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Scale-Biased Technical Change and Inequality

– Dominant view: if technical change is skill-biased, wage inequality increases

– But technical change can also be scale-biased, i.e., shifts profits to larger firms

– And wages not the only source of income: business income is key for top inequality

Question: (how) does technical change affect inequality through scale bias?
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This paper: Scale-biased technical change and inequality

1 Show that scale bias is important technological feature for inequality

2 Propose tractable framework to study the effects of scale-biased technical change

3 Empirically study effects of two of the most important GPTs in history

– Steam engines (large-scale-biased)

– Electric motors (small-scale-biased)

– New data: firm sizes, technology adoption and inequality (US and NL, 1850� 1950)
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Summary of findings

� Theory: scale-biased technical change and income inequality

– technical change is large-scale-biased if it increases fixed costs sufficiently

– large-scale-biased =) less entrepreneurship + larger firms + more inequality

� Empirics: test the theory using steam engines and electric motors

– same purpose (converting energy into motion), but strong differences in scale bias

– evidence confirms theoretical predictions

1 steam engines (electric motors) increased (decreased) firm sizes

2 steam engines (electric motors) increased (marginally decreased) inequality

3 factory owners were main drivers of inequality effects (not workers)
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Outline

1 Theory: scale-biased technical change and inequality

2 Scale bias in steam engines and electric motors

3 Empirics: testing the theory of scale-biased technical change

Prediction 1: scale bias =) firm sizes

Prediction 2: scale bias =) inequality

Prediction 3: scale bias =) profit concentration =) inequality
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Theory: the model visualized

Stage 1: Occupational choice

Stage 2: Entry decision

Stage 3: Technology adoption
trade off fixed and marginal cost

Stage 4: Profit maximization
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Question: how does inequality depend on the technology set T = ft1; ::; tJg?
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Theory: scale-biased technical change and inequality

Answer: inequality depends on scale bias in technology

– Definition: technical change is large-scale-biased (small-scale-biased) iff it increases

(decreases) the average fixed costs in the economy

– Theoretical predictions: if technical change is large-scale-biased it

1 increases average firm size

2 increases top income inequality

3 increases inequality through profit concentration
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Comparing two technologies: steam engines and electric motors
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Comparing two technologies: the fundamentals

Features Steam engines Electric motors

Fixed cost (50 hp, in unskilled wages) 3-4 0.02-0.04

Efficiency increases with size Strongly Barely

Source of power Generated in plant Purchased

Average capacity (US 1909, in hp) 93.4 8.5

Large-scale-biased Small-scale-biased

Sources: own computation based on (Emery, 1883) (for steam engines) and (Bolton, 1926) (for electric motors).
Timing of adoption Average cost curve Marginal cost curve Adoption rates by size
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Prediction 1: scale bias=) �rm sizes

� New data: US Census of Manufactures, industry by state aggregates (1850-1950)

� Number of establishments, employment, capital, production, value added, power usage

� 51k state � industry � year observations

� Method: Instrumental variable di�-in-di�

� Coal access=) steam engines

� Hydropower potential =) electric motors

� Result: Large scale-biased technical change increases�rm sizes X

Steam engines: Strategy: detail Strategy: speci�cation Results

Electric motors: Strategy: detail Strategy: speci�cation Results
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Prediction 2: scale bias=) inequality

� New data: micro-level data on wealth-at-death from the Netherlands (1879-1927)

� Digitized around 130,000images with handwritten text recognition software Source data

� Hand-checkedall individuals with large wealth (above 100k)

� Covers half of population: around 1.5 million decedents, of which around 500k had wealth

� Methods: Di�erence-in-di�erence

� Compare inequality in towns by adoption of steam engines and electric motors

� Robust to IV: local pre-industrial (1816) exposure to steam engine/electric motors

� Result: Large scale-biased technical change increasesinequalityX

Steam engines: Results OLS Results IV

Electric motors: Results OLS Results IV
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Outline

1 Theory: scale-biased technical change and inequality

2 Scale bias in steam engines and electric motors

3 Empirics: testing the theory of scale-biased technical change
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Prediction 3: scale bias=) pro�t concentration =) inequality

� Data: zooming into major textile city of Enschede (1879-1927)

� identify owners of textile factories

� Method: how much of inequality changes are driven by factory owners?
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Results: inequality through scale bias, not skill bias

Including textile owners

Excluding textile owners
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Conclusion

� E�ect of technical change on inequality depends on itsscale bias

� large-scale-biased technical change: larger �rms and more inequality

� but opposite technologies also exist!

� Large-scale-biased technical change consistent with recent trends

� decline in entrepreneurship rates(Salgado, '20; Jiang & Sohail, '23)

� increase in �rm concentration(Autor et al., '17; Autor et al., '20, Kwon et al., '23)

� entrepreneurial income accounts for most of the rise in income inequality(Smith et al., '19)

� Provides a framework to think about e�ects of ongoing technology adoption
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Thank you!
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Comparing two technologies: timing of adoption in the United States
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Comparing two technologies: average cost by capacity
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Comparing two technologies: marginal cost by capacity
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Comparing two technologies: adoption rates by establishment size

(a) Steam engines (1880) (b) Electric motors (1929)

Sources: samples from the Census of Manufactures. (Atack & Bateman, '99) for 1880 and (Vickers & Ziebarth,

'23) for 1929. Back
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Strategy: e�ect of steam engines on �rm size

� Theory: steam engine adoption() �rm size

� Instrument: geographic variation in �coal access�

� De�nition: transportation-cost weighted access to coal resources(Donaldson & Hornbeck, '16)

� Relevance: important determinant of coal prices and steam engine adoption

� Exogeneity: made plausible by

� using estimates of coal resources before the advent of mining

� using estimates of transportation costs before the advent of railroads

� Exclusion restriction: should not a�ect �rm sizes other than through steam engine adoption

� diagnostic check: estimating e�ects of coal on �placebo� industries

De�nition of coal access Map of coal access Price elasticity First stage Back
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Strategy: reduced form e�ect of coal access on �rm size

ln (yist ) = � s + � it +
X

t 2 T

� t ln (COALs) � 1[Year= t ] + � 0X ist + " ist

where

� i ; s; t index industry, state, and year, respectively

� yist is the average �rm size in wage earners

� COALs denotes access to coal in states

� vector of controlsX ist contains:

� density of the population in states at time t

� interactions betweent and hydropower potential and �market access� in states

Back
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Results: reduced form e�ect of coal access on �rm size

Standard errors are clustered on the state level. Con�dence intervals are at the 95% con�dence level.
Placebo vs. adopting industries Back
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Strategy: e�ect of electric motors on �rm size

� Theory: electric motor adoption() �rm size

� Instrument: geographic variation in hydropower potential

� Relevance: important determinant of electricity prices and adoption

� Exogeneity: made plausible by using potential for �not realized � hydropower

� Validity: should not a�ect �rm sizes other than through electric motor adoption

� explicitly control for market access through waterways

� diagnostic check: estimating e�ect of hydropower potential on �placebo� industries

� Falsi�cation test: should not estimate e�ects before� 1900

Map of hydropower potential Price elasticity First stage Back
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Strategy: reduced form e�ect of hydropower on �rm size

ln (yist ) = 
 s + � it +
X

t 2 T

� t ln (HYDROs) � 1[Year= t ] + � 0X ist + " ist

where

� i ; s; t index industry, state, and year, respectively

� yist is the average �rm size in wage earners

� HYDROs denotes hydropower potential in states in 1000's of hp

� vector of controlsX ist contains:

� density of the population in states at time t

� interactions betweent and coal access and �market access� in states

Back
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Results: reduced form e�ect of hydropower on �rm size

Standard errors are clustered on the state level. Con�dence intervals are at the 95% con�dence level.
Placebo vs. adopting industries Back

23 / 13



Hydropower potential in the US

Back
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De�nition of coal access

� Analagous to �market access� approach by(Donaldson & Hornbeck, '16)

� Coal access for countyc in state s as

COALs
c =

X

o

� � �
oc BTUo

where

� � oc � 1 is the �iceberg cost� of transporting coal between countieso and c in 1830

(Donaldson & Hornbeck, '16)

� � = 8:22 is the trade elasticity(Donaldson & Hornbeck, '16)

� Coal access on the state-level is the average coal access of all counties in the state

Back
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