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Abstract

This thesis comprises three essays that analyze how fiscal policy affects the macroe-
conomy. Each essay investigates a particular feature of fiscal policy propagation.
The first essay, using a vector autoregression method in the empirical part and an
imperfect information DSGE model in the theoretical part, shows that consumer
confidence, output, and consumption increase in response to fiscal news shocks,
shocks to anticipated future government spending. Further analysis provides evi-
dence that consumer confidence is an important component in the transmission of
fiscal news shocks on the real economy, particularly on the consumption. The second
essay uses a Local Projection Method in the empirical part and a New-Keynesian
DSGE model in the theoretical part. It illustrates that public investment shocks
increase economic activity in the short-run through its spending feature and in the
long-run through its productivity feature. Both empirical and theoretical results
indicate that public investment is an important fiscal policy tool to stimulate the
economy in the near-term and to improve the fundamentals in the long-term. The
third essay, prepared with Zornitsa Todorova, provides evidence that production
networks are an important mechanism in the transmission of the tax shocks to the
real economy. The spatial autoregression (SAR) estimation shows that private in-
come tax shocks travel upstream, from customers to suppliers, and more than half
of the total effect of the tax shocks on revenues is due to higher-order demand effects
as a result of network linkages.
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Preface

In this thesis, I study the propagation of fiscal policy shocks throughout the macroe-
conomy from various perspectives.

In Chapter 1, I identify the impact of fiscal spending policy on consumer confi-
dence and offer an alternative explanation for the crowding-in effect of government
spending on consumption found in data. I construct a fiscal news variable using the
Survey of Professional Forecasters (SPF) to control for the anticipated component
of future government spending. I find evidence on the presence of imperfect infor-
mation in SPF forecasts. I show how to account for imperfect information in a VAR
setting to identify fiscal news shocks. The VAR estimates an increase in consumer
confidence, output, and consumption in response to a fiscal news shock. To explain
the empirical evidence, I develop a DSGE model with imperfect information à la
Lorenzoni (2009). In the model, fiscal news shock moves up confidence if the shock
induces consumers to estimate higher government demand relative to the taxes. The
estimation of the model shows that the upswing in confidence is able to explain the
increase in consumption observed in data.

In Chapter 2, I study the dynamic impacts of public investment shocks by ad-
dressing fiscal foresight using novel data. The yearly public investment announce-
ments provided by Turkish data are used to construct narrative news series and to
identify the shocks. I show that the news series carry relevant information and have
significant predictive power over the public investment outlays. The estimation us-
ing the local projection method shows that the impulse responses of the output and
the other macroeconomic variables are positive and significant in the first couple of
years, and there is a larger second-round effect after seven to nine years. The largest
impact occurs in the transportation and health sectors. A New Keynesian DSGE
model with rule-of-thumb consumers and productive public sector can account for
the empirical findings. The indirect inference estimation points to the short-run ef-
fect of spending and the long-run effect of productivity after positive shock in public
investment. Both empirical and theoretical results indicate that public investment
is an important fiscal policy tool to stimulate the economy in the near-term and to
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improve the fundamentals in the long-term.
In Chapter 3, Zornitsa Todorova and I investigate whether exogenous tax shocks

propagate through production networks. A static model with intermediate inputs
predicts that the reaction of industries to tax shocks follows a spatial autoregression
(SAR) and that the effect propagates upstream (from customers to suppliers). To
test this empirically, we use quarterly sales data for US industries for the period
1972- 2003. We show that private income tax shocks travel upstream, and provide
evidence that between 55 to 70 percent of the total effect on sales is due to higher-
order demand effects. Our results suggest that production networks are an important
mechanism through which tax shocks transmit to the real economy.
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Chapter 1

Fiscal News, Imperfect
Information and Confidence

1.1 Introduction

The protracted low economic activity during the Great Recession is often attributed
to the collapse in consumer confidence.1 Several economists and policy-makers have
proposed the use of fiscal policy to restore confidence in the economy and to recover
from the recession.2 In the beginning, the “confidence channel” of fiscal policy,
defined as the impact of fiscal policy on the economy through its effect on consumer
confidence, was met with hesitation due to the lack of empirical and theoretical
backing.3 Nevertheless, some studies provide evidence in support of the “confidence
channel”. On the empirical side, Bachmann and Sims (2012) show that in US data,
confidence is critical in the transmission of government spending shocks during slack
times. On the theoretical side, Guimaraes et al. (2016) develop a static model with
imperfect information where government spending can affect agents’ beliefs about
other agents’ investment and production decisions.

However, a significant part of government spending is anticipated, a phenomenon
1For example, Russell Roberts stated on Forbes.com on January 23, 2009, “But the economy

is not stagnant because of a lack of spending. The economy is stagnant because of a lack of
confidence in the future. Government spending on bridges, roads and new schools will stimulate
the construction industry. But without confidence, the benefits will not spread to the rest of the
economy.”

2Robert Shiller remarked on The Wall Street Journal on January 27, 2009, “We must be certain
that programs to solve the current financial and economic crisis are large enough, and targeted
broadly enough, to impact public confidence.”

3N. Gregory Mankiw quoted on his blog on January 27, 2009, “Yale’s Bob Shiller argues that
confidence is the key to getting the economy back on track. I think a lot of economists would agree
with that . . . The sad truth is that we economists don’t know very much about what drives the
animal spirits of economic participants. Until we figure it out, it is best to be suspicious of any
policy whose benefits are supposed to work through the amorphous channel of confidence.”
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called fiscal foresight. Fiscal foresight implies that the agents may receive news about
future fiscal policy in advance and update their expectations before the actual policy
is implemented. Hence, fiscal news about future government spending could be more
influential in shaping the confidence rather than the actual spending itself.4

This paper provides evidence on the “confidence channel” of fiscal policy by mea-
suring the impact of fiscal news on consumer confidence, and by determining the
transmission of fiscal policy on the real economy through its effect on confidence,
particularly on consumption.5 I construct the evidence in two steps. First, through
the identification of shocks to the fiscal news in a structural vector autoregression
(SVAR), and second through the lenses of a structural dynamic stochastic general
equilibrium model (DSGE) with households’ heterogeneity, imperfect information,
and fiscal news. In the SVAR, fiscal news is proxied by the revisions to government
spending forecasts from the Survey of Professional Forecasters, SPF hereon, and con-
fidence is proxied by the University of Michigan Consumer Sentiment Expectations
Index. In the DSGE, movements in consumer confidence are modeled as shifts in
the expectations of the agents about future disposable income and aggregate output
due to the innovations in fiscal news.

The empirical evidence consists of two steps. In the first step, I construct a fis-
cal news variable by using ex-ante revisions of government spending forecasts from
the Survey of Professional Forecasters.6 The SPF forecasts exhibit two important
features; first, they carry out relevant information about future government spend-
ing, and second, average ex-ante forecast revisions predict average ex-post forecast
errors.7 The second feature is a new empirical fact suggesting that SPF data might
be generated by a model of imperfect information rational expectations since this
group of models can account for predictable forecast errors, as shown by Coibion
and Gorodnichenko (2015).

In the second step, I run a medium-sized VAR to measure the response of con-
fidence and real variables to a fiscal news shock.8 The estimation delivers positive

4Fiscal news can be defined as the information at time t that induces agents to revise their
expectations about government spending at time t + h, h periods ahead. However, this informa-
tion can be composed of two components: an unpredictable component due to the new information
arriving at time t and a predictable component due to the slow adjustment of information from pre-
vious periods and systematic response to business cycle fluctuations. I am interested in identifying
the unpredictable component, defined as fiscal news shock, and measure its impact.

5Consumer confidence is defined as the expectations of agents about the individual and aggre-
gate state in the near future. I discuss how consumer confidence is measured in the next section.

6The detailed information about SPF forecasts is provided in the next section. The ex-ante
revision means the difference between the forecast of government spending, made at time t, for the
next quarters, and the forecast, for the same quarters, made at time t− 1.

7The ex-post forecast errors are simply the difference between the realized government spending
at time t+ h and its forecast made at time t.

8The fiscal news shock is an exogenous change in the fiscal news variable that predicts future
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and significant response of confidence, output, and consumption to a shock. To
determine the role of confidence, I compute the responses of consumption and out-
put to the fiscal news shock by shutting off the response of confidence to the same
shock. The responses of consumption and output are smaller in magnitude in the
first few quarters, and the difference is statistically significant for the first two quar-
ters when the response of confidence is held constant. My empirical findings suggest
that confidence is a critical component in the transmission of fiscal policy on the
real economy, particularly in the short-run.

To understand the mechanism embedded in fiscal policy that fosters the confi-
dence of the agents, I construct an island model with imperfect communication à
la Lorenzoni (2009), where I add a government sector. The imperfect information
present in SPF forecasts motivates the model with dispersed information.9 The rep-
resentative agent in each island receives noisy signals about government spending
and lump-sum tax directed to them. Hence, the agents do not observe the true value
of the aggregate states; instead, they use the signals to infer the values of them.10

The variance structure of these two signals is the critical feature enabling the
model to generate waves of optimism and to have an increase in private consumption
in response to a fiscal news shock.11 If the variance of the idiosyncratic noise in
the government spending signal is sufficiently small relative to the variance of the
noise in the tax signal, the agent expects island-specific government spending to
be higher relative to the island-specific lump-sum tax. This increases expectations
of permanent income, which in turn causes an increase in expected consumption.
The current consumption increases as well since it depends positively on expected
consumption through the Euler equation. The mechanism works the same on each
island, and each agent increases current consumption in response to the fiscal news
shock as a result of an optimistic future income. The island-level optimism translates
into aggregate optimism that is the theoretical counterpart of the surge in confidence
found in the empirical section.

I confront the model with data by estimating the key parameters by minimizing
the distance between the model’s impulse responses and those estimated by the
SVAR. The estimation supports the main feature of the model; large variance of the

government spending.
9In addition to the evidence provided in the empirical section consistent with the presence of

imperfect information structure of government spending forecasts, Coibion and Gorodnichenko
(2015) provide evidence in favor of imperfect information structure of macro variables such as
inflation, output, industrial production, and unemployment using SPF forecasts.

10The agents also receive signals of the local productivity, price index and private demand, and
aggregate inflation and productivity, so they do not observe any aggregate state perfectly.

11The word “optimism” is used to define higher expected permanent income relative to the full
information rational expectations benchmark.
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idiosyncratic noise in the tax signal and small variance of the idiosyncratic noise in
the government demand signals. However, the estimation brings out two additional
features that are necessary to have an observed increase in aggregate consumption:
sticky prices and large mark-ups. The sticky prices prevent a price spike that would
otherwise decrease quantities consumed and inform agents about aggregates. The
large mark-ups bring a higher increase in profits and income for a given increase in
government demand that increase the amounts consumed.

To test the main feature of the model, I run a counterfactual by fixing the
variance of the idiosyncratic noises in the tax and government demand signals to
the same number. I keep the remaining parameters at their estimated values. The
counterfactual estimation generates a decrease in consumption in response to a fiscal
news shock. The reason is that the government demand and tax signals share
a similar variance structure, and agents do not expect higher government demand
relative to the tax directed to their island. The agents expect lower future disposable
income that drives the confidence downwards; as a result, government spending
crowds-out private consumption as in standard RBC models.

The paper contributes to the literature in three distinct ways. First, this is
the first dynamic model that allows fiscal policy to generate waves of optimism
through its effect on the perceived future income of the agents. Second, the paper
introduces the impact of fiscal policy on consumer confidence as a critical mechanism
generating the crowding-in effect of government spending on consumption. Third,
the model shows how a policy variable can create movements in confidence. The
literature presents the changes in confidence as a function of animal spirits, noise
shocks orthogonal to the fundamentals, or news about future productivity, as in
Barsky and Sims (2012). In this paper, the fiscal news shock produces temporary
movements in confidence.

The remainder of this introduction is the literature review. The next section
describes fiscal news and the identification of fiscal news shock under imperfect
information. Section 1.3 presents the empirical results. Section 1.4 describes the
DSGE model, and Section 1.5 estimates it. Section 1.6 concludes.

1.1.1 Related Literature

Empirical Fiscal Policy

The closest papers to mine from an empirical point of view are Ramey (2011), Auer-
bach and Gorodnichenko (2012a), Bachmann and Sims (2012), Forni and Gambetti
(2016), and Alesina et al. (2015). Ramey (2011) creates a military news series about
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future military spending due to foreign political events and embeds this news into
VAR. She finds that, in response to a military news shock, GDP increases, but
consumption of non-durables plus services decreases. Auerbach and Gorodnichenko
(2012a) control for the fiscal foresight by splicing Greenbook and SPF government
spending forecasts of the next quarter and find larger fiscal multipliers during re-
cessions. Bachmann and Sims (2012) is the first work that explores the role of
confidence in the transmission of fiscal policy. The authors find that surprise shocks
in government spending increase confidence only during slack times. Forni and
Gambetti (2016) construct a fiscal news series using the sum of SPF government
spending forecast revisions. They find an increase in output and consumption in
response to a fiscal news shock. I extend their work by incorporating confidence and
show that the response of confidence is critical for the increase in consumption in
response to a shock. Finally, Alesina et al. (2015) explore the confidence and fiscal
policy channel using exogenous fiscal adjustment plans of OECD countries. The
authors find that spending-based fiscal adjustment fuels business confidence. On
the contrary, this paper finds an increase in confidence in the US data in response
to the higher expected future government spending. Besides, the paper provides a
framework to identify fiscal news shocks under imperfect information environment.

Government Spending and Private Consumption

This paper is also a part of a vast literature trying to rationalize the crowding-
in effect of government spending on consumption. Ravn et al. (2006) develop a
model with deep habit formation and countercyclical mark-ups that produces posi-
tive responses of consumption and wages to government spending shocks. Galí et al.
(2007) propose a Neo-Keynesian DSGE model with liquidity-constrained consumers.
In their model, the wages increase in response to a government spending shock if
mark-ups are countercyclical. The aggregate consumption increases if the share
of liquidity-constrained consumers is non-negligible since those consumers increase
their consumption as a result of higher wages. Christiano et al. (2011) show that
when the zero lower bound on the nominal interest rate binds, the real interest rate
falls in response to a government spending shock. This drives up private spending.
In their model, the government spending multiplier is larger than one. The clos-
est to my paper in this strand is Murphy (2015). The author extends Lorenzoni
(2009)’s imperfect information island model with island-level government demand
and tax signals, where only the former has a persistent component. This structure
of the signals creates a mechanical upward shift in the expected future income of
the agents that explains the increase in aggregate consumption in response to a
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government spending shock. The key difference between his model and my model
is that I introduce a persistent component in island-level tax signals in addition to
the government demand signals. This augmented signal structure prevents the me-
chanical upward shifts in expected future income; instead, the informational content
of the signals becomes the key factor that shifts the expected future income of the
agents upwards or downwards. Furthermore, I introduce fiscal news and confront
the model with data.12

Imperfect Information and Expectations

There have been many papers that have stressed the importance of imperfect in-
formation such as Woodford (2001), Mankiw and Reis (2002), and Mackowiak and
Wiederholt (2009). A specific strand in this literature introduces imperfect infor-
mation on technology and stresses beliefs of future productivity and output. The
prominent works in this strand of the literature are Beaudry and Portier (2006),
Lorenzoni (2009), and Barsky and Sims (2012). In this type of models, agents do
not observe the productivity; rather, they receive signals about productivity that
are composed of a technology shock, fundamental shock that shifts the productivity,
and a noise shock, misperception shock that does not shift productivity. However,
agents cannot determine whether the signal is due to technology or noise shock.
Hence, they misperceive part of the noise shock as a technology shock. As a result,
both types of shocks initially increase the realized output and the expected future
output and productivity due to higher perceived productivity. However, agents
gradually learn the true nature of the signal they observe. If the signal is due to
noise shock, the realized and expected output revert to the initial level. If the sig-
nal is due to technology shock, the realized and expected output moves to a new
long-run level. Hence, only the noise, shock orthogonal to the fundamentals, induces
a transient shift in the expectations of the agents. This paper introduces a fiscal
spending policy to generate temporary movements in the expectations. The shifts
in the expectations are not orthogonal to the model’s variables; fiscal news shock
shifts them. However, these shifts are temporary; the realized and expected output
reverts to the initial level. Hence, the innovations in expectations are the result of
a policy shock, and they return to initial levels after several periods.

12Croce et al. (2012) develop a representative agent model with stochastic endogenous growth
and long-run model uncertainty and show that government spending shock decreases future con-
sumption. This is because, with model uncertainty, the agent overestimates the expected value
of future taxes that lowers the expected disposable income. In this paper, government spending
increases expected disposable income because agents underestimate the expected value of taxes to
be imposed on their island. A survey about future tax expectations would shed light on which
mechanism is present in data.
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1.2 Fiscal News and Imperfect Information

This section discusses the properties of the SPF government spending forecasts, de-
rives an empirical specification to test the presence of imperfect information in the
SPF forecasts, and finally, defines the fiscal news variable and discuss the implica-
tions of imperfect information in the identification of fiscal news shock.

1.2.1 The SPF Government Spending Forecasts

Government spending is anticipated to some degree since the changes in fiscal policy
are usually implemented with a lag, a phenomenon called fiscal foresight.13 This
phenomenon poses two difficulties in the estimation of a VAR that does not control
for fiscal foresight. First, the government spending shocks recovered through VAR
residuals are predictable, as shown by Ramey (2011) and Leeper et al. (2013). This
feature is called the non-fundamentalness of VAR.14 Second, the agents may react
to the anticipated changes in fiscal policy even before the implementation takes
place. Consider the American Recovery and Reinvestment Act of 2009 (ARRA). It
is a fiscal stimulus package enacted in February 2009 with an estimated spending
of around $550 billion. This spending did not occur immediately; instead, it was
dispersed over the years. However, the agents received news about future fiscal
spending when ARRA was enacted and could update their expectations with this
news since it was already in their information set. Hence, the fiscal news about
future government spending might be more influential in shaping the response of
the economy through the change in expectations rather than the actual spending
itself. In such a case, a VAR without these “news” cannot capture the impact of
the shocks on the anticipated future government spending.

To tackle these two difficulties, I endow VAR with a fiscal news variable, a proxy
for anticipated future government spending, following the approach developed by
Forni and Gambetti (2016).15 I use the SPF federal government spending growth
forecasts to construct fiscal news. It is useful to discuss the properties of SPF fore-
casts before going into the construction of fiscal news and the estimation of VAR.
In the US SPF, professional forecasters are asked to provide forecasts of macroeco-
nomic variables for both the present quarter and up to four quarters ahead. SPF

13Leeper et al. (2012) calibrate the forecast range of government spending three to four quarters.
Mertens and Ravn (2011) estimate that tax policy changes are subject to a six-quarter median
implementation lag.

14The non-fundamentalness arises because the information set of the VAR econometrician is
narrower than the agents, and structural shocks cannot be recovered through VAR residuals.

15The other approaches proposed in the literature to address fiscal foresight are narrative military
news by Ramey (2011), and excess returns to defense contractors by Fisher and Peters (2010).
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forecasters do not know the current value of these macroeconomic variables, which
are only released with a lag. The information set of survey respondents includes
the BEA’s advance report data, which contains the first estimate of GDP (and its
components) for the previous quarter. The deadline for responses is the second to
third week of the middle month of each quarter.

The variable of interest is the SPF forecasts on ‘real federal government con-
sumption expenditures and gross investment growth’ series. The mean of the single
period forecast is the following

Ft(h) = Etgt+h = 1
N

N∑
i=1

[Ei,tgt+h] , for h = 1, 2, 3, 4, (1.1)

where Ei,t denotes the expectations of an individual respondent, N is total num-
ber of respondents in the survey and gt+h is the government spending growth in
period h that is gt+h = Gt+h−Gt+h−1

Gt+h−1
, where G is the real government spending.. The

mean of the cumulative forecast is following

Ft(1, H) =
H∑
h=1

[Etgt+h] =
H∑
h=1

[
1
N

N∑
i=1

[Ei,tgt+h]
]
, for H = 2, 3, 4. (1.2)

Figure 1.1 shows the evolution of single period (Eq 1.1) and cumulative (Eq 1.2)
mean forecast series for the two and four quarters ahead and the historically realized
growth rates.
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Figure 1.1: SPF Government Spending Forecasts and Historically Realized Growth Rates
Notes: The figure plots the SPF mean expected growth rate for the second and fourth future quarters in top and
their cumulative in bottom, (blue) and the realized growth rates (yellow). Grey shaded areas indicate the NBER
business cycle contraction dates.
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For example, the blue line in the top-left panel of Figure 1.1 displays the two
quarters ahead mean SPF government spending growth forecast that is Ft(2) =
Etgt+2, and yellow line captures the two quarters ahead realized government spend-
ing growth that is gt+2 = Gt+2−Gt+1

Gt+1
.

As is evident in Figure 1.1, the correlation with realized growth rates is higher for
the cumulative forecasts relative to the single period forecasts. This may point that
single period forecasts are subject to mistiming of news because of the legislative and
implementation delays in government spending. I run a simple test by regressing
realized government spending growth rates on the forecasts of the same horizon to
gauge the informational content of each forecast series from Equations 1.1 and 1.2
by using the following equations

gt+h = c+ βFt(h) + errort; for h = 1, 2, 3, 4 (1.3)

H∑
h=1

gt+h = c+ βFt(1, H) + errort; for H = 2, 3, 4. (1.4)

Table 1.1 displays the adjusted R2 and the F-Statistic from these regressions. The
cumulative forecasts have higher R2, and explain a large variation of the future
government spending relative to the single period forecasts. The results suggest
that cumulative forecasts carry more information about future fiscal spending.

Table 1.1: Informational Content of SPF Forecasts

Ft(1) Ft(2) Ft(3) Ft(4) Ft(1, 2) Ft(1, 3) Ft(1, 4)

Dependent
Variable

R2 F-

Stat
R2 F-

Stat
R2 F-

Stat
R2 F-

Stat
R2 F-

Stat
R2 F-

Stat
R2 F-

Stat

gt+1 0.29 30.0

gt+2 0.26 42.9

gt+3 0.25 28.0

gt+4 0.24 36.6∑2
h=1 gt+h 0.43 25.1∑3
h=1 gt+h 0.54 29.3∑4
h=1 gt+h 0.59 34.2

Notes: OLS estimates of the projection of growth in government spending, gt+j on the forecast Ft(h) defined in
equation 1.1 for each h = {1, 2, 3, 4} and cumulative government spending growth

∑H

h=1 gt+h on the cumulative
forecast Ft(1, H) defined in equation 1.12 for each H = {2, 3, 4}. gt+h is the log change of government spending
between period t+ h and t+ h− 1 and

∑H

h=1 gt+h is the cumulative log change of government spending between
period t+H and t. R2 and F-Stat correspond to the adjusted R-squared and the value of F-statistics for each
equation, respectively.

Another feature evident in Figure 1.1 is that forecasts about government spend-
ing are more stable than the original series, and they generally underestimate the

Tesi di dottorato "Essays in Fiscal Policy"
di TURGUT MEHMET BURAK
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



12

movements of the actual spending. In other words, expectations adjust sluggishly
to the new information. This feature seems to support the hypothesis that SPF
government spending forecast data is generated in a model of imperfect information
rational expectations. I provide the intuition and the formal test of this hypothesis
in the next subsection following the work of Coibion and Gorodnichenko (2015).

1.2.2 The Nature of the SPF Forecasts

In this subsection, I augment the methodology developed in Coibion and Gorod-
nichenko (2015) with a news shock to define the concepts used and to clarify the
assumptions of the identification approach. Assume that government spending fol-
lows an AR(1) process

gt = ρgt−1 + εt−1, (1.5)

where εt−1 is fiscal news shock. Agents cannot directly observe gt and εt but
instead receive signals s1

i,t and s2
i,t such that

s1
i,t = gt + ηi,t, ηi,t ∼ N(0, σ2

η) (1.6)

s2
i,t = εt + ωi,t, ωi,t ∼ N(0, σ2

ω). (1.7)

The first signal reveals information about current fiscal spending, and the sec-
ond signal reveals information about current fiscal news shock. Each agent i then
generates forecast of government spending given their information sets via Kalman
filter

Ei,tgt = Ks1
i,t + (1−K)Ei,t−1gt, (1.8)

where K is the Kalman gain which represents the relative weight given to new in-
formation relative to previous forecasts. After averaging Equation 1.8 across agents
and rearranging, the following relationship between ex post mean forecast errors
and ex ante mean forecast revisions holds

gt+h − Etgt+h = 1−K
K

(Etgt+h − Et−1gt+h) + εt+h−1,t, (1.9)

where εt+h−1,t is the forecast error.16 Equation 1.9 says that the ex post mean
forecast error across individuals is predictable using ex ante mean forecast revisions
if K 6= 0. I test the implications of equation 1.9 by running the following regression

gt+3 − Etgt+3 = c+ β (Etgt+3 − Et−1gt+3) + δzt + errort, (1.10)

where gt+3−Etgt+3 is the average year-ahead government spending forecast errors
16The derivation of the equations 1.8 and 1.9 are given in Appendix A.1.
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across agents, and zt is the additional control.

Table 1.2: Tests of Government Spending Expectations Process

Additional control: zt
Forecast Error None Government

Spending
Growth

Average
Federal Tax

Rate

Debt-to-
GDP
Ratio

Average Un-
employment

Rate

c
0.587
(0.56)

0.579
(0.62)

−3.429∗∗

(1.38)
3.488
(2.63)

4.284∗∗

(1.75)

Etgt+3 − Et−1gt+3
0.968∗

(0.52)
0.967∗

(0.51)
0.933∗

(0.55)
0.887
(0.71)

1.012∗

(0.58)

Additional control: zt
0.001
(0.12)

0.439∗∗∗

(0.16)
−0.044
(0.03)

−0.591∗

(0.30)
Observations 146 146 146 146 146

R2 0.02 0.02 0.03 0.03 0.03

Notes: The table reports coefficient estimates for Equation 1.10. The additional controls are current quarter
values except government spending growth that is lagged by one quarter. Newey-West standard errors are in
parentheses

In Equation 1.10, the coefficient β should be equal to zero if forecasts are made by
the rational agents with full information and should be larger than zero if forecasts
are made by the rational agents subject to information rigidities. I construct forecast
errors by subtracting mean of SPF forecasts made at time t from real-time data
available h quarter after the period of forecasts made.17

The estimate of the regression from Equation 1.10 gives β̂ = 0.968 (s.e. = 0.52)
as displayed in Table 2. As a result, the null of full information rational expectations
at the 10 percent level of statistical significance is rejected. The estimates imply
that information frictions are economically and statistically significant. What is
the implication of the information frictions for an econometrician using aggregate
data? Is it possible to identify fiscal news shocks under informational frictions using
SVAR? The next subsection provides answers to these questions.

1.2.3 Fiscal News

The fiscal news variable is defined as the difference between the time t forecast of
time t+h government spending and the time t−1 forecast of time t+h government
spending (see Ricco (2015), and Forni and Gambetti (2016)). In other words, fiscal
news is the government spending forecast revisions between time t and time t − 1.

17I use the first vintages of real-time data set for macroeconomists from the SPF website.
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It aims at capturing the information arriving at time t about future government
spending.

Using the system of equations 1.5,1.6 and 1.9, one can obtain the following
relationship between the fiscal news and forecast revisions

Etgt+h − Et−1gt+h︸ ︷︷ ︸
newsht

= 1−K
K

Et−1gt+h − Et−2gt+h︸ ︷︷ ︸
newsht−1

+ ψεt, (1.11)

where Etgt+h is the time t average forecast of government spending growth for
time t+ h, and ψ is the coefficient of the time t fiscal news shock.18 The fiscal news
at time t consists of two terms; the gradual adjustment of the information at time
t−1 and the partial incorporation of fiscal news shock occurred at time t. Under the
perfect information environment, the first term would disappear, and the coefficient
ψ would be equal to one. However, due to imperfect information, the agents do not
perfectly observe the fiscal news shock and ψ = ρh−1M < 1, where M is the ratio of
the fiscal news shock variance to the fiscal news signal variance given in Equation
1.7.19 Besides, the agents slowly incorporate the information from previous period
captured by the term 1−K

K
. Hence, to correctly identify the fiscal news shocks, one

should also control for fiscal news from the previous period.
How to construct the fiscal news variable for the empirical estimation? Using the

SPF forecast revisions, one can construct three single periods, one, two, and three
quarters ahead, and two cumulative, the sum of first two and first three quarters
ahead, news variables. Table 1.1 shows cumulative forecasts have larger explanatory
power with an increasing horizon; hence, I construct the fiscal news variable as a
sum of forecast revisions over the next three quarters, that is

news1,3
t =

3∑
h=1

[Etgt+h − Et−1gt+h] . (1.12)

The variable news1,3
t , the sum of the forecast revisions of the next three quarters,

aims at capturing the fiscal spending news arriving at time t. However, as shown in
Equation 1.11, part of this variable is a function of news1,3

t−1, its lagged value, due to
the slow adjustment of information from time t − 1. Hence, one should control for
this lagged component to isolate the true fiscal news shock at time t, that is εt. On
the other hand, government spending may respond to the business cycle fluctuations
that is not taken into account in Equation 1.13 for simplicity, and one should also
control for these fluctuations as well to remove the predictable component in news1,3

t .

18The derivation of Equation 1.11 is provided in Appendix A.1.
19By projecting news shock to the signal in Equation 1.7, the expected value of fiscal news shock

is equal to Ei,tεt = σ2
ε

σ2
ε+σ2

ω
s2
i,t. This gives M = σ2

ε

σ2
ε+σ2

ω
.
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I introduce SVAR in the next section to isolate the news shock component of
fiscal news variable by controlling its endogenous response to the macroeconomic
variables plus its adjustment to past expectations revisions.

1.3 Empirical Framework and Results

The empirical model is the following VAR system

Xt = M +B(L)Xt−1 + ut, (1.13)

where Xt is a vector of endogenous variables, M is constant, B(L) denote
P-order lag polynomials, and ut is the vector of reduced-form residuals having
zero-mean. The baseline analysis refer to the vector Xt in the following order;
Xt = (conft, gt, tt, ct, yt, it, news1,3

t )′ , where conft is the expected consumer senti-
ment index from survey of consumers published by University of Michigan, gt is
the log of federal government consumption and investment expenditures, tt is the
average federal tax receipt divided by GDP, ct is the log of real private consump-
tion (sum of durables,non-durables and services), yt is the log of real GDP, it is the
effective federal funds rate, and news1,3

t is the fiscal news variable from Equation
1.12.20 The nominal variables are converted to real values by dividing the implicit
GDP deflator provided by the Federal Reserve Bank of St. Louis. The period is
1981Q4− 2018Q1.

The expected consumer sentiment index (ICE = Index of Consumer Expecta-
tions) is calculated as follows; each month survey asks the following questions to the
households:

X1 = “Now looking ahead--do you think that a year from now you (and your family
living there) will be better off financially, or worse off, or just about the same as

now?”

X2 = “Now turning to business conditions in the country as a whole--do you think
that during the next twelve months we’ll have good times financially, or bad times,

or what?”

X3 = “Looking ahead, which would you say is more likely--that in the country as a
whole we’ll have continuous good times during the next five years or so, or that we

will have periods of widespread unemployment or depression, or what?”,

20The fiscal variables are constructed using the Bureau of Economic Analysis’ NIPA table 3.2
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and then computes the relative scores (the percent giving favorable replies minus
the percent giving unfavorable replies, plus 100) for each of the three index questions.
Then, ICE is calculated as follows

ICE = X1 +X2 +X3

4.1134 + 2.0,

where 4.1134 is 1966 base period total, and 2.0 is a constant to correct for sample
design changes from the 1950s. 21

I estimate the model in Equation 1.13 with a lag-length of four based on Akaike
information criterion. Identification is obtained by imposing a Cholesky scheme with
the order of the variables as in vector Xt. In this approach, the fiscal news shock is
identified as the last Cholesky shock in the above VAR system. The identification
scheme with fiscal news variable ordered last allows the current period real variables
to have an impact on the expectations of the future government spending. I ana-
lyze the implications of this ordering versus alternative strategies in the robustness
section.

It is worth to stress that this identification scheme is consistent with the structure
of fiscal news delivered by models of imperfect information, such as in Equation 1.11.
By controlling for past fiscal news (forecast revisions), the VAR structure isolates the
contemporaneous structural shocks from components due to the gradual adjustment
of information.

1.3.1 Fiscal News Shocks

Figure 1.2 shows the identified fiscal news shocks and the Ramey Military News
series. Both series display comovement during important events; however, fiscal
news shock also captures the changes in fiscal spending besides military events such
as Tax Reform Act of 1986. Moreover, in some cases like Gulf War or 9/11, fiscal
news shocks anticipate Ramey Military News.22

The aim of incorporating fiscal news is to resolve the issue of non-fundamentalness.
To verify that the shocks do not contain any predictable component, I perform the
non-fundamentalness test proposed by Forni and Gambetti (2014b).23

21The design of the survey will guide the construction of the confidence index using the model
variables in Section 1.4.

22Caggiano et al. (2015) show that SPF government spending forecast revisions Granger causes
Ramey Military News.

23The logic of the test is that if a set of variables are informationally sufficient, no other variable
or set of variables can Granger cause it. The procedure of the test is to extract principal components
from a large data-set and to test whether principal components Granger cause identified shocks.
The assumption here is that factors estimated by the principal components are informationally
sufficient; hence, they are not predictable.
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Figure 1.2: Fiscal News Shocks vs Ramey Military News
Notes: The figure shows the identified fiscal news shock (blue) after estimation of equation 1.13 and Ramey News
variable (green). Grey shaded areas indicate the NBER business cycle contraction dates. Vertical lines indicate the
dates of the announcement of important fiscal and geopolitical events.

I regress the fiscal news shocks on the lagged values of principal components
extracted from a large set of macroeconomic variables. Table 1.3 presents the results,
and the identified fiscal news shocks pass the orthogonality test.

Table 1.3: Fundamentalness Test

No. of principal
components

1 2 3 4 5 6

1 lag 0.90 0.92 0.98 1.00 0.33 0.45
2 lag 0.92 0.99 0.99 1.00 0.52 0.65
3 lag 0.56 0.76 0.81 0.92 0.33 0.38
4 lag 0.71 0.89 0.84 0.94 0.50 0.46

Notes: Each entry of the table reports the p-value of the F-test in a regression of the news shock on 1, 2, 3, 4 lags
of the the first j principal components, j = 1, ..., 6

Another desired feature of the identified shock is that it is not correlated with
other shocks. To check whether this is the case, I document the relationship between
fiscal news shocks and several measures of structural shocks and variables available
from the existing literature. I estimate the models

ε̂t = γ + βizit + ujt, (1.14)

where ε̂t is the identified fiscal news shock and zit indicates the structural shock
(variable) i at time t. Rejecting the null hypothesis of no correlation (βji = 0)
suggests that the identified fiscal news shock correlates with the structural shock
(variable) i. I collect the estimated shocks (variables) from the literature, and the
sources are given in Table 1.4.

The results reported in Table 1.4 indicate that the fiscal news shocks do not
pick up tax, confidence, monetary, and economic news shocks. Moreover, they are
uncorrelated with the uncertainty index and utilization-adjusted TFP series. The
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last point is crucial because fiscal multipliers would be overestimated if fiscal news
shocks occur when the state of the economy starts improving. However, low and
insignificant correlation with TFP series suggests this is not the case. The positive
and significant correlation of fiscal news shocks with Military News of Ramey and
Zubairy (2018) is not surprising since both series aims to identify the shocks related
to future government spending.

Table 1.4: Correlation Test

Shock Source
Anticipated Shock

Obs
βa SE

Military News Ramey and Zubairy (2018) 14.58∗∗∗ 5.47
1982Q4-
2015Q4

Tax Romer and Romer (2010) −0.15 0.45
1982Q4-
2006Q4

Surprise Tax Mertens and Ravn (2012) 0.12 0.28
1982Q4-
2006Q4

Anticipated Tax Mertens and Ravn (2012) −0.28 0.28
1982Q4-
2006Q4

Consumer Sentiment Forni et al. (2017) 0.03 0.08
1982Q4-
2011Q1

Anticipated Monetary
Nakamura and Steinsson
(2018a)

−0.96 0.95
1995Q1-
2014Q1

Surprise Monetary
Nakamura and Steinsson
(2018a)

−0.90 0.56
1995Q1-
2014Q1

Uncertainty Baker et al. (2016) 0.01 0.1
1982Q4-
2018Q1

TFP Fernald (2014) −0.01 0.03
1982Q4-
2018Q1

News Barsky and Sims (2012) 0.07 0.14
1982Q4-
2007Q3

News Beaudry and Portier (2014) 0.13 0.09
1982Q4-
2012Q3

Notes: The tests are run by regressing ε̂t on zit (see equation 1.14), where ε̂t is the identified fiscal news shock
and zit is indicated in the rows of the table. White heteroscedasticity-consistent standard errors are reported.

The results from the Tables 1.3 and 1.4 provide strong evidence that the identified
fiscal news shocks are unpredictable and represent exogenous events orthogonal to
the information set of the agents.
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1.3.2 Impulse Responses

Figure 1.3 displays the impulse response functions to a fiscal news shock. The
responses are normalized to have the maximum response of government spending
equal to one.
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Figure 1.3: Impulse Responses to a Fiscal News Shock
Notes: Solid blue lines show the point estimates of impulse responses to fiscal news (anticipated government spend-
ing) shock from the VAR system in equation 1.13. The dark-blue area is 68% confidence region, and the light-blue
area is 90% confidence region.

The government expenditures do not change on impact but increase sharply in
the next four periods. The fiscal news is expected to capture the movements in future
government spending; hence, the estimation is consistent with the informational
content of the fiscal news variable. GDP increases slightly after the initial period
and remains positive for around three years. An interesting result appears in the
average federal tax rate; the response is negative and does not revert to the initial
point. The average federal tax rate is federal tax receipts over GDP, and observing
the increase in GDP federal tax receipts decumulate and move to a lower level,
at least for the first three years. Considering the spike of debt in the sample of
the estimation, the response of the average federal tax rate ratio is consistent with
data. The estimation also suggests that higher government spending expenditures
are funded by higher debt.

The responses of consumer confidence and consumption are the focal point of
the paper. The consumer confidence does not change on impact but spikes in the
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next period. The positive response continues around two years and turns to negative
afterward. The response of the consumption is similar to the response of confidence.
It does not move on impact but shifts upwards in the next period. It reverts to
the initial point after the third year and eventually goes to negative. This positive
response of consumption to the higher expected future government spending rein-
forces the results from the previous literature using SPF forecasts and is in contrast
with the neoclassical predictions.

The responses displayed in Figures 1.3 show that government spending announce-
ments could be used to foster the expectations of the consumers even before the
actual implementation of the fiscal policy.

1.3.3 Robustness Checks

The results from the previous section indicate the relevance of fiscal news shock on
confidence and consumption. In this part, I conduct several robustness checks to
ensure that the results remain robust under alternative specifications. In particular,
I consider following checks;24

Alternative Orderings of the Variables

In the baseline estimation, I order fiscal news variable last and consumer confidence
first, assuming that fiscal news does not have a contemporaneous impact on other
variables in the system. I relax this assumption and order fiscal news first to have a
contemporaneous impact on all variables in the system, including confidence. Sec-
ond, I order the confidence indicator third to remove any contemporaneous impact of
the non-fiscal variables in the system on fiscal variables. Figure 1.4 exhibits the im-
pulse responses under these two alternative orderings. The responses of confidence,
output, and consumption are very similar to the baseline estimation; however, the
magnitudes of GDP and consumption responses are larger under both specifications.

Controlling for Expectations

The agents and forecasters may not only observe news related to government spend-
ing but also related to the other variables such as GDP, technology, unemployment,
and inflation, and the current fundamentals of the economy may be affected due to
this news, as well. I address this issue in two different ways. First, I include SPF
GDP growth forecasts into the system, GDP News, and order them first. In doing
so, I enlarge the information set of the agents. Second, I regress fiscal news onto the

24For sake of brevity, I plot all the impulse responses under these checks in Figure 1.4
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forecasts of GDP, unemployment, and inflation to clear the impact of other news
on fiscal news. I use the residual of this regression as a new fiscal news variable,
which I call purged-news, and reestimate equation 1.13. The shape of the responses
is very similar to the baseline case, as shown in Figure 1.4 and the magnitudes of
the estimated responses are slightly larger for GDP and consumption. The find-
ings confirm baseline results and suggest that fiscal news captures the expectations
related to fiscal events.
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Figure 1.4: Impulse Responses to an Anticipated Government Spending Shock under
different specifications
Notes: Solid blue lines are baseline, dash-dot green lines are proxy for future government spending ordered last,
point magenta lines are confidence ordered fourth, dashed cyan lines are GDP news ordered first, solid yellow
lines are purged fiscal news shock, solid grey lines with asteriks are small VAR, solid orange lines with circles are
FAVAR and solid red lines with squares current consumer sentiment index estimates of impulse responses to a fiscal
news (anticipated government spending) shock from Bayesian VAR. The shaded area is 68% confidence interval of
baseline estimation.

Alternative VAR specifications

The baseline VAR is a medium-size model with a set of key macroeconomic vari-
ables to capture all possible dynamic relationships crucial to isolate the impact of
current and expected government spending. However, even though the baseline
model supplies rich specification and passes the non-fundamentalness test, still it
might suffer from an omitted-variable problem, which may bias the results of the
baseline scenario. To address this possible issue, I consider two different VAR mod-
els. First, I estimate factor-augmented VAR (FAVAR) by extracting factors from
a large data set and adding these factors into my VAR. In particular, I consider a

Tesi di dottorato "Essays in Fiscal Policy"
di TURGUT MEHMET BURAK
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



22

data set composed of 109 time-series and extract common factors applying princi-
pal component method. Following Bernanke et al. (2005), I extract two common
factors that explain the largest share of variance of the series in the large data set
and enlarge my data vector with these factors. Second, I include a measure of total
factor productivity (TFP) into the baseline specification and order first to ensure
that the identified fiscal news shocks are not related to the movements in TFP. I
use the real-time, quarterly series on TFP for the U.S. business sector, adjusted for
variations in factor utilization (labor effort and capital’s workweek), constructed by
Fernald (2014).25 The estimated responses under both specifications are very similar
to the baseline responses as shown in Figure 1.4.

Further Robustness Checks

The results are robust to a variety of further checks of the baseline model, which
include:

(i) the estimation of small VAR to check whether the estimated baseline model
suffers from over-parameterization (whether the estimated model includes more
variables than the true data generating process);

(ii) the estimation of VAR with debt variable to check whether omitting a debt
feedback can result in incorrect estimates;

(iii) inserting Ramey military news into the baseline VAR to control for the pre-
dictability of fiscal news shocks;

(iv) the estimation of VAR using pre-crisis sample (1981Q4:2007Q4) to check
whether the results are driven by zero lower bound episode;

(v) the estimation of VAR using per capita real variables to control for the effect
of the population in the estimation, if any.

These additional robustness checks confirm the solidity of the baseline results that
are available in Appendix A.2.

1.3.4 The Role of Confidence

Consumer confidence and consumption react positively and significantly to the fiscal
news shock, especially in the short-run, under various specifications. The path of
the responses of both variables is quite similar, suggesting a positive link between

25The TFP series are available from Fernald’s website: http://www.johnfernald.net/TFP
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confidence and consumption. Following Bachmann and Sims (2012), I study the role
of confidence in determining the real effects of a fiscal news shock by performing a
counterfactual exercise and estimating the impulse responses conditional to a fixed
level of confidence. I implement the approach adopted by Sims and Zha (2006)
and generate a hypothetical sequence of confidence shocks to keep the response of
confidence fixed to zero at each horizon. In this way, the responses of output and
consumption reflect the effect of a fiscal news shock in a hypothetical situation where
confidence is held constant.26
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Figure 1.5: Baseline vs Counterfactual IRFs
Notes: Solid blue lines are impulse responses to fiscal news shock estimated from VAR specified in equation 1.13
and the dark-blue area is 68% confidence interval. The dashed red lines are the hypothetical impulse responses when
confidence is not allowed to respond to the fiscal news shock.

Figure 1.5 plots the estimated counterfactual impulse responses when confidence
is held fix along with the baseline responses. The counterfactual responses of the
output and consumption are much smaller for the first ten to eleven periods relative

26Sims and Zha (2006) study the role of the systematic component of monetary policy in the
transmission of other shocks. Their approach is to combine a hypothetical sequence of policy
innovations with an initial shock to offset the systematic response of policy at each horizon. The
main disadvantage of this approach is that it ignores the Lucas critique by assuming that the
agents are surprised by the hypothetical policy shocks at each horizon without adapting their
expectations to the new policy. However, as Sims and Zha point out, this assumption is acceptable
to some extent because it would take some time for agents to learn that policy will not respond.
It is not trivial to assume that agents will immediately understand the policy changes and take
them as permanent. This approach is more suitable for my short-run counterfactual analysis,
and it is reasonable to assume that agents will be surprised by confidence shocks for the next 5
quarters. Bachmann and Sims (2012) give a more detailed explanation about how to compute the
hypothetical shocks.
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to the baseline responses. In fact, the response of consumption is negative in the
first period under the counterfactual scenario.

I construct a test based on the difference between the responses estimated under
baseline and counterfactual.27 Figure 1.7 plots the difference of the responses for the
first four quarters along with 68% confidence bands. In the first two quarters, al-
though marginally, the difference turns out to be significant. These results highlight
the importance of confidence in the transmission of fiscal policy shock in the short-
run since the response of confidence is key in explaining the positive responses of
output and consumption in response to a fiscal news shock for the first two quarters.
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Figure 1.6: Difference in Responses between Baseline and Counterfactual
Notes: The top and bottom panel plot the empirical densities of differences computed as responses in baseline minus
responses in counterfactual for GDP and consumption, respectively.

Table 1.5 presents the fiscal multipliers under baseline and counterfactual sce-
narios. I calculate the multiplier as following

multH =
∑H
h=1 yh∑H
h=1 gh

× Ȳ

Ḡ
, for H = {4, 8, 12, 16} (1.15)

that is the ratio of cumulative response of output to the cumulative response
of government spending multiplied by the average output-to-government spending
ratio.28

27I compute differences of output and consumption responses between baseline and counterfac-
tual conditional on the same set of draws of the stochastic elements of the VAR model.

28Ramey and Zubairy (2018) warn against this practice by noticing that, in a large US data
sample spanning the 1889–2011 period, the output-over-public spending ratio varies from 2 to 24
with a mean of 8. Hence, the choice of a constant value for such ratio may importantly bias the
estimation of the multipliers. In my sample, the mean value of such a ratio is 5.15, and it varies
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The baseline one-year and two-year multipliers are 1.80 and 1.21, respectively,
and they are both statistically significant. The counterfactual multipliers are much
lower when confidence channel is shut down, 0.82, and 0.78 for one and two-year
multipliers, respectively. The large difference between baseline and counterfactual
multipliers for one-year and two-year horizons reinforces the results from Figure 1.5
and points to the importance of confidence in the real effects of fiscal news shocks.

Table 1.5: Fiscal Multipliers

Horizon 1-year 2-year 3-year 4-year

Baseline
1.80

[0.86, 3.14]
1.21

[0.29, 2.64]
0.80

[0.03, 2.04]
0.58

[−0.22, 1.71]

Counterfactual
(w/o confidence)

0.82
[0.22, 1.68]

0.78
[0.39, 1.36]

0.78
[0.40, 1.45]

0.80
[0.38, 1.65]

Notes: Estimated fiscal multipliers for an anticipated (news) government spending shock. The first row presents
the multipliers from baseline estimation and the second row from counterfactual estimation in which confidence is
not allowed to respond to the fiscal news shock. The numbers in brackets indicate the 68% confidence intervals from
the distribution of multipliers.

In summary, this subsection documents the crucial role of the confidence in the
crowd-in effect of government spending on consumption, and empirical findings re-
veal the confidence as an important transmission channel of fiscal policy. However,
one question still remains open: Why consumer confidence increases with higher ex-
pected government spending? To answer this question, I construct an informational
friction model with a government that is the subject of the next section.

1.4 Model

1.4.1 Setup

This section describes the economy with informational frictions that extends the
work of Lorenzoni (2009) by introducing government sector. There is a continuum
of islands indexed by l ∈ [0, 1] and each island l is inhabited by a representative con-
sumer that owns a continuum of price-setting firms producing differentiated goods
indexed by m ∈ [0, 1]. The consumer from island l loves a variety of goods and
consumes the goods produced in a subset of other islands. This subset is denoted
by Bl,t ⊂ [0, 1] that is randomly selected by nature each period. Symmetrically, the

from 4.61 to 5.81. Hence, the commonly adopted ex post-conversion from the estimated elasticities
to dollar values does not appear to be a concern for this exercise.
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firms in island l are visited by a subset Fl,t ⊂ [0, 1] of consumers coming from other
islands. The random assignment is such that the mass of goods in Bl,t, and mass of
consumers in Fl,t are constant. There is perfect labor immobility across islands, so
the consumer located in island l provides labor only for the firms in island l.

The firms set the nominal price of their output in each period, and they fully
satisfy all demand at that price. Information is common to a consumer and firm
within an island but not shared across islands. The agent in island l observes only
local productivity, private and public demand for final good and taxes, the prices of
the goods in his consumption basket, and a common noisy signal of aggregate fiscal
news shock, technology and inflation. The agent uses this information to predict the
values of the aggregates in the economy. The bond market is the only centralized
market. The consumers can trade nominal one-period bonds but cannot fully insure
against idiosyncratic shocks.

Consumers

The consumer in island l maximizes

E0

∞∑
t=0

βtU(Cl,t, Nl,t) (1.16)

with

U(Cl,t, Nl,t) = logCl,t −
N1+χ
l,t

1 + χ
(1.17)

and

Cl,t =


ˆ

Bl,t

1ˆ

0

C
(γ−1)/γ
m,j,l,t dmdj


γ/(γ−1)

, (1.18)

where Cm,j,l,t is the consumption of the variety m produced in island j by the
consumer in island l at time t, χ is the inverse Frisch elasticity of labor supply, and
γ captures the elasticity of substitution among differentiated goods. The budget
constraint of the consumer in island l is given by

QtBl,t+1 +
ˆ

Bl,t

1ˆ

0

Pm,j,tC
(γ−1)/γ
m,j,l,t dmdj = Bl,t +Wl,tNl,t +

1ˆ

0

Πm,l,tdm+ Tl,t. (1.19)

In the above equation, Bl,t+1 is holdings of nominal bonds that trade at price Qt,
Wl,t is the nominal local wage, Πm,l,t is the profits of firm m, and Tl,t is the island-
specific lump-sum tax discussed in detail later. For each island, there are now two
relevant price indices. The first is the local producer price index that includes the
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prices of all the varieties produced in island l

Pl,t =


1ˆ

0

P 1−γ
m,l,tdm


1/(1−γ)

, (1.20)

and the second is the consumer price index that includes all the varieties consumed
in island l

P l,t =


ˆ

Bl,t

P 1−γ
j,t dj


1/(1−γ)

. (1.21)

The maximization of 1.16 subject to 1.19 and a no-Ponzi-game condition gives
the following optimality conditions

Cm,j,l,t =
(
Pm,j,t
P l,t

)−γ
Cl,t (1.22)

Nχ
l,t = Wl,t

P l,tCl,t
(1.23)

Qt = βEl,t
[
Cl,t
Cl,t+1

P l,t

P l,t+1

]
. (1.24)

The equation 1.22 gives the demand for good m produced in island j ∈ Bl,t
by the consumer in island l. The equations 1.23 and 1.24 state the optimal labor
supply and no-arbitrage conditions, respectively and El,t denotes the expectation of
the agents located in island l. Aggregating the demand of all consumers in Fl,t gives
the total private demand for the good produced by firm m in island l that is equal
to

Y P
m,l,t =

ˆ

Fl,t

(
Pm,l,t
P j,t

)−γ
Cj,tdj. (1.25)

The total demand for good m produced in island l, Y D
m,l,t, consists of demand

from the private sector, Y P
m,l,t, and demand from the public sector, Y G

m,l,t, the nature
of which is discussed below. The economy-wide price index is defined as

Pt =


1ˆ

0

P 1−γ
l,t dl


1/(1−γ)

. (1.26)

Government

The government purchases goods from each island at the local price and impose
lump-sum taxes on each island and maintains a balanced budget. Her budget con-
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straint is
1ˆ

0

Pm,l,tY
G
m,l,tdmdl =

1ˆ

0

Tl,tdl (1.27)

with Y G
m,l,t stands for the government’s demand for good m produced in island l.

I assume that government demand for the output good of firm m in island l is a
function of the good’s price and the aggregate price level such that

Y G
m,l,t =

(
Pm,l,t
Pt

)−γ
Gt, (1.28)

where Gt is the real aggregate government expenditure. Plugging 1.28 into 1.27 and
aggregating across firms and islands gives

PtGt = Tt, (1.29)

where Tt is the total tax receipts of the government in this economy.

Firms and Technology

Firms are price-setters à la Calvo (1983), and in each period, on each island, a
fraction 1− θ of firms are allowed to reset their price. Let P ∗l,t denotes the optimal
price for a firm who can adjust its price in island l at time t. The total demand for
the firm m in island l is given by

Ym,l,t = P−γm,l,t


ˆ

Fl,t

P
γ

j,tCj,tdj + PtGt

 (1.30)

that is the sum of demand from the private sector and government. The production
function is

Ym,l,t = Al,tNm,l,t, (1.31)

where Nm,l,t is labor input and Al,t is the island-specific productivity. The log of
island specific-productivity, that is logAl,t = al,t is given by

logAl,t = xt + ηal,t, (1.32)

where xt is aggregate permanent component of technology and ηal,t is island-
specific temporary component of technology with distribution N(0, σ2

ηa) and satisfies´ 1
0 η

a
l,tdl = 0.29 The xt is a random walk process given by

xt = xt−1 + νt, (1.33)

29In the equations that follow, lower-case variables represent the log deviations of the corre-
sponding upper-case variable from their steady-state values unless otherwise specified.
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where νt is i.i.d aggregate technology shock with distribution N(0, σ2
ν). The problem

of this firm is to maximize

El,t
∞∑
s=t

θtQl,t+s (Pm,l,t+sYm,l,t+s −Wl,t+sNm,l,t+s) (1.34)

subject to demand relation given in 1.30, the technological constraint given in 1.31
and Pm,l,t+s = P ∗l,t. The solution to the firm’s problem is given by

P ∗l,t = γ

γ − 1
El,t

∑∞
s=t (βθ)t Uc,t+sWl,t+sP

γ
t+sYt+s

El,t
∑∞
s=t (βθ)t Uc,t+sP γ

t+sYt+s
. (1.35)

1.4.2 Log-Linearized Model

Government

I assume that the log-linear government spending obeys the following AR(1) process

gt = ρggt−1 + φeet, (1.36)

where et is the fiscal news process at time t and φe is the coefficient of fiscal news
on actual government spending. The fiscal news also follows the AR(1) process such
that

et = ρεet−1 + εt−1, (1.37)

where εt−1 is the fiscal news shock that is i.i.d over time with distribution N(0, σ2
ε).

The log-linear approximation of the government budget constraint given in 1.29 is

τt = θG(pt + gt) (1.38)

where τt =
´ 1

0 τl,tdl and θG is the steady-state government spending-to-GDP ratio
in the above equation.

Signals

Each agent observes signals of aggregate states (technology and inflation) and signals
of local states (island-specific productivity, consumer prices, private and government
demand, and tax). Agents form expectations of aggregate and local states using
these signals. First, I discuss the island-specific signals. The agents observe the
local productivity with the signal given in Equation 1.32

al,t = xt + ηal,t. (1.39)
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I assume that the random selection of islands in Bl,t is such that the consumer price
index for island l in log-linear deviations from steady-state is

pl,t = pt + ηCPIl,t , (1.40)

where ηCPIl,t has distribution N(0, σ2
ηCPI ) and satisfies

´ 1
0 η

CPI
l,t dl = 0.This assumption

prevents the agents to infer the aggregate shocks from their observation of the local
consumer price index. The log-linearized version of private demand faced by firm
m in island l in equation 1.25 is given by

yPm,l,t =
ˆ

Fl,t

(
γpj,t + cj,t

)
dj − γpm,l,t. (1.41)

I assume that the random selection of islands in Fl,t is such that the equation
1.41 takes the form

yPm,l,t = ct − γ (pm,l,t − pt) + ηPl,t, (1.42)

where ct, pt and pm,l,t are log-linear deviations of aggregate consumption, price and
local price of good m from steady-state and ηPl,t has distribution N(0, σ2

ηP ) and
satisfies

´ 1
0 η

P
l,tdl = 0. Again, this assumption prevents the agents from inferring the

aggregate shocks from their observation of the local production. I define the private
demand signal the agent in island l receives as following

dPl,t = ct + γpt + ηPl,t. (1.43)

The signal dPl,t corresponds to the intercept of the private demand function for pro-
ducers in island l at time t. It expresses the local private demand as a function of
aggregates that will allow me to write the system in the state-space form later. I
assume that the government spending in equation 1.28 takes the form

yGm,l,t = gt − γ (pm,l,t − pt) + ξGl,t + ηGl,t, (1.44)

where gt is is log-linear deviation of aggregate government spending, ηGl,t has dis-
tribution N(0, σ2

ηG) and satisfies
´ 1

0 η
G
l,tdl = 0. The term ξGl,t denotes the persistent

component of government demand such that

ξGl,t = ρξξ
G
l,t−1 + µ1

l,t, (1.45)

where µ1
l,t has distribution N(0, σ2

µ1) and satisfies
´ 1

0 µ
1
l,tdl = 0. The assumption

in Equation 1.44 plays a similar role of Equation 1.42 and prevents the agents
from inferring the aggregate shocks from their observation of the local government
demand. The idiosyncratic but persistent component of government demand in
Equation 1.45 is necessary for the fiscal policy to alter the expectations of the
forward-looking agents.I define the government demand signal the agent in island l
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receives as

dGl,t = εt + γpt + ξGl,t + ηGl,t. (1.46)

The signal dGl,t serves the same purpose of the signal in equation 1.43 and allows
me to express the local government demand as a function of aggregates. 30The tax
process in each island l is given by

τl,t = τt + ξτl,t + ητl,t, (1.47)

where τl,t = Tl,t−Tl
Y

and τt = θG (pt + gt). Moreover, ητl,t has distribution N(0, σ2
ητ ) and

satisfies
´ 1

0 η
τ
l,tdl = 0. The term ξτl,t captures the persistent component of lump-sum

tax such that

ξτl,t = ρξξ
τ
l,t−1 + µ2

l,t, (1.48)

where µ2
l,t has distribution N(0, σ2

µ2) and satisfies
´ 1

0 µ
2
l,tdl = 0. The assumption in

Equation 1.47 prevents the agents from inferring the aggregate shocks from their
observation of the local taxes. I define the government demand signal the agent in
island l receives as

dτl,t = τ et + ξτl,t + ητl,t, (1.49)

where τ et = θG (pt + εt).31 Hence, the agents expect taxes to move with the fiscal
news rather than the actual government spending.

Now I discuss the aggregate signals; all agents in the economy observe signal sxt
regarding the permanent component of the productivity process

sxt = xt + ϑt, (1.50)

where ϑt is the i.i.d. noise shock with distribution N(0, σ2
ϑ). Hence by observing

this signal, the agents will erroneously expect higher productivity in the economy
following noise shock since technology shock νt is i.i.d. (see Equation 1.33). Finally,
following Lorenzoni (2009), the nominal interest rate is given by

it = (1− ρi)i∗ + ρiit−1 + ϕπ̃t, (1.51)

where ρi and ϕ are known by all agents and π̃t is a signal of realized aggregate

30The government demand signal given in equation 1.46 is different than the government spending
equation in 1.44. The intuition behind this formulation of the government demand signal is that
the agents expect fiscal news to become actual spending in the next period.

31The aggregate tax term, τet , in Equation 1.49 is different than the true tax process τt. I use
this modified term for the tax signal to be consistent with the government demand signal given in
Equation 1.46.
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inflation

π̃t = πt + ωt, (1.52)

where ωt is an i.i.d. normal shock, with zero mean and variance σ2
ω . The noisy

signal of inflation prevents agents from perfectly inferring aggregate prices from the
interest rate. In summary there are total of seven signals; two of them are aggregate
signals, all agents observe same two signals, and five of them are island-specific, only
the agent in the island that receives signals observes those.

Confidence

The Index of Consumer Expectations used in empirical analysis is calculated as an
average of three forward-looking questions; expectations about personal income and
aggregate business conditions in the next 12 months and about economic conditions
in the next five years. I construct model confidence index based on the first two
questions as follows

conft =
∑4
h=1
´
El,t

[
ydl,t+h

]
+∑4

h=1
´
El,t [yt+h]

2 , (1.53)

where ydl,t+h is the disposable income of the agent in island l and yt+h is the aggre-
gate output h period ahead. The first term in Equation 1.53 aims to capture the
expectations of personal income and second term aims to capture the expectations
of aggregate business conditions in the next four quarters (12 months). It is pos-
sible to show that the average expectations of individual disposable income can be
written as follows ˆ

El,t
[
ydl,t+h

]
= θCEl,t [ct+h]− θGEl,t [pt+h] , (1.54)

where ct+h and pt+h are aggregate consumption and price h period ahead and θC and
θG are steady-state consumption and government spending over GDP , respectively.
The average expected individual disposable income is function of aggregate variables
and it is possible to calculate its value using the law of motion for states given in
Equation 1.63.

1.4.3 Equilibrium

Individual Optimality Conditions

Using the optimality equation given in 1.24, the Euler equation of the consumer in
island l is

cl,t = El,t [cl,t+1]− it + El,t
[
pl,t+1

]
− pl,t (1.55)
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and the budget constraint in 1.19 takes the form

βbl,t+1 = bl,t + pl,t + yl,t − θCpl,t − θCcl,t − τl,t, (1.56)

where bl,t = Bl,t−Bl
Y

, yl,t is the total demand, details given in below, and θC is
steady-state consumption-to-GDP ratio. The log-linear approximation of the price
optimality condition in 1.35 is equal to

p∗l,t = (1− βθ) (wl,t − al,t) + βθEl,t
[
p∗l,t+1

]
(1.57)

and the law of motion for local producer price index is

pl,t = θpl,t−1 + (1− θ)p∗l,t. (1.58)

Using demand signals in 1.43 and 1.46 and tax signal in 1.47, I can rewrite the
equations 1.41 and 1.42 as a function of observables, the local price firms choose
and the demand and tax signals. The total demand for the goods produced in
island l is the sum of private and public demand

yl,t = θCy
P
l,t + θCy

G
l,t. (1.59)

Defining total demand signal as

dl,t = θCd
P
l,t + θCd

G
l,t (1.60)

allows to express the final demand as a function of local price and tax in addition
to the total demand and tax signals

yl,t = dl,t − dτl,t + τl,t + γpl,t. (1.61)

Proof: See Appendix A.5.
Using Equations 1.23,1.31,1.58, and 1.61, one can rewrite the equation 1.57 as

following

pl,t−pl,t−1 = λ
(
pl,t + cl,t − pl,t − al,t

)
+λχ

(
dl,t − dτl,t + τl,t − γpl,t − al,t

)
+βEl,t [pl,t+1 − pl,t] .

(1.62)
The expectation term on the very right hand side of the equation 1.62 is island-

specific and each island has different information set. Hence, one cannot simply
iterate the expectations and aggregate them across islands.

Learning and Aggregation

The economy’s aggregate dynamics can be described using notation similar to that
in Lorenzoni (2009). The variables zl,t =

(
xt, gt, et, ct, pt, it, ξ

G
l,t, ξ

τ
l,t

)′
describe the

dynamics of aggregate macro variables. The state of the economy is captured by the
infinite dimensional vector Zl,t = (zl,t,zl,t−1, ...). I am looking for a linear equilibrium
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where the law of motion for

Zl,t = AZl,t−1 + Bu1
l,t (1.63)

with u1
t =

(
νt, εt, ωt, µ

1
l,t, µ

2
l,t

)′
and the rows of A and B conform to the laws of motion

for zl,t. To solve for a rational expectations equilibrium, I conjecture that pl,t and
cl,t follow the rules

pl,t = qbbl,t + qppl,t−1 + qaal,t + qττl,t + qddl,t − qsdτl,t + qzEl,t [Zl,t] (1.64)

cl,t = −pl,t+mbbl,t+mppl,t−1 +maal,t+mττl,t+mddl,t−msd
τ
l,t+mzEl,t [Zl,t] . (1.65)

The equation 1.64 represents the optimal pricing policy of the firms in island l
(aggregated across firms) and the equation 1.65 represents the optimal consumption
policy of the representative consumer in island l. The agents use the Kalman filter
to form expectations about the state variables

El,t [Zl,t] = El,t−1 [Zl,t] + C (sl,t − El,t−1 [sl,t]) , (1.66)

where sl,t is the vector of signals observed by the agents in island l

sl,t =
(
sxt , al,t, pl,t, d

P
l,t, d

G
l,t, τl,t, it

)′
, (1.67)

and C is the matrix of Kalman gains. There exists a matrix Ξ such that aver-
age expectations of the aggregate state variables are a linear function of the states
themselves:

ΞZt =
1ˆ

0

El,t [Zt] dl. (1.68)

A rational expectations equilibrium consists of matrices A,B,C,Ξ and vectors
qb, qp, qa, qτ , qd, qs, qz and mb,mp,ma,mτ ,md,ms,mz that are consistent with agents’
optimization, Bayesian updating, and with market clearing in the goods, labor, and
private bonds markets. The computation method used to solve for the equilibrium
is an adaptation of Lorenzoni (2009) and the details are in Appendix A.4.

1.5 Model Estimation

I now discuss the methodology for evaluating the model in the light of the empirical
findings. I divide the parameter space into two sets; calibrated and estimated.
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1.5.1 Calibrated Parameters

The first set includes calibrated parameters based on the data and other studies.
I choose the standard values of 0.99 for discount factor, β, and1 for inverse Frisch
elasticity, χ. The average government spending to GDP ratio is equal to 0.19 for the
sample period. I adopt the values from Lorenzoni (2009) for standard deviations
of aggregate technology shock, συ = 0.0077, and noise in inflation, σω = 0.0015
and standard deviations of noises in local productivity signal, σηA = 0.15, CPI
signal, σηCPI = 0.02, and private demand signal, σηP = 0.11, since these parameters
have same interpretation both in Lorenzoni (2009)’s model and my model. I set
the standard deviation of fiscal news shock from the empirical section that gives
σε = 0.0201. I select Taylor rule coefficients from Christiano et al. (2005), ρi = 0.8
and φ = 1.5. Table 5 summarizes the calibrated parameters.

Table 1.6: Calibrated Parameters

Parameter Value Source

β Discount factor 0.99 Standard value

χ Inverse Frisch elasticity 1.0 Standard value

θG Steady-state government spending/output ratio 0.19 Sample mean

ρi Persistency of monetary policy rule 0.8 Christiano et al. (2005)

φ Response of monetary policy rule to inflation 1.5 Christiano et al. (2005)

σν Std. dev. of technology shock 0.0077 Lorenzoni (2009)

σω Std. dev. of noise in inflation 0.0015 Lorenzoni (2009)

σηA Std. dev. of noise in productivity signal 0.15 Lorenzoni (2009)

σηCPI Std. dev. of noise in CPI signal 0.02 Lorenzoni (2009)

σηP Std. dev. of noise in private demand signal 0.11 Lorenzoni (2009)

σε Std. dev. of fiscal news shock 0.0201 SVAR

Table 1.7 displays the estimates of the parameters in Θ. The results strongly
support less noisy government demand signal relative to the tax signal; the standard
error of the idiosyncratic noise in the public demand signal is σηG = 0.01 whereas the
standard error of the idiosyncratic noise in the tax signal is σητ = 1.99.32 I impose
symmetry in the estimation of the standard error of the noises in the persistent
component of government demand and tax signals, and I obtain σµ1 = σµ2 = 0.1026.
I obtain very persistent AR parameter in island-level government demand and tax
that is ρξ = 0.99.

32These values are the lower bound for σηG and higher bound for σητ
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The government spending is more persistent than the fiscal news, ρg = 0.9793 and
ρε = 0.7158, respectively, and the fiscal news becomes actual government spending
slowly over time since φε = 0.0865. The probability of fixed price is very high relative
to the literature, θ = 0.99, and the opposite is true for the elasticity of substitution
among goods, γ = 1.5. This suggests that government demand shocks may not be
inflationary as other demand shocks and may not cause frequent changes in prices.
The literature on the various impact of different demand shocks on prices is limited
and can be an interesting avenue for further research.

Unfortunately, the key parameters, σηG , σητ , σµ1 and σµ2 , are not statistically
significant. The estimates are robust to the specification of Φ; however, the standard
errors are generally large for these parameters.

1.5.2 Estimated Parameters

The second set includes the parameters that I estimate by minimizing a measure
of the distance between empirical impulse responses and the model responses. The
parameters to be estimated are related to the fiscal side of the model.

I select (gt, conft, ct, yt) as variables of interest because these variables are both
present in the model and empirical VAR. Denote the estimated parameter vector
with Θ and the model responses to the fiscal news shock with Ψ (Θ). Let Ψ̂ be the
n× 1 vector of empirical estimates of the VAR impulse responses to the fiscal news
shock.33 The estimate of Θ, vector of parameters, solves

min
Θ

(
Ψ (Θ)− Ψ̂

)′
Ω
(
Ψ (Θ)− Ψ̂

)
(1.69)

where Ω is a n×n weighting matrix. The null hypothesis states that VAR model is
true and the model fits the data; then the optimal weighting matrix would be equal
to Ω = Λ−1, the diagonal matrix with the inverse of the sample variances of VAR
impulse responses. Given that the aim of the model is to document the impact of
fiscal news shock on consumption and output, I specify Ω = ΥΛ−1, whereΥ is an
n × n matrix that puts smaller weights to the responses over time. This way, I fit
the model to the moments of high interest, and at the same time, I get consistent
yet inefficient estimates.

Table 1.7 displays the estimates of the parameters in Θ. The results strongly
support less noisy government demand signal relative to the tax signal; the standard
error of the idiosyncratic noise in the public demand signal is σηG = 0.01 whereas the
standard error of the idiosyncratic noise in the tax signal is σητ = 1.99.34 I impose

33I choose first eleven periods of the responses to match; hence, n = 11.
34These values are the lower bound for σηG and higher bound for σητ
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symmetry in the estimation of the standard error of the noises in the persistent
component of government demand and tax signals, and I obtain σµ1 = σµ2 = 0.1026.
I obtain very persistent AR parameter in island-level government demand and tax
that is ρξ = 0.99.

Table 1.7: Estimated Parameters

Parameter Value Std. Err.

θ Probability of fixed price 0.99 0.89

γ Elasticity of substitution 1.5 0.98

ρ Persistency of government spending 0.98 0.24

ρε Persistency of fiscal news 0.72 0.47

φε Elasticity of gov. spending to fiscal news 0.09 0.02

ρξ AR parameter in persistent gov. demand and tax 0.99 0.19

σµ1,2 Std. dev. of persistent gov. demand and tax 0.10 10.33

σηG Std. dev. of noise in gov. demand signal 0.01 1.49

σητ Std. dev. of noise in tax signal 1.99 218.33

The government spending is more persistent than the fiscal news, ρg = 0.9793 and
ρε = 0.7158, respectively, and the fiscal news becomes actual government spending
slowly over time since φε = 0.0865. The probability of fixed price is very high relative
to the literature, θ = 0.99, and the opposite is true for the elasticity of substitution
among goods, γ = 1.5. This suggests that government demand shocks may not be
inflationary as other demand shocks and may not cause frequent changes in prices.
The literature on the various impact of different demand shocks on prices is limited
and can be an interesting avenue for further research.

Unfortunately, the key parameters, σηG , σητ , σµ1 and σµ2 , are not statistically
significant. The estimates are robust to the specification of Φ; however, the standard
errors are generally large for these parameters.

1.5.3 The Model IRFs and the Role of Confidence

The impulse response functions of the estimated model and VAR to a unit fiscal news
shock are represented by the solid red and blue lines in Figure 1.7, respectively. Sev-
eral results deserve close attention. First, the model does well at accounting for the
dynamic response of the U.S. economy to a fiscal news shock in the short-run. The
model responses lie within the one-standard-deviation confidence interval computed
from the VAR estimates. The model responses of consumption and confidence are
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similar to the empirical ones, especially in the first several quarters.35 Second, the
model does well in accounting for the crowding-in effect of government spending on
private consumption.

In the model, one period after the fiscal news shock hits the economy, the con-
fidence spikes as in data. Why? The confidence index is a positive function of
expected consumption and a negative function of expected prices. The expected
consumption of each agent is higher following fiscal news shock due to higher dis-
posable income as a result of higher expected government demand relative to the
taxes at island-level. The expected prices do not change significantly because of
highly rigid prices. As a result of higher expected consumption and almost constant
expected prices, confidence index shifts upwards. The Euler equation in 1.55 im-
plies that current consumption moves one-to-one with expected future consumption.
Hence, with higher expected future consumption, current consumption increases as
well.
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Figure 1.7: The Responses to Fiscal News Shock, Model versus VAR
Notes: Red solid lines represent the estimated model and blue solid line represents VAR estimates with 68% confi-
dence intervals.

I conduct a counterfactual experiment to test the main mechanism of the model
that generates upswings in confidence. I fix the standard deviations of idiosyncratic
noises in government spending and tax signals to a small number such that σηG =
σητ = 0.001. In this way, both signals have the similar information content. I keep

35I rescale the model’s confidence index by multiplying by two.
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all the remaining parameters at their estimated values.
Figure 1.8 presents the responses of the variables of interest under VAR, baseline

estimation, and counterfactual scenario. The difference in the response of consump-
tion to the fiscal news shock under baseline and counterfactual is remarkable. Under
the counterfactual, the responses of confidence and consumption to the fiscal new
shock are negative. The confidence given in Equation 1.53 moves down due to the
decrease in the expected future disposable income and moves up due to the increase
in average expected output. In the counterfactual, the agents expect lower future
disposable income because they expect government spending and taxes directed to
their island to be the same. This generates a negative wealth effect. On the other
hand, as a result of higher future government spending, they expect aggregate out-
put to increase. Overall, the former outweighs the latter, and confidence moves
down. The decrease in confidence produces a decrease in current consumption, as
well. The exercise shows the role of confidence in larger fiscal multipliers; when
confidence does not move up in response to a fiscal news shock, the response of
consumption turns to negative, and the response of GDP shrinks.
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Figure 1.8: The Responses to Fiscal News Shock, Imperfect Information Model versus
Perfect Information Model
Notes: Red line represents imperfect information model, blue line represents empirical VAR, green line represents
perfect information model and yellow line represents fixed idiosyncratic noise model.

The counterfactual exercise confirms that the small noise in the government
demand but the large noise in the tax signal is the primary mechanism of the model
that generates an increase in consumption in response to a fiscal news shock. The
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estimation shows that this mechanism is present in the data. This is the novel
result the paper brings into the fiscal policy literature; the confidence rise as a
key transmission channel of the fiscal policy. The fiscal news shock improves the
expectations of the agents about their future income due to the higher perceived
demand relative to the perceived tax obligations as a consequence of the imperfect
information.

1.6 Conclusion

The last decade witnessed the surge of interest to understand the impact of con-
sumer confidence on real variables. In the meantime, confidence is proposed as an
important transmission mechanism of fiscal policy. This paper is both an empiri-
cal and theoretical attempt to explore the confidence channel of discretionary fiscal
measures on the economy, particularly on consumption. I exploit proxy for fiscal
news using SPF government spending forecasts in a medium-size SVAR model to
identify the fiscal news shocks in an empirical setting. I develop an island model
with information frictions and government to understand the mechanism embedded
in fiscal policy that could shift the expectations of the agents about the state of the
economy.

First, I document that SPF government spending forecasts are subject to infor-
mational frictions. Second, I show how to account for these frictions to identify the
true fiscal news shocks in an SVAR setting. The empirical results suggest that con-
fidence, consumption, and output react positively to fiscal news shocks, especially in
the short-run. The counterfactual analysis shows that the responses of consumption
and GDP to fiscal news shock is much smaller when the response of confidence is
fixed to the same shock. The analysis reveals the key role played by the confidence
in the transmission of fiscal news shocks on the real variables.

The island model with imperfect communication a la Lorenzoni (2009) incorpo-
rated with the government sector is the first step in documenting the confidence
channel of government spending in the business cycles literature. The frictions in
communication prevent agents from reaching the same expectations about economic
activity, and the agents use noisy signals to infer the government demand and taxes
directed to their island. The noisy fiscal news leads to higher expected disposable
income at the individual level if an agent expect government to purchase goods more
from his island but levy taxes more on other islands. This mechanism creates op-
timistic expectations (higher expected income and consumption relative to the full
information benchmark) about local and aggregate economic activity driven by the
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fiscal news shocks.
In particular, the upward shift in the expectations of future economic activ-

ity that occurs simultaneously among the agents in the model is the theoretical
counterpart of the observed increase in consumer confidence. The higher expected
disposable income after fiscal news shock fuels the confidence in the economy and
increases the output and private consumption. From a policy perspective, empirical
and theoretical findings suggest that fiscal spending can enhance the effect of the
policies through its impact on confidence.

A promising avenue for future research could be to determine the situations when
the fiscal policy announcements send clear signals about demand-side. This might
be the case in recession or high economic uncertainty times or when the fiscal policy
is well-designed so it can convince the agents about it is impact on the demand-side.
Another exciting extension could be to introduce habit formation and see whether
highly rigid prices are still necessary to have observed responses of consumption in
data.
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Chapter 2

Identifying Public Investment
Shocks: Evidence From Turkey

2.1 Introduction

Public investment supports the delivery of key public services through the provision
of social and economic infrastructure. The accumulation of public capital by means
of these provisions can contribute to the economy-wide productivity and output
growth, and these relationships are well-documented in theoretical literature (see
Romp and De Haan (2007) and Bom and Ligthart (2014) for an extensive survey).
In addition, public investment can be used as a major tool in countercyclical fiscal
policy. In the Great Recession, many developed and emerging countries declared
fiscal stimulus packages with a significant share of infrastructure investments such
as the American Recovery and Reinvestment Act in the United States and European
Economic Recovery Plan in the European Union. The short-run stabilization and
long-run growth effects provide the rationale to stimulate the weak demand in ad-
vanced economies through increasing public investment (see, for example, European
Commission 2014).

Even though the theoretical literature is well-founded, the empirical research on
the dynamic impacts of public investment is sparse. The reason of this paucity stems
from the unique nature of the public investments that makes difficult to identify the
shocks. The public investments are multi-year investments, and they are subject to
implementation lags. Hence when the investments are announced and authorized,
the agents anticipate the outlays several periods in advance. Since only the outlays
appear in public investment data, the fiscal foresight of the agents is highly likely to
cause biased estimates of the public investment multipliers when solely the outlays
are used in the estimation (see Leeper et al. 2013). In addition, the estimation
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of yearly data poses an endogeneity problem since it is unrealistic to assume that
current investment decisions are orthogonal to current economic conditions.

To identify the shocks correctly and to address the above challenges, one would
seek to use the news or announcements related to the public investments. However,
such time-series data is not available for most of the public investments, and one
would need to create his or her own series. This is challenging because the public
investments are not one time investments and subject to amendments; therefore,
the news series require updates.

The main motivation of this paper is to identify the public investment shocks by
constructing a narrative news series for public investments by using novel Turkish
data, called the Public Investment Programme. The Public Investment Programme
published every year by the Turkish Ministry of Development captures the informa-
tion related to the future public investments and addresses the above challenges in
identifying public investment shocks.1 The content of the program includes the re-
maining value of the investment projects that are already started but not completed
and the new projects that are going to be undertaken. Hence, there is a strong rea-
son to believe that agents can anticipate future public investment outlays in advance
by using the information provided in the program. The program is announced in
the first or the second week of each year before spending and output start flowing.
Therefore, the timing of the program provides a rationale that announcements are
exogenous to the current economic conditions.

I will use these two features of the program to identify the shocks in public
investments. First, I construct a news series by calculating the expected present
discounted value of future public investments. Second, I identify the news shocks by
regressing news series onto the lagged real and policy variables plus expectations of
future economic conditions. The shocks will reflect the change in the expectations of
the agents driven by the announcements of the future public investments exogenous
to the current economic conditions.

I study the effects of public investment shocks using Jordà (2005)’s local projec-
tion method. The output and consumption increase in response to a public invest-
ment shock, whereas the response of private investment is similar but not significant.
There is a positive and significant contemporaneous impact on output, consump-
tion, and unemployment, and the impact disappears after the third or fourth year.
There is a second-round positive effect on these variables starting after year six,
a possible long-run effect of the public investment. The news shock increases the

1The State Planning Organization of Turkey publishes the Public Investment Programme until
2011.
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public investment outlays over the next four to five years, and the largest impact
comes in the first year. The response of the private investment is not significant in
all years, suggesting that public investment is neither complementary nor substitute
for the private investment.

The detailed structure of the public investment program allows to identify the
shocks in different types of the public investment. This is the secondary motivation
of this paper since, at least to my knowledge, this will be the first paper that explores
the heterogeneous impact, if any, of different types of the public investments by
addressing exogeneity and foresight.2 Moreover, over the last decade, there is an
ongoing debate in Turkey such that some believed that one of the main factors behind
the uninterrupted government of the ruling party since the year of 2003 is the large
public investments in health and transportation sectors.3 I aim to contribute to
this debate by measuring the impact of the several types of public investments and
determining whether health and transportation investments have a larger impact
relative to the other types of investments.

The findings indicate that the largest impact on output comes from health, trans-
portation, and education investments. The responses are positive and significant for
the first two to three years. Interestingly, the energy investments do not have any
effect on the output on impact, and the sign of the impact becomes negative after
the third year until the fifth year. The relative weight of the sectors in the output
and the intensity of the public capital used by the sectors in the production are the
key drivers of the heterogeneous impact of public investments.

I conduct several robustness checks to ensure the validity of the results. In the
first check, I estimate a VAR, and the results do not change significantly in the
short-run but mitigated in the long-run. In additional checks, I add, (i) dummy for
the years of recession, (ii) additional lags of the control variables, and (iii) lagged
shock, and the results do not change significantly. In the second check, I define an
alternative news variable to assess the plausibility of the results and find smaller
responses in all variables.

The paper is organized as follows. The remainder of this section provides the
literature review. In Section 2.2, I describe the Public Investment Programme in
detail and discuss how I identify and construct the measure of the shock. Section
2.3 presents empirical estimation, results, and robustness checks. In section 2.4,

2Perreira (2001) identify different types of public investment and find the largest impact after
core infrastructure investments. However, his analysis do not address endogeneity and anticipation
issues.

3The government investments in health and transportation sectors are doubled between the
years 2014 and 2002 in real terms. (Source: Author’s own calculations)
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I introduce an alternative definition of news variable and perform its estimation.
Section 2.5 presents the theoretical model, and Section 2.6 estimates it. The last
section concludes with policy recommendations and directions for further studies.

2.1.1 Literature Review

The first empirical study measuring the effect of public infrastructure on private
output is the seminal work of Aschauer (1989) and has received great attention in the
literature. His findings provide large private output elasticity of core infrastructure,
around 0.24. However, the results obtained using the production approach has
been criticized on the econometric grounds. The variables in the estimation of
the univariate production function are non-stationary and the OLS estimates are
spurious. In addition, the conclusions about causality are uncertain because of the
possible reverse causality, and the estimation lacks feedback among the variables.

The early studies allowing the dynamic feedback among the variables are con-
ducted by Pereira (2000) and Pereira (2001) using a vector autoregression (VAR).
He finds, using yearly US data, the elasticity of private output to aggregate pub-
lic investment around 0.04 and multiplier of 4.5. However, his approach requires
a questionable assumption that current public investment decisions are exogenous
to the current economic conditions. Moreover, he does not account for anticipation
effects likely to occur in infrastructure investments.

The seminal work of Blanchard and Perotti (2002) uses quarterly data to ensure
government spending is orthogonal to the current economic conditions. They assume
that spending decisions are predetermined and order first in Cholesky decomposi-
tion to identify the shocks. They find that government spending shocks increase
GDP, consumption, hours, and wages. The subsequent studies, such as Fatás and
Mihov (2001), Galí et al. (2007), and Pappa (2009), using the same approach, find
similar results. These studies look at the effect of non-defense cumulative govern-
ment spending; however, without considering fiscal foresight in their estimations and
without separating the government consumption and investment.

Ramey and Shapiro (1998) is the first study taking into account the anticipation
effects using the narrative technique to create a dummy variable for major military
buildups. They isolate the political events exogenous to the current state of the
economy to ensure causality. The follow-up works of Edelberg et al. (1999) and
Burnside et al. (2004) incorporate the war dates in VAR and order first in Cholesky
decomposition to create expectational VARs, a term first used by Perotti (2011).
Mostly, they find that spending shock increases GDP while it lowers consumption
and investment. Even though they account for anticipation, these studies focus
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solely on the effects of military spending.

The importance of anticipation effects is well-documented by Leeper et al. (2013)
in their theoretical framework. They show that econometric analysis fail to model
foresight obtains biased estimates of output multipliers. The implementation lags in
the fiscal policy decision expose the government spending to be anticipated by the
agents. Hence, not only the military spending but also other types of government
spending are subject to fiscal foresight.

Auerbach and Gorodnichenko (2012a) use OECD government spending forecasts
to take into account anticipation effects and identify exogenous shocks for panel of
OECD countries. They employ local projection method and they distinguish the
effects in recessions and expansions. In another paper, Auerbach and Gorodnichenko
(2012b) use next period government spending forecasts of Survey of Professional
Forecasters (SPF) to identify government spending shocks. In both studies, they
find higher spending multiplier in recessions than in expansions. In addition, they
breakdown the spending component and find higher multiplier in favor of public
investment.

In a similar spirit, Forni and Gambetti (2014a) construct news variable using SPF
data, in an open economy setting, by summing up the forecast revisions of the gov-
ernment spending growth over the next three quarters to identify the news shocks.
They find a larger impact of news shock on GDP and more persistent government
spending after the news shocks leading to higher interest rate and appreciation of
the US dollar. Caggiano et al. (2015) extend the identification of Forni and Gam-
betti (2014a) to a non-linear context using the Smooth Transition VAR approach
and find a large, positive, and significant impact of news shock in deep recessions.
In another important paper that takes into account fiscal foresight, Alesina et al.
(2015) conclude that spending cuts are less costly than tax adjustments in terms of
output losses after using multi-year fiscal adjustment plans of 16 OECD countries.

In all the mentioned works above except Pereira (2000), Pereira (2001) and Auer-
bach and Gorodnichenko (2012b), government spending is considered as a sum of
government consumption and investment purchases. The first research only focusing
on the impact of infrastructure investments and paying attention to the long-term
anticipation effects, more than one-year, is carried out by Leduc and Wilson (2013).
They forecast highway grants to the states by using institutional formulas made
of state-specific factors exogenous to the state’s current economic conditions. They
find a positive contemporaneous impact of highway spending shock on output, which
disappears after the second year and another significant effect from sixth to eighth
years. However, their results cannot be converted to aggregate multipliers because
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state fixed effects net out any wealth effects. They rely on a theoretical model to
calculate aggregate multiplier, and they find the lower bound of peak multiplier
around 3.

Another paper measuring the effect of public investment is by Abiad et al. (2015).
They use OECD public investment forecasts for a panel of OECD countries, and
employ the local projection method in the spirit of Auerbach and Gorodnichenko
(2012a). They find a short-term multiplier of 0.4 and a medium-term multiplier
of 1.5. The question of whether OECD forecasts capture whole anticipation effects
remains an open issue since the horizon of OECD forecasts is one year.

The relations between public investment, private investment and output also
have received attention for Turkey. Ismihan et al. (2005), using the vector error
correction mechanism, finds that macroeconomic instability in Turkey shatters the
complementarity between public and private investment in the long-run. Altay and
Altin (2008) estimate a two-sector production function approach and conclude that
public investments have a positive impact on output even though the effect of total
government spending is negative. Şen and Kaya (2015) find the positive Keynesian
impact of government spending in the short-term, which disappears in the long-run
for Turkey. The recent paper by Çebi (2016) finds peak government spending mul-
tiplier of 1.5 with a larger impact of government investment relative to government
consumption on output. Çebi and Ozdemir (2016), using quarterly Turkish data
from 1990 to 2015, estimate the peak public investment and government consump-
tion multipliers 2.32 and 2.06, respectively. They show that multipliers are higher
in recessionary episodes relative to expansionary ones.

2.2 News and Identification

2.2.1 Public Investment Programme

The first Public Investment Programme, PIP hereon, was issued in the year 1963.
Since then, it has been published every year, mostly in the first month of the year.4

The preparation of PIP starts with a guide published in the Official Gazzette in the
second half of the preceding year, mostly between August and October. The guide
states goals and scope, the sectoral and regional priorities of the public investments,
and the general principals and procedures to comply with for the preparation of PIP.
The common goals and the priorities of the guides since 1983 are set to achieve long-

4The dates of the publications are provided in the Appendix B.1.
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term growth, to stimulate private investments, and to decrease regional disparities.5

Moreover, the appropriation funds for each ministry, and institutions are stated in
the PIP guide and the next year’s expected public investment spending should not
exceed these funds.

The ministries and other public institutions prepare their investment projects
based on the goals, priorities, and procedures stated in the PIP guide and submit
these projects to the Ministry of Development.6 The submitted projects can be
new projects as well as on-going ones, and the details of each project, such as
value, cumulative spending, completion rate, and the social and economic benefits,
should be specified. The Ministry of Development collects all the investment projects
and prepare PIP. However, to be published, the amount of next year’s expected
spendings must be stated in the next year’s government budget and approved in
the parliament.7 These spendings are the appropriated funds expected to become
outlays in the next year.8

It is important to remember that most of these projects are ready investments;
hence, they are already gone through the planning and approval processes by the
ministries and the institutions. Normally, the approval of the projects is subject to
legal and governmental regulations, and these may cause lags and uncertainty for
the projects to be implemented.9 Thereof, using the information in PIP mitigates
these problems; however, the projects announced in PIP becomes public investment
spending over the years, and the implementation lags between announcement and
outlays mentioned in Leeper et al. (2010) exist.1011 In addition, there is strong
reason to believe that these investment projects are orthogonal to the current eco-
nomic conditions since the planning and approval of the projects require some time

5The other goals and priorities can be different depending on the year; for example, in the guide
of 1997, it is stated that the projects should comply with the policies aiming at decreasing the
budget deficits and inflation rate, and such statement does not exist in the guide of the year 2016.

6Until 2011, the projects were submitted to the State Planning Organization (SPO); however,
SPO is incorporated into the newly established Ministry of Development in year 2011.

7In Turkey, the government budget is approved in December and goes into effect from the 1st
of January, beginning of the fiscal year.

8I use outlay, spending, and expenditure interchangeably.
9To be confirmed, projects must be approved by different institutions and local authorities.

Therefore, there is an implementation lag when the projects are first planned, and public invest-
ments are initiated. It is difficult to measure this lag because different projects are subject to
different legal procedures.

10Since the projects are already approved, agents might receive signals of the project during the
planning or approval processes. Hence, the anticipation in PIP could be predicted. However, even
the agents receive signals, a project that is not listed in PIP is not going to be undertaken in that
year.

11In Leeper et al. (2010), the part of the authorized spending becomes government investment
every year and the implementation lags between announcements and outlays can distort the infer-
ences about the impact of government spending.
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to be completed suggesting that public investment projects are unlikely to react
to business cycles, but investment spendings might react to the current economic
conditions since they are yearly decided.

The program lists all the public investment projects that are already started
yet not completed and new projects that are going to be undertaken. However, it
does not list the projects that are fully completed and uncompleted but became
unfeasible for further spending. In other words, PIP only contains the projects that
are expected to build public capital in the future. The information given for each
project in PIP consists of the value or total cost of the project, the expected cumu-
lative spending up to the current year after the beginning of the investment, and
the announcement year’s expected spending.12 The PIP does not give information
about the expected spendings per year over the next years nor the spendings of
completed projects.

In order to give a better idea of how the public investment projects listed in
PIP look like, Table 2.1 lists a sample of the public investment projects in the
transportation sector taken from 2015 PIP, published on 14th of January 2015. In
the first row, the total value of the project covers the amount of investment to
be spent on the projects from the beginning until the completion. The expected
cumulative spending is the amount that has spent so far on the project from the
beginning year of the project until the year when PIP is published. The expected
spending is the authorized funds to spend on the projects in the announcement year.
The second row stands for the total transportation investment projects; third row
stands for the total railway investment projects and fourth row for the fast railway
project between Istanbul and Ankara. The same information is given for all projects
for the ten different sectors in the PIP.

The information given in PIP is useful to anticipate future public investments.
Considering Table 2.1, the difference between the total value and the expected cu-
mulative spending gives the expected future value of the transportation investments
as of the year 2015. Since these values are in already 2015 prices, the difference gives
the present value of the future public investments in transportation. The duration
to complete the projects can be found simply by dividing the present value to the
expected spending in 2015.13 The same information is given for all types of public
investments, and the present value of future public investments can be calculated

12The cumulative spending is in expected terms because of the timing since the projects are
submitted before the end of the year when the total spending for the last year is not known
completely.

13The same method is used by the public officials in determining the duration of the projects to
be completed.
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in a similar fashion. This structure of PIP provides strong evidence that outlays
are known to the agents in advance, meaning that agents can anticipate the future
public investment outlays before it actually incurs. Thus, considering the biases
fiscal foresight pose, one would not want to use outlays in estimating the impact of
public investments, and this motivates exploitation of the information given in the
Public Investment Programme for the analysis.

Table 2.1: The sample public investment projects in the transportation sector in
2015 Public Investment Programme

Project Name
Total Value of

Project

Total Expected
Cumulative

Spending in 2014

Total Expected
Spending in 2015

Total
Transportation

217.361.443 TL 103.316.410 TL 14.500.534 TL

Total Railway 69.953.000 TL 23.328.541 TL 6.960.000 TL

Ankara-Istanbul
Fast Railway

9.912.917 TL 7.336.682 TL 651.617 TL

There are a couple of issues to consider regarding the design and content of PIP.
Even though the projects are planned before the announcement year implying that
they are orthogonal to current economic conditions, the government can use PIP by
including or removing the projects in response to a slowdown in economic activity or
news about future output. Therefore, to fully isolate the contemporaneous impact
of economic conditions on PIP, one should control for the information set of the
agents that also captures the expectations of the future state of the economy as of
the time when the announcements made.

The other issue is related to the credibility of the announcements made in PIP.
The government that announces many projects or projects with large amounts in-
creases the total value of the projects in PIP may not accomplish the goals and
finish all the projects because of the budget constraints. In that case, funds can
be allocated to certain projects, and the remaining projects without receiving any
funds become unfeasible to invest. This is what happened during the second half of
the 90s in Turkey. The net present value of the projects sharply increased; however,
the funds remained roughly similar to the previous years, and the duration of the
projects became longer. The funds went to the projects that are important politically
or economically, and the other projects did not receive funds and became unfeasible
over the years. The unfeasible projects removed from PIPs gradually starting with
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the second half of the 2000s.14 The Figure 2.1 shows the present value, number, and
duration of projects in PIP per year for the years between 1983 and 2016. As evident
in Figure 2.1, the duration plays an important role, and the longer the duration of
the projects, the more likely the projects become unfeasible. The significant changes
in the duration of the projects will constitute a basis in assessing the credibility of
PIPs in the analysis, discussed in detail in the next section.
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Figure 2.1: The net present value and duration of the public investment projects
between 1983-2016

To summarize, the forecastability of the public investment outlays and the timing
convention of the announcements will be used in the empirical strategy for two
purposes. First, to address the issues of fiscal foresight and second, to remove the
endogenous component of the public investment spending in response to current
economic conditions. Moreover, the credibility issue in the PIP is addressed by
using the duration of the projects given in PIP.

14Unfortunately, the Public Investment Programme or any other source does not provide infor-
mation about the number of projects which become unfeasible and discarded. Therefore, I limit
myself to the few information given in the newspapers concerning the number of projects and
feasibility to draw a general conclusion.
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2.2.2 Identification

The identification of the public investment shocks is done in few steps that rest
on the information and timing of the projects given in PIPs. In the first step,
the present value of the future public investments is calculated. Let k and H to
be the beginning and the ending periods of the project, respectively, and t as the
announcement year. The announcements are made at the beginning of the year t,
and denote the expectations of the agents formed at the time of the announcements
as EP

t . The nowcast and actual values of the output and the public investment
are different since expectations are formed at the beginning of the year and actual
values are gathered at the end of the year, i.e. EP

t (Yt) 6= Yt and EP
t (Gt) 6= Gt where

Yt and Gt stand for yearly per capita output and public investment, respectively.
By using the notations above, the total value of the projects per capita in PIP

is equal to:

TVt =
−2∑

h=−k
Gt+h + EP

t Gt−1 +
Ht∑
h=0

EP
t Gt+h (2.1)

The expectation operator at time t for government investment at t− 1 might seem
awkward; however, remember that the information related to the projects is submit-
ted before the end of year t− 1, and the institutions submit expected spending for
year t− 1 rather than the actual spending. This is the reason that EP

t Gt−1 6= Gt−1

and the information is in expected terms. The expected cumulative spending of the
projects, the outlays incurred from the beginning of the project until year t − 1 is
equal to:

CSt =
−2∑

h=−k
Gt+h + EP

t Gt−1 (2.2)

The difference between the total value and cumulative spending is equal to the
present value of the future public investments per capita at time t:

TVt − CSt = EP
t [PVt] =

Ht∑
h=0

EP
t Gt+h (2.3)

This present value is in year t prices, and by using the official deflator published with
the PIP guide, the present value can be converted to year t−1 prices by dividing to
the deflator. Then, multiplying this by the GDP deflator gives the value at constant
prices.

The unknown in the present value formula of equation 2.3 is the horizon Ht and
it can be calculated by dividing present value to the next year’s expected spending:
Ht = EP

t [PVt]/EP
t Gt. Using this formula reveals that duration Ht is not constant

across the years and it ranges from three to twelve years from 1983 to 2016, as
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already shown in Figure 2.1. To be comparable across different periods, the horizon
of future public investments should be the same. One possibility is to construct
a formula in the spirit of Leduc and Wilson (2013) by extending the horizon of
anticipation to infinity. Another possibility is to keep Ht constant across periods,
and this method also points to the credibility issue discussed in the previous section.

In the baseline estimation, I choose to keep Ht constant, and in the extension
presented in Appendix B.2 I use Ht derived from PIP and extend the horizon to
infinity. The reason to keep Ht constant in the baseline version is that Turkish
data suggest that the longer duration increases the probability of the projects to
become unfeasible and decreases the credibility of PIPs. The data also suggest that
the average duration to complete the projects is around six years for two different
samples; 1963-1982 and 1983-2016. I maintain simplifying assumption of credibility
by using this average duration of six years in a way such that the agents give zero
probability to the projects with duration longer than six years and one to the projects
with duration less or equal to six years. In other words, if the duration is twelve
years, the agents believe only 50% of the projects are credible, and if the duration
is three years, agents believe the projects are 100% credible and will double in six
years. Of course, it may take more than six years to complete some investments,
or some investments completed in three years may not be rebuilt again in the next
three years. However, the average duration gives good proxy with respect to the
credibility of PIPs considering the facts mentioned early.

I define the expected present value of the public investments over the next six
years and define them as narrative news series in the spirit of Ramey (2011). I
construct news series for each year from 1983 to 2016 and news received at year t is
equal to:

ẽt(0, 5) =
5∑

h=0
EP
t (G̃t+h) (2.4)

where G̃t is the real per capita public investment spending, and the news variable
ẽt(0, 5) stands for the sum of expected real per capita public investments from t to
t+ 5 at the beginning of year t.

Table 2.2 shows the relevance of the news variable on the cumulative government
investments for different horizons. To derive the statistics, I regress log of cumulative
real per capita public investment spending on the log of the news variable ẽt(0, 5).
The news variable has high R2 for the years from 0 to 3 and significant F-statistic
for the same years. However, the explanatory power loses strength starting from
year 4.15 These findings are in line with the structure of PIP. The increase in the

15The results do not change if the horizon is extended to nine years, and both R-squared and
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value of the projects stimulates public investment spending in the first few years;
however, the inclusion of new projects over time reduces the explanatory power of
PIP after several years.

Table 2.2: The Explanatory Power of News Series

Horizon
(Cumulative Public

Investment)
(1)

R-squared
(2)

F-statistic

0 0.685 67.289 (0.0002)

1 0.516 31.921 (0.0003)

2 0.347 15.435 (0.004)

3 0.195 6.789 (0.0146)

4 0.068 1.956 (0.1733)

5 0.009 0.229 (0.6362)

6 0.003 0.065 (0.8016)

Note: The columns (1) and (2) show statistics from a regression of log cumulative real per capita public
investment spending on log of current news variable, ẽt(0, 5). The parentheses denote p-values. The sample
covers years from 1984 to 2016.

To identify the shock, I cannot take for granted that the news variables are
exogenous to current economic conditions, as opposed to Ramey (2011). In a similar
way of Forni and Gambetti (2014a), I propose the following strategy to identify the
public investment news shocks. The time t news variable is regressed on time t− 1
information set of agents, and the residual is the identified news shock.16 Assume
information set at t− 1 consists of news, output, government investment spending,
government consumption expenditure, debt-to-GDP ratio, and tax rate all in per
capita real terms and regress time t news variable as follows:

et(0, 5) = α+ψeet−1(0, 5)+ψyyt−1+ψgigIt−1+ψgcgCt−1+ψddebtt−1+ψttaxt−1+ψfFRt+ε1,t

(2.5)
where the news variable is in logs, denoted as et(0, 5), as well as all the other vari-
ables, except debt and tax, already in percentage terms, and the very last regressor
FRt also in percentage terms. The term FRt is the OECD forecast revisions for
GDP growth in Turkey in year t, the difference of the growth forecasts made in the
second half and first half of the year t − 1. It is included to capture the response
of the government to news about the future growth of the economy through public

F-statistic remain very low for the following years.
16Here, I use AIC and BIC to determine the length of the lag in the regression, and both criteria

suggest lag equal to one.
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investments.17 This term is included in the regression to control for forward-looking
nature of the policy and ensure the exogeneity of the shock. If the government re-
sponds to surprises in the growth forecasts, the residual in the equation 2.5 would be
confounded. The residual ε1,t in the equation 2.5 is the identified public investment
shock, henceforth shockt. It contains information about future public investments
that are unexpected by the agents before the announcements made at year t.

The first assumption says that the agents may receive signals about the future
public investments before PIP is published, but they do not react to these signals
before the announcements are made. In other words, the first assumption pro-
nounces that PIP is the only relevant variable for the agents to form expectations
about future government investment spending. The second assumption ensures the
exogeneity of the identified shock. The third assumption implies that Equation 2.5
captures the expectation formation of the agents to the announcements.

The public investment shock, with the specified assumptions, is exogenous be-
cause the announcements are made at the beginning of the year before actual in-
vestment spending and output starts flowing. Hence, the news shock takes into
account anticipation effects and is exogenous to the current economic conditions
and addresses the problems posed by fiscal foresight and endogeneity of the yearly
public investment spending to the current economic conditions.
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Figure 2.2: The growth of the news variable and the news shock over time
Notes: The figure shows the identified public investment news shock (blue) after estimation of equation 2.5 and
growth of news series (dashed red).

Figure 2.2 shows how the growth in the news variable and news shocks behave
between the years 1985 to 2016 after the identification using Equation 2.5, and they
mostly overlap except for a few years. There was an economic crisis in Turkey in
the year of 1994, and one of the precautions taken by the government is to cut
the budget deficit in Turkey by decreasing government spending. The impact of the

17I have to assume that output forecasts of the government and OECD are the same to account
for growth surprises in the data. In addition, OECD forecasts should not contain systemic forecast
errors so that changes in the growth expectations are due to fundamental variables.
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crisis and following government policy is the lower public investment announcements
in the program of the year 1995. The years 1997 and 2005 witnessed a significant
increase in public investment projects in transportation and health.

2.3 Empirical Framework and Results

2.3.1 Econometric Model and Data

The objective of this section is to use the news shock identified in the previous
section to measure the impact of public investment on GDP and other variables. To
do so, I employ Jordà (2005) local projection method to estimate impulse response
functions. The baseline specification is:

yt+h = αh + δh ˆshockt + φh(L)Xt + uy,t+h (2.6)

for h = 0, 1, ..., 9 where yt is the logarithm of real GDP per capita, ˆshockt is the
identified public investment shock (the residual of the equation 2.5 termed by ε1,t) in
the previous section and Xt are the control variables that are real GDP per capita,
government consumption per capita, real public investment spending per capita, all
in logs and debt-to-GDP ratio and tax revenue-to-GDP ratio. φh(L) is a polynomial
in the lag operator. The coefficient δh identifies the impulse response function of real
GDP at time t+h to the shock at time t. Each equation is estimated separately for
each horizon h, and lags of the variables are included to control for any anticipation
effects that can be missed by the shock. I use AIC and BIC information criteria
to determine the length of the lags, and both tests gives lag length equal to one;
hence, equation 2.6 is regressed on shock and one period lagged values of the control
variables. In the robustness checks, alternative lag lengths are considered, and the
results turn out to be similar to the baseline estimation. I use heteroscedasticity
and autocorrelation consistent covariance estimators to take into account the serial
correlation in the error term inherent in these types of specifications.

I estimate equation 2.6 using Turkish data from 1982 to 2016. Since I use the
lags of the variables in the data set, the shock variable is available for the years
1984-2016. Even though the PIP and macro data of Turkey go back to 1963, Turkey
became an open economy after 1980. To avoid the strong impact of government on
the economy prior to 1980 and to allow for the economy to adjust from the closed
economy to an open market economy, the data starting from the year 1982 is used.
Before turning into other macroeconomic variables, I start by looking at the effect
of the shock on GDP.

Before going into results, it is worthwhile to discuss why I opt for the Local
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Projection Method (LPM, hereon). The LPM offers a number of advantages for
obtaining impulse responses compared to an estimated VAR (see Jordà (2005) for
discussion). First, direct projections are more robust to misspecification with too
few lags in the model. The impulse response from a VAR is obtained by recursively
iterating on the estimated one-period ahead forecasting model. Thus, this impulse
response “is a function of forecasts at increasingly distant horizons, and therefore
misspecification errors are compounded with the forecast horizon.” as stated by
Jordà (2005). This is a particular concern in the current context given that public
investment spending, may have real effects many years later. By estimating the
impulse response at each forecast horizon separately, the direct projections method
avoids this compounding problem. Second, the confidence intervals for IRFs from
the direct projections can account for clustering, heteroskedasticity, and serial cor-
relation, whereas bootstrapping is the main tool to compute standard errors for
VAR-based IRFs, which can be problematic in small samples.

2.3.2 Results

Panel A of Figure 2.3 shows the impulse response of GDP to the identified public
investment shock - that is, the estimates of δh- for horizons h = 0 to 9 years. The
dark shaded band gives the 68% confidence interval and the light shaded area gives
the 90% confidence interval. There is a positive and statistically significant increase
in output at impact and one-year after in response to the public investment shock.
The effect on output becomes negative from years 3 to 5 but then increases again
and reaches its peak in year seven and finally fades back to zero in the last year.

Panel B of Figure 2.3 exhibits the estimated response of GDP based on the
measure of shock variable using next year’s expected public investment spending
rather than the total present value. This shock variable can be seen as analogous to
Auerbach and Gorodnichenko (2012b) since it only uses a one-year forecast horizon.
This measure of shock captures the part of the information given in PIP, next year’s
expected spending rather than taking into account the full information revealed in
PIP. The response in Panel B exhibits similar behavior; however, the magnitude of
the response is much less pronounced in all years relative to the response in Panel
A.

The responses in Figure 2.3 points to the importance of the anticipation horizon
of the agents. If the shock misses the forecast revision of spending for the second
year and onward and only uses next year’s expected spending, the useful information
is discarded, and the responses become smaller relative to the baseline.
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Figure 2.3: IRFs of GDP to Public Investment Shocks
Notes: Panel A displays response of GDP to the shock identified in section 4. Panel B displays response of GDP
to the shock using forecast error. Solid lines are point estimates, dark shaded area is 68% CI and light shaded
area is 90% CI.

The estimate of the impulse responses of the macroeconomic variables to the
public investment news shock is shown in Figure 2.4. I measure the responses for
consumption, investment, and unemployment rate by estimating equation 2.6 for
each of the variables after enlarging the control variables by including the lagged
value of the variable to be estimated. The impulse response of the consumption has
a similar shape like GDP; however, the effect is larger on impact. The response of
the private investment is similar to the response of GDP to some extent; increases on
impact, decreases after two years and again increases for the years 5-8, and finally,
the effect disappears. However, the size of the effect is larger relative to GDP but not
significant. The impulse response of unemployment has a reverse shape of the IRFs
of the previous three variables, and consistent with the results so far, unemployment
is low when consumption and investment are high, and it is high when consumption
and investment are low.

The IRFs of macroeconomic variables in Figure 2.4 suggest that public invest-
ment has a positive and significant effect on the economy in the short-run and
long-run. One possible explanation for these findings is that the short-run effect
is due to the increased spendings, and the long-run effect is the result of increased
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productivity.
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Figure 2.4: IRFs of Macro Variables to Public Investment News Shock
Solid lines are point estimates of shock using equation 2.6. In all figures, dark shaded area is 68% CI and light
shaded area is 90% CI.

To assess these findings more precisely, I look at the responses of the variables
that could be directly affected by the public investment shocks rather than through
general equilibrium channels. The first row of the Figure 2.5 shows the responses
of announcements (news) and public investment outlays. As one would expect, the
announcements increase on impact and up to four years before starting to decrease,
and the effect dies out after the sixth year. The outlays also follow a similar pattern,
increase sharply on impact, and positive response holds until the fourth year. Then,
the response turns to negative up to the sixth year, and eventually, the response
vanishes. One might be surprised by the initial impact of news shock on actual
public investment outlays. This is purely due to the timing convention; the news
shock is identified at the beginning of the year, whereas the public investment outlay
is year-end variable. Hence, there is a one-year difference between the time of the
shock and the impact on actual outlay.

The results in Figure 2.5 are consistent with previous findings. The increase in
the announcements leads to higher actual spending on public investments in the
short-run that increases the consumption, investment, and output through demand
effect. In the long-run, starting from year six, the response of outlays is almost zero,
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meaning that government spending is very close to zero in GDP identity. However,
the responses of consumption, investment, and output are positive. This is a piece of
convincing evidence for the productivity effect of public investments. This evidence
also explains the main reason behind the increase in investment, consumption, and
output in the long-term. The second row of Figure 2.5 displays the responses of
debt-to-GDP ratio and tax rates. Public debt does not increase on impact and only
increases in the years 3-5 and tax rates increase on impact and up to four years to
generate the revenue necessary to fuel the spendings on investment and start to fade
out after the fifth year.

0 1 2 3 4 5 6 7 8 9

Horizon

-1

-0.5

0

0.5

1

1.5

2

%
 C

ha
ng

e

Announcements

0 1 2 3 4 5 6 7 8 9

Horizon

-1

-0.5

0

0.5

1

1.5

%
 C

ha
ng

e

Public Investment Outlays

0 1 2 3 4 5 6 7 8 9

Horizon

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

%
 C

ha
ng

e

Public Debt/GDP

0 1 2 3 4 5 6 7 8 9

Horizon

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

%
 C

ha
ng

e

Tax Rate

Figure 2.5: IRFs of Policy Variables to Public Investment News Shock
Solid lines are point estimates of shock using equation 2.6. In all figures, dark shaded area is 68% CI and light
shaded area is 90% CI.

The results indicate that public debt grows at the same speed as GDP in the
initial years, and the government raises taxes to compensate for the increased spend-
ings. Comparing the responses of tax rates and consumption depicts an unobserved
effect that offsets the negative wealth effect of the higher tax rates. One of the im-
mediate explanations could be higher wages after positive shock, but, unfortunately,
wage data for Turkey does not go back after 1999 that makes the estimation not
possible. Another explanation could be a positive wealth effect due to higher real
estate prices after public investments. This channel is never studied in the literature
and could be a promising avenue for further research.
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2.3.3 GDP Multipliers

The coefficient estimated in the previous subsection, δh, represents the percentage
change in GDP in response to a one-unit change in shockt. The common practice in
the literature is to convert the percentage terms into the multipliers by comparing
the peak output response to the initial government spending impact effect. However,
as argued by Mountford and Uhlig (2009) and Uhlig (2010), the multipliers should
be calculated as the integral of the output response divided by the integral of the
government spending. I follow this method in calculating the public investment
multiplier of Turkey. First, I calculate the cumulative multiplier by taking the ratio
of cumulative output response over cumulative public investment response, and I
convert these multipliers to Turkish Lira multipliers by multiplying them with the
average output-to-public investment spending ratio. Table 2.3 shows both the ratio
of the estimated coefficients and TL multipliers.18

Table 2.3: The Public Investment Multipliers

Horizon Ratio of the Estimated
Coefficients

TL Multiplier

0
0.1907

[0.01, 0.38]
4.0666

[0.04, 8.09]

2
0.1223

[−0.23, 0.47]
2.6089

[−4.86, 10.08]

4
−0.0114

[−0.40, 0.38]
−0.2439

[−8.50, 8.01]

6
0.1910

[−0.21, 0.58]
4.0751

[−4.32, 12.47]

8
0.7791

[0.39, 1.18]
16.6177

[8.19, 25.04]

Note: The ratio of estimated coefficients are
∑h

0
δhy∑h

0
δhg

and TL multipliers are
∑h

0
δhy∑h

0
δhg

∗ Y
G

(mean). The numbers in

the brackets are 68% confidence intervals.

The impact and one-year multipliers are 4.066 TL and 3.3695 TL for Turkey,
respectively. The recent paper by Çebi and Ozdemir (2016) using Turkish quarterly
data from years 1990 to 2015 and employing recursive identification found impact
multiplier of 1.42 TL and a one-year multiplier of 2.26 TL for Turkey. These mul-
tipliers are smaller than the ones measured in this paper, possibly due to the fiscal
foresight in public investments.. Consistent with IRFs in panel A and panel B of
Figure 2.3, part of the public investment spending is anticipated and agents reacted

18Ramey (2016a) offers an alternative way to estimate the multipliers using an IV approach. I
performed the same exercise and found similar results, as shown in Appendix B.3.
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to the news before the public investment outlays occur. This is the reason why the
multipliers measured after recursive identification using actual outlays are smaller
than the multipliers measured using the public investment announcements. The
measured TL multiplier on impact is similar to the previous estimate of the public
infrastructure multipliers, as in Leduc and Wilson (2013), in which the authors esti-
mate impact multiplier of 2.7. TL multipliers are positive in the first four years with
a decreasing trend, turns to negative in years 5 to 6, then turns to a positive value
in year 7, similar to the first two years. However, the last three years exhibit very
high multipliers relative to literature. The two possible explanations for this phe-
nomenon could be; one, firms in Turkey heavily use public infrastructure and larger
public capital accumulated after the completion of the projects leads to a signifi-
cant increase in output, and second, the long-run responses of the macroeconomic
variables are not reliable possibly due to estimation errors.

An interesting feature of public investment spending that is not discussed ex-
tensively in the literature is that public investment works are mostly carried out
through private contractors. The corresponding public authority writes a contract
with the contractors when the project is decided to be undertaken. The contractors
proceed with work and submit their bill to the government when the project is com-
pleted, partially or completely depending on contract terms. The government then
transfers the funds to the contractors, and these funds show up as public investment
spending in GDP. However, the contractors already purchased the goods and paid
the wages to labor to finish the work and the flow of money goes into economy be-
fore public investment expenditures show up in GDP. Hence, the economic activity
increases due to public investment work, but this work may or may not appear in
GDP depending on the length of the work. Then, one can think output increases in
the economy, but he will not attribute this increase to public investment if the pay-
ment to the contractor is not transferred in the same quarter or year. This feature
of public investment could be another reason for high multipliers since, rather than
only using outlay data, I use announcements data. The effects of public investments
on GDP can be proxied by these announcements, even outlays do not occur and not
appear in GDP data, if the project is already under construction. Hence, announce-
ments control for the time mismatch between actual spendings and their impact on
GDP, and multipliers can be large because announcements take into account this
unseen effect.
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2.3.4 Types of Public Investments

In this part of the paper, I present the effect of different types of public investments
on GDP. Public Investment Programme disaggregates the public investment projects
into ten different sectors that are agriculture, transportation, health, energy, edu-
cation, housing, manufacturing, mining, tourism, and other sectors. I utilize this
information to construct the news variable for each sector in the program using
equation 2.4] but replacing the aggregate news variable with a sectoral news vari-
able, and I identify the news shocks for each type of public investment.I estimate
impulse response of GDP to each shock using equation 2.6, and Figure 2.6 shows
the results.

The highest initial impact comes from the shocks in the agriculture, transporta-
tion, health, and education sectors. The short-run impact of energy and manufactur-
ing investments are nearly zero. As in the case of aggregate shock, the medium-term
impact of all shocks in Figure 2.6 is mostly negative, except agriculture that is posi-
tive but not significant. The long-run responses are larger in transportation, health,
and education. The estimates are positive and significant after year 6 or 7. The
energy sector also has a positive long-run effect but zero short-run effect.
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Figure 2.6: The Impulse Response of GDP to Different Public Investment Shocks
Solid lines are point estimates of shock using equation 2.6. In all figures, dark shaded area is 68% CI and light
shaded area is 90% CI.
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The results are in line with previous works. For example, Easterly and Rebelo
(1993) find a high coefficient, from 0.59 to 0.66, of transportation investments on
growth using pooled regressions and Pereira and Roca-Sagales (2001) find long-
term elasticity of output with respect to transportation investments in Spain for the
period 1970-1993 is 0.52. Recent work by Eruygur et al. (2012) done for Turkish
data using the VECM approach also confirms the results of the previous works, and
the authors conclude that a 10% increase in expenditure in transportation increases
output by 3%.

The response of output to energy investments in Turkey also deserves closer
attention. To produce energy, Turkey mostly imports raw materials such as natural
gas and oil abroad. Hence, energy investments create domestic consumption of
energy. However, this consumption goes abroad to import raw materials of energy,
and this is why output in the short-run does not produce any positive response.
Nonetheless, these investments possibly crowd-in private investments and enhance
productivity that produces pronounced long-run effects.

The responses in Figure 2.6 suggest that public investments in transportation,
health, and education sectors may be a powerful tool for policy-makers to achieve
both short-term and long-term output per capita growth in Turkey.

2.3.5 Alternative Estimation and Robustness Checks

VAR Estimation

In this subsection, I estimate a VAR to measure the impact of the news shock on
the macro variables. The baseline specification is a 5-variable VAR; news variable
as in equation 2.4, public investment outlays, output, debt-to-GDP ratio, and tax
revenue-to-GDP ratio. I maintain the assumption that the news variable is not
affected contemporaneously by the other macro variables, and I apply Cholesky de-
composition to the variance-covariance matrix of the residuals for the identification.
I use AIC and BIC criteria to determine the optimal lag length, again one under
both criteria. I extend the baseline VAR specification to measure the response of
consumption, private investment, and unemployment by incorporating each vari-
able to the baseline VAR separately and place them after output. I estimate VAR
in log-levels, and all variables are in per capita terms except the ratio variables. I
use bootstrap to construct confidence intervals. 19

Figure 2.7 shows the VAR estimated impulse responses of the macro variables
to a unit shock in the news variable. Similar to Jorda method output, consumption

19I use VAR-Toolbox for the estimation and confidence intervals. The code can be found in the
following website: https://sites.google.com/site/ambropo/MatlabCodes
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and investment respond positively to the shock on impact, whereas unemployment
decreases following the shock. The shape of the point estimates after VAR is similar
to the Jorda method as well; however, the point estimates under VAR and Local
Projection are not the same. The VAR has a different number of variables relative
to Local Projection, and the identified shocks are different. For example, GDP and
consumption decrease in the VAR, but they do not go below zero, and their increase
in the long-run is not as much pronounced as in Figure 2.4.

In addition, the confidence intervals in VAR are wider, and except for the first
two horizons, the point estimates are not statistically significant for all variables.
The confidence intervals from direct projection accommodate heteroskedasticity and
autocorrelations. The standard errors for VAR are obtained after bootstrapping that
can be problematic in small samples. This is one of the reasons that direct projection
is preferred as the main estimation method for IRF estimations.
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Figure 2.7: VAR estimated impulse responses of macroeconomic variables
Solid lines are point estimates of Cholesky identified VAR shock, dark shaded area is 68% CI and light shaded
area is 90% CI.

Figure 2.8 displays the responses of the policy variables to a unit shock in the
news variable. The VAR estimated impulse responses are very similar to the re-
sponses estimated after using the LPM method as displayed in Figure 2.5. The
VAR estimated responses are smoother, and confidence intervals are larger relative
to the baseline responses.
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In summary, VAR estimation confirms the positive short-run and long-run and
almost zero medium-run impact of the public investment spendings on the macroe-
conomic variables as in line with the results obtained after the LPM estimation. The
magnitude of the impact in the short-run is almost the same under both estimation;
however, VAR estimation propounds smaller long-run effect and less precision of the
point estimates.
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Figure 2.8: VAR estimated impulse responses of policy variables
Solid lines are point estimates of Cholesky identified VAR shock, dark shaded area is 68% CI and light shaded
area is 90% CI.

Robustness Checks

I conduct several additional robustness checks to ensure the validity of the baseline
estimations. I estimate equation 2.6 under various specifications; (i) including two
lags of the control variables, (ii) including cubic trend into the regression for possible
low frequency correlation in baseline impulse responses, (iii) including lagged value
of identified shock in addition to the controls, (iv) removing OECD growth forecast
revisions (no leading indicators), (v) including dummy for year 2001, the year having
the largest drop in output across the sample, (vi) including dummies for the recession
years that are 1994, 1997, 2001 and 2009.

Figure 2.9 presents the results of the robustness checks. The findings of the main
estimation are in line with the specifications above; there is a positive impact in the

Tesi di dottorato "Essays in Fiscal Policy"
di TURGUT MEHMET BURAK
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



68

short-run that turns to negative in the medium-term and returns to positive in the
long-run. The responses with four dummies for the crisis years slightly wipes off
the short-run effect yet the long-run effect presents. This points to nonlinear effects
of public investment shock on the output, as previously shown by Auerbach and
Gorodnichenko (2012a) and Caggiano et al. (2015).
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Figure 2.9: Robustness Checks
Solid lines are GDP responses to a public news shock under alternative specifications, and dark shaded area is
68% CI and light shaded area is 90% CI.

The current news variable discards the information after sixth year. I define an
alternative news variable to include the information given after sixth year as well
and redo all the empirical analysis using this alternative news variable. I label this
alternative as full credibility case and present in Appendix B.2.

2.4 Model

This section presents a closed economy model with public capital to provide a the-
oretical basis for the empirical findings in the previous section. To account for
the positive response of the consumption and implementation delays in the public
capital expenditures, I augment the standard New Keynesian model with liquidity
constrained households and the time-to-build process in public investment.
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The main assumptions of the model can be summarized as follows. First, there
are two types of households, Ricardian (intertemporal optimizers) and non-Ricardian
(rule-of-thumb) households. The rule-of-thumbs households are introduced to have
an increase in the consumption after fiscal shock following Galí et al. (2007). The
households supply labor and capital to the continuum of intermediate goods firms
and the households are the ultimate owners of the capital. The intermediate goods
sector is characterized by monopolistic competition and staggered price setting in
the style of Calvo (1983). The final goods sector, on the contrary, is characterized
by perfect competition and flexible prices with one representative firm. The out-
put of the final good firm is equal to the gross domestic product that is the sum
of consumption, private investment, and government consumption and investment.
The government consumption is determined stochastically and investment expenses
occur through time as a share of the announced value, also a stochastic process,
following Leeper et al. (2010) and the revenues are raised through lump-sum taxes
imposed on the households. Finally, the central bank sets the interest rate to achieve
price stability.

2.4.1 Households

The economy is inhabited by a continuum of infinitely lived households, indexed by
i ∈ [0, 1]. The first type of households, called Ricardian or optimizing, have access
to capital markets where they can trade a full set of state-contingent securities,
and they can buy and sell physical capital without any constraints. The second
type of household, called non-Ricardian or rule-of-thumb, does not have access to
capital markets, and they only consume their current labor income. It is assumed
that a fraction 1 − λ of the households are Ricardian type and fraction of λ are
non-Ricardian type.

Ricardian Households

A typical Ricardian household maximizes its lifetime utility subject to an intertem-
poral budget constraint. This constraint states that the household’s expense, the
sum of consumption, investment, and purchase of government bonds cannot exceed
income, the sum of wage, capital income, the face value of bonds, dividends, and
net governmental transfers. Next, the capital held by the households depreciates at
a constant rate, and investments are subject to adjustment costs.

Let Co
t and N o

t denote the consumption and labor supply of Ricardian household
at time t. The preferences of the household are specified by the discount factor
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β ∈ (0, 1) and the period utility function U(Co
t , N

o
t ). A typical optimizing household

seeks to maximize:

max
{Cot ,No

t }∞t=0

E0

∞∑
t=0

βtU(Co
t , N

o
t ), (2.7)

subject to the sequence of budget constraints

Pt(Co
t + Iot ) + Bo

t+1
Rt

= WtPtN
o
t +RK

t PtK
o
t +Bo

t +Do
t − PtT ot , (2.8)

and the capital accumulation equation:

Ko
t+1 = (1− δK)Ko

t + φ( I
o
t

Ko
t

)Ko
t . (2.9)

The first two terms on the right-hand side of the household’s budget constraint
are labor income WtPtN

o
t , where Wt is the real wage, Pt is the price level, and N o

t

denotes hours of work and income from renting his capital holdings Ko
t to firms at

the (real) rental cost RK
t . Bo

t is the number of bonds with a face value equal to one
unit of a consumption good in period t, which were purchased by the household in
period t − 1. Rt denotes the gross nominal return on bonds purchased in period
t. Do

t denotes dividends from ownership of firms, T ot denotes lump-sum taxes (or
transfers, if negative) paid by optimizing consumers. Co

t and Iot denote, respectively,
consumption and investment expenditures, in real terms and Pt is the price of the
final good.

The adjustment of capital level requires adjustment costs and introduced through
the term φ( I

o
t

Ko
t

)Ko
t that determines the change in the capital stock through invest-

ment spending Iot . The function φ(.) is assumed to be increasing, concave and it is
further assumed that φ′(δ) = 1 and φ(δ) = δ.

In the rest of the model, I follow Galí et al. (2007) and use the following instan-
taneous utility function of the form

U(Co
t , N

o
t ) = logCo

t −
(N o

t )1+ϕ

1 + ϕ
, ϕ ≥ 0, (2.10)

where ϕ is the inverse of Frisch-elasticity of labor supply with respect to wages.

After rearranging, the first-order conditions for the Ricardian household’s opti-
mization problem can be written as

1 = RtEt {Λt,t+1} , (2.11)

PtQt = Et

{
Λt,t+1

[
RK
t+1 + Pt+1Qt+1

(
(1− δ) + φt+1 −

(
Iot
Ko
t

)
φ
′

t+1

)]}
, (2.12)
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Qt = 1

φ′
(
Iot
Ko
t

) , (2.13)

Wt = Co
t (N o

t )ϕ, (2.14)

where Qt is the real shadow value of capital in place, i.e., Tobin’s Q and Λt,t+1

is a one-period ahead stochastic discount factor with the following general form

Λt,t+k = βk
Co
t

Co
t+k

Pt
Pt+k

. (2.15)

Equation 2.11 is the no-arbitrage condition, equation 2.12 is the investment
optimality condition and equation 2.13 is the expression for qt. Equation 2.14 states
the optimal labor supply condition. In this model, I assume perfectly competitive
labor markets, and each household chooses the optimal amount of labor supply given
the market wage.

Rule-of-Thumb Households

The second type of household, non-Ricardian or rule-of-thumb households, do not
take part in capital market activities. Therefore, they neither own any capital nor
save or borrow funds. Several reasons for their inactivity in the financial markets
exist - the households might have no access to the market, their budget constraints
are binding (or might be binding in the future), or they are myopic.

They derive utility from the utility function U(Cr
t , N

r
t ) subject to the following

budget constraint

PtC
r
t = WtPtN

r
t − PtT rt . (2.16)

As the households do not optimize intertemporally, they consume their whole
income:

Cr
t = WtN

r
t − T rt . (2.17)

It is important to note that the taxes paid by the rule-of-thumb households, T rt ,
can be different from the taxes paid by the Ricardian households, T ot . The compet-
itive labor market assumption implies that the following labor supply condition for
non-Ricardian households should hold:

Wt = Cr
t (N r

t )ϕ (2.18)
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2.4.2 Firms

Final Goods Firms

Consumption goods are produced in the final-goods sector, characterized by per-
fect competition and constant returns to scale. Due to these characteristics, we
can assume that there is one single representative firm selling its output at a price
equal to the marginal cost. The firm produces the consumption goods using inter-
mediate goods (a continuum of measure of one) by CES technology, and its profit
maximization problem can be stated in the following way

max
Xt(j)

Pt

(ˆ 1

0
Xt(j)

εp−1
εp dj

) εp
εp−1

−
ˆ 1

0
Pt(j)Xt(j)dj, (2.19)

where Xt(j) is the quantity and Pt(j) is the price of the intermediate good j

used in the production. Pt is the final goods price taken as given and εp > 1 is the
elasticity of substitution parameter among the intermediate goods.

The demand schedules follow from the first order conditions of the maximization
problem is given by

Xt(j) =
(
Pt(j)
Pt

)−εp
Yt. (2.20)

By plugging equation 2.20 into the profit function of the final goods producer
and using the zero profit condition, an expression of the final goods price in terms
of the prices of the intermediate goods emerges as following

Pt =
(ˆ 1

0
Pt(j)1−εpdj

) 1
1−εp

. (2.21)

Intermediate Goods Firm

A typical intermediate-goods firm j minimizes its real costs of producing the quantity
Yt(j) demanded by final good sector. The firms use a Cobb-Douglass production
technology:

Yt(j) = Kt(j)αLt(j)1−α(KG
t−1)αG , (2.22)

where Kt(j) and Nt(j) represent the capital and labor services hired by the firm,
KG
t is the aggregate public capital used by the firm j in its production function,

and αG is the elasticity of output with respect to the public capital indicating the
productiveness of the public capital. This production function assumes constant
returns to scale in private inputs but increasing returns to scale with respect to public
capital. The first-order conditions to the solution for cost minimization problem of
the firm j, taking rental rate, wages, and public capital as given, imply the following
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optimal capital/labor ratio

Kt(j)
Nt(j)

=
(

α

1− α

)(
Wt

RK
t

)
, (2.23)

and the real marginal cost, common to all firms, is given by

MCt = (α)−α (1− α)−(1−α)

(
RK
t

)α
(Wt)1−α

(KG
t−1)αG . (2.24)

Price setting by intermediate firms is done in a staggered way; that is, firms
cannot change their prices optimally in every period. Instead, it is assumed that
only a fraction of the firms reset their prices every period. This proportion is set
stochastically in a way proposed by Calvo (1983). Each firm resets its price with
probability 1 − θ each period, independently of the time elapsed since the last ad-
justment. Thus, each period a measure 1 − θ of producers reset their prices, while
a fraction θ keep their prices unchanged.

In what follows, I will show how intermediate-goods firms set their prices opti-
mally (because the firms are symmetric, I omit the subscript at the optimal price
term). First, assume that the firms which change their prices set the optimal prices
at the level of P ∗t . Then the price level in period t is:

Pt =
[
θP

1−εp
t−1 + (1− θ) (P ∗t )1−εp

] 1
1−εp (2.25)

which follows from equation 2.21.
A firm resetting its price in period t will seek to maximize

max
P ∗t

∞∑
k=0

θkEt

{
Λt,t+kYt+k(j)

(
P ∗t
Pt+k

−MCt+k

)}
(2.26)

subject to Yt+k(j) = Xt+k(j) =
(
P ∗t
Pt+k

)−εp
Yt+k. The first order condition asso-

ciated with Equation 2.26 is:
∞∑
k=0

θkEt

{
Λt,t+kYt+k(j)

(
P ∗t
Pt+k

− µpMCt+k

)}
= 0 (2.27)

where µp = εp
εp − 1 is the gross price mark-up holds in a zero inflation steady

state.

2.4.3 Monetary Policy

The central bank in this model determines the nominal interest rate by following a
simple version of the Taylor rule (Taylor (1993)):

rt = r + φππt, (2.28)
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where rt = Rt − 1 is the nominal interest rate, r is the steady state interest rate
(r = β−1 − 1) and the parameterφπ ≥ 0 captures the response of interest rate to
the inflation. This Taylor rule is a simplified version of the general rule, and the
monetary policy seeks to stabilize the price level only, disregarding the level of the
output gap.

2.4.4 Government

The government’s expenditures consist of three parts - the first is the repayment
of one-year bonds, the second is government consumption, and the third is public
investment expenditures or outlays. The government raises revenue through lump-
sum taxes imposed on the households and the face value of bonds, which mature in
the next period. At every period t, the government uses revenues to repay bonds
issued in the previous period and to finance the government consumption and in-
vestment expenditures in this period. The government budget constraint can be
written as

Bt+1

Rt

+ PtTt = Bt + PtG
C
t + PtG

I
t , (2.29)

where Tt = λT rt + (1 − λ)T ot . A fiscal policy rule is determined in a way to
prevent explosive deviations of government debt and government expenditures from
the steady-state values normalized by the steady-state income. The fiscal policy
rule has the following form

tt = φbbt + φgcg
c
t + φgig

i
t, (2.30)

where gct = GC
t −GC

Y
, git = GI

t −GI

Y
, tt = Tt − T

Y
and bt = (Bt/Pt−1)− (B/P )

Y
that are deviations of government consumption and investment expenditures, taxes
and real bond holdings from their steady-state values normalized by steady -ate out-
put. In the steady-state, we assume a balanced budget (T = G) and zero debt level
(B = 0). Apparently, the policy parameters φb, φgc and φgi are positive constants.
A fiscal policy rule in the form of equation 2.30 assumes fiscal adjustments occur
immediately.

The government consumption (in terms of its deviations from the steady-state
normalized by the steady-state of output) follows an AR(1) process

gct = ρgg
c
t−1 + εgc,t, (2.31)

where 0 < ρg < 1 and εg,t is a white noise process with constant variance σ2
g that

represents a shock to the government consumption.
The government investment spending process affects the dynamics of fiscal policy
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in significant ways. In this model, public capital is accumulated through government
investment subject to a time-to-build process, reflecting the lags between project
announcement and completion as observed in reality. The time-to-build process
separates the “stock” of public investment from the “flow” of public investment.
The announcements delivered by the government and approved in the parliament,
called appropriation, provide the present value of the public investment projects and
can be viewed as expected stock of public investment. The flow of public investment,
however, depends on the rate at which actual spending occurs. It is generally the
case for public spending projects that the proportion of investment that occurs
each period is a fraction of the authorized appropriation. This modeling approach
is similar to the one developed by Leeper et al. (2010), and it distinguishes the
accumulation of public capital stock from others in the literature, which typically
assumes that authorized spending is immediately implemented (i.e., stock equals
flow) and is immediately productive.

Specifically, let N be the number of years between approved announcements and
completing a project. Following the functional form adopted in Leeper et al. (2010),
the law of motion for public capital is given by

KG
t = (1− δG)KG

t−1 + At−N , (2.32)

where A denotes the net present value of the announced public investments.
Equation 2.32 captures the time-to-build assumption. As an example, suppose that
the government announces at time t− 4 for a railway project that takes four years
to build (N = 4). Then the railway cannot be used in production until time t.

Investment outlays to complete the announced projects typically occur over time.
To capture this, let the sequence (ω0, ω1, ..., ωN) denote the spending rates from the
date the announcement is made (0) to the period before project completion (N−1).
The completed portion of public investment at time t is then given by:

GI
t =

N−1∑
n=0

ωnAt−n, (2.33)

where ∑N−1
n=0 ωn = 1. Continuing with the railway example, the railway may not

be usable for four years but government investment expenditure increases during
this time as the construction of the railway takes place. The rate at which the
construction takes place is parameterized by the ωs. Authorizations of government
investment are assumed to follow the process

logAt = ρA logAt−1 + εA,t, (2.34)

where εA,t is a white noise process with constant variance σ2
A and represents the
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shocks to the announcements.20 Specification 2.33 for government investment is mo-
tivated by the observation that the amount of government investment announced
often deviates substantially from contemporaneous outlays, as discussed in the pre-
vious section and shown in Table 1.4. I choose N = 6 in the model to be consistent
with the empirical estimation performed in the previous section.

2.4.5 Equilibrium Conditions

The equilibrium of the economy described by this model is characterized by the
following conditions:

• Households, intermediate and final-goods firms maximize their optimization
problems in each time period t.

• The government and monetary authority follows the specified rules.

• Aggregation conditions are given by a weighted average of the corresponding
variables for each consumer type

– Consumption: Ct = λCr
t + (1− λ)Co

t .

– Labor supply: Nt = λN r
t + (1− λ)N o

t .

– Capital: Kt = (1− λ)Ko
t .

– Investment: It = (1− λ)Iot .

• Market clearing requires that the following conditions are satisfied for all t

– Labor market: Nt =
1́

0
Nt(j)dj.

– Capital: Kt =
1́

0
Kt(j)dj.

– Intermediate Inputs: Yt(j) = Xt(j) for ∨ j.

– Final Goods: Yt = Ct + It +GC
t +GI

t .

2.4.6 Log-linearized equilibrium conditions

In this section, I will present the log-linear approximation of equilibrium conditions
around their steady-state values. From now on, the lower-case letters will denote the
natural logarithm of a variable or a log-deviation of a variable from its steady-state
value.

20It is the theoretical counterpart of the news shock identified in the previous section
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Households

The log-linear equations describing the dynamics of Tobin’s Q and its relationship
with investment are given respectively by

qt = βEt {qt+1}+ [1− β (1− δ)] Et

{
rkt+1 − pt+1

}
− (rt − Et {πt+1}) , (2.35)

it − kt = ηqt. (2.36)

Capital accumulation equation is approximated by the following equation

kt+1 = (1− δ)kt + δit. (2.37)

The log-linearized Euler equation for optimizing households is given by

cot = Et

{
cot+1

}
− (rt − Et {πt+1}) , (2.38)

where cot = Co
t − Co

C
. Under perfectly competitive markets, wage-schedule con-

sistent with balanced growth is approximated by

wt = ct + ϕnt. (2.39)

Consumption for rule-of-thumb households is given, letting crt = Cr
t − Cr

C
, to a

first order approximation by

crt =
(
WN r

Cr

)
(wt + nt)−

(
Y

Cr

)
trt , (2.40)

where trt = T rt − T r

Y
. Following Galí et al. (2007), the steady-state consumption

among different types of households is assumed to be equal, i.e., Co = Cr = C.
This outcome can always be guaranteed by the appropriate choice of transfers be-
tween the households. In particular, under the above assumption, the log-linearized
expressions for aggregate consumption and hours take the following simple form

ct = λcrt + (1− λ)cot , (2.41)

nt = λnrt + (1− λ)not . (2.42)

When the decisions of both types of households are plugged into the equation,
we obtain an aggregate equilibrium condition for consumption

ct = Et {ct+1} − σ (rt − Et {πt+1})−ΘnEt {∆nt+1}+ ΘtEt
{

∆trt+1

}
, (2.43)

where

σ = (1− λ) [µpϕγc + (1− α)]
µpϕγc + (1− α)(1− λ(1 + ϕ)) ,
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Θn = λ(1− α)(1 + ϕ)ϕ
µpϕγc + (1− α)(1− λ(1 + ϕ)) ,

Θt = λµpϕ

µpϕγc + (1− α)(1− λ(1 + ϕ)) ,

and γc = C

Y
is the steady state share of consumption on output. The log-linear

relationship in equation 2.43 is the only one dependent on the share of rule-of-thumb
households λ. Also notice that as this share approaches zero, we obtain an analogue
of the standard dynamic IS curve

ct = Et {ct+1} − (rt − Et {πt+1} − ρ) .

From the previous equations, one can observe that the presence of rule-of-thumb
households makes the growth of aggregate consumption directly dependent on the
growth of employment and also on the growth of taxes, even when they are not
distortionary.

Firms

The dynamics of inflation as a function of the deviations of the average logarithm
of markup from its steady state can be obtained from Equation 2.25 and Equation
2.27

πt = βEt {πt+1} − λpµpt , (2.44)

where λp = (1− βθ)(1− θ)
θ

, and

µpt = (yt − nt)− wt, (2.45)

when we ignore constant terms. The latter equation is equivalent to

µpt = (yt − kt)− rkt . (2.46)

A first order approximation of the aggregate production yields

yt = αkt + (1− α)nt + αGk
G
t−1 (2.47)

Government

Let denote the steady state interest rate as ρ = β−1 − 1. By log-linearization of
government budget constraint (Equation 2.29), one obtains

bt+1 = (1 + ρ)(bt + gCt + gIt − tt). (2.48)

Plugging in the fiscal policy rule (Equation 2.30) yields
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bt+1 = (1 + ρ)(1− φb)bt + (1 + ρ)(1− φgc)gCt + (1 + ρ)(1− φgi)gIt . (2.49)

In order to obtain stationary process of the level of debt, I need to impose a
condition that is (1+ρ)(1−φb) < 1, or equivalently φb >

ρ

1 + ρ
. The log-linearization

of public investment authorization equation is given by

at = ρAat−1 + εA,t. (2.50)

Defining ât = At − A
Y

as the deviation of public investment authorizations from
the steady-state normalized by the steady-state of output, the first order approxi-
mation for public capital accumulation can be written as

kGt = (1− δG)kGt−1 + ât−5
Y

A
, (2.51)

where Y
A

is the steady state output to public investment expenditure ratio. The
log-linearized approximation of public investment expenditure (outlay) in equation
2.33 becomes

git =
N−1∑
n=0

ωnât, (2.52)

where git = GI
t −GI

Y
.

Monetary authority

The policy function of the central bank is already in the log-linear form so there is
no need to transform it further.

Market clearing

By a simple log-linearization, one obtains:

yt = γcct + γiit + gCt + gIt , (2.53)

where γi = I

Y
denotes the steady state share of investments on total output.
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2.5 Model Estimation

2.5.1 Calibrated Parameters

I calibrate the model by matching some empirical moments of Turkish data and
following the standard values in the literature. Table 2.4 displays the value for the
each parameter to be calibrated. I set yearly steady state gross real rate ρ equal to
1.0526. This is the sample mean calculated using the Fisher equation. This value
gives yearly discount factor β as 0.95, which implies a quarterly discount factor of
0.9873, and it is consistent with the literature. The elasticity of labor supply is
taken to be 2, implying ϕ = 0.5, according to Natalucci et al. (2002). Parameter
α from the Cobb-Douglas production function of the final goods sector represents
the elasticity of output with respect to capital. Also, it represents the share of
capital income when markets are competitive, and factors of production are paid
their marginal products. Similarly, parameter 1− α represents the share of output
that is paid to labor. I set α equal to 0.4 following the recent work of Yuksel (2013).

Table 2.4: Calibrated Parameters

Parameter Value Source

ρ Steady-state gross real rate 1.0526 Sample mean

β Discount factor 0.95 β = 1/(1 + ρ)

ϕ Inverse Frisch elasticity 0.5 Natalucci et al. (2002)

α Share of private capital in production 0.4 Yuksel (2013)

αG Share of public capital in production 0.1 Leeper et al. (2010)

δK Depreciation of private capital 0.1 Standard value

δG Depreciation of public capital 0.1 Own calculation

KG/Y Steady-state public capital/output ratio 0.5 To derive δG
GI/Y Steady-state public investment/output ratio 0.05 Sample mean

GC/Y Steady-state government consumption/output ratio 0.15 Sample mean

µp Steady-state Mark-up 1.1 Standard value

θ Share of firms not adjust prices 0.75 Galí et al. (2007)

η Elasticity of investment/capital ratio to q 1 Galí et al. (2007)

The productivity of public capital, αG, is critical to determine the effects of
government investment. Unfortunately, aggregate data to estimate this parameter
is not available. I follow Leeper et al. (2010) and set αG equal to 0.1. I use the
standard value of a depreciation rate in the literature and set δ equal to 0.1. The
depreciation rate of public capital is not measurable directly from data, and I use
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standard value of 0.1 for δG. This value also implies steady-state public capital to
output ratio equal to 0.5. I set steady state government consumption to output ratio

γgc = GC

Y
equal to 0.15 and steady-state public investment expenditure to output

γgi = GI

Y
equal to 0.05 using the sample means of these ratios. I set steady-state

mark up µp equal to 1.1 which gives εp = 11 that is the elasticity of substitution
among intermediate goods.

The literature does not provide a consensus on the estimate of parameter θ,
which is the probability that a firm will not adjust its price during the next period.
That is, this parameter represents the inflexibility of prices in the intermediate goods
sector. Following Galí et al. (2007), I set θ equal to 0.75, which corresponds to an
average price duration of one year. I set η (elasticity of investment with respect to
q) equal to 1, again following Galí et al. (2007).

2.5.2 Estimated Parameters

I estimate the remaining parameters by minimizing a measure of distance between
the empirical responses (Section 4.2) and theoretical model responses. To obtain
theoretical model responses, I employ simulated method moments. In particular, I
feed the calibrated parameters into the model and define set with upper and lower
bound for the parameters to be estimated. Denote Θ as the vector of parameters
to be estimated and Ω as the parameter feasibility set. I simulate 500 data points
using the model after generating random shock εA,t in the announcements At and
use this artificial data set to estimate the LPM described in section 4.1. I take the
mean responses of the estimation that are a function of Θ.

Let Ψ̂ be the n × 1 vector of empirical estimates from the LPM and Ψ(Θ) be
a vector collecting the mean estimates of the LPM using simulated data generated
from the model.21 The estimate of Θ, a vector of parameters, is the solution to the
following minimization problem:

Θ̂ = argmin
Θ∈Ω

(
Ψ(Θ)− Ψ̂

)′
Φ
(
Ψ(Θ)− Ψ̂

)
, (2.54)

where Ω is the set of admissible values for the parameters Θ and Φ is a n × n
weighting matrix. For practical purposes, I use the inverse of the matrix with
the sample variances of Jorda impulse responses on the main diagonal. Table 2.5
summarizes the estimates of the parameters. The estimates show a small response
of tax to changes in government consumption and investment expenditures but
a large response to an increase in public debt. The share of the rule-of-thumb

21Assume that the number of variables is four and the horizon is ten. Then n = 40.
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consumers among the households turns out to be 0.47 that is estimated first time
in the literature for Turkish data. The estimation suggests that nearly half of the
households are liquidity constrained in Turkey and do not have access to capital
markets.

Table 2.5: Estimated Parameters

Parameter Value

ρA Persistence of news shock 0.6574

ω0 Share of announcements becomes public investment outlay in first year 0.6329

ω1 Share of announcements becomes public investment outlay in second year 0.1095

ω2 Share of announcements becomes public investment outlay in third year 0.1095

ω3 Share of announcements becomes public investment outlay in fourth year 0.0452

ω4 Share of announcements becomes public investment outlay in fifth year 0.0452

φgi Response of tax to public investment spending 0.0271

φb Response of tax to debt 0.5478

φgc Response of tax to government consumption 0.1097

φπ Taylor-rule coefficient on inflation 1.3696

λ Share of rule-of-thumb consumers 0.47

2.5.3 Impulse Responses

Figure 2.10 shows the impulse responses estimated using local projection method
on model-simulated data and compares them with empirical counterparts. Before
going into such comparison, it is important to note that the presence of liquidity
constrained consumers in the model generates a different response of consumption to
a public investment news shock relative to a model with only Ricardian consumers.
A similar government spending process was used by Leeper et al. (2010), where the
authors develop model only with optimizing agents, and they show that consumption
decreases in the short-run after the shock even though output increases.

Figure 2.10 shows the IRFs for macroeconomic variables. The solid blue line
presents the empirical IRFs, and the dashed red lines present the IRFs estimated
from model-simulated data. The initial and short-run responses of output and con-
sumption are similarly estimated under real and model-simulated data. Both vari-
ables increase on impact and decay over the next three to four years and hit the zero
line. In this sense, the existence of liquidity constrained consumers in the model is
consistent with the empirical findings. However, the model is not capable of captur-
ing the positive long-run impact of public investments on output and consumption
since the IRFs are almost zero. To check whether this is because of the calibrated
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productivity of public capital parameter αG, which is set to 0.1, I run the simulation
with αG equal to 0.3, holding all else being constant. 22
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Figure 2.10: IRFs of macroeconomic variables to a public investment news shock -
Model vs. Empirical
In figures, solid blue line presents IRFs from Local Projection Method, dashed red line and green line exhibit IRFs
from DSGE estimation with αG = 0.1 and αG = 0.3, respectively.

The IRFs from the simulated model with new value of αG are shown in green
dashed point lines. The large responses of output and consumption starting from
period 7 are consistent with public capital accumulation equation 2.51. It takes five
years for the announcements to become public capital, and one year lagged value of
public capital is used in the production function. The model’s response with higher
value of αG is capable of generating the large long-run positive responses of output
and consumption, especially for the latter one. The results imply that the elasticity
of output to public capital is significantly larger in Turkey relative to the US and
other developed countries. Turkey is an emerging economy, and public capital stock
was much less relative to the advanced economies, especially in the beginning of the
80s. Agénor and Neanidis (2015) show the importance of the direct and indirect
effects of public capital on output through spending, innovation, human capital, and
transportation costs for growth. The results suggest that similar arguments could

22This value is consistent with the recent findings of Serdaroğlu (2016).
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be valid for Turkey, and public investments have a major impact on output.
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Figure 2.11: IRFs of policy variables to a public investment news shock - Model vs.
Empirical
In figures, solid blue line presents IRFs from Local Projection Method, dashed red line and green line exhibit IRFs
from DSGE estimation with αG = 0.1 and αG = 0.3, respectively.

Turning to the policy variables, the model produces responses that are similar to
the empirical ones. Figure 2.11 shows the IRFs for news, public investment outlay,
debt-to-GDP and tax revenues over GDP. The news and spendings spike on impact
and decay over time. The same also holds for tax rate. The model response of debt
is smaller relative to the empirical one. The model with distortionary taxes may
capture the movements in debt better.

2.6 Conclusion

This paper analyzes the dynamic effects of public investment on the economy. The
prior literature on the dynamic fiscal multipliers mostly refrains from studying this
type of government spending because of several unique and challenging features
inherent in the public investment. First, the public investments are multi-year
projects, and the investment typically involves long implementation lags between
when projects are announced and when actual government outlays show up. This
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feature makes the standard measure of government spending unsuited for the pur-
pose of identifying shocks, particularly to government infrastructure investment
since agents may react to the information of forthcoming spending through an-
nouncements before actual spending.

Second, public investments are mostly built up through private contractors. The
contractors send their bills once they complete, partially or fully depending on the
contract, the public investment projects, and the government pays the bill, and
actual outlays show up in data. However, contractors hire workers and pay suppliers
before receiving government funds. Therefore, the money goes into the economy
through contractors before government outlays appear in data. To account for the
flow of funds to the economy, using the expected value of the investment rather than
the outlays is more appropriate.

Finally, a defining characteristic of government infrastructure investment is that
it is at least intended to increase the economic efficiency or productivity of the
private sector. Productivity-enhancing government spending should have different
macroeconomic effects than other types of government spending. For instance, the
standard neoclassical negative wealth effect of increased government spending is
potentially offset if agents recognize the positive wealth effect generated by the
higher future productivity.

Given these unique features, this paper utilized the Public Investment Pro-
gramme announced in Turkey at the beginning of every year since 1963. The Public
Investment Programme contains information about the present value of the public
investment projects to be completed that allows capturing the knowledge of forth-
coming spending. The timing of announcements, beginning of every year, enables
orthogonality between the future spending decisions and current economic condi-
tions. In addition, in most of the years, the program is prepared to promote long-
term growth, to alleviate the regional disparities and to crowd-in private investment.
These features indicate that rather than the short-term goals, the long-term goals
constitute the main objectives of the program.

I utilize the information from the program to construct a news variable and
identify the shock as today’s anticipated future spendings in the public investment
projects orthogonal to current economic conditions. I estimate the Jorda local pro-
jection method to measure the impact of shocks and find that public investment
shocks positively affect GDP over two specific horizons. There is a significant im-
pact in the first couple of years and then a larger second-round effect after six to
eight years. There is a large permanent effect, as GDP does not go back to pre-shock
levels after ten years. The multipliers that I calculate from these IRFs are large,
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roughly four on impact and significantly larger eight to ten years. These values are
mostly above the fiscal multipliers in the literature and point to the large effect of
public investment on the economy. The alternative robustness checks mostly confirm
the initial estimates and findings.

The useful feature of Turkish data is that the program disaggregates the public
investment projects into different sectors. I use the same identification method for
different public investments and find the larger impact of transportation, health,
and education investments on the output. The results suggest that the investments
in those sectors may be a powerful tool for policy-makers to achieve both short-term
and long-term output per capita growth in Turkey.

In the final part of the paper, I estimate a closed economy DSGE model to
interpret the empirical findings. I apply the local projection method to the simulated
data and find the similar short-run impact of public investment shock on aggregate
output and consumption, both in sign and magnitude. However, the responses after
year five are less pronounced in the model relative to real data suggesting the possible
indirect effects of public investment on the economy in the long-run.

One of the possible extensions of the paper is to introduce a noise component in
the news variable since the projects in the Public Investment Programme are subject
to changes over time. This implies that part of the announcements does not become
actual public investment spending. That would enable us to identify the impact of
noisy announcements on the economy in the short-run and long-run.

Another extension could be to explore the state-dependent impact of public
investment shocks. The identification of non-linear effects is important, especially
for policy decisions. If the effects are larger in recessions as the recent literature
suggests, then during the crisis period, it is advisable to increase public investment
spendings to stimulate the economy rather than to cut the expenditures because of
the budget deficit or other stabilization concerns.
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Chapter 3

Tax Shocks Through Production
Networks

3.1 Introduction

Following the global financial crisis and recession, government deficits and debt have
risen around the world. This will eventually require fiscal consolidation, which has
recently brought tax policy as one relevant fiscal policy instrument to the forefront of
debates in academia, institutions and the media. Given their distortionary nature,
understanding how tax shocks transmit to the real economy becomes a fundamental
question. However, much of the existing research on fiscal policy focuses on the
effect of tax changes on aggregate GDP, consumption and investment.1 There is a
paucity of literature that studies the transmission mechanism on a more micro level.
This paper contributes to the debate by proposing a new transmission mechanism of
private income tax policy, which works through the sectoral input-output production
network.

Recent work shows that the input-output structure of the economy is an im-
portant channel through which idiosyncratic shocks transmit and translate into ag-
gregate fluctuations (see Gabaix (2011), Acemoglu et al. (2012), Acemoglu et al.
(2016)). Building on this literature, this paper investigates whether the same type
of mechanism is active and quantitatively important for the transmission of private
income tax shocks. Suppose that the private income (PI) tax rate decreases. A tax
cut may directly increase the demand for computers. Computer manufacturers may
then increase their demand for keyboards, which on its turn increases the demand

1Previous fiscal policy research finds that tax cuts have little to no effects Hausman and Poterba
(1987), Blanchard and Perotti (2002), and Romer and Romer (2010) or expansionary effects in the
short run Kneller et al. (1999), Mountford and Uhlig (2009), and Mertens and Ravn (2012).
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for plastic granulates and ultimately crude oil, generating higher-order demand ef-
fects. Moreover, due to the non-linearity of production networks, the effect may
feed back to computer producers, because manufacturers of keyboards, plastics and
crude oil demand more computers. The main result of this paper is that between
60 and 70% of the overall effect of private income tax shocks is due to higher-order
network effects.

Quantifying the magnitude of network effects following a tax shock is a challeng-
ing task because it requires the correct identification of PI shocks and the identifica-
tion of network effects. To address the former, we follow Mertens and Ravn (2013)
and use a narrative measure of exogenous unanticipated tax shocks. The identified
tax shocks are then used in a spatial autoregressive model (SAR), which allows us to
decompose the total effect of the tax policy shocks into a direct effect and a network
effect.

Spatial econometrics typically identifies spillovers across units or “neighbors”,
connected to each other through geographic proximity, family and friendship link-
ages, infrastructure etc. The existence, direction and magnitude of the effect is
governed by the spatial weight matrix. In this paper, the spatial weight matrix
identifies production linkages between 61 industries in the US. Data is organized
as input-output (IO) tables and collected from the Bureau of Economic Analysis
(BEA). Finally, quarterly sales data for individual firms from CRSP/Compustat is
merged with industry-level IO tables.

Despite its intuitive appeal, one major criticism against the SAR model is the ad
hoc choice of the spatial weights matrix, which poses difficulties in the structural in-
terpretation of the spillover effects. To corroborate our empirical strategy we develop
a simple model with intermediate inputs in the spirit of Acemoglu et al. (2016) and
Ozdagli and Weber (2017). We show that the theoretical model empirically trans-
lates to a SAR model and arrives at the BEA IO tables as the appropriate weighting
matrix. Therefore, the contribution of the paper is to provide a clear structural in-
terpretation of the transmission mechanism on the one hand, and on the other, to
use novel tools from spatial econometrics to quantify the importance of network
effects.

The main result of the paper is that network effects account for between 60% to
70% of the total industry reaction following a PI tax shock. In terms of economic
magnitudes, a 1 percentage point increase in the PI tax rate reduces industry sales
by 0.65% during the four quarters following the occurrence of the shock. The result
is robust to the inclusion of quarter, industry and quarter-industry fixed effects and
controlling for government spending, debt, inflation, short-term interest rates and
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unemployment. The result demonstrates that exposure to the production network
is an important factor driving industrial production, which is distinct from industry
co-movement and other factors, previously studied in the macroeconomic literature.

Our model predicts that demand-side shocks, such as private income tax shocks,
transmit only upstream in production networks through adjustments in input quan-
tities. However, this theoretical result is a direct consequence of Cobb-Douglas
production preferences and technology. In reality, there could also be a downstream
effect, which is activated through changes in prices. We address this debate in the
empirical literature by showing although both effects are present in the data, the
upstream transmission of PI shocks is much stronger that the downstream one.

A major doubt regarding our empirical strategy is that we mechanically find
large network effects, because we regress industry sales on a weighted average of
industry sales. If this were indeed true, any random network would produce large
network effects. We construct a random input-output matrix, which matches the
main features of the observed input-output matrix: (1) it is sparse, and (2) only
very few sectors are important customers to the rest of the economy (Herskovic
(2018)). Using such a simulated matrix, we attribute only 20% of the overall effect
to network spillovers, compared to 60% in the baseline estimation. Although not
random, the magnitude of the result is still larger than what sparsity alone would
predict. The reason why the SAR model attributes a larger proportion of network
effects is that it simultaneously accounts for spillovers along the entire production
chain: i.e. spillovers from customers, from customers of the customers and so on.
Sparsity only considers direct linkages between a customer and a supplier industry
(1st-order connections). For comparison, the magnitude of network effects predicted
by sparsity alone is 60% lower than the effect predicted by the SAR model. These
results emphasize the importance of higher-order network effects, which are driven
by the particular structure of the economy.

In our model we impose constant sensitivity of industries to private income tax
shocks, conditional only on the position of an industry in the IO network, captured
by the Leontief inverse. There is reason to believe that industries have heterogeneous
exposures, which on its turn could bias the estimation of network effects. Reassur-
ingly, allowing for heterogeneous betas cannot explain the large network effect we
document.

To conclude, we demonstrate that our empirical findings are consistent with a
dynamic model with nominal frictions in the form of sticky wages. We simulate
the model under different assumptions of the utility function and fiscal policy rules
and run our spatial regressions on simulated data taking the input-output matrix
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as given. We find that the predictions of the dynamic model match very well our
empirical results. Across different specifications of the model, we obtain network
effects account for approximately 60% of the overall effect of PI shocks on industry
sales.

3.1.1 Related Literature

This paper contributes mainly to three strands of the literature. First, it relates
to the literature, which studies how microeconomic (idiosyncratic) shocks transmit
through the production network and contribute to aggregate volatility. Tradition-
ally, the idea that idiosyncratic shocks could contribute to aggregate fluctuations
was discarded due to the diversification argument, raised by Lucas (1977): at suffi-
ciently disaggregated levels of the economy, shocks to individual sectors cancel out
and have no impact on the aggregate economy. However, seminal papers by Car-
valho (2008) and Acemoglu et al. (2012) show that the network structure could be
an important channel for the transmission of shocks. The main argument put forth
in these papers relies on the fat-tailedness of the network links distribution. If there
are general purpose sectors, i.e. sectors that play disproportionately important role
as input suppliers to other sectors, then these sectors act as hubs and propagate the
sector-specific shocks to the rest of economy and generate aggregate fluctuations.
Building on inter-sectoral linkages, Boehm et al. (2015) and Carvalho et al. (2016)
study the firm-level impact of supply-chain disruptions after the occurrence of the
Tohoku earthquake in Japan in 2011. The former paper finds evidence for cross-
country spillovers of the supply shock and the latter shows that input-output linkages
can account for 1.2% decrease in GDP of Japan in the year following the earthquake.
Acemoglu et al. (2016) document downstream propagation of sector-specific supply
shocks, total factor productivity or number of patents, and sector-specific upstream
propagation of demand shocks, Chinese import competition and industry-level gov-
ernment spending. Auerbach et al. (2019) find both positive effects of Department
of Defense (DoD) spending on local industries that supply intermediate inputs and
positive spillover effects on industries that are not directly linked to the recipient
industry.

We contribute to the literature by providing cross-sectional evidence on the role
of production networks for the transmission of macroeconomic shocks. An important
contribution in this area is the work by Ozdagli and Weber (2017), who show that a
significant portion of the response of the stock market to monetary policy announce-
ments is due to network linkages. Our paper is closest to Briganti et al. (2018), who
study how fiscal adjustments propagate through industrial networks. They find that
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tax-based adjustments propagate downstream, whereas expenditure-based adjust-
ments propagate downstream. Our findings are complementary to theirs, because
we focus on a specific tax-based instrument, namely private income shocks. To the
best of our knowledge, this is the first paper to provide both theoretical and empir-
ical evidence for their transmission through production networks. Our results stress
the importance of higher-order demand effects and can be used to inform policy.

Second, this paper relates to the literature that studies the impact of fiscal
policy on the real economy. Most of prior work has focused on the aggregate effect
of fiscal policy on GDP, consumption and investment.2 Perotti et al. (2007) identify
industry-level government spending shocks around two major military build-ups and
find positive effects on real wages.More recently, Nekarda and Ramey (2011) provide
industry evidence on the effect of government spending on output, real wages and
productivity, whereas Nakamura and Steinsson (2014) and Giavazzi and McMahon
(2012) investigate the effect on a regional and household levels respectively. We
complement the fiscal policy literature by studying instead the impact of tax policy
on the sectoral level. We propose a new mechanism for the transmission of tax
shocks to the real economy. The main intuition from our paper is that the economy’s
production network provides a microfoundation for the transmission of tax shocks.

Third, the paper relates to a nascent literature on spatial econometrics in eco-
nomics. Traditionally, spatial autoregressive models been extensively applied to
research questions in regional science, economic geography and international trade.3

Empirically, SAR models have been applied to study regional unemployment differ-
entials (Elhorst (2003)), property tax rates (Allers and Elhorst (2005), Bordignon
et al. (2003)), inflation (Elhorst et al. (2017)), air quality (Kim et al. (2003)), Eu-
ropean regional per capita GDP (Le Gallo and Ertur (2003)). SAR models in
economics have began to gather momentum in the recent years. Fernandez (2006)
derives a spatial version of the capital asset pricing model (CAPM) and uses the
results to perform value-at-risk simulations. Blasques et al. (2016) and Eder and
Keiler (2015) study systemic risk and spillovers in the CDS market. We contribute
to the field by applying the methods of spatial econometrics to a new question in
economics: transmission of tax shocks through production networks.

2See Blanchard and Perotti (2002), Romer and Romer (2010), Barro and Redlick (2011), Perotti
(2012), Auerbach and Gorodnichenko (2012a), and Mertens and Ravn (2013) among others. For a
recent review on macroeconomic shocks that drive economic fluctuations see Ramey (2016b).

3For early studies review the work of Cliff et al. (1981), Upton et al. (1985). More recent
contributions to the theory and estimation of SAR models include, but are not limited to, Anselin
and Bera (1998), Anselin et al. (1996), Kelejian and Prucha (1998), LeSage and Pace (2009), Arbia
(2006), Lee (2004), and Bivand et al. (2008).
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3.2 Benchmark Model

Consider a static economy where production takes place at n distinct nodes, each
specializing in a different good. These goods serve a dual role in the economy: on the
one hand, each good is potentially valued by households and government as final
consumption; on the other hand, the same good can be used as an intermediate
input to be deployed in the production of other goods. Households provide labor
services elastically to the goods’ producers in the economy in exchange of wage, pay
lump-sum taxes to the government and spend all the resulting disposable income
in the consumption of the n goods. The government maintains a balanced budget;
finance the purchases of n final goods with income and lump-sum taxes imposed on
the households and issues/repays debt.

3.2.1 Firms

There are n different industries in perfectly competitive environment with the fol-
lowing Cobb-Douglas production function

yi = ezilαii

 n∏
j=1

x
aij
ij

ρi , (3.1)

where li is the labor hired by sector i, αi is the share of labor, ρi is the share
of total intermediate input used in the production, xij is the amount of intermedi-
ate good used by industry i that is supplied by industry j, aij is the share of the
intermediate good such that ∑n

j=1 aij = 1, and zi is Hicks-neutral industry-specific
productivity shock that captures the change in technology and other unobservable
factors affecting productivity. The production function is assumed to exhibit con-
stant returns to scale and the labor and total intermediate input share sum to unity

αi + ρi
n∑
j=1

aij = 1. (3.2)

The goods are used as an intermediate input by other sectors or as final con-
sumption by households and government. The market clearing condition for sector
i can be written as:

yi = ci +
n∑
j=1

xji +Gi, (3.3)

where ci is the demand by households, xji is the intermediate input supplied by
sector i, and Gi is the government demand in sector i that household do not value.
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The first-order conditions for the firm’s profit maximization problem are

αli = wli
piyi

, (3.4)

aij = pjxij
ρipiyi

. (3.5)

The first condition imposes the optimal amount of labor share, and second con-
dition imposes the optimal share of good j in the production of good i and defined as
the nominal amount of sector i’s purchase from sector j divided by the normalized
nominal output of sector i by factor share ρi.

3.2.2 Households

There is a representative household in the economy with the following Cobb-Douglas
preferences

u(c, l) = (1− l)λ
j∏
i=1

cβii , (3.6)

where ci is the consumption of good i, βi is the share of good i in household’s
consumption basket with values between 0 and 1, and λ is inverse Frisch-elasticity
that governs the disutility of labor. The budget of the household reads as following

n∑
i=1

pici = (1− τ)wl − T, (3.7)

where pi is the price of good i. The households receive wage, w, in exchange of
labor and pay τ percentage of wage as a personal income tax to the government
plus lump-sum tax T and they use all the disposable income for the consumption of
n goods. Since this is a static economy, there is no saving in the household’s side.
The first order conditions for the household’s utility maximization problem is

pici
βi

= pjcj
βj

, (3.8)

λ

1− l = βi
(1− τ)w
pici

. (3.9)

3.2.3 Government

The government imposes income and lump-sum tax on the households, issues/repays
debt B and purchases goods from industries with these funds. We assume that there
always exists an outside party, who is willing to buy and sell government debt (e.g.
a foreign government). For simplicity, we don’t explicitly include this party in the
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model. In every period, we assume that the government maintains balanced budget
and the following equation holds

n∑
i=1

piGi = τwl + T +B. (3.10)

3.2.4 Equilibrium

The first part of equilibrium uses budget constraint and FOCs from household’s
problem. Plugging equation 3.8 into household’s budget constraint in equation 3.7
gives:

pici = βi [(1− τ)wl − T ] . (3.11)

Inserting the above expression into the equation 3.9 and taking wage as numeraire
derives labor supply as function of taxes

l = (1− τ) + λT

(1− τ) (1 + λ) . (3.12)

Using the labor supply given above in equation 3.11 gives

pici = βi
1 + λ

(1− τ − T ) . (3.13)

Now assume that government increases personal income tax τ , but do not change
lump-sum tax and government purchases, both dT = dG = 0. Hence, increase in
tax revenues are used to pay the government debt, dτ = dB. Now, differentiate the
equation 3.13

d (pici) = − βi
1 + λ

dτ. (3.14)

Equation 3.14 shows that increase in personal income tax results in decrease
in nominal consumption, depending on the share of the good in the consumption
basket. This is the end of the first part of the equilibrium.

The second part of equilibrium uses production function, market clearing and
FOCs from firm’s problem. Differentiating equation 3.5 and rearranging gives:

d (pixji) = d (pjyj) ρjaji, (3.15)

and using market clearing condition from equation 3.3 and assuming dGi = 0
gives the following

d (piyi) = d (pici) +
n∑
j=1

d (pixji) . (3.16)
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Now use equation 3.14 for the first term and 3.15 for the second term on the
right hand-side of the equation 3.16 and rearrange to get

d ln yi =
n∑
j=1

ρj âjid ln yj −
1
piyi

βi
1 + λ

dτ, (3.17)

where âji = pixji
ρjpiyi

, that is, the share of good i used by sector j normalized by

the nominal output of sector i. Define matrix Â as following

Â =


â11 â12 · · · â1n

â21 â22 · · · â2n
... ... . . . ...
ân1 ân2 · · · ânn

 , (3.18)

and matrix Λ as following

Λ =



− 1
p1y1

β1

1 + λ

− 1
p2y2

β2

1 + λ
...

− 1
pnyn

βn
1 + λ


. (3.19)

Using the matrices from equations 3.18 and 3.19, we can rewrite equation 3.17
in following compact form

d ln y = Λdτ + ρÂTd ln y. (3.20)

Equation 3.20 has the form of the autospatial regression. Rearranging one more
time:

d ln y =
(
I− ρÂT

)
Λdτ, (3.21)

and equation 3.21 tells us that personal income tax shocks propagates upstream
(from customers to the suppliers).

3.3 Empirical Framework

3.3.1 The Spatial Autoregressive Model

The spatial autoregressive model (SAR) is given by the following empirical specifi-
cation

∆salesiq = β0 + ρWij∆salesiq + β1TaxShockq + εiq (3.22)
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where ∆salesiq measures the change in an industry’s sales between the previous
four quarters and the quarters q + h to q + 3 + h after the policy change, β0 is
an intercept term and TaxShockq is an exogenous tax shock. More precisely, the
dependent variable is calculated as follows

∆salesiq =
1
4
∑q+h+3
s=q+h salesis −

∑q−1
s=q−4 salesis

TAiq−1
× 100 (3.23)

salesiq is net sales in a given qarter q and TAiq is total assets. We use four quarters
before and after the policy change to address the issue of seasonality and we scale by
total assets to normalize the change. We consider the case of h = 0 as our baseline
specification.

The spatial autoregressive parameter ρ is the main object of interest in this
model. It indicates the importance of network connections for the propagation of
tax shocks and is interpreted as a measure for network spillover effects. Testing for
the presence of spillovers is tantamount to the following hypothesis:

H0 : ρ = 0

H1 : ρ 6= 0

If the null hypothesis is rejected, values of ρ > 0 indicate that the shocks are
propagated through the network; if ρ < 0 the shock is absorbed by the system4. W
5 is a row-normalized spatial weights matrix, whose entries give production linkages
between industries6. The model assumes that W is exogenously given and stable
over time. Rows correspond to customer-industries and columns correspond to sup-
plier industries. Then, the ith -column of W gives the fraction of output of industry
i used in the production of all industries j. Entries on the main diagonal of W
give sales to own industry (e.g. tire producers selling to car manufacturers). For
example, if entry w21 > 0 , this means that industry 1 is a supplier to industry 2. In
the spatial econometrics jargon, the two industries are said to be neighbors. Note
that W gives downstream propagation (from suppliers to customers), whereas its
transpose W T gives upstream effects (from customers to suppliers). The empirical
counterpart of W is the BEA Input-Output matrix, which is described in Section

4If the spatial parameter is statistically indistinguishable from zero, then the SAR model col-
lapses to the standard Ordinary Least Squares (OLS) model.

5W is the empirical counterpart of the Â matrix in the theoretical model. To make the dis-
tinction explicit between the empirical and theoretical weighting matrix, a different notation is
used

6In the traditional application of SAR models, the “spatial” structure refers to geographic
distance. This paper uses economic distance instead.
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4.5.
The term Wij∆salesiq is constructed as a linear combination of neighboring

values to each observation. It is important to note that these entries are industry-
specific and capture the heterogeneity of production linkages. In contrast, the shock
variable TaxShockq is a global variables, whose entries are common to all industries
in the market.

Stacking in vector form and solving for ∆salesiq, the result is a reduced-form
equation:

∆salesq = (IN − ρW )−1 (β0ι+ β1TaxShockq + εq) (3.24)

The term (IN − ρW )−1 is called a spatial multiplier. The model bears a close
resemblance to the time-series literature,in the sense that W is the spatial analog of
the lag operator L. Whereas L.∆sales measures the potential spillover from time
time t to t− 1, W∆sales specifies spillovers from one industry to another.

3.3.2 Direct and Indirect Network Connections

For a row-normalized matrix Wand for values |ρ| < 1 , the spatial multiplier exists,
the model is uniquely specified7 and the infinite series converges:

V (W ) = (IN − ρW )−1 =
∞∑
q=0

ρqW q = IN + ρW + ρ2W 2 + . . . (3.25)

The qth power of the matrix W collects the total number of links both direct and
indirect in the entire network originating from node i and ending in node j. These
powers correspond to observations themselves (zero-order), immediate neighbors
(first-order), neighbors of neighbors (second-order) etc. The greatest challenge in
understanding the mechanism of propagation is to capture the importance of indirect
links.

Example 1 Consider the following simplified example with 3 industries. Connec-
tions are captured in the matrix A:

A =


0 5 0
0 1 4
0 0 0


The matrix reads like this: industry 1 buys 5 units of output from industry 2;

7Generally, it is possible to show that the matrix (IN − ρW ) is nonsingular for all values of the
parameter in the space(− 1

λ ,
1
λ ), where λ is the largest eigenvalue of the matrix (see Kelejian and

Prucha (1998), (1999) ). For a row-normalized matrix the condition is trivially satisfied since and
so, for values the model is well-defined.
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industry 2 buys 1 unit from itself and 4 units from industry 3; industry 3 does not
sell to other industries. The row-normalized counterpart of the matrix A is W :

W 1 =


0 1 0
0 0.20 0.80
0 0 1


First-order neighbors are: 1 → 2 ; 2 → 2 and 3. The second-order neighbors are
neighbors to the first-order neighbors i.e. W 2:

W 2 =


0 0.20 0.80
0 0.04 0.16
0 0 0


Hence, the second-order neighbors to industry 1 are industries 2 and 3: : 1 → 2 →
2 and 3. Similarly, more distant connections are given by higher powers of W .

Intuitively, the condition |ρ| < 1 captures the idea that distant connections are
less important than direct connections. In this sense the spatial parameter serves
as a discount factor, which assigns decreasing influence to higher-order neighbors,
where the decay declines geometrically as the order increases. If ρ = 0.5 , then
ρ2 = 0.25, ρ3 = 0.125 etc. In the context of a production network, the magnitude
of ρ reflects the degree to which shocks are transmitted locally or to the entire
network. Small values for ρ weight the local structure more, while large values take
into consideration the position of an industry in the production network as a whole.

3.3.3 Parameters Interpretation

Conditional on orthogonality of regressors, parameter estimates in a linear regression
have straightforward interpretation as partial derivatives of the dependent variable
with respect to the independent variables. This arises because of assumed linearity
and independence of the observations in the model. When the model contains
spatial lags of the dependent variable, interpretation of the parameters becomes
more complicated, because the model incorporates a richer information set. In a
spatial context, a change in any given explanatory variable will have an impact on
an industry’s sales (direct effect) and potentially an impact on the sales of other
related industries (indirect effect). For this reason, spatial autoregressive models
require special attention to the interpretation of the parameters (LeSage and Pace
(2009)).

To see more clearly the complication of parameter interpretation, define

S (W ) =
(
(IN − ρW )−1 − IN

)
INβ (3.26)
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Collect covariates in X and estimates in β and rewrite the model as:

∆salesq = βXq + S (W )Xq + V (W ) εq (3.27)

Consider again the previous example with three industries at a particular point in
time q. The data-generating process can be expanded to the following:

∆sales1q

∆sales2q

∆sales3q

 = INβ ×


Xq

Xq

Xq

+


S (W )11 S (W )12 S (W )13

S (W )21 S (W )22 S (W )23

S (W )31 S (W )32 S (W )33

×

Xq

Xq

Xq

+ V (W ) εq

with S (W )i indicates the ith element of the matrix S (W ) . Focusing on industry
1, the following obtains:

∆sales1q = βXq︸ ︷︷ ︸
Direct Effect

+ S (W )11Xq︸ ︷︷ ︸
Feedback Effect

+S (W )12Xq + S (W )13Xq︸ ︷︷ ︸
Indirect Effect

+V (W )1 εq

with V (W )1 referring to the first row of the matrix V (W ) . The sales of industry 1
depends the direct effect of the shock as if network connections were severed ( β ) and
two network effects: a feedback effect8 due to the shock hitting industry 1 and coming
back to it through the network S (W )11) and an indirect effect ( S (W )12 + S (W )13

) due to spillovers from intermediates production. For example, S (W )12 denotes
the response of industry 1’s sales to the change in the sales of industry 2 due to the
tax policy shock.

Following LeSage and Pace (2009), it is possible to define four scalars, which
summarize the total, direct, feedback and indirect effects:

1. Average Direct Impact: β . This is the effect as if all network connections were
shut down.

2. Average Indirect Effect: 1
N
ι
′
N [S (W )− tr (S (W ))] . The sum across the ith

row of S (W ) minus the ith entry on the diagonal gives the impact on an
individual industry resulting from changing the tax policy shock by the same
amount across all N industries.

3. Average Feedback Effect: 1
N
ι
′
N tr (S (W )) . The average of the diagonal ele-

ments of S (W ) gives the effect of an industry’s response travelling back to
itself through the network.

4. Average Total Effect: the sum of average direct, feedback and indirect effects.
8It has to be noted that first-order feedback effects arise because industries sell/buy output to

themselves (e.g. 1→ 1); higher-order feedback effects arise because of impacts passing through
“neighboring” industries and coming back to the industry itself: e.g. 1→ 2→ 1 (second-order) and
1→ 2→ 3→ 1 (third-order).
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Therefore, the response of an industry’s sales to the tax policy shock is determined by
the input-output matrix W , the spatial autoregressive parameter ρ , which denotes
the strength of the network spillover effects, and the parameter β .

3.3.4 Tax Shocks

The key challenge when estimating the effect of tax policy changes is identification.
This is particularly challenging because of endogeneity and because of diversity of
the policy instruments. To address endogeneity, we use a narrative approach due
to Romer and Romer (2010) to identify exogenous tax changes for a quarterly sam-
ple over 1950:Q1-2006Q3. Romer and Romer (2010) describe almost 50 legislative
changes, providing information about the magnitude, timing and motivation of the
policy. An attractive feature of this approach is that it summarizes relevant char-
acteristics from a very large information set. The implicit assumptions are that
(1) the narratively identified tax shocks map one-to-one with the true structural
shocks and that (2) they are orthogonal to all non-tax structural shocks. Due to the
construction method, we acknowledge that the tax shocks are identified up to some
personal bias and measurement error.

The construction of our tax shock variables follows closely Mertens and Ravn
(2012). The authors decompose total tax liability changes into: corporate income
tax liabilities (CI), individual income tax liabilities (II), employment taxes (EM) and
a residual category of other revenue changing tax measures (OT). The OT group is
discarded in the analysis, because it is very heterogeneous and II taxes and EM taxes
are combined into private income (PI) tax category due to the limited number of
observations. To comply with assumption (2), we retain only those shocks that are
unrelated to the current state of the economy. Mertens and Ravn (2012) distinguish
between anticipated and unanticipated changes based on the implementation lag.
They retain only those policy changes where the difference between the date on
which the tax change becomes law and the date on which it is implemented is
less than one quarter. To comply with data availability issues for 3-digit industry
output levels, we limit the sample to 1972Q1-2006Q3. We focus on private income
tax, which leaves us with 11 tax shock observations. To convert tax liability changes
into the corresponding average tax policy changes, we compute the following:

∆T PIq =

(
II tax liability changeq + EM tax liability changeq

)
Personal taxable incomeq−1

(3.28)

∆TCIq =
CI tax liability changeq
Corporate profitsq−1

(3.29)
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Finally, given a tax change, the correlation between PI and CI shocks in our sample
is 0.36. Therefore, it is inappropriate to treat the PI tax shocks as being uncorrelated
with the exogenous corporate tax rate. There are a number of explanations for this
positive correlation. Although narrative records contain only changes that were not
explicitly motivated by countercyclical considerations, it is plausible to assume that
they were implemented in view of long-term goals for economic growth. Therefore,
it is not surprising that both private income and corporate income tax shocks are
adjusted in the same direction.

In order to isolate the impact of only one of the tax rates, it is imperative that we
control for changes in the other. We do so by regressing demeaned private income
tax shocks on corporate income tax shocks and using the residuals:

∆T PIq = β0 + β1∆TCIq + εPIq (3.30)

Let ∆T PI∗q = εPIq be the tax shock variable used in the subsequent analysis.
To demonstrate that the tax shocks we construct are empirically unrelated to

other non-tax structural shocks, we regress T PI∗q on a variety of macroeconomic shock
variables previously identified in the literature such as: federal spending (Ramey and
Zubairy (2018), Caggiano et al. (2015)), consumer sentiment and business confidence
(Forni et al. (2017)), monetary policy shocks (Tenreyro and Thwaites (2016), Naka-
mura and Steinsson (2018a)), economic uncertainty (Geopolitical Risk Index9 and
Economic Policy Uncertainty Index10) and news (Barsky and Sims (2011), Beaudry
and Portier (2014)). The evidence in Table 3.1 suggests that our measure of tax
shocks is orthogonal to most of the macroeconomic shocks commonly used in the
literature with the exception of some monetary policy shock measures. Although
statistically significant, the economic magnitude of the relationship is very low. For
example, a 1 % surprise increase in the Federal Reserve target policy rate in a
given quarter is associated with a 0.04 % increase in the private income tax rate.
Intuitively, correlations with structural macroeconomic variables are low because
we retain only exogenous, unanticipated tax shocks, which were not motivated by
counter-cyclical policy considerations. These results indicate that private income
tax shocks are correctly and precisely specified, which allows us to make causal
statements about the transmission of tax policy through the production network.

Finally, we test the following empirical specifications for private income shocks.

∆salesiq = β0 + ρWUpstream
ij ∆salesiq + β1∆T PI∗q + εiq (3.31)

in the interval [q − 4, q + 4] where q denotes the quarter in which a policy change

9https://www.policyuncertainty.com/gpr.html
10https://www.policyuncertainty.com/
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is implemented. The model is estimated as a pooled cross-section without explic-
itly taking into consideration the time dimension of the data. The presence of
ρWUpstream

ij ∆salesiq introduces cross-sectional correlation in the error-terms and ren-
ders the OLS estimates inconsistent. Hence, the model is estimated using maximum
likelihood (ML). Standard errors are calculated using 1000 simulated parameter
values.

Table 3.1: Exogeneity Test

Shock Source Personal Income Tax Shock

Federal Spending Ramey and Zubairy (2018)
0.027
(1.35)

Surprise Spending Caggiano et al. (2015)
−0.028
(0.034)

Anticipated Spending Caggiano et al. (2015)
−0.285
(1.14)

Consumer Sentiment Forni et al. (2017)
0.002
(0.20)

Business Sentiment Forni et al. (2017)
−0.015
(1.50)

Monetary Shock-Linear Tenreyro and Thwaites (2016)
0.009∗∗∗

(3.00)

Monetary Shock-Nonlinear Tenreyro and Thwaites (2016)
0.001
(0.16)

Monetary Shock-Anticipated Nakamura and Steinsson (2018b)
0.022
(0.36)

Monetary Shock-Surprise Nakamura and Steinsson (2018b)
0.049∗

(1.63)

Uncertainty - GPR Index Caldara and Iacoviello (2018)
0.01

(1.00)

Uncertainty - EPU Index Baker et al. (2016)
0.042
(1.40)

News Barsky and Sims (2011)
0.017∗

(1.70)

News Beaudry and Portier (2014)
0.03

(0.30)
Notes: The table reports the estimates of regressing private income tax shocks on a series of macroeconomic shock
variables. T-stats are reported in parentheses. Significance at the 1%, 5% and 10% is given by ***, ** and *
respectively.

3.3.5 Input-Output Matrix W

We combine the USE and MAKE tables at three-digit level published by Bureau
of Economic Analysis (BEA) to construct industry-by-industry matrix to identify
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the upstream and downstream linkages in the economy. Define the following square
matrix with the total amount output of each industry placed on the main diagonal
and zeros elsewhere

g =


Y1 0 . . . 0
0 Y2 0 0
... 0 . . . 0
0 0 0 Yn


where Y1 is the output of the industry that corresponds to the first column

industry of USE table, Y2 second column and so on. We use above g matrix and
USE table to determine the amount of a commodity used by an industry per dollar
of output of that industry. We call this matrix INPUT, which is a commodity-by-
industry matrix and given by

INPUT = USE × g−1

Now define a square matrix with the total amount of each commodity’s output
listed on the main diagonal and zeros elsewhere

q =


C1 0 . . . 0
0 C2 0 0
... 0 . . . 0
0 0 0 Cn


where C1 is the output of the commodity that corresponds to the first column

industry of MAKE table, C2 second column and so on. We use above q matrix and
MAKE table to determine the the proportion of the total output of that commodity
produced in each industry. We call this matrix SHARE, which is an industry-by-
commodity matrix and given by

SHARE = MAKE × q−1

We use INPUT and SHARE matrices to calculate the percentage of industry i’s
inputs purchased from industry j and label the resulting matrix DOWNSTREAM

DOWNSTREAM = (SHARE × INPUT )
′

Notice that we transpose the matrice multiplication in the parenthesis in the
above equation to have buyer industry in the rows and sellers in the columns. To
derive upstream linkages, we do the following multiplication

UPSTREAM =
(
DOWNSTREAM × Outputi

Outputj

)′
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where Outputi is the output of ith row industry (buyer) and Outputj is the
output of jth column industry (seller) of UPSTREAM matrix and multiplication in
the parenthesis is transposed to have seller industry in the rows and buyer in the
columns. Finally, we normalize the UPSTREAM matrix so that the intermediate
input shares sum to one for each seller industry and this corresponds to the transpose
of our theoretical Â matrix given in equation 1.18 and also to the W matrix in our
empirical specification.

3.4 Empirical Results

3.4.1 Summary Statistics and Network Dependence

A useful visual tool for exploratory spatial analysis is the Moran Scatter Plot(Figure
3.1). It allows to assess similarities between neighboring observations. The horizon-
tal axis gives the values of industry output (∆sales) and is called the response axis.
The vertical axis gives the weighted average of the corresponding observations on
the response axis (W∆sales)11. If the I/O weights matrix W did not contain any
relevant information, observations would be randomly scattered in the plot. This is
not the case and data points are located about a line. In fact, for roughly 90 % of
the industries higher output of the customers correlates with higher output of their
suppliers. Thus, the Moran Scatter Plot offers preliminary evidence for the relevance
of the production network structure for the transmission of tax shocks. Table 3.2
discusses in detail the number and strength of network connections, excluding own-
industry links. The average supplier in the sample is connected to 60 customers,
which means that there are no isolated industries in the sample. The number of
linkages to very small customers (less than 1 % of sales) accounts for 42.50 out the
total number of non-zero links. The number of links to small customers (1-5 % of
sales) is 14.23, to medium-sized ones (5-20 % of sales) is 2.62 and to large customers
(> 20 % of sales) is 0.64 respectively. The summary statistics indicate that the
production network is relatively sparse i.e. industries have many connections with
very small weights. All industries are connected to their own industry. Furthermore,
within-industry sales account for 13 % of total sales, which stresses the importance
to differentiate between network effects originating from within and across industry
connections.

11The graph considers only upstream links i.e. customer-supplier links, but the conclusions also
hold for downstream (supplier-customer) relationships.
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Figure 3.1: Network Dependence
Notes: The figure plots Moran’s Scatterplot. Industry output is averaged over the sample period and WAverage is
used to compute the upstream (i.e. customer-supplier links) network lag.

Table 3.2: Summary Statistics of Production Linkages

mean standard deviation min max

number of non-zero links 60 0 60 60

number of links to very small customers 42.50 7.32 28 56

number of links to small customers 14.23 7.02 2 30

number of links to medium customers 2.62 1.79 0 6

number of links to large customers 0.64 0.97 4 4

Notes: The table gives summary statistics for an average supplier industry. Very small customers are those that
buy less than 1% of total supplier sales; small customers between 1 − 5%; medium customers between 5 − 20 and
large customers ≥ 20%. Own industry connections are not counted.

3.4.2 Baseline Results

Panel A of Table 3.3 presents the results for equation 3.31, our baseline model, in
which we regress industry sales on tax shocks (column (1)) and a weighted average
of industry sales (column (2)-column(5)). A private income tax rate, which is 1
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percentage point higher than expected, reduces industry sales by 1.41 %. Column (2)
shows that the ML estimate for β and ρ is highly statistically significant. To comply
with the theoretical model, which requires constant intermediate input shares, the
model uses an average weighting matrix WAV G, which is computed by averaging
over the IO tables for the reference period 1973-2003. The dependent variable in all
baseline results is ∆salesiqh with h = 0. The positive estimate for ρ means that the
effect of the shock is transmitted through the network. Economically, the negative
estimate of β suggests that higher than expected tax rate reduces industry sales,
which is consistent with the findings of previous studies.

Table 3.3: Baseline results

(1) OLS (2) SAR: WAVG (3) SAR: Wt (4) SAR: Wt−1 (5) SAR: Wt−1

Panel A. Point Estimates

ρ
0.57∗∗∗

(10.38)
0.66∗∗∗

(14.67)
0.66∗∗∗

(14.30)
0.56∗∗∗

(11.13)

β1
−1.41∗∗∗

(−4.98)
−0.60∗∗

(−2.07)
−0.41∗∗

(−2.21)
−0.40∗∗

(−2.15)
−0.85∗∗

(−2.23)

quarter FE NO NO NO NO YES

ind. FE NO NO NO NO YES

Ind-Quarter FE NO NO NO NO YES

Controls NO NO NO NO YES

Adj. R2, % 1.94 35.20 36.00 35.95 66.73

N 61 61 61 61 61

T 12 12 12 12 12

Observations 732 732 732 732 732

Panel B. Decompositions

Direct Effect NA
−0.60∗∗

(−2.09)
−0.41∗∗

(−2.17)
−0.40∗∗

(−2.15)
−0.85∗∗

(−2.16)

Indirect Effect NA
−0.73∗∗

(−1.98)
−0.76∗∗

(−2.14)
−0.71∗∗

(−2.11)
−1.02∗∗

(−2.09)

Feedback Effect NA
−0.07∗∗

(−2.10)
−0.06∗∗

(−2.22)
−0.05∗∗

(−2.30)
−0.09∗∗

(−2.18)

Total Effect
−1.07∗∗∗

(−4.98)
−1.40∗∗

(−2.11)
−1.23∗∗

(−2.21)
−1.16∗∗

(−2.18)
−1.96∗∗

(−2.19)

Network/Total NA 56.90% 66.66% 65.51% 56.8%

Notes: The table reports the results of regressing industry-level output on tax shocks and a spatial lag. Column
(1) gives the OLS estimates of the standard model; columns (2)-(5) report maximum likelihood estimates for
the spatial autoregressive model (SAR). Controls: average personal and corporate income tax rate, government
spending, government debt, inflation, short-term interest rate, unemployment. Panel A reports point-estimates of
the results; Panel B reports decomposition of the total reaction into direct and network effects. T-stats are reported
in parentheses. Significance at the 1%, 5% and 10% is given by ***, ** and * respectively.
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Panel B of Table 3.3 gives the decomposition of the total effect into a direct,
indirect and feedback effect. Network effects (indirect and feedback) constitute 57
% of the total effect. Notably, feedback effects account for roughly 7 %, which is re-
assuring evidence showing that the large network effects we document are not driven
by own-industry production linkages. Interestingly, recall that within-industry sales
account for 13 % of sales. This re-emphasizes the non-linear nature of networks,
where spillovers are driven not only by the strength, but also by the direction of the
link.

In Table 3.4 we document the effect of the shock over a longer horizon. We
observe a hump-shaped pattern: the response of industries intensifies over h = 1
to h = 3 and then it slowly decreases after h = 4. The effect is virtually 0 after
horizon length longer than 10 i.e roughly a year after the shock. Moreover, the
relative impact of the network decreases over time. For comparison, for h = 0
network effects constitute 57 % of the total effect,whereas for h = 10 the network
effect amounts to 47 %. Importantly, after h = 3 network effects are statistically
indistinguishable from zero, which provides additional evidence that the result is not
merely a statistical artefact. Although the production network is physically always
present, the transmission through it is only activated conditional on a tax shock
hitting the economy.

Table 3.4: The Effect of PI Shocks on Industrial Output Over Time

horizon

0 1 2 3 4 6 8 10

Direct
Effect

−0.60∗∗

(−2.09)
−0.79

(−2.03)
−0.77∗∗

(−2.00)
−0.77∗

(−1.83)
−0.80

(−1.44)
−0.69

(−0.95)
−0.19

(−0.63)
−0.34
(0.04)

Indirect
Effect

−0.73∗∗

(−1.98)
−0.99∗∗

(−2.00)
−1.04∗∗

(−2.01)
−1.00

(−1.48)
−0.84

(−1.43)
−0.87

(−0.94)
−0.18

(−0.61)
0.29

(0.04)
Feedback
Effect

−0.07∗∗

(−2.10)
−0.09∗∗

(−2.09)
−0.09∗

(−1.88)
−0.08

(−1.49)
−0.08

(−1.29)
−0.07

(−1.07)
−0.02

(−0.23)
0.02

(0.29)
Total
Effect

−1.40∗∗

(−2.11)
−1.82 ∗ ∗
(−2.02)

−1.99∗

(−1.78)
−1.85

(−1.55)
−1.72

(−1.44)
−1.63

(−1.33)
−0.39

(−0.63)
0.65

(0.05)

Network 56.90% 59.34% 56.78% 58.37% 53.48% 57.66% 51.28% 47.69%

Notes: The table reports the results of regressing industry-level output on a spatial lag and private income tax shocks.
See text for more details on the construction of the dependent variable. The model uses an average weighting matrix
W over the period 1972-2003. T-stats are reported in parentheses. Significance at the 1%, 5% and 10% is given by
***, ** and * respectively.

Our results are in closely in line with Mertens and Ravn (2013), who find that
1 percentage point increase in the tax rate reduces real GDP per capita by 1.4
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% on impact and by up to 1.8 % after three quarters. We extend their work by
proposing a new transmission channel, which operates through production linkages
in the economy.

3.4.3 Time Varying W

Our choice of a constant weighting matrix is motivated by two aspects. First,
our theoretical model with Cobb-Douglas production specifies a constant share of
intermediate inputs. Second, the SAR model assumes that the W matrix is stable
over time and that links are endogenously determined by technology. However,
our time frame (1972-2006) is marked by important technological breakthroughs
such as the invention of the silicon chip and its mass production in the 1960s,
computerization in the 1990s and the Internet revolution in the 2000s. These events
could disrupt the production process by creating new links between industries or
increasing/decreasing the intensity of the connections. To reflect potential changes
in the production structure of the economy over time, in columns (3) and (4) of Table
3.3 the model introduces a time-varying and lagged time-varying weighting matrix.
Results indicate that imposing a constant W does not overstate the magnitude of
the network effect.

3.4.4 Network Effect vs. Co-movement

Industry sales are likely to co-move even in the absence of a production network,
because they are exposed to common factors, reflecting the state of the economy.
Since failing to account for such factors could overstate the magnitude of the net-
work effect, in column (5) of Table 3.3 we control for government spending, debt,
inflation, short-term interest rates and unemployment. Furthermore, we include
quarter, industry and quarter-industry fixed effects to account for unobservable
industry-specific or time period characteristics. We find that the magnitude of
the network effect is reduced by approximately 15 %, but it remains strongly sta-
tistically significant. Although we acknowledge that some of the effect we find is
driven by exposure of industries to common factors, the majority of the spillovers
we document are driven by the production structure of the economy.

3.4.5 Upstream vs. Downstream Propagation

Our theoretical model predicts that private income tax shocks travel only upstream:
from customers to their suppliers. This pattern emerges from the fact that demand-
side shocks cause affected industries to adjust their production levels, and hence,
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their input demands. However, the result follows from the assumption of Cobb-
Douglas production technology and consumer preferences, so that income and sub-
stitution effects cancel out. Empirically, it is also possible that the downstream
channel is active, in which case private income tax shocks change the prices faced
by customer industries and trigger downstream propagation. To assess which of the
two channels is more powerful, we run the following specification12:

∆salesiq = β0+ρWUpstream
ij ∆salesiq+θWDownstream

ij ∆salesiq+β1∆T PI∗q +εiq (3.32)

where WUpstream
ij ∆salesiq is weighted by customer sales and WDownstream

ij ∆salesiq is
weighted by supplier sales. The estimate of θ is very close to zero and statistically
insignificant, whereas the estimate for ρ is virtually unchanged compared to the
baseline specification (Table 3.5).

Table 3.5: Upstream vs. Downstream Transmission

(1) ∆TPI∗
q (2) ∆TPIq

ρ
0.62∗∗∗

(6.85)
0.53∗∗∗

(4.50)

θ
−0.008
(−0.07)

0.21∗

(1.90)

β1
−0.37∗

(−1.90)
−0.25∗

(−1.89)
Adj R2, % 35.3 32.14

N 61 61

T 12 12

Observations 732 732

Notes: The table reports the results of regressing industry-level sales on an upstream and downstream spatial lags
and private income tax shocks. T-stats are reported in parentheses. ∆TPI∗q refers to private income tax shocks
orthogonal to corporate income tax shocks, ∆TPIq are raw, unadjusted tax shocks. Significance at the 1%, 5% and
10% is given by ***, ** and * respectively.

In column (2) instead, we use raw private income shocks (i.e. unadjusted for the
impact of corporate income taxes). Two points are worth mentioning here. First,
we find that downstream effects are active (θ = 0.21) and that the magnitude of
upstream effects is slightly reduced (ρ = 0.53). Second, the reason why we find
downstream effects is because in this specification our measure of private income
tax shocks is correlated with corporate income tax shocks, which are supply-side
shocks and transmit from suppliers to customers. This empirical result is important
because it confirms the theoretical prediction that private income shocks propagate
upstream through production networks and demonstrates that our measure of private

12The model is well-defined for |ρ+ θ| < 1
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income shocks is not confounded by other fiscal policy adjustments.

3.4.6 Higher Order Demand Effects

The results in the previous sections reveal that the magnitude of spillover effects is
considerably higher than what would be predicted by just looking at the number
and strength of direct connections between industries i.e. by sparsity. To gain
further insights into the propagation of the tax shocks, it is interesting to partition
the network effect by order of the neighbors. Recall that according to the infinite
series decomposition in Section 3.3.2, network orders are given by the powers of
W: observations themselves (0-order), immediate neighbors (1st-order), neighbors of
immediate neighbors (2nd-order) and so on. Table 3.6 shows spatially-partitioned
network effects associated with orders 1 to 513.

Table 3.6: Higher-order Demand Effects

W-order Total Direct Indirect Feedback

W 0 -0.60 -0.60 0.00 0.00

W 1 -0.34 0.00 -0.28 -0.05

W 2 -0.19 0.00 -0.18 -0.01

W 3 -0.11 0.00 -0.11 -0.00

W 4 -0.06 0.00 -0.06 -0.00

W 5 -0.04 0.00 -0.04 -0.00∑5
q=0 ρ

qW q 1.34 0.60 -0.67 -0.06

Notes: The table reports higher-order demand effects associated with powers of W. Regressions refer to model (2)
in Table 3.3.

Feedback effects die out very quickly and after the second order are essentially
zero. Indirect network effects, on the other hand, exhibit notably slower decay. Im-
portantly, effects falling on orders greater than one are economically large. These
findings indicate the sparsity of the W matrix alone cannot explain the results, be-
cause it disregards the crucial role that higher-order demand play in the transmission
process. For comparison, considering only first-order connections ( i.e. W 1 would
understate the magnitude of network effects by approximately 53%. The key fea-
tures of the SAR model, which make it adept to study network effects of tax policy,
are its ability to capture simultaneously higher-order linkages and to account for
non-linearities in the network structure.

13The first 5 network orders account for 98.6 % of overall network effect. Note that if the spatially
partitioned effects are cumulated over all powers of W until empirical convergence of the infinite
series, these would exactly equal the magnitudes reported in the last row of Table 3.3.
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3.5 Robustness and Discussion

3.5.1 Heterogeneity

One concern in the analysis could be that imposing a constant beta across industries
biases our estimate of ρ upwards. Estimating a large number of parameters is
typically problematic in a full information ML framework. Fortunately, it is possible
to estimate the model with heterogeneous betas using the log-likelihood concentrated
with respect to β and σ, the noise variance parameter associated with ε as in LeSage
and Pace (2009). Essentially, ρ is estimated by maximizing the likelihood obtained
by replacing all other parameters with their least squares estimates14. We assume
that industries have heterogeneous sensitivity to private income tax shocks, which
is constant over time:

∆salesiq = β0i + ρWUpstream
ij ∆salesiq + β1i∆T PI∗q + εiq (3.33)

Column (1) of Table 3.7 shows that imposing constant beta across industries seems
to bias the estimated exposure (β1) upwards, but it has no impact on the estimate
of ρ. The results of this section suggest that imposing a constant sensitivity across
industries cannot explain the large network effect of private income tax shocks on
industry sales.

Table 3.7: Robustness

(1) Het-
erogenous
Effects

(2)
Simulated

W

(3) Permute
columns

(4) Permute
rows

ρ
0.66∗∗∗

(30.17)
0.20∗∗∗

(2.97)
0.31∗∗∗

(4.03)
0.29∗∗∗

(3.81)

β1
−0.48∗∗∗

(−1.95)
−1.11∗∗∗

(−3.71)
−0.96∗∗∗

(−2.73)
−0.97∗∗∗

(−2.23)
Adj R2, % 67.71 4.18 17.31 15.04

N 61 61 61 61

T 12 12 12 12

Observations 732 732 732 732

Notes: The table reports the results of regressing industry-level sales on a spatial lag and private income tax shocks.
T-stats are reported in parentheses. Significance at the 1%, 5% and 10% is given by ***, ** and * respectively.

14Standard errors can be recovered from the full-model maximum likelihood by numerically
evaluating the Hessian. The reader is referred to LeSage and Pace (2009) Chapter 3:Maximum
Likelihood Estimation for more details about the estimation procedure.
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3.5.2 Random I/O Matrices

Another concern is that we mechanically find large network effects, because we
regress industry sales on a weighted average of industry sales. To address this, a
simulated input-output matrix is used as an input to the SAR model. The histogram
of industry linkages shows that the empirical input-output matrix is sparse and its
distribution is heavily right-skewed (Figure 3.2). This means that a small number
of sectors are important suppliers to the rest of the economy. We simulate an input-
output matrix, which inherits those two features of the data. We draw random
numbers from a Generalized Pareto distribution with shape parameter k = 1.0347,
scale parameter sigma = 0.0040 and location parameter l = 0.0001. To derive these
parameters, we minimize the squared distance between the empirical distribution
function and the estimated distribution. Column (2) of Table 3.7 shows that the
bias in estimating the spatial parameter ρ is likely to be very small. The model
obtains a ρ = 0.20, which is nearly three times smaller than the baseline estimate
of 0.44.

Figure 3.2: Histogram of Network Linkages

Drawing random numbers from a fitted distribution might alter the distribution
of links. Therefore, in columns (3) and (4) of Table 3.7, we take the actual input-
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output matrix as given and only permute the rows and columns, simulating the
model 1000 times. We find that the mean point estimate of ρ that are 46 % lower
than our baseline specification. Furthermore, in all 1000 simulations the estimated
value of ρ is lower than the baseline estimate. Hence, we conclude that the particular
structure of the network is driving factor of the transmission of private income
shocks.

3.6 Dynamic Model

Our empirical results lend support to the prediction of the static network model,
which shows that personal income tax shocks propagate upstream (from customers
to their suppliers). However, in a static model it is not possible to account for
dynamic fiscal adjustments. This could be a problem for the estimation if the
response of government spending to the changes in tax revenue has a sizable effect
on the propagation of the tax shock through network linkages. Another concern
could be that there is a confounding factor driving the results, which despite our
extensive robustness checks, we were not able to detect. In this section, we build
and calibrate a dynamic model to address these concerns and to rationalize the size
of the network effects we find empirically.

3.6.1 Model Environment

We keep the notation similar to the static model as much as possible. The firm side
of the model remains essentially the same. The preferences of the households are
given by

U(C, L) = logCt − ξ
L1+χ
t

1 + χ
, (3.34)

where C is the consumption basket of the household, L is labor supply, χ is
inverse Frisch elasticity and ξ is a scalar. The consumption basket of the household
is given by

Ct =
n∏
i=1

ω−ωcici Cωci
it , (3.35)

where ωci is the share of good i in total consumption. The budget constraint of
the household reads

PtCt = (1− τt)WtLt +
n∑
i=1

πit − Tt, (3.36)

where τt is the personal income tax rate, πit are the profits transferred to the

Tesi di dottorato "Essays in Fiscal Policy"
di TURGUT MEHMET BURAK
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



114

household from industry i and Tt are the lump-sum taxes (or transfers if negative).
The optimality conditions of the household problem are given by

ξLχt = (1− τt)
Wt

PtCt
, (3.37)

PitCit = ωciPtCt, (3.38)

where the first and last equations express the labor-leisure choice and consump-
tion choice of industry i good, respectively. The government maintains balanced
budget

τtWtLt + Tt = PtGt, (3.39)

and total tax revenues are equal to the total spending. The tax rates are dynamic
in the model and follows the following exogenous process

τt = (1− ρτ )τ̄ + ρττt−1 + ετt , (3.40)

where τ̄ is the steady-state personal income tax rate, ρτ is the persistency pa-
rameter and ετt is iid normal such that: ετt ∼ N (0, σ2

ετ ). The government spending
is constant share of tax revenues

Gt = (τtWtLt)ψg , (3.41)

where ψg determines the response of government spending to the tax revenue
streams. We model the government spending process as a function of tax shocks to
remove the discretionary fiscal spending component and focus on the impact of the
cyclical government spending on the transmission of the personal income tax policy.
Finally, the market clearing conditions are given by

Yit = Cit +
n∑
j=1

Xji,t +Git, (3.42)

PtGt =
n∑
i=1

PitGit, (3.43)

Lt =
n∑
i=1

Lit, (3.44)

Wt =
n∑
i=1

wiWit. (3.45)

The equation 3.42 is the market clearing condition for industry i and equation
3.43 is market clearing for government spending. The equations 3.44and 3.45 give
aggregate labor, linearly sum of hours worked in all industries, and aggregate wage,
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weighted average of sectoral wages.
We solve the model by log-linearizing the equations around deterministic steady-

state. The steady-state solution and log-linearized equations are given in Appendix.
As a final note, we assume wages are perfectly rigid at each period t.

3.6.2 Calibration

We calibrate the model to match key moments in data and consider alternative
scenarios for robustness checks. We set steady-state government spending-to-gdp
ratio and personal income tax rate 0.09 and 0.22 and the persistency of tax rate
to ρτ = 0.97 following Leeper et al. (2010). We set the standard deviation of the
personal income tax shock σετ = 0.12, the value we obtained from the demeaned
narrative tax series of Mertens and Ravn (2013).

We calibrate ηi to match our model implied industry-specific steady-state labor
share to the average total value added over output of each industry from USE
tables at 3 digit NAICS level since our model does not contain capital. We set
ωci, the share of industry i in the total consumption, by measuring the average
ratio of final consumption in each industry over sum of total consumption. We sum
intermediate input plus final demand from federal and state&local government at
each industry level and divide these values over total sum to derive the industry-
specific government shares. We set χ = 2 and calibrate ξ to have steady-state labor
supply equal to 1/3.

We also consider two different values for the parameter ψg, in the first case we
set ψg = 0 so the government spending does not react to the changes in tax rates
and in the second case we set ψg = 0.5 giving us 0.5% change in the government
spending after 1% change in the tax revenue. We set these values to understand the
how the fiscal adjustments affect the propagation of the tax shocks over the industry
linkages. Moreover in the first case we set ḡ = 0, so we completely eliminate the
government side in the model.

We perturbate the values of χ, ρτ and σετ , one in each time, as an additional
check.

3.6.3 Simulation Results

We simulate the model over 228 periods and discard the first and last 50 observations
to end up with 128 data points to match with our empirical sample. We run the
simulations over 100 times. We add normally distributed iid noise to the data
generating process in each simulation. We present results in Table 3.8
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Table 3.8: Simulation

Benchmark Variation ψg = 0 ψg = 0.5

ρ β ρ β

0.56
(34.19)

−0.02
(−15.60)

0.63
(42.53)

−0.01
(−9.26)

χg = 2 χg = 4
0.47

(25.13)
−0.016

(−19.56)
0.59

(37.36)
−0.01

(−13.13)

ρτ = 0.97 ρτ = 0.90
0.28

(12.44)
−0.05

(−25.45)
0.58

(35.50)
−0.007

(−16.47)

σετ = 0.12 σετ = 1
0.60

(2.38)
−0.07

(−19.42)
0.49

(26.71)
−0.015

(−18.64)
Notes: The table reports results from estimating our baseline specification on simulated data from the dynamic
model of Section 7. We simulate each model calibration 50 times for 128 quarters and report the mean estimates
and mean t-stats.

In our benchmark calibration an increase in the PI tax rate results in a drop
of sales ( β1 < 0) and the result is transmitted through the production network
(ρ > 0). Interestingly, we are able to match very closely the fractions of network
effects across specifications to our empirical estimates.

Figure 3.3: Histogram of Network Linkages
Notes: The figure plots a histogram of the spatial autoregressive parameter ρ estimated from simulations of the
dynamic model.
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Figure 3.3 shows the histogram of ρ across simulation rounds. The parameter is
very precisely estimated and its distributions is approximately normal. Moreover,
neither introducing government spending, nor changing the fundamental parameters
of the model has a large impact on the estimates of ρ.

Finally, in Table 3.9 we estimate the model on simulated data imposing that
shocks propagate downstream. In all cases we find that the upstream effect is
significantly larger than the downstream effect.

These results indicate that our SAR framework is robust to relaxing some of the
assumptions of the static theoretical model and that upstream production linkages
are an important determinant of the exposure of industry sales to private income
tax shocks.

Table 3.9: Simulation: Downstream Propagation

Benchmark Variation ψg = 0 ψg = 0.5

ρ β ρ β

0.37
(16.24)

−0.05
(−24.67)

0.51
(26.57)

−0.04
(−22.07)

χg = 2 χg = 4
0.27

(10.97)
−0.03

(−25.83)
0.53

(27.48)
−0.02

(−21.62)

ρτ = 0.97 ρτ = 0.90
0.13

(4.88)
−0.07

(−27.73)
0.51

(26.74)
−0.02

(−22.66)

σετ = 0.12 σετ = 1
0.22

(0.75)
−0.08

(−19.80)
0.39

(17.55)
−0.03

(−23.63)
Notes:The table reports results from estimating our baseline specification on simulated data imposing that the effect
is transmitted downstream. We simulate each model calibration 50 times for 128 quarters and report the mean
estimates and mean t-stats.

3.7 Conclusion

This paper investigates whether exogenous tax shocks propagate through production
networks. We develop a static model with intermediate inputs, which predicts that
the reaction of industries to tax shocks follows a spatial autoregression (SAR) and
that the effect propagates upstream (from customers to suppliers). To test this em-
pirically, we use quarterly sales data for US industries for the period 1972-2003. We
confirm that private income tax shocks travel upstream and we show that between
55 to 70 percent of the total effect on sales is due to higher-order network effects.
The importance of production networks for the transmission of tax shocks suggests
that macroeconomic models should take into account linkages between industries
when setting and evaluating policy decisions.

Our results open new avenues of research, such as the importance of different
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sectors for the transmission of shocks and optimal tax policy when the economy
is characterized by a network. We intend to address these questions in our future
work.
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Appendix A

Appendix to Chapter 1

A.1 Simple Imperfect Information Model

Assume the following AR(1) government spending process

gt = ρgt−1 + εt−1, (A.1)

where εt−1 is the fiscal news shock. Assuming information rigidities, agents
cannot directly observe gt and εt but instead receive signals s1

i,t and s2
i,t such that

s1
i,t = gdt + ηi,t, ηi,t ∼ N(0, σ2

η) (A.2)

s2
i,t = εt + ωi,t, ωi,t ∼ N(0, σ2

ω). (A.3)

The first signal reveals information about current fiscal spending and second
signal reveals information about fiscal news shock. Each agent i then generates
forecasts (conditional expectations) given their information sets via the Kalman
filter

Ei
t

 gt

εt

 = Ei
t

 gt−1

εt−1

+
 K11 K12

K21 K22

 s1
i,t

s2
i,t

− Ei
t−1

 s1
i,t

s2
i,t

 , (A.4)

where K11, K12, K13 and K14 are the entries of Kalman gain matrix.1 Denote
K = K11 and M = K22. By using the fact that Ei

t−1s
2
i,t = Ei

t−1εt = 0, the forecast
of government spending at individual level is equal to

Ei
tgt = (1−K)Ei

t−1gt +Ks1
i,t +K12s

2
i,t, (A.5)

and the forecast of fiscal news shock at individual level is equal to

Ei
tεt = K21

(
s1
i,t − Ei

t−1s
1
i,t

)
+Ms2

i,t. (A.6)
1One can show that K12 = K21 = 0 since the two signals are orthogonal to each other.
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By averaging the equations A.5 and A.6 across agents and using the fact that
K12 = K21 = 0, the aggregate forecasts are given by

Etgt = (1−K)Et−1gt +Kgt, (A.7)

Etεt = Mεt. (A.8)

Rearranging Equation A.7 gives

gt − Etgt = 1−K
K

[Etgt − Et−1gt] . (A.9)

Now iterate Equation A.1 one period ahead and subtract the time t expectations

gt+1 − Etgt+1 = ρgt + εt − ρEtgt − Etεt. (A.10)

Now use Equations A.8 and A.9 in Equation A.10 to get

gt+1 − Etgt+1 = ρ
1−K
K

[Etgt − Et−1gt] + (1−M) εt. (A.11)

Finally, using the fact thatEtgt+1 = ρEtgt + Etεt in Equation A.11 gives

gt+1 − Etgt+1 = 1−K
K

[Etgt+1 − Et−1gt+1] +
(

1− M

K

)
εt. (A.12)

Iterating Equation A.12 h period ahead gives

gt+h − Etgt+h = 1−K
K

[Etgt+h − Et−1gt+h] +
h∑
j=2

ρh−jεt+j−1 + ρh−1
(

1− M

K

)
εt,

(A.13)
that is Equation 1.9 in the main text. Rearranging Equation A.13 gives

Etgt+h −Et−1gt+h = (1−K) [Et−1gt+h − Et−2gt+h] + ρh+1 (K −M) εt−1 + ρh−1Mεt.

(A.14)
If K ≈ M , the term ρh+1 (K −M) approaches to zero and the error term gives

the current period fiscal news shock that is ρh−1Mεt.

A.2 Further Robustness Checks

Small VAR

I construct small VAR to check whether the estimated baseline model suffers from
over-parameterization (whether the estimated model includes more variables than
the true data generating process). Small VAR includes variables in the following
order: consumer confidence, government spending, output, consumption, ad fiscal
news variables. The impulse responses from small VAR are presented in Figure
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A.1 and the shape of the responses are very similar to the baseline estimation even
though the magnitudes are larger.

Ramey News Variable

Even though the fiscal news shocks pass the exogeneity test, the identified shocks
were found to be correlated with Ramey Military News variable. To check whether
the results in baseline case are driven by the unique informational content of my
proxy of future government spending and not driven by it’s correlation with another
fiscal news variable, I add Ramey news variable into my baseline vector and order
it first. I exhibit the results in Figure A.1 with Ramey News ordered first and
the estimation produces almost identical responses relative to the baseline case.
These findings offer additional evidence that the proxy contains unique information
related to the future government spending and this unique content drives the baseline
results.

Subsample

The effective federal funds rates were almost zero after the midst of Great Recession
until mid of 2015, a period called zero lower bound, and this zero lower bound
period might have large impact on the results. To check whether this is the case,
I reestimate my baseline VAR using sample from 1981Q3 to 2017Q4. The results
are in Figure A.1 under title Pre-Crisis and the responses are similar to the baseline
estimates even though the first several quarters produce smaller effects.

Per Capita Real Variables

The baseline estimation uses aggregate real variables in VAR since the aim is to
measure the aggregate responses. However, population increased more than 50% in
the US in the last 50 years and to control for any impact of larger population in the
sample period, per capita real variables are used in this robustness check. The real
GDP, consumption and federal government spending are divided into U.S. civilian
noninstitutional population series of FRED to obtain per capita real variables. The
results are almost same as in baseline estimation.

Debt

Favero and Giavazzi (2007) show that the level of the debt-to-GDP ratio is an
important factor in determining the effects of fiscal policy. This is because a feedback
from the level of debt-to-GDP ratio to government spending and taxes is necessary
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for stability of the debt that is present in data. To test whether omitting debt in
VAR results in biased estimates, I include debt into VAR and order it fourth after
taxes. The responses are very similar to the baseline estimates with slightly larger
response of GDP and consumption. This robustness check shows that baseline VAR
without debt does not suffer from omitted variable bias.
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Figure A.1: Impulse Responses to a Fiscal News Shock under Further Robustness Checks
Notes: Solid blue lines are baseline, point orange lines with circles are FAVAR, dash-dot green lines are forecasts of
tax revenue-to-GDP ratio included and ordered fourth„ point magenta lines are confidence ordered fourth, dashed
cyan lines are subsample from 1981Q3 to 2007Q4, and dash-dot gray lines are Ramey news variable ordered first
estimates of impulse responses to a fiscal news (anticipated government spending) shock from Bayesian VAR. The
shaded area is 68% confidence interval of baseline estimation.
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A.3 Fiscal Multipliers

Table A.1: Fiscal Multipliers

Horizon 1-year 2-year 3-year 4-year

Baseline
1.80

[0.86, 3.14]
1.21

[0.29, 2.64]
0.80

[0.03, 2.04]
0.58

[−0.22, 1.71]

Fiscal News first
2.63

[1.28, 5.31]
1.91

[0.63, 3.03]
1.51

[0.32, 2.14]
1.16

[0.08, 1.70]

Confidence 3rd
1.72

[0.83, 2.62]
1.13

[0.17, 1.87]
0.76

[−0.05, 1.39]
0.54

[−0.26, 1.16]

GDP News
2.50

[1.11, 4.07]
1.71

[0.42, 2.32]
1.25

[0.08, 1.65]
0.94

[−0.15, 1.32]

Purged News
1.63

[1.07, 2.62]
1.12

[0.64, 2.21]
0.78

[0.51, 2.03]
0.54

[0.30, 1.76]

Small VAR
1.34

[0.68, 2.44]
0.98

[0.36, 2.39]
0.76

[0.18, 2.23]
0.62

[0.06, 2.22]

Per Capita
1.77

[0.84, 3.02]
1.19

[0.34, 2.47]
0.79

[0.05, 1.88]
0.50

[−0.19, 1.46]

TFP First
1.70

[0.88, 2.77]
1.05

[0.24, 1.78]
0.67

[−0.01, 1.29]
0.48

[−0.20, 0.98]

Ramey News
2.35

[1.04, 3.65]
1.38

[0.25, 2.13]
0.82

[−0.06, 1.45]
0.50

[−0.32, 1.02]

Pre-crisis
1.39

[0.20, 2.53]
0.92

[−0.50, 1.25]
0.79

[−0.57, 1.02]
0.59

[−0.72, 0.88]

Debt
2.23

[0.71, 4.76]
1.72

[0.15, 4.25]
1.33

[0.11, 3.07]
1.00

[−0.06, 2.57]

FAVAR
1.80

[0.86, 3.14]
1.21

[0.29, 2.64]
0.80

[0.03, 2.04]
0.58

[−0.22, 1.71]

Notes: Estimated fiscal multipliers for fiscal news shock. The first row presents the multipliers from baseline esti-
mation and from second row to the last row represent the multipliers estimated with specifications in the following
order; fiscal news ordered first, confidence ordered third, revisions of gdp growth forecasts ordered first, purged
news replaced with baseline news, small VAR where tax and federal funds rate are dropped, per capita real vari-
ables, utilization-adjusted TFP series are orederd first, Ramey News variable ordered first, sample from 1981Q4 to
2007Q4, debt-to-GDP ratio ordered fourth and Factor-augmented VAR with two factors. The numbers in brackets
indicate the 68% confidence intervals from the distribution of multipliers.
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A.4 The Solution Method

The transition equation in 1.63 can be represented as following:

Zt =



1 0
0 ρg φe 0

0 ρe 0
0
Ac

Ap[
01x5 −φi ρi 0

]
+ φiAp

01×7 ρξ 0
01×8 ρξ 0


︸ ︷︷ ︸

A

Zt−1 +



1 0
0

0 1 0
01×2 1 0

Bc

Bp[
01×3 φi 0

]
+ φiBp

01×4 1 0
01×5 1 0


︸ ︷︷ ︸

B

u1
t ,

(A.15)

where Ac,Ap,Bc and Bp will be determined in equilibrium.

A.4.1 Optimal Decision Rules

Iterating equation 1.65 one period ahead and plugging into the Euler equation gives

ct = El,t

mbbl,t+1 +mppl,t +maal,t+1 +mττl,t+1+

mddl,t+1 −msτ
s
l,t+1 +mzEl,t [Zt+1]

− it − pl,t.
Using individual budget constraint in 1.56 and one period ahead total demand

and tax signal in 1.60, one can rewrite the above equation as following

ct = El,t



mb

β

(
bl,t + (1− γ) pl,t + dl,t − τ sl,t + θCpl,t − θCcl,t − τl,t

)
+

mppl,t +maxt+1 −mτ

(
θG (gt+1 + pt+1) + ξτl,t+1 + ητl,t+1

)
+

md

(
θCct+1 + γpt+1 + θG

(
εt + ξGl,t+1 + ηGl,t+1

))
−ms

(
θG
(
gt+1 + εt + ξτl,t+1 + ητl,t+1

))
+mzEl,t [Zt+1]


− it − pl,t.

The t+ 1 variables in the above equation can be expressed as functin of Zl,t and
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El,tηGl,t+1 = El,tητl,t+1 = 0. After rearranging, the above equation takes the form

cl,t =

−pl,t + 1
Ψ

(
mb

β
+ Φqb

)
bl,t + 1

Ψ

(
mb

β
+ Φqd

)
dl,t −

1
Ψ

(
mb

β
+ Φqs

)
τ sl,t+

Φ
Ψqppl,t−1 + Φ

Ψqaal,t + Φ
Ψqττl,t+

+ 1
Ψ

−ei + Φqz +


(md −ms) θGeε + ((mτ −ms) θG +mdγ) ep+

mτθGeg +maex +mdθCec +mdθGeξG+
(mτ −ms) θGeξτ + bz

A

El,tZl,t,

(A.16)

where Ψ = β +mbθC
β

, Φ = mb

β
(1− γ) + bp and e is unitary vector that selects

corresponding variable from Zl,t. Matching equations 1.65 and A.16 gives

mp = 1
ΨΦqp,

mb = 1
Ψ

(
mb

β
+ Φqb

)
,

mτ = 1
ΨΦqτ ,

md = 1
Ψ

(
mb

β
+ Φqd

)
,

ms = 1
Ψ

(
mb

β
+ Φqs

)
,

ma = 1
ΨΦqa,

mz = 1
Ψ

−ei + Φqz +
(md −ms) θGeε + ((mτ −ms) θG +mdγ) ep +mτθGeg+

maex +mdθCec +mdθGeξG + (mτ −ms) θGeξτ + bz

A
 .

Plugging equation 1.62 into the equation 1.64 and rearranging gives

Λpl,t =
pl,t−1 − λ (1 + χ) al,t + λ

(
pl,t + cl,t

)
+ λχ

(
dl,t − τ sl,t + τl,t

)
+

βEl,t
[
qbbl,t+1 + qppl,t + qaal,t+1 + qττl,t+1 + qddl,t+1 − qsτ sl,t+1 + qzEl,t [Zl,t+1]

]
.

Following the same steps taken for consumption, one can rewrite the above equa-
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tion as following

Υpt =

pl,t−1 + qbbl,t − λ (1 + χ) al,t + λχτl,t + (λχ+ qb) dl,t − (λχ+ qs) τ sl,t+
Ω
(
mbbl,t +mppl,t−1 + baal,t +mττl,t +mddl,t −msτ

s
l,t +mzEl,t [Zt]

)
+

β

(qd − qs) θGee + ((qτ − qs) θG + qdγ) ep + qτθGeg + qdθCec

qaex + + (qτ − qs) θGeξτ + qdθGeξG + qz

AEl,tZl,t,

(A.17)

where Υ = Λ−(1− γ) qb−βqb and Ω = λ−θCqb with e is unitary vector that selects
corresponding variable from Zl,t. Matching equations 1.64 and A.17 gives

qp = 1 + Ωbp
Υ

,

qb = qp
1 + Ωbp

(qb + Ωbb) ,

qτ = qp
1 + Ωbp

(λχ+ qb + Ωbτ ) ,

qd = qp
1 + Ωbp

(λχ+ qb + Ωbd) ,

qs = qp
1 + Ωbp

(λχ+ qb + Ωbs) ,

qa = qp
1 + Ωbp

(−λ (1 + χ) + Ωba) ,

qz = qp
1 + Ωbp

Ωbz + β

(qd − qs) θGee + ((qτ − qs) θG + qdγ) ep + qτθGeg + qdθCec

qaex + + (qτ − qs) θGeξτ + qdθGeξG + qz

A
 .

A.4.2 Individual Inference

The vector of signals sl,t (observation equation) for island l can be written as function
of states and idiosyncratic noises

sxt

al,t

pl,t

dPl,t

dGl,t

τ sl,t

it


︸ ︷︷ ︸

sl,t

=



ex + eϑ

ex

ep

ec + γep

ee + γep + eξG

θG (ee + ep) + eξτ

ei


︸ ︷︷ ︸

F

Zt +



0
1 0

01×2 1 0
01×3 1 0
01×4 1 0
01×5 1 0

0


︸ ︷︷ ︸

G



ηal,t

ηCPIl,t

ηPl,t

ηGl,t

ητl,t


︸ ︷︷ ︸

u2
l,t

, (A.18)
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where e is unitary vector that selects corresponding variable from Zl,t. The prediction
rule for the agent in island l using Bayesian updating is equal to

El,tZt = El,t−1Zt−1 + C (sl,t − El,t−1sl,t−1)

and C is the Kalman gain matrix. Denote∑ and V to define the variance-covariance
matrix for the residuals in Equations A.15 and A.18, respectively. Then Kalman
gain matrix is given by

C = PF′
(
FPF′ + GVG′

)−1
, (A.19)

where P = El,t−1
[
ZtZ

′
t

]
and must satisfy

P = A (P− CFP) A′ + BΣB′ . (A.20)

A.4.3 Fixed Point

The average first-order expectations regarding the state Zl,t can be expressed as a
function of Zl,t itself as ˆ

El,t [Zt] = ΞZt.

Using the Bayesian updating rule and aggregating across islands givesˆ
El,t [Zt] = (I− CF) AEl,t−1Zt−1 + CFZt,

for all Zl,t. Aggregating the individual decision rules in 1.64 and 1.65 gives

pt = qppt−1 + qaxt + qτθG(pt + gt) + qd (θCct + θGεt + γpt)− qsθG(pt + εt) + qzΞZl,t

(A.21)

ct = −pt+mppt−1+maxt+mτθG(pt+gt)+md (θCct + θGεt + γpt)−msθG(pt+εt)+mzΞZl,t.

(A.22)
Expressing everything in terms of the state Zl,t, the equilibrium coefficients must

satisfy − (1 + (ms −mτ ) θG −mdγ) ep +mpep−1 +maex

+mτθGeg + (md −ms) θGeε +mdθCec +mzΞ

Zl,t = 0, (A.23)

 ((qs − qτ ) θG − qdγ) ep + qpep−1 + qaex

+qτθGeg + (qd − qs) θGeε + qdθCec + qzΞ

Zl,t = 0, (A.24)

for all Zl,t. The equations A.23 and A.24 are used to update the evolution of the state
variables until the impulse responses of ct and pt to the aggregate shocks converge
under the old and updated values of A and B. In the numerical computation, I
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restrict the values of Ac, Ap, Bc and Bpso that they do not respond to the local state
variables ξGl,t and ξτl,t.

A.5 Proofs

Proof of Equation 1.61

I can rewrite equation 1.30 as

Yl,t =
(
Pl,t
Pt

)−γ
Yt. (A.25)

The log-linearization of Equation A.25 is equal to

yl,t = −γ(pl,t + pt) + θCct + θGgt, (A.26)

in which I use the fact that Yt = Ct + Gt. The above equation can be rewritten
using the equations 1.41 and 1.42 as following

yl,t = θCy
P
l,t + θGy

G
l,t. (A.27)

Now, subtract Equation 1.32 from Equation A.27 to get

yl,t− τl,t = −γ(pl,t + pt)− θGpt + θCct + θCη
P
l,t + θG

(
ξGl,t + ηGl,t

)
−
(
ξτl,t + ητl,t

)
. (A.28)

Now, do the same for the Equations 1.32 and 1.60 to have

dl,t− τ sl,t = −γ(pl,t + pt)− θGpt + θCct + θCη
P
l,t + θG

(
ξGl,t + ηGl,t

)
−
(
ξτl,t + ητl,t

)
. (A.29)

Since the above two equations are same, it is true that

yl,t = dl,t − dτl,t + τl,t. (A.30)
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Appendix B

Appendix to Chapter 2

B.1 The publication dates of the Public Invest-
ment Programme

The following table shows the publication dates of the Public Investment Programme
from 1983 to 2017.

The year of
the program

Publication date The year of
the program

Publication date

1983 2001 5th of January, 2001
1984 2002 10th of January, 2002
1985 7th of January, 1985 2003 10th of April, 2003
1986 29th of April, 1985 2004 11st of January, 2004
1987 2005 9th of January, 2005
1988 26th of April, 1988 2006 7th of January, 2006
1989 21st of December, 1988 2007 13rd of January, 2007
1990 24th of December, 1989 2008 15th of January, 2008
1991 23rd of December, 1990 2009 15th of January, 2009
1992 7th of April, 1992 2010 14th of January, 2010
1993 29th of January, 1993 2011 13rd of January, 2011
1994 13rd of January, 1994 2012 14th of January, 2012
1995 2nd of January, 1995 2013 12nd of January, 2013
1996 17th of May, 1996 2014 14th of January, 2014
1997 24th of January, 1997 2015 14th of January, 2015
1998 22nd of January, 1998 2016 31st of March, 2016
1999 10th of July, 1999 2017 17th of January, 2017
2000 14th of January, 2000
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B.2 Extension (Full Credibility)

In this extension, I renounce the assumption of partial credibility and I introduce
full credibility. In other words, agents believe that all the projects announced in
PIP are feasible and will be completed on time. Hence, the expectations of the
agents with respect to the future public investments are different relative to the
partial credibility case. They calculate the discounted present value of the public
investments as a sum of two process. First, they use the figures published in PIP
so that they obtain the present value of the investments over the next Ht years and
second, they discount the yearly expected spending starting from year Ht + 1 to
infinity. This specification leads to the following discounted present value equation
for per capita public investments:

η̃t =
Ht∑
h=0

EP
t (Gt+h) +

∞∑
k=Ht+1

βkEP
t (Gt) (B.1)

where η̃t stands for the news series under full credibility.

Here, I define the news as the discounted present value of expected future public
investment. In equation B.1 first term is the net present value delivered in the public
investment program given by equation 2.3. The second term captures the agents
expectations for public investment spending after year Ht; the agents believe that
yearly public investments will grow at the rate of the average past inflation and they
discount this grow with the average nominal rate. Thereof, the discount factor βk

in the second term of equation B.1 is equal to βk = (1 + πt)/(1 + it) where πt is the
inflation rate and it is the nominal interest rate. I use 5-year trailing average of the
inflation and nominal rates to calculate the discount factor.1 In this setup, agents
consider that announcements are fully credible because all the information in PIP
is used.

Table B.1 displays the statistics of regressing log of cumulative public investment
spendings on the news variable η̃t defined in equation B.1, as analogous to table 1.3.
An interesting result emerges from table B.1. The explanatory power of the news
series is very low in the first four years; however, it increases and becomes significant
starting with year 5. 2

1Unfortunately, the data of market expectation for long-term inflation and nominal rates are
not available throughout the all sample and I am limited to use past averages as a predictor of
future rates.

2Both R-squared and F-statistic remain significant when the horizon is extended to nine years.
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Table B.1: The Explanatory Power of News Series under Full Credibility

Horizon
(Cumulative Public

Investment)

(1)
R-squared

(2)
F-statistic

0 0.222 8.844 (0.0057)

1 0.115 3.891 (0.0578)

2 0.036 1.066 (0.3103)

3 0.001 0.032 (0.8598)

4 0.111 3.372 (0.0773)

5 0.377 15.728 (0.0005)

6 0.535 28.700 (0.0002)

Note: The columns (1) and (2) show statistics from a regression of log cumulative real per capita public
investment spending on log of current news variable, η̃t. The parentheses denote p-values. The sample covers
years from 1984 to 2016.

The rest of the identification follows section 4.1 and the news variable is regressed
onto the lagged values of news and other macro variables to isolate the exogenous
anticipated news shock for the public investment. Hence, in the first step ηt, the log
of the variable ñt, is regressed on explanatory variables using the following equation:
ηt = α+ψeηt−1+ψyyt−1+ψgigIt−1+ψgcgCt−1+ψddebtt−1+ψttaxt−1+ψfFRt+εF1,t (B.2)

where εF1,t is the identified public investment shock under full credibility. The as-
sumptions mentioned in the previous section for the validity of the estimations are
maintained for this section as well. The behaviors of the news shock identified
through equation B.2 and the growth of the news variable ηt are shown in the figure
B.1. As in the case of partial credibility there is significant decrease in the year
1995 and spike in year 1997; however there is persistent growth in the news starting
after year 2010 under full credibility. Moreover, the magnitude of the shocks are
generally larger. The figure B.1 shows the importance of the agents’ expectation
formation process in determining the present value of the future public investments.
The process can dramatically alter the timing and magnitude of the shocks.
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Figure B.1: The news growth and news shock over time - Full Credibility
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To document how news shock affect output and other variables under full credibility
and to remain comparable and consistent relative to the previous case, in the second
step I estimate the Jorda local projection method as following:

yt+h = αh + δh ˆshockFt + φh(L)Xt + uy,t+h (B.3)

for h = 0, 1, ..., 9 where yt is the logarithm of GDP per capita, ˆshockFt is the
identified public investment shock from equation B.2 and Xt are the control vari-
ables that are real GDP per capita, government consumption per capita, real public
investment spending per capita, all in logs and debt-to-GDP ratio and tax revenue-
to-GDP ratio. I use heteroscedasticity and autocorrelation consistent covariance
estimators.
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Figure B.2: The Impulse Responses of Macroeconomic Variables under Full Credi-
bility
Solid lines are point estimates of shock using equation B.3. In figures, dark shaded area is 68% CI and light
shaded area is 90% CI.

Figure B.2 shows impulse responses of the macro variables to a unit news shock
identified under full credibility scenario.The response of output and consumption
are both positive and statistically significant on impact and up to three year. The
effect is nearly zero for output and slightly negative for consumption afterwards
until seventh year. There is temporary spike in eight year which fades out in the
last year. The responses of output and consumption are similar to the responses in
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the previous section; however, the size of the responses are much less pronounced.
The response of unemployment also behaves in a similar fashion but the response

of private investment is distinctly different under full credibility case. It positively
increases on impact and stays positive up to fifth year, then effect disappears except
for the eight year.

The figure B.3 displays the responses of the policy variables to a unit shock. The
announcements increase on impact and remains positive up to sixth year and the
response of the outlays are similar also. The main difference of the two responses
under full credibility case is that they are more persistent and hit zero line couple
of years later. In addition, the size of the impact on outlay is much smaller relative
to the previous case. The responses of tax is inline with the results such that there
is increase after first year to fund the spendings and fade out over time. However,
public debt shows slightly different response; a decrease in the first few years and
increase afterwards.

0 1 2 3 4 5 6 7 8 9

Horizon

-1.5

-1

-0.5

0

0.5

1

1.5

%
 C

ha
ng

e

Announcements

0 1 2 3 4 5 6 7 8 9

Horizon

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

%
 C

ha
ng

e

Public Investment Outlays

0 1 2 3 4 5 6 7 8 9

Horizon

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

%
 C

ha
ng

e

Public Debt/GDP

0 1 2 3 4 5 6 7 8 9

Horizon

-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

%
 C

ha
ng

e

Tax Rate

Figure B.3: The Impulse Responses of Policy Variables under Full Credibility
Solid lines are point estimates of shock using equation B.3. In figures, dark shaded area is 68% CI and light
shaded area is 90% CI.

What drives the smaller but persistent responses? The explanation lies behind
the definition of the news variables in equations 2.4 and B.2. In the latter one, the
agents have infinite anticipation period and the value of the news variable is higher
relative to the former one. In this case, the size of the shock is greater but the
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public investment outlays do not change; hence, some of the shock does not become
public investment and the response of the outlay is less pronounced. This feature
also accommodates the credibility issue, agents believe that all the announcements
will be implemented; however, only some of them becomes public investment and as
a result, the impact of shock is smaller. On the other hand, announcements do not
fade away quickly which helps more persistent public investment outlay which can
be attributed to the longer horizon of the agents in equation B.1.3

Table B.2 shows the public investment multipliers under full credibility case.
Even though the responses are less pronounced, the multipliers are larger relative to
the partial credibility case in every year from initial year to sixth year. One of the
reason of higher multipliers could be that in the previous case only average duration
of the investments are considered and some of useful information to predict the public
investment outlays might be discarded which may result in smaller multipliers.

Table B.2: The Public Investment Multipliers under Full Credibility

Horizon Ratio of the Estimated
Coefficients

TL Multiplier

0 0.3266 6.9662

2 0.2972 6.3396

4 0.2645 5.6427

6 0.3632 7.7465

8 0.4680 9.9822

Note: The ratio of estimated coefficients are
∑h

0
δhy∑h

0
δhg

and TL multipliers are
∑h

0
δhy∑h

0
δhg

∗ Y
G

(mean)

Another reason could be that extending anticipation horizon to infinity through
past inflation and nominal rates, the shocks may capture the behavior of the vari-
ables not only due to public investment spending but also due to some other factors.
In that case, the shocks are confounded and the responses are overestimated. How-
ever, in both case the public investment multipliers are largely positive assuring the
significant impact of public investment on the output.

In summary, this section manifests the importance of narrative series in identi-
fying the impact of the news shock on the economy. The different methods applied
in the construction of the series may result in different outcomes. The explanatory
power of news series in predicting the behavior of the variable (public investment out-
lays, in our case) is the key factor in soundness of the narrative series. Comparison
of table 1.3 and table B.1 suggests that news series constructed in subsection 2.2.2

3This can also be seen in Figure B.8.
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is more reliable than the series constructed in this section since more explanatory
power on the future public investment spendings in the short-run is more relevant
because it is unlikely that today’s investment plan will become actual investment
after several years.

B.2.1 Alternative Estimation and Robustness Checks

This subsection estimates VAR and conduct robustness checks using the news vari-
able constructed under full credibility case given in Equation B.1. For sake of
brevity, I only present the IRFs in the next three figures. The first two figures are
VAR estimates and the third figure is the response of GPD under robustness checks.
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Figure B.4: VAR estimated Impulse Responses of Macroeconomic Variables - Full
Credibility
Solid lines are point estimates of shock using equation B.3. In figures, dark shaded area is 68% CI and light
shaded area is 90% CI.
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Figure B.5: VAR estimated Impulse Responses of Policy Variables - Full Credibility
Solid lines are point estimates of shock using equation B.3. In figures, dark shaded area is 68% CI and light
shaded area is 90% CI.

Robustness Checks
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Figure B.6: Robustness Checks - Full Credibility
Solid lines are point estimates of shock using equation B.3. In figures, dark shaded area is 68% CI and light
shaded area is 90% CI.
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B.2.2 Alternative Identification

The alternative identification uses the news variable from Equation B.1 and applies
following formula to obtain the shock

shockt = η̃t(0, 5)− η̃t−1(0, 5)
0.5× η̃t(0, 5) + 0.5× η̃t−1(0, 5) . (B.4)

The impulses responses obtained from the Local Projection method in response
to a shock given in Equation B.4 are shown in the following figures. In general,
the magnitude of the responses is smaller relative to the responses estimated using
Equation B.3 under full credibility case.
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Figure B.7: The Impulse Responses of Macroeconomic Variables - Alternative Iden-
tification
Solid lines are point estimates of shock using equation B.3, dark shaded area is 68% CI and light shaded area is
90% CI.
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Figure B.8: The Impulse Responses of Policy Variables - Alternative Identification
Solid lines are point estimates of shock using equation B.3. In figures, dark shaded area is 68% CI and light
shaded area is 90% CI.

B.3 Instrumental Variable Approach

I use Mountford and Uhlig (2009) approach to calculate the public investment mul-
tiplier; multiplying cumulative ratio of estimated output coefficient to public invest-
ment coefficient by average real output to public investment ratio. Owyang et al.
(2013) found this practice tends to bias multipliers and making them seem much
higher during recessions if there is significant variation in real output to govern-
ment spending ratio in the sample. To address this potential bias, Ramey (2016a)
suggests to use Barro and Redlick (2011) transformation to construct variables,
(Xt+h − Xt−1)/Yt−1 where X is the variable of interest and Y is the output, and
then cumulate the transformed variables and reformulate the estimation problem as
an instrumental variable estimation.4 I follow Ramey (2016a)’s approach to check
whether the estimated multipliers in Table 1.4 are subject to this bias. I construct
new set of variables using Barro and Redlick (2011) transformation and estimate

4Ramey (2016a) applied Gordon and Krenn (2010) transformation to construct variables, by
dividing variables to the potential output; however, she claimed both transformation method gives
similar results. I followed Barro and Redlick (2011) method since there is no reliable source for
potential output in Turkey during my sample period.
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the following equation
H∑
h=0

yt+h = δh +mh

H∑
h=0

gt+h + αhxt−1 + ut+h, (B.5)

where yt and gt are the transformed real per capita and public investment and xt−1

is the vector of transformed control variables. I use the identified shock in Equation
2.5 as an instrument for the sum of public investment outlays. In this framework
the estimated coefficient, mh, is the TL multiplier for horizon h. I estimate equa-
tion B.5 using Newey and West (1986) estimator for possible autocorrelation and
heteroskedasticity and the estimated multipliers are shown in B.3. This alternative
methodology produces TL multipliers that are very similar to the baseline multi-
pliers in Table 1.4 and confirms that baseline results are not inflated due to the
variation in the output to public investment ratio in the sample.

Table B.3: The Public Investment Multipliers

Horizon TL Multiplier

0
4.3067

[4.08, 6.54]

2
2.7964

[−0.42, 6.02]

4
−0.1437

[−5.62, 5.34]

6
3.0914

[−8.64, 14.82]

8
14.5792

[10.47, 18.69]

Note: TL multipliers are the estimated coefficient mh in equation B.5. The numbers in the brackets are 68%
confidence intervals.
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Appendix C

Appendix to Chapter 3

In this section of appendix we show the steady-state and log-linearized equations
for the dynamic model we introduced in section 3.6.

C.1 Dynamic Model

C.1.1 Steady-State

We consider steady-state where all prices are symmetric and normalized to one such
that P = Pi = Pj = 1.

The labor supply at steady-state is given by the combination of the household
budget constraint and equation 3.37:

L =
[

1− τ̄
ξ(1− ḡ)

] 1
1+χ

(C.1)

and we set ξ = 21.06 to have L = 1/3, the standard value in RBC literature.
The steady-state values of labor and intermediate input demand at industry level
are given by:

Li = αi
Yi
Wi

(C.2)

Xij = aijρiYi (C.3)

and plugging equations C.2 and C.3 into the production gives:

Yi =
[
αi
Yi
Wi

]αi  n∏
j=1

a
−aij
ij (aijρiYi)aij

ρi (C.4)

and the simple algebra gives steady-state wage in industry i as following:

Wi = αi (ρi)
αi
ρi . (C.5)
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The market clearing condition for industry i is given by:

Yi = Ci +Gi +
n∑
j=1

Xji (C.6)

where Xji = ajiρjYj. Define âji = Xji

ρjYi
and we can rewrite the equation C.6 as

following:

Yi = Ci +Gi + Yi
n∑
j=1

ρj âji (C.7)

or in compact form:

Yi =
I − n∑

j=1
ρj âji

−1

(Ci +Gi) = Hi (Ci +Gi) (C.8)

The labor supply market clearing condition gives that L = ∑n
i=1 Li and using

equation C.2, it can be expressed as:

L =
n∑
i=1

αi
Yi
Wi

(C.9)

and plugging equation C.8 into the equation C.9 and using the fact that L =
C

(1− ḡ)W gives the following:

n∑
i=1

αi
Hi (Ci +Gi)

Wi

= C

(1− ḡ)W . (C.10)

Now using Ci = ωciC and Gi = ωgiG in addition to G = ḡ

1− ḡC in equation
C.10 gives steady-state aggregate wage as a function of the model’s parameters:

n∑
i=1

αi

(
ωci + ḡ

1− ḡ ωci
)
Hi

Wi

= 1
(1− ḡ)W (C.11)

Since we have aggregate wage and labor supply, we can derive aggregate con-
sumption and government spending and using the share parameters we can derive
industry level consumption and government spending. Plugging the latter values
into the equation C.8 gives the steady-state indsutry-level sales. We can derive the
intermediate input demand supply using the FOCs and this gives the all steady-state
values for the case 2.

If we set ḡ = 0, we eliminate the government expenditure in the model that gives
the steady-state values for case 1 in the dynamic model section.
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C.1.2 Log-Linearized Equilibrium

Log-linearizing the equilibrium conditions around the symmetric price steady state,
we obtain the following system in terms of nominal variables of interest (lower case
letters with tilde denote log-deviations from the steady state):

χl̃t = w̃t − c̃t −
τ̃t

(1− τ̄) (C.12)

c̃t = 1
1− ḡ

(
w̃t + l̃t

)
− ḡ

1− ḡ g̃t (C.13)

c̃it = c̃t, i = 1, ..., n (C.14)

g̃it = g̃t, i = 1, ..., n (C.15)

ỹit = z̃ij,t, i, j = 1, ..., n (C.16)

ỹit = Ci
Yi
c̃it + Gi

Yi
g̃it +

n∑
j=1

ρj âjiz̃ji,t, i = 1, ..., n (C.17)

z̃t =
n∑
i=1

Zi
Z
z̃it (C.18)

ỹt =
n∑
i=1

Yi
Y
ỹit (C.19)

τ̃t = ρτ τ̃t−1 + ετt (C.20)

g̃t = ψg(τ̃t + w̃t + l̃t) (C.21)

w̃t = 0. (C.22)

There are total of N2 + 3N + 7 equations that solves for the all variables in
the model. The direct effect of the personal tax shocks are similar to the standard
RBC model in which first it distorts the labor supply and then aggregate consump-
tion, considering the perfect wage rigidity. Since the households consumes constant
fraction of industry-specific good, the variation in the consumption of the good of
industry i is equal to the variation in the aggregate consumption.

By plugging equation C.16 into the equation C.17 gives the following expression
in matrix form

Ỹ = ρŴ T Ỹ + C

Y
C̃ + G

Y
G̃, (C.23)

where the capital letters with tilde are the vector of industry-level deviations
from steady state, ρ is vector of intermediate input share and Ŵ T is the network
matrix that we employed in our empirical analysis. The equation C.23 has SAR
structure and the propagation of the shocks through industry linkages are given by
the first term on the right-hand side of the equation C.23. We solve the model using
the above set of linearized equations and simulate it through randomly drawn tax
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shocks. We add normally distributed iid noise with standard deviation of 0.1 to the
output of each industry during simulations and run SAR regressions on simulated
data.
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