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Introduction

Economic Motivation

Economic importance of technology and innovation

Large theoretical literature stressing the important role of human capital
for long term growth

Surprisingly hard to document empirically

Specific types of human capital

Endogeneity and reverse causality

Lack of historical data, especially at the sub-national level

William Maloney Felipe Valencia (WB & UBC) Engineering Growth VSE Macro Lunch 2 / 39



Introduction

Contributions

New data set on early domestic innovative capacity in the Americas:
engineers and patents

National and sub-national (state and county) levels

Show the long-term impact of early (Second Industrial Revolution)
investments in advanced human capital on modern day income

Complementary to basic literacy and other human capital variables

Robust to controls and IV estimation

Tease out the contributions of innovation through patents vs. adoption
via engineers
Explore mechanisms of influence: technological adoption and
entrepreneurship (structural transformation)
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Introduction

Key Findings

Upper tails of knowledge matter for long-run growth:

1 One standard deviation in engineering density (instrumented) in 1880
accounts for a 10-15% increase in US county income today

2 One standard deviation in historical patenting activity contributes
another 10%

3 Could explain up to a third of the Great Divergence in the Americas
during the key period of the Second Industrial Revolution
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Introduction

National Engineering Density: Historically

France and Germany
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Introduction

Relevant Literature

Human Capital and Growth: Nelson and Phelps (1966), Lucas (1988),
Romer (1990), Baumol (1990), Murphy et al. (1991), Mankiw et al. (1992),
Aghion and Howitt (1997), Barro (2001), Galor and Moav (2006),
Benhabib and Spiegel (2005), Galor (2011)

Long theoretical tradition and seminal empirical pieces

Empirical Studies: Acemoglu and Angrist (2000), Krueger and Lindahl
(2001), Aghion et al. (2009), Goldin and Katz (2009), Gennaioli et al.
(2013), Kantor and Whalley (2014 and 2019), Castelló-Climent et al.
(2016), Toivanen and Väänänen (2016), Freeman and Salzman (2018)

Inconclusive empirical results: causality, basic literacy / years of schooling,
secondary vs. tertiary, lawyers vs. engineers?

Historically: Mariscal and Sokoloff (2000), Meisenzahl and Mokyr
(2011), Becker at al. (2011), Waldinger (2012), Squicciarini and
Voigtländer (2014), Yutchman (2014), Hornung (2014), De la Croix et al.
(2015), Cinnirella and Streb (2017), Akcigit et al. (2017)

Upper tails of knowledge during the Second Industrial Revolution
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Introduction

Historical Background

Second Industrial Revolution (1870-1914): a period of intense
technological change (Mokyr, 1998 and Gordon, 2016)

“trained engineers, capable mechanics and dexterous craftsmen on whose
shoulders inventors could stand.” Mokyr (2005)

Northern leadership in engineering training
1800s: West Point, Norwich, New York
First professional societies in 1850-1870

Southern schools developed later and were partly encouraged by the
Morrill Land Grand Act in 1862 and 1890 (used as instrument)

Later, weaker and less specialized in Latin America
Argentina (1870) and Peru (1880)
Colombia and Mexico: political instability (country fixed effects)
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Data

Data

Engineering Density: Domestic engineers per 100,000 male workers in
1900

Engineering graduates, engineering societies and census data for eleven
countries in the Americas
State level for Argentina, Chile, Colombia, Mexico, Venezuela and the US
County level for the the US (1880)

Patents: US Patent and Trademark Office (USPTO) at the county level

Sub-national Income: World Bank (2009) and US Census (2000)

Education Controls: Literacy, secondary schooling, college, lawyers,
physicians

Historical Controls: Population density, railroads, mining, manufacturing
output, slavery, total acres in agriculture, religion, foreigners

Geographic and Weather Controls: Temperature, altitude, rainfall,
agricultural suitability, river density, distance to coast, ruggedness
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Data

Sub-national Engineering Density
US and Mexico

William Maloney Felipe Valencia (WB & UBC) Engineering Growth VSE Macro Lunch 9 / 39



Data

Summary Statistics
US County Level

State Level
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Data

Estimating Equations
US Counties

Y2000,ij = α + βEng1900,ij + γGeo1900,ij + λED1900,ij + λHI 1900,ij + µj + εij (1)

Y : Income (county i state j)
Eng : Engineering density (plus patents later)
Pat: Patents
Geo: Geographic controls
ED : Education controls
HI : Historic Controls
µ : State-fixed effect
ε: Error term
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Results

Innovative Capacity and Income
US Counties
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Results

Patenting Activity

Direct measure of innovation (Sokoloff, 1988; Khan, 2015; Acemoglu et
al., 2013; Perlman 2016; Kuegler 2016; Donges et al. 2016; Akcigit et al.
2017)

Patents between 1890-1910 normalized by population

Innovation outside the patent system (Moser, 2013)
“Not all inventions are patentable, not all inventions are patented.”
(Griliches, 1998)

Institutional environment, innovation vs. adaptation

Interaction with engineers and independent effect
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Results

Engineers and Patents
US Counties
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Results

Patents and Income
US Counties
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Results

Innovative Capacity and Income
US Counties: Engineers and Patents
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Results

Instrumental Variable

Land Grant Colleges (Card, 2001; Moretti, 2004; Cantoni and Yutchman,
2014; Toivanen and Väänänen, 2016)

1862 Morrill Land Grand Act
Columbia School of Mines, Worcester Polytechnic Institute, Dartmouth,
Cornell

“Promoted the emergence of the most effective engineering schools in the
globe.” (Nevins et al., 1962)
“Provided the foundation, both in training and in number, for
twentieth-century American professional engineering.” (Nienkamp, 2010)

Second Wave in 1890
Western, Midwestern and Southern schools (used as placebo)

Supply driven
Low student demand (Johnson, 1981)
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Results

US Land Grant Colleges
1872 and 1890

Source: National Academy of Sciences and Engineering
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Results

Land Grant Colleges and Early Manufacturing
US Counties: Manufacturing in 1850
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Results

First Stage: Engineers on Land Grant Colleges
US Counties: 1862 and 1890 Waves
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Results

Innovative Capacity and Income
US Counties: Instrumented
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Results

Innovative Capacity and Income: Spillovers
US Counties: Instrumented Excluding LCGs Counties
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Results

Innovative Capacity and Income: Placebo
US Counties: Instrumented 1890 Wave
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Results

Innovative Capacity and Income: Sub-national
Regressions
Americas: Fixed Effects
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Results

Mechanisms of Influence

Structural transformation (cf. Fiszbein 2014; Kantor and Whalley 2019)

Intermediate historical outcomes (1860-1940)

Technological adoption: horsepower in manufacturing

Entrepreneurship: Murphy et al. (1991)

Number of retail stores

Technology adoption and mechanization in agriculture (Skinner and
Staiger, 2007)

High-tech sector (CBP 2012) and Knowledge Intensive Business Services
(KIBS)

Cross Country
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Results

Mechanisms of Influence: Manufacturing 1860-1940
Manufacturing Value Added
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Results

Mechanisms of Influence
Technological Adoption and Entrepreneurship in 1930
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Results

Heterogeneous Effects: Structural Transformation
US Counties: Lawyers and Farms
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Results

Technology Adoption in Agriculture
Year Hybrid Corn Achieved 10% in the US, by State
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Results

Mechanization in Agriculture
Year Tractors Achieved 10% in the US, by State
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Results

Modern Technologies: Computers
% with Computers at Home in 1993 in the US, by State
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Results

High-tech and Knowledge Intensive Sectors
County Business Paterns (2012), KIBS and Ci Technology Database
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Results

Historical Case Studies

Relative Innovative Capacity: Aghion and Howitt (1997), Howitt and
Mayer-Foulkes (2005)

US South: late industrialization, lack of preparation
Birmingham Steel Industry: “You have all the elements, but you cannot make
steel.” (Carnegie, 1900)

Latin America: technologically backward, little innovation in industry
and agriculture

Mining: underexploited mines and foreign takeover
Mexico: Zacatecas, San Luis de Potosi and Guanajuato

Chile: copper industry almost abandoned, turnaround
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Results

Copper Production in Chile and Foreign Engineers

William Maloney Felipe Valencia (WB & UBC) Engineering Growth VSE Macro Lunch 34 / 39



Results

Enginering Density: New York vs. Antioquia
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Results

Innovation Determinants

Local versus inherited factors
Pre-colonial population density (agglomeration)

Slavery and early institutions

Geographical factors: Cobb (1993)

Religion (Benabou, Ticchi and Vindigni, 2015)

Cultural traits and colonial heritage (Alesina et al. 2016, Fulford et al.
2016)

Immigration (Sequeira, Nunn and Quian, 2107)
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Results

Innovation Determinants
US Counties: Foreigners and Religion
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Results

Robustness

US county level
Andrews (2019) college winners and runner ups sub-sample Andrews

Buchinsky 2SLS quantile regression model, LASSO controls
Control for foreigners, religion, total acres in agriculture Additional Controls

Control for the number of engineers today
Predict non-engineering income today: managers

State level for the US
Migration, mining output, geographic controls US States

Instrumented US States IV

State level for the Americas
Deflated census numbers, foreign engineers
Geographic and institutional controls

William Maloney Felipe Valencia (WB & UBC) Engineering Growth VSE Macro Lunch 38 / 39



Conclusion

Conclusions

Importance of upper tails of knowledge during the Second Industrial
Revolution for long-term growth

Engineering density accounts for a 10-15% increase in US county income

Patents (uninstrumented) contributes another 10%

Helps explain the Great Divergence in the Americas

Supported by the historical record (Safford 1976, Wright 1986)

Matters at the cross country, state and county levels

Importance of both innovative and adoptive capacity (Mokyr 2005)

Potentially working through structural transformation, technology
adoption and entrepreneurship (Murphy et al., 1991)
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Appendix

Summary Statistics
State Level, Americas

Back
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Appendix

Innovative Capacity and Income
US States

Back

William Maloney Felipe Valencia (WB & UBC) Engineering Growth VSE Macro Lunch 39 / 39



Appendix

Innovative Capacity and Income
US States: Instrumented

Back
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Appendix

Andrews (2019) Runner Up Colleges
Additional Controls

Back
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Appendix

Innovative Capacity and Income
Additional Controls

Back
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Appendix

Mechanisms of Influence
Cross Country

Back
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Appendix

National Engineering Density

Back
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