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Abstract

This paper exploits an episode of French history to study the relationship between the roll-out of rail-
roads and the rise of the knowledge economy. I take advantage of the exogenous variation in railway
access arising from a straight line time variant instrument, to document that access to rail network
increases the innovation activity at the canton level. I explore access to knowledge as an underlying
mechanism behind the main results. I find that the innovation performance of a given canton depends
crucially on how well connected is through the rail and canal network to other cantons inhabited by
inventors. Next, using text analysis techniques, I am able to determine the technology of each patent
application in the historical database of the National Institute of Industrial Property of France and to
explore the role of a global city, such as Paris, on the diffusion of new technologies. Finally, I introduce
a back of the envelope exercise based on canals to show that in the absence of railroads the invention
rate of the French cantons would have been, on average, 21.3% lower.
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"There is no country in the world where so small a proportion of the capital invested within
the last forty years in canals and railroads, has been wasted or where traveling is safer,
or in which travel and trade are accommodated at more reasonable rates than in France™
(Moncure Robinson, American Philosophical Society, 1880)

1 Introduction

Productivity growth depends on two elements: new ideas bringing new technologies, and the diffusion
of these ideas among people and places. The rate of a person’s learning at any task depends on the envi-
ronment in which the person is exposed (Lucas, 1988; Lucas and Moll, 2014; Bell et al., 2019). As a result
high skilled people tend to co-locate in order to benefit from a faster rate of contact with other individu-
als at the same level of skills (Marshall, 1890; Glaeser, 1999; Moretti, 2021). This process is driven by the
costly nature of generating new ideas (Bloom et al., 2020) which may be translated to new inventions.
However, transport infrastructure investments across cities may provide a broader reach to otherwise
localized knowledge spillovers (Jaffe et al., 1993; Murata et al., 2014) by lowering the cost of exchanging
ideas among places (Agrawal et al., 2017; Dong et al., 2020).

Connecting places via transportation networks is essential in order to promote knowledge diffusion
across the space, and hence long-term economic growth. Over the last few decades, the World Bank
has spent a large proportion of money on funding infrastructure investments (World Bank, 2007, 2013,
2017).! Despite an emphasis on reducing transportation costs, we lack empirical evidence on understand-
ing how transportation infrastructure projects can actually create meaningful connections to places that
matter in terms of boosting innovation performance and strengthening channels related to the diffusion
of knowledge.

In this paper, I exploit an episode of French history to study the impact of the largest-scale construction
of French railroads on innovation performance. Over the second half of the 19th century, railroad con-
struction transformed the French economy. Railways generated economic relations and cultural environ-
ments, stimulated commerce and created new economic opportunities. The creation of the rail network
changed the perception of time (Schwartz et al., 2011). According to Thévenin et al. (2013) a striking
example of this transformation is the travel time between Paris and Marseille. In 1814, the duration of
this trip was four to five days while in 1857, this trip needed about 13 hours.

Remarkably, the roll-out of the network coincided with a rise of innovation activity. Up to 1850, the
number of patent applications owned by inventors in the historical French patent database was 22,978.
From 1850 to 1902, this figure increases to 285,597. Some of the greatest inventions in history took place
in France during the second half of the 19th Century, such as Louis Pasteur’s inventions for wine and beer
pasteurization in 1865 and 1871, respectively. Another example is the invention of the French chemist,
Charles Frederic Gerhardt who, in 1853, was the first person to prepare acetylsalicylic acid (aspirin).
Lastly, the very first patented film camera was invented by Louis Le Prince in 1888.

I use rich historical data to construct a panel dataset at the canton level for France (2,925 cantons) over

the period 1850-1890.%2 I combine a very recent dataset of communes with access to rail station in the 19th

1Based on reports of 2007, 2013 and 2017, the World Bank spent approximately $105 billion on transport-related projects.
I include only the cantons from the mainland of France.



century (Mimeur et al., 2018) with the historical patent applications database of the National Institute
of Industrial Property o ce (hereinafter, the INPI) (INPI, 2019) for the period 1850-1890 to construct a
unique dataset.® The historical patent database of INPI is still fairly unexplored. Previous papers have
used the INPI database during the rst half of 19th century to study the e ect of technology transfer from
Britain to France (Nuvolari et al., 2020), the in uence of the patent system on economic performance
(Galvez-Behar, 2019), the role of women in enterprise and invention in France (Khan, 2016) and the
impact of labor scarcity on technology adoption and innovation (Raphael, 2022).

Equipped with this dataset, this paper focuses on the expansion of the French railroad network which
provides a unique setting to identify the causal impact of transport infrastructure on innovation out-
comes. | use the three di erent French railway plans over the course of the 19th century to construct a
time variant straight line instrument. | document that access to a rail station increases a canton's inno-
vation activity. For robustness analysis, and to complement the instrumental variance approach, | apply
an inconsequential units approach based on the randomly chosen subset of municipalities that received
railway access because they lie on the most direct route between the nodal destinations used to create
the straight line instrument. In addition, | exploit the richness of the patent data to create a falsi cation
exercise in which | regress the distance to rail stations on invention rate of the cantons over the period
1800-1840 one decade prior to the actual arrival of railroads. | do not report a signi cant e ect meaning
that future railroads are not associated with past innovation activity, at least the decades immediately
prior to the sample period. | interpret this as evidence that my results are not driven by pre-trends re-
lated to the railroads and innovation performance. Moreover, in the Appendix A, | provide a conventional
di erence-in-di erences regression model with staggered treatment using a binary indicator as an inde-
pendent variable, switching to 1 if the canton has access to a rail station. This design covers the period
1800-1890 allowing me to control for a long period of time, 1800-1840, before the arrival of railroads,
when none of the cantons have access to a rail station. Finally, in the Appendix A, | explore cross section
variation for every decade over the period 1850-1890 to identify the year that railroads started to have an
impact on the patenting rate and to test the validity of the instrument by decade.

In a second step, | explore the mechanism behind the main results. This paper adds to the literature by
using the rationality of the "market access" framework, developed by Donaldson and Hornbeck (2016),
to provide a supply side mechanism related to potential interactions (Akcigit et al., 2018) and knowledge
spillovers (Ja e et al., 1993) among the inventors residing in di erent cantons. Rather than using popu-
lation in the market access index, the paper uses the number of inventors. The potential interactions and
spillovers among inventors residing in di erent cantons could occur by establishing less costly routes,
due to infrastructure improvements, within mainland France. | call this mechanism access to knowl-
edge. A previous attempt in the literature uses a market access framework (Periman, 2015) to identify
the mechanism that boosts innovation performance. Other papers in the literature (Agrawal et al., 2017,
Andersson et al., 2021; Inoue and Nakajima, 2017; Wong, 2019; Gao and Zheng, 2020; Dong et al., 2020;
Sun et al., 2021; Hanley et al., 2021; Komikado et al., 2021; Cui et al., 2020; Huang and Wang, 2020) pro-
vide evidence on how transportation networks facilitate the di usion of knowledge but without directly
connecting the knowledge di usion mechanism to innovation performance. Prior literature explores also
supply side mechanisms on innovation performance like past co-inventors, inventors in the same rm,

3The patent database is available on request.



inventors in the same geographical region (Akcigit et al., 2018), degree and closeness centrality of a city
(Yao et al., 2020), collaborations (Inoue and Liu, 2015; MingJi and Ping, 2014; Guan et al., 2005) and mo-
bility of the inventors (Rahko, 2017). To the best of my knowledge, this is the rst attempt to establish a
supply side mechanism which connects via a transportation network a region's innovation performance
to the outside world.

Finally, this paper uses the unique setting of France to introduce as a special case the importance for the
inventors of a given canton 8to have a less costly connection to a global city such as Paris. Prior literature
argues that Paris can work as a gatekeeper of knowledge that connects the national innovation system to
global innovation networks (Miguelez et al., 2019). This is con rmed by the fact that inventions in Paris
are more diverse and spread across the di erent technologies (Kogler et al., 2018). Paris was considered
to be an important node in the global economic system also in the 19th century. Five World Fairs took
place in Paris during the second half of 19th century. The literature has explored the crucial e ect of
World Fairs on technological change (Moser, 2005). A lot of inventors from around the world presented
their inventions at the World Fairs. Paris acted like a link for the cities of France to the outside world.
However, for only a small sample of patent applications, INPI database contains information about their
technological class. In order to explore this special case, | assign technological classes to the remaining
patent applications in the historical database of INPI. | assemble a vocabulary which is based on key
words from the titles of the patent applications for which | have their technological class. Using this
vocabulary, | can assign technological classes to all the patent applications in the INPI database.

This paper directly speaks to the literature about transportation networks and innovation activity. Stud-
ies that are close to my research include the papers by Perlman (2015), Agrawal et al. (2017) and An-
dersson et al. (2021). Periman (2015) establishes a relationship between network access and innovative
activity in the USA over the 19th century. Agrawal et al. (2017) nd that the stock of highways has a
positive e ect on patenting in metropolitan statistical areas of the USA. Finally, Andersson et al. (2021)
explore the e ect of the Swedish railroad on patent activity over the period 1830-1910. They assert that
network access fosters innovation activity. They nd solid evidence that independent inventors start to
specialize in speci ¢ technologies when they enter the market. General railroad access helps the inventors
to develop ideas beyond the local economy and invent in new technological classes.

There is a growing body of literature exploring the interplay between infrastructure and economic
outcomes from a historical perspective. Railroads in the USA, Sweden, England, Wales and Switzerland
transformed all towns into new places. They managed to lure banks and to increase urbanization (Atack
et al., 2008, 2009; Atack and Margo, 2009; Berger and En o, 2017; Blchel and Kyburz, 2020; Bogart et al.,
2022) and are responsible for the growth and the economic development of US and Nigeria cities (Nagy,
2016; Okoye et al., 2019). Railroads also have a signi cant impact on the development of the agricul-
tural sector (Donaldson and Hornbeck, 2016; Donaldson, 2018) and on fertility and human capital (Katz,
2018). Transportation linkages have an adverse e ect on health in the rural US (Zimran, 2019). Railroads
manage to boost manufacturing productivity in US (Hornbeck and Rotemberg, 2019; Pontarollo and Ric-
ciuti, 2020). Finally, the steam railway led to the rst large-scale separation of workplace and residence
(Heblich et al., 2020).

In general, infrastructure networks can a ect the economy through di erent channels. The realloca-
tion of road investments after the division of Germany created regional income inequalities in terms of



GDP per capita (Santamaria, 2020). Highways a ect population and employment (Baum-Snow, 2007,
Duranton and Turner, 2012). Lastly, the adoption of the steamship between 1850 and 1900 boosted the
globalization of trade (Pascali, 2017).

In addition, this paper proposes that targeted investments to infrastructure projects can facilitate access
to big cities. This direct policy may level out the persistent inequalities between urban and rural areas. It
may increase the probability of smaller cities to innovate in new patent classes. Recent papers rise con-
cerns about the correct allocation of infrastructure funds (Flyvbjerg, 2009) and the proper circumstances
for such projects to be e cient (Crescenzi et al., 2016).

Lastly, given the setting of the analysis, this paper adds to the literature on the economic progress
and economic history of France around the turn of the 19th and 20th century by studying the impact of
railroads on technological progress. Other papers in the literature explore as determinants of economic
growth religiosity (Squicciarini, 2020; Lecce et al., 2021), knowledge elites (Squicciarini and Voigtlander,
2015), trade (Juhasz, 2018), adoption of technological breakthroughs (Juhasz et al., 2020), large income
shock of the phylloxera (Banerjee et al., 2010), emigration intensity (Franck and Michalopoulos, 2017),
population shifts (Talandier et al., 2016), early industrialization through the adoption and persistence of
unskilled-labor-intensive technologies (Franck and Galor, 2019) and fertility rates Daudin et al. (2019).
One previous attempt related to railroads focuses on the e ect of railroads on population distribution in
France, Spain, and Portugal from 1870 to 2000 (Mojica and Marti-Henneberg, 2011).

The rest of the paper is organized as follows: Section 2 contains the historical background, section 3
presents the data, section 4 shows the empirical strategy, section 5 presents the main results, section 6
explores the mechanism and section 7 concludes.

2 Historical Background

2.1 Railroads

The rst railway line in France was built in 1828 by mining companies to connect St. Etienne to the Loire
River. They used this line to transfer coal. The rst line for passengers was opened in 1837. It was a short
line from Paris to Le Pecq (Dunham, 1941). At the time, France was already lagging behind Britain and
Belgium. In 1842 Britain had 1,900 miles of railways in operation while France had only 300 (Lefranc,
1930).

After the success of the rstline, the French government saw the importance of a national railway net-
work. However, the next attempt for constructing a rail line between Paris and Versailles was unsuccess-
ful. Two di erent companies each built a line to connect Paris with Versailles but they failed nancially.
The government recognized the problem of rivalry between local interests (Dunham, 1941). Although
the government was aware of the importance of a national railroad, it did not provide funding until 1842
(Ratcli e, 1976).

According to Dunham (1941) the planning of rail network was givento  Corps des ponts et chaussess
organization of highly trained engineers which was in charge for major infrastructure projects in France.
The expansion of railroads during the period 1840-1860 was based on Legrand Star, a design by theCorps
des ponts et chaussedscording to Legrand plan, the purpose of the government was to connect major
communes, borders, and coastlines with Paris. In 1865, based on the Migneret law, the government estab-



lished direct lines connecting all the prefectures. The nal expansion of the rail network was constructed
according to the Freycinet plan which was introduced in 1878 (Thévenin et al., 2013).

The most important railroad expansion occurred between 1860 and 1900 when 45,000 km of rail lines
were built. The nal phase ran until the 1930s and by the end of this phase 56,000 km of railroad were in
operation (Thévenin et al., 2013). The introduction of motor vehicles at the end of the 1930s limited the
expansion of the railroad network.

2.2 Patent System

Great Britain, France and the United States were the rst countries to adopt legislation on patents in 1791
(Macleod, 1991; Galvez-Behar, 2019). In France, prior to the establishment of a patent legislation, and
more speci cally during the 18th century, patent applications were known as "les privileges" and were
granted by the king and registered by the parliament in Paris (Macleod, 1991). In addition, inventors
received remarkable awards for their inventions, such as national or local production, a lifelong pension or
tax exemption. Lastly, a major di erence between the English and French system was that the application
procedure was far more severe in the latter case (Macleod, 1991).

In 1791, Bou ers' bill became the rst Patent Act in France establishing three di erent categories for
patenting: 1) Patents for invention, 2) Patents for improvement and 3) Patents for importation. The
patents were granted from ve until fteen years. The name of the inventions changed to "brevets de
invention". However, their cost was prohibitive. Apart from the initial cost, several taxes were added
over the course of the examination process. The patent system did not facilitate the spread of patenting,
because a lot of inventors could not a ord the high cost (Galvez-Behar, 2019).

The rise of patenting activity was underpinned by the introduction of a patent law in 1844. This leg-
islation allowed the inventors to export their patents to foreign countries and also changed the method
of payment for inventors enabling patentees to spread the payment of the tax over the entire duration of
their patent (Galvez-Behar, 2019).

3 Data

3.1 Railroad Data

The data on communes with a rail station over the period 1860-1920 come from Mimeur et al. (2018). It
is a very detailed database that contains ve variables of interest for all the communes. 4

| make use of an historical image with rail lines until 1860 to add one additional decade to my sample. °
| extract the lines from the image that were already established until 1850 to identify the communes that
had a rail station in 1850. In order to do that, | rely on the historical rail station data of 1860 from Mimeur
et al. (2018) and | preserve only the communes which are crossed by a rail line of 1850. This exercise
allows me to identify the communes with a rail station in 1850.
Distance to Rail Station : It is the distance in km from any canton city point to the closest commune
centroid with access to a rail station.

41t contains a dummy variable of access (=1 if the commune has a rail station), a variable of the type of line, and three
variables with travel time to reach from any commune to Paris, regional centers and departmental centers.
5For more details see Figure D1 in the Appendix D.



Furthermore, | attempt to create the historical rail line network of France. In the absence of high reso-
lution historical maps, | use the communes with rail stations in the period 1850-1890 and modern French
rail lines. °Baum-Snow et al. (2017, 2018) argue that historical infrastructure networks are good predictors
and facilitate the construction of a lower cost and more modern infrastructure network. In this paper, |
use a modern infrastructure network to re-create an old one. | use a shape le with the rail lines in the
period 2000-2020 (Jeansoulin, 2019) and a shape le with the lines until 1992 (DIVA-GIS, 2020). Figure
1 shows the results of this exercise. According to the ndings a signi cant development of rail network
occurred in France over the 19th century.

3.2 Canal Data and Ports

Aside from the railroads, France also developed a canal network. | make use of two sources of data to
identify the canal network of France.

The rst source of data on navigable waterways comes from Ryavec and Henderson (2017). Itis a
shape le developed by Jordi Marti Henneberg. ’ This shape le includes the canal network of France in
1850. The second source of data is the collection of historical maps of Chicago (2020) which contains very
detailed maps of the navigable waterways of France over the second half of 19th century. 8 | digitized these
historical maps in QGIS. Figure 1 shows the expansion of canals. Next, | construct the indicator of access
to the canal network.

Access to Navigable Waterways : Itis a binary indicator which switches to 1 for a canton if there is a canal
within 3 km distance from the city centroid. In the Appendix A, | apply robustness check with di erent
thresholds.

In addition, | make use of a historical map from Rumsey (2020) collection, in order to identify the
ports of France in 18772 | complement this data with active ports over the period 1662-1855 from Garcia-
Herrera et al. (2006). Their database focuses on the reconstruction of oceanic wind eld patterns for
this period that precedes the time in which anthropogenic in uences on climate became evident. They
include the variables "voyagefrom" and "voyageto" which contain the names of the places where the ship
departed from or sailed to. | apply geocoding on Stata (Zeigermann, 2018) and | identify 13 active ports
for France.0 | use the ports to construct the instrument for the IV approach.

3.3 Setting

I make use of the recent constructed shape les of Gay (2020), for the period 1870-1940. Over the sample
period, France did not experience any large changes in the national administrative system except for the
departments that became part of Germany. | base my analysis on the shape le of 1870 which contains
2,925 cantons for mainland France.

Next, | can determine the majority of the city areas in order to use the centroids of the cities. The rst
data source is Perret et al. (2015), which contains the polygons of the cities, towns, domains and forts

8For more details see Figure D2 and Figure D3 in the Appendix D.
“Source: http://europa.udl.cat/projects/inland-waterways/

8For an example of the maps see Figure D4 in the Appendix D.
9For more details see Figure D4, Appendix D.
10a¢t least one ship departed or sailed to these ports.
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