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Innovation and Economic Growth
Quotes from Jason Furman, former chair of the CEA:

TFP growth is the main driver of economic growth

Increases in TFP accounted for over half of the growth in productivity
between 1948 and 2014.

This is why it is so important to have public policies that are focused
not just on increasing business investment and worker skills, but also
on more fundamental innovation, as measured by TFP, which is
essential if we want to see faster growth in middle class incomes.

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.

Source: Jason Furman speech on innovation policy https://obamawhitehouse.archives.gov/

sites/default/files/docs/20160311_innovation_and_tax_policy_itpf.pdf
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Evolution of R&D spending

Source: Chad Jones (2016). Note that President Obama’s budget proposed a 4% increase in
overall R&D funding with focus on investment in basic science, advanced manufacturing,
cybersecurity, energy efficiency, and medical science

Future of Fiscal Policy (Econ 593i) Innovation Policy Week 5 5 / 140



Overview of innovation policy

Government policies that affect innovation include:

The patent system

Tax policy (R&E credits, patent boxes, etc)

Immigration: H1-B visas

Education and antitrust policy (skip for time)
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Rationale for government intervention
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Rationale for government intervention

Key question: do competitive markets provide less innovation than is
socially desirable?

Yes if ideas are non-rival and can also be non-excludable, may be
under-provided by private market

Non-rival: Non-rivalry implies that the use of an idea by one
individual does not limit its simultaneous use by other individuals.

Units of labor are rival, in the sense that one unit of labor cannot be
used simultaneously by more than one firm, but ideas are non-rival in
the sense that the use of an idea by one firm does not preclude its
simultaneous use by other firms

Non-excludable: Ideas can also be non-excludable in the sense that it
may be difficult to block individuals from using ideas once they exist.

This would be the case if, for example, imitators could easily copy or
reverse engineer a new technology once it is developed and marketed.

Source: Heidi Williams
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Designing innovation policy

Key policy design questions:

How to structure incentives: patents, public R&D subsidies (NIH,
NSF), tax policy, patent boxes, etc?

Effects on the rate and direction of R&D: which types of innovation
are subsidized (from, e.g., 20 year long patent protection)?

Under -or -over investment relative to social optimum?

If producers cannot perfectly price discriminate, some of what could be
producer surplus will shift to be consumer surplus
Knowledge spillovers: if appropriability is imperfect – in the sense that
innovators cannot capture all of the social returns to the knowledge
generated by their R&D investments – other firms will benefit from new
ideas in a way that the original innovator won?t be compensated for

Source: Heidi Williams
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The patent system
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Patents: a brief primer
Patents are a monopoly right to produce

In the US, inventors wishing to obtain a patent submit an application to
the US Patent and Trademark Office (USPTO)

Two parts of patent applications

the “specification” is a written description of the invention which
includes references to so-called “prior art,” which are citations to
previously filed patent applications, previously granted patents, prior
scientific publications, and other sources which are known to the
inventor and relevant to the patentability of the invention.
the “claims” of the patent are a specific list of what the applicant
wishes to claim intellectual property over.

Source: Heidi Williams
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Obtaining a US patent (crash course)

Source: Kline, Petkova, Williams, Zidar (2017)
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Obtaining a US patent (crash course)

Source: Kline, Petkova, Williams, Zidar (2017)

Future of Fiscal Policy (Econ 593i) Innovation Policy Week 5 16 / 140



Patent system structure

Once granted, in order to keep a patent in force the owner must pay
maintenance fees.

For the USPTO, these fees are currently due at 3.5 years ($1,600), 7.5
years ($3,600), and 11.5 years ($7,400).
Pakes (1986) and Schankerman and Pakes (1986) pioneered the idea of
using renewal fees to provide lower-bound estimates on the private
value of granted patents.

Two key aspects of how patents can affect innovation incentives:

Patent length The US patent term length is currently 20 years from
the filing date of the patent
Patent breadth From a theoretical perspective, the economic meaning
of patent breadth is clear: how different must rival products be in order
to be deemed non-infringing on a given patented product? But from an
empirical perspective, measuring the breadth of patent applications or
granted patents is quite challenging

Source: Heidi Williams
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Tax policy: R&E credits
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Background

Goal: encourage businesses in the US to invest in Research and
Experimentation (R&E)

One of the largest business tax expenditures

Estimated tax expenditure is $148.0B for FY2017-2026

R&E credit generally not allowed to offset alternative minimum tax
(AMT) liability

Credit amounts not claimed on the current-year tax return receive a
one-year carryback or a carryforward of up to 20 years
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Calculating Qualified Research Expenditures (QREs)

R&E credit is only awarded on qualified research expenses (QREs)

QREs are expenses incurred in research undertaken to discover
knowledge that is technological in nature for a new or improved
business purpose

QRE include in-house research and contract research expenses

In-house expenses include wages and salaries (69% of spending),
supplies (15%), and computer leasing expenses

Contract research expenses make up ≈ 16% of QREs
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Calculating the R&E Credit Amount

Credit amount x in t equals the applicable credit rate τ times QREs
above a base amount (b)

xt = τ × (QREt − b)

Taxpayer can calculate R&E credit amount in two different ways

1 Traditional calculation

2 Alternative Simplified Credit (ASC)

τ and b depend on the type of calculation
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1. Traditional calculation

Used by 49% of taxpayers (31% of QRE)

τ = 20%

Base amount is the greater of

50% of current QREs

“Fixed base percentage” times the average of the taxpayer’s gross
receipts for 4 preceding years

Fixed base percentage: ratio of research expenses to gross receipts for
the 1984-1988 period

Note base amount b cannot be less than 50% of QRE for the taxable
year (i.e., must have b ≥ .5QREt)
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2. Alternative Simplified Credit (ASC)

Used by 51% of taxpayers (69% of QRE)

τ = 14%

Base amount is 50% of the average QRE for 3 preceding taxable years

τ = 6% if a taxpayer has no QRE in any of the three preceding
taxable years
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Sample Traditional Calculation for 10% Increase in QRE
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Legislative history from Rao (JPubE, 2016)
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Immigration policy: H1-B visas
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H-1B Work Visa

Largest U.S. high-skilled immigration program

U.S. firms can sponsor temporary migration of foreign workers for up
to 3 years with potential for renewal for additional 3 years

H-1B is a “non-immigrant” visa because of its temporary nature

Firms must submit an H-1B visa application for each H-1B worker
they wish to hire. The firm must ensure:

No qualified and willing Americans are available to fill the position

H-1B nonimmigrants will be paid at least the actual wage level paid by
the employer to all other individuals with similar experience and
qualifications for the specific employment in question

Employment of H-1B visa holders does not adversely affect working
conditions of other similar workers
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Receiving an H-1B Visa

H-1Bs are granted in two ways:

1 H-1B Visa Lottery:

Every April, 20,000 advanced degree petitions and 65,000 regular
petitions are selected to meet the regular H-1B cap

6,800 spots are reserved for citizens of Singapore and Chile

2 Cap exempt petitions are processed separately and are not bound by
H-1B petition cap. Petitions are cap exempt if either:

The nonimmigrant is cap exempt: must have earned a masters degree
from an institution that is accredited by a nationally recognized agency
and that is public or non-profit in nature)

The employer is a cap exempt institution (higher education institution,
non-profit organization associated with a higher education institution,
or non-profit research or government organization)
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2016 H-1B Statistics

FY2017-18:

199,000 non-cap exempt petitions (non-advanced degree petitioners
had 36% chance of selection)

336,107 total petitions

197,129 total H-1B holders

FY2016-17: 236,000 non-cap exempt petitions (30% chance fo
selection)

Source: United States Citizen and Immigration Services (USCIS)
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2016 H-1B Statistics
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2016 H-1B Statistics
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A few key ideas

Static versus dynamic efficiency and equity considerations

What monopoly profits incentivize

Creative destruction and the dynamics of markets

Innovation incentives v. ex-post distortion trade-off

Relationship between IP and criminal justice
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Source: Finkelstein (QJE, 2004)
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Source: Finkelstein (QJE, 2004)

Future of Fiscal Policy (Econ 593i) Innovation Policy Week 5 35 / 140



Monopoly as an incentive

Monopoly rents/profits encourage pursuit of monopoly

Some may be left as rent, but substantial elasticity

If large, we should see monopoly more as price than rent

What it gives price to depends on how monopoly obtained

Activity could be pure waste/rent-seeking (makes monopoly worse b/c
profits are DWL too)

Could be the creation of new market. Then monopolist only captures
profit, not CS. Creating market has positive “entrepreneurial”
externality (makes monopoly better than standard static analysis)

Source: Glen Weyl
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The profit rectangle often bigger than the DWL triangle

Source: Glen Weyl
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Schumpeter’s “creative destruction”

Source: Glen Weyl
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An analogy may be useful to show importance of dynamics

Much crime is beneficial from a static perspective

Most (property) criminal activity redistributive

Much entails little efficiency loss direct, just redistribution

Most efficiency loss comes from attempts to prevent

Redistribution good because of declining marginal utility

From static perspective, crime should be legal!

Whenever an absurd conclusion, examine premises. (What are
long-term/dynamic effects of crime?)

Source: Glen Weyl
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Why dynamics are important in crime and monopoly

Source: Glen Weyl
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A simplified Beckerian theory of crime

Source: Glen Weyl
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Optimal punishment

Source: Glen Weyl
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Relationship of punishment theory to IP

Source: Glen Weyl
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The fundamental IP trade-off

Source: Glen Weyl
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The supply and demand for innovation

Source: Glen Weyl
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Optimal innovation policy

Source: Glen Weyl
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Optimal innovation policy

Source: Glen Weyl
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Policy implications: Supreme Court patenting restrictions

Case for patent reform: length and breadth of patents should reflect
patent effectiveness are patents in inducing subsequent innovation

US Supreme Court decisions based on assumption that patents hinder
follow-on innovation have impacted patent system:

1 Support of a “high enough bar” on patenting abstract ideas (Bilski v.
Kappos)

2 Concerns that patent law may “improperly [tie] up the future of laws of
nature” (Mayo Collaborative Services v. Prometheus Laboratories, Inc.,
Association for Molecular Pathology v. Myriad Genetics, Inc. and Alice
Corp v. CLS Bank International)

These US Supreme Court decisions have reduced patent protection in
several economically important sectors of the economy, and they were
all based on an assumption economists have not fully explored
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Elasticity of innovation with respect to
profits
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Overview of Budish, Rai and Williams (AER, 2015)

Observation: although the incentives provided by the patent system
are uniform in theory, in practice the patent system can provide
remarkably uneven protection across different classes of potential
inventions
This paper identifies a distortion of private research investments away
from certain types of research projects

Fact: most new cancer treatments are approved for use among
patients with relatively advanced forms of late-stage cancer, as
opposed to patients with early-stage cancer or medicines to prevent
cancer
Hypothesis: private firms may invest more in late-stage cancer
treatments - and “too little” in early-stage cancer treatments or
cancer prevention drugs - because late-stage cancer drugs can be
brought to market comparatively quickly, whereas drugs to treat
early-stage cancer or to prevent cancer require a much longer time to
bring to market

Source: Heidi Williams (2017).
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Variation in commercialization lags/ effective patent length

Prior to selling their inventions to consumers, firms developing new pharma drugs must
complete US Food and Drug Administration (FDA)-required clinical trials documenting
evidence that their drugs are safe and effective

Effective means improving patient survival rates relative to a placebo or relative to
another available drug treatment in a randomized control trial

Standard power calculations suggest that a statistically significant difference in survival
outcomes between the treatment and control groups of a randomized trial can be
observed more quickly in patient populations with a higher mortality rate: one can observe
the relative survival benefits of a new treatment relative to an existing treatment more
quickly if patients die more quickly, whereas such a difference will take longer to observe if
patients have a relatively longer life expectancy

This implies that clinical trials must be longer in duration when evaluating treatments for
early-stage cancer patients relative to treatments for late-stage cancer patients

Source: Heidi Williams (2017).
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R&D investments by five-year survival rates

Future of Fiscal Policy (Econ 593i) Innovation Policy Week 5 53 / 140



R&D investments by five-year survival rates

Panel A plots two measures of clinical trial activity for each stage of
cancer against five-year survival rate among patients diagnosed with
each stage

LHS axis: number of clinical trials enrolling patients of each stage

RHS axis: number of clinical trials enrolling patients of each stage
divided by number of life-years lost LYL for stage j :

LYLj =

(
LEt − S

nj

)
N

t: year of diagnosis
LEt : age-gender-year specific life expectancy (absent cancer) in t
S : observed survival time in years
nj : number of patients diagnosed with stage j between 1973-1983
N: market size
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R&D investments by five-year survival rates

Panel A shows that on average

Metastatic cancer patients

Five-year survival rate ≈ 10%
Nearly 12,000 clinical trials in the data

Localized cancer patients

Five-year survival rate ≈ 70%
Nearly 6,000 clinical trials in the data
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R&D investments by stage
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R&D investments by stage

Panel B plots the number of clinical trials for

Localized, regional, and metastatic cancers

Preventive technologies

In situ and recurrent cancers (advanced, very poor survival prospects)

Panel B, like Panel A, shows a negative correlation between
commercialization lags and R&D investments:

Contrast recurrent cancers and cancer prevention: fewer than 500
trials in the data aim to prevent cancer, whereas recurrent cancers
have more than 17,000 trials
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Inference challenges

Correlation between survival rates and clinical trials may not be causal

If patient demand or scientific opportunities are relatively lower for
early-stage cancers, then a policy that shortened commercialization
lags may have no effect on R&D investments

Even if this fact did reflect a causal effect of commercialization lags
on R&D investments, on its own this fact need not be evidence of a
distortion because the social planner is also more likely to pursue
research projects that can be completed more quickly

Source: Heidi Williams (2017).
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Addressing Inference challenges

They document that shortening commercialization lags increases
R&D investments

Some types of cancers are allowed to use surrogate endpoints
(non-mortality endpoints), which break the link between patient
survival times and clinical trial lengths. Perhaps the most clearly
established non-mortality related endpoint is ?complete response? for
leukemias, which is measured based on blood cell counts and related
bone marrow measures

They contrast public and private research investments.

Commercialization lag-R&D correlation is quantitatively and
statistically significantly more negative for privately financed R&D than
for publicly financed R&D

Source: Heidi Williams (2017).
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Surrogate endpoints, survival time, and R&D investments,

Source: Heidi Williams (2017).

Future of Fiscal Policy (Econ 593i) Innovation Policy Week 5 60 / 140



Costs of IP protection
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Overview

Nordhaus-style models of optimal patent policy design have
traditionally modeled innovations as isolated discoveries, and predict
an unambiguously positive relationship between patent strength and
the rate of innovation

However, in practice most innovations are cumulative in the sense
that any given discovery is also an input into later follow-on
discoveries. In such markets, the overall effectiveness of intellectual
property rights in spurring innovation also depends on how patents on
existing technologies affect follow-on innovation
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Williams (2013)

Does IP discourage follow on innovation?

This paper analyzes how one non-patent form of intellectual property
on the human genome affected follow on innovation

Looks at which human genes were covered by Celera’s IP and then
tries to measure follow on innovation relative to human genes that
were always in the public domain (by nature of having first been
sequenced by the human genome project)
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Inference challenges

What is the counterfactual for what follow-on innovation on Celera genes
would have been if they had always been in the public domain?

Start by documenting simplest possible comparison: follow on
innovation for Celera genes relative to non-Celera genes that were
sequenced in the same year
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Innovation outcomes for Celera and non-Celera genes
sequenced in 2001

Source: Heidi Williams (2013).
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Inference challenges: selection

This simple cross-tabulation is that it could reflect either a negative effect
of Celera’s IP on follow-on research, or could reflect that Celera’s genes
had lower inherent potential for follow-on research. Tries to address this
selection concern by:

Restricting attention to within-gene variation in Celera’s intellectual
property and test whether the removal of Celera’s intellectual
property increased follow-on innovation on a given gene

Limiting the sample to Celera genes and test for a link between the
amount of time a gene was held with Celera’s intellectual property
and follow-on innovation

Source: Heidi Williams (2013).
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Flow of follow on innovation
Figure plots the average count of scientific publications linked to each gene by year

The flow of scientific publications on genes show a relative uptick in the
year that they enter the public domain - 2002 for the 2002 cohort, and
2003 for the 2003 cohort

Source: Heidi Williams (2013).The solid black lines plot mean follow-on innovation outcomes for
Celera genes that were resequenced by the Human Genome Project in 2002 (N=1,047), while
the dashed lines plot mean follow-on innovation outcomes for Celera genes that were held with
Celera’s intellectual property for one additional year, by nature of having been resequenced by
the Human Genome Project in 2003 (N=635).
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Stock of follow on innovation
Figure plots mean of an indicator variable for whether genes had any conjectured
phenotype relationship by that year

Stock of scientific knowledge also shows a relative uptick in 2002 for the
2002 cohort, but the 2003 cohort shows persistently lower levels of this
knowledge stock variable

Source: Heidi Williams (2013).The solid black lines plot mean follow-on innovation outcomes for
Celera genes that were resequenced by the Human Genome Project in 2002 (N=1,047), while
the dashed lines plot mean follow-on innovation outcomes for Celera genes that were held with
Celera’s intellectual property for one additional year, by nature of having been resequenced by
the Human Genome Project in 2003 (N=635).
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Takeaways

These two papers attempt to estimate two relevant parameters: the
extent to which patents provide incentives for the development of new
technologies (Budish, Roin and Williams, 2015), and the extent to
which IP on existing technologies hinder subsequent innovation
(Williams, 2013)

The more effective patents are in inducing research investments, the
stronger the case for longer or broader patents

The larger the costs of IP in terms of hindering subsequent
innovation, the weaker is this case
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Who benefits from IP protection?
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Who profits from patents? Rent-sharing at innovative firms
Investigate how winning a patent grant affects firm performance and worker compensation

Kline Petkova Williams Zidar (2017):

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Who profits from patents? Rent-sharing at innovative firms

Source: Kline Petkova Williams Zidar (2017).
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Mobility and origins of innovators
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Where do innovators come from?

Mobility of innovators

Origins of innovators
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Innovation and inventors during the rise of American
ingenuity

Using a new dataset that matches 19th and 20th century patent
records with census data, Akcigit, Grigsby, Nicholas (2017) attempts
to shed some light on the ‘golden age’ of US innovation.

Population density and financial development are found to be
important determinants of state innovativeness, while education
appears to be the critical input at the individual level

Source: Ufuk Akcigit, John Grigsby, Tom Nicholas (2017).
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Source: Ufuk Akcigit, John Grigsby, Tom Nicholas (2017).
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Who becomes an Inventor?
Bell Chetty Jaravel Petkova Van Reenen (2017)

First, rates of innovation vary substantially by parent income, race,
and gender. Differences in ability account for relatively little of these
gaps and inventors from under-represented groups do not have higher
quality patents on average, contrary to existing models of selection
into innovation.
Second, exposure to innovation during childhood plays a critical role
in determining children’s propensities to innovate. Growing up in an
area or in a family with a high innovation rate in a particular
technology class leads to a higher probability of patenting in exactly
that technology class.
Third, the private returns to innovation are highly skewed and are
typically earned many years after career choices are made.
Using a simple model that matches these facts, we show that
providing children from under-represented backgrounds greater
exposure to innovation have more potential to increase innovation
rates than increasing the private returns to innovation.
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Who becomes an Inventor?

Source: Bell Chetty Jaravel Petkova Van Reenen (2017).
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Source: Bell Chetty Jaravel Petkova Van Reenen (2017).
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Overview of Moretti and Wilson (2017)

Paper: Moretti, Enrico and Daniel J. Wilson (2017). “The Effect of
State Taxes on the Geographical Location of Top Earners: Evidence
from Star Scientists.” American Economic Review, 2017(7):
1858-1903.

Question: How sensitive is internal migration by high- skilled workers
to personal and business tax differentials across US states?

Motivation:

Workers and firms are mobile across state borders, so tax differences
across states and over time can affect the geographical allocation of
highly skilled workers and employers

Effect of state taxes on states’ ability to attract firms and jobs is
prominent in the policy debate

Some states openly compete for workers and businesses
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Focus on the locational outcomes of star scientists

Star scientists

are in the private sector, academia or government

have patent counts in the top 5 percent of the distribution in year t
(defined by year)

Why star scientists?

Studying one group of well educated, highly productive workers with
high income levels can help shed some light on the locational decisions
of other like workers

Locational decisions of star scientists can have large consequences for
local job creation since presence of star scientists is typically associated
with research, production facilities and fostering of new industries
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Data

1 Scientist patent and residence data

Source: COMETS patent database

US patents filed between 1976 and 2010, containing

Inventors on the patent

State of residence of scientist when patent was submitted (patenters
must report their home address on their patent application)

Roughly 260,000 star-scientist-year observations

Data summary:

Star scientists in the sample average 1.5 patents per year

Gross star scientist state-to-state migration rate was 6.5% in 2006

Overall, 6 percent of stars move at least once
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Data

2 Taxes

Source: NBER TAXSIM tax simulator

Personal income:

Individual income average tax rate (ATR) faced by a hypothetical
taxpayer in the top 1% of the national income distribution

ATR takes into account interactions between state and federal tax
rates

Assumption: scientist income is in the top 1% (realistic given how
productive these scientists are)

Business income:

Focus on corporate tax rate

Also study effects of investment tax credit (ITC) and R&D tax credit

Patenting income is not disproportionately taxed by that state, so labor
demand for star scientists in a state is affected by that state’s corporate
tax rate insofar as they are part of the company’s payroll in that state
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Construction of patent dataset

For each scientist observed in two consecutive years, identify their
state of residence in year t (origin state o) and their state of
residence in year t + 1 (destination state d)

Calculate outmigration odds-ratio:

1 For each origin-destination pair of states (51× 51) and year, compute
the number of star scientists moving from o to d

2 Outmigration odds-ratio: probability of a star scientist moving from a
given origin state to a given d relative to the probability of not moving
at all (d = o)

Relate bilateral outmigration to the differential between the
destination and origin state in personal and business taxes in each year
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Model: Scientist location

In each t, scientist i chooses the state that maximizes their utility U

The utility of i who lived in o in t − 1 and moves to state d at t is

Uiodt = α log(1− τdt) + α logwdt + Zd + eiodt − Cod

wdt : wage in state d before taxes

τdt : personal income taxes in d

α: marginal utility of income

Zd captures amenities and costs specific to d

eiodt : time-varying idiosyncratic preferences for location

Cod : utility cost of moving from o to d . Cost of moving is assumed to
be 0 for stayers ( Coo = 0)
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Model: Gains from scientist relocaton

Utility gain from moving from o to d is

Uiodt − Uioot =α[log(1− τdt)− log(1− τot)] + α log

(
wdt

wot

)
+ [Zd − Zo ]− Cod + [eiodt − eioot ]

Individual i only moves to d if Uiodt > max(Uiod ′t)∀d ′ 6= d

The condition above realistically implies that there migration in every
period, even when taxes, wages, and amenities don’t change
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Model: Scientist relocaton following tax shock

Suppose an unexpected change in taxes:

The magnitude of the effect of a tax increase on migration depends
on how many marginal scientists are in that state → depends on the
distribution of the term e

If eiodt ∼ i.i.d. Extreme Value Type I, then

log

(
Podt

Poot

)
=α[log(1− τdt)− log(1− τot)]

+ α log

(
wdt

wot

)
+ [Zd − Zo ]− Cod

Podt/Poot : ratio of scientists who move to the number who stay

This equation represents the labor supply of scientists to state d
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Main specification

In equilibrium, demand and supply of star scientists in d are equal:

log

(
Podt

Poot

)
=η[log(1− τdt)− log(1− τot)]

+ η′[log(1− τ ′dt)− log(1− τ ′ot)]

+ γd + γo + γod + uodt

η = α/(1 + α): effect of personal taxes

η′ = βα/(1 + α): effect of corporate taxes

γd = [α/(1 + α)][Zd + Z ′d ]: state fixed effects, captures amenities in o

γo = [α/(1 + α)][Zo + Z ′o ]: state fixed effects, captures amenities in d

γod = −(Cod + C ′od): state-pair fixed effects, captures the cost of
moving for individuals and firms

uodt : idiosyncratic error term
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Interpreting and augmenting specification

η and η′ are reduced-form coefficients that quantify the effect of
taxes on employment

Empirical model captures the long run (LR) effect of taxes, which are
likely to be larger than the immediate effect due to adjustment costs

Estimates should be interpreted as measuring the effect of taxes on
scientist mobility after allowing for endogenous changes in the supply
of public services

Main specification can also include region-pair by year effects,
state-of-origin by year effects or state-of-destination by year effects
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Elasticity of probability of moving

Average elasticity of probability of moving w.r.t. the net-of-tax rate:

Personal taxes:

e = E

[
d logPodt

d log(1− τot)

]
= η(1− P)

P: weighted average of Podt over all (d , o, t) observations, weighting
each combination by the number of individuals in that observation cell

Corporate taxes:

e ′ = E

[
d logP ′odt

d log(1− τot)

]
= η′(1− P ′)

P ′: weighted average of P ′odt over all (d , o, t) observations, weighting
each combination by the number of firms in that observation cell
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Exploring the timing of migration responses

Want to understand the timing of migration responses to tax changes

Use impulse response function, which focuses on the time-difference

yo,d ,t+h − yo,d ,t−k = βh(τo,d ,t − τo,d ,t−k) + Ft,R(o),R(d) + εo,t,d+h

k: duration of the treatment period, where the treatment is a
net-of-tax rate shock

yo,d,t+h − yo,d,t−k : change in outmigration (log odds-ratio) from before
the treatment (t − k) to h periods after the treatment

Ft,R(o),R(j): year-specific fixed effect for each pair of regions defined by
o’s region and d ’s region

Regression estimated separately for each horizon from h = 0 to 10

Focus on treatment duration of three or five years
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Findings: main model

Increase in net-of-tax rate due to a cut in the personal income ATR or
the corporate tax:

Stock of scientists in the state rises by 0.4 or 0.42% per year for as
long as the increase in the net-of-tax rate differential lasts

Fewer star scientists move out of their current state of residence as
after-tax incomes rise

Asymmetric responses to changes in net-of-tax rate in o relative to d
(might be due to differential level of information on taxes in their state
of residence relative to all other states)

Effects of changes in corporate income taxes concentrated among
private sector inventors, with no effect on academic and government
researchers

Tax incentives have pull effect for individuals and firms

Policy implication: cost of higher state tax rates should be taken into
consideration when deciding whom and how much to tax
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Elasticities of mobility relative to taxes

LR elasticity of mobility relative to taxes is

1.7 for personal income taxes

1.8 for state corporate income

1.6 for the investment tax credit

Cumulative elasticity of scientist stock to the net-of-tax rate is 6.0.

In other words, a permanent 1% increase in the net-of-tax rate for
personal income taking place between year t and t + 5 would lead to
a 6.0% increase in the stock of scientists by the end of year t + 10
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Within-firm effects

Large established firms with a presence in multiple states can adjust
to tax changes by changing the spatial distribution of employees
across establishments in different states

Taxes affect firms’ geographical allocation of scientists:

10% increase in a state’s corporate income net-of-tax rate → increase
in the average firm’s share of star scientists in that state of 0.7pp

Investment tax credits and R&D credits have similar effects, while the
personal ATR has no effect

Implication: within-firm geographical reallocation is an important
channel explaining the overall effect of business taxes on state
employment, although it does not explain the effect of personal taxes
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Effects of R&E credits on innovation
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Overview of Bloom, Griffith and Van Reenen (2001)

Paper: Bloom, Nick and Rachel Griffith and John Van Reenen. “Do
R&D tax credits work? Evidence from a panel of countries
1979-1997.” Journal of Public Economics, Vol. 82 (2001): 1-31.

Question: What is the impact of R&D tax credits on total level of
R&D investment?

Motivation:

Macro and microeconomic models of growth and production emphasize
importance of technological progress

R&D incentives are often very costly to tax payers

Some economists believe R&D is not very post-tax price elastic
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Data

Panel dataset of OECD countries, 1979-1997: Australia, Canada,
France, Germany, Italy, Japan, Spain, UK and US

Tax data: PwC “Doing Business in...” guides

R&D data: OECD ANBERD database

Data reported at the country level on the basis of the location at which
the R&D was undertaken

Location of R&D can be matched more closely to the tax regime under
which it falls

Data reports R&D which is conducted by the business sector separately
from government- and university-conducted R&D

Further disaggregate R&D data, which contains info on source of
finance. Interested in own-funded (rdit ) and gov-funded (rgit )

Focus on the manufacturing sector because easier to measure R&D
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Findings

Effect of a 10% fall in the of cost of R&D on level of R&D:

Short run: just over a 1% rise in the level of R&D

Long run: approximately a 10% rise in R&D investment

Fiscal provisions matter: Differences in tax systems induce variation
in the user cost of R&D within and across countries

Tax changes significantly effect the level of R&D even after
controlling for demand, country-specific fixed effects and world
macro-economic shocks

The impact elasticity is not huge, but over the long-run may be more
substantial (about unity in absolute magnitude)
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Overview of Rao (2016)

Paper: Rao, Nirupama. “Do Tax Credits Stimulate R&D Spending?
The effect of the R&D tax credit in its first decade.” Journal of
Public Economics 140 (2016): 1-12

Question: What is the impact of US federal R&D tax credits on
research intensity, for both qualified and overall R&D spending?

Findings:

Wages and supplies account for bulk of short run increase in R&D
spending

Firms respond to user cost changes largely by increasing their qualified
spending ⇒ the type of R&D deemed qualified is an important margin
on which the credit affects firm behavior

Firms respond to tax subsidies for R&D by increasing qualified
spending much more than R&D spending overall
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Do Fiscal Incentives Increase Innovation? An RD Design
for R&D

Source: Dechezleprtre, Antoine, Elias Einio, Ralf Martin, Kieu-Trang Nguyen, and John Van
Reenen (2016).
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Do Fiscal Incentives Increase Innovation? An RD Design
for R&D

Source: Dechezleprtre, Antoine, Elias Einio, Ralf Martin, Kieu-Trang Nguyen, and John Van
Reenen (2016).
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Do Fiscal Incentives Increase Innovation? An RD Design

Source: Dechezleprtre, Antoine, Elias Einio, Ralf Martin, Kieu-Trang Nguyen, and John Van
Reenen (2016).
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Do Fiscal Incentives Increase Innovation? An RD Design
for R&D

Source: Dechezleprtre, Antoine, Elias Einio, Ralf Martin, Kieu-Trang Nguyen, and John Van
Reenen (2016).
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Do Fiscal Incentives Increase Innovation? An RD Design
for R&D

Source: Dechezleprtre, Antoine, Elias Einio, Ralf Martin, Kieu-Trang Nguyen, and John Van
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Appendix
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Overview of Kremer and Snyder (2015)

Question: Why do pharmaceutical firms prefer to invest in drugs to
treat diseases rather than vaccines?

Motivation:

Neoclassical perspective undermines view that drugs are more lucrative
than vaccines because they can generate a stream of revenue from the
consumer rather than just a single payment

A consumer should be willing to pay a lump sum for the vaccine equal
to the present discounted value of the stream of benefits provided

Kremer and Snyder (2015): shape of demand curve for a drug is more
conducive to extracting revenue than for a vaccine due to different
availability of risk information in drug and vaccine markets
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Example: Setup

Consider a population of 100 risk neutral and fully rational consumers

90 have a low disease risk of 10%
Remaining 10 have a high risk (100% for simplicity)

Disease generates harm equal to the loss of $100

Assume pharmaceuticals of either form are costless to produce and
administer and are perfectly effective

Suppose vaccine and drug producer is a profit-maximizing monopolist

The example could be modified to create a social distortion (e.g.,
higher R&D cost for the drug or lower drug efficacy
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Example: Vaccine problem

Firm has the choice of a broad or narrow strategy:

1 Broad strategy: serve the whole market at price pB

Firm can charge at most the low-risk consumers willingness to pay

pB equals the expected avoided harm of $10 (the 10% chance times
$100 harm)

Revenue equals $10 → total profit of $1,000

2 Narrow strategy: just targeting high-risk consumers at price pN

Charge high risk consumers the expected value of loss, so pN = $100

Producer surplus from this strategy is also $1,000

Producer surplus is the same ⇒ firm is indifferent between the two pricing
strategies in the vaccine market
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Example: Drug problem

19 consumers expected to contract the disease (9 low, 10 high-risk)

Each of those 19 consumers is willing to pay $100 to avoid harm

Total expected producer surplus of $1,900 → only drugs are produced

Pharma company will continue to only produce drugs as long as

Drug R&D cost is as most $900 higher than the vaccine R&D cost

Drug efficacy is at least 53% as effective as the vaccine

Monopolist switching to developing the vaccine yields deadweight loss
amounting to nearly half of the total disease burden

If all 100 consumers had the same 19% chance of contracting the
disease, vaccine and drug revenue would be the same
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Distribution of disease risk and Demand for vaccine

Disease risk follows a Zipf distribution (special case of power law)

Power law: values and probabilities scale in exact inverse proportion

⇒ vaccine monopolist earns same revenue regardless of price charged

Drug is sold after consumers learn their disease status, when
consumer values are the same and no longer have a Zipf distribution

If the Zipf distribution involves a continuum of types:

Drug revenue ∝ area under the curve (equal to disease prevalence)

Vaccine revenue ∝ area of rectangle inscribed underneath, which
minimizes the ratio of vaccine to drug revenue

Kremer and Snyder (2015): revenue ration depends on much the
distribution resembles a Zipf curve (greater resemblance → greater
drug bias)
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Zipf distributions of disease risks across prevalence rates
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