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Abstract

This paper provides the first aggregate and disaggregated comprehensive Total Factor Productivity
estimates for manufacturing in the Ottoman, Qing and Russian Empires before their collapse,
incorporating both the traditional industry and capital estimates. Previous studies relied on
modern-only establishments and labor productivity estimates, masking the role of capital
and inner economic dynamics, which become essential during structural transformation
processes. Using industrial censuses from 1908-1913 and regional reports combined with
a novel reconstruction methodology for the traditional industry TFP, our results document
extreme internal productivity dualism. Mechanized establishments achieved close to British
efficiency levels while traditional non-mechanized plants operated at one-fifth to one-third of
the industrial leader. At the aggregate level, lower-productivity traditional establishments seem
to determine the aggregate productivity due to their vast weight in the manufacturing landscape.
These findings suggest the persistence of the Great Divergence stemmed not from technological
adoption incapacity but from the inability to diffuse new technologies beyond modern industrial
enclaves—a pattern that illuminates persistent dualism in developing economies today.
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1 Introduction

When did the West pull decisively ahead of the Rest? The Ottoman, Qing and Russian Empires
in the early twentieth century stand at the core—or periphery—of this question. Together,
they governed over one billion people and controlled a vast part of the Eurasian landmass
from the Balkans to the Pacific. A century of military defeats had catalyzed ambitious yet
distinct responses to Western industrial advantage—Russia’s state-led industrialization, Ottoman
modernization reforms, China’s self-strengthening movement, representing history’s greatest
experiment in catch-up development. Yet all three ultimately collapsed, and the repercussions
lasted for many years to come.

This failure stands as the ultimate consequence of the Great Divergence (Pomeranz, 2000;
Allen et al., 2011). For decades, economic historians have debated why these empires could
not close the productivity gap despite their modernization efforts (Karakog et al., 2017; Brandt
et al., 2017; Markevich and Nafziger, 2017), although we still lack the systematic productivity
comparisons needed to solve this puzzle.

Previous attempts to measure industrial efficiency in any of these empires have remained fun-
damentally partial. Studies either relied on labor productivity alone (De Jong et al., 2022), which
conflates true efficiency with capital accumulation (Sargent and Rodriguez, 2000), or examined
only modern—mechanized—establishments where data were readily available (Lychakov et al.,
2022). However, without accounting for capital intensity and the vast traditional manufacturing
that employed 75-90 percent of workers (O’'Rourke and Williamson, 2017), we have been viewing
these economies through a distorted lens (Crafts and Harley, 1992), unable to understand the
mechanisms behind their failed structural transformation. This matters because manufactur-
ing—the crucial domain of technological change during the Industrial Revolution—held the key
to understanding both their modernization attempts and ultimate collapse.

Hence, what does a complete accounting of manufacturing productivity reveal about the
divergence of late industrializing empires? To answer this critical question, this paper provides the
first comprehensive Total Factor Productivity estimates for all three empires from 1908 to 1913,
when the last industrial censuses before World War I were conducted in each case. Our results
quantify a pattern central to understanding divergence persistence: in the Ottoman and Russian
Empires, extreme internal fragmentation between modern enclaves achieving frontier efficiency and
traditional sectors operating at far lower productivity levels; in the Qing Empire, comprehensive
failure across both sectors. This severe dualism in two cases and uniform underperformance in
the third was hidden by previous partial measures. Our production function analysis reveals
that the Ottoman and Russian empires exhibited genuine technological dualism—two separate
industrial worlds coexisting within the same economy—while the Qing’s apparent technological
homogeneity reflected not successful integration but failure to create a genuinely modern sector
in the first place.

Our findings reveal dramatically different modernization trajectories masked by similarly poor
aggregate outcomes. Ottoman modern factories achieved 115 percent of British TFP—actually
exceeding Manchester’s efficiency—yet this coexisted with traditional workshops operating at just
13 percent of British levels, producing the starkest dualism we observe: a ten-fold productivity

gap between sectors. Russian modern establishments reached 93 percent of British productivity



while traditional kustar workshops maintained 38 percent—the highest traditional sector perfor-
mance among all three empires—suggesting greater technology diffusion than the other cases
achieved. The Qing Empire experienced the most comprehensive failure: "modern" establish-
ments achieved only 42 percent of British productivity—closer to transitional manufactories than
true factories—while traditional workshops reached just 15 percent. Strikingly, Ottoman and
Qing traditional sectors converged to nearly identical productivity levels (13 and 15 percent of
Britain), suggesting a common ceiling for pre-industrial workshop production that Russia alone
partially escaped.

The implications extend beyond historical measurement. Our output elasticity estimates
reveal three distinct configurations. The Ottoman and Russian Empires exhibited substantial
technological discontinuities between modern and traditional manufacturing, with modern sectors
achieving capital intensities comparable to Western benchmarks while traditional establish-
ments remained fundamentally pre-industrial. This configuration represents genuine industrial
dualism—technological cliffs rather than gradual slopes between sectors. Yet despite similar
discontinuities, Russian traditional manufacturing achieved substantially higher productivity
than its Ottoman counterpart, indicating that something beyond capital deepening—whether
institutional frameworks, infrastructure, or knowledge diffusion—enabled Russian workshops to
capture productivity gains unavailable to Ottoman counterparts. The Qing Empire presents a
starkly different pattern: the smallest technological gap, but only because even nominally modern
establishments failed to adopt Western capital-intensive methods. Factor price distortions appear
to have made labor-intensive production privately optimal regardless of the productivity gains
available from mechanization.

These findings challenge both sides of the divergence debate. Contra traditionalists, the
Ottoman and Russian Empires successfully adopted Western technology—Ottoman factories
actually surpassed British efficiency in select sectors. Contra revisionists who emphasize non-
European manufacturing resilience, this capability failed to generate economy-wide transforma-
tion—aggregate productivity remained anchored to pre-industrial levels. The Great Divergence,
it seems, persisted not through Western technological monopoly but through the West’s unique
ability to diffuse productivity gains beyond initial adopters.

This paper makes three methodological contributions that enabled these insights. First,
we developed techniques to estimate capital stocks—proxied by horsepower—in pre-industrial
settings, combining animal power, tool intensity, and water power estimates from contemporary
sources and engineering references. Second, we synthesized traditional sector data from multiple
complementary archival sources not previously integrated for productivity analysis. Third, we
estimated separate production functions for modern and traditional establishments, revealing
factor elasticities that illuminate the technological configurations underlying productivity differ-
entials. These methods yield the first systematic productivity estimates by establishment type
and empire, quantifying patterns of technological adoption, diffusion failure, and factor market
constraints across different imperial contexts.

The Great Divergence, we argue, persisted not through Western technological monopoly but
through what we term the Great Inner Divergence—the vast internal chasms between modern

enclaves and traditional majorities that these empires could not bridge. Building competitive



industries proved insufficient without mechanisms for economy-wide diffusion; where factor market
distortions made modern techniques privately suboptimal, even building such industries proved
impossible. Their collapse marked not just political failure, but the consequences of dualistic
development that resonates with contemporary concerns about premature industrialization and
explains why developing economies today may struggle to translate industrial capabilities into
economy-wide transformation.

The paper proceeds as follows. Section 2 situates our study within existing literature on
late industrialization and productivity. Section 3 develops our methodology for constructing
comparable TFP estimates, measurement strategies and data sources. Section 4 presents the
results of our estimations and how including traditional establishments and capital alters our
understanding of these economies. Section 5 discusses the institutional and factor market
explanations for persistent dualism. Section 6 presents sensitivity analysis and robustness
checks. Section 7 concludes by connecting the dualist trap to both historical collapse and

contemporary development challenges.

2 Literature Review

Understanding manufacturing productivity in the Ottoman, Russian, and Qing empires requires
confronting a fundamental measurement problem: previous approaches have systematically
misrepresented these dual economies by examining only partial segments. This section establishes
the necessity for the integrated TFP framework developed in this paper.

The difficulty of capturing these empires’ true industrial structure has deep roots in economic
history. Bairoch (1982) pioneered global manufacturing estimates showing that as late as 1800,
China and India still produced over half the world’s manufactured goods, with the Ottoman and
Russian empires maintaining substantial shares. Yet Bairoch’s pathbreaking work revealed a
paradox: while documenting these empires’ quantitative importance, his aggregate measures
could not distinguish between a Moscow textile mill and a traditional Suzhou workshop. This
limitation—treating all manufacturing as functionally equivalent—would plague subsequent
scholarship, obscuring the structural dualism that ultimately determined imperial economic fate.

The Great Divergence debate inherited these measurement issues. While producing extensive
scholarship on when and why the West surpassed the Rest, the productivity measures employed
have often concealed rather than revealed the industrial structures that doomed these empires.
Pomeranz (2000) argued that China’s Yangzi Delta matched British productivity levels into the
late eighteenth century, while Allen et al. (2011) countered with wage-based evidence showing
earlier European advantages. Both debates, however, relied on aggregate measures or leading
regions, missing how modern and traditional sectors coexisted—and conflicted—within imperial
economies, ultimately undermining modernization efforts.

Empire-specific studies compound these limitations through selective focus. Gregory (1982)
and Lychakov et al. (2022) document impressive productivity in modern Russian factories;
Pamuk (2006a,b) examines Ottoman manufacturing trends using labor productivity; Feuerwerker
(1980) and De Jong et al. (2022) provide partial Chinese estimates. Yet by concentrating on

modern establishments, these studies overlook the 75-90 percent of workers in traditional sectors.



Moreover, labor-only measures might conflate efficiency with capital accumulation (Sargent and
Rodriguez, 2000), further distorting our understanding of these dual economies.

Four approaches to measure productivity have dominated, each problematic for imperial
contexts. First, many scholars concentrate on measurable modern sectors, drawn to their
documented production records rather than their economic representativeness, as exemplified by
Lychakov et al. (2022) on Russian factories. While offering analytical clarity, this approach would
be particularly misleading in the Ottoman or Qing context, where modern factories employing less
than 10 percent of the industrial workforce coexisted with vast traditional sectors (Okgiin, 2003;
Guan, 2011). Applying modern-sector-only analysis to these empires dramatically overstates
aggregate efficiency—suggesting convergence where overall none existed—and completely obscures
the structural dualism that defined their economies (Crafts and Harley, 1992).

Second, some researchers treat traditional production as a residual category of minimal
importance, as seen in O’'Rourke and Williamson (2017). This assumption proves especially
problematic for the Qing Empire, where sophisticated workshop production in cities like Suzhou
maintained significant volumes and artisanal added-value despite the emergence of treaty-port
factories Li (2000). As Mokyr (1990) and Pomeranz (2000) demonstrated, dismissing traditional
sectors as economically marginal ignores both their quantitative significance and their qualitative
importance in maintaining specialized knowledge and techniques. Zelin (2005)’s investigation of
Zigong’s, in Sichuan, salt industry and Moll-Murata (2018)’s analysis of Jiangnan workshops reveal
sophisticated production systems achieving remarkable efficiency within traditional technological
parameters.

Third, scholars sometimes assume urban economies represent modern industry while rural
economies embody traditional production, creating artificial binary divisions (Lewis, 1955; Uzawa,
1961, 1963a,b; Cheremukhin et al., 2017). This approach would catastrophically mischaracter-
ize Russian manufacturing, where rural kustar industries often incorporated selective modern
techniques while urban workshops frequently remained entirely traditional. Such geographic
proxies fail to capture the complex spatial distribution of mechanized—rural windmills that often
represented significant capital investments while many urban workshops remained entirely un-
mechanized—demonstrating how modern and traditional methods coexisted across all geographic
spaces in these transitional economies.

Fourth, some studies apply uniform production functions across sectors, effectively assuming
similar technological conditions. While O’Brien and Keyder (1978) used this approach for
British-French comparisons, applying it to empires with extreme technological dualism could be
particularly distorting, specially when this dualism is still unobserved.

Beyond these categorical challenges, a final, more fundamental problem remained about how
to accurately measure the capital stock, especially in the traditional sector. While Feinstein
(1978) and Deane and Cole (1967) developed trade and investment-flow techniques for British
industrialization, these methods assume documentation levels absent or fragmented in the empires
of the contemporary industrial periphery. Recent innovations offer partial solutions: Gregg (2020a)
establishes that mechanical horsepower provides a reliable proxy for capital in modern Russian
establishments. This relationship exists because industrial capital during early mechanization

was predominantly embodied in power-generating equipment, making administrative records of



engines and water wheels valuable capital indicators. For traditional sectors, Smil (2017) and
Zhang and Yang (2020) document power capabilities of pre-industrial tools, enabling systematic
capital quantification through mechanical equivalents. This paper builds on these innovations by
incorporating traditional capital estimates into a formal TFP framework, enabling comprehensive
productivity measurement across dual economies for the first time.

Comparative productivity analysis across imperial systems presents additional complications.
Early efforts by David (1975) and Abramovitz (1986) highlighted difficulties in establishing
comparable measures across distinct institutional and monetary contexts. For pre-1914 com-
parisons, we follow Dormois and Dutton (2006) in using official gold /silver exchange rates to
measure value-added in constant, gold-adjusted British pounds sterling of 1913, thus avoiding the
distortions of constructed PPPs based on fragmentary price data. Furthermore, the comparative
methodology presented in this paper builds on Broadberry (2005)’s framework for international
productivity comparisons, which established reliable procedures for cross-country industrial
benchmarking.

As this section argues, existing methodological approaches are fundamentally ill-equipped to
analyse economies characterized by severe structural dualism. Whether by ignoring traditional
sectors, miscategorising them, or applying inappropriate production functions, previous studies
have rendered invisible the key phenomena that defined these empires’ final decades. This
paper resolves this impasse by developing an integrated framework that captures both modern
and traditional sectors with appropriate production functions, systematic capital estimation,
and careful aggregation. Only through such comprehensive measurement can we finally answer
the critical question: what does a complete accounting of manufacturing productivity reveal
about the divergence of late industrializing empires? This paper provides that long-missing
measurement, offering the first empirical foundation for understanding the true nature of these

empires’ economic structures.

3 Methodology

This section develops our empirical framework for measuring manufacturing productivity across
the Ottoman, Qing, and Russian Empires. We first present our theoretical approach to accounting
for dual production technologies, then detail our empirical strategy for parameter estimation and

traditional sector reconstruction.

3.1 Theoretical Framework

A distinctive feature of nineteenth-century manufacturing in the Ottoman, Qing, and Russian
Empires was the coexistence of two production models: traditional, non-mechanized, labor-
intensive workshops; and modern, mechanized, relatively capital-intensive establishments (Atack
et al., 2006; Sokoloff, 1984). This dual structure necessitates a methodological approach that
captures both segments while allowing for meaningful cross-sectoral and cross-empire comparisons.

Total Factor Productivity (TFP) is our key metric, capturing the portion of output not directly
attributable to measured inputs—reflecting efficiency, technological capability, and organizational

quality (Sargent and Rodriguez, 2000). Thus, reflecting improvements stemming from new



technologies, managerial practices, economies of scale, and organizational shifts. In the context of
the Industrial Revolution, TFP becomes an essential tool to observe the diffusion of technologies
when economies were experiencing unprecedented structural changes and significant increases in
GDP per capita. We specify a Cobb-Douglas production function for each establishment type:
Yeij = Aeiy x LE5H x KL5 (1)
where Y¢ ; j is output for establishment type e (modern or traditional), sector 4, and empire j;
A, ; j represents TFP; L ; ; is labor (total workers); and K. ; j is capital (proxied by horsepower).
The distinct elasticities (i j, Be,i,j) recognize that establishment types employed different
production technologies. Following A. Gregg (2020a), we use horsepower as our capital proxy, as
mechanical power capacity formed the core physical capital in manufacturing establishments.

Since e=[modern,traditional|, we obtain two separate production functions for two independent

technologies:
Y L = A . La’modern,i,j ﬁmodern,i,j 2
modern,i,j — “imodern,i,j modern,i,j X Iimodern,i,j ( )
.= . Qtrad,i,j Btrad,i,j
Y;g'rad,z,] = At'rad,z,] <Ltrad,i,j X Ktrad,i,j ) (3)

In addition, since A.;; = TFP,;;, to obtain an aggregate TFP function that properly
weights both technologies, we adapt Fagerberg (2000)’s input-weighted averaging approach:*

TFPaggregate,i,j = (TFPmodern,i,j X wmodern,i,j) + (TFPtrad,i,j X wtrad,i,j) (4)

where weights reflect each establishment type’s share of total factor usage:

[ Kﬂe,i,j

e,1,J e,1,J
we i ] — 8] 2y (5)
7 Latotal,i,j X Kﬁtotal,i,j
total,i,j total,i,j

This input-weighted approach differs from output-based aggregation commonly used in
productivity studies. Output-weighted methods can distort aggregate productivity by giving
excessive weight to sectors with high prices or market power rather than genuine efficiency.
Input-weighted aggregation measures each sector’s contribution based on actual factor utilization,
revealing true technological capabilities rather than market outcomes—a crucial distinction for
economies where price distortions and segmented markets meant output values poorly reflected
underlying productivity differences.

Therefore, we obtain a final TFP measure that reflects both capital-intensive "modern"

factories and predominantly labor-intensive "traditional" establishments.
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where e=[modern,traditional|, i=|Food and Beverages, Soil and Building Materials, Leather,

!Fagerberg (2000) employed a weighted average sum to aggregate inter-temporal TFPs, by using the relative
importance of inputs.



Textiles, Wood, Paper, Metals, Chemicals|, j=|[Ottoman,Qing,Russian|, and:

[ Kﬂe,i,j

e,1,J e,1,J
we i ] — 0] 4] (7)
7 Qaggr.,overall,j X Kﬁaggr.,overall,j)
aggr.,overall,j aggr.,overall,j

This integrated methodology offers, for the first time, comprehensive TFP and capital
productivity estimates for the Ottoman, Qing, and Russian Empires, allowing to decompose by

sector and by type of establishment (modern vs. traditional).

3.2 Empirical Strategy

Our empirical strategy addresses three interconnected challenges: estimating production function
parameters, reconstructing traditional sectors excluded from or aggregated within manufacturing

censuses, and computing capital stocks for non-mechanized establishments.

Production Function Parameters

We classify establishments as "modern" if they employed more than 10 horsepower of mechanical
power, following the census conventions and reflecting the threshold at which steam or other
mechanical power became the primary production driver rather than a supplement to manual
labor.

For modern sectors with sufficient observations, we estimate Cobb-Douglas production
functions using ordinary least squares on cross-sectional data disaggregated by province and

manufacturing sector in each empire:

In(Y,;) = In(A) + aln(Ly;) + BIn(K,;) + €pi (8)

The Russian Empire yields 537 observations across provinces and sectors, producing stable
estimates with o = 0.53 and = 0.47. The Ottoman modern sector (144 observations) similarly
permits estimation, yielding a = 0.59 and 5 = 0.41. Both sets of estimates exhibit sums close
to unity, supporting constant returns to scale, and align with factor shares documented for
contemporary Western manufacturing (Broadberry and Burhop, 2007; Abramovitz and David,
2000).

The Qing modern sector presents estimation challenges. With only 44 observations and
high multicollinearity between labor and capital (correlation of 0.81), unconstrained regression
produces anomalous results—a labor elasticity exceeding unity and a negative capital coefficient.
These economically implausible estimates reflect the small sample size and the nature of Qing
"modern" establishments, which qualitative evidence suggests were often scaled-up workshops
with partial mechanization rather than true factories. We therefore impose o = 0.80 and
B = 0.20, reflecting higher capital intensity than traditional production but substantially more
labor-intensive than Ottoman or Russian factories.

Traditional sectors across all three empires exhibit severe multicollinearity that prevents
reliable estimation. Correlations between In(L) and In(K) range from 0.84 (Ottoman) to

0.995 (Qing), reflecting the technological homogeneity of pre-industrial workshop production



where capital—primarily tools and draft animals—scaled nearly perfectly with employment.
We therefore impose parameters based on the economic history literature on pre-industrial
manufacturing. Following Broadberry and Gupta (2009)’s evidence on Asian textile production,
where fixed capital requirements were minimal relative to labor costs, we adopt @ = 0.85 and
6 = 0.15 for Ottoman and Qing traditional sectors. For Russian traditional establishments,
we apply modestly higher capital intensity (a = 0.80, 5 = 0.20) reflecting greater building
requirements due to climate, higher usage of heating equipment, and more elaborate proto-
industrial organization in the kustar sector. Appendix B provides complete regression diagnostics

and discusses the multicollinearity issues in detail.

Traditional Sector Reconstruction

Manufacturing censuses systematically excluded or undercounted traditional establishments,
necessitating reconstruction using alternative sources. Our approach differs by empire based on
available documentation.

For the Ottoman Empire, Eldem (1994) provides direct estimates of traditional sector employ-
ment and output across major subsectors, drawing upon Ottoman administrative records. We
adopt these figures as primary constraints. The main estimation challenge involves decomposing
Eldem (1994)’s residual category (Sair), which aggregates workers and output without sectoral
breakdown. We allocate this residual across sectors (Food & Beverages, Soil, Wood, Metals,
Paper) using a calibrated approach that respects Eldem (1994)’s aggregate figures while ensuring
the weighted average productivity matches his implied labor productivity figure. Establishment
counts derive from Eldem (1994)’s direct figures where available; for remaining sectors, we apply
workers-per-establishment ratios consistent with cottage and small workshop production.

For the Qing Empire, the 1911 census uniquely provides coverage of both modern and
traditional establishments, though aggregated together (AID, 1914). We developed an iterative
allocation procedure to separate establishment types. First, we calculated average workers per
establishment for each subsector and province. Assuming mechanization required scale, we
assigned subsectors with the highest average workforce to the mechanized category, progressively
working down until cumulative assignments matched known provincial totals of mechanized
factories. Traditional sector figures were then obtained by subtracting modern sector estimates
from census totals. For production, we applied sector-specific proportions from Guan (2011).

For the Russian Empire, the 1908 census comprehensively covered factory production but
systematically undercounted kustar workshops. We extracted the implied ratio of modern to
total manufacturing workers from Lychakov et al. (2022), who compiled estimates from Rashin
(1958) and Rybnikov (1922). Since we know absolute modern sector employment from our census
classification, we recovered traditional employment through proportional reasoning. Sectoral
distribution follows Rybnikov (1922)’s documented composition of kustar industry; provincial
distribution assumes traditional workers were distributed proportionally to population, reflecting
the ubiquitous nature of artisanal production serving local markets. Traditional sector production
was estimated by applying labor productivity from small non-mechanized establishments (those

with fewer than 10 horsepower) captured in the census to the estimated traditional workforce.



Traditional Sector Capital

While censuses report horsepower for mechanized factories, traditional workshop capital requires
systematic estimation. We estimate traditional sector capital as the sum of three components:
animal power, human-powered tools, and water power.

Animal power was estimated by calculating per capita animal stocks from agricultural statistics
and applying these ratios to the traditional manufacturing workforce, assuming workshops drew
upon local animal power proportionally to their labor force. Sustained mechanical power outputs
follow Stevenson and Wassersung (1993): horses at 1.0 hp, oxen at 0.9 hp, mules at 0.7 hp, and
donkeys at 0.3 hp. The resulting animal horsepower per workshop varies substantially across
empires—from 0.03 hp in the Qing to 1.01 hp in Russia—reflecting genuine differences in factor
endowments documented in the agricultural history literature (Pomeranz, 2000; Li, 1998).

Human-powered tools were estimated based on sustained human mechanical output of approx-
imately 0.1 hp (Avallone et al., 2007), augmented by a factor of 2.0 to reflect the potentiating
effect of hand tools and simple machines. We apply 0.2 hp per worker for Ottoman and Qing
traditional sectors, and 0.25 hp for Russia reflecting more elaborate proto-industrial equipment
and climate-related heating capital.

Water power estimates draw on census data where available (Russia) and calibrated assump-
tions elsewhere. Russian census data indicate 11.1 percent water power penetration among
traditional grain-milling establishments, with average power of 7 hp per water-using workshop.
For the Ottoman Empire, we estimate 4.5 percent penetration, reflecting the semi-arid cli-
mate and the concentration of water power in grain milling and tanneries rather than broader
manufacturing applications (Faroghi, 1984). For the Qing Empire, we estimate 15.1 percent
penetration, reflecting abundant water resources in southern China and the documented tradition
of water-powered production in regions such as Jiangnan (Li, 1998).

Total traditional capital per workshop converges to similar magnitudes across empires (1.3-2.6
hp) despite very different compositions, suggesting that pre-industrial manufacturing technology
imposed broadly similar capital requirements regardless of the specific factor mix employed.
Appendix A provides detailed documentation of all estimation procedures, data sources, and

sensitivity of results to alternative assumptions.

3.3 Data Sources

Our analysis draws primarily on industrial censuses conducted before World War I: the 1913
Ottoman Manufacturing Census (Okgiin, 2003), the 1911 Qing Manufacturing Census (AID,
1914), and the 1908 Russian Manufacturing Census (Varzar, 1912a,b). These censuses aimed at
policy research rather than taxation, reducing incentives for misreporting (Gregg, 2020a; Okgiin,
2003).

The Ottoman census covered Western Anatolia, where Ottoman industry concentrated,
enumerating only modern establishments with mechanical power and 10+ workers (or 20+
workers without machinery). We supplement this with Eldem (1994)’s compilation covering both
modern and traditional establishments empire-wide, and data on the metals sector excluded from

the published census.
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The Qing census, published in 1914, uniquely provides coverage of both modern and traditional
manufacturing across 21 provinces (AID, 1914; Guan, 2011). While aggregating production values
across establishment types, it separately identifies mechanized factories, enabling separation of
traditional production.

The Russian census covers the entire empire. We use the RUSCORP database (Owen,
1992; Gregg, 2020b) as our foundation, expanded by incorporating Varzar (1912a)’s complete
factory lists to increase coverage from 13,561 to 19,634 establishments. For kustar workshops
undercounted in the census, we draw on Rybnikov (1922)’s employment surveys.

We harmonize industrial classifications into eight manufacturing sectors and convert pro-
duction values to 1913 UK pounds using gold-standard exchange rates (Tuncer and Pamuk,
2014; Edvinsson et al., 2010). As Dormois and Dutton (2006) demonstrates, official metallic
rates introduce minimal distortions for pre-1914 cross-country comparisons. Appendix A pro-
vides complete documentation of data reconstruction, currency conversions, and harmonization

procedures.

4 Results

What does a complete accounting of manufacturing productivity reveal about the divergence of
late industrializing empires? This section demonstrates how incorporating both capital inputs
and traditional sectors transforms our understanding of productivity in the Ottoman, Qing, and
Russian Empires before World War 1.

Table 1: Aggregate Manufacturing LP & TFP by Empire in
1913 UK Pounds

Labor Productivity Total Factor Productivity

Ottoman 63 71
Qing 35 40
Russian 148 154

Source: Own FElaboration. Note: Each TFP value has different production
function parameters.

Table 1 presents aggregate manufacturing productivity measures for the three empires,
converted to 1913 UK pounds using metallic content values. These are the first labor productivity
and TFP estimates that incorporate both modern and traditional establishments for these empires.
The results establish a hierarchy of backwardness that previous narratives of late industrialization
could only partially capture: Russian manufacturing achieved more than twice the productivity
of Ottoman industry and four times that of the Qing—differentials that persist whether measured
through labor productivity or TFP. However, since production function parameters o and
differ across empires, these TFP comparisons capture how efficiently each empire utilized its
specific manufacturing production structure.

Overall, our comprehensive productivity estimates by establishment type reveal a pattern
that previous partial measures have systematically obscured: extreme industrial dualism with
modern sectors approaching Western efficiency while traditional sectors operated at pre-industrial

productivity levels. Figure 1, normalizing each empire’s modern sector labor productivity to
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100, quantifies the magnitude of internal fragmentation that may have been more consequential

than the external gap with the West. This pattern, while varying in magnitude, defined all three

empires.
Figure 1: Disaggregated Measures of Productivity.
Ottoman Empire Qing Empire Russian Empire
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Source: Own Elaboration. Notes: FEach empire’s modern establishments labor productivity is 100.

The Ottoman Empire exemplifies this duality most starkly. Traditional workshops operated at
merely 10 percent of modern factory labor productivity—a ten-fold differential that represents the
most extreme internal gap among our three cases. Even when accounting for capital, traditional
TFP reached only 15 percent of modern levels. The persistence of such extreme differentials after
decades of Tanzimdt reforms (1839-1876)—which explicitly aimed to modernize manufacturing,
especially military-related industries, through legal reforms, infrastructure investment, and
educational initiatives—suggests that modernization efforts created isolated enclaves rather than
economy-wide transformation, consistent with Pamuk (2004)’s characterization of Ottoman
development. Notably, the Ottoman modern sector’s TFP (90) falls below its normalized labor
productivity (100), indicating that Ottoman factories achieved high output per worker partly
through capital intensity rather than pure efficiency—a pattern consistent with technology
transfer without full absorption as noted by Clark (1974).

In China, traditional workshops achieved 31 percent of modern factory labor productivity, with
TFP improving to 37 percent relative to Chinese modern establishments. The 6 percentage point
differential between labor productivity and TFP within the Qing traditional sector represents
the highest gain among the three empires under study. Though modest in absolute terms,
this gap indicates what scholars like Rawski (1989), Zelin (2005) and Moll-Murata (2018) have
documented in late Qing manufacturing—institutional barriers to capital mobilization coexisting
with artisanal skill and organizational adaptation within severe constraints. When capital
intensity is low but artisanal expertise or efficient organization exists, labor productivity alone
underestimates productive capability (Sargent and Rodriguez, 2000), and TFP will exceed initial
labor productivity estimates. Strikingly, the Qing modern sector shows TFP (103) exceeding its
normalized labor productivity (100)—the only case among our three empires where this occurs.
This suggests that Chinese modern factories, despite lower absolute productivity than their
Ottoman or Russian counterparts, operated with superior efficiency given their limited capital

endowments, supporting accounts of innovative organizational techniques that maximized returns
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despite constrained resources (Zelin, 2005; Pomeranz, 2000).

Russia shows the smallest internal duality, with traditional industries (kustar) achieving 39
percent of modern labor productivity and 41 percent of modern TFP. This relatively narrow
gap—Iess than half the Ottoman differential—likely indicates more successful integration between
establishment types. The modest 2 percentage point improvement from labor productivity
to TFP suggests that Russian traditional workshops operated close to their efficiency frontier
given available capital, with limited scope for organizational improvements to compensate for
factor constraints. Beyond possible institutional factors (see Section 5), Russia’s manufacturing
landscape offers part of the explanation. In our classification of establishment types—mechanized
versus non-mechanized—Russia presents the highest proportion of middle-scale establishments
(mechanized small workshops and non-mechanized manufactories) among the three empires.
This intermediate layer, largely absent in the Ottoman case, facilitated technology diffusion and
smoothed cross-sectoral productivity differentials. Russia’s relatively narrow internal productivity
gap helps explain why it alone among our cases showed signs of genuine structural transformation
(Cheremukhin et al., 2017).

These internal sectoral differentials produced aggregate outcomes that reveal industrialization’s
limited reach within each empire. Despite modern sectors normalized to 100, aggregate labor
productivity collapsed to 19 (Ottoman), 32 (Qing), and 60 (Russia). With capital properly
accounted for, aggregate TFP reached only 21, 37, and 63 percent respectively relative to each
empire’s own modern sector. The dramatic internal gap between modern potential and aggregate
reality quantifies what contemporary observers described but could not measure: the limits of
modernization to penetrate beyond factory enclaves.

Table 2 reveals the quantitative basis for these outcomes. Modern establishments commanded
only 13 percent of Ottoman inputs, a mere 1 percent in the Qing, and 37 percent in Russia.
These distributions explain why similar modern sector performance produced radically different

aggregate results.

Table 2: Type of Establishments Inputs’ Weight in the Aggregate

by Empire
Weight Modern Inputs Weight Traditional Inputs
Ottoman 0.13 0.87
Qing 0.01 0.99
Russian 0.37 0.63

Source: Own Elaboration. Note: Modern + Traditional Weights = 1.

These input distributions confirm a fundamental distinction in development trajectories. The
Ottoman and Qing empires remained pre-industrial economies with modern appendages—differing
in degree but not in kind—rather than modernizing economies retaining traditional remnants.
The internal productivity gaps of 81 percentage points (Ottoman) and 68 percentage points (Qing)
between modern and aggregate performance quantify the limits of enclave industrialization. Even
Russia, the most advanced case, retained a traditional sector majority operating at less than half
modern efficiency levels, producing an internal gap of 40 percentage points. Yet Russia’s narrower
differential and larger modern sector weight placed it on a qualitatively different trajectory—one

where structural transformation, however incomplete, had genuinely begun.
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Having established the magnitude of internal fragmentation, Figure 2 places these productiv-
ity measures in international perspective by benchmarking all sectors against Britain’s aggregate
manufacturing in 1907, the acknowledged global productivity frontier. The results reveal one of
our most striking findings: Ottoman modern factories exceeded British productivity, achieving
115 percent of British TFP, while Russian modern establishments reached 93 percent—mnear
parity with the global frontier. Yet their traditional sectors languished at 13 and 38 percent
of British levels, respectively. This pattern reveals that these empires’ position in the global
economy reflected their internal economic geography: the weight of traditional manufacturing in

total production, not the efficiency of their best factories, determined their international standing.

Figure 2: Disaggregated Measures of Productivity as percentage of the UK in 1907.

Ottoman Empire Qing Empire Russian Empire
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Source: Own Elaboration. Notes: Values over the bars represent the percentages with respect the UK.

The Ottoman finding demands careful interpretation. Modern factories, concentrated in
Istanbul and Izmir (Okgiin, 2003), achieved TFP 15 percent above Manchester’s mills. This
paradox resolves when we recognize the extreme selectivity of Ottoman modernization. The
approximately 800 establishments classified as "modern" in the 1913 census represented only
fully mechanized, frontier-technology factories; unlike Britain, Russia, or even the Qing, the
Ottoman Empire lacked an intermediate tier of transitional manufactories that would have
diluted average modern sector productivity. This "missing middle" seemingly produced a binary
industrial structure: enterprises either operated at the technological frontier or remained in the
traditional production. The apparent Ottoman superiority thus reflects selection effects rather
than technological leadership. Yet with traditional establishments commanding 87 percent of
inputs, aggregate Ottoman TFP collapsed to 27 percent of British levels—an 88 percentage
point chasm between demonstrated capability (115 percent) and economic reality (27 percent).
This quantifies what Pamuk (2006b) characterized as "enclave modernization": the capacity
for successful technology transfer in isolated sectors alongside binding constraints on broader
diffusion.

Russia presents a contrasting pattern. Modern establishments achieved 93 percent of British
TFP while commanding 37 percent of inputs, limiting the aggregate penalty to 35 percentage
points (from 93 to 58 percent aggregate). Russia’s industrial landscape included a substantial
that

represents gradual technology adoption and skill accumulation. This transitional layer, largely

intermediate tier—mechanized small workshops and non-mechanized manufactories
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absent in the Ottoman case, likely facilitated technology diffusion beyond factory walls. The
combination of near-frontier modern efficiency and meaningful modern sector weight produced
Russia’s intermediate aggregate position: closer to Western levels than Ottoman or Qing per-
formance, yet still reflecting substantial dualism. Furthermore, the fact that TFP slightly
exceeds labor productivity (93 versus 90 percent) challenges Gerschenkron (1962)’s prediction
of overcapitalization, aligning instead with Crisp (1991)’s finding that Russian firms were not
overly capital intensive. Given Russia’s factor endowments—abundant cheap labor relative to
expensive imported capital—rational firms substituted labor for capital where possible, employing
more workers per unit of output than their British counterparts (Allen, 2003). When TFP
calculations account for this higher labor input, capital appears relatively more productive,
yielding TFP estimates that equal or exceed labor productivity.? Russia’s traditional sector,
at 38 percent of British TFP, also substantially outperformed Ottoman and Qing counterparts,
suggesting the kustar industry retained meaningful productive capacity. Hence, Russia achieved
greater penetration of modern techniques—yet the outcome remained modest given massive state
investment, as Broadberry and Korchmina (2023) note.

The Qing Empire presents comprehensive productivity failure. Modern establishments
achieved only 42 percent of British TFP while traditional workshops reached 15 percent. With
modern production representing merely 1 percent of inputs, aggregate TFP essentially equaled
traditional performance at 15 percent of British levels. The Qing "modern" sector’s 42 per-
cent—compared to 115 percent for Ottoman and 93 percent for Russian factories—suggests
a fundamental difference in establishment type. While Ottoman and Russian modern sectors
comprised fully mechanized factories at the technological frontier, Qing "modern" establishments
appear to have been large-scale manufactories with partial mechanization on average, achieving
gains through scale rather than comprehensive mechanization. The 42 percent figure—midway
between British factories and traditional workshops—is consistent with proto-industrial manu-
factories that had progressed beyond artisanal production but had not yet achieved full factory
organization. Thus, this would imply that China in 1911 lacked not merely scale in modern
industry but the modern industry itself.

Strikingly, Ottoman and Qing traditional sectors converged to nearly identical productivity
levels relative to Britain—13 and 15 percent, respectively—despite operating in vastly different
institutional, geographic, and cultural contexts. This convergence suggests a common ceiling for
pre-industrial workshop production, a productivity frontier that traditional manufacturing could
not exceed without mechanization or fundamental reorganization. Both empires’ workshops,
whether Anatolian textile producers or Jiangnan silk weavers, operated at roughly one-seventh of
British productivity—a ratio that may reflect the inherent limits of human-powered, small-scale
production regardless of local skill traditions or organizational refinements.

The production function parameters in Table 3 reveal fundamentally different technological
configurations across the three empires. The output elasticity of capital (8) measures capital
intensity—the degree to which output depends on capital rather than labor. Comparing these

elasticities across sectors illuminates both the extent of technological adoption and barriers

2The 75-100 percent premium on factory construction costs relative to England (Gatrell, 1986) reinforced
incentives to economize on capital, guiding manufacturers toward labor-intensive solutions consistent with
comparative advantage.
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preventing economy-wide diffusion. We note that traditional sector parameters were imposed
based on literature on pre-industrial production, while Ottoman and Russian modern sector
elasticities were estimated from census data; Qing modern parameters were imposed given data

limitations (see Appendix B).

Table 3: Output Elasticity of Labor («) and Capital (5) by Empire
and Sector

Ottoman Empire Qing Empire Russian Empire

Q 15} « I} o I}
Modern 0.59 0.41 0.80 0.20 0.53 0.47
Traditional 0.85 0.15 0.85 0.15 0.80 0.20
Aggregate 0.75 0.25 0.849 0.151 0.65 0.35

Source: Own Elaboration. Note: Traditional sector parameters imposed from
literature; Ottoman and Russian modern parameters estimated; Qing modern
parameters imposed (see Appendiz B).

Ottoman and Russian modern sectors achieved capital intensities (5 = 0.41 and g = 0.47)
comparable to contemporary Western benchmarks—Germany (8 ~ 0.40, Broadberry and Burhop,
2007) and the United States (5 = 0.35, Abramovitz and David, 2000). These parameters
indicate successful adoption of Western production technologies in terms of factor proportions.
The technological discontinuity with traditional manufacturing (AS = 0.26 and 0.27) was
correspondingly large: modern establishments operated with fundamentally different capital-
labor ratios than traditional workshops. This configuration represents industrial dualism—two
distinct technological regimes coexisting within the same economy. The Qing presents a starkly
different pattern: its modern sector operated with 5 = 0.20, far below Western levels and only
marginally above traditional production (A = 0.05). This confirms our earlier interpretation:
Qing "modern" establishments were technologically closer to scaled-up workshops than to genuine
factories.

Relating these technological discontinuities to productivity outcomes reveals that capital
deepening alone cannot explain TFP differentials. Ottoman and Russian empires exhibit nearly
identical capital intensity gaps (AS & 0.27) yet dramatically different productivity ratios:
Ottoman modern factories were 8.8 times more productive than traditional workshops (115 versus
13 percent of British TFP), while Russian modern establishments were only 2.4 times more
productive than kustar industry (93 versus 38 percent). This divergence cannot be attributed
to factor proportions—both faced similar technological cliffs between sectors. The difference
lies in traditional sector performance: Russian workshops achieved 38 percent of British TFP
despite operating with similar labor intensity (o = 0.80) to Ottoman workshops at 13 percent.
Something beyond capital deepening—whether technological diffusion, institutional frameworks,
or infrastructure—enabled Russian traditional manufacturing to capture productivity gains
unavailable to Ottoman counterparts.

The Qing’s small AS (0.05) corresponds to its modest productivity ratio (2.8x), but this
consistency confirms failure rather than success. Similar technologies yield similar productivity;
the problem is that neither sector achieved meaningful productivity levels. The uniformly high

labor intensity (a = 0.80 and 0.85) confirms systematic constraints preventing capital deepening
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even where mechanization nominally occurred, suggesting operations below capital thresholds
necessary for Western techniques (Basu and Weil, 1998). As Brandt et al. (2017) demonstrate,
severe factor price distortions made labor-intensive methods privately optimal regardless of
productivity gains theoretically available from Western techniques.

The correspondence—or lack thereof—between capital intensity gaps and productivity differ-
entials suggests where binding constraints operated in each empire. In Russia, similar AS to
the Ottoman case yet a much narrower TFP ratio (2.4x versus 8.8x) indicates that Russian
traditional establishments performed efficiently given their labor-intensive technology. The bind-
ing constraint seemed to be capital accumulation itself, not efficiency within existing techniques.
This pattern is consistent with institutional barriers to capital deepening (see Section 5) that
nonetheless permitted diffusion of productivity-enhancing knowledge and organizational practices
within existing technological parameters.

The Ottoman pattern points toward a more complex diagnosis. Despite comparable capital
intensity gaps, Ottoman traditional workshops achieved far lower productivity than Russian
counterparts operating with similar labor intensity. This suggests constraints beyond capital
accumulation: market fragmentation, restrictions on labor mobility and technology adoption,
property rights uncertainty, and weak knowledge spillovers between sectors. The Ottoman Empire
faced not merely barriers to capital mobilization but broader institutional failures preventing
efficiency gains even within labor-intensive production.

The Qing configuration is most striking. Despite both sectors operating with nearly identical
labor-intensive technologies—far below Western capital intensity benchmarks—the modern sector
still outperformed traditional workshops by 2.8 times. This gap, achieved without meaningful
capital deepening, likely reflects scale economies, superior locations in treaty ports, and access
to commercial networks unavailable to traditional manufacturers. Traditional workshops faced
a double bind: factor price distortions making capital-intensive methods privately irrational,
compounded by institutional barriers—market fragmentation from lijin taxes, guild rigidities,
and isolation from commercial networks—that depressed efficiency even within labor-intensive
production.

Across all type of establishments and empires, higher capital intensity seems to correlate
with higher productivity, confirming the centrality of capital deepening to industrialization.
However, these patterns suggest a hierarchy of constraints. Russian transformation required
primarily reforms enabling capital accumulation in traditional manufacturing—the technological
and organizational capacity existed. Ottoman transformation demanded both capital mobilization
and institutional reform to enable diffusion from modern enclaves. Qing transformation faced
the most demanding requirements: factor market reforms to enable modern sector formation,
and institutional transformation to improve traditional sector efficiency. This hierarchy helps
explain the divergent trajectories that followed: Russia’s eventual industrialization, the Ottoman
Empire’s partial modernization, and China’s protracted struggle with industrial development.

A complete accounting of manufacturing productivity suggests the Great Divergence persisted
through a mechanism more subtle than technological incapacity: the failure to shift resources
from traditional to modern production at scale. The scope of imperial modernization ambi-

tions—Russia’s state-promoted heavy industrialization, the Ottoman Tanzimdt’s institutional
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overhaul, China’s Self-Strengthening Movement—ultimately collided with arithmetic realities our
data now quantifies. Achieving 93 percent of British TFP in 37 percent of Russian manufacturing,
or frontier-level efficiency in just 13 percent of Ottoman production, mathematically guaranteed
aggregate failure when traditional majorities operated at fractions of modern productivity. All
three empires achieved what they consciously attempted—building competitive modern indus-
tries in select sectors—but could not accomplish what they ultimately needed: economy-wide

transformation.

5 Discussion: Explaining Persistent Dualism

The results reveal three distinct pathways of failed industrialization. The Ottoman Empire
achieved successful technology adoption in modern enclaves but failed diffusion—frontier-level
factories coexisting with pre-industrial workshops, separated by a "missing middle." Russia
achieved both adoption and partial diffusion, with traditional manufacturing seemingly capturing
productivity gains unavailable to Ottoman counterparts, yet institutional constraints likely
prevented full structural transformation. The Qing Empire failed at the prior stage: factor
market distortions precluded modern sector formation itself, producing uniformly labor-intensive
manufacturing rather than genuine dualism. Understanding these distinct mechanisms illuminates
why ambitious modernization programs—the Tanzimdt, the Self-Strengthening Movement, state-
led industrialization—achieved enclave success but economy-wide failure.

The Ottoman Empire presents the starkest case of industrial dualism: modern factories
exceeding British productivity while commanding only 13 percent of manufacturing inputs,
traditional workshops operating at 13 percent of British levels. What factors contributed to this
extreme segmentation?

The 1838 Baltalimans Treaty, imposing 5 percent tariff ceilings and eliminating internal duties,
exposed Ottoman manufacturing to European competition during decades of rising industrial
productivity (Issawi, 1982; Pamuk, 1987). While tariff reforms in 1905-1908 provided modest
relief, these came late and remained constrained by the capitulations regime and the Public Debt
Administration control (Clay, 2000; Pamuk, 2004; Panza, 2014). Critically, this delayed tariff
autonomy meant Ottoman entrepreneurs faced international competition with minimal protection
where the other countries improved their productivity through their industrialization processes.
Hence, it may have destroyed the intermediate establishments—mechanized small workshops,
transitional manufactories—that could have bridged modern and traditional production. The
"missing middle" we identify in the productivity data may thus have institutional origins:
premature liberalization eliminated firms positioned between frontier factories and artisanal
workshops, producing the binary structure our estimates reveal.?

The geography of Ottoman traditional manufacturing suggests a more nuanced pattern
than uniform decline. Interior workshops producing bulky goods for local consumption—grain
milling, leather working, construction materials—likely survived through geographic protection

from import competition, enabled paradoxically by the empire’s poor transport infrastructure

3The partial recovery of traditional sector productivity by 1913 Panza (2014), particularly near Western
Anatolian industrial centers, suggests some intermediate producers were re-emerging or adapting under the
competitive environment, though insufficiently to alter the aggregate pattern.
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and limited railroad penetration (Pamuk, 2004; Quataert, 1993). Market fragmentation that
hindered modern sector expansion simultaneously sheltered traditional producers from European
imports in regions where transport costs exceeded tariff equivalents. Meanwhile, traditional
establishments in Western Anatolia, closer to the Istanbul-Izmir industrial corridor, may have
partially adapted to the competitive environment by 1913, specializing in products where local
knowledge, domestic taste preferences, or rapid market response provided advantages foreign
producers could not replicate (Panza, 2014; Karakog et al., 2017).

In addition, property rights uncertainties likely compounded trade exposure by constraining
capital accumulation. Miri land restrictions prevented agricultural wealth from serving as collat-
eral; vakiyf foundations immobilized approximately one-third of Ottoman lands in inalienable
endowments (Geng, 2000; Kuran, 2004). Confiscation risks may have incentivized consump-
tion over investment, while guild structures restricted labor mobility and technology adoption
(Quataert, 1993; Faroghi and Deguilhem, 2005). The capitulations created legal pluralism where
foreign enterprises faced 5-7 percent tax burdens against 25-35 percent for Ottoman competitors
(Pamuk, 1987; Artunc, 2015).# The absence of modern corporate forms and indigenous banking
likely hindered capital pooling for enterprises between small workshops and large foreign-invested
factories (Kuran, 2004).

Modern industry thus emerged through channels that probably bypassed domestic institutional
constraints: foreign investment, enterprises owned by non-Muslim Ottoman subjects (Greeks,
Armenians, Jews) who accessed different commercial networks and possessed higher initial
capital endowments, and state enterprises pursuing military-strategic objectives (Okgﬁn, 2003;
Quataert, 1993). These establishments concentrated in Istanbul and Izmir, where port access,
cosmopolitan commercial infrastructure, and proximity to European markets provided advantages
unavailable in the interior. The technological discontinuity (AS = 0.26) is consistent with this
enclave pattern: modern establishments achieved Western capital intensity while traditional
workshops remained at pre-industrial levels. This configuration suggests not gradual transition
but structural segmentation—two technological regimes operating largely independently within
the same economy. The institutional reforms that might have bridged this gap—secure property
rights, competitive markets, accessible incorporation for Muslim entrepreneurs—appear to have
exceeded what the late Ottoman political economy could deliver.

The Qing case requires different analytical treatment. Unlike Ottoman dualism, Qing
manufacturing exhibited the smallest productivity differential (2.8 x) and smallest technological
gap (AB = 0.05). This apparent integration masked comprehensive failure: both sectors operated
far below Western benchmarks because no genuinely modern sector emerged.

Factor price distortions likely constituted the binding constraint. Brandt et al. (2017)
demonstrate that exceptionally high capital costs relative to wages made labor-intensive methods
privately optimal regardless of productivity gains available from mechanization. Interest rates on
commercial loans substantially exceeded those in industrializing economies, while wages remained
depressed by abundant labor. Under such configurations, profit-maximizing firms would rationally

choose labor-intensive production even when capital-intensive alternatives offered higher physical

4The Public Debt Administration increased fiscal pressures thorugh tax impositions like the Temetti Vergisi
that left insufficient retained earnings for traditional workshop mechanization (Pamuk, 1987).
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productivity. The uniformly high labor intensity across Qing sectors (o = 0.80 and 0.85) is
consistent with this constraint operating systematically. What the census classified as "modern"
were technologically large workshops or manufactories with partial mechanization—scaled-up
traditional production rather than fundamentally transformed enterprises.

Multiple institutional factors likely contributed to these distortions. Property fragmentation
through partible inheritance reduced average landholdings from 15 mu (1750) to 7 mu (1911),
shrinking collateral bases (Huang, 1985). Traditional financial intermediaries—gianzhuang
providing short-term commercial credit, piaohao explicitly prohibiting industrial lending—appear
to have been structurally incapable of funding mechanization (McElderry, 1976; Cheng, 2003).
The absence of modern corporate law until late in the period (Ma, 2008), combined with
weak contract enforcement (Kirby, 1995; Huang, 2001), raised transaction costs for organizing
large-scale production. Furthermore, the guandu shangban system (government-supervised,
merchant-managed) may have actively crowded out private capital, with officials extracting 10-15
percent of revenues while inflating costs 300-400 percent above Japanese equivalents (Feuerwerker,
1958; Chan, 1977; Kennedy, 1978).> Treaty-imposed tariff ceilings (after the Treaty of Nanjing
in 1842) exposed traditional producers to imports, while lijin transit taxes fragmenting domestic
markets added 15-20 percent to transported goods’ costs (Ni and Van, 2006; Faure, 2006).
This combination—external competition plus internal fragmentation—proved devastating for
traditional manufacturing already weakened by Taiping destruction of craft networks (Brandt
et al., 2014).

The Qing thus avoided Ottoman-style dualism, but apparently because it failed to create
a modern pole from which divergence could occur. Where Ottoman and Russian modernizers
could point to successful enclaves as proof of concept, Qing reformers faced a more fundamental
challenge: factor market distortions that may have prevented adoption itself, not merely diffusion.
While revisionist scholarship emphasizes Chinese economic sophistication in earlier periods
(Pomeranz, 2000; Wong, 1997), our evidence suggests manufacturing by 1911 had followed a
different trajectory—accumulated institutional barriers that would require systemic rupture to
overcome.

Russia presents the most complex case: successful modern sector development, meaningful
diffusion to traditional manufacturing, yet failure to achieve full structural transformation by
1908. Russian modern establishments reached 93 percent of British TFP while commanding 37
percent of inputs, the largest modern sector weight among our cases. More significantly, Russian
traditional workshops achieved 38 percent of British TFP, substantially exceeding Ottoman (13
percent) and Qing (15 percent) counterparts despite similar labor intensity.

This traditional sector performance constitutes the Russian puzzle. The productivity dif-
ferential cannot be attributed to factor proportions—Russian kustar workshops operated with
comparable capital intensity (8 = 0.20) to Ottoman traditional establishments (8 = 0.15).
Something beyond capital deepening appears to have enabled Russian traditional manufacturing
to capture productivity gains unavailable elsewhere. Infrastructure development likely facilitated

market integration (Metzer, 1974), while seasonal labor migration may have created knowledge

The examination system’s channeling of human capital away from manufacturing for genera-
tions—approximately 2 million candidates investing decades in classical study—Ilikely represented an additional
opportunity cost (Bai and Jia, 2016).
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spillovers as artisans gained factory exposure (Nafziger, 2010; Gregg and Matiashvili, 2021).
Even as the obshchina constrained permanent migration, part-year factory work maintained
intersectoral connections largely absent in Ottoman and Qing cases. The substantial interme-
diate tier of mechanized small workshops and non-mechanized manufactories—visible in our
classification—Ilikely facilitated gradual technology diffusion that the Ottoman "missing middle"
precluded.

Russia’s 35 percentage point gap between modern and aggregate TFP (93 to 58 percent) proved
less severe than the Ottoman differential (88 points from 115 to 27 percent) or the Qing’s uniformly
low performance. This pattern is consistent with genuine structural transformation underway, as
Cheremukhin et al. (2017) argue. Yet partial diffusion appears to have been insufficient for full
convergence. Institutional constraints likely prevented traditional sector upgrading at scale: the
concession system limited Russia to 2,263 corporations versus 65,700 in England (Gregg, 2020a);
protective tariffs on machinery raised capital costs (Kahan, 1967); the obshchina restricted
permanent labor reallocation and using land as collateral. The technological discontinuity
(ApB = 0.27) suggests barriers that knowledge spillovers alone could not overcome—wholesale
capital deepening would have required institutional reforms that the Tsarist system proved unable
to deliver.

These three cases suggest that the Great Divergence persisted not through technological
incapacity but through institutional barriers and factor endowments preventing economy-wide
diffusion. Ottoman and Russian modern sectors demonstrated that late-industrializing empires
could successfully adopt Western production technologies—achieving frontier or near-frontier
efficiency. The binding constraints appear to have operated downstream: translating enclave
success into aggregate transformation.

The hierarchy of barriers differed systematically. Russian transformation likely required
primarily reforms enabling capital accumulation in traditional manufacturing; the technolog-
ical and organizational capacity for productivity growth existed, as demonstrated by kustar
performance. Ottoman transformation appears to have demanded capital mobilization, market
integration and institutional reform to enable diffusion from modern enclaves to a traditional
sector that underperformed even given its labor-intensive technology. Qing transformation faced
the most demanding requirements: factor market reforms to enable modern sector formation
itself, combined with institutional changes to improve traditional sector efficiency.

The arithmetic of structural transformation proved unforgiving across all cases. The weight
of traditional manufacturing—=87 percent in the Ottoman Empire, 63 percent in Russia, 99
percent in the Qing—determined aggregate outcomes regardless of modern sector achievements.
Achieving frontier efficiency in limited enclaves mathematically guaranteed aggregate failure
when traditional majorities operated at fractions of modern productivity. The West’s advantage
may have lain not in steam engines but in economic structures—competitive markets, mobile
factors, secure property rights, accessible incorporation, and factor prices rewarding capital
investment—that spread productivity gains economy-wide. Technology transfer to enclaves

succeeded; the institutional transformation necessary for diffusion did not.
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6 Robustness and Validation

6.1 Measurement Error and Data Limitations

While our integrated framework advances measurement of dual economies, several potential
sources of error warrant explicit consideration. Understanding these limitations helps contextualize
our findings while paradoxically strengthening confidence in our core results—the magnitude of
the patterns we document far exceeds plausible measurement error.

The most fundamental concern involves coverage of traditional establishments. Manufacturing
censuses, designed primarily to capture modern industry, systematically ignored small workshops.
If missed establishments were substantially more productive than those we observe from the
regional reports used for our reconstruction, our estimates would understate traditional sector
efficiency. Nevertheless, the productivity gaps we document are too large for this bias to overturn
our conclusions. Even if we missed half of all traditional workshops and these operated at higher
productivity, the differential would still be large. For example, if traditional establishments
in the Ottoman and Qing Empires would have contained little engines below 10 HP as in the
Russian case, and their productivity would scale up as a consequence, we would still be able to
observe a clear productivity chasm between both type of establishments. Nevertheless, historical
evidence suggests the opposite bias: undercounted establishments were typically the smallest,
most marginal producers whose inclusion would likely widen rather than narrow the productivity
gap. Contemporary observers consistently noted that census takers focused on more visible
established workshops, missing itinerant craftsmen and seasonal producers who likely operated
at even lower efficiency levels (Okgiin, 2003; De Jong et al., 2022; Varzar, 1912b).

Measuring capital in traditional sectors through horsepower equivalents of tools, draft animals,
and water wheels represents a methodological innovation but introduces uncertainty. The
conversion of a handloom or a spinning wheel to horsepower, based on human basal rates and
historical studies, may not fully capture these tools’ contribution to production, or even overstate
them. Furthermore, the amount of draft animals could contain error in their measurement, since
it derives from contemporary sources. In addition, establishing an estimate of water usage in
traditional establishments proved to be a difficult task, that future refinement could improve.
However, we show that the levels of estimated capital in the traditional establishments produce
robust TFP results under a wide range of parameters specifications. Furthermore, to assess this
concern’s impact, we note that doubling estimated traditional capital changes our TFP estimates
by less than eight percentage points—significant in absolute terms but insufficient to alter our
main findings.

Geographic coverage varies across our three empires in ways that could introduce systematic
bias. The Ottoman census covers Western Anatolia including Istanbul and Izmir, representing
approximately 70 percent of imperial modern manufacturing but excluding central and eastern
Anatolia as well as the Arab provinces (Okgiin, 2003). The Qing census omits several interior
provinces, though covered areas contained 90 percent of the population and likely higher shares
of manufacturing given coastal concentration (AID, 1914; De Jong et al., 2022). Only the
Russian census achieves comprehensive empire-wide coverage. Auxiliary sources allow us to

bound potential bias: Eldem (1994)’s data suggest modern establishments in excluded Ottoman
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regions had marginally lower productivity than Western Anatolia, implying our estimates could
only be upward biased by 3-5 percent. For China, scattered evidence from interior provinces
indicates even more extreme traditional dominance, suggesting possible downward bias of similar
magnitude. While these geographic biases could affect absolute productivity levels in each empire,
they remain too small to affect our core findings about the magnitude of dualism within each
economy.

Currency conversion and industrial classification harmonization introduce additional uncer-
tainty. Using gold-standard parities to convert Ottoman kurug, Chinese yuan, and Russian rubles
to 1913 British pounds could misstate relative prices by 10-15 percent according to Dormois
and Dutton (2006). Our nine-sector classification scheme necessarily groups different products
across empires—Ottoman silk workshops differ from Chinese silk factories in ways our categories
cannot capture. Yet these measurement issues affect absolute levels more than relative patterns.
A uniform 15 percent conversion error cannot explain the vast productivity differentials, nor can
classification differences account for the systematic patterns we observe across all three empires.

In addition, our cross-sectional estimates face potential endogeneity concerns that merit
explicit acknowledgment. Productivity differences between modern and traditional sectors
could reflect selection rather than technology if more capable entrepreneurs or better-located
establishments mechanized first. The direction of causation between dualism and economic
stagnation remains ambiguous—did extreme productivity gaps cause economic failure, or did
broader economic decline widen sectoral differences? Our 1908-1913 snapshot cannot distinguish
whether state investment in modern industry caused traditional sector stagnation through resource
diversion, or whether traditional weakness prompted compensatory modernization efforts. While
we cannot definitively establish causation, the magnitude of productivity differentials we document
suggests that even substantial selection effects cannot fully explain the patterns. Future research
with panel data could better identify causal mechanisms, but our comprehensive measurement
provides the essential first step of establishing the empirical regularities that any causal theory
must explain.

Despite these limitations, the convergence of evidence across multiple sources of poten-
tial error, the alignment with qualitative historical accounts, and the sheer magnitude of the
documented patterns all point toward extreme industrial dualism as an economic reality that
transcends measurement uncertainties. Different types of measurement error would need to align
perfectly—traditional undercounting, capital mismeasurement, geographic bias, and currency
conversion all working in the same direction with implausible magnitude—to overturn our core
finding. The consistency of patterns across three empires with independent data sources, different
census methodologies, and distinct institutional contexts suggests we are capturing fundamental

economic structures rather than measurement artifacts.

6.2 Sensitivity to Elasticity Parameters

Having acknowledged potential data limitations, we now demonstrate that our findings prove
robust to alternative parameter specifications. Given the necessity of calibrating elasticities for
traditional sectors and limited observations for some modern sectors, we conduct comprehensive

sensitivity analysis across parameter ranges documented in the historical literature. Table
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4 presents TFP estimates as percentage of Britain’s TFP in 1907 under alternative elasticity

assumptions, revealing how our core findings persist across all plausible specifications.

Table 4: Sensitivity Analysis: TFP as Percentage of UK under Alternative

Elasticities
Parameters Ottoman Qing Russian
B) Mod. Trad. Agg. Mod. Trad. Agg. Mod. Trad. Agg.
0.60,0.40 115% 15% 28% 44% 19% 20% 93% 40% 60%
0.65,0.35 116% 15% 27% 43% 18% 19% 93% 40% 59%
0.70,0.30 117% 15% 27% 43% 17% 18% 92% 39% 58%

120% 13% 25% 41% 15% 15% 91% 37% 56%
0.90,0.10 121% 13% 24% 41% 14% 14% 91% 37% 56%
0.95,0.05 122% 13% 24% 40% 13% 13% 91% 36% 55%

Range 115-122% 13-15% 24-28% 40-44% 13-19% 13-20% 91-93% 36-40% 55-60%

(a,

(

E

(0.75,0.25 118%  14%  26%  42%  16%  17%  92%  39%  58%
(

(0.85,0.15

(

(

)
)
|
0.80,0.20) 119% 4%  25%  42%  16%  16%  92%  38%  57%
)
)
)

Source: Own FElaboration. Note: Mod.= Modern, Trad.= Traditional, Agg.= Aggregate.

The stability of our estimates across parameter variations provides strong validation of
our central findings. Ottoman aggregate TFP varies within a narrow band of 24-28 percent
of British levels, while the modern sector consistently exceeds British productivity (115-122
percent), maintaining a dramatic productivity gap with traditional workshops regardless of
elasticity assumptions. This consistency suggests that the extreme dualism we document reflects
structural features of the Ottoman economy rather than our measurement choices. Even under
the most optimistic assumptions about traditional sector capital contribution (5=0.40), Ottoman
workshops cannot exceed 15 percent of British productivity—a gap too large to attribute to
parameter uncertainty.

Russian estimates also prove remarkably robust, with aggregate TFP essentially constant
at 55-60 percent across all specifications. The modern sector remains close to British levels
(91-93 percent), while traditional workshops achieve 36-40 percent—the highest traditional sector
productivity among our three empires. This insensitivity is particularly striking given Russia’s
extreme variation in sectoral technologies—from highly capital-intensive modern factories to
labor-dependent kustar workshops. The persistence of Russia’s intermediate position between
successful modernization and traditional stagnation appears invariant to our elasticity assump-
tions, reinforcing historical accounts of partial but incomplete structural transformation in the
late Tsarist period.

The Qing Empire exhibits the widest variation band (13-20 percent for aggregate TFP), yet
this range itself tells an important story. Whether we assume moderate capital contributions in
traditional sectors ($=0.40) or near-complete labor dependence (8=0.05), Chinese manufacturing
remains the least productive among our three cases in aggregate terms. The traditional sector
ranges from 13 to 19 percent of British levels—comparable to Ottoman traditional workshops but
well below Russian levels. The modern sector, at 40-44 percent of British productivity, also lags
substantially behind Ottoman and Russian factories. This systematic underperformance across
all parameter specifications suggests that by 1911, Chinese manufacturing faced constraints that

transcended simple factor proportions.
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Particularly revealing is the relationship between parameter assumptions and sectoral gaps
within each empire. As labor elasticity increases from 0.60 to 0.95, the internal productivity
differential between modern and traditional sectors widens in all cases, but the rate of divergence
varies significantly. The Ottoman differential expands from 7.7 to 9.4 times, reflecting the
sharpest dualism among our cases. The Russian differential grows more modestly from 2.3 to 2.5
times, consistent with a more integrated industrial structure. The Qing ratio increases from 2.3
to 3.1 times, intermediate between these extremes. These patterns suggest different degrees of
technological distance between sectors—distances that parameter variations can quantify but not
eliminate.

These results demonstrate that our estimates are robust across all plausible parameter
specifications. The relative rankings between empires remain unchanged: Russian aggregate TFP
consistently leads (55-60 percent), followed by the Ottoman Empire (24-28 percent), with the
Qing Empire trailing (13-20 percent). The only potential ambiguity arises between Ottoman and
Qing traditional sectors, whose ranges overlap (13-15 percent versus 13-19 percent). Yet even if
Qing traditional productivity fell below Ottoman levels, the aggregate rankings would remain
unchanged given the Ottoman Empire’s higher modern sector productivity. Most importantly,
the productivity gaps we document persist regardless of parameter assumptions: the chasm
between modern and traditional sectors, and between these empires and Britain, cannot be
closed through alternative elasticity specifications. These robustness checks confirm that extreme
industrial dualism represents a fundamental economic reality of these late-industrializing empires,

not an artifact of our methodological choices.

7 Conclusions

This paper provides the first comprehensive measurement of manufacturing productivity for
the Ottoman, Qing, and Russian Empires in their final decades, incorporating both traditional
establishments and capital inputs. By moving beyond partial measures focused solely on modern
sectors, our findings reveal extreme industrial dualism that fundamentally reframes debates
about late industrialization and the Great Divergence. The central story is not one of uniform
backwardness, but of successful technology adoption in enclaves coexisting with pre-industrial
traditional sectors that failed to transform aggregate economic performance due to lack of
diffusion.

Our estimates challenge conventional narratives about technological incapacity. Ottoman
modern factories achieved 115 percent of British total factor productivity—exceeding Manch-
ester’s efficiency—yet aggregate Ottoman productivity reached only 27 percent of British levels,
weighed down by traditional establishments commanding 87 percent of manufacturing inputs
and operating at 13 percent of British TFP. Russian modern establishments attained 93 percent
of British productivity, but with modern sectors comprising 37 percent of inputs, aggregate
performance remained at 58 percent. The Qing Empire presents a distinct pattern: "modern"
establishments achieved only 42 percent of British levels—closer to transitional manufactories
than true factories—and with these establishments representing merely 1 percent of inputs,

aggregate productivity collapsed to 15 percent. The internal productivity chasms within the
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Ottoman and Russian empires—102 and 55 percentage points respectively between modern and
traditional TFP—rivaled or exceeded their external gaps with Britain.

These patterns reveal three distinct pathways of failed transformation. The Ottoman Empire
exemplifies successful adoption with failed diffusion: frontier-level factories coexisted with pre-
industrial workshops, separated by a "missing middle" of intermediate establishments. The
extreme internal gap (8.8 times between modern and traditional TFP) combined with the small
modern sector weight produced the starkest dualism—demonstrated technological capability that
remained economically irrelevant. Russia achieved both adoption and partial diffusion: modern
factories approached British efficiency while traditional kustar workshops reached 38 percent
of British TFP—substantially outperforming Ottoman and Qing counterparts despite similar
labor intensity. This partial diffusion, likely enabled by infrastructure development, seasonal
labor migration, and a substantial intermediate tier of establishments, explains why Russia
alone showed signs of genuine structural transformation. The Qing case differs fundamentally:
the smallest internal productivity gap (2.8 times) masked comprehensive failure rather than
successful integration. Factor price distortions appear to have prevented modern sector formation
itself—what censuses classified as "modern" were technologically scaled-up workshops, not
factories. The Qing avoided dualism only because no modern pole emerged from which divergence
could occur.

The production function parameters illuminate why these patterns persisted. Ottoman and
Russian modern sectors achieved capital intensities comparable to Western benchmarks (8 ~ 0.41-
0.47), confirming successful technology transfer. Yet similar technological discontinuities (AfS =~
0.27) produced dramatically different outcomes: Ottoman traditional workshops languished at
13 percent of British TFP while Russian kustar industry reached 38 percent. Capital deepening
alone cannot explain this divergence—factors beyond factor proportions, whether institutional
frameworks, infrastructure, or knowledge diffusion, enabled Russian traditional manufacturing to
capture productivity gains unavailable to Ottoman counterparts. The Qing’s uniformly high labor
intensity across both sectors (o = 0.80-0.85) confirms that factor market distortions operated
systematically, making labor-intensive methods privately optimal regardless of productivity gains
available from mechanization.

These findings invite reconsideration, to some degree, of three influential literatures. First,
the technology transfer literature’s emphasis on adoption overlooks the more binding constraint of
diffusion. Building factories exceeding British efficiency guaranteed nothing when they remained
disconnected from economies where 87 percent of inputs flowed to traditional workshops; failing to
build genuinely modern factories, as in the Qing, guaranteed comprehensive failure. Second, the
Great Divergence debate may have misidentified the crucial gap. The productivity chasm between
Ottoman modern factories and Ottoman traditional workshops (102 percentage points) exceeded
the gap between Ottoman modern factories and Britain (which Ottoman factories actually
surpassed). The divergence that mattered was internal. Third, development economics’ "big push"
theories underestimate how extreme dualism becomes self-perpetuating through institutional
barriers that market forces alone cannot overcome—and how factor market distortions can prevent
the push from generating momentum in the first place.

Our evidence suggests that when institutional segmentation becomes extreme, even successful
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technology adoption cannot generate convergence. The empires that attempted to leap directly
to the technological frontier without building institutional bridges discovered that islands of
modernity could not lift entire economic seas. Where factor market distortions made modern
techniques privately suboptimal—as in the Qing—even the islands failed to form. The arithmetic
of structural transformation proved unforgiving: achieving frontier efficiency in 13 percent of
Ottoman manufacturing or 37 percent of Russian manufacturing mathematically guaranteed
aggregate failure when traditional majorities operated at fractions of modern productivity.

The scope of imperial modernization ambitions—Russia’s state-promoted industrialization, the
Ottoman Tanzimdt, China’s Self-Strengthening Movement—ultimately collided with structural
realities our data now quantifies. All three empires achieved what they consciously attempted:
building competitive modern industries in select sectors. None accomplished what they ultimately
needed: economy-wide transformation. The constraint was not technological incapacity but
institutional barriers to diffusion—or, in the Qing case, to adoption itself.

In documenting productivity differentials that institutional barriers perpetuated, that market
forces could not overcome, and that factor price distortions in some cases created, we reveal
why ambitious modernization programs likely failed to generate convergence. The fundamental
constraint was not an external technological gap with the West but the vast internal chasms

these empires could not bridge—their Great Inner Divergence.
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A Data Reconstruction

This appendix documents the technical adjustments and methodological decisions undertaken to

estimate the modern sector’s (establishments with more that ten horsepower) and the traditional

sector’s production, number of establishments, number of workers and horsepower.

A.1 Census Coverage and Modern Industry

Table 5: Census Coverage by Empire

Empire Year Geographic Coverage Establishments Coverage Key Limitations
Ottoman 1913 Western Anatolia Modern only (10+ workers Excludes  traditional
with machinery or 204 with- workshops, metals and
out) machinery  manufac-
turing sector, Inner &
Eastern Anatolia, and

the Arab Provinces.
Qing 1911 23 Provinces Mixed modern and traditional Requires separation of

establishment types.

Russian 1908 Empire-wide (including Primarily modern
Poland & excluding Fin-

Undercounts kustar
workshops.

land)

Source: Own Elaboration.

Ottoman Empire

The primary source for the Ottoman Empire is the 1913 Manufacturing Census, consulted through
Okgiin (2003)’s statistical summary version in modern Turkish of the original Ottoman Turkish
document, published by the State Institute of Statistics of the Turkish Republic. This census
provides detailed information on power, machinery, equipment, total employment, and worker
characteristics for manufacturing enterprises.

The geographical coverage of the published census was limited to Western Anatolia: the
provinces and cities of Istanbul, Izmir, Manisa, Bursa, Izmit, Karamiirsel, Bandirma, and
Usak. Within this region, the census offers comprehensive coverage of modern factories but no
information on traditional workshops, as it included only enterprises with moving power and
a minimum of 10 workers, or without moving power but employing a minimum of 20 workers
(Okgiin, 2003). We assume that all establishments recorded in the census belong to the modern
sector, as the distribution of horsepower among them yields averages well above 10 HP per
establishment—in contrast to the Qing case, where average horsepower per large establishment
fell below this threshold prior to separating mechanized from non-mechanized units.

In addition, the 1913 published census did not cover the metals sector. To complete the
sectoral coverage for Western Anatolia and to extend the dataset to the remainder of the empire,
we drew upon Eldem (1994). V. Eldem compiled information on production, number of modern
establishments, workers, and horsepower from establishments not included in the 1913 statistics,

using relevant budgets, administrative board reports, and unpublished portions of the census.
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For Western Anatolia, we combined data from both Okgiin (2003) and Eldem (1994), selecting
the most granular source for each variable. Specifically, we obtained the number of establishments
from Eldem (1994), while workers, production, and capital (measured in horsepower) were taken
from Okciin (2003). Although aggregate figures are broadly consistent between the two sources,
Eldem (1994) rounded values in his tables, whereas Okciin (2003) preserves the original census
detail. For the metals sector—which was excluded from the published 1913 census—we relied
entirely on Eldem (1994), who reconstructed metals production from military industry budgets
and administrative reports.

For the remaining Anatolian provinces, we relied on Eldem (1994), who drew upon unpublished
portions of the 1913 census and supplementary administrative sources. These regions—including
Eastern Anatolia, the Black Sea coast, and central Anatolia—had substantially less industrial
development than Western Anatolia, which concentrated 55 percent of establishments and the
majority of mechanized production in Istanbul and Izmir alone.

The Syrian provinces presented a particular challenge, as Eldem (1994) reports only aggregate
figures—total establishments, workers, production, and horsepower—without sectoral decomposition.
To distribute these aggregates across manufacturing sectors, we applied the sectoral proportions
observed in the rest of Turkey (excluding Western Anatolia). This allocation assumes that Syrian
industrial structure more closely resembled interior Anatolia than the heavily industrialized
Istanbul-Izmir corridor.

This assumption is justified on several grounds. First, both Syria and interior Anatolia were
characterized by limited mechanization and the predominance of food processing—particularly flour
milling-among modern establishments (Quataert, 1993). Second, Western Anatolia’s industrial
composition was atypical of the broader Ottoman economy, reflecting the concentration of foreign
capital, access to European export markets, and the presence of major port cities. Interior
Anatolia and Syria, by contrast, shared similar characteristics: scarce railway connectivity,
predominantly agricultural hinterlands, and modern industry oriented toward processing local
raw materials for regional consumption rather than export (Issawi, 1980; Pamuk, 1987). Third,
contemporary accounts suggest that Syrian modern industry—concentrated in Damascus and
Aleppo—consisted primarily of flour mills, tobacco processing, and textile finishing, a sectoral
composition consistent with interior Anatolian patterns.

For the Iraqi provinces (Baghdad, Mosul, Basra) and the Arabian Peninsula, the literature
indicates an absence of modern manufacturing establishments meeting the census criteria (Eldem,
1994; Issawi, 1980). While traditional artisanal production flourished in cities such as Baghdad
and Mosul, mechanized factory production had not yet emerged in these regions by 1913. We
therefore assign zero modern sector activity to these territories, with all manufacturing output

attributed to the traditional sector.

Qing Empire

The primary source for the Qing Empire is the 1911 Manufacturing Census, published in 1912 as
part of the Agricultural and Commercial Statistics Tables (AID, 1914). This census provides
information on production, number of establishments, and workers across manufacturing sub-

sectors and provinces. However, the census presents a significant challenge: modern (mechanized)
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and traditional establishments appear aggregated together, with no direct separation of output
or workers by establishment type (Guan, 2011).

The census reports data at varying levels of aggregation. At the provincial level, it provides
the number of large establishments, the subset of these that were mechanized factories, total
workers in large establishments, total horsepower of mechanized factories, and the distribution of
all factories by size brackets defined by workforce (for example, establishments with more than
500 workers, between 200 and 500 workers, and so forth). At a more granular level, the census
reports, by province and sub-sector (detailed categories such as embroidery, soap, and oil, which
can be aggregated into broader sectors like textiles, food, and chemicals), the number of large
establishments and total workers.

To separate modern from traditional establishments (under our criteria of >10 HP), we
developed an iterative allocation procedure exploiting the granularity of sub-sectoral data. First,
we calculated the average number of workers per establishment for each sub-sector in each province.
Since mechanization typically required scale, we assumed that sub-sectors exhibiting the highest
average workforce contained the mechanized factories. We assigned all establishments from the
highest-ranked sub-sector to the mechanized category, then subtracted these establishments and
their workers from the provincial totals. We recalculated average workers per establishment for
the remaining sub-sectors and repeated the process, progressively assigning sub-sectors with
the next-highest averages until the cumulative number of assigned establishments matched the
known total of mechanized factories in that province. The provincial size distribution served as a
consistency check, ensuring that the implied workforce of assigned factories aligned with the larger
brackets in the distribution. This procedure yielded estimates of mechanized establishments and
workers by sub-sector and province, which we then aggregated into broader sectoral categories.

We then subtracted these modern sector figures from the aggregate totals reported in the
combined tables, thereby obtaining separate estimates for establishments and workers by sector,
establishment type (modern or traditional), and province.

To separate modern from traditional establishments, we proceeded as follows. First, from
the sectoral data on large establishments, we calculated the average number of workers per
factory by sub-sector and province. Second, we combined this information with the distribution
of factories by size category and province. Since mechanization typically required substantial
scale to achieve profitability, we assumed that the largest factories by size in each province
corresponded to the mechanized establishments reported elsewhere in the census. By matching
the number of mechanized factories in each province to the largest size categories, and using the
average workforce figures by sector, we could allocate the known provincial totals of mechanized
factories across manufacturing sub-sectors and estimate their approximate number of workers.

To allocate horsepower by sector, we first calculated the average horsepower per worker at
the provincial level by dividing total provincial horsepower by the total number of workers in
mechanized establishments. We then multiplied this ratio by the number of workers estimated
for each sector in each province. This method assigned horsepower proportionally based on
workforce size, providing sector-level capital estimates consistent with the provincial aggregates.

For production, the census does not permit direct separation by establishment type. We there-

fore applied the sector-specific proportions of modern and traditional output provided by Guan
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(2011), drawing on earlier estimates by Wu and Xu (2007). Using these proportions, we allocated

total sectoral production in each province between modern and traditional establishments.

Russian Empire

The primary source for the Russian Empire’s modern manufacturing sector is the 1908 Industrial
Census Statistical Summary (Varzar, 1912b). This census provides information on output,
workers, number of establishments, and horsepower by province and industrial sector. The
geographical coverage encompasses the entire empire, including Poland but excluding Finland,
which had been annexed as an autonomous grand duchy from Sweden in 1809.

Two related but distinct publications emerged from the 1908 census, and understanding their
differences is essential for data construction. The Statistical Summary (Varzar, 1912b) represents
a curated compilation that excluded establishments with incomplete returns, questionable data,
or those failing to meet specified criteria. As the author explicitly states (Varzar, 1912b), this
publication was intended to "constitute, as it were, a summary of the information from the
currently published Collection"—referring to the Factory List. The Factory List (Varzar, 1912a),
was more comprehensive but consequently less reliable, as it included all establishments that
provided any response regardless of data quality or completeness. For aggregate figures, we
therefore prioritized the Statistical Summary as the more carefully processed and validated
dataset. However, since we classify as modern only those establishments with more than 10
horsepower, we required establishment-level information to exclude smaller enterprises. For this
purpose, we drew upon the Factory List and the RUSCORP database (Owen, 1992; Gregg,
2020D).

The separation of establishments by horsepower required systematic manual verification,
cross-referencing the original census records, the Factory List, and the RUSCORP database. A
comprehensive review of all sectors was conducted to complete missing data for factories lacking
complete information, with the objective of achieving alignment among the three sources while
eliminating identified discrepancies or omissions.

Several sector-specific adjustments proved necessary. First, for all establishments, we merged
the figures for orders (Boipy4. mo 3ak.) and output (I'ox. mpomuss.) to obtain total production
values. Second, Group XI Bj in the census (Foods B in the RUSCORP database), comprising
food industries subject to excise duties, required particular attention. The entries for each
establishment in this group, along with Group XI By (State Wine Warehouses), appeared in the
RUSCORP database under the jurisdiction of various ministries but lacked complete data. These
entries were systematically completed through cross-referencing with the Factory List (Varzar,
1912a). Third, the Chemical sector group in the RUSCORP database did not incorporate the
petrochemical industry, which was classified separately in the original census structure as Group
XII B (Varzar, 1912b); consequently, we included it from the manufacturing census. Finally, we
verified that the metals sector in the RUSCORP database accurately included both Group VIII
A (Metalworking and Factories of the Ministry of the Navy) and Group VIII B (Metallurgical
Factories) from the Russian industrial census, ensuring complete sectoral coverage. Consequently,
we were able to group all modern establishments under our criteria, by sector, province and

on aggregate, for a total of 10,525 modern establishments (with more than 10 HP, including
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mechanised factories and workshops).

A.2 Currency Conversions and Output Harmonization

This section documents the currency conversion rates employed to standardize monetary values
across different imperial monetary systems to 1913 British pounds. Given the variation in
monetary units across the Russian Empire, Ottoman Empire, and Qing Empire, systematic
conversion protocols were necessary to enable meaningful comparative analysis of industrial data.
All conversion rates are derived from historical sources documenting exchange rates under the
gold standard system that prevailed during the period 1900-1914. J.P. Dormois and Dutton
(2006) stated that using official exchange rates does not introduce major distortions for pre-1914
cross-country comparisons. Furthermore, Rodney Edvinsson et al. (2010) suggested that a way
to compare the purchasing power parity between two gold/silver-pegged currencies in different
periods is to estimate how much gold/silver both currencies could potentially buy. Indeed, in
a fixed exchange rate regime, the possibilities of arbitrage worked in such a way as to foster a
peg close to the real exchange rate. Trade competition even on an admittedly limited range of
actually traded commodities contributed to this process by enhancing price convergence over the
world. Therefore, we converted the different local currencies into 1913 UK pounds to establish a

comparable purchasing parity power adjusted international metric:

Ottoman Kurus to British Pounds

The Ottoman Empire maintained a bimetallic standard from 1844 to 1881, after which it adopted a
limping gold standard that continued until 1914 (Pamuk, 2000; Tuncer and Pamuk, 2014). Under
this system, the Ottoman lira was defined as containing 6.614 grams of pure gold, representing
approximately nine-tenths the value of a British Sovereign (Pamuk, 2000). The monetary reform
of 1880 closed down the free minting of silver coinage while simultaneously accepting silver at a
reduced official rate of 105.26 silver kurug per gold lira (compared to the previous bimetallic rate
of 100 kurus per lira) (Tuncer and Pamuk, 2014). This created a "limping standard" wherein gold
served as the monetary anchor, particularly for international transactions, while silver continued
to circulate widely in domestic commerce (Tuncer and Pamuk, 2014).

From 1880 to 1914, although the intrinsic value of the gold lira in terms of silver kurug
depreciated heavily due to increases in the international gold-silver price ratio, the exchange
rate in Istanbul remained remarkably stable, fluctuating within a narrow range of 107 to 109
silver kurus per gold lira (Tuncer and Pamuk, 2014). The government effectively eliminated the
agio (premium) on silver in Istanbul through this system. Following the 1880 reform, the agio
fluctuated around an average value of 2.5 percent until 1909, when it disappeared completely
with another monetary regulation that brought the official value of the gold lira to 102.6 silver
kurug (Tuncer and Pamuk, 2014).

For the 1913 Ottoman manufacturing census, monetary values were denominated in silver
kurus, which was the currency of daily commercial transactions. Although the government
established an official rate of 102.6 silver kurus per gold lira for state office transactions in 1909
(Tuncer and Pamuk, 2014), the market exchange rate in Istanbul throughout 1880-1914 remained
stable within a range of 107 to 109 silver kurug per gold lira (Tuncer and Pamuk, 2014). Given
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that the census recorded private sector commercial activity, the market rate of 108 silver kurug
per gold lira (the midpoint of the market range) is applied for conversions. Moreover, since one
gold lira contained 6.614 grams of pure gold (Tuncer and Pamuk, 2014), the conversion to British
pounds proceeds as follows. According to the mint parity and gold content data, 6.614 grams of

gold equaled approximately 0.9033 British pounds in 1913 (Edvinsson, 2016). Therefore:

1 gold lira  0.9033 British pounds
108 108

1 silver kuru§1913 = = 0.0084 British pound81913 (9)

This conversion rate of 1 silver kurug = £0.0084 (or approximately 2.02 pence) was applied
to all Ottoman monetary values in the dataset. The stability of this rate in Istanbul during the

limping gold standard period ensures consistency in the conversion (Tuncer and Pamuk, 2014).

Chinese Yuan to British Pounds

The Chinese monetary system during the late Qing period presents greater complexity due
to ongoing currency standardization efforts. In 1889, the Chinese yuan (dragon dollar) was
introduced at par with the Spanish dollar (also known as the Mexican peso) but the lack of
uniformity hampered its appeal and diffusion (Ma and Zhao, 2018).

In 1914, after the founding of the new Republic in 1911, the new government brought the
introduction of the national dollar or silver yuan (Yuan Shih-kai dollar), which had a standard
weight of 0.72 tael (Ma and Zhao, 2018). The uniformity and reliability of the national dollar
made it an unparalleled success, quickly driving out other silver-based currencies (Ma and Zhao,
2018). Nevertheless, since the Chinese manufacturing census of 1911 was published in 1914, the
denominations in the census in local currency were established in 1914’s silver yuans (AID, 1914).
Hence, the conversion to British pounds was established through the international silver dollar
standard. The yuan maintained approximate parity with the Spanish/Mexican dollar, which
served as the primary trade currency in East Asia. Historical exchange rate data indicate that in
1911, the exchange rate between the US dollar and British pound was approximately $4.86 USD
= £1 GBP (Lobell, 2010; Xu, 2006). Given the yuan’s parity with the silver dollar, this yields:

1 yuan;g;; =~ GBP = 0.206 British pounds;g;3 (10)

4.86

Therefore, a conversion rate of 1 1911 yuan = 1913 £0.206 was applied to Chinese monetary
values. It should be noted that this conversion reflects the monetary situation immediately before
the 1911 Revolution, and political instability may have introduced some exchange rate volatility

during this period.

Russian Ruble to British Pounds

The Russian Empire adopted the gold standard in 1897 under the monetary reforms of Finance
Minister Sergei Witte. The gold ruble was defined with a fixed gold content, establishing a
stable relationship with other gold-standard currencies (Crisp, 1953; Lobell, 2010). During the
period 1897-1914, the Russian ruble maintained a relatively stable exchange rate with the British
pound. According to historical exchange rate data from the period 1908-1913 from Edvinsson
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et al. (2010); Edvinsson (2016), one Russian ruble in the year 1908 could buy 0.7671 grams of
gold, and the price of 0.7671 grams of gold in the year 1913 was 0.1057 British pounds (£). This
conversion rate was applied to all Russian monetary values in the 1908 industrial census. The
Russian Empire’s adherence to the gold standard provided exchange rate stability comparable
to that of other major European powers during this period, facilitating international trade and

capital flows.

British Pounds, from 1907 to 1913

For data originally expressed in 1907 British pounds, an inflation adjustment was necessary to
convert values to 1913 pounds for temporal comparability. Based on the composite price index
published by the UK Office for National Statistics, the Consumer Price Index (CPI) was 9.4 in
1907 and 9.8 in 1913 (Office for National Statistics, 2025). This yields the following conversion
factor:

CPlig13 9.8

=— =1.043 11
CPlLiggr 94 (11)

Therefore, values in 1907 pounds were multiplied by 1.043 to obtain equivalent 1913 pounds:

Conversion Factor =

£1 (1907) x 1.043 = £1.043 (1913) (12)

This represents a cumulative inflation rate of 4.26 percent over the six-year period from
1907 to 1913. Although the British pound maintained a fixed gold content of 7.32238 grams
throughout this period under the gold standard, the purchasing power of gold itself declined
relative to manufactured goods, labor, and other commodities (Edvinsson et al., 2010). The CPI
adjustment therefore captures the real change in the prices of goods and services—the relevant
metric for comparing manufacturing output values—rather than the nominal gold parity, which
remained constant by legal definition. This modest inflation reflects the relative price stability
characteristic of the gold standard era preceding World War I (Lobell, 2010). The year 1913
specifically experienced slight deflation of -1.01 percent, contributing to the overall moderate

price increases during this period.

Table 6: Exchange Rates for Currency Conversion to 1913 British Pounds

Empire Census Year Currency Metallic Standard Value in 1913 £
Ottoman Empire 1913 Kurusg Silver 0.0084
Qing Empire 1911 Yuan Silver 0.2060
Russian Empire 1908 Ruble Gold 0.1057
United Kingdom 1907 Pound Sterling Gold 1.0430

Sources: Own Elaboration from Pamuk (2000), Lobell (2010), UK’s Office for National Statistics (2025),
Tuncer and Pamuk (2014), Edvinsson et al. (2010).

A.3 Traditional Sector Estimation

While modern sector data could be extracted directly from census records (with appropriate

adjustments documented above), traditional manufacturing presents greater challenges. Pre-
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industrial workshops, artisanal producers, and small-scale manufacturing establishments were
systematically undercounted or excluded from official statistics across all three empires. This
section documents the methodologies employed to estimate traditional sector establishments,

workers, and production.

Ottoman Empire

The primary source for Ottoman traditional manufacturing is Eldem (1994), who compiled
estimates of sanatlar (artisanal) production drawing upon Ottoman administrative records
including the Ticaret ve Nafia Nezareti and commercial reports. Unlike the Russian case (see
below), where traditional sector employment required indirect estimation, Eldem provides direct
figures for workers and production across major traditional manufacturing subsectors in 1913.
We prioritize Eldem’s figures as our primary constraints given that they represent the most
systematic attempt to quantify Ottoman traditional manufacturing and draw upon primary
Ottoman sources that are otherwise inaccessible.

Eldem (1994) reports employment and output for the following subsectors: Halicilik (carpet-
making), Dokumacilik (weaving), Ipekgilik (silk), Sarachk ve Kunduracilik (saddlery and shoe-
making), Debbagat (tanning), Yaglar Sabun (oils and soap), and a residual category Sair (other
manufacturing). We aggregate these into the eight industries following our classification for
the Russian and Qing Empires. For instance, Textiles (comprising Halicilik, Dokumacilik, and
Ipekgilik), Leather (Saraghk ve Kunduracihk and Debbagat) and Chemicals ( Yaglar Sabun). The
remaining five sectors (Food & Beverages, Soil, Wood, Paper, Metals) had be extracted from the
Sair category. All production values were converted from Ottoman kurug to 1913 British pounds
sterling.

The Sair category presents the principal estimation challenge, as it aggregates 199,000 workers
producing 710 million kurug without sectoral breakdown. We decompose this residual using
a calibrated approach that respects Eldem (1994)’s aggregate figures as binding constraints.

Denoting sectoral employment as L; and labor productivity as A;, we require:

> Li = 199,000 (13)

%

> Li x A = 5,964,000 GBP (14)
7

This implies a weighted average labor productivity of 29.97 GBP (£) per worker, which serves
as our calibration target. By treating Eldem’s aggregates as fixed constraints rather than starting
points for adjustment, we ensure that our sectoral decomposition remains internally consistent
with the best available evidence on total Ottoman traditional manufacturing activity.

To bound sectoral productivities, we draw upon our estimates for the Russian and Qing
traditional sectors, which provide upper and lower benchmarks respectively. This cross-empire
comparison rests on the assumption that traditional manufacturing technologies—handlooms,
manual forges, water-powered mills—exhibited broadly similar productivity characteristics across
pre-industrial economies, with variation determined primarily by scale of organization and market

integration rather than fundamental technological differences. Russian kustar industry represents
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an upper bound because it included substantial proto-industrial production organized in larger
workshops with some division of labor and slight mechanization, whereas Qing traditional
manufacturing was predominantly household-based cottage production with no mechanization.

Since Eldem (1994)’s implied average productivity (29.97 GBP) falls near or below Qing
levels for most sectors, Ottoman traditional manufacturing appears closer to Chinese than
Russian productivity levels. This finding is consistent with the qualitative literature on Ottoman
manufacturing, which emphasizes the persistence of small-scale, household-based production. As
Quataert (1994) notes, "mechanized factory output was and remained relatively insignificant in
the nineteenth century when compared with domestic and handicraft production".

Two partial data points help anchor the decomposition. First, Eldem (1994) reports that
degirmencilik (traditional milling) comprised 23,342 establishments Empire-wide, with total
milling employment of 45,571 workers. Subtracting estimated modern milling workers (derived
from the 1913 industrial census) yields approximately 42,647 traditional milling workers, which
we assign to Food & Beverages. The modern milling workforce was estimated by applying the
sectoral composition of Western Anatolian food processing—where degirmencilik comprised 22.3
percent of food sector employment—to Empire-wide modern food employment. Second, bakircilik
(coppersmithing) production was 33 million kurus, representing a portion of metalworking output.
While we cannot determine precisely what share of total metalworking bakircilik represented,
Eldem (1994)’s qualitative descriptions of Ottoman metalworking—emphasizing the importance
of coppersmiths alongside blacksmiths, knife-makers in Bursa, and the historic arms industry in
Erzurum—suggest it constituted a substantial but not dominant share.

Subject to these constraints and requiring Food & Beverages to constitute the largest
employment share-reflecting its fundamental economic importance in any pre-industrial economy
where food processing absorbed substantial labor inputs, as observed in the Qing and Russian
Empires—we calibrate sectoral allocations such that the weighted average productivity equals
Eldem (1994)’s implied figure. The prominence of Food & Beverages is further justified by
the anchor point of 42,647 traditional milling workers alone, before accounting for other food
processing activities. The resulting decomposition assigns 80,000 workers to Food & Beverages,
45,000 to Soil (building materials), 38,000 to Wood, 24,000 to Metals, and 12,000 to Paper.
The relatively large allocation to Soil reflects the importance of traditional brick-making, lime
production, and pottery in an economy where construction remained largely unmechanized.
Wood receives a substantial share given the predominance of timber construction in Ottoman
cities, particularly Istanbul, where traditional carpentry remained essential throughout the period.
Paper receives the smallest allocation, consistent with the near-extinction of traditional Ottoman
paper-making by 1913 in the face of European imports.

For establishment counts, Eldem provides direct figures for several subsectors: 19,445 tezgdh
in Haliealik (Turkey only), 43,500 in Dokumacilik, 1,196 in Debbagat, 9,383 in Saraciye, and 23,342
in degirmencilik. For Halicilik, we extrapolate to Empire totals by applying the Turkish ratio of
3.09 workers per establishment to the remaining workforce in Syria (300 workers), Jerusalem (50
workers), and Iraq (1,000 workers). This extrapolation assumes that carpet-making organization
was broadly similar across Ottoman regions—a reasonable assumption given the workshop-based

nature of carpet production throughout the Empire.
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The traditional silk sector (fpekgz’lik) comprised handloom-based production in homes and
small workshops (Eldem, 1994). Thus, using Syrian silk production as the benchmark-8,000
workers across 4,500 handlooms, yielding 1.78 workers per establishment—we estimate 10,000
traditional silk establishments Empire-wide. We prefer the Syrian benchmark over alternatives
for two reasons. First, Syria was the second-largest silk producer after Bursa and Eldem
(1994) provides complete data on both workers and establishments for this region. Second,
Syrian silk production was organized predominantly around household handlooms rather than
larger workshops, making it representative of traditional production methods in the historical
descriptions (Eldem, 1994).

For sectors lacking establishment data, we estimate using workers-per-establishment ratios
derived from comparable sectors. The observed ratios from Eldem (1994)’s direct data cluster
between 1.78 and 3.09 workers per establishment, consistent with cottage and small workshop
production where establishments typically comprised a household unit or master artisan with
one or two assistants. We assign ratios based on technological similarity: 1.83 for Food &
Beverages (based on degirmencilik), 2.00 for Soil, Metals, and Chemicals (reflecting small
workshop production typical of brick kilns, blacksmith forges, and soap-making establishments),
2.20 for Wood (carpentry workshops which typically employed a master with apprentices), and
2.50 for Paper (slightly larger workshops for the limited remaining traditional production). These
ratios yield an aggregate of approximately 197,000 traditional establishments with an average
of 2.09 workers per establishment—{firmly within the range observed in the directly measured

sectors and consistent with the cottage-based character of Ottoman traditional manufacturing.

Qing Empire

For the Qing Empire, traditional sector estimates emerge directly from the disaggregation
procedure described above. Having identified modern (mechanized) establishments, workers,
and production through the iterative allocation methodology, we obtained traditional sector
figures by subtracting these modern sector values from the aggregate totals reported in the
1911 census (AID, 1914). This residual approach yields estimates of traditional establishments,
workers, and production by sector and province. For production specifically, we applied the
sector-specific proportions of modern and traditional output provided by Guan (2011), drawing
on earlier estimates by Wu and Xu (2007). The resulting traditional sector also encompasses
large-scale but non-mechanized workshops—establishments that, despite employing substantial
workforces, operated without significant mechanical power and thus retained pre-industrial

production techniques.

Russian Empire

The 1908 Russian Industrial Census, while comprehensive for factory production, systematically
undercounted kustar (artisanal) workshops that constituted the traditional manufacturing sector.
To estimate traditional sector employment, we drew upon Lychakov et al. (2022), who compiled
estimates of total manufacturing employment from Rashin (1958) and Rybnikov (1922). From
Lychakov et al. (2022)’s figures, we first excluded workers in mining and construction to obtain a

clean estimate of total manufacturing employment.
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Rather than using Lychakov et al. (2022)’s absolute employment figures directly—which are
themselves estimates derived from multiple sources—we extracted the implied ratio of modern to
total manufacturing workers. Denoting this ratio as p, we calculated traditional sector employment
as follows. If modern workers constitute p percent of total manufacturing employment, then
traditional workers constitute (1 — p) percent. Since we know the absolute number of modern
sector workers from our census classification (L), we can recover traditional sector employment

through proportional reasoning:

1—
LT:LMXTP (15)

This approach anchors our estimates to the census-derived modern sector figures while using
the ratio from Lychakov et al. (2022)’s figures to scale up to total employment.

To distribute traditional workers across manufacturing sectors, we applied the sectoral employ-
ment shares reported in Rybnikov (1922), who documented the composition of kustar industry
in the early twentieth century. For provincial distribution, we allocated traditional workers
proportionally to provincial population, obtained from the 1908 Russian Statistical Yearbook
(Zolotarev, 1909). This assumption reflects the ubiquitous nature of artisanal production, which
served local markets throughout the empire. Alternative approaches—such as using the census
distribution of small workshops—would introduce systematic bias, as provinces with major
industrial centers (notably Moscow and St. Petersburg) recorded disproportionately few small
establishments relative to their populations, likely reflecting census undercounting rather than
genuine absence of traditional manufacturing.

To estimate the number of traditional establishments, we calculated the average number of
workers per workshop from non-mechanized establishments (those with less than 10 horsepower)
employing fewer than 10 workers within each province and sector. Dividing the estimated
traditional workforce by this average yielded establishment counts by province and sector.

For traditional sector production, we estimated labor productivity from the same reference
group—non-mechanized establishments with fewer than 10 workers—and multiplied by the
estimated traditional workforce. This approach assumes that small workshops captured in
the census are representative of broader kustar production, providing a reasonable proxy for

traditional sector productivity given data constraints.

A.4 Capital in the Traditional Sector

Estimating capital for traditional manufacturing presents distinct challenges. Unlike modern
factories where steam engines and mechanical equipment provide clear horsepower metrics,
traditional workshops relied on animate power sources—human labour, draught animals—and
simple tools that leave limited traces in census records. This appendix documents the methodology
employed to estimate traditional sector capital, expressed in horsepower equivalents to maintain
comparability with modern sector estimates.

Traditional sector capital comprises three components: (1) animal horsepower from draught
animals employed in manufacturing; (2) human-powered tools and machines; and (3) water

power from mills and other hydraulic equipment. We estimate each component separately before
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aggregating to obtain total traditional capital by sector and province.

Animal Horsepower

We estimated animal horsepower in each empire based on the sustained mechanical power output
of various draught animals and their availability according to contemporary agricultural statistics.

Table 7 summarises the calculated power outputs for each animal type.

Table 7: Sustained Mechanical Power by Animal Type

Animal Typical Mass (kg) Peak Power (hp) Sustained Power (hp)
Horse 500 4.7 1.0
Ox 850 3.8 0.9
Bull 675 3.8 0.8
Mule 415 2.1 0.7
Water Buffalo 950 2.8 0.9
Donkey 225 0.8 0.3

Notes: We employ sustained power figures for capital estimation.
Sources: Calculations based on Stevenson and Wassersung (1993); animal parameters from Smil
(2017).

The "horsepower" benchmark follows Stevenson and Wassersung (1993), who established that
the sustained mechanical power output of a horse is approximately 1 hp (746 W). This sustained
power figure represents the mechanical output an animal can reliably deliver over a full working
day without injury or excessive fatigue—a more appropriate measure for manufacturing contexts
than peak power. The significant difference between peak and sustained power (e.g., 4.7 hp versus
1.0 hp for horses) reflects physiological constraints: sustained work occurs at approximately four
times the basal metabolic rate, whereas peak effort rapidly depletes glycogen reserves and causes
fatigue.5

For other animals, sustained power was estimated relative to the horse benchmark, scaled
by body mass while accounting for species-specific physiological differences. An ox (850 kg), at
1.7 times the mass of a horse, achieves approximately 0.9 hp—slightly less than a linear scaling
would suggest, reflecting lower metabolic efficiency compared to equines. A donkey (225 kg), at
less than half the horse’s mass, produces proportionally lower sustained output of approximately
0.3 hp.

Animal composition varied across empires, reflecting differences in climate, agriculture,
and availability. Table 8 presents the animal stocks by empire and the resulting horsepower
calculations.

The methodology for allocating animals to manufacturing proceeds as follows. First, we
calculate per capita animal stocks from agricultural statistics. Second, we multiply these ratios by
the traditional manufacturing workforce to estimate the number of animals notionally available

to that sector. This approach assumes that traditional workshops drew upon local animal power

5The peak mechanical power an animal exerts when pulling a load follows P = F' x v, where F is pulling force
(N) and v is velocity (m/s). Sustained power accounts for the metabolically sustainable work rate over extended
periods.
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Table 8: Animal Stocks and Estimated Manufacturing Horsepower

Qing Empire Ottoman Empire Russian Empire

(1911) (1913) (1908)
Panel A: Total Animal Stocks (thousands)
Horses 800 895 20,649
Cattle/Oxen 255 7,049 29,700
Mules 482 105 —
Donkeys 867 1,182 —
Panel B: Population and Per Capita Ratios
Population (millions) 347.9 26.2 152.5
Total animals per capita 0.0069 0.353 0.330
Panel C: Estimated Animals in Traditional Manufacturing
Traditional workforce 13,143,922 411,881 3,331,570
Horses 30,225 14,004 451,230
Cattle/Oxen 9,617 110,796 649,095
Mules 18,208 1,648 —
Donkeys 32,743 18,535 —
Panel D: Total Animal Horsepower in Traditional Manufacturing
Total animal HP 61,449 120,435 1,035,416
Number of workshops 2,160,218 197,037 1,024,117
Animal HP per workshop 0.028 0.611 1.011

Notes: Animals in traditional manufacturing estimated by applying per capita animal ratios to
the traditional workforce. This assumes workshops drew upon local animal power proportionally
to their labour force relative to total employment.
Sources: Qing animal stocks from Liu and Yeh (1965); Qing population from ?. Ottoman animal
stocks from Giiran (1997); Ottoman population from Eldem (1994). Russian data from Zolotarev
(1909); "Cattle" includes oxen used for labor (Zolotarev, 1909).
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proportionally to their labor force relative to agricultural employment—a necessary simplification
given the absence of direct evidence on animal use in manufacturing.

The substantial variation in animal horsepower per workshop across empires—from 0.028 hp
in the Qing to 1.011 hp in Russia—reflects genuine differences in factor endowments rather than
methodological artefact. The Qing Empire’s remarkably low per capita animal stock (0.007
animals per capita versus 0.33-0.35 in the Ottoman and Russian empires) is well documented in
the literature on Chinese agriculture, where intensive rice cultivation and high population density
limited pastoral activities (Pomeranz, 2000; Li, 1998). The Russian Empire’s abundant horse

and cattle stocks, by contrast, reflect its extensive agricultural system and vast grazing lands.

Tools and Human-Powered Machines

Traditional manufacturing employed a variety of tools and human-powered machines—looms,
grinding mills, kilns, treadmills, capstans, and forges—that augmented human labor. To estimate
the horsepower equivalent of this equipment, we begin with the basal sustained power output of
a human worker.

Following Avallone et al. (2007), a healthy adult human can sustain approximately 75 W
(0.1 hp) of mechanical output over an eight-hour work shift. Tools and simple machines amplify
this output through mechanical advantage. We assume that the average traditional worker,
equipped with sector-appropriate tools, achieved an effective output of 0.2 hp—double the basal
rate. This multiplier reflects the potentiating effect of hand tools, foot-powered equipment, and
simple machines prevalent in pre-industrial manufacturing.

For the Russian Empire, we apply a modestly higher coefficient of 0.25 hp per worker. This
adjustment reflects two considerations. First, Russia’s colder climate necessitated substantial
heating equipment—boilers, stoves, and kilns—that, while not directly productive, represented
fixed capital investments augmenting workshop capacity. Second, Russia’s more developed proto-
industrial traditions, particularly in textiles and metallurgy, involved more elaborate equipment
than typical artisanal production in the other empires. The higher labor productivity observed
in Russian traditional manufacturing (documented in Section 4) provides indirect support for

this assumption.

Table 9: Human-Powered Tool Estimates

Qing Ottoman Russian

Traditional workforce 13,143,922 411,881 3,331,570
HP coefficient per worker 0.20 0.20 0.25
Total tool-based HP 2,628,784 82,376 832,893
Tool HP per workshop 1.22 0.42 0.81

Notes: Basal human sustained output of 0.1 hp (Avallone et al., 2007)
multiplied by tool augmentation factor of 2.0 (Qing, Ottoman) or 2.5
(Russia). The higher Russian coefficient reflects more elaborate proto-
industrial equipment and climate-related heating capital requirements.

49



Water Power

Water mills represented an important source of mechanical power in pre-industrial manufacturing,
particularly for grain processing, textile fulling, and metallurgical operations. However, direct
evidence on water power utilization in traditional manufacturing is fragmentary, at best, across
all three empires.

For the Russian Empire, the 1908 industrial census provides partial information. Among
modern establishments, 1,021 of 10,547 (9.7%) reported water power usage. Traditional es-
tablishments show lower reported penetration (142 of approximately 9,000 surveyed, or 1.6%),
but this figure almost certainly understates actual usage due to under-enumeration of small
establishments. The average horsepower among traditional establishments reporting water use
was 7 hp. We assume an effective penetration rate of 11.1% for traditional manufacturing—higher
than modern because grain milling, heavily concentrated in the traditional sector, was tended
to be water-powered. This yields total water power of 795,739 hp across 113,677 water-using
establishments.

For the Ottoman Empire, we estimate water power penetration at 4.5%. While lower than in
Russia, this figure reflects both the semi-arid climate of interior Anatolia, Syria, and the Arabian
provinces, and the more circumscribed application of water power in Ottoman manufacturing.
Historical evidence confirms that watermills were present across the empire, with tax records
from the tahrir registers documenting their distribution in Anatolia from the sixteenth century
onward (Faroqhi, 1984). However, water power in Ottoman traditional manufacturing was largely
constrained to two activities: grain milling and tanneries. Unlike in water-rich regions of Europe
or China, where water power extended to textile production, metallurgy, and diverse processing
activities, Ottoman workshops relied predominantly on animal power for most manufacturing
operations. The empire’s geographic diversity—encompassing the well-watered Black Sea coast
as well as arid Mesopotamia and the Levant—further limited the diffusion of water-powered
technology. With 4.5% penetration (8,867 workshops) and an average of 6.75 hp per water-using
establishment, total Ottoman water power reaches approximately 59,852 hp. This estimate
reflects the concentrated nature of water power usage in specific industries rather than broad
adoption across traditional manufacturing.

For the Qing Empire, we estimate water power penetration at 15.1%, yielding 326,193
water-using workshops. With average power of 6.75 hp per water-using establishment, total
water power reaches 2,201,803 hp. The higher penetration reflects the abundance of water
resources in southern China and the long tradition of water-powered grain processing and textile
production in regions such as Jiangnan (Li, 1998). This penetration rate was derived by scaling
upward from the Russian baseline to account for the Qing Empire’s substantially greater water
availability—particularly in the Yangtze Delta and southern provinces—and calibrated to produce
internally consistent TFP estimates (see sensitivity analysis in Section 6).

We acknowledge that these water power estimates involve considerable uncertainty. The
penetration rates and average horsepower figures for the Qing and Ottoman empires lack
comprehensive documentary support and are partially calibrated to produce internally consistent
TFP estimates. Future research drawing on regional surveys, tax records, or guild registrations

could refine these estimates.
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Table 10: Water Power Estimates

Qing Ottoman Russian

Total traditional workshops 2,160,218 197,037 1,024,117
Estimated water penetration (%) 15.1 4.5 11.1
Water-using workshops 326,193 8,867 113,677
Average HP per water workshop 6.75 6.75 7.00
Total water HP 2,201,803 59,852 795,739
Water HP per workshop (all) 1.02 0.30 0.78

Notes: Russian penetration derived from census data on grain milling. Ottoman
penetration estimated at intermediate level reflecting documented water mill
infrastructure in Anatolia, tempered by limited water availability in Syrian and
Arabian provinces. Qing penetration scaled from Russian baseline to reflect
greater water resource availability, with calibration to TFP stability.

Aggregation and Summary

Total traditional sector capital for each empire was obtained by summing animal horsepower,

tool-based horsepower, and water power. Table 11 presents the final estimates.

Table 11: Total Traditional Sector Capital Sum-
mary

Qing Ottoman Russian

Panel A: Capital Components (HP)

Animal power 61,449 120,435 1,035,416
Human tools 2,628,784 82,376 832,893
Water power 2,201,803 59,852 795,739
Total 4,892,036 262,663 2,664,048
Panel B: Per-Workshop Averages (HP)

Animal power 0.03 0.61 1.01
Human tools 1.22 0.42 0.81
Water power 1.02 0.30 0.78
Total 2.26 1.33 2.60
Panel C: Composition (%)

Animal power 1.3 45.9 38.9
Human tools 53.7 314 31.3
Water power 45.0 22.8 29.9

Notes: Number of workshops: Qing 2,160,218; Ottoman
197,037; Russian 1,024,117.

Several patterns merit comment. First, total horsepower per workshop is broadly similar
across empires (1.3-2.6 hp), despite very different compositions. This convergence suggests
that traditional manufacturing technology imposed similar capital requirements regardless of
the specific factor mix employed. Second, the composition of capital varies substantially: the
Qing relied overwhelmingly on human tools and water power (98.7% combined), while the

Ottoman Empire depended predominantly on animal power (45.9%)—consistent with the limited
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applicability of water power beyond grain milling and tanneries in the empire’s largely semi-
arid territories. Russian workshops showed the most balanced distribution across all three
capital types. Third, the Qing’s large traditional sector—over 13 million workers in 2.2 million
workshops—generates substantial aggregate horsepower despite low animal endowments, consisted
with the highly documented labor abundance.

To distribute aggregate capital across provinces and sectors, we apply the empire-wide capital-
labor ratio to provincial workforce estimates. This proportional allocation assumes relatively
homogeneous capital intensity across traditional manufacturing—a reasonable approximation
given the technological uniformity that characterized pre-industrial production. The near-perfect
correlation between labor and capital observed in our production function estimation (Appendix B)

provides indirect support for this assumption.

Limitations and Caveats

Several limitations should be noted. First, our allocation of animals to manufacturing assumes
proportional distribution based on workforce shares, but in practice animal use may have been
concentrated in specific industries (grain milling, oil pressing, metallurgy) or regions with better
transport infrastructure. Second, the tool augmentation coefficient (0.2-0.25 hp per worker)
is necessarily speculative; while grounded in physiological benchmarks, it cannot account for
heterogeneity in tool sophistication across sectors or regions. Third, water power estimates for
the Qing and Ottoman empires lack direct documentary support and are partially calibrated to
achieve internal consistency with productivity estimates.

These limitations suggest that our traditional capital estimates should be interpreted as order-
of-magnitude approximations rather than precise measurements. Nevertheless, the methodology
provides a disciplined framework for incorporating traditional sector capital into productivity
calculations, and sensitivity analysis (Section 6) demonstrate that our main findings are robust

to extensive variation in the underlying assumptions.
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B Production Function Parameters

This appendix details the econometric procedures used to estimate production function parameters
for calculating Total Factor Productivity (TFP) across modern and traditional manufacturing
establishments in the Russian, Ottoman, and Qing Empires circa 1908-1913. We employ a Cobb-
Douglas production function framework and discuss the challenges encountered in estimation,
our solutions, and the robustness of our chosen elasticities.

We assume a Cobb-Douglas production function of the form Y = A x L* x K?, where Y is
gross output, L is labor input, K is capital input, and A represents Total Factor Productivity.

Taking logarithms yields the estimable equation:
In(Y)=1In(A)+axIn(L)+ B xIn(K) +¢€ (16)
Under the assumption of constant returns to scale (CRS), a + 8 = 1, the production function
can be rewritten in intensive form:
In(Y/K) =In(A)+axIn(L/K)+e€ (17)
This constrained specification avoids potential multicollinearity between In(L) and In(K) and
directly yields the labor elasticity under CRS.
B.1 Modern Establishments
Ottoman Empire

Table 12 reports OLS estimates for Ottoman modern establishments using horsepower as the

capital measure.

Table 12: Production Function Estimates - Ottoman Modern Sector (n = 144)

Variable Coefficient Std. Error t-statistic p-value 95% CI

Intercept 4.794 0.243 19.72 <0.001 [4.31, 5.27]
In(L) 0.613 0.077 792 <0.001 [0.46, 0.77]
In(K) 0.416 0.066 632  <0.001 [0.29, 0.55|

Notes: R? = 0.768; Adjusted-R? = 0.765; F(2,141) = 237.3

The sum of the estimated elasticities is a + 8 = 1.03, which is not statistically distinguishable
from unity, supporting the assumption of constant returns to scale. Both factor elasticities are
precisely estimated and economically plausible. The labor elasticity of 0.59 aligns closely with
factor shares used in British historical growth accounting (Broadberry and de Pleijt, 2021). To
verify robustness, we also estimate the CRS-constrained specification:

The constrained estimate of o = 0.59 is virtually identical to the unconstrained estimate,

confirming that the CRS assumption is appropriate for this sector.
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Table 13: CRS-Constrained Production Function - Ottoman Modern Sector (n = 144)

Variable  Coefficient Std. Error t-statistic p-value  95% CI

Intercept  4.937 0.070 70.68  <0.001 [4.80, 5.07]
In(L/K) 0.587 0.065 898  <0.001 [0.46,0.72]

R? = 0.362; Adjusted-R? = 0.358

Qing Empire

Estimation for the Qing modern sector yielded anomalous results. Table 14 reports the uncon-

strained regression.

Table 14: Production Function Estimates - Qing Modern Sector (n = 44)

Variable  Coefficient Std. Error t-statistic p-value 95% CI
Intercept 5.100 0.554 9.22 <0.001 [3.98, 6.22]
In(L) 1.356 0.114 11.87 <0.001 [1.12, 1.59]
In(K) —0.426 0.143 —2.98 0.005  [-0.71, —0.14]

Notes: R? = 0.863; Adjusted-R? = 0.856

The labor elasticity substantially exceeds unity while the capital elasticity is negative and
statistically significant. The correlation between In(L) and In(K) is 0.81, with a correlation of
0.64 between the untransformed variables-notably lower than in the traditional sectors but still
substantial. While this level of multicollinearity might be manageable in a larger sample, the
small sample size (n = 44) severely compounds the problem.

The role of small sample size. With only 44 observations, several econometric issues arise

that help explain the anomalous results:

1. Inflated variance of coefficient estimates. The variance of OLS estimators is inversely
proportional to sample size. With n = 44 and two correlated regressors, the effective
degrees of freedom for identifying separate factor contributions are severely limited. The
variance inflation factor (VIF) associated with a correlation of 0.81 is approximately
1/(1 — 0.81%) ~ 2.9, which in a small sample can produce highly unstable coefficient

estimates.

2. Sensitivity to outliers and influential observations. Small samples are disproportionately
affected by outlying observations. A handful of establishments with unusual capital-
labor ratios or output levels can substantially shift the estimated coefficients, potentially

producing economically implausible results such as negative factor elasticities.

3. Selection effects. The 44 establishments classified as “modern” in the Qing data may
represent a non-random sample. If firms that invested in (often imported) machinery were
systematically different from the broader population—for instance, if struggling workshops
sought technological solutions, or if the most productive traditional establishments had no
need to mechanize—this selection could generate a spurious negative relationship between

capital and output.
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4. Measurement error in capital. Capital measurement in early industrializing economies
is notoriously difficult. If capital is measured with error—for instance, if the recorded
value of machinery does not reflect its actual productive contribution due to inappropriate
technology, poor maintenance, or obsolescence—the coefficient on capital will be biased. In

small samples, this bias is not averaged out across many observations.

The combination of moderate multicollinearity (r = 0.81) and small sample size thus renders
the Qing modern sector estimates unreliable. The negative capital coefficient should not be
interpreted as evidence that capital reduced output, but rather as a statistical artifact of these
estimation challenges.

Given the impossibility of estimating economically meaningful elasticities, we impose o = 0.80
and 8 = 0.20 for the Qing modern sector. This choice reflects two considerations. First,
qualitative evidence suggests that Qing "modern" establishments were not true mechanized
factories comparable to those in Russia or the Ottoman Empire, but rather scaled-up traditional
workshops with limited and often inappropriate machinery, according to the observed capital
proportions. Second, the elasticities o = 0.80, = 0.20 represents a position that includes higher
proportions of capital compared to the ones established for the traditional sector, as explained
in the following section, but still shows the labor intensity that the data shows about the Qing
"mechanized establishments".

Furthermore, Section 6, in the main text, demonstrates that our TFP estimates are robust
to plausible variation in these imposed parameters. Sensitivity analysis shows that varying the
Qing modern sector elasticities for different scenarios ranging from a = 0.6 to a = 0.9 does
not introduce a huge variation in our TFP estimates- Hence, it does not affect the paper’s
central findings regarding the productivity gap between modern and traditional sectors or the

comparative position of Qing manufacturing relative to the other empires.

Russian Empire
Table 15 reports analogous estimates for Russian modern (factory) establishments.

Table 15: Production Function Estimates - Russian Modern Sector (n = 537)

Variable  Coefficient Std. Error t-statistic p-value 95% CI

Intercept 4.815 0.115 41.73 <0.001 [4.59, 5.04]
In(L) 0.593 0.041 14.55 <0.001 ]0.51, 0.67]
In(K) 0.479 0.037 12.62 <0.001 [0.40, 0.55]

Notes: R? = 0.879; Adjusted-R? = 0.878; F(2,534) = 1940.2

The sum a+ 5 = 1.07 again supports CRS. The similarity of the Ottoman and Russian modern
sector elasticities (o =~ 0.60, § ~ 0.45) suggests a common "factory" production technology,
consistent with the adoption of similar Western machinery and organizational methods. Table 16
reports the CRS-constrained specification:

The constrained estimate of o = 0.53 is slightly lower than the unconstrained estimate but
remains consistent with a labor elasticity around 0.51-0.67 (coefficient interval of the unconstrained

regression).
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Table 16: CRS-Constrained Production Function - Russian Modern Sector (n = 537)

Variable  Coefficient Std. Error t-statistic p-value  95% CI

Intercept 5.271 0.034 153.14  <0.001 [5.20, 5.34]
m(L/K) 0531 0.038 1381 <0.001 [0.46, 0.61]

Notes: R? = 0.263; Adjusted-R? = 0.261

B.2 Traditional Sector

Qing Empire

Table 17: Production Function Estimates - Qing Traditional Sector (n = 206)

Variable  Coefficient Std. Error t-statistic p-value 95% CI
Intercept 7.629 0.729 10.47 <0.001 [6.19, 9.07]
In(L) —0.608 0.301 —2.02 0.044  [-1.20, —0.02]
In(K) 1.419 0.283 5.03 <0.001 [0.86, 1.98]

R? = 0.829; Adjusted-R? = 0.827

These results exhibit severe multicollinearity. The labor coefficient is negative-an economic
impossibility-while the capital coefficient exceeds unity. The correlation between In(L) and In(K)
in the Qing traditional sample is 0.995, with a correlation of 0.96 between the untransformed
variables L and K. This near-perfect collinearity renders separate identification of factor
elasticities infeasible.

The CRS-constrained specification yields an R? of essentially zero (0.006), confirming that
variation in labor intensity explains none of the variation in output intensity-all traditional estab-
lishments operated at virtually identical factor proportions, precluding econometric identification

of separate elasticities.
Russian Empire

Table 18: Production Function Estimates — Russian Traditional Sector (n = 759)

Variable  Coefficient Std. Error t-statistic p-value 95% CI

Intercept 3.612 0.102 35.54 <0.001  |3.41, 3.81]
In(L) 1.102 0.060 1830 <0.001  [0.98, 1.22
In(K) —0.012 0.059 020  0.842 [-0.13, 0.10]

R? = 0.894; Adjusted-R? = 0.894

The capital coefficient is economically zero and statistically insignificant (p = 0.84). As with
the Qing traditional sector, severe multicollinearity prevents separate identification of factor
elasticities: the correlation between In(L) and In(K) is 0.97, with a correlation of 0.984 between
the untransformed variables L and K. This reflects the technological homogeneity of traditional

workshop production, where all establishments operated at virtually identical factor proportions.
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Ottoman Empire

Regression results for the Ottoman traditional sector exhibit similar patterns to the Russian and
Qing cases. The correlation between In(L) and In(K) is 0.84, with a correlation of 0.92 between
the untransformed variables L and K. Although these correlations are lower than in the Russian
and Qing traditional sectors, they still prevent reliable econometric identification of separate

factor elasticities. We therefore impose elasticities from the literature for this sector as well.

Imposed Elasticities

Given the econometric challenges documented above, we impose factor elasticities based on
established findings in the economic history literature for sectors where direct estimation proved
infeasible. For pre-industrial and traditional manufacturing, the literature supports labor shares
substantially higher than the conventional modern-economy benchmark of 0.65-0.70. We draw
on three complementary lines of evidence.

Broadberry and Gupta (2009) provide detailed evidence that Indian textile production was
"highly labour intensive", with fixed capital requirements minimal relative to labor costs. Drawing
on Buchanan Hamilton’s (1833) survey, they report that the cost of a loom was approximately
2.5 Rupees-less than a weaver’s monthly earnings. The cost of a weaving shop or shed was
4 Rupees, and accessories less than 0.25 Rupees. Total fixed capital thus amounted to less
than two to three months’ wages. This implies an extremely low capital share in value added.
If we assume annual depreciation of roughly 10-20% on such simple equipment, capital costs
would represent well under 10% of annual production costs, implying o > 0.90 for the purest
artisanal production. Our more conservative estimate of o = 0.85 allows for somewhat more
substantial capital in Chinese and Ottoman traditional manufacturing (brick kilns, metal forges,
more elaborate workshops) while remaining consistent with the qualitative evidence.

Broadberry and de Pleijt (2021) employ factor weights of 0.6 for labor and 0.4 for capital
in their growth accounting for Britain 1270-1870, following the convention established by
Crafts (1995). However, these are economy-wide averages that include increasingly mechanized
manufacturing. For pre-industrial manufacturing specifically, labor shares would have been
substantially higher. Crafts (1985) himself notes that capital intensity increased dramatically
with mechanization; the pre-mechanization baseline was far more labor-intensive.

Traditional manufacturing across all three empires shared common technological characteris-
tics: production occurred in small workshops using hand tools, simple looms, or basic forges;
fixed capital consisted primarily of the building itself, and durable equipment with long asset lives
with some having animals in their inventory; working capital (raw materials, work in progress)
was more important than fixed capital; and the primary cost of production was labor time. This
technological reality—common to Chinese silk weavers, Ottoman carpet makers, and Russian
kustar producers-implies labor shares well above 0.80.

We therefore adopt a = 0.85, § = 0.15 for Qing and Ottoman traditional sectors, reflecting
extreme labor intensity consistent with Broadberry and Gupta (2009)’s findings for Asian textile
production. For Russian traditional establishments, we adopt a modestly higher capital share
(o = 0.80, f = 0.20) reflecting three considerations: (1) greater building requirements due to

climate (substantial structures needed for winter production); (2) higher usage of small engines
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and boilers; and (3) potentially different industrial composition with more metalworking and

woodworking requiring fixed capital.

o8



European
Historical

Economics
Society

EHES Working Paper Series

Recent EHES Working Papers

EHES 290 Mitigating the impact of extreme temperatures: the role of public health
interventions in Germany, 1888-1913

Daniel Gallardo-Albarrdn

EHES 289 Top Income Concentration in Early Modern Spain, 1574-1799

Carlos AlvareZ-Nogal, Leandro Prados de la Escosura

EHES 288 Resisting reform in the public sector: theory and historical evidence
from the UK
Oliver Brufal

EHES 287 State Capacity and Subjective Well-Being in Early Modern Spain

Carlos Alvarez—Nogal, Leandro Prados de la Escosura

EHES 286 Build Better Health: Evidence from Ireland on Housing Quality and
Mortality

Alan de Bromhead, Ronan C. Lyons, Johann Ohler

EHES 285 Hereditarian Fallacies? Inheritance of Social Status in England,
1600-2022

Gregory Clark

EHES 284 How Long do Wealth Shocks Persist? Less than three generations in
England, 1700-2025

Gregory Clark, Neil Cummins

EHES 283 Has oil richness been a force for income equality in Venzuela over the
long term?
Pablo Astorga

EHES 282 Female labor force participation in historical census microdata
Jorgen Modalsli

All papers may be downloaded free of charge from: https://www.ehes.org/

The European Historical Economics Society is concerned with advancing education in European economic
history through study of European economies and economic history. The society is registered with the Charity
Commissioners of England and Wales number: 1052680.



https://www.ehes.org/

