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What is the Contribution of Public Investment to Productivity Growth?

∆ lnTFP = η∆ lnQ + ϕ∆ lnK +∆w

Public infrastructure Q

Ramey (2021) review: plausible range of η of 0.065 to 0.12

CBO uses η = 0.08, implied gross rate of return of ≈ 12%

Government R&D capital K

What is the production function elasticity ϕ of K?

ϕ̂ ≈ 0.11 if non-defense R&D

What is the social rate of return on government R&D?

Between 140 and 210 percent ⇒ underinvestment in R&D

∆ lnK explains at least one fifth of business TFP growth since WWII
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Government R&D Expenditures

Sources: National Center for Science and Engineering Statistics+older NSF reports, BEA



Federal R&D Expenditures by Agency



Government R&D Expenditures by Performer



Composition of Public Capital Stock

Sources: Own calculations, BEA (NIPA and Fixed Asset Accounts)



Structural Estimation Approach ϕ

GMM → SP-IV (Lewis and Mertens, 2023)

Step 1 Estimate IRFs of TFP and Govt R&D capital to Govt R&D spending
shocks

Step 2 Regress IRF of (adjusted) TFP on the IRF of Govt R&D capital to obtain
ϕ̂



Step 1 (Identifying Govt. R&D Shocks) Empirical Challenges

Long Variable Lags, Anticipation Effects

R&D Appropriations, Long-horizon LPs

Different Types of R&D

Defense vs Nondefense R&D

Correlation with Cyclical Shocks (with possible long-run effects)

Narrative Classification, Quarterly Data, Cyclical Controls

Correlation with Other Shocks to TFP trends (e.g. TFP news shocks)

Unpredicted Variation in TFP

Small Samples

WIV-Robust Inference, Sensitivity Analysis
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Changes in Appropriations for Federal R&D

Nondefense Defense

In the end, narrative classification not very important for the results



Empirical Specification

Local projections

3∑
j=0

(
1

4
× yt+h−j

)
= ch + γhzt +

4∑
j=1

βj
h ln at−j +

4∑
j=1

δjhyt−j +
4∑

j=1

ζ j′h xt−j + vt+h

h = 0, ...,H − 1 H = 60 quarters

yt : outcome variable of interest (e.g. measured TFP)

zt : narrative exogenous appropriations shocks

at : cumulative appropriations

xt : other controls

capacity utilization, private R&D capital, government R&D capital, util-adj. TFP, stock returns in
tech/manu/health, Ramey and Zubairy (2018) military news

1948Q1 - 2021Q4 unbalanced sample



Response of Government R&D Capital to Nondefense R&D Appropriations Shock

95% HAR CI



Response of Business Sector TFP to Nondefense R&D Appropriations Shock

95% HAR CI



Other Productivity/Innovation Indicators After a Nondefense Shock

(a) Labor Productivity

(b) CBO Potential Output (c) Patent Innovation Index

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

95% HAR CI Source: BEA
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Other Productivity/Innovation Indicators After a Nondefense Shock

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

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

(f) Technology Books

95% HAR CI Source: OECD, Bloom et al. (2020)



Other Productivity/Innovation Indicators After a Nondefense Shock

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

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

95% HAR CI Source: Alexopoulos (2011)



Decomposition of Effect on Economy-Wide R&D Capital



Step 2: Structural Estimation of ϕ

SP-IV Regression in Impulse Response Space

(Lewis and Mertens, 2023; Barnichon and Mesters, 2020; Jorda and Kozicki, 2011)

∆t̃fpt = ∆tfpt − ηt∆qt : TFP adjusted for public infrastructure

Response of t̃fpt Response of kt



Production Function Elasticity Estimates

Table 1: Estimates of Production Function Elasticities
of Government R&D Capital

Public R&D Intermediate η = 0.08 Low η = 0.065 High η = 0.12

Measure Instruments ϕ̂/ϕ̂ND ϕ̂/ϕ̂D ϕ̂/ϕ̂ND ϕ̂/ϕ̂ND

[1] Total Exo ND 0.11∗∗∗
(0.09,0.15)

0.11∗∗∗
(0.09,0.15)

0.10∗∗∗
(0.08,0.13)

[2] Total Exo ND, No NASA 0.11∗∗∗
(0.08,0.20)

0.12∗∗∗
(0.08,0.21)

0.10∗∗∗
(0.07,0.19)

[3] Total All ND 0.10∗∗∗
(0.09,0.14)

0.11∗∗∗
(0.09,0.15)

0.09∗∗∗
(0.07,0.13)

[4] Total Exo D −0.13
(−1.20,0.04)

[5] Total All D −0.11
(−1.11,0.05)

[6] ND/D Exo ND 0.10∗∗∗
(0.06,0.19)

−0.01
(−0.22,0.39)

0.11∗∗∗
(0.06,0.20)

0.09∗∗∗
(0.05,0.18)

[7] ND/D Exo ND/D 0.10∗∗∗
(0.04,0.19)

−0.07
(−0.27,0.40)

0.10∗∗∗
(0.04,0.19)

0.09∗∗∗
(0.03,0.18)

[8] ND/D Exo ND, No NASA 0.11
(−2.00†,0.58)

0.20
(−2.00†,0.69)

0.11
(−2.00†,0.60)

0.10
(−2.00†,0.54)

[9] ND/D All ND 0.10∗∗∗
(0.06,0.18)

−0.03
(−0.23,0.35)

0.10∗∗∗
(0.06,0.18)

0.09∗∗∗
(0.05,0.17)

Notes: Rows [1]-[5]: SP-IV estimates of ϕ in (6); rows [6]-[9]: SP-IV estimates of ϕND and ϕD in (8). 95
percent weak-instrument-robust intervals based on the KLM statistic of Kleibergen (2005) in parentheses.
Test inversion is on a grid with endpoints −2 and 2, † denotes intervals constrained at these endpoints.
Subvector inference in rows [6]-[9] uses the projection method. ∗, ∗∗ and ∗ ∗ ∗ denote statistical significance
at 10, 5 and 1 percent levels, respectively. ‘Exo ND/D’: exogenous changes in nondefense/defense R&D
appropriations. ‘All ND/D’: all changes in nondefense/defense R&D appropriations. ‘No NASA’: excluding
all NASA appropriations. Sample: 1948Q1–2021Q4.

t̃fpt, using the benchmark value of η = 0.08. The last two columns show the elasticity

estimates based on variation in nondefense R&D capital using the lower and higher values

of η = 0.065 and 0.12, respectively. For brevity, the elasticity estimates based on variation

in defense R&D capital for the alternative values of η are omitted.

The first row in Table 1 shows estimates based on the impulse responses identified with

the narrative measure for nondefense appropriations, zND
t . For η = 0.08, the point estimate

of ϕ in (6) based on the impulse responses to a nondefense shock is 0.11. This estimate

is highly statistically significant and fairly precisely estimated, with a 95 percent robust

confidence interval ranging from 0.09 to 0.15. Assuming a larger elasticity of public infras-

tructure means that a greater portion of the TFP increase after a nondefense R&D shock

in Figure 6 is attributed to the increase in public infrastructure shown in Figure 9, see also

Appendix E.1. Consequently, the increase in TFP after adjusting for public infrastructure

is smaller when η is larger. As expected, the estimates of ϕ are decreasing in the assumed

value of η, but in practice, they remain very similar in size across Ramey’s (2021) plausible

range of values for η ∈ [0.065, 0.12].12

12The point estimate is ϕ̂ = 0.15 when assuming η = 0, and ϕ̂ = 0.03 when η = 0.39. The latter value is that estimated
by Aschauer (1989) and is the highest estimate mentioned in Ramey (2021).

31

95% Weak-IV-robust CI based on Kleibergen (2005). Subvector inference based on projection method.



Historical Contributions to TFP Growth

Figure 11: TFP Growth Contributions of Public Infrastructure and Government R&D

’47-’69 ’70-’89 ’90-’09 ’10-’21

TFP growth 1.98 0.98 1.15 0.87

a. Intermediate η

Infrastructure 0.33 0.19 0.19 0.09

R&D 0.48 0.25 0.19 0.19

b. Low η

Infrastructure 0.27 0.16 0.15 0.07

R&D 0.50 0.25 0.20 0.20

c. High η

Infrastructure 0.50 0.29 0.28 0.14

R&D 0.44 0.22 0.18 0.18

Notes: The left panel shows the centered five-year moving average annualized growth rate of utilization-
adjusted TFP from Fernald (2012) and the contributions of public capital assuming η = 0.08. The right
panel tabulates averages across selected periods for different values of η.

capital (i.e., defense equipment and structures) does not generate any TFP spillovers, as

is the convention in the literature. The contribution of nondefense R&D is calculated as

ϕ̂ND×
(
sND,t∆kND

t

)
. For ϕ̂ND, we use the point estimates from row [1] in Table 1, which are

in the middle of the range of estimates across the different specifications. The contribution

of public infrastructure is calculated as η∆qt. The figure in the left panel of Figure 11 shows

the resulting contributions of government R&D and public infrastructure for η = 0.08. The

right panel reports averages over selected time windows for each of the three values of η.

The main finding is that government R&D has contributed substantially to total TFP

growth since WWII—accounting for roughly one-fifth of the total, on average—regardless

of the value of η within Ramey’s (2021) plausible range. The contribution of government

R&D is frequently similar to that of public infrastructure, and often larger. Between 1947

and 1969—when both government R&D and public infrastructure grew at a rapid pace—

the combined contribution of growth in public capital accounts for 0.77 to 0.94 percentage

points of average TFP growth of 1.98 percentage points. For the low value η = 0.065, the

contribution of government R&D is almost twice as large as that of public infrastructure:

0.50 versus 0.27 percentage points, respectively. For the high value η = 0.12, government

R&D contributes only slightly less than public infrastructure: 0.44 percentage points vs.

0.50 percentage points, respectively. Relative to 1947-69, average TFP growth decelerated

by 1.0 percentage points over 1979-89. The combined contribution of slower growth in

public capital ranges from 0.36 to 0.43 percentage points as η increases from low to high.

The slowdown in government R&D alone explains between 0.22 (high η) and 0.25 (low

η) percentage points, or one-fifth to one-quarter of the overall decline in TFP growth.

According to our estimates, therefore, the retrenchment of government R&D in the 1970s

and 1980s was at least as important for the slowdown in productivity as the slower pace of

public infrastructure investment. For comparison, in a general equilibrium model calibrated

35

Government R&D explains at least one fifth of TFP growth

Typically at least as important as public infrastructure



Return to Government Investment in R&D

Net rate of return is ρnt − δ where ρt = ϕtYt/Kt , δ ≈ 0.16

Calculate ρ = ϕ̂Y /K using SP-IV estimates ϕ̂,

or, using ∆kt ≈ Kt−Kt−1

Kt
and assuming ρt rather than ϕt is constant

∆t̃fpt = ρ
∆Kt

Yt
+∆wt

estimate ρ using SP-IV
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Estimates of Return to Government R&D

Table 2: Estimates of the Return to Government R&D Capital

Government Intermediate η = 0.08 Low η = 0.065 High η = 0.12

R&D ϕ̂ND ϕ̂ND ϕ̂ND

Measure Instruments × Y
K ρ̂ND × Y

K ρ̂ND × Y
K ρ̂ND

[1] Total Exo ND 1.85 1.71∗∗∗
(1.07,2.22)

1.91 1.77∗∗∗
(1.13,2.26)

1.67 1.57∗∗∗
(0.91,2.11)

[2] Total Exo ND, No NASA 1.94 1.60∗∗
(0.62,4.01)

2.00 1.62∗∗
(0.69,4.03)

1.77 1.53∗∗
(0.42,3.97)

[3] Total All ND 1.79 1.58∗∗∗
(1.04,2.08)

1.86 1.63∗∗∗
(1.10,2.12)

1.62 1.44∗∗∗
(0.88,1.98)

[4] ND/D Exo ND 1.75 1.68∗∗
(0.23,3.20)

1.81 1.74∗∗
(0.30,3.24)

1.58 1.52∗∗
(0.08,3.11)

[5] ND/D Exo ND/D 1.67 2.04∗∗
(0.12,3.79)

1.73 2.10∗∗
(0.16,3.81)

1.50 1.88∗∗
(0.01,3.70)

[6] ND/D Exo ND, No NASA 1.92 6.84
(−2.00†,5.00†)

1.98 6.91
(−2.00†,5.00†)

1.75 6.65
(−2.00†,5.00†)

[7] ND/D All ND 1.72 1.58∗∗
(0.27,2.90)

1.78 1.64∗∗
(0.32,2.95)

1.55 1.42∗∗
(0.11,2.81)

Notes: Rows [1]-[3]: SP-IV estimates of ρ in (9); rows [4]-[7]: SP-IV estimates of ρND in (10). 95 percent
weak-instrument-robust intervals based on the KLM statistic of Kleibergen (2005) in parentheses. Test
inversion is on a grid with endpoints −2 and 5, † denotes intervals constrained at these endpoints. Subvector
inference in rows [6]-[9] uses the projection method. ∗, ∗∗ and ∗∗∗ denote statistical significance at 10, 5 and
1 percent levels, respectively. ‘Exo ND/D’: exogenous changes in nondefense/defense R&D appropriations.
‘All ND/D’: all changes in nondefense/defense R&D appropriations. ‘No NASA’: excluding all NASA
appropriations. Sample: 1948Q1–2021Q4.

Bloom et al. (2013) estimate a gross social rate of return on private R&D of 55 percent in

a panel of U.S. firms. Jones and Summers (2020) use a stylized framework to calculate

a gross social return to total R&D investment (private and public) of 67 percent based

on aggregate U.S. data. Combining their estimated social return to total R&D with our

baseline estimate of 171 percent in row [1] of Table 2, the private and public shares of R&D

expenditures in the data, and an assumption that defense R&D has zero return, the implied

social return on private R&D is 56.2 percent.14 Thus, our estimates are consistent with the

gap in social returns between the private R&D estimate in Bloom et al. (2013) and the total

R&D estimate of Jones and Summers (2020). Other estimates of returns on private R&D in

the literature vary widely and are more constrained in terms of their causal interpretation

and the extent of spillover effects they are able to capture; see Hall et al. (2010) and Jones

and Summers (2020) for further discussion.

Despite the methodological differences, our estimates of the return to government R&D

of 140 to 210 percent appear meaningfully larger than the best available estimates for

private R&D. One potential reason for the larger spillovers is the much stronger focus on

fundamental research: For every dollar of federal nondefense R&D, on average, 34 cents goes

to basic research. In contrast, for every dollar of privately funded R&D, just 6 cents is spent

14Based on unweighted average shares of total R&D expenditures for private R&D (54.9%), federal defense R&D
(23.9%), and public nondefense R&D (21.1%), the implied private social return is (67%−0.211×171%)/(0.549%) = 56.2%.

38

95% Weak-IV-robust CI based on Kleibergen (2005). Subvector inference based on projection method.



Conclusion

Large spill-overs of nondefense Govt R&D on business TFP

Social returns larger than best estimates for private R&D

Return to R&D (140− 210%) >> return to infrastructure (≈ 12%)

Misallocation of public capital, underinvestment in R&D
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