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Slowdown in U.S. Productivity Growth

Note: Business-sector total factor productivity (TFP) is utilization-adjusted (Fernald 2012)



Slowdown in U.S. Productivity: Contribution of Public Investment?

Note: Business-sector total factor productivity (TFP) is utilization-adjusted (Fernald 2012)



Influence of Government R&D on U.S. Productivity Growth?

Contribution:

We estimate the causal effects of government-funded R&D on business-sector TFP,
exploiting a new source of exogenous variation in federal R&D appropriations

Medium-run local projections and structural estimation of elasticities, rates of return

Punchline:

Nondefense R&D appropriations shocks boost productivity, innovative activity

Government R&D capital can account for „20-25% of postwar U.S. TFP growth

Economic returns to government nondefense R&D are „140-210%

Context for magnitude of results:

Dyèvre (2024): Public R&D Ó accounts for „33% of TFP slowdown over 1950-2017

Jones and Summers (2022): Social returns to total U.S. R&D expenditure of „67%
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Is Government-funded R&D Special?

Theory: private sector under-invests in basic research because of knowledge
externalities, limited returns R&D Types

Nelson (1959), Akcigit, Hanley, and Serrano-Velarde (2021)

Data: government invests more in basic research, less on development than firms

R&D policy aims to advance policy objectives, not profitability Government R&D/GDP

Micro evidence: lots on specific government R&D programs boosting patents etc

Defense: Moretti, Steinwender, and Van Reenen (2021); Energy: Myers and Lanahan (2022);
NIH: Li, Azoulay, and Sampat (2017); Azoulay, Graff Zivin, Li, and Sampat (2019); NASA:
Kantor and Whalley (2024); Total: Akcigit, Hanley, Serrano-Velarde (2021); Dyèvre (2024)

Macro evidence: little on aggregate social returns to government-funded R&D

Bloom, Schankerman, and Van Reenen (2013); Jones and Summers (2020)

De Lipsis, Deleidi, Mazzucato, and Agnolucci (2023), Antolin-Diaz and Surico (2025)
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Policy Context and Policy Analysis

Source: Center on Budget and Policy Priorities (2025)

We hope our estimates are useful, timely inputs for policy analysis:

Gonzalez Garcia, Montecino, and Ramaswamy (2025)

Congressional Budget Office (2025)

https://www.cbpp.org/research/federal-budget/administrations-proposed-cuts-to-non-defense-rd-pose-long-term-risk-to
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“A Narrative Analysis of Federal Appropriations
for Research and Development”



Narrative Analysis of Federal Appropriations for R&D

New companion paper develops instrumental variables for federal R&D funding

Ex ante, R&D policy endogeneity could be a threat, e.g., oil crises of 1970s

Ex post, it doesn’t matter much, i.e., R&D policy is rarely cyclically motivated

We analyze R&D appropriations for 5 major agencies („87-93% of total):

Department of Defense (DOD): FY1947-2019

Department of Energy* (DOE): FY1947-2019

National Institutes of Health (NIH): FY1947-2019

National Science Foundation (NSF): FY1952-2019

National Aeronautics and Space Administration (NASA): FY1957-2019

*Also the Atomic Energy Commission, Energy Research and Development Administration
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Federal R&D Outlays by Agency



Identifying “Exogenous” R&D Appropriations Shocks

We proceed as follows:

1. Build a dataset of all enacted appropriations for all R&D budget accounts, for
each agency, each fiscal year, from U.S. Budget appendices

2. Identify “significant” policy shocks from annual changes in real appropriations
(at least +5% or -2.5%) for each agency

3. Analyze budgetary, economic context, legislative intent for each significant
annual change in R&D appropriations

4. Classify each R&D appropriations shock as either exogenous or endogenous

5. Quantify and date each policy change (annual change in real dollars)

We analyze 257 appropriations changes by agency, fiscal year

Data Sources
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Identifying Variation in Federal R&D Appropriations
Wars and other national security concerns

Korean War, Sputnik 1, ICBM race, Vietnam War, Soviet invasion of Afghanistan, Cold War “peace
dividend,” 9/11, Global War on Terror, nuclear arms proliferation

Arms control treaties

Anti-ballistic missle (ABM) treaty, NPT, SALT I, START I/II, INF

Other geopolitical events, multinational initiatives

Atoms for Peace, space race/moon landing, OPEC oil embargo, SEI/International Space Station

New public health crises, initiatives

Nixon’s war on cancer, HIV/AIDS crisis, human genome project, Covid-19

Budget austerity/deficit reduction

Anti-inflationary restraint of 1970s, Omnibus Budget Reconciliation Act of 1993, Budget Control Act
of 2011, sequestration cuts

Recessions, supply shocks

Energy Reorganization Act of 1974, Department of Energy Organization Act of 1977, ARRA of 2009
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Changes in Nondefense R&D Appropriations

NASA NIH NSF DoE: Nondefense Defense



Benchmark Regression Framework
and Impulse Responses



Jordà (2005) Local Projections Regression Framework

Direct forecasting regression for each horizon h “ 0, 1, ..., 59 over 1948Q1-2021Q4:

yt`h “ch ` γhz
i
t `

p
ÿ

j“1

βj
h ln a

i
t´j `

p
ÿ

j“1

δjhyt´j `

p
ÿ

j“1

ζj1

h x t´j ` vt`h

yt`h: (4Q-MA) outcome variable of interest at horizon h, e.g., TFP

zit: exogenous R&D appropriations shocks for budget category i “ D,ND

γ̂h: estimated impulse response of interest at horizon h

ln ait´j : (log) cumulated changes in real R&D appropriations for category i

x t´j : lagged controls to address longer-run endogeneity concerns

Scale factor: Responses scaled to induce a 1% increase in government R&D capital
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Benchmark Controls in Regression Framework

The vector of lagged macroeconomic controls, xt´j , includes:

1. Productivity: TFP-U from Fernald (2012) TFP-U

2. R&D Capital Stocks: Both business-sector + government R&D capital

3. Stock Returns: Cumulative real stock market returns for high tech, manufacturing,
health industries

Predictive for TFP: Fama (1990), Beaudry and Portier (2006)

4. Cyclical Indicator: Capacity utilization rate from Fernald (2012), results are robust
to alternatively using unemployment or output gap...

5. Defense News Shocks: Ramey and Zubairy (2018)

Predictive of defense + nondefense R&D (budget constraints)

Benchmark specification: 4 quarterly lags of controls (p “ 4)
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Responses to Nondefense R&D Appropriations Shocks

(a) Government R&D Capital (b) Business-sector TFP

Notes: Shaded areas and finer lines are 95% confidence bands. Role of Narrative Classification
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(a) Government R&D Capital (b) Business-sector TFP

Notes: Shaded areas and finer lines are 95% confidence bands.



Other Productivity/Innovation Responses to Nondefense R&D Shocks

(a) Labor Productivity

(b) Potential Output (c) Patent Innovation Index

(d) New PhDs in STEM (e) R&D workers (f) Technology Books

Notes: Shaded areas are 95% confidence bands. Source: BEA



Other Productivity/Innovation Responses to Nondefense R&D Shocks

(a) Labor Productivity (b) Potential Output

(c) Patent Innovation Index

(d) New PhDs in STEM (e) R&D workers (f) Technology Books

Notes: Shaded areas are 95% confidence bands. Source: CBO



Other Productivity/Innovation Responses to Nondefense R&D Shocks

(a) Labor Productivity (b) Potential Output (c) Patent Innovation Index

(d) New PhDs in STEM (e) R&D workers (f) Technology Books

Notes: Shaded areas are 95% confidence bands. Source: Kogan et al. (2017), Gascaldi-Garcia and Vukotic (2022)
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Other Productivity/Innovation Responses to Nondefense R&D Shocks

(a) Labor Productivity (b) Potential Output (c) Patent Innovation Index

(d) New PhDs in STEM (e) R&D workers (f) Technology Books

Notes: Shaded areas are 95% confidence bands. Source: Alexopoulos (2011)



Interpreting Macroeconomic Effects of
Federal R&D Appropriations Shocks



Interpreting TFP Responses to Federal R&D Appropriations Shocks

The interpretation of the TFP response to the federal R&D appropriations shocks
hinges on how these shocks affect other determinants of TFP

e.g., private R&D, public infrastructure...

We estimate decompositions of impulse responses to the total real R&D capital
stock, Ktot

t , using of the following Tornqvist index approximation of log changes:

∆ lnKtot
t «

ÿ

j

sjt ` sjt´1

2
∆ lnKj

t

where

Kj
t is capital in category j in constant dollars (e.g., private R&D)

sjt denotes the nominal share of category j (Kn,j{Kn,tot)
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Response of R&D by Performer to Nondefense R&D Shocks

Response to Defense R&D



Response of Public Capital Stocks to Nondefense R&D

Response to Defense R&D



Estimating Elasticities and Returns
to Government R&D Capital



Structural Estimation of Government R&D Elasticities
From a Cobb-Douglas production function augmented w/ public capital, we define:

∆tfpt “ η∆qt ` ϕ∆kt ` ∆wt

where

∆tfpt is utilization-adjusted TFP in the business sector

qt is the log of the public infrastructure capital stock

kt is the log of the government R&D capital stock

∆wt “ ∆νt ` ϵt is the TFP residual + measurement error

Taking values of η as known (Ramey 2021, CBO 2021), define:

∆Ątfpt ” ∆tfpt ´ η̂∆qt

This yields our structural estimation equation for ϕ:

∆Ątfpt “ ϕ∆kt ` ∆wt
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SP-IV Estimation of Government R&D Elasticities

We use the System Projections on Instrumental Variables (SP-IV) framework of
Lewis and Mertens (2023) to estimate ϕ, the elasticity of government R&D:

We use our exogenous R&D shocks as IV for kt, government R&D capital (1)

We also use our exogenous R&D shocks as IV for Ątfpt growth (2)

The SP-IV estimator—a GMM estimator in the impulse response space—essentially

regresses the impulse response of Ątfpt (2) on the response of kt (1)

The SP-IV estimator captures an average effect, significance over our 15-year impulse
response horizon (estimation collapsed to one-year horizons)
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Simple Illustration of the SP-IV Estimator

Impulse response of Ątfpt Impulse response of kt



Notes: Stars *, **, and *** denote statistical significance at 10, 5, and 1 percent levels, respectively.

Alternative Depreciation Rates



Subsample Stability of Production Function Elasticities

(a) Dropping 4 quarters (b) Dropping 20 quarters



Historical Contributions of Public Investment to TFP Growth
Assumption: ϕD “ 0, ϕND “ 0.11

Ñ Government R&D explains „20-25% of TFP growth, TFP slowdown since late 1960s

Ñ Government R&D contributes roughly as much (or more) than public infrastructure



Composition of Public Capital Stock



Notes: Stars *, **, and *** denote statistical significance at 10, 5, and 1 percent levels, respectively.

Regression Framework Alternative Depreciation Rates



Concluding Thoughts



Summary: Big Kick from Nondefense R&D

Our exogenous nondefense R&D appropriations shocks yield a significant, often
persistent increase in measures of productivity and innovation

Scaled to a 1% shock to government R&D capital:

Utilization-adjusted TFP rises „0.2% after 8 years

Potential output rises „0.2% after 8 years

Increases in employment of scientific researchers, new STEM PhDs, new patents...

Nondefense government R&D capital has a high rate of return:

Estimated production function elasticity: ϕ̂ND “ 0.11

Accounts for „20-25% of U.S. business-sector TFP growth since WWII

Estimated macroeconomic (social) returns: „140-210%
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Summary: No Kick from Defense R&D?

We find no evidence of an economically or statistically significant increase in TFP
or measures of innovation in response to U.S. defense R&D spending*

*At least not over the 15-year horizons we consider

Why?

Military know-how is often classified, deliberately impeding knowledge spillovers

The military invests relatively more in weapons development and less in basic and
applied research than nondefense agencies Responses by R&D Type

Our methodology cannot be backdated to include WWII R&D investments
(Gross and Sampat ’23, Antolin-Diaz and Surico ’24)

Defense R&D surely contributes to national security, but does not appear to drive
post-war economic growth the same way as nondefense R&D...
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Glossary: Standard Definitions of Types of R&D

Basic research: “In basic research the objective of the sponsoring agency is to gain more complete
knowledge or understanding of the fundamental aspects of phenomena and of observable facts,
without specific applications toward processes or products in mind”

Applied research: “In applied research the objective of the sponsoring agency is to gain knowledge
or understanding necessary for determining the means by which a recognized need may be met”

Development: “Development is systematic use of the knowledge or understanding gained from
research, directed toward the production of useful materials, devices, systems, or methods,
including design and development of prototypes, and processes...”

Source: NSF (2022) and OECD (2015)

Back

https://www.nsf.gov/statistics/fedfunds/glossary/def.htm


Government R&D Spending by Type of Research

Private R&D Spending Back



Private R&D Spending by Type of Research
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Narrative Approach to Identification

Monetary policy shocks

Friedman and Schwartz (’63), Romer and Romer (’89, ’04, ’23),

Cloyne and Hürtgen (’16)

Oil supply shocks

Hamilton (’83)

Military spending shocks

Ramey and Shapiro (’98), Ramey (’11), Ramey and Zubairy (’18)

Tax policy shocks

Romer and Romer (’10), Mertens and Ravn (’13), Cloyne (’13)

Government mortgage purchase shocks

Fieldhouse and Mertens (’17)

Back



Narrative Analysis Data Sources

Analyze primary, secondary sources for each agency, fiscal year:

Congressional committee reports, hearings (ProQuest)

Budget of the U.S. Government

Budget Message of the President

State of the Union Addresses

Presidential signing statements, vetos, speeches

CQ Almanac, NYT, WaPo, WSJ, Politico, CRS,...

Back



Changes in NASA R&D Appropriations
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Changes in NIH R&D Appropriations
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Changes in NSF R&D Appropriations
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Changes in Nondefense Energy Appropriations
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Changes in Defense R&D Appropriations
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Fernald (2012) TFP-U from Cobb-Douglas Production

Yt “ F pZt ˆ KpK1,t´1,K2,t´1, ...,KJ,t´1q, Et ˆ LpH1,t´1, H2,t´1, ..., HN,t´1q, Atq

where

Yt is business-sector output

Kt is capital input, aggregated from aggregated from J types

Lt is labor input, aggregated from H hours worked by N types

Zt is capital utilization (e.g., average workweek of machinery)

Et is effort per unit of labor

At is technological change

Assuming perfect competition and taking log first differences:

∆ lnY “ α∆lnK ` p1 ´ αq∆lnL ` ∆lnU ` ∆lnA

where ∆ lnU “ α∆lnZ ` p1 ´ αq∆lnE

TFP and utilization-adjusted TFP (TFP-U) are defined as:

∆ lnTFP ” ∆lnY ´ α∆lnK ´ p1 ´ αq∆lnL

∆lnTFP-U ” ∆lnTFP ´ ∆lnU “ ∆lnA

Back
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Role of Narrative Classification for Nondefense R&D Appropriations
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Response of Public Capital Stocks to Nondefense R&D
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Response of R&D by Performer to Nondefense R&D Shocks
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Government R&D Elasticities Under Alternative Depreciation Rates
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Response of Public Capital Stocks to Defense R&D Shocks
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Regression for Direct Estimates of Returns to Government R&D

Define the net rate of return on government R&D as

ρnt “ ρt ´ δt

where

ρt “ ϕtKt{Yt is the gross return

Kt{Yt is the government R&D capital stock/output ratio

δt is the depreciation rate of government R&D capital

Using ∆kt « pKt ´ Kt´1q{Kt´1 and substituting yields

∆Ątfpt “ ρ
∆Kt

Yt
` ∆wt

Which we estimate via SP-IV, now instrumenting ∆Kt
Yt

with zit
Back



Returns to Government R&D Under Alternative Depreciation Rates
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Changes in R&D by Type to Defense R&D Shock
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Changes in R&D by Type to Nondefense R&D Shock
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