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Abstract
This paper investigates the effects of government spending shocks on the labor share of income
in the U.S. We show that an unanticipated increase in government purchases has a positive effect
on the labor share by raising real wages more than labor productivity. These results extend also
to Australia, Canada and the UK. Empirics are rationalized using a New Keynesian model that
isolates different sources of income by ascribing them to two types of agents: capitalists and
workers. In addition, the model features incomplete financial markets assuming segmented bond
markets that prevent risk sharing between agents. Simulations replicate empirics well. Finally,
we use the model to quantify the impact of the expenditure measures of the 2009 American
Recovery and Reinvestment Act on the labor share. When we take the zero lower bound into
account, we find a peak effect of 3 percent within the first year, relative to a case of constant
government spending.
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Introduction

Over the past few decades, rising inequality has foregrounded the importance of the distributive
effects of macroeconomic policy. The labor share of income – the share of workers’ compensation
in the aggregate output of an economy – provides a useful lens through which to examine these
dynamics and is particularly suitable to evaluating the hypothesis that workers as compared to the
owners of capital specifically do not participate in economic growth (Piketty, 2014).1 The (“functional”) distribution of the output resulting from production between workers and the owners of
capital is, furthermore, closely intertwined with the evolution of “‘personal” economic inequality,
not least because capital ownership tends to be concentrated (Jacobson and Occhino 2012). Accordingly, and since factor shares turned out to be significantly less stable in both the long run and
the short run than previously believed, the labor share has recently attracted renewed attention
from economists. Notwithstanding, little evidence is available on the effect of discretionary fiscal
policy on the labor share.
We fill this gap this gap in the literature by providing, in a first step, a comprehensive VAR
analysis. Following the identification approach of Forni and Gambetti (2016), we employ a news
variable constructed based on data from the Survey of Professional Forecasters (SPF) that summarizes forecasters’ expectation for cumulative government spending growth for the next four quarters,
to “purify” recursively identified fiscal shocks of anticipation effects. We place this variable in the
VAR followed by government spending, and identify an unanticipated government spending shock
as the second Cholesky shock.2 This approach addresses potential econometric problems associated
with (non-) invertibility, or the assumption that structural shocks can be accurately recovered from
current and lagged (but not future) values of the observed data. Such problems may be caused
by fiscal foresight: agents may receive news about fiscal changes prior to their implementation,
notably due to the existence of lags in the legislative and implementation process (Leeper et al.
2013).
Having thus “purified” government spending shocks of their anticipated component, we show
that cyclically, surprise increases in fiscal expenditures raised the labor share during the Great
Moderation period in the US; the impulse response is characteristically hump-shaped. Decomposing
the labor share into its components, real wages (numerator) and labor productivity (denominator),
helps crystallize the picture further: while labor productivity rises in response to a government
spending shock, real wages respond even more positively, thus explaining the rise in the labor
1

Additionally, according to economic theory, the labor share of income matters for outcomes as wide-ranging
as inflation dynamics (Rudd and Whelan 2005), the conduct of monetary policy (Haldane 2015), the structure of
aggregate demand (Walsh 2017), and an economy’s productivity level (Baqaee and Farhi 2017).
2
Anticipated shocks may additionally be identified as the first Cholesky shock, i.e., a change in forecasters’
cumulated forecast orthogonal to current spending.
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share.3 These results are shown to be robust to a series of checks that deviate from our baseline
specification in a number of dimensions.4
In a second step, to understand the economic mechanisms driving our empirical findings, we
next build a New Keynesian model that isolates different sources of income into two different type
of agents: capitalists, earning income only from firms profits and investing in physical capital, and
workers, who only receive labor income. In addition, we assume that each type of agent can invest in
two different types of non-state-contingent bonds so that there is no risk sharing between agents as
financial markets are incomplete. We also allow for the presence of distortionary taxes, endogenous
fiscal policy and non-balanced budget rules. We estimate the model by Bayesian impulse response
matching and show that the model is able to replicate the effects of a surprise government spending
shock on the labor share and other key macroeconomic variables both qualitatively and quantitatively. Finally, we use the model to perform an exercise quantifying the effect of the American
Recovery and Reinvestment Act (ARRA) of 2009 on the labor share. Our simulations imply that
the “Obama stimulus” not only had an important effect on aggregate variables but also significant
distributive implications, benefiting workers. When we take the zero lower bound into account,
we find a peak effect of 3 percent within the first year, relative to a case of constant government
spending.

Related Literature
The research question pursued in this article relates to three strands of the economic literature,
addressing respectively the cyclical behavior of the labor share, the empirical identification of fiscal
policy shocks, and the theoretical modeling of such disturbances. In terms of the unconditional
short-run dynamics of factor shares, Rı́os-Rull and Santaeulalia-Llopis (2010) report the cyclical
properties of the labor share as persistent, volatile, countercyclical (cf. Hansen and Prescott, 2005),
and lagging output (see also McAdam et al., 2015a).5 Considering the cyclicality of the labor share
conditional on a given shock, Rı́os-Rull and Santaeulalia-Llopis (2010) establish empirically that
TFP innovations reduce the labor share at impact but they also produce a long-lasting subsequent
increase of labor share that overshoots its long-run average.6 Meanwhile, Cantore et al. (2018) find
that monetary policy tightening increased the labor share in a panel of developed economies during
the Great Moderation period.
3

In the appendix A.2.1, we furthermore consider anticipated shocks. The impulse response for the propagation
of this impulse to the labor share roughly looks like a phase-shifted version of the unanticipated case, with the
labor share declining upon impact but then overshooting in positive territory and following a hump-shaped path.
Considering the component parts, labor productivity likewise rises, but real wages initially fall short of this increase,
such that the labor share declines over the first few periods.
4
We consider, amongst others, a recursive identification approach (Blanchard and Perotti, 2002), a larger information set, countries other than US and use the Jordà’s (2005) local projections to compute impulse responses as in
Ramey (2016) and Ramey and Zubairy (2018).
5
Relatedly, Gal and van Rens (2014) argue that the decreasing procyclicality of labor productivity in the US
implies a decreasing countercyclical movement of the labor share.
6
It is worth noting that the overshooting result is not robust to the use of capacity-utilization-adjusted TFP data
(Fernald, 2012). Results are available upon request.
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From a theoretical vantage point, the finding of cyclically moving factor shares is remarkable
insofar as it is inconsistent with the commonly used assumptions of a Cobb-Douglas production
function (featuring a unitary substitution elasticity between labor and capital) and competitive
markets; these assumptions jointly imply that the labor share series is invariant to shocks. The
theoretical literature therefore tries to explain cyclical movements in the labor share as departures from that benchmark (e.g., Bentolila and Saint-Paul, 2003; Cantore et al., 2014; Mangin and
Sedláček, 2017). In addition, the labor share is closely (and inversely) related to markups (Nekarda
and Ramey, 2013; Cantore et al., 2018). An advantage of using the labor share as the dependent
variable is that markups are not directly observable and need to be derived using models, whereas
the labor share is directly observable.7
Turning to the the empirical literature on fiscal policy, there exists a range of approaches to
identifying government spending shocks.8 Several contributions have highlighted the challenge
arising from fiscal foresight (Yang, 2005; Leeper et al., 2013). In this paper, we draw on the
identification method proposed in Forni et al. (2016) (which is closely related to that of Ricco (2015))
and use data from the Federal Reserve Bank of Philadelphia’s Survey of Professional Forecasters
to “purify” recursively identified fiscal shocks of anticipation effects.9
The results uncovered by the empirical literature have spawned a rich research agenda on the
theoretical modeling of fiscal shocks and their propagation through the economy. In a frictionless
RBC model, a positive government spending shock induces negative wealth effects for private
agents, causing a decline in consumption, an increase in the labor supply, and a decline in the real
wage (Baxter and King, 1993; Burnside et al., 2004), hypotheses that are in many instances at odds
with the data. It can be shown, moreover, that in such a model, a positive labor share response
requires a value of the elasticity of substitution between labor and capital greater than one, which
is contrary to the evidence (e.g. Klump et al., 2007). On the other hand, in New Keynesian (NK)
models, real wages may increase as a result of an outward shift of the labor demand curve induced
by expanding aggregate demand in the presence of sticky prices, making this class of models a
more appropriate framework for analyzing the effects of government spending shocks on the labor
share of income. In view of difficulties confronted when using either RBC-type models or simple
textbook versions of the NK framework to match empirical moments, researchers have explored a
variety of frictions and non-standard specifications, including utility- and or productivity-enhancing
government spending (Linnemann and Schabert, 2004, 2006; Bouakez and Rebei, 2007), deep habits
7
Work by Basu and House (2016) implies that the labor share may also be a useful variable when thinking about
the interaction of fiscal policy with real wages and productivity, as composition biases affecting measures of both
wages and productivity cancel when using wages and labor productivity in a ratio such as the labor share.
8
The literature is too extensive to summarize comprehensively; relevant contributions include, amongst others,
Blanchard and Perotti (2002); Caldara and Kamps (2008); Mountford and Uhlig (2009); Ramey (2011); Ben Zeev
and Pappa (2015); Caldara and Kamps (2017); Ramey and Zubairy (2018).
9
There furthermore exists a small but growing literature on the distributional consequences of fiscal policy shocks
(Giavazzi and McMahon, 2012; Ball et al., 2013; Furceri et al., 2018; Pappa, 2009a), however, to the best of our
knowledge, this is the first analysis providing a rigorous empirical analysis of the effects of government spending
shocks on the labor share in a rich-country context. We furthermore complement our findings with a theoretical
framework facilitating the interpretation of empirical results and the underlying mechanisms.
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(Ravn et al., 2006), and, influentially, limited asset market participation (Galı́ et al., 2007; Bilbiie,
2008). In developing our model, we draw on some of the ideas underlying these mechanisms, but
follow Broer et al. (2017) and Walsh (2017) in differentiating between workers and capitalists, while
modeling incomplete markets in a parsimonious fashion following Dolado et al. (2018). The payoff
of this approach is that we can cleanly distinguish between household income deriving from labor,
on the one hand, and capital ownership and firm profits, on the other hand, while at the same
time capturing the partial dependence of household consumption on current income (cf. Galı́ et al.
(2007)).
The rest of the paper is organized as follows. Section 2 presents the data, the identification
technique and the empirical evidence. Section 3 presents the model and the estimation that minimizes the distance between the dynamic response to a surprise government spending shock in the
model and in the data. Section 4 presents the application to the ARRA stimulus. Finally, section
5 concludes.

2

Empirical Evidence

This section seeks to establish how the labor share of income responds to government spending
shocks in US data. Our baseline econometric tool is the SVAR approach recently devised by Forni
and Gambetti (2016), which identifies both anticipated and unanticipated government spending
shocks. However, given the focus of the paper, we concentrate mainly on the latter. To validate
our empirical results, we conduct a number of robustness checks that deviate from our baseline
specification in a number of dimensions, considering (a) recursive identification as in Blanchard and
Perotti (2002); (b) an enlarged information set; (c) countries other than the US; and (d) Jordà’s
(2005) local projections to compute impulse responses as in Ramey (2016) and Ramey and Zubairy
(2018).10 The section is organized as follows. Subsection 2.1 outlines the baseline econometric
methodology. Subsection 2.2 discusses the baseline specification. Subsection 2.3 gives a snapshot
of data sources. Subsection 2.4 reports the baseline results. Finally, Subsection 2.5 presents the
robustness checks. Further checks and a full account of data sources and transformation are reported
in the Appendix.

2.1

Econometric Methodology

As is common in the SVAR literature, we assume that the ny -dimensional vector of endogenous
variables yt ≡ (y1t , ..., y1,t ) is driven by an unobserved n -dimensional vector of structural shocks
t ≡ (1,t , ..., n,t )0 according to the following relationship:
yt = θ(L)t ,
10

(1)

In addition, appendix A.2 examines the case of anticipated spending shocks and robustness against alternative
identification methods; different labor share proxies; and varying sub-samples.
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where L is the lag operator and θ(L) =

P∞

l
l=0 θl L

is ny × n .11

A defining property of the SVAR model is that the structural shocks, t , can be recovered linearly
from past and present values of the observed data yt . Crucially, however, this assumption may be
violated if the econometrician does not observe all variables relevant to the decisions of forwardlooking agents, i.e., if the respective information sets do not coincide. This problem is known as
non-fundamentalness, and it is helpfully understood as a problem of deficient information, akin
to an omitted variables problem. In the context of fiscal policy shocks, non-fundamentalness may
arise due to fiscal foresight, the phenomenon whereby agents receive signals about fiscal changes
prior to their implementation because of the existence of lags in the legislative and implementation
process(Leeper et al., 2013).
Fiscal foresight creates two problems for traditional SVAR analysis. First, recursive identification as in Blanchard and Perotti (2002)–BP henceforth–cannot distinguish between unanticipated
and anticipated shocks, because some changes in fiscal expenditures are anticipated by agents
even though they are unpredictable based on the variables in the econometrician’s information set
(Ramey, 2011).12 Second, and relatedly, fiscal foresight can generate an equilibrium time series
with a non-invertible moving average (MA) component. If the structural MA representation is
non-fundamental, then the estimated impulse response functions (IRFs) can be different from the
true ones (Leeper et al., 2013).13
To overcome these problems, in line with the standard strategy in the news shock literature,
we assume that there are both anticipated (or news or foresight) shocks and non-anticipated (or
surprise) shocks. The former affect agents’ expectations on impact, but have delayed effects on
government spending, whereas the latter affect spending immediately. Following the approach of
Forni and Gambetti (2016), we draw on data from the Survey of Professional Forecasters (SPF)
to construct the cumulated forecasts of government spending growth and identify spending shocks
“purified” of the anticipated component (surprise shocks) as well as shocks to the anticipated component itself (news shocks). This use of SVAR methods is premised on the insight that, in applied
work, the necessary condition for recovering the IRFs for a particular shock is not fundamentalness but sufficient information (Forni and Gambetti, 2014), a shock-specific generalization of the
fundamentalness concept.14
11

The shocks are assumed to be orthogonal, white noise, and with unit variance, i.e. t ∼ W N (0, Ω ), with
Ω = diag(1). Thus,θij,l , the (i, j) element of θl , is the impulse response (IR) of variable i to a shock j at horizon l
after the shock’s initial impact.
12
BP do consider the fiscal foresight problem (section VIII) but, as Leeper et al. (2013) argue, without finding
a satisfactory solution. Suppose that there are p periods of fiscal foresight. The BP strategy relies on assuming
no discretionary response of fiscal policy to output realizations not only in this quarter, but also in the p previous
periods. Thus, this assumption becomes harder to maintain the larger the value of p.
13
Ramey (2011) provides evidence for non-fundamentalness in traditional fiscal SVARs by showing that both
professional forecasts and narratively constructed shocks Granger-cause BP SVAR shocks, implying that these shocks
are missing the timing of the news. In a similar vein, Forni and Gambetti (2016) show that professional forecasts
predict government spending much better than GDP and consumption over the 1-year horizon, a result that also
supports the fiscal foresight hypothesis. That said, especially in the short run, a large fraction of spending volatility
is not anticipated, suggesting that both anticipated and non-anticipated shocks are empirically important.
14
Suppose that the structural shock of interest is 1,t and denote as Hty the econometrician’s information set based
on VAR data yt . Then the VAR is informationally sufficient for 1,t if 1,t ∈ Hty . We may relate this concept to
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The implied cumulated forecasts for government spending growth between t = s and t = h, s <
P
h, is defined as Ft (s, h) = hj=s EtP gt+j , where EtP denotes the median expectation in the SPF in
period t and gt+j denotes the realized growth rate of government spending at t + j. In practice,
we use F (1, 4), given that the forecast for the present period does not help identification–as it does
not capture news shocks15 –and the SPF predicts up to four quarters into the future. Specifically,
we place F (1, 4) as the first variable in the SVAR, followed by government spending.16 Then,
we identify the news shock as the first Cholesky shock, i.e. a change in the cumulated forecast
F (1, 4) orthogonal to current spending, and the surprise government spending shock as the second
Cholesky shock. Effectively, the latter is a BP shock purified of anticipation effects.17
In sum, we find this approach appealing for two reasons. First, it allows purifying the traditional
“BP shocks” of the anticipated component. Second, unlike identification methods based on the use
of defense spending (e.g. Ramey, 2011), this approach allows analyzing the response of the labor
share to government spending shocks in general, rather than specifically to military spending shocks.
In line with standard Bayesian practice, the SVAR is estimated using Markov Chain Monte
Carlo Methods employing a normal-diffuse (“Jeffrey’s”) prior for the coefficient matrix and the
covariance matrix of the reduced-form innovations, respectively. Impulse responses and posterior
credible sets are generated based on 10,000 draws.

2.2

Baseline Specification

The baseline specification for the estimation of government spending shocks is a six-variable SVAR
estimated for the U.S. using quarterly data spanning from 1981Q3 to 2007:Q4. The starting date
is dictated by the availability of SPF data for fiscal variables and coincides approximately with the
beginning of the Great Moderation. The end date is prior to the start of the Great Recession to
avoid potential structural breaks, although in the appendix we also report results obtained ending
the sample in 2016, and using rolling windows.
Vector yt collects the following six variables: (i) the cumulated forecast of government spending
growth over the next four quarters, Ft (1, 4); (ii) log real government spending (consumption plus
gross investment); (iii) log real net taxes; (iv) log real GDP; (v) log labor share; and (vi) the 10-year
real interest rate. The inclusion of the long-term interest rate helps capture agents’ expectation
and significantly reduces the forecasteability of government spending shocks.18 The lag length is
fundamentalness noting that t is fundamental for yt if and only if yt is informationally sufficient for i,t , i = 1, ..., n .
15
Rather, following Ricco (2015) we may call such shocks instead misperception shocks.
16
We have also experimented with a news variable capturing expectations revisions (N (1, 3) in the notation of
Forni and Gambetti (2016) and the results are very similar to the F (1, 4) approach.
17
Note that including the one-step-ahead forecast (h = 1) as the first variable in the SVAR, and identifying the
“purified” surprise spending shock as the second Cholesky shock is essentially equivalent to the strategy followed by
Auerbach and Gorodnichenko (2012) as well as Born et al. (2012). However, if the number of periods of anticipation
exceeds one, then this variable will not include the news shock. By contrast, using e.g. Ft (1, 4) as the first variable
in the VAR increases the chances of capturing all relevant anticipation effects.
18
To explore the informational content of our dataset we consider a bivariate SVAR including only government
spending and the labor share and a baseline five-variable SVAR, that excludes F (1, 4). We then regress recursively
identified BP shocks on SPF forecasts for government spending growth. Using a standard F -test for the significance
of the regression unveils that informational sufficiency is clearly rejected for the bivariate SVAR, while it cannot
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chosen based on information criteria, which suggest the use of two lags for the baseline SVAR.19
The equations are estimated in levels to preserve potential cointegrating relationships among the
variables. We include a quadratic time trend as in Ramey (2016) to capture features such as the
productivity slowdown or the effect of the baby boom. Results are robust to the inclusion of a
linear trend (or a constant) only.

2.3

Data

For the USA, the components of the labor share, of national income, government receipts and
the GDP deflator are taken from the NIPA tables of the Bureau of Economic Analysis. Further
series are retrieved from the FRED database of the Federal Reserve Bank of St. Louis. Data
from the Survey of Professional Forecasters is available on the website of the Federal Reserve Bank
of Philadelphia.20 For Australia, Canada and the United Kingdom, the countries we consider in
section 2.5.3, data are retrieved respectively from the Australian Bureau of Statistics, Canada
Statistics and the UK Office for National Statistics, unless otherwise stated.

21

The labor share, LS, deserves particular attention. Theoretically, it is defined as the share of
total (nominal) compensation of the labor force, i.e. the product of wages, W , and labor force,
L, in aggregate (nominal) output of the economy (the product of price, P , and real output, Y ),
LS ≡

W L 22
PY .

However, the empirical counterpart to this theoretical construct is ambiguous, as

both the numerator and the denominator of the ratio can be measured in various ways (Gollin,
2002).23 Our baseline measure of the labor share is constructed using data extracted from the
US NIPA tables following a comprehensive approach to dealing with mixed income proposed by
be rejected for the larger SVAR. Clearly, this test is far from representing conclusive evidence that the five-variable
SVAR is informationally sufficient, and only using an identification procedure that explicitly tackles the problem–such
as that of Forni and Gambetti (2016)–provides the necessary safeguards. However, this orthogonality test is at least
suggestive that the variables included in the SVAR have adequate informational content to help retrive government
spending shocks.
19
A Ljung-Box Q-test for residual autocorrelation suggests that with two lags at most the residual in the equation
for the labor share exhibits some statistically significant autocorrelation (p=0.04), however adding a third lag leaves
the results intact (results reported in the appendix)–moreover, for the vast majority of specifications (e.g. other
labor share proxies, even this minor issue disappears). As a robustness check, for a longer sample (notably, 1948:Q12007:Q4) we use four lags.
20
The SPF provides separate forecasts for state, local and federal government spending, whereas our variable of
interest is total government spending. We have aggregated the individual components to obtain a forecast for the
latter, and constructed news variables on this basis. This procedure may introduce bias in our estimates, because in
1996, the U.S. Bureau of Economic Analysis (BEA) switched its method for aggregating the headline components of
real GDP and the associated price indexes from the fixed-weight aggregation method to the chain-weight aggregation
method. Under the latter (”Fisher ideal”), additivity of real levels does not hold (Whelan 2002). We have verified
that the results obtained are robust to using news variables based on federal spending only.
21
All national income series are seasonally adjusted by the source and, unless otherwise stated, are deflated using
the GDP deflator. For all series except for the interest rate and the SPF data, we take the natural logarithm and
multiply the resulting series by 100, yielding the series used in the estimation. Where necessary we take the arithmetic
average of monthly figures to obtain quarterly series.
r
22
L
= W
, where
Equivalently, we may express LS as the ratio of real wages over labor productivity: LS = W
PY
LP
r
W
H
W = P and LP = Y .
23
Creating a sound measure of the labor share requires explicitly addressing several questions, including how to
apportion the income of the self-employment, the government sector and indirect taxes, the housing sector, and
depreciation (McAdam et al., 2015b).
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Cooley and Prescott (1995) and further developed by Gomme and Rupert (2004) and Rı́os-Rull
and Santaeulalia-Llopis (2010).
Details about the construction of the labor share series, alongside a description of five alternative proxies, and details about sources and transformation of all other variables are provided in
Appendix.

2.4

Results

Figure 2 depicts the impulse responses to a surprise government spending shock using the method
explained in Subsection 2.1. In this and all other figures reporting empirical impulse responses, solid
lines represent the median response while dotted lines represent the 16th and the 84th percentile,
unless otherwise indicated.
The labor share exhibits a positive, persistent and hump-shaped response to with a magnitude
(in percentage deviations from baseline) that is about half that of GDP. In addition, the response
is statistically significant for several quarters around its peak.24
Figure 2 also shows that the median response of net taxes is negative, suggesting that on average
we capture a mostly deficit-financed government spending stimulus. The response of real output is
positive for about one year and statistically significant for the first two quarters. The magnitude
and (relatively low) persistence of the output response is consistent with other studies (e.g. Forni
and Gambetti, 2016 and Bilbiie et al., 2008), highlighting the decline of the output effect after 1980
(see, e.g., Perotti, 2005 and Caldara and Kamps, 2008) in U.S. data. The real interest rate, after
a short-lived increase, falls in a persistent and statistically significant fashion.
To gain further insights into the mechanisms at work, we next consider the two components
of the labor share, that is, real wages and labor productivity. In principle, two possible reasons
behind a positive response of the labor share to a government spending shock are that either ,
in response to this shock, real wages (the numerator) increase by more than labor productivity
(the denominator), or because labor productivity decreases by more than real wages. However,
as noted by Cantore et al. (2018) with reference to Basu and House (2016), this analysis is not
straightforward, because real wages and labor productivity suffer from a composition bias. This
bias, on one hand, arises from the composition of the labor force changing over the business cycle–
that is, unskilled workers are more likely to be hired (fired) in expansions (recessions) than skilled
workers are. On the other hand, as discussed in section 2.3, most of the labor share proxies,
including our preferred measure, use elaborate methods to control for ambiguous income, which
makes it impossible to decompose the labor share in a perfectly clean way. These considerations
are indeed part of the reasons why using the labor share is attractive, since taking the ratio of real
wages and labor productivity removes the composition bias (as shown by Basu and House (2016)).
By using the two components separately, we reintroduce the bias in our analysis. However Cantore
24
In Appendix A.2.1 we show how the response of the labor share to a news (anticipated) shock is negative on
impact before displaying a positive and stastistically significant overshooting. In other words, anticipated fiscal shocks
appears to have a simliar, albeit delayed, effect on the labor share.
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et al. (2018) show that this composition bias reduces the procyclicality of the response of real wages
and productivity and therefore would not affect the sign of the responses we find here but only
the magnitude. To mitigate the issue of ambiguous income as much as possible, we compute real
wages as the ratio of total labor compensation as defined when constructing the preferred labor
share measure (i.e. the sum of unambiguous labor income and ambiguous income apportioned to
labor) deflated by the GDP deflator over total hours worked. Labor productivity is simply real
GDP divided by total hours.25
We modify the VAR specification by replacing real GDP and the labor share with labor productivity and real wages (in this order). Government spending shocks are identified as before, and
Figure 3 illustrates that real wages grow more rapidly than labor productivity over the first three
years from the fiscal expansion.26 The positive response of real wages to an unexpected government
spending shock is in line with much of the empirical literature in this field (see, e.g., Pappa (2009b),
among many others) and with the predictions of the canonical New-Keynesian model.

2.5
2.5.1

Robustness Checks
Blanchard and Perotti’s Recursive Approach

As a first robustness check, we identify government spending shocks using the standard approach
pioneered by Blanchard and Perotti (2002), which relies on timing restrictions only. As discussed
by Caldara and Kamps (2008), when it comes to identifying only the government spending shock
(and not also the tax shock), the BP methodology is equivalent to a recursive identification which
orders government spending first and takes the first Cholesky shock to represent the purportedly
unanticipated structural shock. As Figure 4 shows, the impulse responses to BP shocks are similar
to a surprise shock identified using our baseline methodology. Where there are minor differences,
they go into the direction of the news shocks, as would be expected from the impact of fiscal
foresight, which is not being taken care of in this approach.
2.5.2

Large VAR

In a first instance, we verify that the key results are not due to a misspecification of the VAR information set.27 Notably, it is possible that controlling only for aggregate GDP might be associated
with omitted relevant information pertaining to the composition of GDP. To ensure that this is not
the case, we add consumption (durables and non-durables) as well as investment to the VAR and
25

However, the results reported regarding the relation between real wages and labor productivity in response to
government spending shocks seems robust to the use of alternative measures (e.g., the BLS-provided series for real
hourly compensation and output per head in the non-financial corporate sector). Moreover, deflating the real wage
with the consumer price index does not change the result in a material way.
26
In Appendix A.2.1 we perform the same exercise for an anticipated shock and we find that while labor productivity
rises in response to either an unanticipated or an anticipated government spending shock, the dynamics of real wages
differ, thus explaining the differential movements in the labor share on impact.
27
Apart from serving as a robustness check on our main empirical findings, the impulse response matching procedure
employed to estimate our theoretical DSGE model draws on some of the results established in this exercise.
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order these two variables prior to the labor share. In addition, we add corporate profits, which in
some ways represents a complement to the labor share.
As shown in Figure 5, consistent with existing studies discussed in the literature review, we
find that consumption is crowded-in following an expansionary unanticipated government spending
shock, while investment falls. Importantly, as can be seen in the bottom row of the panels, the
labor share still responds positively and in a distinctively hump-shaped manner. The dynamics of
corporate profits suggest that the expansionary government spending shock involves a redistribution
of income towards workers.
2.5.3

Other Countries

To further corroborate the findings for unanticipated government spending shocks, additional analysis has been conduced for Canada, Australia and the UK, in all three cases using the sample
1970:I-2007:IVs (for a description of the variables and data sources, see the appendix).28 Given
limited data availability in terms of proxies for news shocks, we limit ourselves to recursive (BP)
identification. Figure 6 shows that, as for the US, in response to a surprise government spending
shock, the labor share initially increases in a statistically significant manner before reverting back
to the mean, potentially with a degree of undershooting after several years. Qualitatively, these dynamics are remarkably close to those reported earlier for the US. Quantitatively, the magnitude of
the labor share increase for the Canada and Australia is notably larger than observed for the US,29
but it is significantly smaller for the UK where, in addition, the multiplier is negative (consistent
with Afonso and Sousa (2012)).
2.5.4

Local Projections

As an additional robustness check, in the spirit of Ramey (2016) and Ramey and Zubairy (2017),
we next use local projection (LP) methods as an alternative econometric approach to obtaining
estimates of IRFs to government spending shocks. LP-based impulse responses are sometimes seen
as more robust to non-fundamentalness issues caused by fiscal foresight, the reason being that the
multivariate system is not specified and estimated in the first place (for details and questions about
this view, see Stock and Watson, 2018). Our estimation strategy exactly follows Ramey (2016) to
obtain the impulse responses for each variable z at each horizon h:
zt+h = αh + θh shockt + γh (L)wt−1 + quadratic trend + ηt+h ,

(2)

where z is the variable of interest, shock is the identified shock, w is a vector of control variables,
and γh (L) is a polynomial in the lag operator. All regressions include two lags of the shock (to
eliminate any serial correlation), real GDP, real government spending and net taxes. Regressions for
28

We use two lags for Canada and Australia and three for the UK.
This may in part be due to the fact that government consumption spending includes expenditure on public
employment which is not excluded from these naive measures of the labor share.
29
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variables other than these three also include two lags of the left-hand side variable. The coefficient
θh gives the response of z at time t + h to the shock at time t.
Figure 7 report impulse responses to a BP surprise shock, estimated over the baseline sample.30
The figure shows that the immediate hump-shaped increase in the labor share in response to a
surprise shock is robust to the use of LP methods. Furthermore, the magnitude of the response of
the labor share to a surprise shock computed with LP methods is larger than that observed using
SVAR methods.

3

The Model

3.1

Searching for a suitable model

To what extent are available DSGE models commonly used to study fiscal policy capable of matching the empirical results? This subsection describes the intuition behind the effects of government
spending on the labor share in standard theoretical models of the business cycle.
The basic RBC model implies a constant labor share with a standard Cobb-Douglas production
function. However, to understand the various forces at play, we can focus on the components of the
labor share with specific focus on the labor market equilibrium. In this model, featuring infinitely
lived optimizing households, whose consumption and labor supply decisions at any point in time
are based on an intertemporal budget constraint, an expansion in (non-productive) government
demand, financed by current or future taxes, amounts to the well known negative wealth effect,
which is reflected in lower consumption as well as an outward shift of the labor supply curve. In
equilibrium, the latter effect implies a lower real wage, more hours worked and higher output (see
e.g. Baxter and King 1993 and Burnside et al. 2004).
In standard New Keynesian (NK) models, even with Cobb-Douglas production, the labor share
moves due to fluctuations in the mark-up. The NK paradigm features the same wealth effect as
described above (see e.g. Goodfriend and King 1997), however real wages may increase as a result
of an outward shift of the demand for labor induced by the expanded aggregate demand in the
presence of sticky prices. In other words, rigidity in prices makes it possible for real wages to
increase even in the face of a drop in the marginal productivity of labor. This is illustrated in
Figure 1. As described above, the negative wealth effect shifts the wage schedule (or labor supply
curve) outward, however, increased government demand also shifts out the labor demand curve. If
the former shift outweighs the latter (which is more likely if labor supply is relatively inelastic),
then the real wage increases. The new equilibrium at E1 features both greater employment and
higher real wages than the original equilibrium (E0 ).
Adding nominal wage rigidities to the model has two effects. First, ceteris paribus, nominal
wage rigidity reduces (and possibly makes negative) the response of the labor share to a government
30

Since the BP shock is just the part of government spending orthogonal to the lagged values of fiscal spending,
GDP and taxes, it is identified from a standard four lag regression of government spending on lagged spending, GDP
and taxes.
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Figure 1: Labor Market Impact of an Unanticipated Positive Government Spending Shock
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spending shock. The reason is that shifts in labor demand result in larger responses in employment
and a more modest response in real wage compared to the flexible wage case (cf. Ascari et al.
2017). Indeed, the labor share response in the models will tend to be more positive if the degree of
price rigidity is greater than the degree of wage rigidity. Second, if the term effect of government
spending on real wages is positive, wage stickiness gives the labor share a hump shape as observed
in the data. The intuition is simple: initially, only a fraction of wages is increased, meaning that
labor income, as a share of national income, increases at most slowly. Gradually, as wages can
adjust to a greater degree, labor income and the labor share grow more rapidly.
However even in medium scale NK models, for plausible parameterization it remains the case
that the wealth effect tends to reduce real wages and the labor share. Moreover, the response of
consumption is likely negative, contrary to the data.
Even relaxing the Cobb-Douglas assumption with a more general CES production as in Cantore
et al. (2014) does not help. In appendix A.3.1 we show that a standard RBC model with CES
production can reproduce positive response of the labor share to government spending if and only
if capital and labor are imperfect substitute and via a countercyclical response of real wages and
productivity. However the latter is the opposite of what we find in the data (see section 2.4) while
the former is not empirically supported at business cycle frequencies (see Chirinko and Mallick
(2017)).
The literature has proposed various modeling choices that can reduce or eliminate the wealth
effect following a surprise fiscal policy shock and generate a crowding-in of consumption.31 Ravn
et al. (2006) show that in the presence of Deep Habits firm’s mark-ups are counter-cyclical independently from the assumption on price rigidities/flexibilities and this can generate a positive
response of private consumption. Galı́ et al. (2007) introduce non-Ricardian consumers which
partially insulates aggregate demand from the negative wealth effect, while also making it more
sensitive to current disposable income. Linnemann and Schabert (2004) and Bouakez and Rebei
(2007) proposed a specification where agents derive direct utility from government spending and
show that a high degree of complementarity between private and public consumption in utility can
generate a consumption crowding-in. This is due to the fact that, with a sufficiently low value
of the elasticity of substitution, an increase in public consumption raises the marginal utility of
private consumption. Baxter and King (1993) and Linnemann and Schabert (2006) amongst others
instead consider the inclusion of productive government spending in the production function of
the representative firm. When government spending increases productivity this might result in an
increase in consumer’s welfare and hence in an increase in consumption and wages. Finally Linnemann (2006) and Monacelli and Perotti (2008) explore the effects of different forms of utility on the
effects of government spending on consumption and show that in the presence of non-separability
and complementarity between consumption and leisure a simple RBC model can also generate a
positive response of consumption and wages.
31

See Kormilitsina and Zubairy (2016) and Lewis and Winkler (2017) for more detailed discussions about these
mechanisms.
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However, each of these models presents an implicit redistribution channel from labor income to
profits (and capital income) and vice versa in the budget constraint of the representative household.
Broer et al. (2017) shows this in the context of monetary policy by highlighting a transmission
mechanism that relies entirely on the distribution and cyclical behaviour of firms profits. In a
representative agent model a monetary policy tightening depresses output and labor supply because
the households reduce labor demand as a results of an increase in profit income. Hence there is an
income redistribution effect that increases profits and reduces labor income. As a result Broer et al.
(2017) build a model of hand-to-mouth capitalists and optimizers workers in order to eliminate this
redistribution effect present in the representative agent model. Furthermore they show how the
presence of sticky wages helps to reconcile the transmission mechanism of monetary policy between
the representative agent and their two agents model. Another example of a model that differentiate
between workers and capitalists is Walsh (2017). Workers face limited ability to differentiate income
risk and the model produces a direct wage channel on aggregate demand that is absent in standard
models. What Broer et al. (2017) and Walsh (2017) have in common is that they abstract from
capital accumulation and want to isolate profits from labor income. This is not possible in standard
TANK models as in Debortoli and Galı́ (2017) because in that set up Ricardian households still
receive both profits and labor income.
Here, as in Broer et al. (2017) and Walsh (2017), we want to isolate each source of income
in order to avoid mixing up the effects of firms’ profits and labor income on the transmission
mechanism of fiscal policy. However, given our goal to quantify the impact of the ARRA stimulus
on the US economy, we will not abstract from capital accumulation. Moreover, we will not focus
on hand-to-mouth capitalists as Broer et al. (2017) do because our goal is not to capture the highly
concentrated wealth distribution. Finally, we introduce segmented bond markets that will prevent
risk sharing between agents so that aggregate shocks can have idiosyncratic effects if they influence
different agents in unequal ways.

3.2

The Model

The economy consists of a continuum of infinitely lived households, a continuum of firms producing
differentiated intermediate goods, a perfectly competitive firm producing a final good, a fiscal
authority (levying lump sum as well as distortionary taxation), and a central bank determining
monetary policy. The model features staggered prices and staggered wages à la Calvo (1983), price
and wage indexation, investment adjustment costs, variable capacity utilization (Christiano et al.,
2005), and a (normalized) CES production function (Cantore et al., 2014) with fixed costs.
Infinitely lived households, indexed by l ∈ [0, 1], can be of two types which differ with respect
to two dimensions: i) the type of income they receive and ii) the type of non-state-contingent bond
they can invest in. Households in the interval [0, λ] receive income only from labor. We call them
workers, and associated variables are indexed by W . The remaining households (λ, 1] can invest in
capital and receive profit income from firms ownership. We refer to these consumers as capitalists
and associated variables are indexed by C. Both capitalists and workers household members are
15

homogeneous, hence there is no insurance within households but they can only trade with agents
of the same type through incomplete financial markets. They trade with each other in a single
risk-free nominal bond Btx , with x = C, W , which pays a gross nominal return of Rtn .
3.2.1

Capitalists

In order to isolate labor income we assume that capitalists do not work and therefore enjoy leisure
equal to 1. Capitalists’ preferences are defined over consumption CtC and described by the utility
function:
E0

∞
X

C
β t ΛC (CtC − bC Ct−1
, 1),

(3)

t=0

where Et denotes rational expectations conditional on the information set at time t, β ∈ (0, 1)
is the discount factor, and ΛC is a period utility function assumed to be strictly concave and
strictly increasing in C C . The parameter bC > 0 introduces external habit persistence. In addition
to trading in a non-state contingent nominal bond BtC they save by investing in end of period
C , subject to depreciation (δ), investment (I C ) adjustment costs (S(X )) with
physical capital Kt−1
t
t
C ,32 and receive profits from the ownership of firms (D C ). As owners of physical
Xt = ItC /It−1
t

capital, capitalists can control the intensity at which this factor is utilized with Ut representing the
measure of capacity utilization at time t. Using the stock of capital with intensity Ut entails a cost
Ψ(Ut )Kt−1 .33 Capitalists pay taxes on consumption (τtC ), net capital income (τtK )34 plus pay (or
receive) the net amount of lump sum taxes (transfers) from the government TtC . Finally Qt denotes
the price of capital in terms of consumption and RtK the rental rate of capital.
Capitalists’ budget constraints can then be written as:
C
CtC + ItC + BtC ≤ DtC + ((1 − τtK )(RtK − δQt )Ut − Ψ(Ut ))Kt−1
− τtC CtC − TtC +

"

ItC
C
It−1

C
KtC = (1 − δ)Kt−1
+ ItC 1 − S

n
Rt−1
BC
Πt t−1

(4)

!#
.

(5)

The first order conditions for the capitalists’ problem are:
C

CtC :

Λ̃C
=
t
C

C

KtC : Λ̃tC Qt = β Λ̃C
t+1

Λ0 C
C C ,t

(6)

1+τtC



K
K +U
K
1 − τt+1
Ut+1 Rt+1
(7)
t+1 τt+1 δ Qt+1 − Ψ(Ut+1 ) + (1 − δ) Qt+1
C

ItC :

Qt (1 − St − Xt St0 ) + Qt+1

Ut :

Rn

C

BtC :
RtK

Λ̃C
t+1 β
Λ̃C
t

C

0
St+1
Xt+1 2 = 1

C

t
Λ̃C
= β Πt+1
Λ̃C
t
t+1

K
K
1 − τt + τt δ Qt = Ψ0 (Ut ).

Function S is assumed to satisfy S(1) = S 0 (1) = 0 and S 00 (1) > 0.
Function Ψ is assumed to satisfy Ψ(1) = 0, and Ψ0 (1) , Ψ00 (1) > 0.
34
We use a formulation that takes care of capital depreciation when applying the tax rate on capital.
32

33
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(8)
(9)
(10)

Where we define the derivative of the period utility function with respect to consumption
C )
δΛC (CtC −bC Ct−1
C
δCt

3.2.2

C

C as the tax-adjusted marginal utility of consumption.
= Λ0 C
C C ,t and Λ̃t

Workers

Workers preferences are defined over consumption CtW and labor HtW and described by the utility
function:
E0

∞
X

W
β t ΛW (CtW − bW Ct−1
, HtW ),

(11)

t=0

where Et denotes rational expectations, β ∈ (0, 1) is the discount factor, and ΛW is a period utility function assumed to be strictly concave and strictly increasing (decreasing) in its first (second)
argument. The parameter bW > 0 introduces external habit persistence.
Labor decisions are made by a union within the workers household, which supplies labor monopolistically to a continuum of labor markets of measure 1 indexed by s ∈ [0, 1]. In each labor market
 n −µ
t
s, the union faces a demand for labor given by WW(s)
HtW,d . Here µ > 1 is the elasticity of
n
t

substitution between labor inputs, W n (s)t denotes the nominal wage charged by the union in labor
market s at time t, Wtn is an index of the nominal wages prevailing in the economy at time t and
HtW,d is a measure of aggregate labor demand by firms. In each labor market, the union takes Wtn
and HtW,d as exogenous.35 Given the wage charged in each labor market s ∈ [0, 1], the union is
assumed to supply enough labor, H W (s)t , to satisfy demand
H(s)W
t



W (s)t
=
Wt

−µ

HtW,d ,

(12)

where W (s)t = W n (s)t /Pt and Wt = Wtn /Pt , Pt being the aggregate price level prevailing at time
t. In addition, the total number of hours allocated to the different labor markets must satisfy the
R1
resource constraint HtW = 0 HtW (s)ds. Combining the latter with (12), we obtain
HtW = HtW,d

Z

1

0

W (s)t
Wt

−µ
ds.

(13)

With this formulation each worker household supplies each possible type of labor input as
opposed to Erceg et al. (2000) where each household supplies a differentiated type of labor input.
As explained by Schmitt-Grohe and Uribe (2005), the latter assumption introduces equilibrium
heterogeneity across households in the number of hours worked. To avoid this heterogeneity from
spilling over into consumption heterogeneity, it is typically assumed that preferences are separable
in consumption and hours and that financial markets exist that allow agents (workers in this case) to
fully insure against employment risk. Even if we have preferences that are separable in consumption
and leisure for workers,36 the formulation we choose here has the advantage of avoiding the need to
35

Therefore we formally derive them in section 3.2.4.
We make this assumption beacuse our aim is to isolate the fluctuations of labor income from the represenatative
agent benchmark.
36

17

assume the existence of such insurance markets. For more details about similarities and differences
between these two formulations see Schmitt-Grohe and Uribe (2003).

−µ
R1
t
In addition to receiving labor earnings HtW,d 0 W (s)t WW(s)
ds, workers are also able to
t
save in risk-free non-state contingent nominal bonds BtW . Workers’ budget constraint can then be
written as:

CtW +BtW +

2
ψ
BtW − B̄ W = (1−τtW )HtW,d
2

1

Z


W (s)t

0

W (s)t
Wt

−µ

ds−TtW −CtW τtC +

n
Rt−1
B W +f W .
Πt t−1 t
(14)

Workers pay labor income taxes τtW and taxes on consumption τtC while T W represent net lump
sum taxes and transfers from the government. In order to avoid the indeterminacy that arises in
the steady state for B W 6= B C we follow Dolado et al. (2018) and introduce a portfolio adjustment
cost (ψ) which penalizes workers in case their real bond holdings deviate from some benchmark
level B̄ W . Finally to rule out any wealth effects, all of these costs are rebated to the workers as
a lump sum rebate ftW , but the latter is not taken into account when making savings/borrowing
decision. Finally we define gross inflation Πt = Pt /Pt−1 .
We introduce nominal wage stickiness in the model by assuming that each period the worker
union cannot set the nominal wage optimally in a fraction ξ w ∈ [0, 1) of randomly chosen labor
markets. In these markets, the wage rate is indexed to the previous period’s price inflation according
w

to the rule W n (s)t = W n (s)t−1 Πγt−1 , where γ w measures the degree of wage indexation.
Workers then choose processes for CtW , HtW , W (s)t and BtW so as to maximize (11) subject to
(13) and (14), the wage stickiness friction, and taking as given the processes for Wt , HtW,d , Rtn , Πt ,
τtW , τtC and TtW .
Defining the derivative of the utility function with respect to consumption
Λ0 W
C W ,t and with respect to hours worked
for the workers problem are:37
CtW :

Λ̃C
t

HtW :
BtW :

W ,H W )
δΛW (CtW −bW Ct−1
t
δHtW

W

1+τtC

W

W (s)t : W (s)t =

−Λ0 W
H W ,t
Λ̃C
t

=

= Λ0 W
H W ,t , the first order conditions

Λ0 W
C W ,t

=

M RStW =
Λ̃C
t

W ,H W )
δΛW (CtW −bW Ct−1
t
δCtW

W


W
1 + ψ Btw − B̄ W = β Rt Λ̃C
t+1
(
W̃t if W (s)t is set optimally in t
w

W (s)t−1 Πγt−1 /Πt otherwise

(15)
(16)
(17)
(18)

where M RStW represents the Lagrange multiplier associated with (13) and W̃t denotes the real
wage prevailing in the 1 − ξ w labor markets in which the union can set wages optimally in period
t. Let H̃tW denote the level of employment supplied to those markets. Note that because the labor
37

As in the capitalists case we define Λ̃C
t

W

as the tax-adjusted marginal utility of consumption of workers.
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demand curve faced by the union is identical across all labor markets, and because the cost of
supplying labor is the same for all markets, one can assume that wage rates, W̃t , and employment,
H̃tW , will be identical across all labor markets updating wages in a given period. By equation (12),
W . In any labor market s where the wage is set optimally in period
we have that W̃tµ H̃tW = Wtµ Hd,t

t, the real wage in that period is W̃t . If in period t + 1 wages are not re-optimized in that market,
w

γ
the real wage
 γ wis W̃
t Πt /Πt+1 . In general, i periods after the last re-optimization, the real wage is
Q
Π
W̃t ik=1 Πt+k−1
. To derive the worker’s first-order condition with respect to the wage rate in
t+k

those markets where the wage rate is set optimally in the current period, it is convenient to write
down the parts of the workers Lagrangian that are relevant for this purpose:

LW = Et

∞
X

i
Y

CW

W,d
µ
W
)Ht+i
Wt+i
(ξ w β)i Λ̃t+i (1−τt+i

i=0

k=1

Πt+k
w
Πγt+k−1

!µ 
i
Y
W̃t1−µ
k=1

Πt+k
w
Πγt+k−1

!−1


W
M RSt+i
W̃ −µ  .
−
W ) t
(1 − τt+i

The first order condition with respect to W̃t is :




0 = Et

∞
X

w

i

(ξ β)

W
W,d
µ
Λ̃C
t+i Ht+i Wt+i

i=0

i
Y
k=1

Πt+k
w
Πγt+k−1

!µ

W )W̃

 µ − 1 (1 − τt+i
t
W 



−
M
RS
t+i
.
 µ
Π
t+k
w

Πγt+k−1

This expression states that in labor markets in which the wage rate is re-optimized in period t,
the real wage is set so as to equate the union’s future expected average after-tax marginal revenue
to the average marginal cost of supplying labor. This can be rewritten in recursive form by first
defining:
∞

Jt1,W

X
µ−1
W
W
=
W̃t Et
(ξ w β)i Λ̃C
t+i (1 − τt+i )
µ
i=0

Jt2,W

=

−W̃t−µ Et

∞
X

w

(ξ β)

i



Wt+i
W̃t

µ

i
Y
W,d

Ht+i

k=1
i
Y

µ
W,d 0 W
Wt+i
Ht+i
Λ H W ,t+i

i=0

k=1

Πt+k
w
Πγt+k−1

!µ−1

Πt+k
w
Πγt+k−1

!µ
,

and then by expressing Jt1,W and Jt2,W recursively:
CW

Jt1,W = HtW,d Λ̃t

W̃t

 µ−1
1 − τtW
µ
W



Jt2,W = −Λ0 H W ,t HtW,d

!µ−1
µ−1
Π
W̃
t+1
t+1
1,W
+ β ξw
Jt+1
w
Πt γ
W̃t
!(−µ)
!µ
µ

Π
W̃
W̃t
t+1
t+1
2,W
+ β ξw
Jt+1
.
w
Wt
Πt γ
W̃t

Wt
W̃t

µ



(19)

(20)

Hence the wage setting equation becomes
Jt1,W = Jt2,W .
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3.2.3

Final Good Firm

There are a continuum of monopolistically competitive intermediate goods firms indexed by j ∈
[0, 1] producing differentiated goods Yt (j) at prices Pt (j). A competitive final goods firm bundles
these intermediates into a final output using a CES technology:
1

Z
Yt =

ζ−1
ζ

Yt (j)



ζ
ζ−1

dj

,

(22)

0

where ζ is the elasticity of substitution between intermediate goods; assume ζ > 1. The profit
maximization problem is
Z

1

max Pt Yt −
Yt (j)

Pt (j)Yt (j)dj.

(23)

0

The FOC yields a demand curve for each intermediate good variety
Yt (j) =

h P (j) i−ζ
t
Yt .
Pt

(24)

The aggregate price index is given by
Z

1
1−ζ

Pt (j)

Pt =


dj

1
1−ζ

.

(25)

0

3.2.4

Intermediate Good Firms

Intermediate good firms operate with a normalised CES production function (see Cantore and
Levine (2012) and Cantore et al. (2014)). Real wholesale output (Y (j)W
t ) is produced combining
capital services (U (j)t K(j)t−1 ) and labor input (Ht (j)) as follows:38
ŶtW (j)

σ
 
 σ−1  σ−1

 σ−1
σ
σ
= α Ut K̂t−1 (j)
+ (1 − α) Ĥt (j)

(26)

where σ is the elasticity of substitution between labor and capital. The hatted variables are
normalized, where the normalization is done around the steady state. Thus, for instance, ŶtW (j) =
YtW (j)
.
Y W (j)

Firms pay a fixed cost F , such that final output is

Y W (j) − F
t
Yt (j) =
Y (j) = 0
t

if YtW (j) > F,

(27)

otherwise.

The fixed cost is chosen such that firm profits are zero in steady state, ruling out entry.
Firms lease capital services, Ǩt (j) = Kt−1 (j)Ut from households. The cost minimization prob38

As we show in section 3.2.8 aggregate hours (i.e. the labor input used by intermediate firms) is given by the
proportion of workers in the economy multiplied by their labor supply, Ht = λHtW .
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lem is
min
Ht (j),Ǩt (j)

Wtn Ht (j) + RtKn Ǩt (j)

s.t.


Pt (j) −ζ
Yt (j) ≥
Yt
Pt

(28)
(29)
(30)

The marginal factor products are
 σ−1
1
 W
σ
YW
Y t (j) σ
M P Lt (j) = (1 − α)
H
Ht (j)

1
 W  σ−1
σ
Y W t (j) σ
Y
M P K t (j) = α
K
Ǩt (j)


(31)
(32)

With φt (j) as the Lagrange multiplier on the constraint, the f.o.c.s for the cost minimization
problem are
Wtn = φt (j)M P Nt (j)

(33)

RtK,n = φt (j)M P Kt (j).

(34)

Taking the ratio shows that, since firms face the same factor prices, they must all have the same
factor ratio. Accordingly (and since there are no idiosyncratic productivity shocks), real marginal
cost is equal across firms,
M Ct =

φt (j)
,
Pt

(35)

and we can summarize the factor demand equations as
RtK = M P Kt M Ct

(36)

Wt = M P Lt M Ct .

(37)

Firms are subject to Calvo price setting. Each period, there is an invariant probability of (1 − ξ p )
that a given firm can adjust its price. As for wages, non-updating firms can index their price
to lagged aggregate inflation at rate γ p ∈ [0, 1]. Note that firms discount profit flows with the
nominal stochastic discount factor equal to Et β

Λ̃C
t

C

C
Λ̃C
t+1

(since only capitalist households hold equity

in the firms) as well as the probability that a price chosen today is still in effect in period i, (ξ p )i .
Plugging in the demand for goods, and letting P̃t (j) be the optimal reset price of firm j, the price
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setting problem of a firm given the opportunity to adjust its price in period t can be written as
∞
X

CC
p i Λ̃t
max Et
(βξ ) C C
Λ̃t+i
P̃t (j)
i=0



Pt+i−1
Pt−1

γ p (1−ζ)

ζ
(P̃t (j))1−ζ Pt+i
Yt+i


− φt+i

Pt+i−1
Pt−1

−γ p ζ

−ζ

(P̃t (j))

ζ
Pt+i


− φt+i F

(38)

The associated f.o.c. reads
−ζ

0 = (1 − ζ)(P̃t (j))

∞
X

CC
p i Λ̃t
Et
(βξ ) C C
Λ̃t+i
i=0



Pt+i−1
Pt−1
−ζ−1

+ ζ(P̃t (j))

γ p (1−ζ)
Pt+i Yt+i
∞
X

CC
p i Λ̃t
Et
(βξ ) C C φt+s
Λ̃t+i
i=0



Pt+i−1
Pt−1

−γ p ζ

ζ
Pt+i
Yt+i . (39)

As we did for the wage setting condition, we can write the price setting condition in recursive
form, defining Π̃t =

Πt
p
Πt−1 γ

and P̃t =

Jt1,P
Jt2,P

,
C

1,P
= M C t Λ̃C
Yt
Jt1,P − β ξ p Π̃ζt+1 Jt+1
t

1
1−

1
ζ

C

ζ−1 2,P
Yt .
Jt+1 = Λ̃C
Jt2,P − β ξ p Π̃t+1
t

(40)
(41)
(42)

The labor input used by firm j ∈ [0, 1], denoted by Ht (j), is assumed to be a composite made
of a continuum of differentiated labor services, Ht (j, s) indexed by s ∈ [0, 1]. Formally,
1

Z
Ht (j) =

Ht (j, s)

1
1− µ

 11
(1− µ )
ds
.

(43)

0

For any given level of Ht (j), the demand for each variety of labor s ∈ [0, 1] in period t must solve the
R1
dual problem of minimizing labor cost, 0 Wtn (s)Ht (j, s)ds, subject to the aggregation constraint
(43), where Wtn (s) denotes the nominal wage rate paid to labor variety s at time t. The optimal
demand for labor type s is then given by

Ht (j, s) =

Wtn (s)
Wtn

−µ
Ht (j),

(44)

where Wtn is a nominal wage index given by:
Wtn

Z
=

1

Wtn (s)1−µ ds

1
 1−µ

.

(45)

0

This wage index has the property that the minimum cost of a bundle of intermediate labor inputs
yielding Ht (j) units of the composite labor is given by Wt Ht (j).
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3.2.5

Financial Markets

Capitalists and workers trade in non-state contingent bonds meaning that they cannot fully insure against idiosyncratic effects of aggregate shocks. For example, a demand driven expansion
following a fiscal stimulus will affect the marginal utility of consumption of both type of agents in
different ways and therefore will have idiosyncratic effects due to the fact that financial markets
are incomplete. Hence the impossibility of perfect risk sharing between workers and capitalists can
produce consumption inequality over the business cycle.39 The same fluctuation of consumption
inequality is present in TANK models where the differences between the two types of agent focusses
on the access to credit (Debortoli and Galı́ (2017), Bilbiie (2008)). However in that set up both
types of agents supply work to firms making it difficult to isolate fluctuations in labor income from
capital and profits. Another possible avenue could have been to follow Broer et al. (2017) where
they combine limited asset market participation as in TANK’s with agents receiving different types
of income as we do here. However, as discussed before, they assume wealthy hand-to-mouth capitalists because they focus on a model with highly concentrated wealth distribution. Here the focus
is on income and we do not abstract from capital accumulation as they do.40
We follow instead Dolado et al. (2018) who, in a different context, have shown how this way of
modeling financial markets encompasses various setups. The case of hand-to-mouth workers can be
approximated with ψ → ∞ by making it extremely costly for them to save in BtW . Note that this
case does not exactly corresponds to a TANK model because in this case hand-to-mouth workers
will still be the only type of agents providing labor supply to firms. If ψ > 0 we have our baseline
incomplete market case.41 Finally one could recover the case of complete markets by replacing
equation (18) with an equation that keeps the ratio of different agents marginal utilities constant
at its steady-state value.
3.2.6

The Government

The government finances its expenditures and transfers by levying different kinds of distortionary
and lump sum taxes, and by issuing debt via two types of one-period bonds (Btx with x = C, W ).
The government promises to repay one-period bonds the next period and the gross nominal interest
rate applied is Rtn .
The government will then face the following constraint
Bt =

n
Rt−1
Bt−1 + Gt − Revt
Πt

(46)

where Bt is the total amount of both types of government bonds in period t, Gt is (non-productive)
39
In other word the ratio of workers and capitalists marginal utilities is not constant and even aggregate shocks
can lead to fluctuations in this ratio.
40
Moreover, it can be shown that, adding capital accumulation to their model generates unstable dynamics.
41
Note that if ψ = 0 it is still a model with incomplete markets but it is non-stationary and indeterminate.
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government spending and total government revenues can be written as:
Revt = τtC Ct + τtW Wt Ht + τtK



RtK − δQt Ut Kt + Tt ,



(47)

where τ ’s are tax rates on aggregate private consumption (C), labor income (W H), net capital
income ((RK − δQ)U K) and lump sum taxes.
Each tax instrument τtj with j = C, W, K is adjusted according to Taylor-type rules:
log

τtj
τj

!
τj

= ρ log

j
τt−1
τj

!
+ ρτ

j,B


log

Bt−1
B



+ ρτ

j,Y


log

Yt
Y


.

(48)

Finally Government spending follows a standard AR(1) process:

log
3.2.7

Gt
G





G

= ρ log

Gt−1
G



+ G
t .

(49)

Monetary Policy

The authority in charge of monetary policy sets the nominal interest rate following a standard
Taylor rule with interest rate smoothing:

log
3.2.8

Rtn
Rn



r



= ρ log

n
Rt−1
Rn





π

+ θ log

Πt
Π



y

+ θ log



Yt
Y


.

(50)

Equilibrium and Aggregation

The clearing of goods and capital markets requires:
Z
0

1


Pt (j) −p
Yt dj
Yt (j)dj =
Pt
0
Z 1
Kt =
Kt (j)dj.
Z

1

(51)
(52)

0

In the labor market it follows from (43) that the aggregate demand for labor type s ∈ [0, 1],
R1
which we denote Ht (s) = 0 Ht (j, s)dj, is given by:

Ht (s) =
where Htd =

R1
0

Wtn (s)
Wtn

−µ

Htd ,

(53)

Ht (j)dj denotes the aggregate demand for the composite labor input. Taking into

account that at any point in time the nominal wage rate is identical across all labor markets at
which wages are allowed to change optimally, we have that labor demand in each of those markets
is
H̃t =

W̃t
Wt
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!−µ
Htd .

(54)

Combining this expression with (53), describing the demand for labor type s ∈ [0, 1], and with the
time constraint (13), which must hold with equality, we can write
Ht = (1 − ξ w )Htd

∞
X

W̃t−i

ξw

γt+k−i−1
k=1 Π
Wt

i=0

We can define

vtw

= (1 −

ξw )

P∞

i=0

ξw



W̃t−i

Qi

Π
Wt

k=1

w

Qi

w
γt+k−i−1

!−µ
.

(55)

−µ
which measures the degree of

wage dispersion across different types of labor. Hence Ht = vtw Htd .
Wage dispersion evolves according to:
vtw

w

= (1 − ξ )

W̃t
Wt

!−µ
+ξ

w



Wt−1
Wt

−µ

w
Π̃µt vt−1
.

(56)

It follows from the definition of the wage index in (45) that in equilibrium the real wage must
satisfy
1−µ µ−1
Π̃t .
Wt1−µ = (1 − ξ w )W̃t1−µ + ξ w Wt−1

(57)

The clearing of the bonds market requires:
Bt = (1 − λ)BtC + λBtW .

(58)

Then we can define aggregate consumption, lump sum taxes/transfers, hours, capital, investment, and profits respectively as:
Ct = λCtW + (1 − λ)CtC

(59)

Tt = λTtW + (1 − λ)TtC

(60)

Ht = HtW λ

(61)

It = ItC (1 − λ)

(62)

Kt = KtC (1 − λ)

(63)

Dt = DtC (1 − λ)

(64)

The resource constraint can be written as :
Yt = Ct + It + Gt + Φ(Ut )Kt .

(65)

Similar to what showed above for wages, Calvo pricing leads to aggregate production being distorted
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by a price dispersion term vtp :
Yt = (Y Wt − F )/vtp
−ζ
 ζ

ζ
p
vtp = (1 − ξ p )
P̃t
+ ξ p Π̃t vt−1
.
ζ −1

(66)
(67)

Finally, the aggregate price index is
1 = ξ p Π̃tζ−1 + (1 − ξ p ) P̃t1−ζ .
3.2.9

(68)

Functional forms

The period utility functions for both types of agents are :
C:

ΛC (CtW

−

W , HW )
bW Ct−1

W , HW ) =
W : ΛW (CtW − bW Ct−1





1−σc

C )
(CtC −bC Ct−1
1−σc

(69)

1+%

1−σc

W )
(CtW −bW Ct−1
1−σc



−

HtW
1+%

.

(70)

Both are CRRA in consumption and the one for workers is separable between consumption and
leisure. σc measures relative risk aversion while % is the inverse of the Frish elasticity of labor
supply. Moreover we allow for external habit heterogeneity given that the marginal utilities of both
agents will fluctuate independently following an exogenous shock.
φX
2



It
As in Smets and Wouters (2007) investment adjustment costs are quadratic: S It−1
=

2
It
, φX > 0, where φX represents the elasticity of the marginal investment adjustIt−1 − 1

ment cost to changes in investment. Next, the cost of capital utilization is Ψ (Ut ) = γ 1 (Ut − 1) +
γ2
2

(Ut − 1)2 . Following the literature, the steady-state utilization rate is normalized to unity, U = 1.

It follows that Ψ (U ) = 0, Ψ0 (U ) = γ 1 , Ψ00 (U ) = γ 2 and the elasticity of the marginal utilization
cost to changes in the utilization rate is

3.3

Ψ00 (U )U
Ψ0 (U )

=

γ2
γ1

≡ σu .

Calibration and Bayesian Impulse Responses Matching

Our calibration strategy is giving the DSGE model the best chance to replicate the SVAR impulse
responses to an unexpected government spending shock. The most convenient approach is thus
following Christiano et al. (2010) and estimating the DSGE model using Bayesian Impulse Response
Matching. This technique consists in estimating a selected number of parameters in the model by
minimizing the distance between the SVAR and the model IRFs of interest. The impulse response
matching technique was initially proposed by Christiano et al. (2005) in a monetary policy context,
but has also been more recently applied to fiscal policy by Lewis and Winkler (2017). Here we
opted for the more recent Bayesian variant proposed by Christiano et al. (2010) and subsequently
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used also by Christiano et al. (2016).42
We partition the model’s parameters into two groups. The first group comprises parameters
that are rather established in the literature or the data and hence can be easily calibrated (see
Table 1). Calibration choices are as follows. The values of the discount factor (β = 0.99) and
of the capital depreciation rate (δ = 0.025) are standard for models calibrated at a quarterly
frequency. For simplicity we set the parameters of the utility function to deliver a logarithmic
utility in consumption (σc = 1) and a Frisch elasticity of labor supply equal to unity (% = 1).
Results are, however, robust to different choices for the utility function. Intertemporal elasticities
of substitution in the goods and labor market (ζ = 6 and µ = 21) are set as in Zubairy (2014a)
in order to match average mark-ups of 20% and 40%, respectively. In line with historical U.S.
data, at the steady state, we set a government spending share of output of 20% (G/Y = 0.20).
The gross inflation rate (Π = 1) implies a zero-inflation steady state, while the steady-state labor
supply is set equal to 1/3 of the available time (H = 0.33). However, results do not hinge on
these last two assumptions. The steady-state values of the tax rates are as in Christiano et al.
(2014), i.e. τ C = 0.05, τ W = 0.24, and τ K = 0.32; while government debt is 67% of annual output
( YB = 4 × 0.67), which corresponds to the value of the U.S. government debt to GDP ratio prior
to the ARRA stimulus. In line with Dolado et al. (2018), workers’ steady state bond holdings and
benchmark level for the portfolio adjustments costs (B̄ W ) is set equal to 0.43 Finally, in line with
the bulk of the TANK literature, steady-state lump sum transfers/taxes are set in order to have
C W = C C . In other words, we assume no steady-state consumption inequality.
The second group of parameters is estimated with Bayesian methods by minimizing a measure
of the distance between the model and the empirical impulse response functions. Table 2 in the
Appendix shows the choice of prior distributions. We use a Gamma distribution for the standard
deviation of the government spending shock and a Beta distribution for the autoregressive parameter. For the capital/labor elasticity of substitution we use a Normal distribution centered around
0.4, the most common value in the literature (cf. Chirinko and Mallick (2017)). For the percentage
of workers in the economy we use a Normal distribution centered around 0.5. Furthermore, for
the Calvo price and wage rigidity parameters we use a Beta distribution centered around a value
equivalent to a probability of changing price and wage parameters every 3.3 quarters. The same
distribution is used for external habits in consumption for both agents and price and wage indexation. A Gamma distribution centered around usual values found in the literature is also used for
investment adjustment costs, variable capital utilization, the response to inflation and output in
the Taylor rule and the response to output in fiscal rules. Lastly, we use a Beta distribution for
interest rate smoothing, tax smoothing and the response to government debt in the fiscal rules.
For this exercise we use, as our reference, the baseline SVAR specification augmented to include
also consumption as in Figure 5. The inclusion of consumption is needed in order to rule out
42

Given that we follow these papers closely, we refer the interested reader to Christiano et al. (2010) for a detailed
technical discussion of the minimum distance estimator used here.
43
This choice is justified also by the analysis of Kaplan et al. (2017) who shows that the top decile of the wealth
distribution holds 86% of liquid wealth.
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model parameterizations delivering a crowding-out of private consumption, given that empirical
responses suggests a private consumption crowding-in (see also Caldara and Kamps (2008), among
others). Therefore, we estimate the model’s parameters in order to minimize the distance between
the SVAR responses and the model’s responses of four selected variables: government spending,
GDP, the labor share and private consumption.
Figure 8 plots the resulting IRFs. It reports, as a shaded area, the 68% confidence bands and
in the black the median responses from the SVAR. The IRFs from the model simulated at the
posterior mode of the estimated parameters are presented in blue. The model is able to reproduce
remarkably well all four response, except perhaps for the impact response of output and the labor
share.
Table 2 reports the estimated mode of the posterior distribution of the parameters and their
respective 95% confidence bands in parenthesis. Investment adjustment costs and variable capital
utilization are estimated in line with what is usually found in the DSGE literature. The elasticity of
substitution in the production function is estimated to be 0.72, a value close to the upper bound of
typical estimates for the US. However, the upper bound of the confidence interval for this parameter
suggests that we cannot reject the Cobb-Douglas assumption. This result would seem in contrast
with most of the results found in the literature that focuses on the estimation of this parameter
at business cycle frequencies (see Chirinko and Mallick (2017), Cantore et al. (2017b) and Klump
et al. (2012)). However, it is likely that this result might be driven by the fact that the estimation
focuses on a specific conditional moment using a specific shock, instead of using a full information
approach. Moreover, as we discuss in Appendix A.3.1, a higher σ tends to produce a more procyclical response of the labor share to a government spending shock. This likely drives up the
estimation of σ.
The proportion of workers in the economy is estimated to be about 59% with confidence bands
going from 53 to 79%. In the literature, it is difficult to find a benchmark against which to compare
this parameter estimate. Lansing (2015) sets it to 0.9 to capture the strong concentration of wealth
in the top decile of the distribution. Walsh (2017) sets it to 75%. However, in his context, this
parameters represents the percentage of workers in the economy who are also credit constraint.
Therefore, our estimate is somewhat intermediate between the value calibrated by Lansing (2015)
and what is usually assumed in TANK models with credit constraint consumers.44
Interestingly we find a substantial heterogeneity in external habits implying a much higher
degree of consumption smoothing for capitalists compared to workers. This can be justified by
the fact that savings is relatively more costly for workers (ψ is estimated to be 0.6) compared to
capitalists. Price and wage stickiness are estimated to be similar with a posterior mode very close
to the prior. Wage indexation to past inflation is estimated to be substantially larger than price
indexation. The Taylor rule parameters are estimated to be pretty much in line with the literature,
with the exception of interest rate smoothing, which is somewhat lower than average estimates.
44

Broer et al. (2017) instead assume that the economy is populated by the same amount of workers that have access
to financial markets and credit constraint capitalists.
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With respect to fiscal rules we find consistently sizable values for tax smoothing and the response to
debt across the three tax instruments, while the responsiveness parameters to output are relatively
lower.
3.3.1

Transmission mechanism of Fiscal Policy

In this section we present the transmission mechanism of an unanticipated government spending
expansion in the model simulated at the posterior mode of the parameters estimated above (see
Table 2). Figure 9 reports a fiscal expansion of the same magnitude of the one shown in Figure
8 and shows the IRFs of selected aggregate variables, including the consumption of both types of
agents. An increase in government spending translates in the usual increase in the labor supply via
the standard negative wealth effect given by the fact that workers anticipate higher taxes in the
future. The presence of nominal rigidities makes labor demand also shift upward in response to
the government spending shock. These two effects imply that total hours worked unambiguously
increase. Nominal wages also increase, implying that the labor demand shift is larger than that of
the labor supply (consistently to Figure 1). The increase in nominal wages, together with the fact
that prices are stickier than wages, makes the real wage increase, pushing up the labor share and
the consumption of workers. In turn, monetary policy and nominal rigidities determine an increase
in nominal and real interest rates, which in turn depress private investment, capital accumulation
(investment crowding out) and profits. Given that both sources of income of capitalists decline,
this drives their consumption down. In other words, the fiscal stimulus implies not only an increase
in aggregate income, but also a redistribution of income from capitalists to workers. A similar
transmission mechanism on profits (and capital income) and labor income is at work also in the
RANK and TANK models. However these effects are confounded in the budget constraint of
optimizing agents as discussed in section 3.1.

4

Simulating the effect of the American Recovery and Reinvestment Act on the labor share

During the Great Recession, countries around the world used fiscal stimulus measures to boost
aggregate demand and employment. In the U.S. the American Recovery and Reinvestment Act
(ARRA), signed into law by President Barack Obama in February 2009 was what Romer (2009)
defined the biggest, boldest counter-cyclical fiscal stimulus in American history. At the time the
stimulus package was estimated to be $787, later revised to $831 (CBO, 2012). It included temporary relief programs for those agents that were most affected by the recession, and expenditure
programs in infrastructure, education, health, and renewable energy.
Since the onset, both in academia and in policy circles there have been complex debates on
the extent to which this fiscal stimulus would mitigate the adverse effects of the recession, with
an emphasis on job losses and output. However, to our knowledge no study in the macroeconomic
literature has so far looked at distributive implications of the package. In this section, given the
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focus of our paper, we take the expenditure component of ARRA and, using our model, we quantify
its effect not only on the usual macroeconomic variables, but also on the labor share.45
To simulate the effects of the expenditure increase on the labor share and other important
macroeconomic variables in the model, we feed the cyclical components of government purchases as
a sequence of anticipated shocks.46 The choice of using anticipated shocks is shared by other papers
in the literature (see, e.g., Zubairy, 2014b; Cogan et al., 2010) and is motivated by the fact that
the bill, when it was enacted, included precise indication of the expenditure outlays. Therefore,
the assumption of unanticipated shocks would be hardly tenable. In practice, this means that in
the first quarter of the simulation (2009Q1) agents would know the entire spending path. We focus
on the first two years after the signing of ARRA as this is the period with government purchases
above trend in the data with a peak deviation from trend of more than 6 percent in 2009Q2.
The results of this experiment are reported in Figure 10. We discuss first the results obtained
without any interest-rate peg. In this case, the model predicts an increase of output of 1.5 percent
(at peak) and a rise of the labor share of about 1 percent, relative to the steady state. Given the
crowding-out of private investment, it is the increase in spending and the crowding-in of private
consumption that generate the increase in output. The increase in the labor share mirrors the
increase in the real wage. Interestingly, while the output peaks on impact, the real wage and the
labor share peak with a delay of a year. Being the fiscal stimulus a demand shock, the effect on
inflation is positive, and this in turn generates a monetary contraction dictated by the Taylor rule.
While this behavior of inflation and the nominal interest rate is perfectly in line with standard
New-Keynesian models, it does not square well with the economic conditions prevailing during the
Great Recession. The Fed brought the short-term interest rate officially to values close to zero in
December 2008. Therefore, in 2009Q1 the economy was already at the so-called effective zero lower
bound (ZLB) and it remained there for several years. It is then natural to check how the results
of the experiment change if we keep the nominal interest rate constant during the time horizon of
interest (in line with Cogan et al. (2010) and Cantore et al. (2017a)).
As shown in figure 10, keeping the interest rate constant has an amplification effect. In this
case the fiscal stimulus boosts private consumption and GDP, as well as real wages and the labor
share of income, to a much greater extent. In this case, the same fiscal expansion boosts output by
4 percent at peak (2.7 times more than in the standard case), while the increase of the labor share
is more than threefold (3.5 percent).
In sum, this model experiment suggests that the ARRA expenditure stimulus had not only
aggregate consequences on incomes, by boosting GDP, but also distributive consequences in that
it increased the labor share of income. These effects were magnified by the binding ZLB. In other
words, absent ARRA, during the Great Recession not only would the pie of U.S. national income
45

Note that the expenditure component of ARRA accounts for the lions share of the package as two thirds of the
bills went toward public investment and government purchases and aid to state governments (and 60 percent of these
transfers to states were for spending).
46
We deflate government consumption expenditures and gross investment extracted form NIPA table 1.1.5 and
apply the filter by Hamilton (2018) to remove the trend component.
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have been smaller, by the also the slice of the pie going to workers would have been thinner.

5

Conclusion

Over the past couple of decades, economic inequality has grown in salience in economics and politics
alike. The labor share of income provides a particular lens through which distributive dynamics
can be analyzed and has recently attracted renewed attention from economists. At the same
time, macroeconomic policy has come under increased scrutiny for having not only aggregate but
also distributive effects. Moreover, the financial crisis has increased the prominence of (counterand/or pro-) cyclical discretionary fiscal expenditure policies. Fiscal authorities may indeed take
distributive considerations to be a potentially suitable target of their policy measures over the
business cycle, too. Notwithstanding these considerations, there is limited evidence available on
the effect of government spending on the labor share.
We fill this gap this gap in the literature by providing a comprehensive analysis in three steps.
First, using an SVAR methodology designed to handle complications arising due to fiscal foresight,
we show that that cyclically, unanticipated expansionary government spending shocks increased
the labor share by raising real wages more than labor productivity during the Great Moderation
period in the US. This result is confirmed also for Australia, Canada and the UK and shown to be
robust in a series of checks.
Second, to understand the economic mechanisms driving our empirical findings, we develop a
two-agent New Keynesian DSGE model designed to capture labor share dynamics over the business cycle. The model distinguishes between capitalists, earning income only from firms’ profits
and investing in physical capital, and workers, who only receive labor income. In addition, we parsimoniously capture limited asset market participation through a segmented bond markets setup
that prevents risk sharing between agents. We show that the model is able to replicate the effects
of a surprise government spending shock on the labor share and other key macroeconomic variables
both qualitatively and quantitatively.
Finally, in an application zooming in on discretionary fiscal policy measures employed during
the Great Recession, we use the model to quantify the impact of the 2009 American Recovery and
Reinvestment Act on the labor share. Our simulations suggest that the expenditure measures had
not only aggregate consequences on incomes, by boosting national income, but also distributive
consequences in that it increased the share of this income going to workers. These effects were
magnified by the binding ZLB. In other words, absent the ARRA, during the Great Recession not
only would the pie of U.S. national income have been smaller, by the also the slice of the pie going
to workers would have been thinner.
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Figures and Tables

Notes IRs to a government spending surprise shock obtained by purifying government spending shocks using the
F(1,4) variable. IRs are scaled such that the log change of government spending is unity at its peak. Solid lines
represent the median posterior density of impulse responses; while dotted lines represent the 16th and the 84th
percentiles. All series except interest rate and news variable shown in %.

Figure 2: Impulse Responses to a Surprise Shock to Government Spending
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Figure 3: LS Components
Notes IRs to a government spending shock obtained using the F(1,4) variable. IRs are scaled such that the log
change of government spending is unity at its peak. All series shown in %.

Notes IRs for a BP government spending shock. IRs are scaled such the log change of government spending is unity
at its peak. The median posterior density of impulse responses is displayed in form of a solid line while the 16th and
the 84th percentiles are shown as dotted lines. All series except interest rate shown in %.

Figure 4: Impulse Responses to a BP Shock to Government Spending (1948:I-2007:IV)
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Notes IRs to a government spending surprise shock obtained by purifying government spending shocks using the
F(1,4) variable. IRs are scaled such that the log change of government spending is unity at its peak. Solid lines
represent the median posterior density of impulse responses; while dotted lines represent the 16th and the 84th
percentiles. All series except interest rate and news variable shown in %.

Figure 5: Impulse Responses to a Surprise Shock to Government Spending: Extended Information
Set

Notes LP-based IRs for a government spending BP surprise shock (1981:III-2007:IV). Dashed lines represent one
standard deviation confidence bands based on Newey-West corrections of standard errors. Horizontal axes denote
quarters; t=0 is the period of the shock. All series except interest rate shown in %.

Figure 7: LP: BP Surprise Shock to Government Spending
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Notes IRs for a government spending surprise shock obtained using the Blanchard-Perotti identification method.
IRs are scaled such the log change of government spending is unity at its peak. All series except interest rate shown
in %.

Figure 6: BP Surprise Shock – Australia, Canada, UK

Discount factor
Capital depreciation
CRRA
Frish elasticity
Price mark-up
Wage mark-up
Steady State Hours
Steady State Gross Inflation
Fix costs in production
Gov spending/Output
Labor Share
Debt to GDP ratio
Workers bond holdings benchmark
Consumption tax
Labor income tax
Capital income tax

β
δ
σc
1
%
ζ
ζ−1
µ
µ−1

H
Π
F
WH
Y

G
Y

=1−α
B
Y
B̄ W

τC
τW
τK

Table 1: Calibrated parameters
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Value
0.99
0.025
1
1
1.20
1.40
0.33
1
D=0
0.2
0.67
0.67 x 4
0
0.05
0.24
0.32

Description

Prior

Posterior Mode (95% HDP Interval)

G shock

Γ(1, 0.05)

0.9089 (0.8948, 0.9466)

AR(1) G shock

B(0.7, 0.15)

1.0125 (0.9106, 1.0609)

Investment adjustment costs

Γ(4, 2)

3.8103 (0.6382, 8.9264)

K/L elasticity of substitution

N (0.4, 0.3)

0.7154 (0.4010, 1.3947)

% of Workers

N (0.5, 0.1)

0.5878 (0.5317, 0.7887)

Habits in Consumption - W

B(0.7, 0.2)

0.5687 (0.1560, 0.7763)

Habits in Consumption - C

B(0.7, 0.2)

0.9413 (0.3145, 1.0000)

Portfolio Adjustment costs

U [0.25, 50]

0.64 (0.2500, 40.6064)

Price stickiness

B(0.7, 0.2)

0.6916 (0.1878, 0.9056)

Price indexation

B(0.7, 0.2)

0.2041 (0.0426, 0.8326)

Wage stickiness

B(0.7, 0.2)

0.7040 (0.5725, 0.8807)

Wage indexation

B(0.7, 0.2)

0.9510 (0.5596, 1.0000)

Variable capital utilization

Γ(0.5, 0.2)

0.3736 (0.1561, 0.8986)

Interest rate smoothing

B(0.7, 0.15)

0.5983 (0.2781, 0.8606)

Taylor rule response to inflation

Γ(1.7, 0.15)

1.5751 (1.4037, 1.9901)

Taylor rule response to output

Γ(0.1, 0.05)

0.0385 (0.0197, 0.2056)

C Tax rate smoothing

B(0.5, 0.15)

0.6667 (0.1295, 0.8569)

C Tax rate response to debt

B(0.5, 0.15)

0.5343 (0.1183, 0.8519)

C Tax rate response to output

Γ(0.1, 0.05)

0.0994 (0.0184, 0.1961)

W Tax rate smoothing

B(0.5, 0.15)

0.3729 (0.0807, 0.7177)

W Tax rate response to debt

B(0.5, 0.15)

0.2523 (0.0215, 0.6331)

W Tax rate response to output

Γ(0.1, 0.05)

0.0646 (0.0181, 0.2003)

K Tax rate smoothing

B(0.5, 0.15)

0.6311 (0.2294, 0.9506)

K Tax rate response to debt

B(0.5, 0.15)

0.5848 (0.2560, 0.9374)

K Tax rate response to output

Γ(0.1, 0.05)

0.0844 (0.0187, 0.2048)

Table 2: Priors distributions and Posteriors mean (in parenthesis confidence interval bands).
butions: Γ Gamma, B Beta, U Uniform, N Normal.
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Figure 8: Bayesian Impulse Responses Matching
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Figure 9: Unanticipated fiscal expansion simulated at the posterior mode of the parameters estimated via impulse response matching.
Panels report % deviations from steady state except from Profits where absolute deviations are
reported.
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Figure 10: DSGE Model: Impact of ARRA
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A

Appendix

A.1
A.1.1

Data Sources and Transformation
USA

Table 1 details the data sources used, while table 2 provides an overview of the properties of the
alternative labor share proxies.
Construction of the labor Share
For our baseline measure, the key assumption is that the shares of capital (K) and labor (L)
in ambiguous income are the same as in unambiguous income. As set out by Muck et al (2015),
we begin by decomposing total income into ambiguous (AI) and unambiguous (UI) income. AI is
the sum of proprietors’ income, taxes on production less subsidies, business current transfers and
statistical discrepancies (none of which is attributable to K or L).
AIt = P It + (T axPt − Subt ) + BCT Pt + SDISt .

(71)

UI is straightforwardly separable into compensation of employees and unambiguous capital income.
U It = U LIt + U KIt = CEt + U KIt .

(72)

The latter is the sum of corporate profits, rental income, net interests, and current surplus of
government enterprises.
U KIt = CPt + RIt + N It + GEt .

(73)

The share of capital in unambiguous income (KStU ) is then obtained as
KStU = 1 − LStU =

U KIt + DEPt
RIt + N It + GEt + CPt + DEPt
=
,
U It
RIt + N It + GEt + CPt + CEt

(74)

where DEPt is the consumption of fixed capital. Next, make the following key assumption that
factor shares in AI are the same as in UI:
AKIt = KStU AIt .ALIt = 1 − (KStU AIt ).
47

(75)

Before
1953:II,
interpolated
annual
data
available
on
Robert
Shiller’s
database
at
http://www.econ.yale.edu/ shiller/data.htm
48
http://econweb.ucsd.edu/ vramey/research.html
49
See https://www.bls.gov/opub/mlr/2017/article/estimating-the-us-labor-share.h tm
50
“Naive” meaning labor compensation divided by dollar output, see https://www.bls.gov/lpc/lpcmethods.pdf,
page 7; also see https://www.bls.gov/news.release/prod2.tn.htm. This measures excludes e.g. general government;
nonprofit institutions; private households; unincorporated business; and those corporations classified as offices of bank
holding companies, offices of other holding companies, or offices in the finance and insurance sector. Nonfinancial
corporations accounted for about 50 percent of the value of GDP in 2016.
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US: Data Sources
Mnemonic
GOV
GOVCON
GOVINV
TAX
GDP
RINT
HOURS
WAGES
UNEMP
TCU
PGDP
LS1
LS2
CE
CEgov
RI
CP
NI
δ
PI
T AX P
BCTP
Sdis
GE
GNP
CP gva
N I gva
T AX gva
NVA

Description
Government consumption expenditures + gross investment
Government consumption expenditures
Government gross investment
Current receipts - current transfer payments - current interest payments
Gross Domestic Product
10-Year real interest rate: 10-Year Treasury constant maturity rate (quarterly average), adjusted by GDP deflator
Total hours worked, including military
Real Hourly Compensation, Business Sector
Civilian unemployment rate
Total Capacity Utilisation(quarterly. avg. of monthly series)
GDP deflator
LS in the non-farm business sector
LS in the non-financial business sector
Compensation of employees
Wages and salaries: government
Rental income
Corporate profits
Net interest income
Consumption of fixed capital
Proprietors’ Income
Taxes on production - subsidies on production
Business current transfer payments
Statistical discrepancy
Current surplus of government enterprises
Gross national product
Corporate profits, GVA (NFC)
Net interest and miscellaneous payments (NFC)
Taxes less subsidies on production and imports (NFC)
Net value added (NFC)
Table 3: Data Sources (1): US
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Source
NIPA 1.1.5.
NIPA 3.9.5
NIPA 3.9.5
NIPA Table 3.1
NIPA 1.1.5
FRED: GS1047
V. Ramey’s database48
BLS :PRS84006153
FRED: UNRATE
FRED: TCU
NIPA
BLS
BLS
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA
NIPA

1.1.4

1.12
1.12
1.12
1.12
1.12
1.7.5
1.12
1.12
1.12
1.12
1.12
1.7.5
1.14
1.14
1.14
1.14

Mnemonic Description
LS1
Non-farm
business
sector
(excludes
e.g.
government,
nonprofits, farms)
LS2
Non-financial
business sector
LS3
Economy-wide
excl. gov. sector

Alternative LS Proxies
Basis Mixed Income
GVA49 Imputed SE income

Source
BLS

GDP

Naive50

BLS

GDP

PI and indirect net taxes apportioned to K and L in same proportion as unambiguous components
PI and indirect net taxes apportioned to K and L in same proportion as unambiguous components.
No corrections for inventory valuation adjustment and capital consumption.
Proportions in ambiguous income
(PI, net taxes on production, business current transfers, statistical
discrepancy) assumed to be the
same as in unambiguous.
Excludes PI and rental income

Constructed
based on Gomme
and
Rupert
(2004)
Constructed
based on Gomme
and
Rupert
(2004)

LS4

Economy-wide
excl. gov. sector

GDP

LS5

Economy-wide LS
adjusted for PI

GDP

LS6

Non-financial
business sector

GVA

Table 4: Alternative LS proxies
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Constructed
based
on
McAdam et al.
(2015b)
Constructed
based on Gomme
and
Rupert
(2004)

Finally, we obtain the labor share as follows51 :
LSt = (1 − KSt ) = 1 −

ALIt + CEt
U KIt + DEPt + AKIt
=
GN Pt
GN Pt

(76)

For LS3, LS4 and LS6 additional details are provided below.
LS3 =

CE − CEgov
Y UL
= UL
.
(CE − CEgov ) + RI + CP + N I + δ
Y
+ Y UK

LS4 is essentially the same concept, except not adjusted for inventory valuation and capital consumption when considering RI and CP.
LS6 considers the domestic non-financial corporate (NFC) sector and uses, as frequently done in
sectoral studies, gross value added (GVA)
LS6 = 1 −

51

CP gva + N I gva − T axgva
.
NV A

In line with Cantore et al. (2018) we use GNP rather than GDP in the denominator.
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A.1.2

Canada, Australia and United Kingdom

Australia, Canada and UK: Data Sources
Mnemonic Australia
Canada
UK
GOV
General government fi- General government fi- General
government
nal consumption expen- nal consumption expen- total current expenditure + general govern- diture + general govern- diture + total net
ment gross fixed capital ments gross fixed capi- investment52
formation
tal formation
TAX
General government to- General
government General government total gross income - gen- revenue - current trans- tal current receipts - net
eral government total fers to households - social benefits
income payable - subsi- interest on debt
dies
GDP
GDP adjusted using the GDP adjusted using the GDP adjusted using the
GDP deflator
GDP deflator
GDP deflator
LS
Naive measure calcu- Naive measure calcu- Naive measure calculated as total wages and lated as compensation lated as compensation
salaries (including so- of employees over to- of employees over gross
cial security contribu- tal factor income, com- value added at factor
tions) over GDP
puted as (GDP-taxes cost
less subsidies on products and imports)
RINT
10 year government 10 year government 10 year government
bond yield (FRED: bond yield (FRED: bond yield (FRED:
IRLTLT01AUQ156N)
IRLTLT01CAM156N)
IRLTLT01GBM156N)
deflated using the GDP deflated using the GDP deflated using the GDP
deflator
deflator
deflator
Table 5: Data Sources (2): Australia, Canada, and UK
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Seasonally adjusted fiscal data for the UK going back to 1963 were were kindly provided by the ONS.
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A.2
A.2.1

Further Empirical Results
Anticipated (News) Shocks

Although the paper focuses on the effects of unanticipated government spending shocks, it seems
natural to complement the results with anticipated (known also as news shocks), given that the
empirical methodology allows for it (see Subsection 2.1).
The impulse responses to an anticipated government spending shock are reported in Figure 11.
The impact response of the labor share to an anticipated government spending shock is negative
on impact, before overshooting and turning significantly positive. It is interesting to notice that
the positive peak of the labor share follows the positive peak of government spending, which in
turn is unsurprisingly delayed relative to the case of an unexpected shock, as it take some time for
news to translate in actual changes in expenditures. Consistently, government spending increases
gradually instead of reaching a high level on impact, as it is the case for a surprise shock. Net taxes
also behave differently: they increase significantly, reaching the peak after about two years and
then decline in a gradual fashion. The long-term real interest rate increases for a longer period of
time, relative to the case of a surprise shock, turning negative after about one and a half years. The
response of output is positive throughout, suggesting–in line with the findings reported by Ramey
(2016)–that the cumulative fiscal multiplier is larger than for a surprise shock.
Figure 12 replicates the same analysis on the components of the labor share done for the surprise
shock in Figure 3. For an anticipated shock we find different dynamics relative to what happens
for the surprise shock. While labor productivity rises in response to either an unanticipated or
an anticipated government spending shock, the dynamics of real wages differ, thus explaining the
differential movements in the labor share.
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Notes IRs to a government spending news shock obtained using the F(1,4) variable. IRs are scaled such that the
log change of government spending is unity at its peak. Solid lines represent the median posterior density of impulse
responses; while dotted lines represent the 16th and the 84th percentiles. All series except interest rate and news
variable shown in %.

Figure 11: Impulse Responses to a News Shock to Government Spending

Figure 12: LS Components
Notes IRs to a government spending shock obtained using the F(1,4) variable. IRs are scaled such that the log
change of government spending is unity at its peak. All series shown in %.

53

Ramey’s Narrative Approach We next turn to SVAR results regarding the effects of anticipated government spending shocks using the instrument provided by Ramey (2011), who constructs
a measure of news about changes in government spending based on information in the Business
Week and other newspapers. This measure estimates the change in the expected discounted present
value of government spending caused by military events. In practice, the SVAR is augmented by
placing the variable containing news about government spending as the variable ordered first and
the government spending news shock is identified as the first Cholesky shock.53 As shown in Figure
13, compared to the effects of a news shock identified with the approach by Forni and Gambetti
(2016), the magnitude of the initial decline of the labor share following Ramey’s news shock is
smaller and the response turns positive more quickly. However it is statistically significant only at
peak.54

Notes IRs to a government spending news shock obtained using Ramey’s (2011) identification method. IRs are
scaled such that the log change of government spending is unity at its peak. Solid lines represent the median posterior
density of impulse responses; while dotted lines represent the 16th and the 84th percentiles. All series except interest
rate and news variable shown in %.

Figure 13: Impulse Responses to Ramey’s News Shock to Government Spending
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We rely on a longer longer sample, 1948:Q1-2007:Q4, because Ramey’s news variable is insufficiently informative
when excluding the Korea War.
54
The initial response of the interest rate is opposite compared with our baseline identification.
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Ben Zeev and Pappa’s Maximum Forecast Error Variance Approach Alternatively,
Ben Zeev and Pappa (2017) identify news shocks to US defense spending as those shocks that
best explain future movements in defense spending over a five-year horizon and that are orthogonal to current defense spending, thus following the Maximum Forecast Error Variance (MFEV)
methodology by Barsky and Sims (2009). Again, the SVAR is augmented by placing the variable
containing news about government spending as the variable ordered first.
As shown in Figure 14, consistent with the argument made by Ben Zeev and Pappa (2015),
GDP increases by a larger amount under their identifying assumption than under Ramey’s. This
might also explain why the magnitude of the labor share response is also larger for the MFEV
identification. While the shape of the labor share response across the two narrative identification
methods is similar, the MFEV identification delivers a statistically significant response for more
quarters around the peak.

Notes IRs to a government spending news shock obtained using Ben Zeev and Pappa’s identification method. IRs
are scaled such that the log change of government spending is unity at its peak. Solid lines represent the median
posterior density of impulse responses; while dotted lines represent the 16th and the 84th percentiles. All series
except interest rate and news variable shown in %.

Figure 14: Impulse Responses to Ben Zeev and Pappa’s MFEV News Shock to Government Spending
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A.2.2

Alternative Labor Share Proxies

We now return to the US and the challenge of empirically measuring the labor share of income,
perhaps the most important difficulty confronting the researcher being the question how to ascribe
the mixed income of self-employed to labor and capital. We presented a case for why the baseline
metric used until now is likely to have desirable properties and be particularly suitable for the
research question at hand. We next consider five additional metrics of the labor share. These
measures differ in several dimensions, including their coverage and how they handle mixed income.
Notably, several of the measures exclude the government sector altogether, thus addressing the
potential critique that the increase in the labor share is simply due to the direct effect of government
spending on public sector employees. The appendix contains a detailed description of the various
time series and their construction. Note that ’LS5’ denotes the measure used previously as our
baseline measure.55 .
Figure 15 compares the response of the labor share to an unanticipated government spending
shock using our baseline setup. The central observation is that the patterns are very similar for
measures LS2, LS3, LS4, LS5 and LS6, but that the response for LS1 is shifted downwards. Noting
that LS1 suffers from many of the measurement difficulties, we consider the results therefore to be
positive in terms of verifying the robustness of our findings hitherto.56

Notes IRs for a government spending surprise shock obtained using the F(1,4) identification method. IRs are scaled
such the log change of government spending is unity at its peak. The median posterior density of impulse responses
is displayed in form of a solid line while the 16th and the 84th percentiles are shown as dotted lines. All series shown
in %.

Figure 15: F(1,4) Surprise Shock – all LS proxies
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This notation is used in part for purposes of comparability with the work by Cantore et al. (2018)
It is also worth noting that there is no clear pattern in terms of which labor share makes for the most clear-cut
results.
56
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A.2.3

Sub-Sample Robustness

Finally, we have check the robustness of our result across different subsamples.57 As figures 16
and 17 illustrate (using the median response for expositional clarity), the qualitative properties of
the labor share response to unanticipated and anticipated shocks holds across samples. However,
there are interesting differences in terms of the magnitude of the deviations from baseline and the
persistence of the response. Notably, in the sample from 1981:III-1999:I, the labor share reacts
more sensitively to (both unanticipated and anticipated) fiscal shocks.

Notes IRFs for a government spending surprise shock across different sub-samples. For 1948:I-1981:II, the shock is
identified á la BP. For 1981:III-1999:I and 1999:II-2016:IV, the F(1,4) method is employed. IRs are scaled such that
the log change of government spending is unity at its peak. Solid lines represent the median posterior density of
impulse responses; while dotted lines represent the 16th and the 84th percentiles. All series shown in %.

Figure 16: Sub-Sample Robustness Analysis: Unanticipated Shock

57
Given data availability, we employ the natural approach of dividing sample period for which SPF data is available
into two and use the preceding years from 1948:I onwards as a third sub-sample period.
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Notes IRFs for a government spending news shock across different sub-samples. For 1948:I-1981:II, the news shock
is obtained using the MFEV identification method. For 1981:III-1999:I and 1999:II-2016:IV, the F(1,4) method is
employed. IRs are scaled such that the log change of government spending is unity at its peak. Solid lines represent
the median posterior density of impulse responses; while dotted lines represent the 16th and the 84th percentiles. All
series shown in %.

Figure 17: Sub-Sample Robustness Analysis: Anticipated Shock
A.2.4

Components of Government Spending

Until now we have treated government spending as homogeneous, when in practice, of course,
fiscal programmes come in numerous different shapes and forms. To make a first step in the
direction of looking at the effects of government spending on the labor share in a more fine-grained
manner, in this section we distinguish between government consumption spending and government
investment spending (following the classification adopted in the NIPA tables). As the former is a
pure demand shock, while the later also affects productivity, this distinction may be particularly
important. Indeed, a first glance suggests that a government consumption expenditure shock has
a clear positive effect on the labor share that is statistically significant for about ten quarters. By
contrast, for a government investment expenditure shock the effect is neutral or negative, and never
statistically significant.58 .
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The same pattern holds true for the other countries analyzed in section 2.5.3

58

Notes IRs for a government consumption spending surprise shock obtained using the Blanchard-Perotti identification
method. IRs are scaled such the log change of government spending is unity at its peak. The median posterior density
of impulse responses is displayed in form of a solid line while the 16th and the 84th percentile are shown as dotted
lines. All series except interest rate shown in %.

Figure 18: BP Surprise Shock to Government Consumption Spending

Notes IRs for a government investment spending surprise shock obtained using the Blanchard-Perotti identification
method. IRs are scaled such the log change of government spending is unity at its peak. The median posterior density
of impulse responses is displayed in form of a solid line while the 16th and the 84th percentile are shown as dotted
lines. All series except interest rate shown in %.

Figure 19: BP Surprise Shock to Government Investment Spending
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A.3
A.3.1

Further Theoretical Results
CES production and the labor share response to Government Spending

Consider an aggregate (normalized) CES production function, where for simplicity we abstract
from capital utilization here,
σ
" 
 σ−1
  σ−1 # σ−1
Kt−1 σ
Ht σ
Yt = Y α
+ (1 − α)
.
K
H

(77)

The normalization (around the steady state, represented by variables without time index) addresses
the problem that labor and capital are measured in different units. While such a re-scaling is
not necessary for Cobb-Douglas due to its multiplicative form, the CES function is non-linear.
Normalization is required for the parameters to be “deep”. Furthermore, and importantly for
our purposes, without a proper normalization, it is not guaranteed that factor shares equal the
distribution parameter α in steady state; this would invalidate e.g. IRF results (for further details,
see Cantore and Levine 2012).
Assuming that factors are paid their marginal products – amongst others, this requires competitive markets and the absence of nominal rigidities – the real wage and the labor share are
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σ
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Yt σ
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Log-linearizing, we obtain
sH
t = ht + wt − yt =

1−σ
lpt
σ

(78)
(79)

(80)

where lpt = yt − ht is the log labor productivity (cf. Cantore et al. 2018). Hence, the labor
share is positively (negatively) correlated with labor productivity if σ < 1 (σ > 1). Note that
with σ = 1, we recover the well-known result that the labor share is constant (and equals the
elasticity of output with respect to labor input, 1 − α). Assuming some curvature in the production
function, α > 0, labor productivity in turn decreases in response to a government spending shock,
as diminishing returns to labor set in.59 Accordingly, given equation 79 in the RBC model, the
labor share increases in response to an unanticipated positive government spending shock if and
only if σ > 1.60 . Intuitively, if σ > 1, then real wages fall by less than labor productivity (cf.
78), leading to an overall increase in the labor share. Note that σ plays more than one role
and, therefore, the interaction between labor share and labor productivity is complex. First, as
59

Note that this result could be reversed if additional investment raised the amount of capital available to workers,
but in the simple RBC model, investment initially responds negatively to government spending, although it may later
increase, triggering a recovery in the labor share.
60
−1
α
α
Equivalently, we can write sH
)( 1−α
yt − 1−α
kt−1 ). Hence, since capital is predetermined, if α > 0
t = (1 − σ
and presuming that ∂yt /∂gt > 0, the response of the labor share is positive if and only if σ > 1.
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indicated above, it determines the reduced-form correlation between the two variables, which is
positive (negative) if σ < 1 (σ > 1). Second, it enters the f.o.c.’s for labor and capital, thereby
affecting labor productivity itself. For example, given a rise in the relative productivity or a fall in
the relative unit costs of labor, a value of σ greater than unity – meaning that capital and labor are
substitutes – incentivizes firms to replace capital with workers, reducing labor productivity (and, for
σ > 1, raising the labor share). Contrary to the requirement for a positive elasticity of substitution,
however, the consensus in the literature (see e.g. Klump et al. 2007; Chirinko 2008; Cantore et al.
2015) is that at least in the short-run, capital and labor are complements in production, i.e. σ < 1.
Moreover, even though with σ > 1 the sign of the labor share response would be correct, it would
increase “for the wrong reason”, as real wages and labor productivity would decrease, contrary to
the empirical findings. This suggest that in order to explain the positive labor share response found
in the data, we need to introduce additional frictions.
In the simple New Keynesian model, given sticky prices, Wt = M Ct ∗ M P Lt (where M Ct is
real marginal cost and, thus, also the inverse of the price mark-up) and hence
StH

  σ−1   1−σ
σ
σ
Wt Ht
Y
Yt
=
= M Ct (1 − α)
.
Yt
N
Ht

(81)

Log-linearizing (and ignoring technical progress),
sht = wt − lpt
1−σ
lpt .
= mct +
σ

(82)
(83)

Therefore, even if σ < 1 and lpt falls as described above due to wealth effects and diminishing
returns to labor, the wage share will increase if the rise in marginal costs due to the increase in real
wages outweighs the response of labor productivity. In fact, labor productivity may also increase in
response to a government spending shock: for one, an increase in employment triggers a rise in the
expected return to capital, which may call forth greater investment; moreover, capacity utilization
may increase, which similarly raises labor productivity. If this is the case, then given σ < 1, this is
an additional mechanism potentially raising the labor share in response to a positive government
spending stimulus.
In the above models, for plausible parameterization it remains the case that the wealth effect
tends to reduce real wages and the labor share. Moreover, the response of consumption is likely
negative, contrary to the data.

A.4

Effects of anticipated (News) shocks in the model

Although the focus of the paper is on the effects of unanticipated government spending shocks,
the empirical methodology we employed in the first part of the paper allows us to assess also the
effects of anticipated (or news) shocks. Therefore, by solving the model using a perfect foresight
approach in which the entire path of shocks is known to agents at period 0, we check to what extent
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it delivers dynamics in line with the empirical estimates.
In Figure 20, we report results produced assuming that the same government spending shock
used in the rest of the model simulations is delayed (and hence anticipated) by one, two and three
periods against the case in which it is not anticipated at all. If the shock is anticipated at least
by two periods, the model predicts an initial fall in output (driven by the negative wealth effect
lowering consumption) that is not observed in the data. However, it is still noteworthy that, despite
having calibrated the model to match responses to an unanticipated shock, qualitatively it matches
the initial fall and then hump-shaped increase of the labor share observed in the SVAR results.
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Figure 20: Effect of a Fiscal News shock in the model
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