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Innovation is One of Main Drivers of Long-Run Growth

The Rise of American Ingenuity

Fact 7 More inventive states and sectors grew faster on average.

Figure 17 shows the basic correlation between patents and economic growth is strongly pos-
itive. To account for the initial heterogeneity in income levels, we plot variables residualized
against 1900 log GDP per capita.

Figure 17: Innovation and Long-run Growth: U.S. States between 1900-2000
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Growth = 0.000 + 0.066 * Patents
Slope coefficient statistically significant at 1% level

Notes: Figure plots the total number of patents granted to inventors in each state between 1900 and 2000 on the
horizontal axis, and the annualized growth rate in state GDP per capita between 1900 and 2000 on the vertical axis.
Both horizontal and vertical axes plot the variables of interest residualized against 1900 log GDP per capita, to control
for conditional convergence. Source: BEA Historical Regional Economic Accounts, and Klein (2013).

Table 6 reports coefficients from growth regressions controlling for the long-run effects of
initial conditions and population density. The dependent variable in these regressions is the
annualized growth rate in state-level GDP per capita between 1900 and 2000.

Table 6: Innovation and Long Run Growth: U.S. States between 1900-2000
Annualized Growth Rate DHS Growth Rate

(1) (2) (3) (4)
Log Patents 0.066∗∗∗ 0.054∗∗∗ 0.031∗∗∗ 0.026∗∗∗

(0.013) (0.012) (0.008) (0.007)
Initial GDP per Capita -0.877∗∗∗ -0.891∗∗∗ -0.324∗∗∗ -0.330∗∗∗

(0.036) (0.036) (0.025) (0.026)
Population Density 1.145∗ 0.517∗

(0.588) (0.304)
Observations 48 48 48 48
Mean Growth 2.154 2.154 1.552 1.552
Std. Dev. of Growth 0.417 0.417 0.159 0.159

Notes: Table reports estimated coefficients from a regression in which the dependent variable is the state-level annu-
alized growth rate in real GDP per capita from 1900-2000. White heteroskedasticity robust standard errors reported
in parentheses. DHS growth rate refers to the growth rate measure as proposed by Davis, Haltiwanger, and Schuh.
Output data provided by Klein (2013) and the Bureau of Economic Analysis. ∗,∗∗ ,∗∗∗ represent that coefficients
statistically differ from 0 at the 10%, 5%, and 1% level.

We find that the log of patents granted between 1900 and 2000 had a consistently positive

30
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In This Talk:

Two ways to study interplay between taxation and innovation:

1 Effects of general taxes on innovation are unwelcome byproduct that
we need to consider and quantify.

2 Tax policy could be designed intentionally so as not to hurt, or even to
stimulate, innovation.

1. Taxation and Innovation in the U.S. over the 20th Century.

2. International effects of top-income taxation since 1975 on innovation.

3. Designing corporate tax and R&D policies to foster innovation.
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1. Taxation and Innovation in the U.S. over the 20th Century
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Taxation and Innovation

Thomas A. Edison Melvin De Groote Nikola Tesla
Light bulb. Chocolate ice cream. Alternating Current.

Holds 1093 patents. Holds 925 Patents. Holds 278 Patents.
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Taxation and Innovation

Thomas A. Edison Melvin De Groote Nikola Tesla
Light bulb. Chocolate ice cream. Alternating Current.

Holds 1093 patents. Holds 925 Patents. Holds 278 Patents.

Mad geniuses? Scientific pioneers not considering net returns?
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Taxation and Innovation

Thomas A. Edison Melvin De Groote Nikola Tesla
Light bulb. Chocolate ice cream. Alternating Current.

Holds 1093 patents. Holds 925 Patents. Holds 278 Patents.

Or were these inventors affected by taxes?
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Taxation and Innovation

Thomas A. Edison Melvin De Groote Nikola Tesla
Light bulb. Chocolate ice cream. Alternating Current.

Holds 1093 patents. Holds 925 Patents. Holds 278 Patents.

Personal taxes? Corporate taxes?
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Taxation and Innovation

Thomas A. Edison Melvin De Groote Nikola Tesla
Light bulb. Chocolate ice cream. Alternating Current.

Holds 1093 patents. Holds 925 Patents. Holds 278 Patents.

Response margins? Patents produced? Quality of patents produced? Loca-
tion choice? What firms they work for? Where they open research labs?
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A Large-Scale Historical Project

How do taxes affect innovation?

Challenging question, to a large extent unanswered.

We leverage three newly constructed datasets for the U.S.:
i) Panel of the universe of U.S. inventors since 1920 and their patents.

ii) Panel of all R&D labs (employment, location, patents) since 1921.
iii) Historical state-level corporate tax database.

Study systematically the effects of personal and corporate income
taxes since 1920 on:

i) Individual inventors (micro level).
ii) Firms that do R&D (micro level).

iii) Innovation in states (macro level).

Sheds light on taxation more generally (entrepreneurship, mobility,
labor supply..)
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R&D Labs Data

Compiled from National Research Council (NRC) Surveys of Industrial
Research Laboratories of the United States (IRLUS)

The NRC sent firms questionnaires – the IRLUS volumes contain the
firm-level summary data responses.

I Data were hand entered from the 1921, 1927, 1931, 1933, 1938, 1940,
1946, 1950, 1956, 1960, 1965 and 1970 editions of IRLUS
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Sample NRC Survey of IRLUS: Polaroid
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How can we measure innovation?

At the macro state-level:

Number of inventors

Number of patents

Number of citations

Share of corporate patents.

At the individual inventor and firm level:

Do you patent at all? How many patents over the next years?

How many citations? Home-run patent?

Where do you locate?

How many researchers do you hire (firms)?

Do you work in corporate sector (inventors)?
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Why should we worry about both personal and corporate taxes?
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Barebones Conceptual Framework: Taxes and Innovation

Innovation quantity/quality require inputs: effort/labor & material
resources.

Inventors’ & firms’ response margins i) Inputs (intensive and extensive
margin) ii) Occupational choice: employee or not?; iii) Tax base:
incorporate, sell innovation? iv) Location; v) Research employment.

Corporate & personal taxes can affect firms & inventors: surplus sharing
rule, tax base choice.

Tax elasticities depend on behavioral & technological elasticities, empirical
question, 6= for quality vs. quantity; Newton under the tree?

Corporate vs non-corporate inventors: different exposures to taxes, motives
for innovation.

At macro level: extra cross-state spillovers and business stealing.

Dynamic effects: Lag to innovation? Forward-looking behavior.
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Geography of innovation. Inventors per 10,000: 1920
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Geography of innovation. Inventors per 10,000: 1920-1930
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Geography of innovation. Inventors per 10,000: 1930-1940
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Geography of innovation. Inventors per 10,000: 1940-1950
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Geography of innovation. Inventors per 10,000: 1950-1960
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Geography of innovation. Inventors per 10,000: 1960-1970
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Geography of innovation. Inventors per 10,000: 1970-1980

9 23



Geography of innovation. Inventors per 10,000: 1980-1990
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Geography of innovation. Inventors per 10,000: 1990-2000 Pat.
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Location of R&D Labs - 1921

11 23



Location of R&D Labs - 1927
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Location of R&D Labs - 1931

11 23



Location of R&D Labs - 1933
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Location of R&D Labs - 1938
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Location of R&D Labs - 1940

11 23



Location of R&D Labs - 1946
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Location of R&D Labs - 1950
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Location of R&D Labs - 1956
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Location of R&D Labs - 1960
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Location of R&D Labs - 1965
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Location of R&D Labs - 1970
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Empirical Strategies and Identification

Innovation Outcome = β1 × Income tax + β2 ×Corporate tax + Controls.

Macro level (state) and micro level (individual inventor and firm).

Fixed effects: 1) within-state tax changes: state + year FE + inventor
FE + time-varying controls specification.

2) within-state-year tax differences: state × year FE using
different personal income tax brackets within state-year.

IV strategy: at macro and micro levels: exploit only federal level tax
changes in personal and corporate income taxes.

Border Counties strategy: Neighboring counties in different states.

Event Studies and Case Studies: Episodes with sharp tax changes.
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States Have Changed their Tax Rates a Lot over Time
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States Have Changed their Tax Rates a Lot over Time

Distribution of Effective Tax
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Main Results

Personal income and corporate income taxes– negatively influence:
1 Quantity of innovation,

2 Quality of innovation,

3 Location of innovation.

At the macro level, cross-state spillovers and business-stealing are
important, but not the full story.

Corporate inventors more reactive to personal, but especially to
corporate taxes (to net returns in general?).

Could be differential exposure or different motives.

Agglomeration appears to matter: inventors are less sensitive to
taxation where there is already more innovation in their own field.
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2. International effects of Top Income Taxation since 1975.
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Taxes and International Migration: Anecdotes but Little
Evidence

Is the “brain drain” in response to taxes real? Lots of anecdotes:

I NYT, 2013: ‘The Myth of the Rich Who Flee From Taxes”

I Forbes, 2 days later: “Sorry New York Times, Tax Flight of the Rich Is
Not a Myth.”

I Famous people migrating for tax reasons? Rolling Stones to France (!),
David Bowie to Switzerland, Rod Stewart to California, Sting to Ireland,
Gerard Depardieu’s Russian citizenship, Edoardo Saverin (facebook
co-founder) to Singapore, ...

Scarcity of rigorous evidence due to a lack of international panel data.

I Exceptions: Kleven, Landais and Saez (2013) on football players.

This paper: study the effect of taxes on the international mobility of
inventors.

6 44



Study the Effects of Taxes on Migration using Patent Data

Use a unique international panel data to overcome challenges:
I Patent data from the USPTO and EPO, 1977-2000.

I Track inventors in 8 big patenting countries: CA, CH, DE, FR, IT, JP,
UK, US through residential addresses.

Study effects of top tax rates on “superstar” inventors’ locations.

Patent data gives direct measures of inventor quality.

Detailed controls for counterfactual earnings in each potential location.

Three levels of analysis:
1 Macro country-year level migration flows (country-by-year variation).

2 Country case studies (quasi-experimental variation from reforms).

3 Micro inventor level location choice model
(differential impact of top MTR within country-year.
Inventor quality → ↑ propensity to be treated).
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Preview of Findings

Superstar top 1% inventors’ location choice significantly affected by top
tax rates.

If have worked for multinationals more sensitive to tax differentials.

If company has localized research activity, less sensitive.

9 44



Link between Inventor Quality and Income in IRS data

cita%ons)

Income)($))

Source: Bell et al. (2015).
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Link between Inventor Quality and Income in IRS data
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Case Study: U.S. TRA 1986
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Case Study: U.S. TRA 1986

Elasticity= 3.42 (0.654)
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Case Study: U.S. TRA 1986
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Case Study: Denmark’s 1992 Preferential Tax Reform

Elasticity= 0.71 (0.242)
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Taking Stock: So.. should we slash taxes?

This is just one part of the (literal) equation – namely part of the
efficiency cost.

τ∗ =
1−

Social
preferences

ḡ +

Externalities

C
1− ḡ + e

Efficiency
effects

The desired level of taxes crucially depends on your “social
preferences” and wish for redistribution.
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3. Designing Corporate Tax and R&D Policies
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Motivation I: Widespread and Diverse R&D Policies
“The need to foster greater innovation and productivity growth is one of the
most important economic challenges we face, and tax policy is one of several
important levers that policymakers can use”, J. Furman, former chairman of
CEA
Businesses spend a lot of resources on R&D... and the government
already intervenes heavily.
Large variety of policies target innovation and R&D

Tax credits, deductions, grants, contracts, direct funding in FFRDCs,
Universities, Firms, small business, start-ups..
Large variety of policies across countries as well.

R&D policies are widespread, not fully understood, & very costly:
I “Intramural” R&D cost $35 billion (2014).
I “Extramural” R&D: tax credit $11 bil in 2012, contracting with non

FFRDCs 50,6 billion, NSF-NIH $40 billion (econ grant: 0.0025%)
2 39



Share of Government Funding in Business R&D

Is the amount spent by government correlated with better productivity?
3 39



Motivation II: Private Information is an Important Constraint
Take young firms at start of their lifecycle. How much of the variationin subsequent innovation quantity & quality can we explain based onobservables?

I Observables: age, assets, past investments, sales, state FE, year FE,
sector FE (+ all interactions), and even past innovations:

I R2 not above 0.3, improves with age (as info revealed).
I Conditional on these observables, many “outlier” firms.

Two ways of possibly addressing asymmetric info problem:
I Direct screening: what the NSF and VCs try to do. Done by the

government with public procurement. Hard to do and very costly on a
large scale.

I Indirect screening: Design a menu of options (implemented by taxes
and subsidies), let firms self-select! “Easy” to decentralize and scalable.

4 39



What are Key Ingredients to consider?

Firms have different productivities that evolve over time, somewhat
unpredictably.

Productivity: efficiency of converting R&D inputs into innovation
output.

Some inputs are observable (R&D Investments) and can be
subsidized; others are unobservable (R&D effort).

Uncertainty about R&D returns at the time investments are made.

Spillovers between firms: one firm’s innovations affect other firms
(+ society).

Innovation not appropriable unless IPR.

Firm productivity is private information.

What should the government/regulator do? How can it pick
winners and not subsidize losers?

18 23



How to Approach this Question?

1) “Mechanism design approach:” what is the best we can do under
this info constraint?

2) Quantitative Investigation using Patent data + Longitudinal
Business Database (LBD) data.

Can see the observable inputs to innovation and outputs (patents &
citations).

3) Can now simulate effects of any policies. What simpler policy
reforms can help?
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Profit and R&D wedges

(a) Profit wedge (b) R&D wedges
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Profit and R&D wedges and Firm Age

(c) Profit wedge (d) R&D wedges
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Approximating the Optimal Policies
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Main Findings

Relative to current policies, a lot can be gained by better “targeting”
and screening of R&D subsidies/credits to firms.

Key parameters and trade-off: How complementary are the
(observable) subsidized R&D investments to firm productivity vs. to
the (unobservable) not-subsidized inputs.

If very complementary to firm productivity, very costly to subsidize as
good firms extract very high rents (paid for by general tax $!)

Reforms that can save a lot of revenues while still fostering
innovation:

Condition corporate tax and R&D subsidies for innovative firms on i)
age; ii) size (profits, captures past performance); iii) current
investment level.
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