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This paper investigates part-year factory operation, a common but understudied dimension of
industrializing economies, in a prototypical late-industrializing setting that offers rich factory-level data:
Imperial Russia. Newly compiled data provides detailed descriptions of all Russian manufacturing firms
operating in 1894 and shows that factories operating a greater number of annual working days were more
mechanized, more urban, more likely to employ women and children, more productive, and more likely to
survive. Rather than arguing that part-year operation demonstrated Russia’s uniquely inexorable
backwardness, we stress operating time’s relationship to fundamental drivers of growth, including

urbanization, geography, and institutions.
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Economists still know relatively little about the repertoire of peculiar adaptations factories might
have implemented to overcome missing or thin input markets and other obstacles encountered while
industrialization was ongoing, especially in primarily agricultural or late-industrializing contexts. Firms in
modern-day developing economies, for example, may have lower rates of turnover, higher productivity
dispersion, higher rates of concentration, and a size distribution with a “missing middle” (Tybout 2000).
This paper examines part-year operation, a once-widespread industrial practice seldom discussed by more
recent literature in economics or economic history, particularly when describing contexts outside the
United States or Great Britain.! Part-year operation has likely been relatively neglected in the literature
because data requirements are substantial. Sources listing factory working time, even at the aggregate
level, are rare in modern data, let alone in historical contexts. Moreover, unpacking the elemental
relationships among a factory’s working time, location, technology, and productivity requires detailed
firm-level or enterprise-level data.

This paper investigates the relationships among part-year operation, labor force composition, and
production technology in a rapidly-modernizing late-industrializing country, Imperial Russia. Whether the
Russian Empire could continue to develop, or whether its peculiar political and economic institutions
doomed the country to poverty (or revolution), is one of the most intriguing questions in social science.
At the end of the nineteenth century, the Russian Empire remained intensely agrarian, but its industrial
sector grew rapidly.? Because of the preeminence of seasonal agriculture in the economy and the

difficulty of attracting industrial labor, many factories located outside of cities in the country adjusted

! Recent work by Humphries and Weisdorf (2019) highlights how distortionary it can be to ignore working time.
They create new real income estimates for historical England using annual wages rather than daily wages that ignore
the length of employment. They find very different patterns of income change than previously understood.

2 Russian real GDP per capita in 2011 USD was $1,651 in 1895, compared to $4,095 in France, $6,996 in the United
Kingdom, or $4,281 in Germany (Maddison Project Database, version 2020 (Bolt and van Zanden 2020), originally
from Gregory (1982), Ridolfi (2016), Broadberry et al. (2015), and Pfister (2011), respectively). Russia’s average
annual growth rate of real GDP from 1890 to 1900 was 4.51 percent (calculated from Maddison Project Database
2020). Crisp (1976) estimated average annual rates of industrial growth in the Russian Empire at 6.10 percent from
1885-1890 and 8.03 percent from 1890 to 1899 (p. 111). Kahan (1989, p. 21) shows that Russian steel output
increased from 183 thousand tons in 1885 to 1.39 million tons in 1895. Similarly, pig iron output increased from 527
thousand tons to 1.45 million tons in 1895.



worktime to accommodate labor-intensive agricultural seasons. We find that factories that operated fewer
days per year tended to be located in rural areas and districts with fewer factories in their industry, used
less machine power, had fewer females and children in their workforces, and were less productive. Part-
year factories were also more likely to perish before 1900, which suggests that part-year operation may
have gradually disappeared from Russian industry over the long run. Furthermore, Russia’s patterns of
part-year operation resembled those in earlier periods in countries like the United States, Great Britain, or
France that eventually industrialized, so in this sense, Russian factories were not uniquely backward.

This investigation relies on a remarkably detailed factory-level dataset covering over 13,500
factories in 1894 that lists the number of working days per year that each factory operated and a wealth of
other critical variables.® The dataset’s rich detail permits an investigation of the relationships among key
variables, including the days per year the factory worked, the machines each factory used, the factory’s
total annual revenue, the precise activities undertaken by the enterprise, and the factory’s labor force
composition. Matching to an additional factory-level dataset from 1900 permits us to test whether part-
year factories were more likely to exit. A different source providing 1900 industry-province aggregates
allows us to investigate industrial wages. Finally, we examine the relationship between part-year
industrial operation, agricultural production, and other regional characteristics to explain why some
factories operate part-time in the first place.

If part-year operation is costly, it may represent a transitional stage of industrial development.
Factories that operated for only one part of the year left any capital investments idle during the part of the
year they shut down. A theory of Smithian growth through the division of labor would predict that part-
year operating factories would become obsolete and eventually disappear. Under this framework, we

expect to find that factories operating more days of the year should have more fixed capital as measured

3 Ministry of Finance, List of Factories and Plants (1897). Given the limitations of the original source, these results
characterize only factory establishments, not informal or handicraft establishments, which were likely numerous but
not as economically important. We provide more detail on the source’s precise criteria for inclusion in the fourth
section.

4 Sources for regional characteristics included Kessler and Markevich (2020) and Dower et al. (2018).



by machine power, be more productive, and be more likely to survive past 1894. Additionally, part-year
operating factories may be more likely to be located in rural areas, where factories would shut down to
accommodate agricultural labor demands, and in areas with fewer other factories and hence perhaps less-
dense labor markets. If part-year operation constrained firm size, factories operating part-year would be
smaller as measured by total workers. Finally, we examine an ambiguous prediction about workforce
composition: full-year factories may employ more women and children due to the division of labor made
possible by mechanization, though part-year factories may employ women and children to substitute for
scarce male labor.

Our paper’s results contribute to literatures in economics and economic history by: broadening
our empirical historical understanding of part-time factory operation in a late industrializing region; by
better understanding a factory’s interrelated decisions over operating time and production methods thanks
to highly detailed data; and by applying a comprehensive dataset to a set of canonical questions in
Russian history previously explored with limited snapshots and anecdotes. The highly detailed U.S.
Census of Manufactures enabled an influential line of inquiry describing U.S. factory development as it
unfolded. The Russian data permits a rare comparison to this case. Our paper finds that many of the
relationships uncovered in this literature, for example, the relationships among size, mechanization, and
part-year operation, also appear to characterize factories in the Russian Empire, a very different setting,
suggesting some economic laws of motion governing factory operating time. At the same time, thanks to
more detailed data, we can reconcile some unusual or unexpected findings in that literature. For example,
Atack, Bateman, and Margo (2002) find a negative relationship between working time and steam power,
while we find a more expected positive relationship. Furthermore, we consider operating time alongside
characteristics of the factory’s district or province location, which has rarely been attempted empirically

though is often suggested by narratives in the literature.> Though extrapolating the causes of Russia’s

5 An important exception is Magnac and Postel-Vinay (1997).



long-run economic and political trajectory from our single snapshot should be undertaken with caution,
our study clarifies the nature of obstacles confronting Russia’s long process of industrialization.

A long line of literature on Russia’s economic history debates the impact of Russia’s peculiar
institutions on the country’s long-run economic and political trajectory. Recent studies have documented
the economic effects of serfdom on the Imperial economy and Russia’s long-run economic trajectory
(Markevich and Zhuravskaya 2018; Buggle and Nafziger 2021). Serfdom’s negative effects may have
persisted so long because, when serfdom was ended, peasants were not given full property rights in their
plots and faced other restrictions on movement.® Chernina, Dower, and Markevich (2014) document that
the Stolypin Reform of 1906, which gave former serfs property rights (titles) to their plots, implied an
economically significant increase in migration, particularly to Siberia. However, Cheremukhin et al.
(2017) argue that Russian institutions do not pose an economically significant obstacle to labor
reallocation from agriculture to industry. Like Gregg (2020), they stress the importance of entry barriers
to the industry as a key friction in the Imperial Russian economy.

Our study of part-year operation shows a concrete connection between Russia’s still-dominant
agricultural sector,” the geography and institutions of the Russian labor market, and industrial
development.® While Cheremukhin et al. (2017) rely on a neoclassical growth model applied to aggregate
data, we employ finer factory and district-level evidence. Unlike their study, we find some support for a

connection between part-year operation and Russia’s peculiar institutions, like communal agriculture, and

6 Gerschenkron (1962) argued that serfdom and its legacy represented Russia’s foremost obstacles to
industrialization.

" Though Russia’s industrial sector grew impressively in the late nineteenth century, agriculture still dominated the
economy. By 1897, the average share of value-added in agriculture across Russia’s 97 provinces was still over 50
percent, while industry accounted for less than 20 percent on average (Markevich 2019).

8 To Russia’s socialist economists, the continued prevalence of part-year operation indicated that Russian
industrialization remained at an intermediate stage of development. Given the political stakes, the socialist and
Soviet-era literature on the topic is immense. Even Lenin (2004) mentioned part-year operation in The Development
of Capitalism in Russia. To Lenin, at the early stages of capitalism, industrialists had “hardly yet become
differentiated” from peasants. In particular, part-year operation was a sign of this backwardness: in advanced
capitalism, industry would operate entirely independently of agriculture’s vicissitudes. Lenin even makes a set of
empirical predictions about the relationship between part-year operation and factory production. For example, he
remarks that larger establishments usually operate longer, because such factories have larger, more stable work
forces, which allow them to more completely specialize as industrial establishments (pp. 373-81).



social disturbances like strikes. However, we also show that factories faced pressures both from the
agricultural economy, which reduced labor supply, and the demands of achieving greater efficiency,
which encouraged them to operate continuously. Factories that faced volatile labor markets and that also
could not cheaply substitute machines for labor likely failed.® In this way, Russian factories were very
much like those in France or the United States in earlier periods or in a variety of industrializing contexts.
This is an important conclusion, both for developing a more nuanced understanding of Russia’s economic
history and for forming a broader picture of industrializing economies.

Seasonal labor markets and their relationship to labor tying have been well-documented in the
agrarian sectors of developing economies. In such economies, workers and landowners reach an
agreement for permanent smooth employment during the idle season in exchange for workers’
commitment to work during the busy harvest and planting seasons (e.g., Bardhan 1983). Sometimes these
arrangements involve explicit restrictions on workers’ ability to move (Domar 1970; Mukherjee and Ray
1995; Naidu and Yuchtman 2013). In highly agrarian but rapidly industrializing contexts like the Russian
Empire, these seasonal agricultural labor markets affected industrial labor markets as well, a relationship
largely neglected by the development economics literature.

Finally, our paper closely relates to ongoing debates that seek to understand the sources of
productivity differences across countries.'® Hsieh and Klenow’s (2009) result that misallocation of inputs
between more and less productive firms explains a large percentage of total factor productivity (TFP)
differences between the United States and India or China has encouraged an inquiry into the sources of
productivity differences across firms within the same industry. Micro-level studies of how firms in
developing contexts actually operate, for example, Bloom and Van Reenen (2007), shed enormous light
on potential sources of these differences, stressing the role of management. Our paper’s examination of

part-year operation and its relationship to factory technology and productivity shows how fundamental

% Perhaps factories in industries that depended more acutely on external finance, or those for which substituting
capital for labor required great expense, might have especially buckled under these pressures.

10 Additionally, for development economists, interactions between industry and agriculture have long represented a
central topic of inquiry, from classics like Harris and Todaro’s (1970) two-sector model.



drivers of development like market integration, institutions, and technology influence industrial
development through a factory’s decisions over operating time.

The paper proceeds as follows. First, we outline a literature that relates seasonal operation,
mechanization, and the composition of the factory’s labor force in other contexts before turning to the
Russian literature on seasonal factory operation. Next, we relate these literatures to Russian industrial
development to form a set of hypotheses about part-time factory production and its regional determinants.
We test these hypotheses using 1894 factory data and regional sources, and conclude by discussing the

implications of our future research.

EMPIRICAL STUDIES OF PART-YEAR OPERATION, PRODUCTION TECHNOLOGY, AND
LABOR MARKETS IN THE UNITED STATES, GREAT BRITAIN, AND FRANCE

Accounts of part-year operation stress the relationship between part-year operation and seasonal
agriculture and the consequences of part-year operation for factory production and performance,
particularly when part-year operation relates to transitions from home production to artisanal shop
manufacturing and to industrial factory production. For industrial leaders like the United States and Great
Britain, the transition to full-year factory operation occurred in the early to mid-1800s. France
transitioned several decades later. In Russia, such processes were still unfolding by the end of the
nineteenth century. Notably, in the United States, Great Britain, and France, part-year operation emerged
without the agricultural labor market distortions usually stressed in the Russian case.

Two key issues frame the economic history of industrial transitions: first, whether such changes
in factory organization were associated with improvements in productivity or firm survival (e.g., Sokoloff
1984), and second, why such changes happened when and where they did. Sokoloff and Dollar (1997)
show that, due to a higher land-to-labor ratio, agriculture in the United States was more varied and less
seasonal. Workers could concentrate in manufactories without consistent seasonal pressure from the
agricultural labor market. In the United Kingdom, however, a lower land-to-labor ratio resulted in a

higher reliance on grains, which are highly seasonal, leading industrial entrepreneurs to adopt the cottage



industry model, which allows workers the flexibility to accommodate varying demand for agricultural
labor. Similarly, Sokoloff and Tchakerian’s (1997) study of manufacturing in the rural South and
Midwest using the 1860 U.S. Census of Manufactures shows that manufacturers were less productive and
more seasonal in locations practicing wheat agriculture.

Even though U.S. manufacturers were less sensitive to seasonality than British producers,
manufacturing firms in the United States were still somewhat tied to the labor demands of agriculture.
Atack, Bateman, and Margo (2002) document that 38-40 percent of establishments operated for fewer
than 12 full-time equivalent months a year, suggesting a substantial presence of seasonal operations that
accommodated agricultural needs. They also find that larger firms with more labor and capital worked, on
average, longer than smaller firms, and suggest that large, capital-intensive firms had higher termination
costs as well as an ability to accommodate for business cycles without suspending operations.!! Overall,
factory-like firms in the United States were less dependent on agriculture and operated longer on an
annual basis.

Magnac and Postel-Vinay (1997) explicitly connect factory operating time to seasonal labor
markets in mid-nineteenth-century France. They find that a factory’s likelihood of shutting down is
related to variations in urban and rural wages due to agricultural seasonality. Though their study includes
more detailed information on relative wages, ours paints a more detailed picture of the consequences of
shutdowns for technology and performance. They also suggest that if firms had inputs that were costly to

adjust, they would be more likely to work full-year, a pattern we observe in our data.'?

1 They also found that possessing greater steam power was negatively related to working months but positively
related to working hours. They argue that this seemingly paradoxical relationship may make sense because steam-
powered machines could be maintained when the factory shuts down, but such factories could achieve economic
efficiency by operating the machinery for longer hours per day. Although we lack data on working hours, we find a
positive relationship between steam power and working days, reconciling this paradox.

12 They also suggest that such firms may have moved to less agriculturally seasonal départements in order to avoid a
shortage of labor during agricultural peak seasons. Although they find no evidence of this in France, in the Russian
setting, we observe that firms within the same highly mechanized industries such as chemicals or minerals exhibited
heterogenous working-day patterns by soil type in their district, suggesting that it would have been beneficial for
them to locate in less fertile areas. Indeed, 25 percent more firms in the chemicals industry, for example, were
located in districts with less than median soil quality than in those with median or better soil quality.



Changing labor composition of manufacturing establishments also influenced industrial
development. In the United States, women and children participated actively in industry; in the 1800s, 40
percent of industrial laborers were women and children. Goldin and Sokoloff (1984) argue that because
women and children had relatively lower productivity in agriculture in the Northeast than in the South,
they entered the manufacturing labor force in large quantities in the Northeast, which helped develop the
northern industrial sector. This logic tenuously suggests that firms with higher female-to-male ratios
would be more likely to resemble industrial, factory-style companies and thus operate for longer periods

of time.

SEASONALITY AND INDUSTRIAL DEVELOPMENT IN THE RUSSIAN EMPIRE IN
CONTEMPORARY ACCOUNTS

Contemporary sources debate the prevalence of part-year operation in the Russian Empire and
describe how factory managers handled several peculiar features of the Russian labor market. Though
many observers belabor then-fashionable socialist debates over Russia’s stage of development, they help
form a picture of factory life in Imperial Russia. For example, socialist economist Tugan-Baranovsky
claims that recent evidence has refuted the stereotype of a typical Russian factory worker as “a peasant
living on the land who makes up deficiencies of his agricultural income by occasional factory work™ and
hence refutes the claim that “there is no factory proletariat in Russia” (1970, p. 355).1® As evidence of the
development of the Russian proletariat, Tugan-Baranovsky cites Dement’iev’s (1897) earlier study of
Moscow Province factories in 1884/85. Dement’iev collected exhaustive statistics on the factories he
surveyed, painstakingly counting Sundays and holidays to explain that most factories by this period

worked essentially full-year with well-justified breaks!* and that “only the more primitive factories, where

13 The full quote evocatively conveys the tone of much of this literature. “What is the modern factory worker in
Russia —a peasant living on the land who makes up deficiencies of his agricultural income by occasional factory
work, or a proletarian bound closely to the factory who lives by selling his labor power? The usual reply is that there
is no factory proletariat in Russia. The Russian factory worker is unlike the West European; he always has a roof
over his head and his land to which he can return in time of need. Even ‘having been cooked in the factory boiler,’
the muzhik remains the same muzhik, submissive to the ‘power of the land”” (p. 355).

14 See especially Dement’iev (1897, pp. 109-11).



hand labor still prevailed, allowed their workers to depart in the summer” (Johnson 1979, p. 35). Walkin
(1954, pp. 163-4) argues that Tugan-Baranovksy may have been led astray by Dement’iev, who likely
exaggerated the degree to which full-year operation prevailed in Russian factories.

Some contemporary accounts indicate that many late nineteenth-century factories worked full
year and that workers had severed ties to villages, though some part-year operation endured. For example,
the personal accounts of P. Timofeev (first name unknown), who visited urban factories in the early
twentieth century recounted that “many skilled workers...have never seen a wooden plow and do not
have the slightest idea how to plant wheat because they have lived in a town and worked in a factory for
the past twenty-five to thirty years” (Timofeev 1906, quoted in Bonnell (1983, p. 82)). Even in such
accounts that predominantly refer to what were likely full-year factories in urban areas, those workers
who still had ties to villages sent money to their families in the countryside rather than traveling
themselves. Some “would go back there every year or two themselves” (p. 82). Yet accounts of factories
operating part-year due to agricultural seasonality appear frequently in the literature. Tugan-Baranovsky
describes how, for example, at Prince Bariatinskii's woolen-cloth mill in Pronsk district, Riazan’
Province, as well as in Okulov’s woolen-cloth mill in Skopin district, workers were routinely released for
two months a year to participate in agriculture (Tugan-Baranovsky 1970, p. 83). Resolving this debate
about the prevalence and economic importance of part-year operation in Russia requires the kind of
comprehensive factory-level data our study provides.

Part-year operation’s impact on factory productivity frustrated factory managers, who viewed
full-time operation as an outcome of effective factory discipline.’® To factory managers, workers’ return
migration to home villages for seasonal agricultural work “delayed the workers’ full commitment to
factory life, promoted labor instability and unreliability, and hampered the development of industrial

skills” (Rimlinger 1960, p. 71). Managers’ strategies for coping with this particular problem of discipline

15 Pollard’s (1963) classic essay on factory discipline describes how a worker “who left the background of his
domestic workshop or peasant holding for the factory, entered a new culture as well as a new sense of direction” (p.
254). This description of English factory workers suits the Russian case equally well.



included locking factory gates and setting strict rules for who could visit factory workers (p. 71). Some
managers may have offered positive inducements like wage bonuses to keep workers from leaving in the
summer, though the historical record does not reflect widespread use of this practice.'® Russia’s
agricultural institutions and how they evolved over time made this type of factory discipline problem
particularly acute in Imperial Russia.

Seasonality in Russian factories impacted women and men differently within the household,
which may have affected the relationship between part-year operation and labor force composition. In
many accounts, when men left rural households during slow agricultural seasons to work in factories,
women staying at home had to both perform their own tasks and their husbands’.}” Female factory
workers tended to be young and unmarried, widowed, or permanently settled in urban areas.'® We
investigated whether women and children tended to work in factories that operated more days annually or

whether they tended to be employed in part-year factories facing labor scarcities.*®

FACTORY-LEVEL DATA AND AN OVERVIEW OF PART-YEAR OPERATIONS IN RUSSIA
Uniquely detailed data provided by the 1894 Russian Manufacturing Census (Russian Factory
Production: List of Factories and Plants 1897) allows us to study the relationships among part-year
operation, workforce composition, and production technology in the Russian Empire. The 1894
manufacturing data provides a factory-level snapshot of industrial activity in the Russian Empire at the
end of the nineteenth century.
The database covers all industrial factories (i.e., no mines, farms, or oil refineries) in the Russian

Empire during 1894/95, where a factory is defined as a productive entity with at least 15 employees, a

16 Without factory-level wage data, we cannot test whether, for example, mechanized factories may have offered
higher wages as an incentive to keep workers in the factory during busy agricultural seasons.

17 See, for example, Engel (2004, p. 93) and Glickman (1984, p. 3).

18 Engel (2004, pp. 94-95).

19 Ulianova (2009) provides a history of female entrepreneurs (i.e., employers) in the Russian Empire, though in this
paper we only investigate the relationship between part-year operation and female participation as employees.

10



steam boiler, a steam engine, or other factory devices.?® In other words, even a very small factory that
otherwise met this definition by having factory tools or otherwise resembling a factory would be included.
Indeed, the source’s authors seemed to interpret this criterion broadly: many factories with fewer than 15
employees and no listed machines appear in the census volumes. However, we acknowledge that our
analysis only characterizes factories and thus excludes the multitude of small, handicraft establishments
that likely represented a large share of Imperial Russian employment.?! Given the patterns we observe for
factories, we expect that such handicraft establishments may have been even more likely to work part-
year, so our estimates likely represent a lower bound picture of the prevalence and importance of part-
year operation in Russia.

Crucially, the database provides the number of days a factory worked in that year, our indicator of
part-year operation. A shortcoming of this variable is the lack of information on working hours, which
would provide a more exact measurement of total annual working time.?? The database also lists a
factory’s name; street address, which indicates the factory’s district location and whether the factory is
located within or outside of a city;?® a complete list of production activities and products; number of
workers by age and gender; types and power of all machines; fuels; and total revenue. In the data, the
number of workers denotes the average of the total workforce in the factory each month the factory
operated.?* This measure therefore gives us a good indication of the factory’s scale while fully
operational, which is our main focus, even if it does not precisely measure the labor input in a production

function sense.®

20 QOriginal surveys, page 1, some of which are available at the Russian State Historical Archive (RGIA) Fond 20
Opis’ 12.

2L This is a well-known issue in many contemporary manufacturing surveys. For example, Kinghorn & Nye (1996)
show that over 60 percent of establishments in early twentieth-century France and Germany employed fewer than 50
workers.

22 It is possible, for example, that some factories that appear to be working full-year are operating for significantly
fewer hours per day during agricultural peak seasons, in which case we may understate the extent of part-year
operation.

23 We use this indicator as our definition of “urban” vs. rural factories, even if the cities or towns (gorodi) could be
somewhat small. Supplemental data from the 1897 census allows us to locate cities within districts.

24 Unfortunately, the original manuscripts with worker counts by month largely do not survive in the archives.

% Measuring a factory using revenue instead of total workers, for example, would require including an additional
adjustment for scale in the analysis to correctly capture the relationship with machine power.
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In the analysis that follows, we use total machine power as a proxy for the value of the kind of
capital relevant to our story of part-year operation. To verify the correspondence of machine power to
capital value, we can examine those factories for which the total value of capital is available: factories
owned by corporations. We have matched corporate factories in the 1894 data to the RUSCORP Database
(Owen 1992). For these 545 factories, total machine power in the factory is correlated with the
corporation’s total par value of capital (STCAP): the correlation coefficient is .1978, and in a regression
of capital on total machine power, the estimated slope is .52 with a standard error of .11. Thus, total
machine power and total value of capital are strongly related, at least for corporate factories, though total
value of capital included additional components.

Table 1 Panel A displays descriptive statistics of key variables, including the number of days
worked in a year, which we will use for most analyses in the paper. We will nonetheless focus several
analyses on factories working more or less than the median number of days in each industry and region
combination, which can be thought of as our definition of “full-year operation.” This is similar in spirit to

Dement’iev’s (1897) approach since he also relied on empirical notions of full-time operation.

Table 1 about here

Table 1 Panel B breaks down part-year operation by industry. Given the large variation in
working days per year by industry, we include industry controls whenever possible. Panel B also
demonstrates that, generally, more mechanized industries like metals and machines, cotton, and chemicals
tended to operate more days per year. Unsurprisingly, the least seasonal industries, like paper, tended to
consist of factories mostly located in cities. Table 1 Panel C repeats this exercise by region.?® We find less
variation in the number of working days by region than we do by industry, but some patterns exist.

Factories located in northern regions, where the climate was harsher and less conducive to agriculture,

% Online Appendix Figure A1 maps the average working days per province.
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tended to work more days per year than factories in the warmer and more fertile south. Thus, we also
include region controls in most of our regressions.

Figure 1 Panel A reports a histogram for the number of working days in the factory per year,
which shows considerable variation in the number of working days. We also observe some heaping,
particularly at 100 days, 200 days, and 270 days, which would correspond to one season, two seasons,
and full-time operation. Panel B of this figure displays separate histograms for factories located in cities
(gorodi) versus in rural areas (uezdi). Urban factories tended to work more days than rural factories; a

large mass of rural factories operated fewer than 250 days.

Figure 1 about here

For some analyses, we also match the factories in our database to another manufacturing census

that covers all of European Russia in 1900 (List of Factories and Plants of European Russia 1903).
Factories are hand-matched by name, industry, and province. The 1900 source does not record
information about factories’ working days per year, but we can use the source to test whether factories in
European Russia that worked more days per year are more likely to survive and be recorded in the later
manufacturing census. The 1900 census also generated an aggregate volume (Statistical Results on
Factories and Plants by Industries Not Subject to the Excise Tax for 1900 1903) that provides some
additional variables at the province-industry level, including the wage rates we use in some analyses.

The 1894 and 1900 factory lists are quite similar, as both of their creators attempted to capture
information on all factory establishments in Russia,?’ though there are two important differences between

them: the 1900 list includes only factories in European Russia, and the 1894 list seems to include more

27 The 1894 factory survey was conducted by the Ministry of Finance Department of Commerce and Manufacturing,
and the 1900 factory survey was conducted by essentially the same department, which was then housed in the
Ministry of Trade and Industry Division of Industry. The 1900 census volumes describe factories in the 68 provinces
of European Russia and exclude farms, mines, and oil refineries. Factories in the food industry that were subject to
the excise tax (mostly alcoholic beverages) were included but listed separately.

13



small enterprises. Otherwise, the criteria for inclusion in the data were almost the same for both sources.
The 1900 census excludes factories with fewer than 15 workers that did not use mechanical motors or had
a general “handicraft character,” equivalently to the 1894 census. And similar to the 1894 census, in many
cases, the line between factories and handicraft establishments was rather blurry, though the 1894 data
seemed to have included more factories below the 15-worker threshold.?® In our survival analysis, we thus
exclude 1894 factories outside European Russia and those with fewer than 15 workers to bring these
sources to close parity. Although excluding firms with fewer than 15 workers would mean excluding a
considerable number of smaller establishments, we believe we can still observe a meaningful effect of

size on factory survival, even if the conclusions can only definitively be applied to larger establishments.

HYPOTHESES AND EMPIRICAL METHODS

Our study seeks to understand Russia’s industrial development at a moment in transition. We thus
make two sets of predictions. First, we relate a factory’s working days to observable factory
characteristics, particularly location, age, machinery, and labor force composition. Here we partly
replicate Atack, Bateman, and Margo (2002) to form comparisons with the better-known United States
context. Second, we consider part-year operation as a transitional feature of Russian agriculture and test
whether operating more days per year was associated with greater productive efficiency and the
likelihood of survival. We also attempt to draw connections between the intensity of agricultural activity
in a region and the likelihood of factories there operating fewer days. Though our results will be
correlational, they support a particular narrative of part-year operation in Russia.

We argue that factories stayed open only part-year primarily because of labor market constraints
due to seasonal agriculture, which has several implications for how part-year factories operate. First, and
most simply, factories that operate part-year will be more likely to be located in rural districts rather than

cities. Furthermore, we will investigate whether factories located near other factories, especially in the

28 Compare, for example, the descriptive statistics for the 1894 factories presented in Table 1 with those for the 1900
factories in Online Appendix Table A8: The mean and median number of workers in 1894 were half of those in the
1900 data.
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same industry, may take advantage of denser labor markets and operate more days per year. And given
the many systematic differences across regions shown in Table 1, perhaps due to the timing of seasons
and the degree of industrial development or concentration, our analyses will include controls for regional
location.

Next, we investigate the relationship between working time and factory age. Because we
hypothesize that part-year operation is costly, we predict that factories operating fewer days a year will be
younger, because they will tend to fail at higher rates. Factories operating more days a year will be older
and may appear to perform better simply due to survivorship bias.

To further investigate the relationship between operating days and the labor market, we also
examine factory wages, as permitted by the available source, the 1900 province-industry aggregates. We
hypothesize that, while factories that operate more days per year may pay higher total wages, factories
experiencing the kind of tight labor market that would force them to operate part-year may also have to
compensate workers at a higher wage per day rate (similar to predictions made in Atack, Bateman, and
Margo 2002).

Furthermore, factories that operated part-year would have to leave any fixed capital, for example,
large machines, idle when they did not operate. A factory manager could lessen the impact of a large
machine purchase on the factory’s average total cost by staying open and producing more units.?
Shutting down and restarting machines after long idle periods may also be a costly process in and of
itself. Thus, we predict a positive relationship between the number of days per year a factory works and
the factory’s use of expensive, powerful machines. Likewise, factories with less expensive machinery
were probably more likely to release workers to agriculture and shut down for part of the year. In the
analysis that follows, we will only consider capital invested in machines and then only measure it as total

power and not as a ruble value, so we acknowledge that we only capture a portion of a factory’s relevant

2 Johnson (1979, p. 36), citing archival documents and Dement’iev: “The decision to work through the summer was
of course not made by the workers but by the employers, who could not afford to leave expensive facilities standing
idle.”
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fixed capital for the shut-down decision. Also, given the important differences in production technologies
across industries, which likely underlie the patterns shown in Table 1, our analyses will include controls
for industry.

Further, we can make a strong prediction about the level of capital (as measured by machine
power) in the factory, but the hypothesized relationship with capital intensity seems ambiguous. Total
working days may be positively related to the total machine power in the factory since machine power left
idle is costly. Total working days may also be related to the factory’s overall capital intensity (machine
power per worker or per unit of revenue) if factories that operated part-year would use less capital to
produce the same amount of output. If part-year operation placed a constraint on the overall size of the
factory, we may see a relationship with the size of total capital but not capital intensity. In fact, part-year
operating factories may appear more capital-intensive if they are unable to substitute labor for capital as
much as they would like.

Operating full-year vs. part-year may also have been related to the factory’s labor force
composition, since part-year operation may have reflected constraints on the labor market. However, the
direction of the relationship is somewhat ambiguous. Part-year factories located in the countryside may
have chosen to employ women and children otherwise idle during the agricultural off-season. On the
other hand, women who lived in cities may have had the opportunity to spend more time at manufacturing
firms as they would have had no responsibilities related to agriculture.*® Furthermore, urban factories may
have been larger and more mechanized, which facilitates employing women and children due to division
of labor.3! Thus, interactions among urban location, size, and machinery may be relevant to the

relationship between labor force composition and working days.

30 Education presented an important outside option for relatively few Russian children in this period. According to
Chaudhary et al. (2012), in 1861, 5 percent of the Russian school-aged population was enrolled in formal primary
education. By 1911, this number had reached 20 percent. By comparison, this percentage stood at 71 percent in
Hungary, 46 percent in Spain, 41 percent in Jamaica, and 30 percent in Uruguay c. 1910.

31 Goldin and Sokoloff (1982) find that in the early 1800s Northeast, as firms grew in size or scale of production, so
did the proportion of women and children in the workforce. They argue that it was at least partially a result of
division of labor, and unskilled workers, often women and children, were substituted for skilled workers, who had
usually been men.
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Most likely, factories determined their schedule of working time as well as other features of
operations like location, size, and mechanization simultaneously. It would be impossible to determine, for
example, whether a rural factory was forced to shut down for part of the year or whether a factory that
could operate part-year might decide to locate in the countryside. Similarly, we cannot rule out that
factories with less expensive machines would find it less costly to shut down, rather than factories that
knew they would have to shut down choosing smaller initial total capital. Our investigation, therefore,
stresses correlations among these features rather than emphasizing a particular causal argument.

Furthermore, our paper emphasizes supply-side pressures on factories to operate full-year or part-
year, which we argue is a first-order concern for Russian factories. We acknowledge, however, that there
are other reasons, apart from these, for factories to operate part-year. For example, demand for certain
products like building materials or certain kinds of food products may have been seasonal, or factories in
certain industries like lumber would have operated seasonally for other reasons related to the production
process. For these reasons, we include region and industry controls whenever possible, and we argue that
the processes we describe characterize decisions made by a typical Russian factory but do not represent a
universal explanation of part-year operation. Finally, we note that our argument does not assume the
possibility of migration, which would only lessen the labor market pressures we may see reflected in our
results.

To test these hypotheses, we first consider a series of two-sample and two-proportion hypothesis
tests comparing full-year and part-year factories. Then, we consider regressions of the form:

log(WorkingDays);jr
= Bo + f1log(Machine Power + 1);j, + B, log(TotalWorkers);j,. + B3City;jy,
+ BiAgeijr + B5Agel-2jr + BeNumberofLocalFactoriesy; + i + 1y + €y

This regression estimates the correlation between the number of working days in factory i in

industry j, district d, and region r and the factory’s quantity of machinery (as measured by the log of total

horsepower plus 1), its size as measured by the log of total workers, whether the factory was located in a
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city, the factory’s age and age squared, the number of factories in the same district and industry, and
controls for industry and region. We estimate the regression with OLS and with a Tobit model right-
censored at 6, since In(365) = 5.90.

Next, we examine the relationship between a factory’s operating time and economic performance.
Factories that operated fewer days per year may have paid more fixed costs from starting up and shutting
down. Thus, we expect factories that operate more days per year to produce more revenue given the same
labor and machine inputs. However, because revenue is measured annually, that relationship is likely to
be mechanically true. We also examine, then, whether factories that operated more days per year
produced more revenue per day, with or without controlling for inputs. Note that there are doubtless
several sources of bias in such an investigation. For example, better managers might have decided to
operate continuously and also have implemented more productive processes. We assume that such biases
are relatively small.

We also consider whether factories that operated full-year were more likely to survive to 1900. A
factory survives if it appears in the 1900 factory census. We expect that factories that operated for a
greater proportion of the year may have been more likely to survive. Consider a model of factory exit in
which a factory that incurs a loss below a certain threshold is more likely to exit the market. Any factory
characteristic associated with greater economic efficiency, and hence greater profits, will be associated
with a greater probability of survival. Given that full-year operation may have been more productive and
more profitable, part-year factories may be more likely to shut down and full-year factories more likely to
survive. If an exit is costly, of course, not all factories will exit if they make low profits. Moreover, in this
context, many factories might have enjoyed monopoly rents and hence might have made profits despite
inefficient methods. Region and industry controls somewhat alleviate differences across markets. We
stress, therefore, that while survival is associated with improvements in profitability from operating a
greater number of days, factories may survive for reasons other than working time.

We tested whether factories that operated longer were more likely to survive using several

approaches. First, we compare the proportion of full-year factories that survive to the proportion of
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surviving part-year factories, where operating full-year is defined as operating more than the median
number of working days in a given Industry-Region cell. Second, we estimate several probit regressions,
where the left-hand side variable is the probability that an 1894 factory will appear in 1900.

Finally, we investigate the connections between factory operating times and the agricultural,
economic, and political environments in the districts and provinces in which they operate. In regions
where the soil was especially fertile and agriculture generated substantial revenue, factories may have
been more likely to shut down during part of the year. Sokoloff and Dollar (1997) show that in regions
where grains were more economically important, labor was more likely to be diverted into agriculture
because of the high opportunity cost of opting out of agriculture during busy seasons. We explore the
relationship between the amount of common seasonal grains procured in a province and the average
number of working days in factories in that province. We use data on province-level agricultural output
collected by Kessler and Markevich (2020).32 We hypothesize that in regions that produced more seasonal
grains, such as wheat and rye, or alternatively, in regions with more fertile soil, factories would operate
fewer days a year, as workers would be more likely to engage in agriculture in the summer months. We
also include controls for total population and proportion of urban population provided by the Ministry of
Finance Yearbook data from 1900.

Because many important variables determining factory operating time are likely omitted at the
province level, we continue our investigation at the district level. Though district-level crop-specific
yields are difficult to find, district-level soil quality is available and provided by Dower et al. (2017 and
2018).%% Soil quality may be a better measure since it is less likely to be endogenously determined than
yields. While soil quality is a critical determinant of the importance of agriculture, latitude is strongly

related to both soil quality and overall weather patterns, while population characteristics capture

32 Agricultural output is measured in the Russian quantity unit pood, where one pood = 36.11 pounds. District-level
detailed grain output data are not readily available.

33 In their paper, Dower et al. (2018) use geographic data on soil type from the Food and Agriculture Organization
matched to the nineteenth-century Russian boundaries. This allows them to tabulate the proportions of different
kinds of soils or other types of land by district. We use the replication dataset provided by Dower et al. (2017).
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economic conditions important for determining factory operations. We thus also include district-level
latitude, population, urban population, and rural density controls provided by Dower et al. (2018).

Furthermore, we consider two additional potentially important correlates of operating time. First,
we test an alternative theory that factories tend to shut down due to work stoppages or strikes, in which
factories in districts with many strikes would on average have fewer working days per year.>* However,
one could also consider a relationship in the opposite direction: a report by Varzar (1905, pp. 48-50) on
the statistics of manufacturing strikes listed longer operating times (in terms of hours) as one of the major
reasons behind disturbances, in which case one might expect to find a positive relationship if the workers’
grievances also extended to working days. Given the relatively small number of strikes relative to the
number of factories, and given these possible confounding relationships, we expect to observe only a
weak relationship, if any, between strikes and working days. We measure the number of strikes at the
district-level from chronicles published by Pankratova (1950-1963) between the years 1861 and 1894, of
which we use the 1890-1894 subset to capture strikes in years relevant to the factories in our dataset.
While likely not exhaustive, this is the best data source documenting strikes in the early 1890s known to
us.® Finally, we divide the number of strikes by the number of factory workers to ensure that our measure
of strikes is not simply capturing the location of industrial clusters.

Second, we tie our work to discussions of Russia’s agricultural institutions by testing whether a
higher share of land belonging to repartition communes in a district would be negatively related to factory
working days in that district. Repartition communes could periodically redistribute land among peasants

based on the size of the household and how well the household met obligations, which would have been a

34 strikes, of course, were not the only kind of social disturbance that occurred in the Russian Empire. For a recent
and especially thorough discussion of the relationship between economic change and social unrest, see Kofanov
(2020).

35 Varzar (1905) included province-level data on strikes in the years 1895-1904, but the considerably lesser
geographic detail and the later time frame make Pankratova (1950-1963) our preferred source. Future work could
consider uniting later Varzar data, which provides information at the factory-level, with later manufacturing
censuses, to examine whether strikes occurred in larger or more capital-intensive factories, though such a project
could not consider working days.
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strong incentive for laborers to leave factory work in the summer and rejoin families in the countryside.*
We hypothesize a similar negative relationship between the share of total land for any type of commune
and working days. The data on communes come from Dower et al. (2018), in the spirit of Chernina,
Dower, and Markevich (2014). Note that all agricultural, demographic, social disturbance, and commune
land data are only available for European Russia.

For district d, we estimate:

log (Working Days)q
= o + By Fertile Soil; + B, Populationg + f3Urban Ratioz + [,Rural Density,
+ BsStrikes per Factory Workery; + feShare Repartition Commune Landy
+ p;Share Commune Land,; + Pglatitudey + €,

Fertile Soil takes the value of the proportion of fertile soil in a district. Urban Ratio is the ratio of
urban population to the whole population of a district. Rural Density is calculated as rural population over
arable land.*” Strikes per Factory Worker is the sum of the number of factory disturbances by district in
the years 1890-1894 divided by the number of factory workers in the district. Share Repartition
Commune Land takes the value of the share of repartition communes to total communal land in a district,

while Share Commune Land is the share of commune land to total land in a district.%®

RESULTS

Firm Characteristics and Operating Time

3% The Online Appendix also considers the relationship between agricultural wages and factory working days using
information from Tsentralnii Statisticheskii Komitet (1913), but our seasonal wage data are quite noisy and are
measured much later in time. Literature is conflicted on this matter. Tugan-Baranovsky (1970) suggests that “the
reduction in the number of workers in large, machinery-using factories stems from [...] the higher price for labor in
summer. Factories prefer to operate intensively in winter when wages are low and to curtail production in summer
when they are high” (p. 356). At the same time, Mironov (2010) writes that “...during the post-Reform period, wages
were undergoing a process of alignment between the city and the village, between industry and agriculture, and
between the provinces” (pp. 68-9).

37 Note that our data on these two variables come from 1883 and 1877, respectively.

3 Using the Dower et al. (2018) data, the share of repartition communes equals total nadel’naya land minus total
podvornaya land divided by total nadel’naya land, and the share of communal land is total nadel’naya land divided
by total land in desyatinas.
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This section presents what we can learn about the relationship between factory characteristics and
operating time from our newly-collected, highly detailed factory microdata. Replication materials for this

study are available on Open ICPSR at https://doi.org/10.3886/E148103V3 (Gregg and Matiashvili 2022).

Table 2 documents a set of compelling differences between factories that operated full-year and those
that operated part-year. Factories that operated more than their Industry-Region median tended to have
more powerful machines, to have more workers, to be older, and to employ a greater number of women
and children. Since full-year factories tended to have larger workforces, factories operating fewer days
than their Industry-Region median had similar levels of machine power per worker. Furthermore, full-
year factories may have only employed more women and children because their overall workforces were
larger. But full-year factories did employ larger proportions of women and children out of their total
workforces. Full-year factories were also more likely to be located in cities and tended to have more
neighboring factories in the same district and industry. Each of these results, however, describes
unconditional means. Size is likely correlated with urban location, for example, so full-year factories
might only be larger because they were located in cities. We thus proceed to regression models, which
allow us to introduce relevant controls for size, industry, and location and to investigate other

simultaneous relationships.

Table 2 about here

We present regressions describing a factory’s days of operation in Table 3. Most columns present
tobit regressions right-censored at In(365), though we also include one OLS regression for robustness.
Column (1) presents an unconditional regression of log working days on machine power, and we find a
strong, positive relationship. Factories that operated more days per year tended to possess more total
machine power. The next column introduces the additional independent variables of age, age squared, city
vs. rural location, the number of factories in the same district and industry, and controls for industry and

region. The decrease in sample size between these two columns is largely due to some factories missing
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age data. In line with our predictions, we find that machine power, labor, urban location, and the number
of neighboring factories® are positively related to working days of a firm. The OLS regression presented

in Column (3) demonstrates similar relationships.*°

Table 3 about here

Table 3 also includes a replication of the Tobit model employed by Atack, Bateman, and Margo
(2002), which regresses operating time measured in full-time equivalent months in 1870 and 1880 on
measures of size, capital intensity, steam power, female and child employment, and location. Our
findings, reported in Column (5), closely mirror their results: log of working days is positively related to
size and urban location. However, we find that steam horsepower and employing women and children are
positively related to working days per year, where they found negative relationships. The negative
coefficient on steam horsepower they found deviated from their original hypothesis. We are likely able to
distinguish the relationship with steam power more clearly given the greater variation in working days
compared to their measure of full-time equivalent months.** Also, they had found a negative relationship

between working days and female or child employment, which they speculated could be due to female

3 Furthermore, the coefficient on an interaction between age and the number of factories in the same district and
industry is negative when included in a regression (not shown) similar to Table 3 Column (3). Young factories
located near other factories are perhaps able to withstand labor market fluctuations more robustly and operate for
longer durations.
40 Online Appendix Table A2 repeats this exercise for each industry with very similar results. A notable exception is
the relationship between machine power and working days in the Metals and Machines, and Wood industries, which
is negative and significant. The wood industry operates seasonally for reasons independent of the labor market or
machine power, so this relationship is not surprising. Firms in the Metals and Machines industry were similarly
almost invariably highly mechanized, so the relationship between the variation in these high levels of mechanization
and working days could involve a more complex process.

The industry controls included here were directly taken from the primary source, which classifies firms into
12 industries. The Online Appendix and Table A4 present our results with alternative, less general coding of
industries. Further, Table A4 reports results controlling for firms’ exit by including a control for whether firms
survived to 1900. The results are largely similar.

Further, the Online Appendix and Table A12 present these results separately for European and non-
European Russia.
4L In their regressions, the coefficient on steam horsepower turned positive when they used log annual hours, a more
variable measure, as their dependent variable.
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preferences for “lumpy” downtime and children’s school attendance.*> The labor market for women and
children was likely markedly different in Russia. Few children, for example, attended school.*?
Furthermore, as we show later, female employment is positively correlated with urban location in the
Russian context.

Finally, Table 3 Columns (6) and (7) consider the relationship between working days and factory
wages. Here we measure wages using the 1900 aggregate volume as the average total wage bill per
establishment at the province-industry level divided by the average number of workers in that province-
industry cell. Because the 1900 aggregate volume only covers European Russian provinces, several
hundred observations are dropped from these regressions.** Similar to the result shown in Atack,
Bateman, and Margo (2002), we find that while factories with more working days also tended to be
located in provinces and industries with higher average wages, factories that worked fewer days were
likely paid more per day. Factories with fewer working days somewhat compensated workers for the
factory’s downtime.

Our replication results are of significance for two reasons. First, though Russian industry in
1894-1900 lagged far behind that of the United States in 1870-1880, we observe identical processes
taking place in the two contexts. Second, we can complement the U.S. findings by using more detailed
working day information to establish the expected relationship between working days and steam
horsepower, as well as to show how differences in labor markets affect the relationship between working

days and labor force composition.

Firm Characteristics, Productivity, and Survival
If full-year operation was more efficient than part-year operation, factories that worked more days

per year would have been more productive. In this section, we test whether a factory’s number of working

42 Atack, Bateman, and Margo (2002, p. 802).

43 Chaudhary et al. (2012).

4 We also impose the assumption that wage rates in the untaxed foods industry in 1900 characterize the foods
industry in 1894, which also included factories in taxed categories.
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days was correlated with productivity, measured in three ways: revenue per worker; total factor
productivity (calculated as the residual of a log Cobb-Douglas production function); and revenue per day.
It may be the case that more efficient factories operated for longer durations or that efficiency and
operating time were determined simultaneously, so we do not stress a particular causal direction.

Table 4°s first three columns examine the relationship between productivity and log working
days.*® All three columns include controls for region, industry, factory age and age squared, and whether
the factory is located in a rural or urban location. Still, factories that operated for more working days were
more productive, whether productivity is defined as revenue per worker, total factor productivity, or

working days per year.4

Table 4 about here

The final column investigates whether the relationship between revenue per day and log working
days can be explained by inputs, especially by the degree of mechanization.*’ This column regresses log
revenue per day on log working days, total machine power, total workers, an interaction between log total
machine power and log working days, and controls for urban location and age. Given the input controls,
the relationship between overall working days and revenue per day appears to be negative. In other words,
given two factories with identical machinery, the factory that works more days per year does not produce
more revenue per day. However, the coefficient of the interaction between total machine power and
working days is positive and significant. Factories that work more days per year experience an extra
increase in revenue per year if they also add machine power. Working time and machinery are thus

complementary in this context. Note that the effect of total machine power itself is negative, which is due

45 A small number of factories are missing revenue data, so our sample is slightly smaller.

46 Online Appendix Table A1 estimates these regressions with samples split by industry, while Online Appendix
Table A12 does this focused on European Russia only.

47 A regression with log (revenue / (working days * total workers)) yields similar results.
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to the fact that we are looking at daily, rather than total revenue. The same regression model with annual
revenue as the outcome variable yields a positive relationship.

We thus proceed by testing whether factories that operated more days per year were more likely
to survive to 1900 than factories that operated part-year. We hypothesize that fewer part-year factories
survived to 1900 because part-year operation was less efficient and thus less profitable. Our results show
that, indeed, full-year factories were more likely to survive to 1900.

Table 5 Panel A displays survival rates from the 1894 to the 1900 manufacturing census both
overall and broken down by full-year vs. part-year operation. To achieve parity between the 1894 and
1900 factory surveys, these results omit factories located outside of European Russia, factories engaged in
specific activities excluded by the 1900 survey, and factories with fewer than 15 workers.*® Overall, 59.19
percent of such factories in the 1894 census can be matched to the 1900 census. While 61.72 percent of
full-year operating factories survived, only 56.03 percent of part-year factories did.*® Panel B presents
estimates of probit regressions, which allow for the introduction of additional controls. These regressions
only include 1894 factories, where the dependent variable is the probability of survival to 1900. Column
(2) reports an unconditional regression, Column (2) includes industry and region controls, Column (3)
includes controls for age, age squared, and an interaction between age and log working days to further
examine the relationship between survival and age, and Column (4) includes log Revenue per Worker to
discern in part whether survival differences are entirely due to differences in labor productivity.* Finally,
Column (5) includes a measure of TFP to discern whether the survival differences are due to differences

in the efficient use of labor or machinery.

Table 5 about here

“8 These alterations, of course, reduce the sample size of the analysis we present. However, we present estimates
without these adjustments in the Online Appendix, and the conclusion is the same.

49 A two-proportion z-test produces a test statistic of z = 5.1595.

%0 Online Appendix Table A5 first incorporates the same alternative industry breakdown as Table A4, and also
presents “crude” survival results between 1894 and 1900, where in the 1894 data, firms with fewer than 15
employees are not excluded as they are in Table 5 for more accurate matching between the years.
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In all five columns, log working days are strongly and positively related to factory survival to
1900, even when log revenue per worker is included. Moreover, the marginal effects show an
economically important difference, given an increase solely in operating time: on average, working 10
percent more days is associated with an increase in the probability of appearing in the 1900 census by
0.53 percentage points (Column (1)), where the survival rate in that regression’s sample was 59.3 percent.
Transitioning from the mean number of working days (215) to Dement’iev’s definition of full-time
working days (276), is associated on average with an increase in the probability of survival of about 1.53
percentage points, or about a 2.58 percent increase in survival probability.>! Moreover, the additional
control variables show expected relationships with survival: more productive factories are more likely to
survive; younger factories are more fragile (not shown); and the interaction between log working days
and age in Column (3) demonstrates that the positive relationship between working days and survival is
especially relevant for older factories who have perhaps survived their fragile early years.

There are several caveats to this result. The Russian economy experienced a recession at the turn of
the twentieth century, so these survival rates overall might be smaller than they would be otherwise. If
part-year factories were more fragile in their response to economic shocks than full-year factories, the
recession may have affected part-year factories more than full-year factories, which could have caused us
to overestimate the difference in survival rates. Furthermore, since our measure of survival in this case is
whether a factory can be matched to 1900, characteristics correlated both with working days and ease of
being matched apart from pure survival could bias our results. For example, part-year factories could have
been less famous in their localities or could have been out of operation when an enumerator collected
data. Finally, part-year factories may have had other characteristics that made them more ephemeral in
addition to their inefficiency due to part-year operation alone. However, each of these biases would have

to be large and not accounted for by other controls to alter our conclusions.

51276 — 215 =61. 61 is 28.8 percent of 215. The marginal effect in percentage points is thus given by 0.53 *
(28.8/10) = 1.53.
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Given part-year factories were less likely to survive, was part-year operation a disappearing practice
in the Russian Empire? Our results suggest that factories faced significant pressure to operate a full-year
in order to survive. However, entry barriers for new factories to operate full-year or barriers to obtaining
characteristics associated with full-year operation, like fixed capital, may have been higher.>? Indeed, as
we observed in Table 3, a factory’s number of working days is inversely related to age.>® Though the
1900 data do not permit us to examine how working days changed over time, we speculate that these
young factories may have worked more days as they evolved. Furthermore, we speculate that ongoing
changes in the agricultural sector or increasing migration over this period may have created the labor

market slack needed for factories to convert to full-year operation.

Female and Child Employment

Here we more closely examine the correlates of female employment as a proportion of a factory’s
total workforce. Table 6 Column (1) shows that female employment is positively related to urban location
and working days. Factory age does not appear to have a strong relationship with whether the factory
employs women. These regressions include controls for industry and region, since whether the factory

employs women varies greatly by industry and geographic location.

Table 6 about here

Column (2) adds two important independent variables: a proxy for capital intensity, as measured
by a factory’s machine power per worker, as well as an interaction term between capital intensity and log
working days. Here, the coefficient on capital intensity is negative and statistically significant. When our

proxy for capital intensity is the log of total power (plus one) divided by total workers, more capital-

52 Gregg (2020), for example, stresses the many obstacles to obtaining long-term financing faced by non-corporate
Russian factories. Incorporating provided sources of long-term financing but required a special Imperial concession.
%38 The youngest factories tended to work fewer days per year. See the Online Appendix for a further description of
very young factories.
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intensive factories employ fewer women as a percentage of the total labor force.> This result would
contradict a model in which female employment increases as the division of labor is facilitated by the use
of more machines per person. However, the coefficient on the interaction term between log working days
and capital intensity is positive (though not significant), which implies that factories that worked more
days per year and had more capital per unit worker were more likely to employ women. For example, at
the median of log capital intensity, we find that increasing working days from 215 to 276 is predicted to
change the share of female employment by .00288, while at the 75th percentile of log capital intensity,
increasing working days from 215 to 276 would increase the share of female employment by .00504.%
This may imply that a traditional division-of-labor explanation for female employment best describes
factories that operated full-year, perhaps because such factories worked closer to their productivity
frontiers.>®

Next, we examine similar determinants of child employment in Russian factories. Column (3)
estimates the relationship between the proportion of children in the factory and the factory’s log number
of working days, location (urban or rural), the factory’s age and age squared, and controls for industry and
region. Some differences are apparent compared to the regressions determining female employment.
Column (3) shows that factories with a greater number of working days and younger factories were more
likely to employ children, while child employment was not related to urban location. We can speculate,
perhaps, that families in the countryside faced greater poverty and were thus more likely to send children
to the factory. Furthermore, the positive relationship between working days and the proportion of children
employed also agrees with the prediction of the model, if a greater number of working days is an indicator
of formalization and specialization in the factory. Column (4) proceeds by including measures of factory

mechanization: capital intensity measured by log machine power per worker and interaction between the

> This inverse relationship between female employment and log (K + 1/L) holds even in an uncontrolled simple
regression.

%5 Increasing working days by 100 percent results in an approximate increase in the proportion of women by . 018 +
.007 = @. Increasing working days from 215 to 276 is a 28 percent increase. The median of log capital

intensity is —1.099, and the 75th percentile is 0.
% Results are very similar in a Tobit model left-censored at zero.
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factory’s log working days and capital intensity. Unlike the result for female workers in Column (2), this
regression shows that factories with more total machine power per unit worker were somewhat more
likely to employ children. However, the coefficient on the interaction term is negative: factories with
greater capital intensity that also worked more days per year were no more likely to employ children. For
example, at the median of log capital intensity, increasing working days from 215 to 276 increases the
share of children employed by .0015. At the 75th percentile of log capital intensity, increasing working
days from 215 to 276 increases the proportion of children by only .00056.

The contrasting results of Columns (2) and (4) show that the relationships among employment,
working time, and capital intensity differed between female and child workers. While capital-intensive
factories tended to employ greater numbers of children, such factories only employed more women if they
also worked a greater number of days. We speculate that the relationship between capital intensity and
child employment is more unambiguously positive because child labor was only effective in the presence
of machines, while men and women may have been closer substitutes.

So far, our analysis has considered the relationships among working days, technology, and labor
force composition within factories. We have thus devoted our attention simply to the consequences of
working time for life inside the factory. We have not, however, devoted much consideration to the
ultimate causes of factory operating time. The next section provides some suggestive evidence of the

relationship between agriculture and working time.

Why Did Some Factories Operate Part-Year in the First Place? Soil Quality, Wheat Production, and
Other Determinants of Factory Operating Time

We next investigate how factories’ local conditions are related to their likelihood of shutting
down during part of the year. In Table 7, Panel A, Column (1), we observe a strong negative relationship
between the amount of wheat as a ratio of total non-animal agricultural production in a province and the
average number of working days of factories. However, in Column (2), when we perform a similar

analysis with rye, we observe the opposite relationship. We speculate that, while wheat was highly
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seasonal and produced for wider international markets, rye’s production likely reflected the more general
positive relationship between economic activity and local consumption needs.” However, given that each
province included multitudes of soil types that determined agricultural fertility, we hesitate to make

strong associative inferences between agriculture and industry within such large geographical units.

Table 7 about here

Our next results use district-level measures of soil quality, which we consider an indicator of
agricultural suitability.5® We report the results in Table 7, Panel B. Column (1) shows, as expected, that a
higher proportion of fertile soil in a district is negatively related to the average number of working days of
factories in that district. Column (2) adds controls for population, urban population, and rural population
density, as well as our measure of strikes to test the alternative hypothesis about industrial disturbances.
The coefficient on soil fertility remains negative, statistically significant, and has an even larger
magnitude than in Column (1). Total population and the proportion of the urban population are both
positively related to working days, although the coefficient on total population is not significant. Rural
population density is negatively related to the number of working days. The number of strikes has a
negative sign, as one would predict if industrial disturbances forced factories to operate part-year, but is

not significant.® Column (3) adds a control for the district’s latitude. Here, the relationship with soil

5" In another approach, we examined whether a province produced only wheat and not rye, meaning a higher
reliance on seasonal harvest, or wheat and rye together, meaning a more even annual agricultural workload. We
defined a province as not cultivating rye in two ways: a province where the output of rye made up the 10th
percentile of agricultural output; and the 25th percentile of agricultural output. Wheat was present in all provinces.
With both definitions, we see a negative relationship between only cultivating wheat and the working days of firms
in that province, approaching significance the more liberally we define wheat-only cultivation. Of course, the data
limitation of only having 79 provinces hinders us from further analysis.

%8 A province-level map of average soil suitability is shown in Online Appendix Figure A2.

59 Using alternative data provided by Varzar (1905) that measures strikes at the province level for 1895-1904, we
obtain a similar negative and significant relationship between working days and strikes per worker in the district-
level regression, but we are less confident in this measurement than the district-level data we use here.
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quality is no longer significant. This suggests that latitude encompasses both soil fertility and other
climatic nuances that most affect agriculture and, per our conjecture, manufacturing operations.®

We next examine how agricultural institutions impacted patterns of part-year operation by
considering two variables: the share of all land represented by communal agriculture and the share of
communal land represented by repartition communes (those that most greatly penalized peasants who
relocated). In Column (4), we add the share of repartition commune land in a district as of 1905. The
coefficient is positive but not significant since the variation in the share of repartition commune land in
our sample is very small; the median proportion of repartition land to all commune lands was 99.5
percent. The coefficient on the share of commune land is also insignificant. In Column (5), we add the
district latitude. We see that while the signs and significance of the demographic variable coefficients stay
unchanged, the coefficient on soil fertility loses its significance, while latitude appears to be significantly
and positively related to the number of working days, and the communal land and repartition commune
coefficients are marginally significant.®* Finally, in Column (6), we introduce additional controls for the
province in which each district is located, which helps control for other factors districts have in common
simply by geographic proximity. Here, latitude, urban density, and communal land share remain
positively and significantly related to working time, while the repartition commune share loses
significance, and strikes show some relationship to working time.

In the end, we conclude that the average number of working days was related to a location’s
overall agricultural suitability, communal agricultural institutions, and disturbances like strikes. In
unpacking how communal agriculture impacted working time, we speculate that the overall density of
communal agriculture reinforced factories’ ability to maintain a more permanent industrial workforce,

though repartition communes limited worker mobility in a manner that diminished the flexibility of local

80 We report additional results that include the difference between summer and winter wages in the Online
Appendix. We have concerns about these results, however, because the wages were collected at a much later date.
61 We briefly explored whether factories located at higher latitudes were more likely to need machines such as
boilers and less likely to utilize machines like water wheels, because rivers might freeze in the winter. We find no
correlation between the likelihood of having such equipment and latitude.
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labor markets. Further investigation may consider the relationships among these several labor market

obstacles, the limits of Imperial Russian industrialization, and Russia’s 1917 Revolution.

CONCLUSION

Late-nineteenth-century Russian factories provide a snapshot of modernization in progress.
Factories located outside of urban labor markets were more likely to shut down during part of the year,
and those factories that only operated during part of the year produced output differently than those that
operated full-time. Part-year factories were less likely to survive in the long run, suggestive evidence that
full-year operation would become the more dominant mode of production. And the tendency of factories
to operate part-year across the provinces and districts of the Russian Empire reflected some of the key
forces underlying economic development, including urbanization, market integration, institutions, and
geography.

Russian factories at this moment thus demonstrated a tendency to transition to a more efficient,
more mechanized mode of production in increasingly formal, specialized factories, much like
establishments in the United States or Great Britain had at an earlier point in time. Far from approaching
some stagnant plateau, even after the most rapid period of growth in the 1880s, the Russian Empire’s
industrial sector was growing, changing, and modernizing rapidly. However, barriers to full-year
operation remained, and the transition to more efficient operation would have required lessening pressure
from the agricultural sector. Though we know significant levels of migration existed, the introduction of
agricultural techniques that lessened the impact of peak seasons and more diversified crop portfolios
would have also eased the transition to full-year operation.

In this fascinating context, much remains unquantified. A comprehensive study of the relationship
between Russia’s primarily agricultural economy and the development of its industrial factories is still
needed. Studies that extend beyond our short snapshot to consider, for example, how shocks to the
agricultural labor market affected the production technology employed by factories could shed light on

some of the most debated questions in Russia’s economic history.
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Tables

TABLE 1
AN OVERVIEW OF THE FACTORY DATA AND OPERATION DURATION

Panel A: Descriptive Statistics

N Mean Med. Standard Dev. Min. Max.
Working days 17,122 215.66 240.00 80.27 1.0 365
Total machine power 17,534 35.16 3.00 194.12 0.0 8,242
Number of workers 17,333 62.49 14.00 264.01 0.0 10,219
Age 14,688 20.01 14.00 20.66 0.0 302
Urban 17,472 0.44 0.00 0.50 0.0 1
Factories in dist-ind 17,468 34.94 17.00 45.51 1.0 202
Employed women 17,333 0.25 0.00 0.43 0.0 1
Employed children 17,333 0.09 0.00 0.29 0.0 1
Number of women 17,333 13.96 0.00 104.33 0.0 3,643
Number of children 17,333 1.16 0.00 9.01 0.0 341

Panel B: Frequency, Age, Location, and Operation Duration by Industry

Median
Average Firm Working Mean Working
Industry Observations Age (Years) Percentage Urban Days Days
Animal 1,788 25.254 0.569 260 226.769
Chemical 733 17.154 0.490 264 236.688
Cotton 666 24.997 0.368 254 226.944
Flax 366 22.990 0.473 200 197.504
Foods 7,561 19.257 0.292 200 194.235
Metals and machines 1,514 21.489 0.745 280 262.457
Mineral products 1,274 20.357 0.359 170 186.168
Mixed materials 421 16.236 0.722 275 245812
Paper 851 20.955 0.812 280 275.837
Silk 269 17.343 0.301 225 223.463
Wood 1,008 13.384 0.445 2315 207.855
Wool 1,083 18.892 0.487 275 245,987
Total 17,534 20.007 0.435 240 215.660
Panel C: Frequency, Age, Location, and Operation Duration by Region
Median
Average Firm Working Mean Working
Region Observations Age (Years) Percentage Urban Days Days
Caucasus 337 12.552 0.742 260 229.231
Central black soil 3,126 20.921 0.411 200 197.541
Central industrial 3,666 22.631 0.366 250 222.777
Eastern 1,237 20.155 0.438 225 204.896
Eastern Siberia 87 17.757 0.893 250 230.494
Northern 288 22.468 0.315 247 218.307
Northwestern 1,549 16.044 0.307 213 210.149
Prebaltic 1,983 23.419 0.525 275 233.025
Previslitskii 2,082 19.722 0.515 280 239.165
Southern 1,698 12.881 0.597 220 203.497
Southwestern 1,072 23.314 0.232 220 209.493
Turkestan 138 9.207 0.533 167.5 184.331
Western Siberia 271 22.500 0.507 216 194.177
Total 17,534 20.007 0.435 240 215.660

Notes: Total Machine Power is the factory’s total horsepower. Factories in dist-ind is the number of factories located in the same

district and industry.

Source: Ministry of Finance, List of Factories and Plants (1897).
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TABLE 2

OPERATION DURATION AND FIRM CHARACTERISTICS

Operating More Than
Industry-Region

Operating
Fewer Than Industry-

Variable Median Region Median Test Statistic
Two-Sample t-test, |t]

Total machine power 52.161 20.785 10.4802
(2.990) (0.878)

Total workers 90.887 38.487 12.8695
(4.050) (1.232)

Total machine power 1.070 1.045 0.5707

per worker (0.033) (0.028)

Age 21.998 18.321 10.7130
(0.263) (0.223)

Number of factories 37.051 32.719 6.2324

in district-industry (0.506) (0.477)

Number of women 23.333 5.874 10.8330

employed (1.637) (0.385)

Number of children 1.924 0.499 10.2337

employed (0.141) (0.033)

Women employed / 0.087 0.072 5.6561

total workers (0.0021) (0.0018)

Children employed / 0.018 0.014 3.6973

total workers (0.00081) (0.00069)

Two-Proportion z-test, |z

Urban 0.517 0.365 19.9811

(0.0055) (0.0051)

Notes: Total machine power measures the total amount of horsepower in a factory. Number of factories in district-
industry is the number of factories in the same district and industry. Standard errors in parentheses.
Source: Ministry of Finance, List of Factories and Plants (1897).
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TABLE 3

FIRM CHARACTERISTICS AND OPERATING TIME

Model Tobit Tobit oLS Tobit Tobit Tobit Tobit
@) 2 Q) 4) ®) (6) @)
Log (total machine 0.024*** 0.008** 0.008** -0.002  0.011***
power + 1) (0.002) (0.003) (0.003) (0.003) (0.002)
Log workers 0.059***  0.059***  0.066*** 0.062***  0.017***
(0.004) (0.005) (0.004) (0.004) (0.002)
city 0.164***  0.164***  0.159***  (0.175***  (0.140***  0.116***
(0.010) (0.010) (0.010) (0.010) (0.010) (0.006)
Age /100 0.249***  0.249***  0.266***  0.360***  (0.221***  0.104***
(0.040) (0.038) (0.043) (0.043) (0.039) (0.023)
Age squared / 1000 —0.009*** —0.009*** —0.011*** -0.016*** -0.007** -0.006***
(0.004) (0.003) (0.004) (0.004) (0.003) (0.002)
Num. of factories 0.058***  0.058***  0.055***  (0.059***  (0.035***  (0.124***
in district/ind. /100 (0.011) (0.009) (0.012) (0.012) (0.0112) (0.006)
Log wage 0.195%**
(0.013)
Log wage / working —0.726***
days (0.004)
100 < workers < 500 0.050***
(0.016)
Workers > 500 0.066**
(0.034)
Steam power / 100 —0.006** 0.006**
(0.003) (0.003)
Prop. of women and 0.049*  0.129***
children (0.025) (0.026)
Log [(K+1)/(L)] -0.006*
(0.003)
Constant 5.221***  5016***  5.016***  5001***  5113***  5355***  (,115%**
(0.006) (0.035) (0.035) (0.035) (0.035) (0.041) (0.036)
Observations 17,122 14,209 14,209 14,058 14,058 13,699 13,699
Industry controls No Yes Yes Yes Yes Yes Yes
Regional controls No Yes Yes Yes Yes Yes Yes
R2 or pseudo R2 0.00314 0.109 0.167 0.109 0.0962 0.126 0.789

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors in parentheses (robust standard errors in Column (3)).
The outcome variable is the log of the factory’s number of working days. The Tobit model in all regressions is right
censored at 6, because log(365) is approximately equal to 6. Log (K+1)/L is the log of total machine power plus one

divided by total workers.

Sources: Ministry of Finance, List of Factories and Plants (1897), and Ministry of Finance, Statistical Results on
Factories and Plants by Industries Not Subject to the Excise Tax for 1900 (1903).
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TABLE 4
CORRELATES OF OPERATION DURATION AND REVENUE PER WORKING DAY

Model OoLS OLS OoLS OLS
Dep. Variable Log (Rev/ TFP Log(Rev/  Log (Rev/
Worker) Day) Day)

(€] 2) 3) 4)

Log working days 0.685*** 0.654*** 0.108 -0.418***
(0.061) (0.061) (0.134) (0.069)

City 0.248*** 0.384*** 0.431*** 0.356***
(0.052) (0.045) (0.106) (0.046)

Age /100 0.079 0.136 1.965*** 0.161
(0.106) (0.118) (0.266) (0.114)

Age squared /1000 0.001 -0.006 —0.080*** —0.006
(0.007) (0.010) (0.020) (0.009)

Log (machine power -0.181*
+1) (0.109)
Log workers 0.880***
(0.025)

Working days * log ( 0.069***
Machine power + 1) (0.020)
Constant 3.585*** —-3.089*** 3.258*** 4.182***
(0.406) (0.390) (0.761) (0.430)

Observations 12,491 12,491 12,611 12,491
R2 or pseudo R2 0.311 0.290 0.136 0.724
Industry controls Yes Yes Yes Yes
Regional controls Yes Yes Yes Yes

Notes: *** p < 0.01, ** p < 0.05, *p < .10. Standard errors clustered by Industry-Region groups in
parentheses.
Source: Ministry of Finance, List of Factories and Plants (1897).



TABLE 5
FACTORY WORKING DAYS AND SURVIVAL TO 1900

Panel A: Factory Survival and Part-Year Operation (European Russia and Factories with 15 or More
Workers Only)

All Factories in <Industry-Region  >Industry-Region
European Russia Median Median
Number of factories in 1894 8,448 3,691 4,686
Number of factories that survive 5,000 2,072 2,892
to 1900
Survivors to 1900 / factories in 0.5919 0.5614 0.6172
1894
Panel B: Probit Regressions: Probability of 1894 Factory to Appear in 1900 (European Russia Only)
Probit Probit Probit Probit Probit
@ 2 3) 4) 5)
Log working
Days 0.137*** 0.226*** 0.146*** 0.081** 0.147***
(0.032) (0.035) (0.052) (0.041) (0.041)
[0.053]*** [0.088]*** [0.056]*** [0.031]*** [0.056]***
Age * log of
working 0.003***
Days (0.002)
[0.001]***
Log revenue
per 0.143%*
worker (0.018)
[0.055]***
TFP 0.058***
(0.019)
[0.022]***
Constant -0.505*** -1.412%** -1.133*** -1.856*** -1.197***
(0.172) (0.218) (0.305) (0.243) (0.243)
Observations 8,377 8,377 7,504 7,048 7,048
Pseudo R2 0.00162 0.0343 0.0440 0.0493 0.0436
Industry
controls No Yes Yes Yes Yes
Regional
controls No Yes Yes Yes Yes
Age, Age?
controls No No Yes Yes Yes

Notes: *** p < 0.01, ** p < 0.05, *p < 0.10. Robust standard errors in parentheses. Marginal effects
(dprobit) in brackets. Regressions estimate the probability that an 1894 factory appears in the 1900
database. To achieve closer parity with the 1900 database, these regressions omitted factories outside

European Russia or with fewer than 15 workers. TFP in Column (4) is the residual of a log Cobb Douglas

production function that includes total workers and total machine power as inputs.
Sources: Ministry of Finance, List of Factories and Plants (1897) and Ministry of Finance, List of
Factories and Plants (1903).

44



TABLE 6
CORRELATES OF FEMALE AND CHILD EMPLOYMENT

Dependent Variable Women/(Total Workers) Children/(Total Workers)
OLS OLS OLS OLS

1) ) @) (4)

Log working days 0.013* 0.018*** 0.006*** 0.002*
(0.007) (0.007) (0.002) (0.001)

City 0.027*** 0.015** 0.001 -0.003
(0.009) (0.007) (0.003) (0.003)

Age /100 0.005 —-0.017 —0.015** —0.023***
(0.016) (0.017) (0.006) (0.006)

Age squared / 1000 —0.001 0.000 0.001 0.001**
(0.001) (0.001) (0.000) (0.000)

Log [(K+1)/L] —0.054** 0.010
(0.026) (0.007)

Log (working days) * 0.007 —0.003**
Log [(K+1)/L] (0.005) (0.001)
Constant —0.109** —0.150*** 0.025 0.036
(0.053) (0.047) (0.031) (0.030)

Observations 14,211 14,211 14,211 14,211
R-squared 0.213 0.230 0.056 0.074
Industry controls Yes Yes Yes Yes
Regional controls Yes Yes Yes Yes

Notes: *** p < 0.01, ** p < 0.05, *p < .10. Standard errors clustered by Industry-Region groups in
parentheses. Log (K+1)/L is the logarithm of total machine power plus one divided by total workers.
Source: Ministry of Finance, List of Factories and Plants (1897).



TABLE 7

GRAIN PRODUCTION, SOIL QUALITY, AND TOTAL WORKING DAYS

Panel A: Province-Level Correlates of Log Working Days

OLS

Log Working Days

Dependent Variable (1) (2)
Share of wheat in total value —0.258**
(0.119)
Share of rye in total value 0.372***
(0.135)
Urban population percentage 0.475*** 0.534***
(0.0810) (0.0697)
Population per desiatina —-0.00460 0.0601
(0.0506) (0.0553)
Constant 5.292*** 5.141***
(0.0290) (0.0546)
Observations 72 72
R-squared 0.253 0.292

Panel B: District-Level Correlates of Log Working Days

OLS

Log Working Days

Dependent Variable (1) (2) ©) (4) ©) (6)
Fertile soil -0.0787**  —0.0965*** -0.0275 —0.113*** -0.0200 -0.0855
(0.0358) (0.0326) (0.0449) (0.0328) (0.0500) (0.0999)
Urban/population 0.534*** 0.595*** 0.566*** 0.663*** 0.806***
(0.0877) (0.0892) (0.0842) (0.0918) (0.139)
Rural population density (1000s) -0.0786*** —0.0975*** —0.0692*** —0.0907*** -0.0601
(0.0238) (0.0249) (0.0235) (0.0257) (0.0588)
Total population (100,000s) 0.0213 0.0213 0.0175 0.0151 -0.0188
(0.0157) (0.0162) (0.0162) (0.0174) (0.0197)
Number of strikes per factory -0.107 -0.136 —0.0442 ~0.0456 -0.178*
worker, 1890-1894 (0.0748) (0.0881) (0.0898) (0.0999) (0.0944)
Proportion of land in nadel’naya 0.148 0.177* 0.360**
(Communal) land (0.108) (0.0980) (0.140)
Proportion communal land in ~0.0189 —0.0689* -0.0113
repartition communes (0.0302) (0.0374) (0.0877)
Latitude 0.0111** 0.0165*** 0.0365*
(0.00494) (0.00603) (0.0203)
Constant 5.281*** 5.209*** 4 574%** 5.162*** 4.247*** 2.750***
(0.0238) (0.0353) (0.288) (0.0589) (0.328) (1.011)
Observations 491 473 473 450 450 450
R-squared 0.013 0.082 0.093 0.084 0.103 0.230
Province controls No No 473 No No Yes

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. The figures for urban/rural population and population are from 1883, the figure for arable land used in
rural population density calculation is from 1877, and the figures for communal land come from 1905. Rural population density is rural
population over arable land. The outcome is the log of total working days of a factory. Robust standard errors in parentheses in Panel A and

standard errors clustered by province in parentheses in Panel B.

Sources: Ministry of Finance, List of Factories and Plants (1897) (Panels A and B), Kessler and Markevich (2020) (Panel A), Ezhegodnik
ministerstva finansov [Ministry of Finance Yearbook] (1900) (Panel A), Dower et al. (2018) (Panel B), Pankratova (1950-1963) (Panel B).
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Panel A: All Factories
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FIGURE 1
HISTOGRAM OF TOTAL WORKING DAYS
Source: Ministry of Finance, List of Factories and Plants (1897).

47



	EMPIRICAL STUDIES OF PART-YEAR OPERATION, PRODUCTION TECHNOLOGY, AND LABOR MARKETS IN THE UNITED STATES, GREAT BRITAIN, AND FRANCE
	SEASONALITY AND INDUSTRIAL DEVELOPMENT IN THE RUSSIAN EMPIRE IN CONTEMPORARY ACCOUNTS
	FACTORY-LEVEL DATA AND AN OVERVIEW OF PART-YEAR OPERATIONS IN RUSSIA
	HYPOTHESES AND EMPIRICAL METHODS
	RESULTS
	CONCLUSION

