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Abstract

While human capital is a strong predictor of economic dgualent today, its importance for the
Industrial Revolution has typically been assessed as mifmresolve this puzzling contrast, we
differentiate average human capital (literacy) from upadrknowledge. As a proxy for the his-
torical presence of knowledge elites, we use city-levebstiptions to the famougncyclopédien
mid-18th century France. We show that subscriber denséystsong predictor of city growth after
the onset of French industrialization. Alternative measwf development such as soldier height,
disposable income, and industrial activity confirm thistgyait. Initial literacy levels, on the other
hand, are associated with development in the cross-sebtivthey do not predict growth. Finally,
by joining data on British patents with a large French firmveyrfrom the 1840s, we shed light on
the mechanism: upper-tail knowledge raised productivitinhovative industrial technology.
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The genre of modern industrial production requires exterkteowledge of mechanics, no-
tion of calculus, great dexterity at work, and enlightentearthe underlying principles
of the crafts. This combination of expertise has only been achieved in this [18th cen-
tury] period, where the study of science has spread widelgpmpanied by an intimate
relationship between savants and artisa(@Ghapta) 1819 p.32)

1 Introduction

A rich literature documents an important role of human gar economic development in the
modern world. Schooling is a strong predictor of economaagh! and of per capita income at
the national and regional levéIBoth theory and evidence explain these findings as workds ski
facilitating technology adoption and innovatidmn contrast, the role of human capital during the
Industrial Revolution is typically described as minor. IntBin — the cradle of industrialization —
educational attainment was low and inessential for ecoagmuiwth Mitch, 1993.4 On the other
hand, Scandinavia — which was fully literate as early as 18@)l behind and became Europe’s
“Impoverished Sophisticate’Sandberg1979. Galor (2005 p.205) underlines that “in the first
phase of the Industrial Revolution ... [hJuman capital hdidh@ed role in the production process,
and education served religious, social, and national go#lt a more systematic level, cross-
country growth regressions for the period of industridlaalead to the conclusion that “literacy
was generally unimportant for growthAllen, 2003 p.433). The stark contrast to the findings in
modern data is puzzling: did the escape from millennia ajrséion really occur without a role
for one of the most important determinants of modern growhliman capital?

The previous non-results are based on education or litexaskill measures of thaverage
worker. This may veil the role of scientifically savvy engeng and entrepreneurs at the top of
the skill distribution. Mokyr (20053 stresses the importance of this “density in the uppef tail,
andMokyr and Voth(2009 p.35) conclude that “the Industrial Revolution was catmet by the
skills of the average or modal worker, but by the ingenuity tachnical ability of a minority.” Re-
cent research on contemporaneous economies chimes injiomdethe importance of math and

1SeeBarro (1991 and Mankiw, Romer, and Wei(1992 for early empirical growth studies, arirueger and
Lindahl (2001), Barro(2001), Cohen and Sot(2007), andHanushek and Woessma(2008 for more recent confir-
mations based on richer data.

2Gennaioli, La Porta, Lopez-de-Silanes, and Shlg@813. While the role of human capital as a fundamental
determinant of contemporaneous growth and developmeitdeasdebated, its importance as a proximate cause, i.e.,
an essential input in the production function, is undisgittall and Jonesl 999 Glaeser, La Porta, Lopez-de-Silanes,
and Shleifer2004 Acemoglu, Gallego, and Robinsag2014).

3C.f. Nelson and Phelp&l966), Benhabib and Spiegéll994, Caselli and Colemaf2006, and Ciccone and
Papaioanno(009.

4As late as 1855, at the end of the first Industrial Revolutjprmary-school enrollment in Britain was only
11% (Flora, Kraus, and Pfennin@983. Also, modern technology typically replaced skilled ¢saien, and the skill
premium remained unchanged until 19@4rk, 2005.



science skills, or of entrepreneurial abilitygnushek and Kimk@00Q Bloom and Van Reenen
2007 Gennaioli et al.2013.

In this paper, we ask whether distinguishing between upgkand average skills may rein-
state the importance of human capital during the transftimm stagnation to growth. Answering
this question hinges on a historical proxy for the thickneisthe upper talil, i.e., the presence of
knowledge eliteS. We use a novel measure from the eve of industrialization it-h8th cen-
tury France: subscriptions to tlancyclopédigthe cornerstone of the Enlightenment, representing
the most important collection of scientific and technolagjiknowledge at the time. This period
saw the emergence of the knowledge economy, anétiogclopédievas at its forefrontNlokyr,
2002. One of the publishers kept a list of all (more than 8,00®ssuiptions to the most promi-
nent editior? Based on this information, we calculate subscriber derfisitlmost 200 French
cities and use it as a proxy for the local concentration ofWkedge elites. Figurd shows that
regions with high and low values are relatively evenly distted and often immediately adjacent.
In addition, subscriber density is uncorrelated with &y rates in the same period, allowing us to
differentiate between average and upper-tail skills.

We discuss the different roles of average worker skills gopeu-tail knowledge in the context
of technology diffusion during industrialization. Richskorical evidence suggests that upper-tail
knowledge enabled entrepreneurs in manufacturing to keepitln advances at the technology
frontier® This is in line withNelson and Phelp&l966, who argue that advanced skills are par-
ticularly useful when technological progress is rapid. FPua spatial context, this mechanism
has two empirically testable implications for developm@atmalized in a stylized model in Ap-
pendixA): First, regions with a thick knowledge elite industriglifaster. Second, the effect of
knowledge elites on local development becomes strongen wieeaggregate technology frontier
expands more rapidly, i.e., after the onset of the IndUusReaolution. Next, to illustrate the role of

SFollowing Mokyr (20053, we use a broad definition of “upper-tail knowledge”: it egfis an interest in scientific
advances, motivated by the Baconian notion that knowlesigiethe heart of material progress. This concept comprises
not only innovative and entrepreneurial capabilities ingtthg and improving new technology, but also lower access
costs to modern techniques; it is thus compatible with Migkyotion of (economically) “useful knowledge.” When
referring to the local presence of peoplabodyinguch knowledge, we use the term “knowledge elite.”

5While we know the cities at which these subscriptions wetd,gbe names of individual subscribers survived
only in a few cases — where they did, a substantial share afcsibiers were progressively minded and scientifically
interested noblemen, administrative elites, and entreqnes.

"The fact that the two measures are uncorrelated is not asiagi given that the knowledge elite was a tiny
proportion of the overall population.

8This reflects that an interest in science helped entreprsieth to learn about new techniques in the first place,
and to understand the underlying principles needed to im@h¢ and run them. A precondition for this mechanism
is that knowledge about scientific advances and new techredavas not kept secret. This “open science” emerged
during the period of Enlightenment, accompanied by the amgyee of scientific and technical publications. In line
with our argument, these “were without doubt of interestrity@a small minority” (Mokyr, 2005h p.300).
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average worker skills, suppose that these enter produictitire standard labor-augmenting way.
Then, better educated workers raise the productivity ofgimgntechnology, but they do not act
as entrepreneurs, i.e., they do not adopt new technology.l@4ds to a third prediction: tHevel

of worker skills affects income in the cross-section, butgrwth over time’. Using the growth
accounting terminology byorgenson and Grilichgd967), higher worker skills lead to higher
output by movemerdlonga given production function, while upper-tail entrepremeiskills can
shiftthe production function, leading to higher output by ragsiotal factor productivity.

We collect a host of outcome variables to test the above giieds. First, our main analysis
uses city population in France as a proxy for developmehlgvwiing a series of papers in the tra-
dition of DeLong and Shleife(1993. As illustrated in Figure, subscriber density was strongly
associated with city growth between 1750 and 1850 — the gp@fié-rench industrialization. We
also show that this relationship became stronger afterribetaf industrialization, as compared to
the pre-1750 periot. Second, we use soldier height as a proxy for income at thecRreéepart-
ment level. We find that after 1820, soldier height is sigaffity associated witlncyclopédie
subscriptions, while this relationship is insignificantdye 1750. Third, mid-19th century census
data for almost 90 French departments reveal that thosehgtter subscriber density had signifi-
cantly higher disposable income as well as higher wageslogment, and output in industry. For
all outcome variables, we also confirm the prediction thatleof literacy or schooling (proxying
for average worker skills) are positively associated wighelopment in the cross-section, but do
not explain growth.

When interpreting our results, we do not argue that&theyclopédie causestientific knowl-
edge at the local level. In fact, knowledge elites were prepeor to 1750, and their spatial
distribution seems to have been relatively stable over.tile show that pre-1750 scientific so-
cieties are a strong predictor of subscriber density. Theesia true for the share of Huguenots
in 1670 — the suppressed Protestant minority typically @ased with the French knowledge elite
(Scoville, 1953 Hornung 2014). In addition, locations with higher subscriber densityuayht up a
larger proportion of “famous” people in scientific professs between the 11th and 19th centuries,
and they also exhibited more innovations (per capita) ail8%l World Fair in London. In short,
the evidence suggests that subscriber density reflectdoke Spatial distribution of knowledge

®Note thatchangesn worker skills at a given location over time will also raisgome. Thus, the expansion of
schooling raises income — although the initial level ofrhigy does not.

10This is not to say that upper-tail knowledge did not mattéormpto the Industrial Revolution. During earlier
episodes of economic expansion, advanced knowledge ctaddaster growth. For exampl&€antoni and Yucht-
man (2014 show that university-trained lawyers played an importaié in the establishment of markets during
the “Commercial Revolution” in medieval Europe, abdtmar (2013 shows that during the same period, access to
printed merchants’ manuals led to faster city growth.



elites!! Our argument is that these elites fostered growth when keahye became economically
“useful,” and technological progress became rapid. THisvie Mokyr’s (2002 20050 seminal
work on the rising importance of upper-tail knowledge dgrthe period of Industrial Enlight-
enment. Another publication of “useful knowledge” is tBbescriptions des Arts et Métiera
collection of French manufacturing knowledge in the 18thtagy. Its sales are highly correlated
with Encyclopédiesubscriber density, and are also strongly associated wathtl.

To support our interpretation, we discuss detailed hisébrevidence that connects scientific
knowledge to entrepreneurship and technological impr&res) both via innovation and via the
adoption of modern techniques. We further support our asgury providing systematic evi-
dence for the mechanism from a survey of more than 14,00ckriéms in 1839-47. Based on
sector-specific British patent data, we split these firms fnmodern” (innovative) and “old.” We
show that firms in modern (but not in “old”) sectors were muabrenproductive in regions with
higher subscriber density, even after controlling for seand location fixed effects. This suggests
that upper-tail knowledge favored the adoption and efficieration of innovative industrial tech-
nology.

We do not claim that upper-tail knowledge was necessarilyndamentadriver of economic
growth during industrializatio®® The spatial variation in scientific knowledge may be due to
deeper determinants such as culture, institutions, orrgpebg, which could also affect growth
via channels other than human capital. Correspondinglyintegpret upper-tail knowledge as a
proximatedriver of industrial growth, i.e., as a factor that influestbe production function —
possibly in combination with other proximate determinamtsong the latter, physical capital is
probably the most relevant in the context of our stuByicyclopédiesubscribers typically came
from the progressive bourgeoisie and nobility, who not amgre part of the knowledge elite but
also had access to finance. A critical challenge for ourpmégation is thus: could financial means
have been the dominant factor, while upper-tail knowledgse anly a sideshow without economic
relevance? Our results suggest that this is unlikely: siliEdensity is not associated with growth
before modern technology became available, and even ftenehe presence of noble families
(as a proxy for wealth) alone does not explain growth — it dodg where noble families overlap
with high subscriber density. In addition, the manufactgrsectors in which subscriber density

n this dimension, our empirical analysis is similar in #gtio Voigtlander and Voti{2012, who take the spatial
pattern of anti-Semitism as given and use historical petsat of Jews to measure it. The spatial dispersion of
scientific activity in early modern Europe is well-docurmathfLivingstone 2003. We take this pattern as given, and
argue that subscriber density is a powerful proxy to capture

12The distinction of fundamental vs. proximate determinaitgrowth goes back tlorth and Thomag1973.

As discussed above, evidence abounds that human capitatagianate driver otontemporaneousevelopment, but
whether it is also fundamental is debated (see the refesanitesl in footnote).
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had the strongest effect depended less on costly poweren@nd firm size in these sectors was
not important for productivity. These points, in combiwatiwith the rich historical evidence on
the importance of advanced knowledge suggests that deé&ptsaione were not enough. Rather
than being a competing factor, physical capital was complgary to upper-tail knowledge.

We also control for other factors that are related to knog#eaind development. For example,
total book sales per capita at the city level in the 18th agndéwe strongly correlated with sub-
scriber density, but they do not affect growth. To shed Imhthe role of institutions, we use the
fact that the French Revolution occurred approximatelfi@ttid point of our main period of anal-
ysis (1750-1850). We find that subscriber density was styomgsociated with city growth under
both regimes, despite their radically different instibms2® Our results are also robust to control-
ling for geographic characteristics, pre-industrial\dttj and the early presence of universities
and printing presses. Taken together, the historical ecelén combination with our empirical
findings renders it difficult to imagine that (upper-tail)rhan capital did not play a major role
during industrialization.

Our paper is related to a large literature on the transitromfstagnation to growth (for an
overview sedsalor, 2011), and in particular to the role of human capital during irntda$ization.
For England — the technological leader — the predominant i8ethat formal education did not
contribute to economic growtlMokyr, 1990 Mitch, 1993 Crafts 1996 Clark, 2005. For the
follower countries, the evidence is mixe@'Rourke and Williamsor{1995 and Taylor (1999
conclude from country-level cross-sectional and panelyaea that human capital was not a cru-
cial driver of economic catch-up in the 19th century. In cast,Becker, Hornung, and Woessmann
(2011 document that elementary education predicts employiegatsin metals and other indus-
tries, but not in textiles in 19C Prussia. This is in line w@Rourke, Rahman, and Tayl@013,
who emphasize that industrial innovation in sectors suctexsies was initially biased towards
unskilled labor, reducing the demand for skilled workerse $tied new light on this debate by
distinguishing between average and upper-tail skill$ofaihg Mokyr’s (20058 argument that the
expansion and accessibility of “useful knowledge” durihng Enlightenment was a cornerstone of
industrial developmeritt Our paper also relates to a literature showing that bookuymtaah had

¥In addition, after the 17th century, France was a centrdleesolutist state, allowing for relatively little local
variation in institutionsBraude| 1982 DelLong and Shleifer1993 see also the detailed discussion in Apperte.
Our analysis is thus less affected by the typical limitasioficross-country studies. We also control for regions wher
the king exerted particularly strong control — thays d’élection- and find that these differed neither in subscriber
density nor growth. Of course, this does not mean that uigiits were unimportant for the Industrial Revolution
— in particular, in the cross-country dimension they may héngportant factor behind Britain’s leadN6rth, 1981).
However, given the above arguments, it is unlikely that weobed institutions confourmlir results within France.

14Kelly, Mokyr, and O Grad42014 also emphasize the importance of highly skilled, tecHhiczapable indi-
viduals. In the contemporaneous contéxanushek and Woessmé2012 show that the share of cognitively high-
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a positive impact on pre-industrial economic developmBatén and van ZandeR008 Dittmar,
2011).*> Our main explanatory variabl&ncyclopédiesubscriber density, offers two advantages
over printing locations or local book production. Firstjsta more precise measure, identifying
readers within the narrow category of scientific publicasi® Second, subscriptions measure the
local demandor knowledge, rather than the supply of books from printmgations.

Relative to this literature, we make several contributiohs the best of our knowledge, this
paper is the first to empirically differentiate between ager worker skills (literacy/schooling)
and upper-tail knowledge during the Industrial Revolutioklong this dimension, our study is
the first to provide systematic evidence fokyr’'s (20050 hypothesis about the importance of
“useful knowledge” for industrialization. We also shedhiigon the mechanism, showing that
upper-tail knowledge probably fostered growth by raisimgp fproductivity in modern, innovative
industries. Finally, we show that the level of literacy wakted to economic development in the
cross-section, but — in contrast to upper-tail knowledgettm growth. Thus, the role of literacy
during industrialization is best captured by the Mincer elq@vherechangein schooling leads to
growth), while upper-tail knowledge fits the setup in the @mal macro growth literature, which
typically specifies growth as a function imiitial human capitalrueger and LindahR001).

The paper is organized as follows: Sect®reviews the historical background of industrial-
ization in France with particular emphasis on the intersaatf science and entrepreneurship. We
also discus&ncyclopédiesubscriptions as a proxy for the presence of knowledgeselited the
channels via which upper-tail knowledge affected econaggrevth. In Sectior8 we describe the
data, and Sectiod presents our main empirical results. Sectqorovides evidence on the mech-
anism, interprets our results, and discusses their limitat Sectioré concludes by discussing the
implications of our findings for the literature on human ¢alpand development.

2 The Age of Enlightenment: Industrialization and Human Capital

The Enlightenment was a period of intellectual and cultueablution in Western history that
many consider a cornerstone for the onset of modern econgioveth (c.f.Jacobh 1997). The
Age of Enlightenment stretched from the late 17th throughl8th century, stressing the impor-

performing students is strongly associated with growttiependent of basic literacy.

15Baten and van Zandeshow for a panel of eight European countries over the ped@®11850 that wage growth
was more rapid where book printing was more pronounced. Reably, however, after 1750 countries with particu-
larly high volumes of book printing, such as Sweden and thiad&&ands, saw a decline in real wages. This suggests
that the observed pattern is driven by variation before tisebof industrialization.

16Total book production, in contrast, contains books fromking manuals to religious works. For example, books
about natural science, math, and engineering accountdertfen 5% of overall book sales by the large publishing
house STN in the late 18th century, while 70% of all sales oeclinBelles lettreqe.g., novels and poetry), history,
and religion FBTEE, 2012.



tance of reason and science, as opposed to faith and tradiflespite its efforts to popularize
and spread knowledge, the Enlightenment never became amuagsnent; it remained confined
to a small elite. Nevertheless, it played a crucial role stéoing industrial development and eco-
nomic growth, both through the expansion of propositiomaiiledge with practical applications,
and through a reduction of access costs to existing knowledig this contextMokyr (2005a
p.22) refers to the Industrial Enlightenment, which “bedgetween the Scientific and Industrial
Revolution.”

In the following, we describe the tight link between uppaitknowledge and industrial growth
during this period. While the Industrial Revolution origied in Britain, the positive interplay
between science and industry was also widespread on thmeontin particular in France. We
provide background on the industrialization in France aisdubs why it presents an exemplary
setting to empirically test the relationship between ugpgiknowledge and economic growth. In
addition, we describe the publishing history of tBecyclopédigand why its subscriptions are a
good proxy for the local presence of knowledge elites.

2.1 Industrialization in France

French economic growth began to accelerate in the mid-1éttucy; its industrial output more
than doubled until 1800Rostow 1975, and mechanization slowly began in textiles and metal-
lurgy, the main industrial sectorBéudin 2005.1’ France lagged behind England, where incomes
started to rise steadily after 16 7/Brpadberry2013. Nevertheless, on the eve of the French Rev-
olution in 1789, per capita incomes in the two countries weadably not far apart@’'Brien and
Keyder, 1978. Similarly, Horn (2006 p.10) argues that “[ijn an astonishing number of sectors,
French entrepreneurs of the 1780s competed successfuhythair English counterparts.” And
focusing on the demand sid@audin(2010 shows that French domestic markets were already rel-
atively integrated in the 18th century, allowing for spéizegtion in production and thus efficiency
gains. The French Revolution and the Napoleonic wars caaséalvdown in French growth un-

til 1815, resulting in France lagging behind Britain by abawgeneratiod® The slowdown was
followed by a prolonged period of strong economic perforogaantil the mid-19th century. On
average, French GDP per capita grew as fast as its Britighteqaart from 1820 to 1913, although

"AppendixC.1 provides further discussion and data showing that GDP peitacavas relatively stable until ap-
proximately 1750, and then started to grow steadily. TintiregFrench industrial takeoff is difficult, as it lacks a clea
structural breakRoeh| 1976); the predominant “moderate revisionist” view describiesady growth starting around
1750 until the mid-19th century, only interrupted during tivo decades after the revolution in 17&F¢uzet2003.

18The most damaging factor of the war was not destruction oftalaput reduced trade and access to knowhow
because of the British maritime blockaderéuzet 1964). The slower rate of growth (wrongly) prompted some his-
torians to “derogate the economic development of Francestma of retardation or relative backwardness"Brien
and Keyder1978 p.194).



French population grew at a markedly slower rdtaddison 2001). In his comparison of the
two countriesCrouzet(2003 p.234) concludes that “[a]ltogether, it is widely accejtieat France
followed its own specific path to industrialization, whictasvdifferent from the British way, but
not necessarily inferior.”

Scientific knowledge played an important role during indagtation in both Britain and
France. For the formeBowey (2014 shows that scientific societies were strongly associatédd w
technological innovation during the Industrial RevoluatiandJacol(2014 pp.92-94) stresses that
advanced knowledge was also crucialdsmgthese innovations: entrepreneurs had to “make tech-
nological decisions with immediate economic consequehtmsexample, “installing the wrong-
sized engine could spell financial disastérFrance, in its role as a follower country, initially
depended largely on the adoption of British technol8gritish knowhow reached France via
several channels. Scientific reports published and stunjiéelarned societies played an important
role, in combination with an intense correspondence beatWieeustrially minded” people in the
two countries Mokyr, 20058. In addition, industrial spies sent regular reports onlihgechnol-
ogy (Harris, 1998. Progressive French producers imported English machirsdten illegally, to
avoid British export restrictions; they also hired thowswof British workers specifically to gain
access to technical knowhow@rn, 2006. Finally, French state and provincial governments sup-
ported scientific institutions, bringing together entespurs and scientists; they also fostered the
adoption of machines and expertise from abroad. Theseig®ligere put into practice at the na-
tional and local level by a commercial, industrial, and stifee elite (Chaussinand-Nogareit985
Horn, 2006.

After its initial dependence on British techniques, Frammeasingly became an important
source of innovations itself. An early example is the fatbiethe chemical revolution, Antoine
Lavoisier, whose discoveries led to important industrigblacations and affected the chemical
industry all over EuropeMokyr, 20050. As French industrialization advanced, “technologi-
cal progress became indigenous, built in to the economyhab.t. France became at mid-
[19th]century a centre of invention and diffusion for mad&rchnologies”Crouzef 2003 p.234).

Industrialization was not spread evenly across Francegiwisi salient for our study. Both
wages in industry and employment shares showed substhetebgeneity across departments in

9Alternative explanations for the Industrial Revolutiovaatressed the importance of coalrfgley, 1988 Pomer-
anz 2000, or the relatively high wages in pre-industrial Britainaseason for switching to capital-intensive produc-
tion (Allen, 2006. Some authors have also argued that practical, as opposetentific, knowledge was crucial for
technological progress during the Industrial Revolutidlathias 1972 see also our discussion in Sectd).

2OInterestingly, France had arguably been ahead of Britaiarims ofpropositional(theoretical) knowledge at the
eve of industrialization. However, when it came to mapphig into technologically usefupfescriptivg knowledge,
Britain took the lead. French authorities soon recognibedrportance of technical knowledge and tried to promote
its spread by establishing engineering schools and orariizdustrial expositiond\okyr, 2002 ch.2).
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the mid-19th century (see Figur€s2 andC.3in the Appendix). We exploit this spatial disper-
sion of economic activity — together with the spatial hegemeity of knowledge elites — in our
empirical analysis. This rich variation within France, étiger with the historically documented
interaction between scientific knowledge and entrepresigpi(see Sectio.3for further detail),
makes France an excellent setting to study the role of uiiledknowledge during industrializa-
tion.

2.2 TheEncyclopédieand Upper-Tail Knowledge

In the culturally vibrant atmosphere of 18th century Frarieerot and d’Alembert launched the
ambitious project of th&reat Encyclopédie- the “most paradigmatic Enlightenment triumph”
(Mokyr, 2005h p.285). Following Lord Francis Bacon’s conceptual fraragwy Diderot and
d’Alembert’s objective was to classify all domains of hunmiarowledge in one single source,
easily accessible to everybody. The focus was on knowleéggedl from empirical observa-
tion, as opposed to superstition. While mercantilisti@sleere still widespread, and artisans and
guilds kept secrecy over knowledge, a small elite beliehatl scientific knowledge should not be
a private good, but disseminated as widely as possidkyr, 20053.

TheEncyclopédiavent through several editions and reprints. The governinérally refused
to allow official sales, and most copies went to customersidetof France. Correspondingly,
the first and the second editions together sold only 3,00@esdp France. Moreover, the first
two editions were luxury items that did not penetrate fardmelthe restricted circle afourtiers
salon lions and progressivparlementaires This changed radically with the Quarto (1777-79)
and the Octavo editions (1778-1782)Since our proxy for local knowledge elites is based on
subscriptions to the Quarto, we discuss this edition in ndetail 22

The Quarto edition

The Quarto edition of thEncyclopédieas particularly useful as a proxy for local knowledge elites
for several reasons. It represents the turning point wheikttityclopédienoved to a phase of
diffusion of Enlightenment on a massive scale. The Quartse @esigned to be affordable for
middle-class readers. Its format was smaller than the iaxarfolio of Diderot, the quality of the

21The names Quarto and Octavo refer to the printing format: Ar@usheet is folded twice, creating four leaves;
an Octavo is folded three times, creating eight leaves. Eméral figure behind the Quarto edition was the French
entrepreneur Charles-Joseph Panckoucke (1736-1798hathbought the plates of tliencyclopédigrom the orig-
inal publishers, together with the rights to future ediforAdministrative obstacles in selling the Quarto appear to
have been minor. While tHencyclopédiavas officially illegal until 1789, the government had reldxes censorship.
In addition, Panckoucke had good connections with the gowent and did not hesitate to lobby and bribe public
officials (Mogt, 1982).

22The Quarto edition comprised 36 volumes of text and threemnaek of illustrative plates. Since these were
typically not delivered in one chunk, readers of Erecyclopédieare commonly referred to as “subscribers.”

9



paper poorer, and the price lower. The publishers descthmgdprice discrimination strategy as
follows: “The in-folio format will be for "grands seigneurand libraries, while the in-quarto will
be within the reach ofiommes de lettreand interested readerarhateur$ whose fortune is less
considerable?® The Quarto cost only one-fifth of the first original folio anéswvell within the
reach of the middle class (although its price of 384 livrebeid 26 weeks’ wages for locksmiths
or carpenters — was still unaffordable to lower social @dasand workers). The pricing strategy
proved extremely successful: scientific interest rathan tiheep pockets determined subscriptions
to the Quarto, and it had the highest sales in France amoeditithns.

Crucially for our study, one of the publishers, Joseph Dinpksecretly kept a list of subscrip-
tions, which survived in the archives of the Société Typpgraue de Neuchatel (STN). This list
contains the name of booksellers (but not subscribersy,dty and the number of sets they pur-
chased for retail among their local client®arnton(1973 provides this list, which comprises
8,011 subscriptions, of which 7,081 were sold in France 1 dities?*

Subscriptions to the Quarto edition and local knowledgtesli

Does a higher frequency of subscriptions at a given locagfiact a broader interest in upper-tail
knowledge? While Duplain’s list does not allow for a systematic anadysf individual sub-
scribers to answer this question, some information is alikél For Besancon, a list of 137 sub-
scribers has survivedarnton(1973 p.1350) summarizes these by profession and social status:
11% belonged to the first estate (clergy) and 39% to the seestade (nobility); the remaining
50% belonged to lower social ranks, including the bourgedfsFor example, professionals, mer-
chants, and manufacturers account for 17% of the total. ,Tdnusmportant share of subscribers
can be directly identified as economic agents (from loweksamvolved in French industrializa-
tion. Their share is likely a lower bound for the importandédh® Encyclopédian the business
community, because many subscribers in the upper clasdifpolere also active businessmen
(Horn, 2006.?” For exampleChaussinand-Nogarét985 p.87) argues that

2350ciété Typographique de Neuchatel (the publisher) interles Rudiger of Moscow, May 31, 1777; cited after
Darnton(1973 p.1349).

24Lyon with 1,078 and Paris with 487 subscriptions are at tipeotathis list; at the opposite end of the spectrum,
there are 22 towns with fewer than 5 subscriptions. Subgnipwere not confined to major cities; instead, they were
distributed across the whole French territory (see Figire

2For example, it is possible that wealthy people merely botighEncyclopédidgo decorate their bookshelves.
However, according t@arnton(1973 p.1352), if anything, the opposite was probably the cagar ore people
must have read théncyclopédi¢han owned it, as would be common in an era when books wenalipéoaned and
whencabinets litterairesvere booming.”

26This may be a lower bound for other locations. The secondesistgorobably over-represented in this sample —
Besancon was a garrison town, and almost half of the sultigeripin this category went to noblemen in the army.

2TThis reflects the revisionist view that replaced earlierteroMarxist — interpretations of the nobility exemplifying
an aristocratic tyranny of arrogance and decadence. Anrtiapaeading of the historical account shows that “nobles
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Over a whole range of activities and enterprises noble$iegeitllone or in association
with members of the greater business bourgeoisie, shoveaddynamism, their taste for
invention and innovation, and their ability as economicdess: ... their ability to direct
capital..., to choose investments according to their poickeness and their modernity,
and ... to transmute the forms of production into an indastevolution.

Itis, however, important to note that only a progressivesstibf the nobility was involved in indus-
trial activities?® The same subset was also heavily engaged in the Enlighteri@eaussinand-
Nogaret 1985 p.73).

In addition, many subscriptions went to high public offisiahdparlementaires- about 28%
of the total in Besancon. Enlightened elites in the proahadministration were often involved in
fostering local industrialization. For example, in Rouad &miens, they established tBerreau of
Encouragemerthat gathered businessmen, manufacturers, local saaadtprovincial authorities
in an effort to assist technological advaneéto(n, 2006 p.81). Finally, theEncyclopédie- and
especially the Quarto — also reached non-subscribers itotier ranks of society, via indirect
accessRoche 1998. Organized lectures, symposia, and public experimentg Wweoming in
France during the Enlightenment, and public readings of&theyclopédiewvere organized by
scientific societies, libraries, lodges, and coffeeho(®asnton 1979 Mokyr, 2005H.

In sum, theEncyclopédidad a broad spectrum of readers from the knowledge elite véte w
directly and indirectly involved in industrialization. Thsupports both our use of subscriber den-
sity as a proxy for local upper-tail knowledge and the hypeth that this knowledge was crucial
in fostering economic growtf. Next, we discuss a number of concrete examples for how sci-
entific knowledge affected entrepreneurial activity archtelogical growth in France during its
industrialization.

2.3 Scientific Knowledge and Entrepreneurship

There are many prominent examples for the link between wigpldtnowledge and entrepreneur-
ship in 18th and 19th century France. Among the pioneers veag Rntoine Ferchault de Réau-
mur (1683-1757), a mathematician and physicist who intcedithe Réaumur thermometer scale,
made crucial discoveries in iron and steel (such as the rdethtinning), and was an important
contributor to theDescriptions des Arts et MétiersThe outstanding chemist Antoine Lavoisier

of the eighteenth century had been as modern and progressargyone” $mith, 2006a p.2).

28As Chaussinand-Nogargt985 p.90) puts it: “In the economic sphere, ...it is clear thatwhole of nobility was
not involved, but only the part that can be considered itanadtlite, ... because of its ... openness to the progressiv
tendencies of the age.”

29Certainly, reading or hearing about a new technology wasuritient to be able to adopt and operate it. However,
scientific publications and lectures made technologicalkrow available on a large scale, breaking the exclusive
transmission from master to apprentiddokyr, 20058. The details needed for actual adoption of new technotogie
were then often found elsewhere, such as embodied in “iradbBritish experts (see Secti@).
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(1743-1794), was educated in the spirit of Enlightenmemd, fascinated by th®ictionnaire de
Chymie(published in 1766). He worked on several applied problemsk ss the role of oxygen in
combustion and street lighting, and he predicted the exgstef silicon. Alexandre Vandermonde
(1735-1796), a mathematician attracted to machinery astthtdogy, fostered the first major in-
dustrial application of Lavoisier's chemistry in iron prattion (Mokyr, 20050. Similarly, the
chemist Claude Louis Berthollet (1748-1822) experimemtgd chlorine, discovering new meth-
ods for bleaching. His results were both published in sdienburnals and applied in most of
the leading textile-manufacturing firms of France. Thesealeries led the contemporaneous ob-
server Robert O'Reilly (an Irishman living in Paris) to da@ in 1801: “A complete revolution in
the art of bleaching...we have finally arrived in an époquentscience and industrial arts, rein-
forcing each other, rapidly spill indefinite improvemen(sited aftetMusson and Robinsea969
p.253; our translation). Another example is the Duke d’@mk& who set up a soda-making facil-
ity together with the chemist Nicolas Leblanc (1742-180@g invested in several textile firms,
adopting modern machinery from Britain, and introduce@steengines into cotton spinning in
France Horn, 2006 Chaussinand-Nogaret985.

In other cases, the same person or family was involved in $mémntific research and industrial
activities. For instance, Jean-Antoine Chaptal, a fambesst, successful entrepreneur, and po-
litical figure, considered science to be inseparable frarhrielogy, and the key to foster industrial
development. He was well-connected in the French netwodaweénts, which entertained an in-
tensive exchange with international scientists such agdaNatt, and stimulated the application
of science to industry in France. Chaptal pursued this caogeas a public figure and as a private
entrepreneur. As a public official, he created favorablenenuc and bureaucratic conditions for
entrepreneurs, for example by founding @enseils d’Agriculture, des Arts et Commeraad the
Société d’Encouragement pour I'Industrie Nationahere scientists, industrialists, and bureau-
crats were brought together. He also subsidized promistigpas, engineers, and industrialists,
and gave public lectures on chemistry and experimentaliphiyAs a private entrepreneur, Chaptal
built the largest factory for chemical products in Franderh and Jacofl998.

In many cases, entrepreneurial dynasties with scientifit same from the Protestant minor-
ity — the Huguenots. For example, the Koechlin and Dollfusifiés in Mulhouse were closely
related by intermarriage and descended directly from thmotss mathematician Bernouilli. They
ran prosperous firms in cotton and wool spinning, and fourttdedfirst cloth-printing firm in
France. Some members also entered other industrial bsssiesuch as the manufacturing of
textile machineries, locomotives, and railroad equipm&heir dynasties kept marrying other sci-
entific families (most prominently, the Curies and the Feisjiand produced successful scientists
themselves, such as Daniel Dollfus-Ausset (1797-187%)eancst who made major innovations in
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bleaching while running his own textile firnHau 2012 Smith 20060. A similar example is the
famous chemist Michel Eugéne Chevreul (1786-1889), whohwas in Angers to a dynasty of
surgeons with strong scientific ties. Chevreul made pa#iiing discoveries with important indus-
trial applications such as soap production and dyeing. Astme time, he was directly involved
in industrial production as the director of dyeing at theetgtpy works at Gobelin and Beauvais,
and at the carpet factory of Savonneiieihay and Oespet948.

Even in raw material production such as silk growing, sdienstudies played an important
role. The silkworm is extremely sensitive to cold, heat, dnafts, which rendered its adoption
in France difficult. To tackle this problem, the entrepran@amille Beauvais built a model silk
farm near Paris and hired the distinguished chemist d’ Amredcientific support. They discovered
innovative methods that raised worm productivity enornigumsore than doubling output per egg,
and allowing for four harvests per yed@drbour and Blydenburgli844 p.39). Beauvais trained
young growers at his farm, who spread his methods throudfrante and eventually to the United
States. His work was promoted and advertised by scientifjarozations, such as tHgociété
d’Encouragement pour I'Industrie Nationale

These examples illustrate that the effect of knowledge<®liin local industrial development
could result from the dialogue between scientists and prereurs, from scientifically savvy pub-
lic officials supporting entrepreneurship, and from meraloéthe elite themselves operating busi-
nesses.

2.4 Worker Skills in Industrialization

Having discussed the importance of entrepreneurs and a&toi®/ we now turn to the role of
worker skills. In the context of the Industrial Revolutionis useful to distinguish between three
skill categories: unskilled workers (e.g., miners and faonfactory workers), skilled workers
(who had acquired at least some skills, such as cutlersiegiazand tailors), and high-quality
craftsmen at the very top of the worker skill distributiomgéeers, instrument makers, and me-
chanics)® To proxy for the division between skilled and unskilled werk, we use literacy rates —
a popular measure of human capital in the historical corftektMitch, 1993 Becker et al.2011).
This is motivated by the historical evidenceHiouston(1982 andNicholas and Nicholagl992,
who show that medium- and high-skilled professions had nhigiher literacy rates than unskilled
ones. The overall pattern shows a “clear hierarchy of ldgrates by occupation’Mitch, 1993

30These categories are basedderPleijt and Weisdor2014), who code the occupations of more than 30,000 work-
ers in 16th-19th century Britain, using the Historical hnt&tional Standard Classification of Occupations (HISCO).
De Pleijt and Weisdorf use two categories for workers witteast some skills; we combine these into our “skilled”
category. In the 18th century, the unskilled category antelifor about one-third of the workforce, and the skilled
category for most of the remainder, while high-quality tsafen were a very small proportion.
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p.291), reflecting that schooling or literacy of workersilitated climbing the professional skill
ladders!

However, literacy (or schooling) cannot differentiate theed category (high-quality crafts-
men) from the relatively large group of skilled workers, &ese both types were typically liter-
ate. The tacit high-quality skills needed to install, operand maintain industrial machines were
mostly transmitted via master-apprentice relations. Bigstem was particularly well-developed
in Britain, whose endowment with highly capable engineerschanics, and tool-makers (“imple-
menters”) was one of the reasons for its head skatly et al., 2014). Quantifying this skill group
for our empirical analysis is not possible — systematic €isectional data on apprenticeships in
France is not available. However, there are several reasdslieve that the local presence of
these implementers of technology coincided with the presefinventors and entrepreneurs, i.e.,
those captured by our proxy for knowledge elites. Firstreheas a strong complementarity be-
tween these forms of technological activity — adoption amwbiation by the latter needed the prac-
tical skills of the former fMeisenzahl and Moky2012. Second, inventors and entrepreneurs such
as Boulton and Watt typically trained workers themselvetheskills needed to handle industrial
machinery Jacob 2014. And in France, which initially lacked high-quality crafhen, progres-
sive entrepreneurs hired them from Britain: in the earlyhl@ntury, more than 10,000 English
artisans — many of them engineers and mechanics — workecdnt&iKelly et al, 2014. Their
tacit skills were passed on to French workers, so that irceféezant-garde French entrepreneurs
created their own local supply of high-quality ski#6sThird, the implementers weresaallelite:
even in Britain, with its relative abundance of high-quaditaftsmen, they accounted for less than
5% of the workforcede Pleijt and WeisdorR014) — and this is an upper bound estimate, counting
all workers in the corresponding professions (i.e., not onbséhwith very high ability). Within
this group, Enlightenment was deeply rooted: more thanhatien a sample of 759 implementers
collected byMeisenzahl and Moky(2012 were members in scientific societies and/or published
about their technological discoveries. These points ssigipat our proxy for the presence of
enlightened elites also reflects at least some of the spati@tion in top-quality craftsmen.

31punham(1955 p.184) provides similar (anecdotal) evidence for Framescribing how théack of education
affected French iron manufacturing: “Workers were ignorénequently illiterate, and consequently most reluctant
to learn new methods.” Conversely, this suggests thatitepromoted skill acquisition. Of course, this does not
mean that there was a one-to-one mapping between literatglalied professions; however, there was an overlap
that justifies the use of literacy as a proxy for worker skills

32For exampleFox (1984 p.143) describes the case of the Risler brothers, who feditiek first machine-building
firm in southern Alsace. To implement advanced British tedbgy, they hired the engineer Job Dixon from Manch-
ester. The firm subsequently became the main supplier ofathstlispinning and weaving machinery for the region,
serving also as a training ground for French engineBox (1984 p.142) also points out that “the French learned
quickly, and as soon as local workmen had acquired the bkiig, $he senior British operative became more of a
rarity.”
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Summing up, since the proportion of high-quality craftsmes tiny in France, this category
is unlikely to systematically affect regional literacyeat Hence, literacy approximates the line
between the remaining (much larger) skill categories Heskiand unskilled workers. On the
other hand, we usEncyclopédiesubscriber density to proxy for the cross-sectional distron
of highly skilled implementers at the top of the worker skiistribution. It is important to note
that this measure serves apars pro totq reflecting the local presence of enlightenment elites
more broadly. We show below that subscriber density caeslastrongly with other measures for
upper-tail human capital, such as sales offlescriptions des Arts et Métiersa closer proxy for
the presence of top-notch engineers and mechanics.

3 Data

In this section we describe our data. We begin with our maiyrlevel dataset and then turn
to department-level variables that reflect French devetyrnefore, during, and after industrial-
ization. Finally, we analyze whether our main explanatasiable — subscriber density — varies
systematically with other local characteristics.

3.1 City Dataset and Subcriber Density

Our main dataset is constructed from the city populatiom dgtBairoch, Batou, and Chévre
(1988. This panel includes cities that reached (at least on@)BGinhabitants between 1000 and
1800; it reports city size for every 100 years until 1700, émdevery 50 years thereafter until
1850. We use those 193 French cities for whigdiroch et al. report population in 1750 — the
year closest to the publication of tlcyclopédie Matching the 7,081 subscriptions in France
reported byDarnton(1973 to the data byBairoch et al(1988, we identify 85 cities with above-
zero subscription® Since our data covers the universe of subscriptions, ibisaeable to assume
that the remaining 108 cities Bairoch et al.had zero subscribe?$.

In the following, we useSubs to denote the number of subscribers in a city. Because larger
cities will mechanically tend to have more subscribers, wenalize subscriptions by popula-
tion in 1750. Subscriptions per capita (among cities witbvahzero entries) varied substantially,
from 0.5 per 1,000 in Strasbourg to 16.3 in Valence; Parisriged to the lower tercile of this
distribution, with 0.85 subscriptions per 1,080To reduce the influence of extreme values, we

33In total there are 118 cities with subscriptions listediarnton(1973; 12 of these are not reported Bairoch
et al.(1988, and the remaining 21 can be matche@#iroch et al. but population data are not available for 1750.

34Where evidence on individual subscribers survived, it stgjthat the vast majority lived in the same city where
the purchase was recorded, or in towns or villages nearlyiie too small to enter thgairoch et al.data and thus
do not confound our results. Appendix2 provides further discussion.

350ne reason for the relatively low sales of the Quarto editidParis may have been the disproportionate supply of
more expensive earlier editions to the capidrnton(1973 p.1348) thus points out that subscriptions to the Quarto
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use log-subscriber density as our baseline variabl§ubDens = In(Subs/popi7s0 + 1), where
pop17s0 IS city population in 1756% Since all subscriptions to the Quarto were sold at the same
price including shipment¥arnton 1979 p.264),inSubDens is arguably a comparable measure
for the local demand for thEncyclopédieand thus for upper-tail knowledge.

3.2 Additional Indicators for Economic Development

Following a rich literature in economic history, we use seldheight as a proxy for historical liv-
ing standards (c.fStecke] 1983 Brinkman, Drukker, and Slpf1988 Komlos and Baten1998.
We use department-level conscript height frAnon, Dumont, and Le Roy Ladurigd 972 for the
period 1819-1826 as our first proxy for living standaadier French industrialization had begun.
These data have the advantage that they are not affectedduyice of recruits: starting with
the first revolutionary wars, French conscripts were drawiotiery from all the 20-year-olds in
a given district. In addition, to proxy for cross-sectioiraomeprior to the onset of industri-
alization, we use recruit height before 1750. These datgpreréded byKomlos (2005 at the
department level, reflecting almost 30,000 individual uéonent records over the first half of the
18th century. These earlier data are potentially subjesktection bias into volunteer armies.
While this bias renders time-series inferences from heilglet problematic, cross-sectional com-
parisons are generally more reliabMdkyr and O Gradal996.3” Consequently, we interpret the
results with caution, exploiting only the variation in hieigacrossFrench regions, but not within
regions over time. We also filter out cohort- and age-spepditerns in the earlier soldier height
data as described in Appendix3.

We use a number of additional proxies for economic develaprimethe mid-19th century:
disposable income in 1864 frodelefortrie and Moric€1959, industrial output and employment
from the Statistique Industriellén 1861, as well as wages in industry and agriculture (measur
in 1852) fromGoreaux(1956. Finally, we perform a detailed within-sector analysising local
wages as a proxy for productivity. The underlying data apenfChanut, Heffer, Mairesse, and

“should not be taken to prove that the capital of the Enlightent absorbed relatively fefgncyclopédiesWhat it
provides is a fairly accurate picture Bhcyclopédialiffusion in the provinces.” We address this issue by inzigd
dummy for Paris in all our regressions.

36Adding a positive number ensures that the measure is alsoedefior cities with zero subscriptions, and more
precisely, adding the number 1 yieldsSubDens = 0 in these cases. This reflects a normalization, so that iesciti
with Subs = 0, there is no relationship between subscriptions and growtie simpler specification without logs
(SubDens = Subs/popi7s0) has the same property, but is more prone to outliers; we shole Online Appendix
that all our results are robust to usifgbDens. In addition, we use a dummy for above-zero subscriptidgs.-o)
to differentiate between extensive and intensive mardacef. AppendixC.2 provides further detail and distribution
plots for the alternative measures.

37Cross-sectional analyses typically document a strongipesiorrelation between height and per capita income
(seeStecke] 2008 for a recent survey of the literature and empirical evidggnm longitudinal studies, the relationship
may also be confounded by income inequality, volatilityfad prices Komlos, 1998.
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Postel-Vinay(2000, who cleaned and digitized a survey of 14,238 firms from 183897. The
data, collected by th8tatistique Générale de la Franeg¢ the arrondissement (sub-county) level,
categorize firms into 16 industrial sectors.

3.3 Literacy and Control Variables

In the following, we briefly describe our set of control vdnlies, including those for worker skills.
AppendixC.4 provides more detailed descriptions and sources, and Eabbd the end of the Ap-
pendix lists all variables together with a brief descriptiditeracy rates at the French department
level are available in 1686 and 1786 frdraret and Ozoufl1977), reflecting the percentage of
men able to sign their wedding certificate. For later periggpartment-level schooling data are
available fromMurphy (2010, computed as the ratio of students to school-age populéito 15
years) in 1837. Following the discussion in Secthd, we use these rates to proxy for the share
of skilled workers at different points in time in our sample.

Our baseline set of controls includes various geographacattteristics of cities, such as dum-
mies for ports on the Atlantic Ocean and on the Mediterrar8za) as well as for cities located on
navigable rivers. Followin@ittmar (2011, we also include a dummy for cities that had a univer-
sity before 1750, a printing press between 1450 and 1500thenidg number of editions printed
before 1501. To control for cultural and language diffee=jove construct a dummy for cities
located in non-French speaking departméfts.

We also control for a number of potential confounding fastdrhese include total book sales
at the French city level over the period 1769-1794 from thésS\yublishing house STN (which
also published th&ncyclopédig We match more than 140,000 sold copies to the cities in our
dataset. We obtain the number of noble families in each dmeat from the Almanach de Saxe
Gotha, the most important classification of European rgyatid nobility. Altogether, our sample
contains more than 1,000 noble families in 1750, in 88 Frateghartments. We also control for
early industrial activity in France, followingbramson and BoiX2013. These data provide the
number of mines, forges, iron trading locations, and textianufactures prior to 1500 for each
department. In addition, we compute each city’s distanoen fthe nearest coal field mined in the
19th century, based on data fra@arraclough(1978. Finally, to proxy for the reach of centralized
institutions, we include a dummy for cities locatedpays d’élection where the king exerted
particularly strong power in fiscal and financial matté&vi®(isnier 1979.

In order to guarantee consistency with our main explanatariable (n.SubDens), we calcu-
late the local density of total book sales, noble familie 750, and pre-industrial locations in the

38There were a number of regions in 18C France that spoke eliffé@nguages, such as Alsacien and Basque. The
corresponding six departments comprise 24 cities in oupsgrout of which six had above-zero subscriptions.
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same way as for subscriptionsi(1 + =/pop, 1750). AppendixC.5 describes how we aggregate
city-level variables to the arrondissement and departiegpt.

3.4 Balancedness

Do other town characteristics vary systematically viiticyclopédiesubscriptions? In Tabléwe
regress our main explanatory variabl&ubDens on a variety of controls (one by one). We begin
with our baseline controls in panel A. Column 1 uses all sjtighile column 2 uses only those with
above-zero subscriptions. Few control variables show aistamt pattern. City size is significantly
positively correlated withnSubDens in column 1, but significantly negatively in column32,
Seaports are essentially uncorrelated with subscribesityeT he coefficient on navigable rivers
is significant in column 1 but switches signs and becomegmifgtant in column 2. Cities in
non-French speaking areas (such as the Basque region) Isavallar proportion of subscribers.
Panel B examines early knowledge controls. The correlaifdm.SubDens with university and
printing press dummies, as well as with books printed beféf0, are all positive (and significant
in column 1), as one should expect, since they also refleat fmress to knowledge.

Next, columns 3-5 in Tablé regress subscriber density on our proxies for average worke
skills (panel C), as well as a variety of potentially confdiny variables (panel D¥. Literacy
rates in both 1686 and 1786, as well as schooling rates in,1887not significantly correlated
with subscriber density in any specification. On the otheidhaverall (STN) book purchases are
strongly and positively associated witncyclopédiesubscriptions. This suggests that locations
with a greater interest in reading also hosted more peoplesegientific interests. Next, there is no
systematic relationship between subscriber density amdethch of centralized institutions as re-
flected bypay d’élection The correlation betwedn.SubDens and pre-industrial activity is small,
negative, and insignificant; the same is true for distanceabfields once we include our baseline
controls (column 4), and the relationship switches signemiestricting the sample to cities with
above-zero subscriptions (column 5). This makes it unjikleat our results are confounded by
early industrial centers or the availability of co&efnihough and O’'Rourk&014). Finally, the
local density of noble families is positively associatedhwsubscriber density, with a significant
coefficient in column 5. Appendi.6 provides further tests of balancedness, comparing cities
with and without subscriptions, as well as those with abawvel below-median subscriber density.

39Below, we confirm that our results hold in both samples. Nio# this implicitly addresses potential unobserved
factors that are associated with both city size anslubDens, because the correlation with city size changes signs
between the two samples.

40Column 3 reports coefficients without controls, column 4 saddntrols, and column 5 restricts the sample to
cities and departments with above-zero subscriptions.thame variables that are observed at the department level,
we aggregate city-level subscriber density to departn{ersAppendixC.5). The department-level data comprise 88
observations in the cross-section, and the vast majoritiyexfe had above-zero subscriptions.
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These additional tests confirm the pattern described alibeefew city characteristics that vary
systematically with subscriber density are those that twellsl expect if subscriptions reflect the
size of the local knowledge elite.

4 Main Empirical Results

In this section we present our empirical results. We estragtiations of the form

wheres,, represents our proxies for knowledge elites in locatidvith subscriber density as our
baseline measure);,, denotes proxies for average human capital, such as litemratyschooling;
X, is a vector of control variables, ang represents the error term. We use a variety of outcome
variablesy,,. Following our discussion in Sectidgh(formalized in the model in AppendiX), we
expect knowledge elites to foster the adoption of new teldgyoand therefore growth — especially
when the technological frontier expands quickly. On theeotiand, average human capital may
affect the productivity of anygiven mode of production (and thus income levels), but not the
adoption of new technology (and thus not growth). When theeddent variable inlj is city
growth, we therefore expegt = 0, as well as5 > 0 in periods of rapid technological progress,
i.e., after 1750. Whep, reflectslevelvariables such as income proxies, we expect 0 for both

the pre-industrial and modern periods, ahd- 0 in the 19th century, i.e., after industrialization
has been under way sufficiently long for the growth relatigpsvith S,, to affect outcome levels.

4.1 City Growth

Because detailed regional income data are not availablesidy modern Europe, city population
is a widely used proxy for economic developmeddéelong and Shleiferl993 Acemoglu, John-
son, and Robinsqr2005 Dittmar, 2011). While cities needed a productive countryside to ensure
food supply, industrial and mercantile activities withiveir boundaries were crucial for attracting
migration, the prime driver of city growth in early modernrBpe. In addition, one “can use the
sizes of European cities as indicators of commercial pritydeecause the typical post-Classical
European city was primarily a center of commerce, and notuoéducracy, administration, or
landlord consumption’@eLong and Shleiferl993 p.675). The strong relationship between in-
come and city growth holds not only in the pre-industrial teaity but also in modern data (c.f.
Glaeser, Scheinkman, and Shlejfe®95. Following this approach, our main outcome variable is
gpopn:, the log growth of city population between periads 1 andt (100- or 50-year intervals).
Figure3 shows the distribution ofpop,,; for different subscriber densities over the period 1750-
1850. During industrialization in France, cities wihcyclopédieubscriptions grew substantially
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faster: the city growth distribution is markedly shiftedtte right. In addition, this shift is more
pronounced for cities with above-median subscriptionsgagita. In the following, we analyze
this pattern more systematically.

Cities with vs. without subscriptions: matching estimatio

Between 1750 and 1850, cities with above-zero subscriptiorthe Encyclopédiegrew at ap-
proximately double the rate as compared to those withowdsiders (0.51 vs. 0.26 log points).
However, merely comparing the two subsets is problemagicabse larger cities are more likely
to have at least one subscriber. As a first pass at this issuejatch on population, comparing
cities with and without subscriptions of similar size. Thislds a very similar growth difference:
0.51 vs. 0.28 log points (see Figuel in the Appendix). We then use propensity score match-
ing in a variety of specifications reported in TaBlé! Columns 1-4 show results for a variety of
specifications for the period 1750-1850. In column 1, we hseftll sample and match by initial
population; column 2 excludes the 10% smallest and larggss @ 1750. In columns 3 and 4, we
introduce geographic latitude and longitude as additiomatching variable& We thus compare
nearbycities with similar population size, accounting for unotveel heterogeneity at the local
level. The results are stable and economically signifidamoiLighout: French cities with subscrip-
tions grew approximately 0.15-0.25 log points faster (re¢eto an average city growth rate of 0.37
log points) than those of comparable size without subgoript In columns 5 and 6, we repeat
the analysis for the period 1700-50. The difference in ghowinow substantially smaller and sta-
tistically insignificant. The matching results thus suddleat the relationship between knowledge
elites and growth gained strength after the onset of indligition in the mid-18th centurd?

Subscriber density and city growth

We now turn to our main explanatory variable, subscribersdgrinSubDens, using OLS re-

gressions. This offers several advantages over the prewaiching exercise: it exploits the full
variation in subscriber density (instead of only a dummyg;a&n examine the coefficient on con-
trols to see how they affect city growth; and we can use pajpmdased weights to reduce the

“IFollowing Abadie, Drukker, Herr, and Imberf2004), we use the three nearest neighbors. Our results are robust
to alternative numbers of neighbors. We define “treatmesntiges with above-zero subscriptions and report average
treatment of the treated (ATT) effects. We exclude the togh laottom 1-percentile of city growth rates for each
respective period. This avoids that extreme outliers dympulation changes of very small towns (for example, from
1,000 to 4,000 or vice versa) affect our results. In the OL&8\ewis below, we address this issue by using population
weights; in propensity score matching, weighting by cizess not feasible.

42The average population difference between matched citigssamd without subscriptions is 6,500 inhabitants in
column 1, and 500 inhabitants in column 2. When matching lmggephic location (column 3), matched cities are on
average less than 30 miles apart.

43A simple t-test shows that the difference of coefficientsatumns 5 and 6 is statistically significant at the 10
percent level; we provide more detailed tests along thess in the panel analysis below.
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noise in growth rates due to population changes in smadiscitithere is more reliable information
in a city growing from 100,000 to 200,000 inhabitants thaome growing from 1,000 to 2,000.

Table 3 presents our main OLS results for city growth. Column 1 acastonly for initial
population, showing that subscriber density is stronglsipeely associated with city growth over
the period 1750-1850. Column 2 adds more controls: Atlaamid Mediterranean ports also grew
significantly faster; the former is in line witAcemoglu et al(2005. The negative coefficient
on initial population (after controlling for other charadstics) provides some evidence for condi-
tional convergenceBarro and Sala-i-Martiyint992. Both Paris and cities in non-French speaking
areas grew faster than average between 1750 and*t&flumn 3 adds our early knowledge con-
trols: a university dummy and an indicator for cities thatl lsaprinting press in 1500, as well as
the log number of editions printed by that date. This repdisahe specification iDittmar (2011),
who shows that early adoption of printing had a strong pasigffect on city growth in Europe
overall after 1500, long before industrialization. Witlkirance, and during the later period of our
analysis, this pattern is not present. Importantly, thdfaeent oninSubDens remains strongly
significant as we successively add controls. To gauge thhesmonding magnitude, the bottom of
Table3 shows that cities with subscriber density in the 75th pdileefconditional onSubs > 0)
grew approximately 0.3 log points faster than those witlsolniscribers (relative to a mean growth
of 0.37 log points with a standard deviation of 0.49). We aégmrt standardized beta coefficients,
showing that a one standard deviation increase in subsddmsity is associated with an increase
in city growth by about 0.3 standard deviations.

In column 4, we include a dummy for cities with at least onessuiber. This helps us to
disentangle the extensive and intensive margin, i.e., dnedur results are driven by the differ-
ence between cities with any subscribers vs. none, or whetweng a higher subscriber density
matters in itself. For example, if a single enlightened widlial was sufficient to spread upper-
tail knowledge throughout a city — no matter how large theytajion — then only the extensive
margin would matter. On the other hand, if upper-tail knalgle did not spread easily beyond the
elite (for example, due to a general lack of advanced ther dthed, if upper-tail knowledge did
not spread easily beyond the elite (for example, due to argelaek of advanced provide limited
support for the extensive margin, and strong support forrtteasive one: The dummag, s~ IS
positive but insignificant, while the coefficient on subberidensity is almost unchanged (as com-
pared to column 3) and remains highly significant. The bottomin the table helps to illustrate
the magnitude of the two margins: moving from cities withsubscribers to the 75th percentile

4The latter is mostly due to six Alsatian-speaking citieshie Rhine area, which saw rapid growth during indus-
trialization. When including a separate Rhine-area duntheycoefficient of non-French speaking falls to less than
one-half its original size, while the coefficient émSubDens is unchanged.

21



of those with subscribers raises growth by 0.384 log poemtsl only 0.13 of this is due to the
extensive margin. Consequently, hensityof knowledge elites played a crucial role. This is con-
firmed when we exploit only the intensive margin, restrigtihe sample to cities with above-zero
subscriptions (column 5). Our results are also robust winérveighted by initial city population
(column 6), and when we use subscriber density without loglsi(nn 7).

Finally, column 8 repeats the analysis for 1700-50, theedbperiod before France began to
industrialize. For now, we use our main explanatory vadgabbubDens also as a proxy for pre-
1750 knowledge elites. This reflects our argument that tléapistribution of scientific elites
was relatively stable over time, which is supported by thieleawce in Sectiorb.1 below. The
coefficient oninSubDens is now small and insignificant; also, the difference betwienpost-
and pre-1750 coefficients is strongly significant: the 95%fidence intervals of the estimate for
InSubDens in columns 3 and 8 do not overlap. In the following, we provideher support for
a strengthening in the relationship between upper-tailkadge and growth after the onset of
industrialization.

Subscriber density: Panel estimation

Table4 exploits the panel dimension of our city population datplicating the specification from
Nunn and Qian2011). This specification includes city fixed effects, absorbatigunobserved
characteristics that do not vary over time. We find that theraction ofinSubDens with a post-
1750 dummy is highly significant and positive, with a magdéuhat is very similar to the growth
regressions above. This finding is robust to including axdgons of the post-1750 dummy with
our baseline controls (column 2), as well as with our addalaontrols (column 3). The baseline
result also holds in the balanced samples in columns 4 anchighvinclude only the 45 (148)
French cities where population is observed in every samgéde petween 1500 and 1850 (1700
and 1850)f° Finally, columns 6 and 7 report the results for placebo dsitiof 1600 and 1700.
Both yield small, negative, and insignificant coefficierttsa differ from the coefficient of the
1750 cutoff, with p-values 0.03 and 0.003, respectivelyyr @sults thus suggest that the local
relationship between knowledge elites and growth becaroaggr when aggregate technological
progress acceleratél.

45The results in column 5 are particularly useful for addmegshe concern that cities with high subscriber density
in the mid-18th century may already have been richer and dffieaieht growth path: any initial income differences in
1700 are absorbed by city fixed effects. In addition, thermiassociation between subscriber density and city growth
in 1700-50 (column 8 in Tabl8). Thus, it is unlikely that (after controlling for city fixeeffects) unobserved income
in 1750 is correlated withn.SubDens and confounds the results in column 5.

46Note that this does not imply that advanced knowledge waspaitant prior to 1750. As discussed above,
(non-technical) upper-tail knowledge could play an impottrole in periods of economic expansion prior to indus-
trialization — for example, advanced legal and commeraiavidedge during the “Commercial Revolution,” a period
that also withessed a proliferation of citi€3ahtoni and Yuchtmar2014 Dittmar, 2013.
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Literacy and additional controls

Table5 examines the relationship between average worker skilth (ikeracy as a proxy, follow-
ing the discussion in Sectidh4) and city growth:” We also add our additional control variables in
columns 2-4. The coefficient on literacy is small and negstiivoughout, and marginally signifi-
cant in one specification. This is in line with the well-doemted declining importance of worker
skills during the onset of industrializatidf Column 2 uses an additional proxy for human capital:
overall city-level book sales by STN (the publisher of Erecyclopédie While these are strongly
correlated withnSubDens (see Tabldl), they do not affect city growth. This provides important
support for our argument that upper-tail knowledge, butthetlevel of general literacy, affected
growth. In addition, the non-finding for overall book salésaserves as a “placebo,” making it un-
likely that our results are driven by book consumption gsivith income, i.e., affluent individuals
stocking their libraries.

Among the remaining controls in Tab% only pre-industrial activity is positively and signif-
icantly associated with city growth (column 3). Distancestal, the reach of central institutions
(pays d’électiol, and nobility density have small and insignificant coeffits. In AppendixD.1
we show that this also holds when including controls one kg @ableD.7), and we discuss the
individual coefficients in detail. Finally, column 4 addsiadicator for cities with above-zero sub-
scriptions, confirming the pattern from column 4 in TaBlea positive but insignificant extensive
margin, and a strong intensive margin of subscriber densityortantly, in all regressions the
coefficient onnSubDens remains very similar and highly significant. In sum, the fessi Table
5 strongly support our argument that there was a crucial reiffee betweeaverageworker skills
and upper-tail knowledge during industrialization.

Robustness: Alternative specifications and samples

We perform a number of robustness checks in Appebdix where we provide additional tables
and discussions. Here, we sketch the main robustnesssed# begin by splitting our main
sample period, 1750-1850. The French Revolution occumpgdoximately in the middle of this
period, followed by a radical change in institutions. In [ED.1 we show that our results hold for
both sub-periods, 1750-1800 and 1800-1850, i.e., citils lgher subscriber density grew faster
under both political regimes. This makes it unlikely thabscriber density reflects unobserved
institutions that in turn drive growth, complementing oesults forpays d’élection We then
run our city growth regressions for the period 1750-185tgifour different subsamples, each

4’Standard errors are now clustered at the department leesdietographical unit at which literacy is observed.

48For exampleGoldin and Katz1998 argue that the shift from artisan workshops to factorigéaed craftsman
skills with unskilled labor. This is supported by the eviderin de Pleijt and Weisdor{2014 who document a
significant shift toward unskilled workers during the finstilistrial Revolution in England.
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including those cities for which population data are avddan the years 1400, 1500, 1600, and
1700, respectively. The coefficients énSubDens are very similar to our baseline results and
are always significant at the 1% level (Talde2). The same is true when we split our sample
by terciles of city size in 1750 (TablB.3): our results are equally strong for small, medium,
and large cities. In Tabl®.4, we use a specification that does not impose a linear retdtipn
betweennSubDens and city growth; instead, we include three indicator vdgalior increasing
subscriber density. We find that the coefficients increase&ch step and that the differences
are statistically significant, providing further suppast the importance of the intensive margin.
In TablesD.5 andD.6, we check the robustness of our results to restricting thgkato cities
with positive subscriptions, and to alternative definiiar subscriber density. In addition to the
standard measuie.SubDens, we use two alternatives: one that is not log-based, andhanone
that allows for variation in subscriber density acrossesitivithout subscriptions, assigning lower
densities to larger cities. All our results continue to hdtahally, we provide further results on the
role of literacy in Table®.8 andD.9.

4.2 Other Outcome Variables

We now turn to cross-sectional results, analyzing a vanétutcome variables at the department
level.

Soldier height

We begin by using a common proxy for income, soldier heighliisTvariable is available for
French departments before and after 1750, allowing us tmmethe cross-sectional relation-
ship between income and human capital (for both knowledgesednd worker skills) before and
after the onset of industrialization. Columns 1 and 2 in @a@bkhow that conscript height in
1819-26 is strongly positively associated with both suibserdensity and literacy. Columns 3
and 4 show that soldier height prior to 1750 is also posiiesisociated with literacy, but not with
InSubDens.* These results are in line with our discussion above (andtivittmodel in Appendix
A): while worker skills raise the productiviteevelin any given (pre-industrial or modern) tech-
nology, upper-tail knowledge fosters industigabwthand therefore shows a stronger relationship
with development after industrialization has been on itg fe& some time. Finally, in columns 5
and 6, we show thathangesn literacy and initialevelsof subscriber density are strongly associ-
ated with 1819-26 soldier height, after controlling for {ré50 soldier height as a (rough) proxy

4SWhile noise in the early height data is an obvious concemsthnificant correlation with early literacy is com-
forting. TableD.10in the Appendix reports further robustness checks, shottiagall results hold when regressing
conscript height separately énSubDens and Literacy, and when weighting regressions by the number of soldiers
for which pre-1750 height is observed in each department.
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for initial development. These results have to be integatetith caution because soldier height
from the two periods is not directly comparable due to pdesblection into pre-1750 volunteer
armies (see Sectia®2). Also, reverse causation is a potential problem when pnéting the co-
efficient on literacy — economic growth may have led to hidtieracy, rather than the other way
around. If taken at face value, the corresponding pointregés imply that a one standard devia-
tion increase innSubDens (change in literacy) is associated with soldier height gédiigher by
0.3cm (0.4cm), relative to a standard deviation in soldeght of 1.3cm across departments, and
an average height of 166ct.

Disposable income, industrial activity, and wages

In column 1 of Table7, we show thaEncyclopédiesubscriptions in the mid-18th century pre-
dict disposable income in 1864, i.e., about a century lakbe point estimate implies that a one
standard-deviation increaseltnSubDens is associated with 5.2 percent (0.24 standard deviations)
higher income. The standardized effect is very similar éodhe observed for soldier height, where
the beta coefficient is 0.23. In columns 2 and 3, we use indlisintput and industrial employ-
ment per capita in 1861 as dependent variables. These shevy aimilar pattern as disposable
income. Next, we use department-level wages from 1852. c3ibles density is a positive and
significant predictor of industrial wages (column 4), bub@ significantly associated with wages
in agriculture (column 5). The latter is in line with histoal evidence that increasing food produc-
tion initially depended more on the “intensive use of knowohnology than on novel methods”
(Grantham 1989 p.44) and that scientific knowledge was not important incadgpure before the
mid-19th centuryJohnson1997 see Appendi¥.2for further discussion). Finally, as a proxy for
average worker skills, we can now use department-leveldtigprates, which are available for
1837. This variable is positively and significantly asstalavith income levels, industrial activity,
and with wages in both sectors.

5 Mechanisms and Interpretation

In this section, we shed light on the mechanisms that mayedhe strong relationship between
Encyclopédiesubscriber density and economic development during inidligation. We begin
by using alternative proxies to show that locations withhleigsubscriber density were host to a
stronger interest in “useful knowledge” and more sciengfitivity both before and after the mid-
18th century. In addition, we discuss one possible hisabrmot of the observed spatial pattern —
the presence of Huguenot minorities. We then provide edieldor a central role of knowledge

50The standardized beta coefficient of literacy in 1686 is alnibentical for pre-1750 soldier height and height in
1819-26 (even if we do not control for pre-1750 height in tigelr regression). This suggests that initial literieeyels
did not contribute to differential growth.
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elites in the adoption of new technology, showing that lmceg with high subscriber density had
more productive firms almost a century later, and that tHexcefvas particularly strong in sectors
that experienced rapid innovation.

5.1 Local Persistence and Alternative Proxies for Upper-TdhKnowledge

We argue thaEncyclopédiesubscriber density reflects the presence of scientificselite the
following, we provide evidence that this pattern was locatable.

Scientific societies

Scientific societies are a prime example for the emergenseiehtific activity during the Age of
Enlightenmentokyr, 20058. In France, there were 22 cities with scientific societmsnided
before 1750 (see AppendD.3 for detail). These cities were over three times more likelyp¢
home toEncyclopédiesubscribers, and they had almost four times more subssiiileecapita than
cities without scientific societies (Tabz11in the Appendix). In other words, subscriber density
was high where scientific elites were present before 1750.

The data on pre-1750 scientific societies also allow us toemddthe possibility of reverse
causality: since the Quarto edition was printed in 1777#78al industrial growth between 1750-
80 may have raised the demand for Erecyclopédieln columns 1-3 of Tabl8, we repeat our city
growth regressions, using scientific societies as the aegpday variable. Both propensity score
matching (panel A) and OLS estimation using member dengégél B) confirm our main results:
cities with pre-1750 scientific societies grew significgritister during French industrialization;
the intensive margin of members per capita is importantfool 2 in panel B); and the relationship
before 1750 is substantially smaller (columr?B).

Descriptions des Arts et Métiers

The Encyclopédiavas not the only knowledge collection published in the spifrienlightenment
in Ancien Régimé&rance. Another example is the massive multi-voluDescriptions des Arts et
Métiers which was entirely devoted to the “useful arts” of the timéth a particular emphasis on
manufacturing knowledge and industrial activities sucteatles and iron production (for further
detail and sources, see Appen@ix3). There is a strong positive relationship between salekeof t
Descriptions des Arts et Métieend Encyclopédiesubscriptions, which we document in Tables
D.12andD.13in the Appendix.

Sales of theDescriptions des Arts et Métiemre also strongly associated with city growth
during French industrialization, as shown in columns 4 aofl Bable8. Note also from panel B,

I ocal density of scientific society memberg:{/embDens) in panel B is calculated in the same way as
InSubDens (see SectioB.1). The two measures are strongly correlated, with a coefficie0.313 (p-value 0.0001).
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column 5 that the intensive margin of sales dominates thenekte one. In other words, similar to
our finding forEncyclopédiesubscriptions, more sales mattered.

People in scientific professions

Next, we present two additional variables that also pointatal a persistent spatial distribution
of scientific elites. First, we use data on “famous” peoplel@90-1887 from thdndex Bio-
Bibliographicus Notorum Hominur(iBN), as coded byde la Croix and Licandr@¢2012. We
identify 2,513 individuals who worked in scientific profemss (science, mathematics, chemistry,
physics, or medicine) and who can be matched to our samplaybgfdirth and/or city of death.
Columns 1-4 in Tabl® show a strong positive relationship between subscribesitieand the
local density of “famous scientist8?’ Results are similar for city of birth and city of death. In
AppendixD.3we also document a tight relationship between the numbemobiis scientists born
and deceased in French cities — close todifh&, with the exception of Paris, which systematically
attracted scientists. Since Paris is captured by a dumml guaregressions, it is unlikely that
mobility of knowledge elites confounds our results. Secamotlimns 5 and 6 use department-level
information on people in scientific professions from the 1B&®censemegumming those related
to medicine as well asommes de lettres et savanggyain, their density is significantly higher in
areas that had mokencyclopédiesubscribers.

Exhibitions of local innovations

Columns 7 and 8 in Tabl@ show that cities with higher subscriber density also presksignif-
icantly more innovations at the London world fair in 1851igtholds even after controlling for
the share of industrial employment in columrP8Altogether, a consistent pattern emerges where
subscriber density reflects more scientific activity botfoleand after the time period when the
Encyclopédis Quarto edition was printed.

5.2 Historical Roots: Huguenots and Upper-Tail Knowledge

So far, we have taken the spatial dispersion of scientifieeh proxied bynSubDens — as given.
Historians of science have documented this scatteredrpattel pointed to a variety of local fac-
tors that attracted scientific activity in early modern EpedLivingstone 2003. However, these
factors have not been analyzed systematically. In theviatlg, we shed light on one historical
root of advanced knowledge in France. The Huguenots — thegiemt minority — represented an

52The dependent variable is defined as In(1+famous scigptigiss,); for city of birth in columns 1-2, and city
of death in columns 3-4. We divide by city population in 17&gause this is closest to the mean year of birth of the
“famous” individuals.

53The dependent variable is based on 1,261 exhibits from Eraoeded byMoser(2005, which we matched to 78
cities in our dataset. We calculate the dependent variaiiga+number of exhibits/papsg). See AppendiP.3 for
further detail.
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important part of the entrepreneurial and knowledge eBoyille 1953 Hornung 2014). Con-
temporaneous observers around 1700 point out that Hugti&wete determined to acquire an
education so they could read, write, and master arithmetig that they were “skillful in trade
and daring in enterprise, apply themselves well to commarzkhave all the genius which is
needed to succeed in their profession” (cited e®eoville, 1953 pp. 429, 444). One explanation
for this focus on entrepreneurship in combination with klemge is the status of Huguenots as a
“penalized minority.®* Employment opportunities for Huguenots were restrictedfiaing them

to professions in the private industry, trade, and finandesre/they had a comparative advantage
due to the Protestant emphasis on educafioim addition, while successful Catholic merchants
and craftsmen would often seek pass into public office ortimanobility (via marriage), this path
was closed to Huguenots. This reinforced their speciatimain entrepreneurship and education.
As a result, “there were a large number of individuals amdregrt who were powerful and very
intelligent in business affairs’Scoville, 1953 p.442). Summarizing this argume®oville cites
the Frenchman Beaumelle, who characterized Huguenotg imiti-18th century as “enlightened
and capable of grasping all new ideas, and of borrowing neWnieal processes from abroad
which will help them gain success” (ibid., p.444).

In Table 10, we examine the relationship between Huguenots, subsalesity, and city
growth systematically. Column 1 shows that the Huguenoufaijmn share in 1670 is a strong
predictor of subscriber density a century later, confirnthrey“special appeal of thEncyclopédie
for Huguenots” documented dyarnton(1979 p.284)%¢ Of course, this does not mean that the
majority of Huguenots were highly educated. Instead, itdatks that they had a higher probability
of ascending to the knowledge elite.On the other hand, Huguenot presence does not predict
literacy (column 2). This is not astonishing: despite tivagividual education, the Huguenot share
in the population overall was too small to systematicalfgetfaverage literacy?

S4Huguenots were persecuted after they converted to Protisstain the 16th century. The Edict of Nantes in
1598 temporarily granted religious freedom, but it was kexbin 1685, and Protestantism was declared illegal in
France. As a result, about 10% of the approximately 1.5-RaniHuguenots left Francédornung(2014 shows that
Huguenot migrants brought technological knowhow to thestuhations, raising the productivity of local firms.

55The latter part of this argument is similarBotticini and Ecksteirf2012), i.e., that the Jewish religion’s emphasis
on education provided a comparative advantage in commertérade, resulting in the choice of prosperous urban
professions (even in the absence of occupational discaitioim).

S6See AppendiD.4 for details on the Huguenot population share. We also shaivtitie spatial distributions of
Huguenots remained relatively stable between 1670 and, L&13hat emigration after the revocation of the Edict of
Nantes was not disproportionately stronger in some redlwarsin others.

57In fact, this is similar to the pattern that emerges for aaottighly educated minority today: while Jews account
only for about 1 percent of the total European and U.S. pdjomathey have an important impact in the scientific
world, having received more than 20 percent of Nobel Prizes.

%8In contrast, where Protestants account for egority of the local population, their impact on literacy can be
substantialBecker and Woessman2009).

28



The remaining results in TablE) show that areas with higher Huguenot density in 1670 wit-
nessed significantly faster city growth after 1750 (colunmn IBterestingly, this effect becomes
small and insignificant once we control for subscriber dgr{sblumn 4). This suggests that an im-
portant part of the relationship between Huguenot presandecity growth worked via upper-tail
knowledge, while effects of religion (such as a Protestamkvethic) were probably less crucial.
In other words, it is unlikely that Huguenots purchasedEneyclopédidor religious reasons; a
more plausible interpretation is that they formed part efkhowledge elite who became important
for growth during industrializatio”® Finally, in line with our argument, the association between
Huguenot presence and growth only emerged after 1750 (cd&nand 6).

5.3 Innovation, Knowledge Elites, and Productivity

If upper-tail knowledge helped entrepreneurs to keep up wthnological progress, the effect
of knowledge elites on local productivity should be patiacly strong in sectors that saw rapid
innovation. To test this, we implement a two-step argum©fa first show thaEncyclopédiesub-
scriptions predominantly reflect modern technology: th¢omitst of technologies that it described
and illustrated were innovative. Second, we show that silEsadensity predicts firm productivity
in modern (innovative), but not in traditional, manufaatgrsectors.

From English patents to plates in the Encyclopédie

Nuvolari and Tartar{2011) provide data on the share of “inventive output” of 21 Bhtiadustrial
sectors for the period 1617-1841. This measure is basedferenee-weighted patents, adjusted
for the sector-specific frequency of patenting rates aratiois. For exampldagextileshave the
highest score, accounting for 16.6% of total inventive atitpottery, bricks, and stoneme at
the lower end, with a share of 1.4%. As a first step, we use titesBipatent data to analyze
whether modern, innovative sectors were prominently sapred in théencyclopédie We ob-
tain detailed information on 2,575 plates that Erecyclopédiaised to illustrate crafts, processes,
and inventions (see AppendB.5 for sources and further detail). About half of these desgcrib
manufacturing technologies, and they include exampleb asc‘cloth cutting and figuring” or
“machines to evacuate water from a mine.” We match plateed®i British industrial sectors,
which allows us to split them into “modern” and “old” techogies, corresponding to above- and
below-median share of total inventive output. We find thatertban two thirds of all plates dedi-
cated to manufacturing in tHencyclopédielescribed modern technologies (see TdhlE7 in the
Appendix). This suggests that the knowledge elite subisayito theEncyclopédiavas interested

*Note that part of the observed pattern may also reflect atodgncial means: Huguenots were not only more
educated but also often affluent entrepreneurs. This is atibip with our interpretation that upper-tail knowledge
was (at least) a proximate driver of industrialization, @angstment in physical capital a complementary factor.
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in modern innovative, rather than traditional, technology

Knowledge elites and productivity in modern vs. traditiomanufacturing

We now analyze the relationship between subscriber deasdyfirm productivity (with wages as
a proxy for the latter) in modern versus old manufacturingg@s. This analysis builds on data
from a French industrial survey of more than 14,000 firms iB987, which reports the sector
and firm location by arrondisseméetitWe run the following regression:

In (wagej,) = B1Sn+ BaSu X I +y1hn + 32l X LM+ 6 X, +6:X X LM + 0+ o + €5 (2)

wherewage;, is the average male wage paid by firms operating in sectararrondissement
n. Our main explanatory variables are subscriber densjtand schooling rates,,. IJM is an
indicator variable that takes on value one if sectas “modern.” The vectoiX,, includes the
controls used above, as well as total population and thenizéthon rate in order to control for
agglomeration effects. In addition, we control for sectredi effects ¢;), location fixed effects
(a,), and for average firm sizeize;,,) to capture scale effects.

If upper-tail knowledge affected development by raising pmoductivity in innovative tech-
nologies, we expect, > 0, reflecting a stronger association between subscriberitglesnsd
wages in modern as compared to old sectors. Tableresents compelling evidence in support
of this hypothesis;3; is strongly positive. This holds after adding sector fixefé@t (column
2), baseline and additional controls (columns 3 and 4), asal &hen including department or
arrondissement fixed effects (columns 5 and 6). The baset éffieold sectors (reflected by,),
is smaller and less robust. The point estimates can be meterpas follows: suppose that we
“move” two representative firms — one in a modern sector ardther in an old sector — from
an arrondissement without subscriptions to one in the 98tbemtile of subscriber density (with
InSubDens ~ 2). Then productivity of the old firm would increase by 2-8 part®* For the
modern firm, productivity would increase by additional10-14 percent, on top of the base effect
captured by3;. Turning to average worker skills (proxied by schooling)finel a strong base ef-
fect (1), but no additional effect in modern sectors. This is in kvith our discussion above that
worker skills raise productivity in a given technology, lold not lead to growth via adoption or
innovation. With respect to firm size, larger establishraeme more productive in old industries,
but the net effect is essentially zero in modern industiiéss suggests that scale effects (and thus
investment constraints) are probably not a major confauméictor for our results. Finally, on

80French arrondissements correspond to the sub-county-etredre were altogether 356 arrondissements in 86
departments in the mid-19th century. Appenbi% describes the firm survey in more detail and shows how we match
French to British sectors. It also lists the resulting csiesit eight sectors and their share of “inventive output.”

61This suggests that upper-tail knowledge probably had sarsitiye effects also in old sectors, where innovation
was below the median, but above zero.
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average, modern sectors paid higher wages (column 1), asdshe expected if they tend to use
more productive technology.

In Table12, we analyze the relationship betwdencyclopédiesubscriptions and wages within
individual sectors. We rank sectors by the size of the coefficieritdnbDens. The top four sec-
tors are all “modern,” and the bottom four are all “old.” Inrpeular, the coefficient on subscriber
density is large within sectors that saw rapid innovationirduindustrialization, such as textiles
or transportation (the first steamboat was built in FrancEr83). For the least innovative sectors
(leather; mining; ceramics and glass), subscriber dersitply weakly related to wagé$.Table
12 also revisits the concern that unobserved local wealth miag dur results, i.e., that the rich
could afford theEncyclopédieand also had the financial means to invest in industrial nmashi
We use two proxies for an industry’s dependence on up-frargstment: the number of steam
engines (column 4), and the number of other engines suchrasamd water mills (column 5). In-
terestingly, both measures for up-front investment tenoktbigher in sectors where the effect of
Encyclopédiesubscriptions is weaker (such as metal and leather). Thiesrfanancial abundance
less likely as a confounding fact®tin sum, our analysis suggests that knowledge elites suggbort
industrialization by raising the local productivity in memh (innovative) technology.

5.4 Discussion: Interpretation and Limitations of Results

We have documented a striking patteBncyclopédiesubscriptions are strongly associated with
economic growth and income after 1750. Our interpretatsonat that theEncyclopédigurned

its readers into entrepreneurs, or thatausedocal upper-tail knowledge. Instead, we use sub-
scriber density as an indicator for the local presence ohkexdge elites. The geographic pattern
was likely persistent: we provided evidence that locatwith higher subscriber density hosted
more knowledge elites both before and after the mid-18tkucgnlf scientific elites were present
before industrialization, why would their effect on grovdtrengthen so much after 1750? The
historical account suggests that advanced knowledge wasiparly important during periods of
economic expansion (as formalized in our model in AppeAdixOne early example is the Com-
mercial Revolution in medieval EuropBiftmar, 2013 Cantoni and Yuchtmar2014. However,
the prime example is the Industrial Revolution, when theregate technological frontier began to
advance rapidly, and when scientific knowledge became ecmadly “useful” (Mokyr, 20050.
The mechanism is not confined to inventors or scientistgagtimproving technology, but it also

62Column 3 shows that the number of observations and the&similar for modern and old sectors. Thus, overall
fit or small samples do not drive the differences in coeffitgen

63\lerley (1985 p.103-104) observes that the metal industry was partigutapital intensive and often operated
by the rich nobility, while textile production occurred asmaller scale and required much less capital. Thus, our
finding that subscriber density is particularly stronglg@sated with productivity in the textile industry supootur
knowledge-based explanation.
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comprises lower access costs (e.g., via information nétsvior the knowledge elite) and higher
efficiency at adopting complex modern techniques. Thusjrgarpretation emphasizes a broad
concept of upper-tail knowledge — but one that is clearlyinti$ from ordinary worker skills.

Our empirical analysis follows the common approach to regyggowth rates on initial levels of
human capitalBarro, 2001). It thus also shares the common limitation that skills atassigned
exogenously to different locations, which makes causarerice difficult. Correspondingly, we
do not claim that upper-tail knowledge was necessarily ddnmental driver of industrial growth.
However, our results suggest that it was at least a proxicheterminant. For this interpretation
to be valid, we need to discuss potential confounding factioat also fit the observed empirical
pattern, but work via channels unrelated to upper-tail Kedge: such factors would have to be
correlated with subscriber density, affect growth onlyeaft750, and do so particularly strongly
in innovative modern sectors. We have discussed some alitegrexplanations that might fit this
pattern — institutions, broader knowledge (overall bookchases), and access to finance (presence
of noble families) — and concluded that these are unlikelpllg account for our results. Among
these, access to finance is the most probable additionardrivndustrial development. In modern
economies, advanced education and income are strongtedelhis was also true in the period
that we analyze, where a substantial sharerafyclopédiesubscribers came from the progressive
bourgeoisie and nobility. Nevertheless, deep pocketeaomunlikely to explain industrial growth
— even the most affluent individuals could not invest in tedbgy they did not know about. In
this sense, physical capital is not a “competing” factot,rather another proximate driver that is
complementaryo upper-tail human capital. In sum, the historical evidemccombination with
our empirical results make it hard to imagine that knowleeliges did not play an important role
during industrialization.

We also showed that levels of literacy (reflecting averagekaroskills) were positively asso-
ciated with development in the cross-section both befoceadter industrialization, but not with
growth. For the cross-sectional results, reverse caysalé concern: income may have led to
more literacy, rather than the other way around. Neversiselthis can hardly explain our find-
ing that initial literacy wasot associated with growth during industrialization. Takegether,
our empirical results strongly suggest that differemigtibetween average and upper-tail skills is
crucial when analyzing the role of human capital for long-development.

6 Conclusion

An ample literature has highlighted the importance of huroapital for economic development
in the modern world. However, its role during the Industiadvolution has typically been de-
scribed as minor. Hence, a crucial driver of modern growtbeaped to be unrelated to the onset
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of growth itself, and thus to the greatest structural breadconomic history. We resolved this puz-
zle by showing that not initial literacy of the masses, byperptail human capital — the presence
of knowledge elites — played an important role during indakgrowth. As a proxy for scientific
elites, we usdencyclopédiesubscriber density and show that this measure is stronghycased
with other indicators of local scientific activity, both loeé¢ and after th&ncyclopédiavas printed

in the mid-18th century. We also shed light on one historicat of this spatial pattern — the pres-
ence of the suppressed Huguenot minority with its stronghersis on educational attainment. A
promising route for future research is to systematicalneixe the causes of the spatial dispersion
of scientific elites at the eve of industrialization.

We discussed our empirical results in the context of a sgllizamework of spatial knowledge
diffusion, making two simple assumptions: while workerliskraise productivity for anygiven
technology, upper-tail knowledge allows entrepreneuesitgpt more productive techniques. Thus,
the former raise income per capita in the cross-sectionlevihe latter fosters growth. In the
spirit of Nelson and Phelpd.966), advanced knowledge is more important when the techncdbgi
frontier expands rapidly. Consequently, upper-tail kremge becomes particularly important for
development during industrialization. Our data lend ggreapport to this prediction. Importantly,
we do not argue thaverageworker skills were altogether unimportant; we show thaytivere
strongly correlated with incomlevelsbefore and after industrialization, but not with growth.

Our results have important implications for economic depeient: while improvements in
basic schooling raise wages, greater worker skills aloeenat sufficient for industrial takeoff.
Instead, upper-tail skills — even if confined to a small elitare crucial, fostering growth via
the innovation and diffusion of modern technology. In tresgect, our findings resemble those
in today’s economies, where the existence of a social clags high education is crucial for
developmentAcemoglu, Hassan, and Robins@911), entrepreneurial skills matter beyond those
of workers Gennaioli et al.2013, and scientific education is keid@nushek and Kimkd000.
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FIGURES
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Figure 1:Encyclopédiesubscriber density and literacy rates

Notes The left panel shows the spatial distributionErfcyclopédiesubscribers per 1,000 city inhabitants
in the second half of the 18th century. The right panel shbeslistribution of literacy rates (percentage of
males signing their marriage certificate) across Frenchmegnts in 1786. Both variables are described
in detail in Sectior8.1 FigureC.4in the Appendix plots the two variables against each othewsg
that they are not correlated.
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Figure 2:Encyclopédiesubscriptions and city growth, 1750-1850

Notes The figure plots average annual population growth of Fregitibs againsEncyclopédiesubscriber density
(InSubDens), after controlling for our baseline and early knowledgatcols (listed in Tablel).
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Figure 3: Subscriptions and city growth, 1750-1850

Notes The figure shows the Kernel density of city population gtowter the period 1750-1850 for three subsets of
French cities: 108 cities withotncyclopédissubscriptions, as well as 43 (42) cities with subscriptiand below-
median (above-median) subscriber density.
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TABLES

Table 1: Correlations with subscriber densityfubDens)

1) (2) 3) (4 (5)
Cities included: All Subs0 | Cities/Dept. included: All All Subs0
Panel A: Baseline Controls Panel C: Worker skills
In(Population 1750) 0.374 -0.234* | Literacy 1686 0.551 0.905 0.026
(0.073) (0.110) (0.593) (0.650) (0.777)
Atlantic Port 0.081 -0.222| Literacy 1786 0.290 0.358 0.054
(0.207) (0.213) (0.345) (0.323) (0.383)
Mediterranean Port 0.022 -0.129School Rate 1837 0.363 0.313 0.200
(0.276)  (0.223) (0.350) (0.335) (0.412)
Navigable River 0.422 -0.167
(0.202) (0.210) Panel D: Additional Controls
Non French-Speaking  -0.376 -0.719* | InSTNBooksDens 0.242* 0.194*  0.062
(0.146) (0.297) (0.041) (0.050) (0.056)
Pays d’Eléction 0.046 0.137 0.048
Panel B: Early Knowledge Controls (0.129) (0.128) (0.205)
University 1.030** 0.316 | InPreindDens -0.027  -0.033 -0.546
(0.186) (0.194) (0.830) (0.829) (0.846)
Printing Press 0.7¥2  0.203 | InDistanceCoal -0.173* -0.104 0.025
(0.170) (0.182) (0.083) (0.083) (0.106)
In(Books Printed 1500) 0.17%  0.039 | InNoblesDen’s 0.233 0.253 0.736"
(0.061) (0.066) (0.278) (0.301) (0.249)

Notes The table shows the coefficients of individual regressiminsubscriber densitynSubDens, on a variety of
city characteristicsinSubDens is our baseline measure for local density of subscribersédtuarto edition of the
Encyclopédiecomputed as described in Secti®d. Population 1750neasures urban population (in thousands) for
the cities in our sampléAtlantic Port Mediterranean PorandNavigable Riveare dummies for cities with ports on
the Atlantic Ocean or on the Mediterranean Sea, or locatedravigable riverNon French Speakinig a dummy for
cities in six French departments that spoke a language ththe~rench in the 18th centutyniversityis a dummy for
cities that hosted a University before 1750inting Presds a dummy for cities where a printing press was established
before 1500In(Books Printed 1500epresents the log number of editions printed before 1biddracyin 1686 and
1786 measures the percentage of men signing their wedditifjozge in the respective yeaBchool Raten 1837
measures the ratio of students to school-age populatiom {5 tyears) in 1836-371nSTNBooksDenpresents the
(log) book purchases per capita from the Swiss publishingé8ociété Typographique de Neuchd&TN) over the
period 1769-1794Pays d’électionis a dummy for cities in regions where the French king exepgaticularly strong
control over tax collectionnPrelndDends an index of pre-industrial activities in France that ird#s the number of
mines, forges, iron trading locations, and textile mantufiss before 1500nDistanceCoameasures the log distance
(in km) from the closest coal field mined in the 19th centimiNoblesDenseflects the (log) number of noble families
per capita in each French department. For sources andsjstdl Sectio@.4. Robust standard errors in parentheses.
*p<0.1, * p<0.05, ** p<0.01.

T Variable observed at the department level, and correspgmdgression also run at department level.

t Regressions include baseline and early knowledge controls
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Table 2: Matching estimation by city size and location

Dependent variable: log city growth over the indicated qeri

(1) (2) 3 (4) (5) (6)

Period 1750-1850 1700-1750
City size percentiles incl.: All 10-90 pct All 10-90 pet All - 10-90 pct
Isups>0 0.146* 0.155* 0.267* 0.163* | 0.087 0.063

(0.07) (0.07) (0.07) (0.07) | (0.06) (0.05)
Matching variables

Population v v v v v v
Location Ve v v v
Observations 177 154 167 144 | 129 110

Notes All regressions are run by propensity score matching atitiydevel, excluding non-French speaking cities and
city growth outliers (the top and bottom 1%), and using threémearest neighbors. Average treatment of the treated
(ATT) effects are reported, where the treatment variabteasndicator/s.;s0, which takes on value 1 if a city had
above-zero subscriptions to temcyclopédie Columns 1 and 2 in panel A use city population as matchinmbée.
Columns 3-6 add geographic longitude and latitudedtion) as matching variables. Standard errors in parentheses.
*p<0.1, ** p<0.05, ** p<0.01.
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Table 3:Encyclopédiesubscriptions and city growth

Dependent variable: log city growth, 1750-1850

@ ) ®3) “4) ®) (6) ) (€
incl. dummy subs>0 unweighted nolog 1700-1750
Subs. Densitly 0.100* 0.171* 0.169* 0.132* 0.117 0.204*  0.040™ 0.008
(0.039) (0.036) (0.033) (0.043) (0.045) (0.036) (0.008) .0807)
InPopinitia 0.055* -0.085* -0.089 -0.130"  -0.150**  -0.156** -0.071 -0.058
(0.014) (0.041) (0.048) (0.047) (0.053) (0.051) (0.049) .040)
Atlantic Port 0.221* 0.242* 0.253* 0.214 0.349* 0.253** 0.087
(0.082) (0.094) (0.099) (0.120) (0.162) (0.090) (0.101)
Mediterranean Port 0.779 0.794* 0.823* 0.883* 0.752*  0.824™ -0.203*
(0.076) (0.091) (0.083) (0.093) (0.142) (0.102) (0.094)
Navigable River 0.095 0.068 0.075 0.089 0.134 0.081 0.001
(0.068) (0.072) (0.071) (0.090) (0.069) (0.073) (0.076)
Paris 0.575* 0.610™* 0.617 0.574* 0.760*  0.614™ -0.020
(0.136) (0.132) (0.130) (0.145) (0.171) (0.130) (0.135)
Non French Speaking 0.337 0.330** 0.281** 0.184 0.428*  0.328** 0.100
(0.089) (0.097) (0.107) (0.118) (0.145) (0.093) (0.129)
University -0.063 -0.050 -0.011 -0.123 -0.056 0.122
(0.067) (0.065) (0.073) (0.084) (0.066) (0.069)
Printing Press in 1500 0.093 0.057 -0.023 01188 0.119 -0.078
(0.094) (0.090) (0.106) (0.098) (0.091) (0.083)
In(Books Printed 1500) -0.001 0.012 0.026 0.006 -0.012 @.02
(0.020) (0.020) (0.022) (0.025) (0.020) (0.017)
ISubs>0 0.134
(0.089)

R? 0.12 0.36 0.36 0.37 0.48 0.27 0.35 0.17
Observations 193 193 193 193 85 193 193 148
Magnitude: subscriber density

0-75 percentile 0.188 0.323** 0.320** 0.384* 0.221* 0.387** 0.226** 0.016
[0.011] [0.000] [0.000] [0.000] [0.012] [0.000] [0.000] [B22]
beta coeff. Subs. Density 0.213 0.365 0.362 - 0.286 0.347 0.340 0.027

Notes All regressions are run at the city level and are weighteddpt for column 6) by initial population of the
respective period. The dependent variable is log city patr growth over the period 1750-1850, except for column
8, which analyzes 1700-50. For details on the control véemlsee the notes to Tallle Robust standard errors in
parentheses. *90.1, ** p<0.05, *** p<0.01.

t Subs. Density represents two measures of city-level silfesaiensity to the Quarto edition of tiEncyclopédie
SubDens in column 7, andnSubDens in all other columns. Both are computed as described in @e8tiL

¥ The “Magnitude” panel reports two statistics for the sizethaf relationship between subscriber density and city
population growth: “0-75 percentile” corresponds to thg pmpulation growth differential between cities with zero
subscribers, as compared to those with subscriber densihei 75th percentile (among cites with above-zero sub-
scribers). In column 4, this effect includés,;s~o; p-values in square brackets. The last row reports the atdimbd
beta coefficient for the respective Subs. Density measure.
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Table 4: Panel regressions with city population, 1500-1850
Dependent variable: log city population
1) 2) 3 4 5) (6) (7)

Full panel, 1500-1850 Balanced panel Placebo periods
1500-1850 1700-1850 y =1600 y =1700

InSubDens x Postizso 0.106™ 0.136** 0.103* 0.164*  0.123* 0.146** 0.158"
(0.029) (0.031) (0.044) (0.070)  (0.045)  (0.029) (0.033)

InSubDens x Post, -0.039 -0.043
(0.077)  (0.044)

Controls v v v v v v

Additional Controls v

City FE v v v v v v v

Time Period FE v v v v v v v

R? _ 0.86 0.87 0.88 0.85 0.94 0.88 0.87

Observations 846 846 722 270 592 846 846

Notes All regressions are run at the city level. The dependenabte is the log of city population in the years 1500,
1600, 1700, 1750, 1800, and 1850. TRest,75¢ indicator variable takes value zero for the periods 150801 and
value one for 1800 and 185®o0st,, is defined similarly, but with respect to the placebo pegidddicated in columns

6 and 7. “Controls” include a dummy for Paris as well as thesbias controls and early knowledge controls listed in
Tablel, which also lists the “Additional Controls.” All controls@interacted withPost;750, and, where applicable,
also with Post,,. Robust standard errors in parentheses (clustered at pagtoeent level in column 3). * 0.1, **
p<0.05, ** p<0.01.
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Table 5: Literacy and additional controls

Dependent variable: log city growth, 1750-1850
(1) 2 3 4

InSubDens 0.180** 0.198** 0.194** 0.154**
(0.040) (0.042) (0.042) (0.051)
Literacy 1786 -0.209 -0.156 -0.240 -0.276
(0.142) (0.135) (0.149) (0.148)
INSTNBooksDens -0.025 -0.023 -0.020
(0.021) (0.022) (0.022)
InPrelndDens 0.985* 0.916*
(0.399) (0.398)
InDistanceCoal 0.025 0.034
(0.047) (0.045)
Pays d’Eléction -0.060 -0.074
(0.075) (0.073)
InNoblesDens 0.145 0.104
(0.111) (0.114)
Tsubs>0 0.142
(0.099)
In(Pop 1750) -0.075 -0.053 -0.025 -0.074
(0.043) (0.041) (0.050) (0.051)
Controls v v a e
R? 0.38 0.39 0.41 0.42
Observations 166 166 164 164

Notes All regressions are run at the city level, include a dummyRaris, and are weighted by city population in
1750. The dependent variable is log city population growtth750-1850. “Controls” include the baseline controls
and early knowledge controls listed in TallleFor details on the explanatory variables see notes to Tal3éandard
errors (clustered at the department level) in parenthesps<0.1, ** p<0.05, *** p<0.01.
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Table 6: Soldier height
Dependent variable: Soldier height in cm in the indicatedoge

(1) (@) ®3) (4) () (6)

Period 1819-1826 pre-1750 1819-1826
InSubDens 0.416** 0.450* 0.113 0.117 0.362 0.421*
(0.136) (0.129) (0.116) (0.117) (0.139) (0.130)
Literacy 1786 2.805* 3.056**
(0.398) (0.360)
Literacy 1686 1.050 0.994 1.749* 1.516
(0.527) (0.550) (0.851) (0.827)
Change in literacy 1686-1786 3.043* 4.165*
(1.007) (0.763)
Height pre-1750 0.408 0.192
(0.210) (0.145)
Baseline Controls v v v
R? 0.42 0.60 0.06 0.16 0.49 0.65
Observations 77 77 75 75 74 74

Notes All regressions are run at the department level and includiimmy for Paris (Department Seine). The
dependent variable in columns 1-2 and 5-6 is soldier heighig8il9-26. In columns 3-4, the dependent variable is
average soldier height recorded over the period 1716-48ctount for variation in height and soldier age within this
period, we control for age, age squared, and birth deca@deAppendixC.3 for detail). Sources for the dependent
variables are listed in Secti@gh2 “Baseline Controls” are those listed in TaldleFor details orin.SubDens, literacy,
and controls see the notes to TahldRobust standard errors in parentheses<0(, ** p<0.05, ** p<0.01.

Table 7: Disposable income, industrial activity, and wageaind 1850

1) (2) 3) (4) (5)

Dependent var. Disp. income Ind. Output Ind. Employm. Wd4@852)
(all'in logs) p.c.in1864 p.c.in1861 p.c.in1861 Industry Agric.
InSubDens 0.068* 0.215 0.156 0.055*  0.040

(0.030) (0.110) (0.091) (0.017) (0.026)
School Rate 1837 0.225 0.871* 0.833* 0.203** 0.413*

(0.111) (0.361) (0.339) (0.056) (0.084)
Baseline Controls v v v v v
R? 0.33 0.18 0.16 0.48 0.51
Observations 87 87 87 79 79

Notes All regressions are run at the French department level adldde a dummy for Paris (Department Seine).
“Baseline Controls” are those listed in Tallle For details onnSubDens and controls see the notes to Talle
Sources for the dependent variables are listed in SedtidnRobust standard errors in parentheses.<0fd, **
p<0.05, ** p<0.01.
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Table 8: Scientific societieRescriptions des Arts et Métierand city growth
Dependent variable: log city growth over the indicated queri

1) 2) 3) (4) ()
Variablex: pre-1750 Scientific Societies| Desc. Arts et Métiers
Period: 1750-1850 1700-1750 1750-1850
Panel A: Matching estimation, based on indicator
I~o 0.204* 0.193* 0.028 0.193* 0.140
(0.098) (0.095) (0.083)| 0.082 0.096
Matching variables
Population v v v v v
Location v v v
Observations 185 175 136 177 167

Panel B: OLS, based on per capita members (cols 1-3) / satés 4€5)

InDensity(x) 0.285* 0.295* 0.041 | 0.533**  0.460*
(0.083) (0.126) (0.098) | (0.167) (0.208)
I.~o -0.010 0.048
(0.130) (0.086)
Controls v v v v v
R? 0.34 0.34 0.22 0.32 0.32
Observations 158 158 118 166 166

Notes All regressions are run at the city level. The dependenabte is log city population growth over the period
indicated in the header. In panel A, all regressions are yuprbpensity score matching as described in Téblén
columns 1-3, the treatment variable is the indicdtor> 0 that takes on value 1 if a city hosted a scientific society
before 1750 (the eight cities in our sample where scientifiieties were founded after 1750 are excluded). In columns
4-5, the indicator, > 0 takes on value 1 if a city had sales of thescriptions des Arts et Métier€olumns 1 and

4 use city population as matching variable. Columns 2, 3,5add geographic longitude and latitudec@tion) as
matching variables. In panel B, all regressions are run b$ @hd are weighted by initial population of the respective
period. “Controls” include the baseline controls and thdydenowledge controls listed in Tablte(column 3 controls
for initial population in 1700 instead of 1750). In additjadl specifications include literacy (in 1686 for column 3
and in 1786 for all other columns) and a dummy for Paris. Fah&r detail see the notes to TallleStandard errors
(clustered at the department level in all regressions irepBin parentheses.*0.1, ** p<0.05, *** p<0.01.
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Table 9: Subscriber density, professionals in sciencegahibits

Dep. Variables (1) (2) 3) 4) (5) (6) (7 (8)
(local density of) Famous Scientists 1000-1887 | Science Prof., 1851 Exhibitors, 1851
by birth city by death city (dept. level)

InSubDens 0.107* 0.125* 0.073* 0.070** | 0.120* 0.147* | 0.023* 0.021
(0.024) (0.033) (0.023) (0.019) (0.051) (0.054) | (0.011) (0.011)

Baseline Controls v v v v

R? 0.09 0.20 0.08 0.22| 0.12 0.39 0.19 0.32

Observations 193 166 193 166| 84 78 193 165

Notes All regressions include a dummy for Paris. Regressionsolnrans 1-4 and 7-8 are run at the city level,
and those in columns 5-6, at the department level. The “ldealsity” of the dependent variables is defined as
In(1+dep.var/population). In columns 1-2 and 3-4, depizd@amous scientists per capita by city of birth and city of
death, respectively. These are people listed inrllex Bio-Bibliographicus Notorum Hominuwhose profession is
related to science, mathematics, chemistry, physics, digime. The data are frome la Croix and Licandr¢2012).

In columns 5-6, dep.var is the number of people in professiefated to science (medicine ahdmmes de lettres

et savantsfrom the 1851Recensementin columns 7-8, dep.var is innovations from French citielsilgited at the
London world fair (Crystal Palace Exhibition) in 1851. Thatata are fronMoser(2005. “Baseline Controls” are
those listed in Tabl&. In columns 2, 4, 6, and 8 we also control for literacy in 17&d in columns 6 and 8 we also
control for the share of employmentin industry in 1861. 8t errors (clustered at the department level in columns
2,4, and 8) in parentheses. ¥p.1, ** p<0.05, *** p<0.01.

Table 10: Huguenots, subscriber density, and city growth

(1) (2) (3) (4) (5) (6)

Dep. Var.: InSubDens Literacyirsg Log City Growth
1750-1850 1700-1750

InHugDensigro 0.590* -0.058 0.197* 0.070 -0.039 -0.060

(0.168) (0.060) | (0.077) (0.089) (0.074) (0.069)
InSubDens 0.216** 0.035
(0.055) (0.039)

Baseline Controls v v v v v v

R? 0.20 0.06 0.15 0.25 0.04 0.04

Observations 163 150 163 163 132 132

Notes All regressions are run at the city level and include a dunforyParis. For details ofnSubDens and
“Baseline Controls” see Tablie(columns 5-6 control for initial population in 1700 insteafdL750).in HugDens1g70
is the (log) number of Huguenots in 1670 relative to popatatt the department level. Standard errors (clustered at

the department level) in parentheses.<(1, ** p<0.05, *** p<0.01.
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Table 11: Subscriber density and average local firm prodtctn 1839-47

Dep. Var.: log wages (by sector and arrondissement)

(1) (2) ®3) (4) () (6)

InSubDens 0.043* 0.042** 0.033* 0.022  0.017
(0.016)  (0.016) (0.014) (0.015) (0.022)

InSubsDens x Modern 0.063**  0.05F* 0.046™ 0.059** 0.062** 0.058*
(0.015) (0.015) (0.016) (0.017) (0.018) (0.019)

School Rate 1837 0.247 0.232* 0.240** 0.163*
(0.070) (0.072) (0.072) (0.069)
School x Modern -0.028 -0.037 -0.041 -0.011 0.010 0.046
(0.069) (0.067) (0.070) (0.091) (0.099) (0.109)
Establishment Size 0.055 0.045* 0.042* 0.046** 0.041* 0.038**
(0.008) (0.008) (0.009) (0.010) (0.010) (0.010)
Size x Modern -0.069** -0.033** -0.030* -0.03r -0.035* -0.034*
(0.0112) (0.011) (0.014) (0.016) (0.015) (0.016)
Modern Sector 0.13>
(0.036)
Sector FE v v v v v
Baseline Controls v v v v
Additional Controls v v v
Department FE v (v)
Arrondissement FE v
R? 0.13 0.22 0.35 0.37 0.49 0.58
Observations 1482 1482 968 844 844 844

Notes All regressions are run at the arrondissement level anddeca dummy for Paris (Department Seine). The
dependent variable is the log of average male wages actdssalin a sectoy in arrondissement. There are more
than 14,000 firms in the sample (see Apperidi%). Firms are classified into 8 sectors, and the 4 most innavati
ones are categorized as “modern” (see Appendix Se@idrand TableD.16 for detail). Establishment sizis the
(log) average number of workers across all firmg andn. “Baseline Controls” and “Additional Controls” are those
listed in Tablel; we also control for (log) total department-level popuwatand urbanization rates (both in 1831) to
capture agglomeration effects. For each control variddd#) its level and its interaction with “modern” is included
For details onnSubDens and controls see the notes to TalileOriginal city-level variables are aggregated to the
arrondissement level as described in Apper@li&x Standard errors (clustered at the department level) iarplaeses.
*p<0.1, * p<0.05, * p<0.01.
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Table 12: Subscriber density and firm productivity withidividual industries

(1) (2) @k @ (5)
Sector Name Sector  Coefficient 2R Engines per 1,000
type [nSubDens Obs. Steam  Others
Transportation Equipment modern  0.Xt5 0.65 2 9
(0.026) 38
Printing Technology, and  modern 0.x63 0.20 1 26
Scientific Instruments (0.021) 221
Textile and Clothing modern  0.060 0.27 3 8
(0.017) 303
Furniture and Lighting modern 0.056 0.54 13 1
(0.033) 75
Leather old 0.047 0.19 3 46
(0.023) 165
Metal and Metal Products old 0.045 0.17 6 34
(0.024) 273
Mining old 0.040* 0.31 3 15
(0.018) 187
Ceramics and Glass old 0.003 0.27 4 5
(0.020) 167

Notes For each sector, column 1 specifies whether the sector @etorthe “modern” or “old” manufacturing classifi-
cation, reflecting its “inventive output” (see Sect®8and AppendibD.5for detail). Sectors are ranked by the size of
the coefficient otnSubDensreported in column 2; this coefficient is obtained by regireg— within each sector — log
male wages (the dependent variable in Tadleon InSubDensaverage establishment size, the urbanization rate, and
the baseline controls listed in Talde For each regression, column 3 reports tieaRd the number of observations.
Standard errors (clustered at the department level) inntlaeses. * pc0.1, ** p<0.05, *** p<0.01. Columns 4-5
show the sector-specific average number of steam enginegtlagdengines per 1,000 workers (see AppedBfor
detail).
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