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1 Introduction

Public investment is a multifaceted concept that encompasses a broad spectrum
of assets, consisting of equipment (e.g., military hardware, machineries, and vehi-
cles), structures (e.g., residential housing, highways), and intellectual and property
products (IPP—e.g., R&D and software). For instance, the Inflation Reduction
Act included measures to boost investment in semiconductor equipment, infras-
tructure for the distribution and storage of clean energy, as well as R&D in high-
tech manufacturing. Despite this observation, the macroeconomic literature on
public investment predominantly narrows its focus to a single type of public in-
vestment, and thus on a homogenous stock of public capital. In this paper, we
open up the black box of public investment, by explicitly taking account the com-
position between equipment, structures, and IPP, and highlight how the aggregate
implications of public investment crucially depend on its composition.

We start by providing a simple conceptual framework in which a firm produces
output using labor. The government levies a lump-sum tax on the household to fi-
nance an exogenous stream of public investment in equipment, structures, and IPP.
Public investment raises the productivity of private inputs, to an extent that varies
across the three types. This is captured through heterogeneity in the elasticity of
private output to public equipment, structures, and IPP.

In this setting, we derive analytically the optimal amount of public investment
and the output response to public capital, and find that both depend positively on
the simple sum of the output elasticities across equipment, structures, and IPP.
We then ask what is the output elasticity that an econometrician would estimate
using aggregate information on public capital, assuming that our model with three
public investment types is the true data generating process. Using the estimation
procedure of Bouakez et al. (2017) and Ramey (2021), who regress observed ag-
gregate productivity on the aggregate stock of public capital, we show that the
econometrician recovers an aggregate output elasticity which is a weighted sum of
the output elasticities across equipment, structures, and IPP. Thus, abstracting
from heterogeneity in public investment composition leads to a downward bias of
the relevant output elasticity to aggregate public capital. As a result, a model
with one single type of public investment underestimates both the optimal level of
public capital and the output response to public investment.

We then extend the simple framework into a fully-fledged model, which adds

the three different types of public investment and public capital into an otherwise



standard representative-household New Keynesian economy. In this setting, public
equipment, structures, and IPP differ in terms of: (i) the elasticity of private out-
put to the stocks of public capital; (i7) the depreciation rate of the stocks of public
capital; (77¢) the time-to-build delay, that modulates how long it takes for actual
public investment to accrue on the stock of public capital; and (iv) the time-to-
spend delay, that modulates how long it takes for a legislated public investment
decision to translate in actual public investment spending.

We leverage information on the U.S. economy in order to discipline the extent of
heterogeneity across public investment types. We set the output elasticity of IPP
capital to 0.07, in line with recent evidence of Fieldhouse and Mertens (2023) on
the effects of federal government R&D on productivity. The elasticity of structures
is 0.05, as in Ramey (2021), while we set that of equipment to 0.01, intended as the
lowest productive value possible for this type of public capital.! The depreciation
rates are set using the data from the U.S. Bureau of Economic Analysis (BEA) on
the depreciation and net stock of each public capital type. We find annual depreci-
ation rates of 12.4% for equipment, 1.9% for structures, and 17.0% for IPP. Finally,
we set the time-to-build and time-to-spend delays using the information from the
disbursement of the American Recovery and Reinvestment Act (ARRA) as docu-
mented by Leduc and Wilson (2013) and Ramey (2021), as well as statistics from
the U.S. Government Accountability Office and the U.S. Patent Office. We posit
delays that are negligible for equipment but particularly relevant for structures.

We compare our baseline model with an economy that abstracts from hetero-
geneity in public investment composition, and thus features only one type of public
investment and public capital. We discipline the output elasticity of public capital
by simulating our model, and estimate the elasticity using only aggregate informa-
tion on observed productivity and total public capital. In line with our analytical
derivations, this procedure yields a downward bias: the output elasticity to aggre-
gate public capital of 0.065, which is half of the sum of the output elasticities across
the three types. For the depreciation rate, we derive it again using information
from the BEA—Dbut this time focusing on total public capital—which yields an
annual rate of 4.4%. We then set the time-to-build and time-to-spend delays to
the average value across equipment, structures, and IPP.

In the quantitative analysis, we start by computing the steady-state optimal

public investment and public capital. Our model with multiple public investment

1'We also provide empirical evidence supporting our calibration choices, highlighting that, if anything, the
calibration of the elasticity of IPP capital is conservative, while that of equipment is overstated.



types implies levels which double those generated by a single type economy. The
key determinant of this result is the downward bias in the output elasticity to public
capital which is due to abstracting from heterogeneity in public investment com-
position. As such, this bias of the output elasticity generates an understatement
of the optimal levels of public investment and public capital which is economically
relevant. The model implies that IPP is most under-invested type: an optimal
GDP share of public investment in IPP which is five times that in the data.

We then look at the fiscal multipliers. We find values that are close to zero
on impact and large in the medium and long run, consistent with the evidence
of Ilzetzki et al. (2013) and Boehm (2020). In the short run, public investment
in equipment yields the largest output response, with a 1-year multiplier of 0.30.
Instead, the multiplier of structures is mildly negative, as this type of public in-
vestment is plagued by prolonged time-to-build and time-to-spend delays.

The differences in the multiplier across types become economically relevant with
the horizon of the response to the initial shock. Long-run multipliers equal 0.59
for equipment, 0.35 for structures, and 4.57 for IPP. The rationale of the high
multiplier for IPP investment is twofold: (¢) it features the highest output elas-
ticity to public capital, so that investing in it yields the largest productivity gains
for private inputs; and (éi) it has the highest depreciation rate, so that any given
amount of public investment in IPP changes relatively more its total stock, and,
through that, firms’ productivity. Importantly, the long-run multiplier of total
public investment in our model is 1.56, as it averages out among the multipliers of
the three types. This stands in contrast with the long-run multiplier of the single
type economy, which equals 0.48. In other words, accounting for heterogeneity in
public investment composition more than triples the output multiplier.

Our quantitative results hold through an extensive battery of robustness checks.
Specifically, we consider a wide array of sensitivity to the calibrated parameters,
with a special focus on the output elasticities of public capital. For instance, we
halve all the elasticities, we switch the values of the elasticities of structures and
IPP, and we consider a positive output elasticity for equipment. We also consider
alternative settings for our economy by including distortionary taxes as in Leeper
et al. (2010), sticky wages as in Erceg et al. (2000), and fully flexible prices.

We corroborate the notion that fiscal multipliers crucially depend on the com-
position of public investment with a final exercise that leverages the observed vari-
ation in the composition of public investment between equipment, structures, and

IPP both across government levels and over time. We feed the model with shocks



that replicate the public investment composition of the general government, federal
government, defense federal government, non-defense federal government, and local
government in every year between 1950 and 2023. We find substantial variation in
the long-run multipliers: they are below one for the local government and range
between a minimum of 1.34 in 1953 and a maximum of 3.76 in 2023 for non-defense
spending. These differences are uniquely driven by changes in the composition of
public investment shocks. While non-defense spending is strongly tilted towards
IPP, especially in recent years, structures account for the lion’s share of the local
government’s public investment. Thus, looking at output response to public in-
vestment spending aggregating across all government layers conceals a large deal
of the heterogeneity in the public investment composition—and thus the associated
multipliers—observed both across government levels and over time.

This paper builds on the literature that studies the implications of public in-
vestment for the fiscal multiplier, and uncover the optimal amount of public capital
(Baxter and King, 1993; Fernald, 1999; Leeper et al., 2010; Leduc and Wilson, 2013;
Bouakez et al., 2017, 2020; Boehm, 2020; Ramey, 2021; Roulleau-Pasdeloup, 2022;
Malley and Philippopoulos, 2023; Peri et al., 2024). However, this entire strand
focuses on a single type of public investment and a homogeneous stock of public
capital. We contribute to this literature by showing that incorporating hetero-
geneity in public investment composition between equipment, structures, and IPP
doubles the optimal level of public investment and triples the output multiplier.

We relate to the work that studies the implications of the heterogeneous inci-
dence of public spending across industries (Acemoglu et al., 2016; Bouakez et al.,
2023, 2024; Basso and Rachedi, 2024; Cox et al., 2024; Peri et al., 2024). We borrow
from this literature the notion that studying public spending at the aggregate level
conceals a large deal of heterogeneity, which is key for the aggregate implications of
government expenditures. Our approach is complementary as we focus on one sin-
gle sector, and open up the heterogeneity across multiple types of public investment.

Finally, the relevance of taking into account heterogeneity in private capital was
at the core of the Cambridge capital controversy (Solow, 1955; Sraffa, 1960; Fisher,
1965; Jorgenson and Griliches, 1967), and spurred a recent literature that spot-
lights the key role of private investment and capital heterogeneity for understanding
aggregate productivity dynamics, business cycle fluctuations, and secular trends
(Gomme and Rupert, 2007; Wilson, 2009; Baqaee and Farhi, 2019; Koh et al.,
2020). Although we share a similar spirit, we focus on public spending: we empha-

size the relevance of explicitly accounting for the composition of public investment



and public capital among different types with heterogeneous characteristics.

2 The Composition of Public Investment

The measure of government spending that contributes to GDP according to the
expenditure approach consists of the sum of public consumption and public invest-
ment expenditures. Public consumption is the sum of the remuneration of public
employees, the purchases of goods and services from the private sector, and the de-
preciation of government-owned fixed capital (see Moro and Rachedi, 2022). Public
investment equals the total value of an investment in equipment (e.g., machineries,
vehicles, furniture, military hardware), structures (e.g., barracks, highways, hospi-
tals, housing, schools), and intellectual property products (e.g., software, R&D).

Figure 1 reports the share of public equipment, public structures, and public
IPP in total public investment for the general government from 1950 to 2023. This
graph indicates that there is no single type that accounts for the lion’s share of
total public investment. In other words, aggregate public investment is indeed a
bundle of different types. In addition, there have been swings in the relative rele-
vance of each type over time. On the one hand, the shares of public structures and
equipment have been declining: from 23% in 1950 to 18% in 2023 for equipment,
and from 61% in 1950 to 46% in 2023 for structures. On the other hand, IPP has
more than doubled its share, going from 17% in 1950 up to 36% in 2023.

Why it is important to account for the composition in public investment be-
tween equipment, structures, and IPP? This is because these types of public in-
vestment markedly differ from each other. Throughout the paper, we focus on four

dimensions of heterogeneity across the different public investment/capital types.

1. FElasticity of private output to public capital. This dimension determines to
what extent changes in the stock of public capital alter private output. In-
tuitively, the stock of public capital raises the productivity of private inputs,
leading to a higher output for the same amount of production inputs. Struc-
tures such as hospitals, schools, and highways raise the productivity of private
firms. The same applies—even to a larger extent—for IPP investment such as
R&D. However, investment in equipment and other structures (such as ware-
houses, barracks, offices) has a much more limited impact on the productivity

of the private sector, if any.

2. Depreciation rate. This dimension captures the extent to which different types
of public capital deteriorate over time at different rates. Structures tend to

have a very long service life: according to the BEA, the service life of hospitals
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T T T T T T T I I I I I I

’ —— Equipment ss==s Structures IPP

Sounnmy
» .
n?® * euNy P LAY}
o . (IR 0"'¢‘ LA s RLFRLL PPN
. o* a»
* .

.
tagguna®

il | | | | L il il il | | | L L il
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year

Note: The figure reports the share of public equipment (continuous blue line), public
structures (dotted red line), and public IPP (green crossed line) in total public investment
for the general government from 1950 to 2023.

and schools is 50 years. Instead, the service life of equipment is much more
limited, with, for example, 20 years for F-16 planes, and 9 years for medical
hardware. IPP has the shortest service life, with a duration of 3 years for

software and 8 years for R&D.

. Time-to-spend delay. This dimension describes the delays between the mo-

ment when the government allocates funds for new investment projects and
the moment when these funds are actually being disbursed. This captures
any delay in the legislative, administrative, and bureaucratic procedures, as
well as any other logistical challenges. While time-to-spend delays may be
negligible for equipment, the funds provided for new highway construction by
the ARRA in February 2009 were entirely spent only in 2013.

. Time-to-build delay. This dimension describes the delays between the mo-

ment when the government disburses the funds to finance new investment
and the moment when the new investment becomes a productive part of the
stock of public capital. This captures the required duration for completing
new investment projects. While it is reasonable to think that installing new
equipment and making it fully functional requires little time, the opposite
applies to structures, for which the construction of a new highway or complex

facilities, such as hospitals, may take a few years.



3 Simple Conceptual Framework

In this section, we build a simple model in which public investment consists of
equipments, structures, and IPP, and use it to show that abstracting from hetero-
geneity across these three types leads to an under-estimation of the elasticity of
private output to aggregate public capital. In what follows, we focus exclusively
on heterogeneity in the output elasticities. We incorporate the role of heterogene-
ity in the depreciation rates, the time-to-spend and time-to-build delays when we
extend the simple model into a fully-fledged quantitative economy in Section 5.
Nonetheless, heterogeneity in the output elasticities to public capital is the key
aspect driving the quantitative results of the fully-fledged model.

We consider a static economy in which a risk-neutral representative household—

endowed with one unit of time—chooses consumption, C', to solve the problem:
max C st.C+T=WN, (1)

where N denotes labor, T' denotes lump-sum taxes, and W is the wage. The budget
constraint posits that the household uses labor income to finance consumption and
taxes.
A perfectly competitive representative firm hires labor to produce output Y
with the technology
Y = N K KE K @)

where K¢, , K¢, , and K¢, denote the per-capita stocks of public equipment, struc-
tures, and IPP, respectively. While the technology features constant returns to
scale in private inputs, private output is influenced by the stocks of public capital.
The elasticities of private output with respect to the three stocks of public capital
are Ye, Vs, and ;. Thus, as in Baxter and King (1993), Leeper et al. (2010), Bouakez
et al. (2017), and Ramey (2021), public capital raises the productivity of private
inputs. The only difference is that here this effect varies across public capital types.

The government owns the three stocks of public capital, which coincide with
the amounts of public investment in equipment, structures, and IPP, I, , I,, and

I, respectively, because we consider a unit depreciation rate:

Kqg, = Ig., (3)
KGS = IG57 (4)
Ko, = Ig,. (5)

We consider the three public investment variables as purely exogenous. The gov-



ernment finances public investment expenditures with lump-sum taxes, so that its
budget constraint reads
[Ge -+ IGS + IGi =1T. (6)

Finally, the resource constraint of the economy implies that output equals the

sum of private consumption and public investment:

Y=C+Ig + Ig, + Ig,. (7)

3.1 Single versus Multiple Public Investment

We compare the implications of our simple economy with multiple public invest-
ment types (M) with those of a model which abstracts from heterogeneity in public
investment composition, and thus considers only a single type (S). The technology

of the singly type economy is
Y = NK, (8)

where 7 is the elasticity of private output to aggregate public capital. To disci-
pline this comparison, we set the elasticity of the single type economy, 7, to that
an econometrician would estimate using aggregate information on public capital,
assuming that the multiple type economy is the true data generating process.
Specifically, we derive the implied elasticity following the estimation procedure
of Bouakez et al. (2017) and Ramey (2021). This approach regresses the logarithm
of aggregate observed productivity, T F P, over the logarithm of the per-capita

stock of aggregate public capital, K¢, as follows:
logTFP, = 7log Kg . 9)

Insofar public capital affects the productivity of private output, as defined by
Equation (8), this regression identifies the implied elasticity of private output to
aggregate public capital, 7.

What happens if one estimates regression (9) using data generated by the econ-
omy with multiple public investment types? In our economy, aggregate public cap-
ital is the sum of equipment, structures, and IPP, that is, K¢ = K¢, + K¢, + Kg, .

This implies that aggregate productivity can be rewritten as
TFP = K K5, K3 (10)
Consequently, for the multiple type economy (M)
logTFP, = 7. log Kg. 1+ + s log K, 1 + i log K¢, +. (11)

If we recover the implied elasticity of the single type model, 7, using data of



the multiple type economy, and thus combine Equation (9) and (11), we find the

following
log KGS it log KGS it log KGZ. it

N — e s i . 12
T IOgKG,t k logKG,t k log K¢y ( )

This identity states that the implied elasticity is a weighted sum of the elasticities
of equipment, structures, and IPP, in which the weights are the ratios between the
logarithm of per-capita stock of each of the three types of public capital and the
logarithm of per-capita stock of aggregate public capital.

Observing that the stocks of public capital are defined on a per-capita terms, and
thus the log weights are always lower than one, we establish a relationship between

the aggregate elasticity and the sum of the three different elasticities. That is,
Lemma 1. ¥ < v, + v + V.

In what follows, we compare the implications of the single and multiple type
economy regarding the optimal level of public capital and the output response to

public investment.

3.1.1 Optimal Public Capital

We derive the optimal level of public capital, which we define as in Ramey (2021)
as the levels of K¢, , K¢, and K¢, that maximize households’ utility. Specifically,
when the social planner chooses optimally the three values of public capital, it

yields the following first-order conditions:

Y
e — 17 13
"R (13)
Y
s - ]-7 14
Ko (14)
Y
— = 1. 15
IYKGZ- (15)

The optimal level of aggregate public capital in terms of GDP for the multiple type
economy (M) is
Kg| _ Kg + Kg, + K,
Y v Y
where the optimal amount of aggregate public capital sums over the optimal levels

= Ye + s + Vi, (16)

of equipment, structures, and IPP.

What would the optimal level of public capital be if one abstracts from hetero-
geneity across public investment types? The single type economy (S) implies an
optimal level of aggregate public capital in terms of GDP which equals

Kq
= ~. 17
Y |s v (17)
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We can then derive our first analytical result, as stated in Proposition 1.

Proposition 1. Abstracting from heterogeneity in the elasticity of private output to
public capital across equipment, structures, and IPP yields to an under-estimation
of the optimal amount of public capital.

pive]

+ ]

Proof. Applying Lemma 1, we have that % y > o

The optimal public capital of the multiple type economy coincides with that of
a single type model only if the output elasticity of aggregate public capital equals
to the sum of the elasticities associated with equipment, structures, and IPP, that
is, if and only if ¥ = . +vs+ ;. However, Lemma 1 states that the implied output
elasticity to aggregate public capital is strictly lower than the sum of the different
elasticities across types. While optimal public capital in a multiple type economy
is a function of the simple sum of the output elasticities across equipment, struc-
tures, and IPP, abstracting from heterogeneity in public investment composition
in the single type model yields an optimal public capital which is determined by

the weighted sum of the output elasticities across equipment, structures, and IPP.

3.1.2 Output Response to Public Investment
What are the implications of abstracting from the heterogeneity in the composition
of public investment on the response of aggregate output to a change in aggregate
public investment? Our setting allows us to uncover the answer to this question
by focusing only on the production side of the economy.

Given aggregate public investment I = Ig, + Ig, + Ig,, the weights of each

public investment type into aggregate public investment are

I I

we = Ge == Ge , (18)
Ie g + 1, + I,
I I

ws == GS = GS 5 (19)
Ie  Ig, + g, + Ig,
I I~

W; = G — Gi (20)

I Ig +1g, +1g,

We can use these weights to rewrite firm’s technology in Equation (2) as
Y = N |wela]™ [wsla]™ [wilg]™ . (21)

In this multiple type economy (M), the change in output relative to its initial level
due to a change in public investment is

Y/0la| Vet s+
Y lum o Ie; '

(22)
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Thus, the output response to public investment increases linearly with the sum of
the elasticities of private output to public equipment, structures, and IPP.
In a single type economy (S), the change in output relative to its initial level
due to a change in public investment becomes
oY/0la| ¥
Y s Ig

We can then established the second analytical result stated in Proposition 2.

(23)

Proposition 2. Abstracting from heterogeneity in the elasticity of private output to
public capital across equipment, structures, and IPP yields to an under-estimation
of the response of private output to a change in public investment.

Y /ol

Y

Y /ol
— UJ

Proof. Applying Lemma 1, we have that > .
M s

Once again, the output response to public investment in a multiple type econ-
omy is a function of the simple sum of the output elasticities across equipment,
structures, and IPP. In contrast, the single type economy implies an output re-
sponse which is determined by the weighted sum of the output elasticities across

equipment, structures, and IPP.

4 Quantitative Model

In this section we extend the simple framework of Section 3 into a fully-fledged
model, adding different types of public investment and public capital into an other-
wise standard New Keynesian economy. Specifically, we consider a representative-
household model in which the fiscal authority finances an exogenous stream of pub-
lic investment in equipment, structures, and IPP via lump-sum taxes on the house-
hold. Public capital stocks positively benefit private firms’ production, that assem-
ble output using private physical capital and labor. Firms choose prices subject to
price-setting friction.? Public equipment, structures, and IPP differ in terms of: (7)
the elasticity of private output to the stocks of public capital; (ii) the depreciation
rate of the stocks of public capital; (ii7) the time-to-build delay (i.e., how long it
takes for actual public investment to accrue on the stock of public capita)l; and (iv)
the time-to-spend delay (i.e., how long it takes for a legislated public investment de-
cision to translate in actual public investment spending). The model also features

a monetary authority that sets nominal interest rate using a standard Taylor rule.

20ur baseline economy features price rigidities since we also want to study the heterogeneous short-run
implications across the three public investment types. In the quantitative exercises, we also study a version of
the economy with fully flexible prices.
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4.1 Household
A representative household chooses consumption, C, labor, N;, private investment,
I;, private physical capital, K1, and one-period risk-free nominal bonds, B;.1, to

maximize its lifetime utility (24), as follows

B, > g [ G g (21)
max —

CoNT Koyt B — l1—o 1+n

s.t. P,Cy+ Poly + Byyy + Ty = WiN; + Ry Ky + Ry By + Dy, (25)

where § is the time discount factor, o is the risk aversion, n is the inverse of the
Frisch elasticity, P denotes the price of consumption and investment, R, is the
rental rate of private capital, R; is the return on bonds, and D, denotes firms’
profits. The budget constraint in Equation (25) posits that households finance
expenditures in consumption, investment, bonds, and lump-sum taxes with the sum
of labor income, capital income, the revenue on bond holdings, and firms’ profits.

Private investment accumulates to the stock of private capital subject to convex

adjustment costs, so that physical capital evolves over time with the law of motion:

. ' 12
2 \ [

where 0 denotes the depreciation rate of private capital, and §2 captures the mag-

Kipn=(1-0k) K+ 1, ) (26)

nitude of the adjustment costs.

4.2 Wholesalers

The production side consists of two types of firms: wholesalers and retailers. There
is a unit measure of monopolistically competitive wholesalers, indexed by j € [0, 1],

which assemble output Y;; with the technology
Yj,t = Njo,ét K},t_a Kg;it Kg;Zt Kg;ihta (27)

where the private inputs are N, ,, the labor hired by wholesaler j at time ¢, and K,
the stock of physical capital rented from the household. Firms’ technology benefits
from the stocks of public equipment, K¢, ¢, public structure, K¢, ., and public
IPP, K¢, . The labor intensity is «, and the parameters 7., s, and 7; denote the
elasticity of private output to public equipment, structures, and IPP, respectively.

Wholesalers set prices P;; subject to a price setting friction a la Calvo (1983),
in which wholesalers can reset their prices with a probability 1 — ¢. Wholesalers

chose their optimal reset price to maximize the expected discounted stream of

13



future profits, as follows

e A
n]%acht Ztﬁ ¢ [t\—: (Pj,ty',z - WzNj,z - RK,sz,z>] ) (28)

where A; is the household’s stochastic discount factor.

4.3 Retaliler

A perfectly competitive retailer purchases the different varieties Y;, from the whole-

salers and assemble them into final output Y; as follows

1 e—1 ﬁ
Y, = [ / v dy} , (20)
0

where € is the elasticity of substitution across varieties. This aggregator implies

that the price of final goods equals

1
1 1—e¢
p=| [ pal] (30)
0

The retailer sells the final goods to the household, as private consumption and
investment, and to the fiscal authority, as the three different types of public invest-

ment. Consequently, the resource constraint reads
Yi=Ci+1Li+1g.++ Ig,c+ Ig s (31)

4.4 Fiscal Authority
The fiscal authority faces an exogenous stream of planned public investment ex-
penditures in equipment, Aq, ;, structures, Agq, ;, and IPP, Ag, ;, which follow the

auto-regressive processes:

logAg,+ = (1 —p)logls, + plog Act1 + et + &1, (32)
log Ag,+ = (1 —p)log I, + plog Ag i1 + €54 + €4, (33)
log Ag,: = (1 = p)log Ig, + plog Ajy—1 +ciy + &y, (34)

where p denotes the persistence of the processes, Is,, ., and I, are the steady-
state values of public equipment, structures, and IPP, respectively. We consider
two types of shocks: a type-specific shock, which raises public investment in only
one specific type, say, either only equipment, only structures, or only IPP, and is de-
noted by €.+, €5+, and €, respectively; and a common shock, €;, which raises total
public investment while preserving constant the composition in planned spending
across the three types.

As in Leeper et al. (2010), Ramey (2021), and Peri et al. (2024), planned public

14



investment turns into actual spending only with a lag, the so called time-to-spend

delay. Specifically, actual public investment spending is defined as

1 &

Ig,+ = 5— Z As 41—z, (35)
S =1
1 &

[Ge,t = g Z Ae,t+1fza (36)
€ 2=1
1

IGi,t = g Z Ai,t+1fz; (37)
voe=1

These specifications imply that current spending in public investment averages
planned lagged expenditures. The parameters 7, 7., and 7; denote the length of
the time-to-spend delays for equipment, structures, and IPP. Importantly, we allow
the delays to vary across the three public investment types.

Current public investment accrues to the stock of public capital according to

the following law of motion

KGsﬂH'l = (1 - 55) KGs,t + ‘[G37t_<s’ (38)
KGe,t+1 = (1 - 56) KGe,t + [Ge,tfgm (39)
Keop1 = (1=0) Kg, v + g i—c,, (40)

where &, 0., and §; are the depreciation rates for equipment, structures, and IPP,
and (s, (., and (; denote the duration of the time-to-build delays for each type of
public capital. Both the depreciation rates and the durations of the time-to-build
delays are allowed to vary across the three public investment types.

The government finances the stream of public investment via means of a lump-

sum tax on the household so that the budget constraint is

Ty =1Igs+1Icy + Iiy. (41)

4.5 Monetary Authority

The economy features a monetary authority that sets the nominal interest rate
according to the Taylor rule that features inertia and responds to inflation, m,
and the output gap, Y;/ th , where th denotes the output level in a counterfactual

version of the economy with perfectly flexible prices. The Taylor rule reads

R, R\ ¢ . Y, \ % 1—epr
Rl == 42
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where R denotes the steady-state level of the interest rate, o, captures the degree
of interest rate inertia, and ¢, and ¢, denote the degree of responsiveness of the

nominal interest rate to inflation and the output gap, respectively.

5 Quantitative Analysis

This section presents the results of the analysis based on the quantitative model
introduced above. Specifically, Section 5.1 details the calibration of the model and
Section 5.2 introduces the alternative economies we compare the baseline model
to. Then, Section 5.3 derives the optimal levels of public investment and public
capital, and evaluates the role of each dimension of heterogeneity across public in-
vestment types in a sequence of counterfactual exercises, while Section 5.4 provides
the results of a similar exercise, which instead focuses on fiscal multipliers both in
the short run and in the long run. Finally, Section 5.5 measures how feeding the
model with actual variation in public investment composition both over time and
across government levels leads to large changes in the size of the fiscal multiplier.
All in all, while there is uncertainty in how to discipline the model—especially with
respect to the magnitude of the differences in the output elasticity to public capital
across equipment, structures and IPP—this section provides a proof-of-concept for
the fact that the aggregate implications of public investment crucially depend on

its composition.

5.1 Calibration

We calibrate the model to the U.S. economy. We log-linearize the model around a
zero inflation rate steady-state, and set one time period to coincide with a quarter.

We set the time discount factor to g = 0.99 so that the annualized real interest
rate is 4%. The risk aversion is set to the standard value of o = 2, and we fix n = 2
so that the Frisch elasticity is 0.5, in line with the evidence at the individual level
documented by Chetty et al. (2013).> We set the preference shifter to # = 0.1090
so that labor supply in steady state equals 0.33.

We fix the depreciation rate of private physical capital to 0.0205, which is
derived by taking information from the BEA, dividing by the current-cost depreci-
ation of private fixed assets on their lagged current-cost net stock, and averaging it
between the period 1950-2019. This implies an annual depreciation rate of 7.95%.
We set the adjustment cost parameter to 1.774 so that the relative standard devia-

tion of private investment in terms of the standard deviation of output in a model

3We study the implications of a specification in which the Frisch elasticity equals 1 in Appendix B.2.
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specification featuring aggregate TFP shocks is 2.75, as it is in the data.

For the production side, we set the labour intensity to a = 0.6 and the Calvo
probability to ¢ = 0.75 to imply an average duration of prices of 4 quarters. The
elasticity of substitution across varieties is € = 4 to be consistent with the markups
of around 30% documented in recent decades by De Loecker et al. (2020).

For public investment, we first set the persistence of the auto-regressive pro-
cesses to p = 0.9. We discipline the different sources of heterogeneity across public
investment types as follows. First, we set the depreciation rates following the same
procedure of the depreciation rate of private capital, using information from the
BEA, and find ., = 0.033, §, = 0.005, and §; = 0.046. These values imply annual
depreciation rates of 12.4% for equipment, 1.9% for structures, and 17.0% for IPP.
Second, we choose the output elasticities to public capital starting from that of IPP.
A recent paper by Fieldhouse and Mertens (2023) finds that the output elasticity of
non-defense R&D is 0.12, whereas that of defense R&D is not statistically different
from zero. Since non-defense R&D accounts on average for 55% of total defense and
non-defense R&D between 1950 and 2022, we set the output elasticity of IPP to
v; = 0.07 = 0.55x0.12. Then, we take the stand that the stock of public equipment
is productive but at the minimum level possible, by choosing an elasticity of v, =
0.01. Finally, we set 75 = 0.05, so that structures have a large effect on the produc-
tivity of private inputs, but relatively lower than that of IPP. This choice coincides
with that of Ramey (2021) in the analysis on infrastructure investment, as well as
with the calibration of Baxter and King (1993) and Leeper et al. (2010). Appendix
A provides empirical evidence in the spirit of Bouakez et al. (2017) and Ramey
(2021) in which we estimate output elasticities for equipment, structures, and IPP
and show that they are roughly in line with those defined in the calibration of the
model. In fact, if anything, our calibration of the elasticity of IPP capital is conser-
vative.” Furthermore, in the next section, we show that these calibration choices
make our model imply an elasticity of private output to aggregate public capital,
which is remarkably in line with empirical estimates provided by the literature.

Regarding the time-to-build and time-to-spend delays, we do the following. We

4 Appendix B.2 reports the results of a model specification in which we set the persistence up to p = 0.94,

which coincides with the persistence estimated by Leeper et al. (2010).

5We study the robustness of our results to alternative calibration choices for the output elasticities in
Appendices B.1 and B.2. Specifically, we consider four cases: (i) an economy in which we halve the elasticities,
so that 7. = 0.005, v = 0.025, and 7; = 0.035; (i) an economy in which the stock of public equipment is
not productive, so that 7. = 0., vs = 0.05, and 7; = 0.07; (4i7) an economy in which equipment is even more
productive, so that v, = 0.02, vs = 0.05, and y; = 0.07; (iv) an economy in which we switch the values between

structures and IPP, so that v, = 0.01, v, = 0.07, and ~; = 0.05.
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start with equipment, since this is the investment type which is likely to be less
affected by these lags. Accordingly, we set both delays to one quarter so that
7. = 1 and (, = 1. For IPP, we assume little time-to-spend delays, with 7; = 2, but
prolonged time-to-build ones, with ; = 12. This is consistent with the fact that
according to the U.S. Patent Office, the procedures of getting a patent approved
take around 22 months. Structures feature the longest delays, with six quarters
for time-to-spend, 7, = 6, and four years for the time-to-build, (;, = 16. The first
choice is in line with Ramey (2021), who show that time-to-spend delays of 5 quar-
ters can account for the lags in the allocation of ARRA funds, as documented by
Leduc and Wilson (2013). The time-to-build lag follows evidence from the U.S.
Government Accountability Office, indicating that infrastructure construction may
take between 2 and 6 years.

We also need to pin down the value of public investment at a steady state. To do
so, we derive in the data the average share of public equipment, public structures,
and public IPP for the general government as a fraction of GDP, for the period
1950-2023. We find that public equipments account for 1.28% of GDP, whereas
this ratio is 1.31% for public IPP and 2.25% for public structures. We set the
steady-state values for each type accordingly.

We close the calibration by setting the Taylor rule parameters following the em-
pirical evidence of Clarida et al. (2000): the degree of inertia is ¢, = 0.8, and the
degrees of responsiveness of the nominal interest rate to inflation and the output

gap are ¢, = 1.5 and ¢, = 0.2, respectively.

5.2 Counterfactual Economies

Before performing the quantitative analysis, let us introduce the counterfactual
economies we will use throughout the following sections to disentangle and iso-
late the channels that make the aggregate implications of public spending crucially
depend on its composition.

Throughout the paper, we refer to the baseline model in Section 4 with the cali-
bration choices of Section 5.1 as the “Multiple Type” economy. As in the analytical
derivations, we compare our model to a specification which completely abstracts
from heterogeneity in the composition of public investment: an economy with only
one type of public investment and public capital. We calibrate this case as fol-
lows. First, we discipline the output elasticity to public capital by making it to
coincide with that the econometrician would recover from observing the aggregate

data implied by the “Multiple Type” economy. To do so, we simulate our model,
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take the values of the observed aggregate total factor productivity and aggregate
public capital, and estimate regression (9). We find that the econometrician recov-
ers an implied elasticity of private output to the aggregate stock of public capital
of ¥ = 0.065. This value is remarkably in line with the estimates provided by the
literature, which exactly focuses on aggregate information on total public capital.
For instance, Bouakez et al. (2017) find a value of 0.065, whereas Peri et al. (2024)
estimate an average value across sectors of 0.0575. As we mentioned above, the fact
that the model is consistent with estimates based on the aggregate stock of pub-
lic capital corroborates our calibration choices for the output elasticities to public
equipment, structures, and IPP. Second, we compute the depreciation rate as in
the baseline model, with the difference that we focus on information on aggregate
public capital: we divide by the current-cost depreciation of total public capital on
its lagged current-cost net stock and average it between the period 1950-2019. We
find a depreciation rate of 6 = 0.011, that is, an annual depreciation rate of 4.4%.
Third, we set the time-to-build delays to 7 quarters, which is the average value
of the delays across the three types. Fourth, we fix the time-to-spend delay to 2
quarters, which is the average value of the delays across the three types. Fifth, we
set the steady-state level of total public investment to equal 3.9% of GDP, which
is the sum of the GDP shares of public equipment, structures, and IPP. We refer
to this case as the “Single Type” economy.

We then consider four additional cases, which all feature the three types of pub-
lic investment but, in turn, abstract from a dimension of heterogeneity among them.
Specifically, we set these economies as follows: (i) the “Multiple Type with Homo-
geneous Output Elasticities” economy abstracts from heterogeneity in the elastici-
ties of private output to the different types of public capital, by setting it to 0.065/3
homogeneously across types;® (i) the “Multiple Type with Homogeneous Deprecia-
tion Rates” economy abstracts from heterogeneity in the depreciation rates, setting
it homogeneously so that each type features the same depreciation of the “Single
Type” model, that is, § = 0.011; (44i) the “Multiple Type with Homogeneous Time-
to-Build” economy, which abstracts from heterogeneity in the time-to-build delays,
by homogeneously setting the time-to-build delay to the average value of 7 quar-
ters; and (iv) the “Multiple Type with Homogeneous Time-to-Spend” economy,

which abstracts from heterogeneity in the time-to-spend delays, by homogeneously

6 As we analytically uncover in Sections 3.1.1 and 3.1.2, a model in which the elasticity equals to 0.065/3 for
all the three types implies an amount of optimal public capital and an output response which coincides with
that of an economy with only one type of capital, in which the elasticity is 0.065, exactly as in the “Single
Type” economy.
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setting the time-to-spend delay to the average value of 2 quarters.

5.3 Optimal Public Capital and Public Investment

Similarly to Section 3.1.1, we derive the optimal levels of public capital and public
investment, by maximizing household’s utility at the steady state. In doing so,
we compare the optimal levels implied by our model with those associated with
“Single Type” economy, the “Multiple Type with Homogeneous Output Elastici-
ties”, and the “Multiple Type with Homogeneous Depreciation Rates”. We do not
consider the three additional multiple-type economies as they study dimensions of
heterogeneity that matter only for the dynamics out of steady state.

We report the results of this exercise in Table 1. Panel (a) shows that the
optimal public capital of the “Multiple Type” economy is 217.23% (in terms of
annualized GDP), which roughly doubles the level of the “Single Type” model,
which equals 120.61%. This comparison highlights that explicitly accounting for
heterogeneity in public investment composition doubles the optimal level of pub-
lic capital. The same applies for optimal public investment: it equals 10.81% in
“Multiple Type” economy and 5.26% in the “Single Type” model.

When disentangling the implications of our model on optimal public capital
across the three types, we find that the optimal amount of public capital and in-
vestment as a fraction of GDP equal 7.45% and 0.92% for equipment, 171% and
3.27% for structures, and 38.78% and 6.61% for IPP.

The variation in the levels of optimal public capital and investment across types
depends on heterogeneity in the output elasticities to public capital and the depre-
ciation rates. The very high elasticity and depreciation rate of IPP makes its ratio
of public investment to GDP to be the highest. Instead, the very low deprecia-
tion rate of structures—coupled with its relatively high output elasticity—implies
a large fraction of public capital in its type as a share of GDP.

We disentangle the relevance of these two dimensions by abstracting from het-
erogeneity in either the output elasticities or the depreciation rate. Variation in
the output elasticities is the key feature that accounts for the difference in the opti-
mal levels between the “Single Type” and the “Multiple Type” economies. Indeed,
when setting homogeneous output elasticities across types, the economy with multi-
ple public investment types generates ratios almost identical to the model with one
single type. Instead, heterogeneity in the depreciation rates plays a marginal role.

Interestingly, there are large differences between the model implications on op-

timal public investment by type and the actual shares of public investment in GDP
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Table 1: Optimal Public Capital and Public Investment.

Single Type Multiple Type  Multiple Type with Homogeneous . .. Data
Output Elasticities Depreciation Rates

(1) (2) (3) (4) (5)

Panel A: Optimal Public Capital (% of GDP)

Total 120.61 217.23 101.92 241.96 73.82
Equipment - 7.45 16.08 18.61 9.44
Structures - 171.00 73.87 93.06 57.63

IPP - 38.78 11.97 130.28 6.75

Panel B: Optimal Public Investment (% of GDP)

Total 5.26 10.81 4.96 10.56 4.84
Equipment - 0.92 1.82 0.81 1.28
Structures - 3.27 1.29 4.06 2.25

IPP - 6.61 1.86 5.68 1.31

Note: Panel A reports in Panel (a) the optimal public capital and in Panel (b) the optimal public investment—
in percentage terms with respect to annual GDP—for the “Single Type” economy in Column (1), the “Multiple
Type” economy in Column (2), the “Multiple Type with Homogeneous Output Elasticities” in Column (3),
and the “Multiple Type with Homogeneous Depreciation Rate” in Column (4). Column (5) reports the values
in the data averaged over 1950 and 2023. The statistics are computed for total public investment, as well as
for each public investment type: equipment, structures, and IPP.

in the data. According to the model, IPP is most under-invested type: the opti-
mal GDP share of public investment in IPP is five times that in the data, 6.61%
vs. 1.31%. Public structures are slightly under-invested, with an optimal share of
3.27% compared to the 2.25% in the data. On the contrary, the optimal levels of

equipment are remarkably close to those observed in the data.

5.4 Fiscal Multipliers

5.4.1 Measurement

We now turn into the positive implications of the composition of public investment
by measuring how the fiscal multiplier varies when abstracting from the different
dimensions of heterogeneity between public equipment, public structures, and pub-
lic IPP. To do so, we follow Mountford and Uhlig (2009) and compute the fiscal

multiplier in present-value terms

YR B (Y -Y)

Moy, =
SR B (X - X)

, (43)
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where X; denotes a generic type of public investment. When we study the effects
of the aggregate shock that preserves the composition of public investment, &;, the
denominator uses the variation in total public investment, X; = I+ Iq, + + 1g, -
Instead, when we focus on the type-specific public investment shocks, €.+, €5,
and ¢;, the denominator uses public investment in equipment, that is X; = I _,,
structures, that is X; = I¢_, and IPP, that is X; = I, ;, respectively.

Equation (43) posits that the fiscal multiplier, My, equals the ratio between
the discounted sum of the deviations from steady state of GDP and the discounted
sum of the deviations from steady state of a specific type of public investment up to
quarter H. In what follows, we focus on the short-run and long-run implications of
public investment by computing the multiplier at the 1-year horizon (i.e., H = 4)
and throughout the entire response of output to the public investment shock (i.e.,

H = 00), which we refer to as the long-run multiplier.

5.4.2 The Role of the Public Investment Composition

We start by reporting in Columns (1) and (2) of Table 2 the 1-year and long-run
multipliers for the “Single Type” and “Multiple Type” economies. In the short
run, we find very muted effects of public investment: the multiplier of total pub-
lic investment at the 1-year horizon is 0.15 in the economy with multiple public
investment types, and 0.22 in the model with a single type. This is consistent
with the findings of Boehm (2020), pointing out that public investment features
a limited stimulus effect on impact. In our case, this limited effect hinges on the
presence of the time-to-build and time-to-spend delays.” What emerges from these
findings is that in the short run, abstracting from heterogeneity in the public in-
vestment composition yields an over-statement of the fiscal multiplier, even though
the difference in absolute value remains not economically relevant.

When looking at the multipliers for each type of public investment—which are
not reported for the “Single Type” economy as this case considers does not feature
multiple types—we find that public equipment generates the strongest output re-
sponse, with a 1-year multiplier of 0.30. Instead, the multiplier for IPP is 0.11, and
that of structures is even negative, -0.03. Again, this is due to the heterogeneous
incidence of the time-to-build and time-to-spend delays: since they characterize
relatively more the investment in structures—and to a lower extent that of [IPP—
these lags curb substantially their output response. Instead, public investment in

equipment is implemented and accrues to the stock of capital almost immediately,

"Appendix B.2 shows that the 1-year multiplier for the baseline economy becomes 0.54 when abstracting
from the time-to-build and time-to-spend delays.
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Table 2: Fiscal Multipliers.

Single Type Multiple Type Multiple Type with Homogeneous ...
Output Depreciation Time-to-Build Time-to-Spend
Elasticities Rates

(1) (2) (3) (4) () (6)

Panel A: 1-Year Multiplier, My

Total 0.22 0.15 0.19 0.17 0.12 0.20
Equipment - 0.30 0.32 0.29 0.27 0.24
Structures - -0.03 -0.02 -0.04 -0.04 0.23

IPP - 0.11 0.20 0.19 0.07 0.11

Panel B: Long-run Multiplier, M,

Total 0.48 1.56 0.76 1.07 1.75 1.55
Equipment - 0.59 1.55 0.26 0.48 0.57
Structures - 0.35 0.01 0.76 0.45 0.35

IPP - 4.57 1.24 2.40 5.18 4.57

Note: This table reports fiscal multipliers, at the horizon of 1 year in Panel A, and in the long run in Panel B. Column
(1) focuses on the “Single Type” economy, which abstracts from heterogeneity in the public investment composition and
considers only one type of public investment, Column (2) shows the “Multiple Type” economy, which is the baseline model
with public investment in equipment, structures, and IPP, Column (3) reports the “Multiple Type with Homogeneous Output
Elasticities” economy, Column (4) focuses on the “Multiple Type with Homogeneous Depreciation Rates” economy, Column
(5) shows the “Multiple Type with Homogeneous Time-to-Build” economy, and Column (6) reports the “Multiple Type with
Homogeneous Time-to-Spend” economy.

so that private inputs can benefit even in the short run from this type of spending.

The multiplier increases significantly at longer horizons: the long-run multiplier
in the “Multiple Type” economy is 1.56, in line with the values reported in the
literature (Boehm, 2020; Ramey, 2021; Peri et al., 2024). Instead, the long-run
multiplier for the “Single Type” model is much lower and even below 1, as it equals
0.48. This comparison highlights one of the key quantitative results of the paper:
heterogeneity in public investment composition more than doubles the long-run
fiscal multiplier.

Again, there is substantial variation in the long-run multipliers between equip-
ment, structures, and IPP: the multiplier is smallest for structures, at 0.35, equip-
ment features a value of 0.59, and it peaks for IPP at 4.57. From this perspective,
these results point out that, should the government want to maximize the bang

for the buck, public investment plans should be titled toward investment in in-
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tellectual property products. Regarding the comparison of the output effects of
equipment and structures, in the robustness checks of Appendix B.2 we find that
the ordering between these two types of public investment crucially depends on
the value of the time discount factor. If we set it to § = 0.995, then the long-run
multiplier of structures is larger than that of equipment, with values of 0.71 and
0.67, respectively. This due to the fact that long delays in implementing investment
in structures makes having a negative output response on impact, while it takes
time before the positive effects of its high output elasticity kick in. As a result,
discounting less the output response to investment in structures capture relatively

more its positive effect, raising its long-run multiplier.
5.4.3 Counterfactual Exercises

What drives the differences in the fiscal multipliers between the baseline economy
and that which abstracts from heterogeneity in the public investment composition,
as well as across the three investment types? To shed light on what are the model
features that account for the bulk of these differences, we report series of coun-
terfactual exercises in Columns (3)-(6) of Table 2. Specifically, we compare the
results of the baseline economy with the multipliers associated with all the five
counterfactual models introduced in Section 5.2.

Since the differences in short-run multipliers across the different economies are
negligible, we focus on the long-run multipliers. In this way, we can isolate which
model dimension accounts for the differences in the long-run multipliers between
the “Single Type” and “Multiple Type” economies.

When abstracting from heterogeneity in the output elasticities, the multiplier of
total public investment shrinks by 51%, from 1.56 to 0.77. The relevance of the vari-
ation in depreciation rates is more limited, as setting them homogeneously across
types reduces the multiplier by 31%, to 1.07. This is because the depreciation rate
of aggregate public capital is relatively lower than the average of the depreciation
rate across types, as it mainly hinges on structures (given its prominence in total
public investment). As discussed in Roulleau-Pasdeloup (2022), a lower deprecia-
tion implies that the steady-state level of public capital becomes arbitrarily large
with respect to the steady-state level of investment. Consequently, an increase in
public investment has a negligible effect in changing the stock of public capital, thus
muting the responsiveness of private output. The time-to-build and time-to-spend
delays play a minor role. Abstracting from heterogeneity in time-to-build actu-
ally raises the multiplier by 12%, up to 1.75. Homogeneous time-to-build delays
boost the multiplier as they reduce the lags for the public investment types with
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relatively larger multipliers, that is, structures and IPP. Instead, heterogeneity in
time-to-spend delays does not change the multiplier at all.

Thus, heterogeneity in the output elasticities is the most important determinant
of the differences in the multipliers between the “Single Type” and “Multiple Type”
economies, as it accounts for 74% of this difference. Heterogeneity in depreciation
rates and time-to-build delays account for 45% and 24%, respectively.®

Heterogeneity in the output elasticities is also the most relevant factor for ra-
tionalizing the variation in the multipliers associated with type-specific spending.
Indeed, when abstracting from this dimension, the multiplier of public equipment
rises from 0.59 up to 1.55, the multiplier of IPP drops from 4.57 to 1.24, whereas
that of structures changes much less, from 0.35 to 0.01. This is because in this
case the elasticity of structures—and especially that of [IPP—shrinks substantially,
whereas the elasticity of equipment increase from the baseline case of no effect of
the stock of public equipment on private output.

Abstracting from heterogeneity in the depreciation rates does not alter the
long-run multiplier of equipment, but doubles the multiplier of structures, from
0.35 to 0.76, while halving the multiplier of IPP, from 4.57 to 2.40. This is because
setting a homogeneous depreciation rate across investment types implies that the
depreciation rate of structures increases and that of IPP shrinks. As we discuss
above, changes in depreciation rates alter the multiplier since the output response
to public investment decreases with the magnitude of the depreciation rate. Fi-
nally, note that the results of Table 2 indicate that all the other dimensions of
heterogeneity—aside the role of the output elasticities and depreciation rates—are
virtually inconsequential for the variation in the long-run multipliers across public

investment types.

5.5 Changes in the Public Investment Composition

To further substantiate that fiscal multipliers crucially depend on the composition
of public investment, in this section, we perform an exercise that leverages the
observed variation in the composition of public investment between equipment,
structures, and IPP both across government levels and over time. Figure 1 already
pointed out that when looking at the public investment of the general government
in the U.S., there have been large shifts in its composition, with an overall upward
trend in the relevance of IPP between 1950 and 2023. We replicate exactly the

8The sum of the contribution of these three factors is larger than 100%, since heterogeneity in time-to-build
delays actually reduces the long-run multiplier.
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Figure 2: Composition of Public Investment across Government Levels.
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Note: The figures show the shares of equipment, structures, and IPP in total public in-
vestment across government levels from 1950 to 2023. Panel (a) focuses on the federal
government, Panel (b) focuses on the defense federal government, Panel (¢) focuses on the
non-defense federal government, and Panel (d) focuses on the local government.

same decomposition, this time looking at different government levels.

Figure 2 reports the shares of equipment, structures, and IPP for the federal
government (in Panel a), the defense federal government (in Panel b), the non-
defense federal government (in Panel c¢), the local government (in Panel d). These
graphs highlight three main facts: (i) there are large swings, both cyclical and
secular, in all government levels in the relative contribution of each type into total
public investment spending; (i7) there are structural differences in the composition
of public investment across levels, with the IPP being the dominant component

for non-defense federal spending, equipment accounting on average for half of to-
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tal public investment of the defense federal government, and the local government
mainly hinging on structures; and (iiz) the rising relevance of IPP characterizes
all government levels, with the non-defense federal government experiencing the
largest increase in this component, with a tripling of the IPP share from 26%
in 1950 to 80% in 2023, whereas the local government is the level in which IPP
increased the least, with its share changing over the entire period from 2% to 12%.

We evaluate the implications of these differences and shifts by feeding them
into the model. Specifically, we run a model specification for each combination
of government level and year in a three-step process. First, we modify the law
of motions of the planned public investment expenditures of Equations (32), (33),
and (34) by focusing solely on the common shock, and add type-specific loadings
Je, ¥, and 1;, as follows:

log Ag.+ = (1 — p)log I, + plog Ac 1 + Veey, (44)
log A, = (1 —p)log g, + plog Agi—1 + Vsey, (45)
log Ag,c = (1 — p)log Ig, + plog Ai 1 + Viey, (46)

Second, we set the loading parameters to ensure the composition of total public
investment coincides with that of the government level of interest in the year of
interest. Then, we shock the economy and measure the implied multiplier.” We
show the results of this exercise in Figure 3.

When looking at Panel (a) which reports the 1-year multipliers, we find that
although there is variation both across government levels and over time in the size
of the multiplier, the dispersion is still quite limited, with an overall range going
from 0.03 to 0.24. However, the graphs indicate that in the short run, the public
investment in defense spending yields the largest multiplier, whereas the spending
of the local government is level with the lowest impact on output.

The overall variation in the long-run multipliers, depicted in Panel (b), is very
substantial. On the low end, the public investment multipliers of the local govern-
ment are low and smoothly increasing over time, from 0.44 in 1950 to 0.89 in 2023.
On the high end, the public investment plans of the non-defense federal government
have the highest multipliers, and the ability of this government level in triggering a
large output response has been varying considerably over time: the long-run multi-
plier was 1.56 in 1950, shrunk to 1.34 in 1953, and rose steadily up to 3.66 in 1969.

9 Although the elasticity of output to public capital may differ when comparing spending of different govern-
ment levels, in this exercise, we keep fixed the quantitative relevance of the different dimensions of heterogeneity
across public investment types, as defined in the calibration of Section 5.1.
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Figure 3: Fiscal Multipliers with Changing Public Investment Composition.
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Note: The figures show the fiscal multipliers implied by a composition of public invest-
ment that resembles that of different government levels, as it varies year by year in the
data, between 1950 and 2023. Panel (a) focuses on the 1-year multiplier, and Panel (b)
reports the long-run multiplier.

After that, the multiplier has been around 3.2, and only recently increased again,

reaching the maximum value of 3.76 exactly in 2023. Consequently, the multiplier
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of total public investment of non-defense federal spending has been changed by
181%, and $2.4, between 1953 and 2023 just as a function of the observed vari-
ation in the composition of its public investment spending between equipment,
structures, and IPP.

The multipliers of the general government range between 0.87 and 1.95, indicat-
ing that looking at output response of the spending carried out considering all gov-
ernment layers conceal a large deal of the heterogeneity that we have documented
between local public investment, and that of the (non-defense) federal government.

Overall, the results of this section corroborate the notion that the composi-
tion of public investment has a first-order quantitative bearing on the size of the
fiscal multiplier, so that the output response tends to be larger whenever spend-
ing is tilted towards IPP investment, as it is the case for the non-defense federal
government, especially over the most recent years. Instead, public investment in
equipment—and to a lower extent the investment in structures—has a much lower

ability in spurring output.

6 Conclusion

This paper argues that the composition of public investment between equipment,
structures, and IPP is critical to understand the aggregate implications of this type
of spending. First, we show analytically that abstracting from heterogeneity in the
composition yields to an under-estimation of the elasticity of private output to pub-
lic capital. As a result, this under-estimation bias leads to an understatement of
both the optimal amount of public capital as well as the size of the fiscal multiplier.

We then introduce the three types of public investment into an otherwise stan-
dard New Keynesian economy. We discipline the model by considering heterogene-
ity between equipment, structures, and IPP in the output elasticities to public cap-
ital, depreciation rates, time-to-build and time-to-spend delays, as well as steady-
state shares of each type of spending in total GDP. In the baseline case, the output
elasticities to public capital are set such that IPP capital has the largest effect
on private output, closely followed by structures, whereas equipment is assumed to
have no effect whatsoever. We find that heterogeneity in public investment compo-
sition doubles both the optimal level of public investment and the output multiplier.

Finally, we feed the model with actual variation in public investment com-
position both over time, between 1950 and 2023, and across government levels,
considering the composition of public investment of the general government, de-

fense federal government, non-defense federal government, and local government.
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This exercise highlights that changes in the composition alter substantially the
multiplier, and also uncover that the public investment of non-defense federal gov-
ernment has the strongest ability in spurring a surge in output, as this type of

spending is tilted more towards IPP investment.
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A Empirical Evidence on the Output Elasticities
to Public Capital

In Section 5.1, we discuss the calibration choices of the model regarding the output
elasticities to public capital for equipment, structures, and IPP, which are based on
values derived in the literature. Section 5.2 corroborates these decisions by showing
that the model implies an estimated elasticity of private output to public capital
which is remarkably in line with values found in the literature. In this section, we
provide further support to our calibration by providing novel empirical evidence in
line with our choices for the output elasticities.

To do so, we extent the econometric analysis of Bouakez et al. (2017) and Ramey
(2021) by focusing each time on a different type of public capital, rather than con-

sidering total public capital. Specifically, we estimate the following regression

logTFP, = v.log K¢, 1 + X0 + €, (A.1)
logTFP, = vslog K¢, + + X'40 + €, (A.2)
logTFP; = vilog K¢, + + X0 + €, (A.3)

where v., vy, and v; are the values of the elasticity of private output to public invest-
ment in equipment, structures, and IPP, respectively, as observed in the data, T'F' P,
is a measure of capacity-adjusted productivity, X'; is a set of covariates, and K¢, ¢,
Ke, 1, and K¢, ; are the stocks of public capital for the three types. Note that inso-
far our model is the true data generator process of the data, then the three stocks
of public capital are orthogonal to each other, and thus we can recover the type-
specific output elasticities by estimating regressions (A.1), (A.2), and (A.3) one
by one, without incurring in any omitted variable bias. Regarding the covariates,
Bouakez et al. (2017) and Ramey (2021) argue about the importance of incorporat-
ing factors that capture variation in both human capital and private R&D, so that
the regressions can uniquely pin down the effect of public capital on productivity.

To run the estimation, we take the very same data used in Bouakez et al. (2017)
and Ramey (2021) which refer to the U.S. economy from 1950 on at the annual
frequency, and extend them with information on public capital for equipment,
structures, and IPP. Specifically, Bouakez et al. (2017) and Ramey (2021) consider
data from the U.S. BEA on the current-cost stock of total public capital of the
general government, civilian non-institutional population above the age of 16, data
from the Federal Reserve Economic Data of the St. Louis Federal Reserve Bank

on the GDP deflator, the GDP component of research and development, and the

Al



personal consumption expenditures in education services. The series of seasonally-
adjusted TFP comes from Fernald (2014). We add to this information by merging
it with data from the U.S. BEA on the current-cost stocks of public capital in
equipment, structures, and IPP.

We then compute the real stock of public capital for each stock per capita, by
dividing the current-cost stocks by the product of the GDP deflator and popula-
tion. We do the same for both R&D and education expenditures. With this data,
we estimate the relationships (A.1), (A.2), and (A.3) as cointegrating regressions
using Dynamic Ordinary Least Squares, using two leads and no lags as in Bouakez
et al. (2017) and Ramey (2021). We find that the estimate of the output elasticity
of equipment is v, = —0.0035 with a standard deviation of 0.0904 and a p-value
of 0.969, the estimate of the output elasticity of structures is 0y = 0.0447 with a
standard deviation of 0.0259 and a p-value of 0.084, and the estimate of the output
elasticity of IPP is 0; = 0.1354 with a standard deviation of 0.0663 and a p-value
of 0.041.

These values imply that our calibration choice for equipment slightly overstates
its output elasticity, as we set 7. = 0.01 while we cannot reject the null hypothesis
that it is zero in the data. The estimated output elasticity for structures is 0.0447,
in line with our calibration choice of v = 0.05. Actually, we cannot reject the
null hypothesis that the estimate 05 equals 0.05 at the 10% level (the test yields
a p-value of 0.8372). Finally, while the point estimate of the elasticity of IPP is
0; = 0.1354 and larger than our calibration choice of v, = 0.07, given the standard
error of the estimate we cannot reject the null hypothesis that 0; equals 0.07 at the
10% level (the test yields a p-value of 0.3241). All in all, these empirical results
further corroborate the validity of our calibration strategy for the output elasticity

to public capital for equipment, structures, and IPP.
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B Quantitative Analysis: Robustness Checks

This section provides an extensive battery of robustness checks that corroborate
the validity of our main quantitative findings in terms of both the optimal levels of
public investment and public capital at the steady state and the fiscal multipliers.
We do it in two ways: we consider a sensitivity analysis with respect to a wide
sensitivity analysis of different calibration choices, and we study various alternative
model specifications.

Importantly, in this section we compare how the quantitative implications of
alternative specifications of our multiple type model alters when compared to that
of an array of single type economies. For every specification of the multiple type
economy that we consider in this robustness analysis, we define the corresponding
single type model and discipline the implied output elasticity to aggregate public
capital following the approach discussed in Section 5.2. Specifically, we simulate
data from the different multiple type economies, compute measures of aggregate
TFP and aggregate stock of public capital, and estimate the regression (9) to derive
the corresponding implied output elasticity to aggregate public capital, 4. We find
that while some alternative economies generate exactly the same implied elasticity
of the baseline model, that is, ¥ = 0.061, there is nonetheless a lot of variation
in the estimates of the implied elasticity across model specifications, ranging from
0.029 to 0.078.

Section B.1 reports the analysis on the robustness check on the optimal levels,
thus extending the quantitative results in Section 5.3, while Section B.2 evaluates

the validity of the findings on fiscal multipliers uncovered in Sections 5.4.2 and 5.4.3.
B.1 Optimal Public Capital: Robustness Checks

To ascertain the robustness of the model implications on the optimal levels of pub-
lic investment and public capital at the steady state, we consider four alternative
calibration choices for the elasticities of private output to the three types of public
capital.

In the first case, we halve the three output elasticities from their baseline val-
ues, which implies that the values for equipment, structures, and IPP become
Ye = 0.005, v, = 0.025, and v; = 0.035, respectively. We report this exercise in Ta-
ble B.1. Consistently with the baseline results of Table 1, moving from the “Single
Type” to the “Multiple Type” economy doubles the levels of both the optimal pub-
lic capital and the optimal public investment (from 56.77% and 2.48% to 108.61%
and 5.40%, respectively). Again, this effect is entirely drive by heterogeneity in
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Table B.1: Optimal Public Capital and Public Investment - Halved Elasticities.

Single Type Multiple Type  Multiple Type with Homogeneous . .. Data
Output Elasticities Depreciation Rates

(1) (2) (3) (4) (5)

Panel A: Optimal Public Capital (% of GDP)

Total 56.77 108.61 47.97 120.98 73.82
Equipment - 3.72 7.57 9.31 9.44
Structures - 85.50 34.77 46.53 57.63

IPP - 19.39 5.63 65.14 6.75

Panel B: Optimal Public Investment (% of GDP)

Total 2.48 5.40 2.57 5.28 4.84
Equipment - 0.46 0.94 0.41 1.28
Structures - 1.64 0.67 2.03 2.25

IPP - 3.30 0.96 2.84 1.31

Note: This table reports the same statistics of Table 1 with the difference that we consider an alternative
calibration of the elasticities of private output to the three stocks of public capital in which we halve the values
of the baseline elasticities, setting 7. = 0.005, v, = 0.025, and ~; = 0.035.

the output elasticities across the three types as abstracting from heterogeneity in
the depreciation rates barely alter the main findings of the baseline model. While
in this case the optimal levels shrink by half with the reduction in the output
elasticities, still we find that the type which is mostly under-invested in is IPP.

In the second case, we consider the baseline output elasticities for structures
and IPP, but double the output elasticity of equipment, which then changes from
from v, = 0.01 to v, = 0.02. We report this exercise in Table B.2. Also in this case,
accounting for heterogeneity in public investment composition doubles the optimal
levels of public capital (from 127.12% to 224.67%) and public investment (from
5.55% to 11.37%). Since this case does not alter neither the output elasticities
nor the depreciation rates of structures and IPP, the implications along these two
dimensions exactly coincide with those of the baseline analysis in Table 1. With
respect to equipment, its optimal public investment as a share of GDP doubles
from the baseline value of 0.92% to 1.85%. Note that the model implies an optimal
level of public investment in equipment that matches the value observed in the
data if we were to set v, = 0.014.

In the third case, we consider that the stock of public equipment is not produc-
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Table B.2: Optimal Public Capital and Public Investment - High Equipment Elasticity.

Single Type Multiple Type  Multiple Type with Homogeneous . .. Data
Output Elasticities Depreciation Rates

(1) (2) (3) (4) (5)

Panel A: Optimal Public Capital (% of GDP)

Total 127.12 224.67 107.43 260.57 73.82
Equipment - 14.89 16.95 37.22 9.44
Structures - 171.00 77.86 93.06 57.63

IPP - 38.78 12.61 130.28 6.75

Panel B: Optimal Public Investment (% of GDP)

Total 5.55 11.73 5.74 11.37 4.84
Equipment - 1.85 2.11 1.62 1.28
Structures - 3.27 1.49 4.06 2.25

IPP - 6.61 2.15 5.68 1.31

Note: This table reports the same statistics of Table 1 with the difference that we consider an alternative
calibration of the elasticities of private output to the three stocks of public capital in which we double the
output elasticity of equipment, setting v, = 0.02, vs = 0.05, and ; = 0.07.

tive, by setting it to 7. = 0. This case is motivated by our empirical evidence of
Appendix A, which could not reject the null hypothesis that the output elasticity of
the stock of public equipment is zero. Instead, we still preserve the baseline choices
for structures and IPP, so that v, = 0.05 and +; = 0.07. We report this exercise
in Table B.3. Moving from the “Single Type” to the “Multiple Type” economy
changes the levels of both the optimal public capital and the optimal public invest-
ment, from 56.77% and 2.48% to 108.61% and 5.40%, respectively. The calibration
choice on making the stock of equipment not to be productive immediately implies
that it is optimal not to invest at all in it, so that the optimal shares of public
investment and public capital in equipment are zero.

Finally, the fourth case keeps the baseline output elasticity of equipment, so
that v, = 0.02, but swaps the values of the elasticities of structures and IPP, by
setting vs = 0.07 and ~; = 0.05. These choices imply that the stock of public struc-
tures is the most productive one, followed by that of IPP. We report this exercise
in Table B.4. Moving from the “Single Type” economy to the “Multiple Types”
one roughly doubles the optimal levels of public capital (from 152.43% to 281.99%,
an increase by 85%) and public investment (from 6.65% to 11.15%, an increase by
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Table B.3: Optimal Public Capital and Public Investment - Low Equipment Elasticity.

Single Type Multiple Type  Multiple Type with Homogeneous . .. Data
Output Elasticities Depreciation Rates

(1) (2) (3) (4) (5)

Panel A: Optimal Public Capital (% of GDP)

Total 114.28 209.78 96.57 223.35 73.82
Equipment - 0.00 15.24 0.00 9.44
Structures - 171.00 70.00 93.06 57.63
IPP - 38.78 11.34 130.28 6.75

Panel B: Optimal Public Investment (% of GDP)

Total 5.55 9.88 5.16 9.74 4.84
Equipment - 0.00 1.89 0.00 1.28
Structures - 3.27 1.34 4.06 2.25

IPP - 6.61 1.93 5.68 1.31

Note: This table reports the same statistics of Table 1 with the difference that we consider an alternative
calibration of the elasticities of private output to the three stocks of public capital in which we set the stock
of public equipment not to be productive, setting v, = 0, vs = 0.05, and ~; = 0.07.

68%). While this case raises the optimal levels of structures, it still implies that
the type of public capital which is mostly under-invested is IPP, confirming thus
the findings of the baseline analysis in Table 1.

All in all, this section confirms the main findings of the baseline analysis: (7)
explicitly accounting for heterogeneity in public investment composition doubles
both the optimal levels of public capital and public investment; (i7) the key model
features that accounts for this result is heterogeneity in the output elasticities to
public capital, while heterogeneity in depreciation rates play a negligible role; and

(7i7) IPP is the type which is mostly under-invested in.
B.2 Fiscal Multipliers: Robustness Checks

We turn into the robustness checks of the model implications on fiscal multipli-
ers. While the previous section only studied the role of the output elasticities to
public capital and the depreciation rates—as these two dimensions are the only
ones that matter to pin down the optimal levels of public capital and investment—
we now consider a much wider array of alternative calibration choices and model

specifications.
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Table B.4: Optimal Public Capital and Public Investment - High Structures Elasticity.

Single Type Multiple Type  Multiple Type with Homogeneous . .. Data
Output Elasticities Depreciation Rates

(1) (2) (3) (4) (5)

Panel A: Optimal Public Capital (% of GDP)

Total 152.43 281.99 128.82 260.57 73.82
Equipment - 14.89 20.33 37.22 9.44
Structures - 239.40 93.37 130.28 57.63
IPP - 27.70 15.12 93.06 6.75

Panel B: Optimal Public Investment (% of GDP)

Total 6.65 11.15 6.89 11.37 4.84
Equipment - 1.85 2.52 1.62 1.28
Structures - 4.58 1.79 3.27 2.25

IPP - 4.72 2.58 6.61 1.31

Note: This table reports the same statistics of Table 1 with the difference that we consider an alternative
calibration of the elasticities of private output to the three stocks of public capital in which we swap the values
associated with structures and IPP, setting 7. = 0.01, 75 = 0.07, and ~; = 0.05.

We start by altering the value of the Frisch elasticity of labor supply. In the
baseline analysis, we set it to 0.5 in line with the evidence on the elasticity at the
individual level. However, macroeconomic models tend to consider a much more
elastic labor supply. For instance, Baxter and King (1993) and Ramey (2021) con-
sider a value of 4. As discussed by Hall (2009), fiscal multipliers increase in the
value of the Frisch elasticity so that a more elastic labor supply may be required to
generate a relatively stronger output response to public investment. However, in
the baseline model we set it to 0.5 because in this way the model can be consistent
with the micro-level evidence on the elasticity of labor supply, while still being
able to generate a large long-run multiplier thanks to the amplification coming
from explicitly accounting for the composition of public investment. In the first
robustness check, reported in Columns (1) and (2) of Table B.5, we increase the
Frisch elasticity from 0.5 to 1. We still find that the long-run multiplier increases
substantially when comparing the “Single Type” and “Multiple Type” economies,
that is, from 0.68 to 1.65, an increase of 143%, and $0.97.

In the baseline model, we choose the elasticity of substitution across wholesaler

varieties to € = 4 so that markups equal 33%, in line with the recent evidence by
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Table B.5: Fiscal Multipliers - Robustness Checks.

High Frisch Elasticity Low Markup High Persistence

Single Type Multiple Type Single Type Multiple Type Single Type

(1) (2) (3) (4) ()

Multiple Type
(6)

Panel A: 1-Year Multiplier, My

Total 0.34 0.26 0.21 0.15 0.21 0.15
Equipment - 0.43 - 0.29 - 0.29
Structures - 0.12 - -0.02 - 0.01

IPP - 0.16 - 0.10 - 0.08

Panel B: Long-run Multiplier, M,

Total 0.68 1.65 0.53 1.61 0.59 1.61
Equipment - 0.79 - 0.61 - 0.66
Structures - 0.55 - 0.37 - 0.47

IPP - 4.34 - 4.66 - 4.47

Note: This table reports the same fiscal multipliers of Table 2 with the only difference that it focuses only on the distinction
between the “Single Type” and “Multiple Type” economies, and Columns (1) and (2) consider an alternative calibration of
the Frisch elasticity that increases it from 0.5 to 1, Columns (3) and (4) consider an alternative calibration of the elasticity
of substitution across varieties that reduces markups from 33% to 20%, and Columns (5) and (6) consider an alternative
calibration of the persistence of the auto-regressive processes of planned public investment by type by raising it from 0.9 to

0.94.

De Loecker et al. (2020). We consider an exercise in which we reduce markups
to 20%, in line with the estimates of Christiano et al. (2005), so that e = 6. We
report this exercise in Columns (3) and (4) of Table B.5. We find that the long-run
multiplier is 0.53 for the “Single Type” model and 1.61 for the “Multiple Type”
economy, an increase of 204%, and $1.08.

We then consider the persistence of the auto-regressive processes that govern
the law of motion of the planned public investment for each type. In the baseline
analysis, we consider a persistence of p = 0.9. Columns (5) and (6) of Table B.5
report the results of a case in which the persistence equals p = 0.94, in line with
the value estimated by Leeper et al. (2010). This case shows that accounting for
heterogeneity in public investment composition raises the long-run multiplier from
0.59 to 1.61, a change by 173%, and $1.02.

The time discount factor is set to 5 = 0.99 in the baseline analysis, so to match
an annual real interest rate of 4%. Given the decline in real rates in recent decades,

and the fact that the measurement of fiscal multipliers in Equation (43) implies
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Table B.6: Fiscal Multipliers - Robustness Checks (cont.).

High Time Discount Factor Inflation Response Taylor Rule No Investment Adj. Cost

Single Type Multiple Type Single Type  Multiple Type Single Type
(1) (2) (3) (4) (5)

Multiple Type

(6)

Panel A: 1-Year Multiplier, My

Total 0.20 0.13 0.14 0.09 0.26 0.20
Equipment - 0.28 - 0.20 - 0.24
Structures - -0.05 - 0.04 - 0.66

IPP - 0.08 - 0.00 - -0.02

Panel B: Long-run Multiplier, M,

Total 0.76 2.16 0.44 1.52 0.45 1.52
Equipment - 0.67 - 0.54 - 0.51
Structures - 0.71 - 0.33 - 0.40

IPP - 6.08 - 4.48 - 4.41

Note: This table reports the same fiscal multipliers of Table 2 with the only difference that it focuses only on the distinction
between the “Single Type” and “Multiple Type” economies, and Columns (1) and (2) consider an alternative calibration of
the time discount factor by changing it from 0.99 to 0.995, Columns (3) and (4) consider an alternative calibration of the
Taylor rule parameter that governs the responsiveness of the nominal interest rates to inflation by raising it from 1.5 to 5,
and Columns (5) and (6) consider an alternative model specification that abstracts from the private investment adjustment

costs.

that the time discount factor directly affects it, by modulating the discounting of
the deviations from steady state of GDP and public investment, we consider a case
in which we the time discount factor rises to § = 0.995, which implies an annual
real interest rate of 2%. We report this exercise in Columns (1) and (2) of Table
B.6. We find that the long-run multiplier is 0.76 for the “Single Type” model
and 2.16 for the “Multiple Type” economy, an increase of 184%, and $1.40. Inter-
estingly, in this case the long-run multiplier of structures becomes larger of that
of equipment, with values of 0.71 and 0.67, respectively. Instead, in the baseline
analysis, while the multiplier of equipment is 0.59, the one of structures is much
lower, as it equals 0.35. Thus, raising the time discount factor doubles the long-run
multiplier of structures. This due to the fact that the long delays in implementing
investment in structures makes it to have a negative output response on impact,
while it takes time before the positive effects of its high output elasticity kick in. As
a result, discounting less the output response to investment in structures capture

relatively more its positive effect, raising its long-run multiplier.
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We also ascertain the role of the monetary policy stance, as Woodford (2011)
demonstrates that the level of the multiplier shrinks if the monetary authority is
relatively more reactive to changes in inflation. We address this possibility by
raising the inflation sensitivity of nominal interest rates in the Taylor rule from
¢r = 1.5 to ¢, = 5, and report the results in Columns (3) and (4) of Table B.6.
Again, we find that the long-run multiplier increases substantially when comparing
the “Single Type” and “Multiple Type” economies, that is, from 0.44 to 1.52, an
increase of 246%, and $1.08. While this case reduces substantially the long-run
multiplier of IPP, this is still the public investment type which has the largest
effect by far in spurring private output.

We then turn into the convex adjustment costs of private investment, which we
calibrate to match the relative volatility of private investment—in terms of that of
GDP—in a model version with productivity shocks. The results of Ramey (2021)
indicate that the presence of adjustment costs is not innocuous, as they hinder the
crowding out effect on investment, raising the multiplier. We study a version of
our model that abstracts from the adjustment costs by setting 2 = 0, and report
the multipliers in Columns (5) and (6) of Table B.6. In this case, heterogeneity in
public investment composition raises the long-run multiplier from 0.45 to 1.52, a
change by 238%, and $1.07.

Next, Table B.7 studies how the multipliers change if we alter the elasticities
of private output to public capital for the three types. We start in Columns (1)
and (2) by halving the baseline elasticities, so that v, = 0.05, v, = 0.025, and
v; = 0.035. Reducing the elasticities dampens substantially the long-run multi-
pliers, with little effect of the short-run effects of public investment. The “Single
Type” and “Multiple Type” economies feature long-run multipliers of 0.10 and
0.66, respectively, that is, a change between the two of 560%, and $0.56. In this
case, the long-run multiplier of public investment in structures becomes zero, while
IPP still features a value well above one. We consider in Columns (3) and (4) a
higher output elasticity for equipment, so that 7. = 0.02, v, = 0.05, and ~; = 0.07.
The long-run of the “Single Type” economy is 0.52, and that of the “Multiple
Type” model is 1.78, an increase of 242%, and $1.26. Interestingly, in this case the
long-run multiplier of equipment becomes larger than one, with a value of 1.42.
Yet, the type with the largest long-run multiplier by far is IPP; with a value of 4.57.
Then, we evaluate the relevance of the output elasticities of structures and IPP by
swapping their baseline values, so that v, = 0.02, v, = 0.07, and ; = 0.05. The

results in Columns (5) and (6) indicate that accounting for heterogeneity in public
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Table B.7: Fiscal Multipliers - Robustness Checks (cont.).

Halved Elasticities High Equipment Elasticity High Structure Elasticity

Single Type Multiple Type Single Type Multiple Type Single Type
(1) (2) (3) (4) (5)

Multiple Type

(6)

Panel A: 1-Year Multiplier, My

Total 0.23 0.17 0.22 0.16 0.21 0.16
Equipment - 0.29 - 0.32 - 0.30
Structures - -0.02 - -0.03 - -0.04

IPP - 0.17 - 0.11 - 0.15

Panel B: Long-run Multiplier, M

Total 0.10 0.66 0.52 1.78 0.68 1.30
Equipment - 0.18 - 1.42 - 0.59
Structures - 0.05 - 0.35 - 0.59

IPP - 2.16 - 4.57 - 3.19

Note: This table reports the same fiscal multipliers of Table 2 with the only difference that it focuses only on the distinction
between the “Single Type” and “Multiple Type” economies, and Columns (1) and (2) consider an alternative calibration of
output elasticities to public capital by halving them, Columns (3) and (4) consider an alternative calibration of the output
elasticity of equipment by raising it from 0.01 to 0.02, and Columns (5) and (6) consider an alternative calibration of the
output elasticities of structures and IPP by swapping their baseline values.

investment composition raises the long-run multiplier from 0.68 to 1.30, a change
of 91%, and $0.62. Also in this case, reducing the output elasticity of IPP relative
to structures does not alter the conclusion that the largest long-run multiplier is
the one associated with public investment in IPP.

Table B.8 evaluates how the multipliers vary when we disregard the time-to-
build and time-to-spend delays. In this way, we can isolate how they affect the
output response of public investment, both across types as well as with the hori-
zon of the output response to the initial shock. We start by abstracting from the
time-to-build delays in Columns (1) and (2), so that (, = (s = ¢ = 0. In this
case, the 1-year multiplier of the “Multiple Type” economy surpasses that of the
“Single Type”, with a marked increase in the short-run output response to IPP
investment, since its l-year multiplier becomes the largest one across the three
types with a value of 0.55. When looking at the long-run values, the multipliers of
the “Single Type” and “Multiple Type” economies are 0.60 and 2.11, respectively,
with a change of 252%, and $1.51. Setting the time-to-spend delays to zero in
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Table B.8: Fiscal Multipliers - Robustness Checks (cont.).

No Time-to-Build No Time-to-Spend No Delays

Single Type Multiple Type Single Type Multiple Type Single Type
(1) (2) (3) (4) (5)

Multiple Type
(6)

Panel A: 1-Year Multiplier, My

Total 0.25 0.32 0.38 0.37 0.42 0.54
Equipment - 0.32 - 0.42 - 0.44
Structures - -0.02 - 0.39 - 0.41

IPP - 0.55 - 0.31 - 0.85

Panel B: Long-run Multiplier, M

Total 0.60 2.11 0.58 1.67 0.70 2.22
Equipment - 0.61 - 0.67, - 0.69
Structures - 0.55 - 0.45 - 0.66

IPP - 6.22 - 4.75 - 6.40

Note: This table reports the same fiscal multipliers of Table 2 with the only difference that it focuses only on the distinction
between the “Single Type” and “Multiple Type” economies, and Columns (1) and (2) consider an alternative model spec-
ification that abstracts from any time-to-build delay, Columns (3) and (4) consider an alternative model specification that
abstracts from any time-to-spend delay, and Columns (1) and (2) consider an alternative model specification that abstracts
from any delay whatsoever.

Columns (3) and (4), so that 7. = 7, = 7; = 0, makes almost identical 1-year
multipliers across the two economies, with values of 0.38 and 0.37. Interestingly,
in this case the 1-year multiplier of structures increases substantially, up to 0.39,
almost to coincide with that of equipment. For the long-run multipliers, account-
ing for heterogeneity in public investment composition raises them from 0.58 to
1.67, a change of 188%, and $1.09. When we abstract from both time-to-build
and time-to-spend delays, so that { = (s = (; = 7. = 75 = 7, = 0, the 1l-year
multiplier of the “Multiple Type” economy increases up to 0.52, again with the
largest contribution coming from IPP, followed up by structures, and equipment.
In addition, the long-run multipliers of the “Single Type” and “Multiple Type”
economies are 0.70 and 2.22, respectively, with a change of 217%, and $1.52.
Finally, Table B.9 studies the robustness of our results on the multipliers by
looking at alternative model specifications that either alter the degree of nominal
rigidities or change the fiscal system. First, we add to the model the presence of

nominal wage rigidity as in Erceg et al. (2000). To do so, we consider that house-
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Table B.9: Fiscal Multipliers - Robustness Checks (cont.).

Sticky Wages

Flexible Prices

Distortionary Taxes

Single Type
(1)

Multiple Type

(2)

Single Type
(3)

Multiple Type

(4)

Single Type
()

Multiple Type

(6)

Panel A: 1-Year Multiplier, My

Total 0.28 0.18 0.22 0.15 -0.13 -0.24
Equipment - 0.41 - 0.21 - -0.02
Structures - -0.22 - 0.28 - -0.60

IPP - 0.21 - -0.01 - -0.24

Panel B: Long-run Multiplier, M

Total 0.54 1.64 0.45 1.65 -0.19 0.86
Equipment - 0.68 - 0.60 - -0.08
Structures - 0.36 - 0.43 - -0.39

IPP - 4.73 - 4.74 - 3.88

Note: This table reports the same fiscal multipliers of Table 2 with the only difference that it focuses only on the distinction
between the “Single Type” and “Multiple Type” economies, and Columns (1) and (2) consider an alternative model specifica-
tion that introduces nominal wage stickiness, Columns (3) and (4) consider an alternative model specification that abstracts
from price rigidity and makes prices fully flexible, and Columns (5) and (6) consider an alternative model specification in
which the deviation of public investment from its steady-state level is financed with a distortionary tax that applies to both

labor income and capital income.

holds supply differentiated varieties of labor, indexed by x € [0, 1], which are imper-

fectly substitutable among themselves. This implies a labor aggregator that reads

N, = (/Nﬁwdx)w,

where N, ; denotes a specific variety of labor, and ¢, is the elasticity of substitu-

(B.4)

tion. Total labor is then sold to the wholesalers at a wage, which is set according
to a Calvo price-setting protocol, in which the probability of adjusting it equals
to 1 — ¢y.

value of the elasticity of substitution across wholesalers’ goods varieties, while the

We set the elasticity to substitution to €, = 4, so that is equals the

probability of not adjusting the wage is ¢, = 2/3, in line with the evidence on the
frequency of wage adjustments documented by Barattieri et al. (2014). We report
the multipliers of this case in Columns (1) and (2), and find that the long-run mul-
tipliers equal 0.54 for the “Single Type” economy, and 1.64 for the “Multiple Type”

model, which implies a difference of 204%, and $1.10. Next, we abstract from price
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rigidities, so that ¢ = 0, which makes the model to feature fully flexible prices.
The results of Columns (3) and (4) show that the long-run multipliers become 0.45
and 1.65, among the two economies, with a change of 267%, and $1.20. In the last
case, we alter the fiscal system by positing that changes in public investment from
the steady state are financed through a distortionary tax on both labor income
and capital income, in the spirit of Leeper et al. (2010). Specifically, we change

the household borrowing constraint of Equation (25) as follows
PCi+PlLi+B+1T=01-7n)WNe+(1—7)RxKi+ BB+ Dy, (B.5)

where 7; denotes the distortionary tax rate. Then, the government budget con-

straint of Equation (41) becomes
T + Tt [WtNt + RK7th] == Is,t + Ie,t + Ii7t' (BG)

where the lump-sum tax equals total public investment at the steady state, T' =
I; + I, + I;. We report the results of this exercise in Columns (5) and (6). In
this case, the multipliers shrink substantially. In the short run, we find negative
1-year multipliers for both economies and all types. For the long-run multipliers,
the “Single Type” economy implies a negative value of -0.19, while the value of the
“Multiple Type” model is still positive, at 0.86. This implies a change of 553%,
and $1.05. While distortionary taxes make the long-run multipliers of equipment
and structures to be negative, that of IPP is still high and positive, at 3.88

All in all; this section confirms the main findings of the baseline analysis: (i)
explicitly accounting for heterogeneity in public investment composition more than
doubles (and roughly triples) the long-run fiscal multiplier associated with an ex-
ogenous change in total public investment; (i7) public investment in IPP has by
far the largest multiplier, with structures having a positive multiplier but below
one, whereas equipment tends to feature even negative values; and (iii) differences
in the short run are limited, and, if anything, heterogeneity in public investment

composition dampens the output response to public investment on impact.

A4



	Introduction
	The Composition of Public Investment
	Simple Conceptual Framework
	Single versus Multiple Public Investment
	Optimal Public Capital
	Output Response to Public Investment


	Quantitative Model
	Household
	Wholesalers
	Retailer
	Fiscal Authority
	Monetary Authority

	Quantitative Analysis
	Calibration
	Counterfactual Economies
	Optimal Public Capital and Public Investment
	Fiscal Multipliers
	Measurement
	The Role of the Public Investment Composition
	Counterfactual Exercises

	Changes in the Public Investment Composition

	Conclusion
	Empirical Evidence on the Output Elasticities to Public Capital
	Quantitative Analysis: Robustness Checks
	Optimal Public Capital: Robustness Checks
	Fiscal Multipliers: Robustness Checks


