0.304 (0.005)*** –0.054 (0.055) –0.316 (0.014)***
Region Hobro 0.263 (0.009)*** 0.060 (0.020)* 0.255 (0.004)***
Region Holbæk –0.325 (0.016)*** –0.103 (0.038)* –0.362 (0.025)***
Region København & Frederiksborg –0.247 (0.013)*** 0.032 (0.020) –0.206 (0.012)***
Region Maribo –0.286 (0.004)*** –0.004 (0.037) –0.230 (0.012)***
Region Midtjydsk –0.287 (0.008)*** –0.013 (0.023) –0.284 (0.014)***
Region Randers 0.065 (0.010)*** –0.052 (0.005)*** 0.065 (0.009)***
Region Ribe 0.323 (0.002)*** 0.111 (0.021)*** 0.297 (0.003)***
Region Ringkobing 0.699 (0.012)*** 0.214 (0.035)*** 0.685 (0.012)***
Region Sorø, Praestø & Møn –0.340 (0.004)*** –0.079 (0.035) –0.345 (0.006)***
Region Sønderjydsk 0.681 (0.023)*** 0.188 (0.033)*** 0.677 (0.025)***
Region Thisted 0.335 (0.006)*** –0.080 (0.045) 0.445 (0.012)***
Region Vejle –0.219 (0.002)*** –0.102 (0.017)*** –0.266 (0.003)***
Region Vendsyssel 0.288 (0.023)*** –0.016 (0.007) 0.283 (0.026)***
Region Viborg 0.325 (0.003)*** 0.083 (0.031)* 0.334 (0.006)***
Region Aalborg 0.757 (0.010)*** 0.070 (0.043) 0.746 (0.013)***
Region Aarhus –0.351 (0.002)*** –0.027 (0.025) –0.351 (0.004)***
log(Cows now) –0.076 (0.017)*** –0.163 (0.036)***
Milk fat –4.659 (0.310)***
Regional F 5609979717*** 78701263*** 1651790***
Year fixed effects Yes Yes Yes
Years 1898-1945 1929-1945 1898-1945
R2 0.766 0.830 0.763
Num. obs. 32951 8525 27517

*** p < 0.001;
** p<0.01;
* p<0.05.
’Regional F’ is the F-statistic of the null-hypothesis that all regional parameters equal zero. Clustered standard error. P-values based on
Satterhwaite-corrected t-statistics

63. Onemight be concerned that the changing range of years generates this changeddifference.AppendixE
contains a robustness check with no qualitative difference in the conclusion, with a difference between Aarhus
and Ringkøbing of 1.21 kg, when not controlling for Milk fat in 1929–1945.
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Figure 1. Productivity over time.

Source: MDS. Each of these plots should be interpreted as differences from Silkeborg in 1898 at fixed creamery size measured by log(cows_now).
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Specification 3 contains 890 individual parameters. For this reason, it is simply not
feasible to show a regression table for every one of them. However, a figure for each estimate
can communicate the information in a far more efficient manner, and Figure 1 contains all
the parameter estimates. This shows changes in MB ratio, which are not attributable to the
scale of production each year, compared to Silkeborg in 1898, and each point represents a
parameter estimate. We have added error bars representing a 95 percent confidence interval
to each estimate, but the error is so small that it is hardly noticeable. Overall, it can be noted
that productivity increases across all regions over time, and that this development is fairly
consistent. However, the different vertical positions of each of the curves demonstrates how
it was not at all the same across the different regions. Again, a clear core-periphery pattern
emerges.

The data does not describe the entire set of creameries in Denmark at the time. Of
particular concern is that missing creameries might be so because of some process that is
correlated with regions. The most likely root of problems like this could be that less well-
performing creameries might have underreported or that some creameries might even have
reported fake positively skewed data and that this issue would vary across regions. The
typicalMB ratio was well-known andmight have provided an incentive for well-performing
creameries to submit their impressive reports. On the other hand, underperforming cream-
eriesmight have reported results thatwere better than the reality. If this is the case,we expect
it to be the case in generally underperforming regions, as the potential signaling gain is
greater, and this would thus generate a smaller difference between regions thanwas actually
the case. Consequently, our estimates of regional heterogeneity might be considered a lower
bound.

Finally, we have controlled directly for creamery size, but production scale is not a trivial
matter. Specifically, there might be external economies of scale. Individual creameries were
dependent on a sufficient supply of milk in order to ensure the efficient use of the machinery,
given the technology of the time. At the other end of the spectrum, if supplies became too large
to handle, they might have needed time to invest in an additional centrifuge.

Fire Insurance

The database contains the nominal amount spent on fire insurance. In mainly coal-powered
creameries, fires were frequent, and how best to insure against this was an important decision
for the board of a creamery to make. Figure 2 provides a plot of the average amount (in Danish
kroner, DKK) spent on fire insurance.

The amount spent on fire insurance roughly follows inflation for the first twenty years,
but this gradually increases while inflation falls. To better understand the actual insurance
behavior of the creameries, we must take inflation into account. As insurance does not
follow the general inflation patterns throughout the period, itmight bemisleading to simply
deflate using the consumer price estimates from Statistics Denmark. Our data offers a
natural way forward: We can use a combination of variables, to estimate each creamery’s
turnover and thereby estimate how much each creamery spent on insurance as a share of
their total budget. This gives a sense of howmuchweight the individual creamery placed on
insurance.
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Unfortunately, however, the reports did not contain estimates of total turnover. However,
we can calculate that 93.6 percent of all milk was used for butter production.64 Therefore, a
reasonable proxy for the total turnover is the amount of butter produced multiplied by the
price of butter. However, this leaves out an average of 93.6 percent of the production. A simple
correction would be to multiply any turnover estimate by 100%

93:6% to obtain an estimate of the full
turnover. However,we can do better than this. Our rich data allows for this estimate to be at the
individual level.65 The variable Milk_for_butter_alt contains the amount of milk used for
butter production as can be inferred from theMilk input and theMB ratio.66 For each creamery

Figure 2. Average amount paid to fire insurance together with consumer price index.

Source:MDS andCPI fromStatistics Denmark (data series PRIS8). Error bars represent 95 percent CI based on empirical
standard error within each year.

64 We have calculated the amount of milk used for butter production as Butter ¼MB_ratio. For the years
1908–1918, we also have it directly reported in the source as Milk_for_butter . Using this, we can estimate that
98.7 percent of milk was used for butter production in the period 1908–1918.

65. Another motivation for this approach follows simple economic theory: If the creameries were able to
earn more producing something else, they would. Therefore, the price of other goods produced must be
equivalent. Is this realistic? Yes, it is sufficiently realistic for this application. Those that produced the data
were ultimately motivated by optimizing every aspect of dairy production. See section 3.

66. Milk_for_butter_alt¼MB_ratio�Butter .
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i, in year t we can estimate that they used x percent of milk for butter. We label this the
Butter_share. Next, we can define

Turnover rawit ¼Butter priceit �Butterit

Turnover correctedit ¼Butter priceit �Butterit �Butter share�1
it

(4)

This can be reduced to

Turnover correctedit ¼Butter priceit �
Milkit

MBratioit
(5)

Figure 3 contains turnover and the corrected turnover. The turnover and corrected turnover
are almost the same, except for the last few years of the database. This can be explained by
creameries in the Copenhagen region starting to produce products other than butter to amuch
larger extent. Making the same plot by region (not included here) shows that the turnover and
corrected turnover only strongly diverge in the København og Frederiksborg region, which
covers the greater Copenhagen area.

Figure 3. Average turnover and corrected average turnover.

Source: MDS. Error bars represent 95 percent CI based on empirical standard error within each year.
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Howmuchwas spent on insurance? This is now a simplematter of dividing one by the other:

Corrected insurance share¼ Fire insurance
Turnover  corrected

(6)

Figure 4 shows the insurance share of turnover over time.
What explains insurance at the level of the individual creamery?We can apply the classical

tools from the econometrics toolbox. One example is the robust negative relationship between
size and how much is spent on fire insurance. We estimate the following equation:

Cor :insuranceshareit ¼ In Shareholdersitð Þβ1þz0itγþ εit (7)

Cor :insurance share is the share of turnover spent on fire insurance using the corrected
turnover estimates. Here β1 represents the extra percentage points spent on fire insurance
per shareholder. We scale the shareholders variable to count hundreds of shareholders, as
this makes the units more comparable. z0itγ contains a set of controls such as fixed effects.

From Table 2 it should be noted that we find a robust negative relationship between size
and the share of turnover spent on insurance. Across specifications we find a negative rela-
tionship, and for the comparable specifications (1, 2, 3, 6) this relationship is very similar:

Figure 4. Insurance share over time.

Source: MDS. Error bars represent 95 percent CI based on empirical standard error within each year.
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-0.166 percent and -0.117 percent less is spent on insurance when the creameries grow
1 percent in size. Moreover, we see that this relationship is replicated when measuring the
size in terms of cows. Last, a similar negative relationship is found for a first difference
specification (i.e., when measuring the relationship between a change in insurance share
and a change in number of shareholders for the same creamery). This is in line with studies
using modern data (see e.g., Mayers and Smith Jr, “On the Corporate Demand”), and a fuller
analysis could take into account some (although of course, because of data constraints, not all)
of the other factors found relevant in the literature, such as geographic concentration.67 Such
relationships would be very hard to pick up using classical micro-historical methods of
business history. As for causality, we can speculate that creameries that weremore risk averse
would grow less, and we could speculate that larger creameries were able to negotiate better
contracts. The introduction of this industry-wide data allows for further quantitative and/or
qualitative research to explore such questions and more.

Survival Analysis

A classical survival analysis would involve a proportional hazards model or similar, and an
assessment of whether assumptions for such a model were fulfilled. However, this is beyond
what isnecessary for the current application,withwhichwesimplywant to get amore informed
grasp of missing data. We instead focus on a simple adaption of Kaplan-Meier curves.68

Table 2. Regression table for fire insurance

Cor. insurance share
ΔCor. insurance

share
Cor. insurance

share
Raw insurance

share

(1) Simple (2) FE

(3) Only
butter

producers
(4) First
difference

(5) Alternative
size

(6)
Non-corrected

log(Shareholders_
now)

�0.117 �0.135 �0.125 �0.068 �0.166
(0.010)*** (0.010)*** (0.019)*** (0.013)*** (0.016)***

ΔIog(Shareholders)
*** �0.071
(0.014)

log(Cows now)
�0.093

(0.014)***
Year FE No Yes Yes Yes Yes Yes
Creamery FE No Yes Yes Yes Yes Yes
R2 0.139 0.025 0.038 0.003 0.035 0.015
Num. obs. 30027 30027 13734 28095 25994 30220

*** p < 0.001;
** p<0.01;
* p<0.05.
Clustered standard error. P-values based on Satterhwaite-corrected t-statistics
Note: (1) Is a simple pooled estimate. (2) Introduces Year and Creamery level fixed effects (3) Includes only creameries using 99%ormore
of their Milk for butter production (4) Is a first difference estimate. (5) Introduces an alternative size measure: The number of cows
associated with the creamery. (6) Uses the raw insurance share instead of the corrected one.

67. Mayers and Smith Jr, “On the Corporate Demand.”
68. Kaplan and Meier, “Nonparametric Estimation.”
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A Kaplan-Meier curve illustrates how many—as a share of the original number of units
(in this case creameries)—are still observed at any point in time. This was originally devel-
oped in the context of medicine, in which one might be interested in actual survival;
however, what we are interested in is seeing how many creameries stop reporting. In the
classical medical setting, you cannot have units that are reported dead in one period turning
up later. However, this is not the case for MDS, in which creameries might report once, then
drop out, and later report again. This motivates a slight adaptation to allow for this. We thus
count all the creameries in 1898 and then we see how many of those creameries report in
1899, 1900, 1901, and so on until 1945. This gives us a single pseudo survival curve for the
creameries of 1898. We then repeat this exercise for 1899: We count the number of cream-
eries in 1899 and then see howmany of them showup later. This process is repeated until we
have a survival curve based on the cross section for every single year. All of these survival
curves are illustrated in Figure 5, which should be interpreted as the share of units retained
after the number of years on the x-axis; for example, after ten years, around 80 percent of the
creameries observed in time 0 (1898 or 1899 or …) are still observed.

Figure 5. Pseudo Kaplan-Meier curves for creameries in MDS.

Source: MDS.
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There is quite a persistent pattern. The dashed curve is a best fit line, with no model
structure imposed,69 and this follows rather well a curve with a model structure given by
the solid line. The model structure is

Pctof  original ¼1�β log Years passedþ1ð Þþ ε (8)

This is somethingwe can estimate, and the β then gives a sense of the rate of loss of observations
per percentage increase in time.Theestimatesweobtain range from -0.06 to -0.11, depending on
which survival curve we run it on (we tried with origin in every single year from 1898 to 1940).
Therefore,we roughly know that, ifwe increase the timepassedby 1percent, an additional 6–11
percent of the creameries cease reporting. It is important to note that this is not a formally
identified survival analysis. Any such analysis would have to be case specific to the use of the
data. However, it does indicate very specifically the type of dropout to expect, which contrasts
with the alternative of starting with extant firms and working backward.

For comparison, we can do this counterfactual exercise.What if we startedwith just a list of
creameries that existed in 1945 and then used the common approach of working backward.
Given this approach, we would have 36.1 percent of all creameries in 1898 and more than
40 percent for some other years, and it turns out that already ten years prior to 1935 wewould
have missed 24.8 percent of the creameries by relying on the 1945 list (see the full table in
appendix F). This is hard evidence for the selection problem fromwhich any analysis based on
surviving firms might suffer.

Discussion and Conclusion

We reflected on the methodological debate within business history, and argue that business
historians, economic historians, economists, and others havemuch to learn from one another.
In part to avoid this being mere platitudes, and in the spirit of de Jong’s “bizhismetrics,” we
presented a new microlevel longitudinal database of cooperative creameries in Denmark for
the period 1898–1945.70 We hope that this provides inspiration for future work within busi-
ness history: collecting an industry-wide picture that includes the smallest and largest of
firms, with less survivor bias, and offering a more quantitative approach to assess drivers of
productivity across both time and space. Each individual creamerywas very small, employing
perhaps three workers, and has left little trace beyond the data we present here. Nevertheless,
the industry as a whole was central to Danish economic and business history.

We presented a number of applications of the database, and as one of the first uses of the
data, in contrast to the implicit assumption often given in the literature that the creameries
were a relatively homogeneous institution, we demonstrate considerable heterogeneity
between the regions of Denmark in terms of the productivity as measured by the milk/butter
ratio. Our econometric results should, of course, not be given a direct causal interpretation.
However, the value of this finding is that it offers an insight into this previously unseen

69. Specifically, a nonparametric estimate using the GAM estimator of the mgcv R-package. See Wood,
Generalized Additive Models.

70. de Jong, “Research in Business History.”
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heterogeneity, which might provide inspiration for future research. For now, we note that the
productivity of the modern dairies did not spread uniformly, that the regional heterogeneity
we observe seems to be robust and attributable to factors other than the quality of the milk
input and the production scale. Finally, we observe a clear core-periphery pattern.

Why might this be? Because the technology exhibited economies of scale, anything that
restricted the amount of milk available would have an impact on productivity.71 Thus, one
possibility is institutional. Harry Haue documents how the new-pietist Inner Mission move-
ment and its associated pressure to keep creameries closed on Sundays caused a loss of
productivity.72 Because they were stronger in certain regions, this might be one possibility.
Another possibility is geography, and access to fuel in particular. DuringWorldWar I andwell
into the 1920s, coal supplieswere limited, creating uncertainty for creamerymanagers. During
this period, access to coal might have differed according to location, and moreover, alterna-
tives, principally peat and firewood, were also mostly available in certain locations. Geogra-
phymight have also played a role in terms of endowments in infrastructure. Because themain
export market was the UK, there might have been an advantage for creameries closest to the
coast. Finally, geographical spillover could also be considered in this context. To some degree
the pattern might be caused by agglomeration and external economies of scale in urban
regions. Also, scale might have been a driver of productivity, although greater productivity
might have also encouraged expansion, thus driving a spurious correlation.We leave all these
potential determinants, andothers, to futurework,which is nowmadepossible by opening the
“black box” of the Danish creameries through the creation of a new database.
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