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Abstract

This thesis analyses the change in the impact of a government spending increase on the
economy from 1985-1999 to 2000-2014. The first time period is characterised by a high
degree of economic stability, whereas the latter is characterised by a period of a severe
crisis and a large economic downturn.

The essential part of this thesis is therefore to investigate whether a time period charac-
terised by recession and economic downturn has altered the response of output, wages,
consumption, and investment to a government spending increase. Further, the thesis
investigates what mechanisms may have altered this response. In other words, it in-
vestigates how the channels of fiscal policy transmission changed from the first to the
latter time period.

The analysis is conducted on the basis of both an empirical Structural Vector Autore-
gressive model and a theoretical Dynamic Stochastic General Equilibrium model. As
the theoretical model allows for a much richer analysis with respect to underlying dy-
namics than aggregated data, by matching these two models’ responses to a government
spending shock it allows for the theoretical model to capture the dynamics observed in
the data and thereby an in-depth analysis of key mechanisms in the economy.

The analysis of the two models shows that the response of the economy to a government
spending increase was altered between the two time periods specified. In fact output,
private consumption, wages and private investment all show more positive responses in
the second time period specified. This indicates that there is a larger role for government
spending in a time impacted by crisis than in a more stable time period.

In the analysis it is found that especially an increase in the commitment of an increase
in government spending results in a more positive response of the key macroeconomic
variables. Further, an increase in the share of consumers, who do not participate in
asset markets also seem to have an impact on the responses, together with a higher
degree of flexibility in wage adjustments and a higher stickiness in price adjustments.

The results here thus indicate that there is a larger role for government spending in
a time of crisis, especially when there is a larger commitment from the government to
increase spending and consumers are credit-constrained. Yet, the numerical value of
the responses are still below unity for all the macroeconomic variables, indicating that
government spending has less than a one-to-one impact on the economy.
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Julie Madeleine W. Jørgensen 1 INTRODUCTION

1 Introduction

In 2007 the largest economic downturn since the Great Depression began. This lead to
the greatest recession the Western economies had experienced since the Great Depres-
sion, earning it its name: The Great Recession (Bernanke, 2011).

As a response to the Recession the Obama Administration implemented the American
Recovery and Reinvestment (ARRA) act to help stimulate the economy. ARRA was
approved by congress 17th February 2009 (Feyrer and Sacerdote, 2011). To this date,
ARRA has allocated $ 840 billion in funds to different projects in the U.S. (Recovery.org,
2014). Inherit in the decision to implement ARRA in order to stimulate the economy is
the New Keynesian belief that output and consumption will increase in response to an
increase in government spending (Leeper et al., 2010a). Thus, there is a belief among
policy makers that government spending and investment has the potential of stimulating
the economy. Yet, macroeconomic literature still brings mixed evidence of the effect of
fiscal expansion.

Dynamic Stochastic General Equilibrium (DSGE) models are key in evaluating fiscal
and monetary policy today. Large scale models are implemented by the International
Monetary Fund, the Federal Reserve Systems, and the European Central Bank. Macroe-
conomists implement smaller scale DSGE models in order to evaluate a range of different
macroeconomic issues. Models investigating fiscal policy have found fiscal policy mul-
tipliers on output in the range of -1 to 3.7 (Leeper et al., 2010b). Thus, no consensus
on fiscal policy exists within DSGE literature.

The aim of this thesis is to contribute to the ongoing research on the effect of fiscal policy
expansion on key macroeconomic variables. More specifically, the aim is to investigate
how and why the effect of fiscal policy changed in a time where recession had a deep
impact on the economy. I therefore specify a DSGE model, which includes Ricardian
and non-Ricardian households, real and nominal frictions, together with a Central Bank,
and a government sector. I build on models developed in already existing literature and
implement features necessary to analyse government spending decisions and dynamics
of the economy. Therefore, the model specified in this thesis includes an elaborate fiscal
government sector. Thus, the model has not, to my knowledge, been implemented in
this exact form before.

Further, in line with Bilbiie et al. (2008) I estimate a Structural Vector Autoregressive
(SVAR) model for two time periods. They estimate for a pre- and post-1980 period
respectively. Here the main focus is on fiscal policy’s impact in a time impacted by
crisis, and the estimation will therefore be done on both a pre- and post-2000 period
instead. Hereby, the aim is to investigate whether the responses of the economy has
changed in the latter time period, and hence, how the presence of the Great Recession
may have altered the transmission channels of fiscal policy and the response of key
economic variables.

By matching the DSGE and SVAR model it allows me to analyse the change in the
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Julie Madeleine W. Jørgensen 1 INTRODUCTION

response of the economy, as the DSGE enables an analysis of the mechanisms in the
economy in more detail. Further, using the DSGE model opens up for a counterfactual
analysis, and hereby I am able to discover what transmission channels that have caused
the altered response.

In this thesis I find that fiscal policy’s impact has changed in the time period mostly
impacted by recession. It has a more positive impact on key variables than in the
previous time period. One of the key mechanisms causing this change is the increase in
persistence, or commitment, in a government spending increase. Further, I find that an
increase in consumers, who do not smooth consumption, may have further increased the
economy’s reaction to a government spending increase. Lastly, I also find indications
that a higher degree of price-stickiness and a lower degree of wage stickiness can help
explain the response of the economy.

1.1 Research Question

By specifying a DSGE model and calibrating its parameters by matching the theoretical
impulse responses with the empirical impulse responses obtained from my structural
vector autoregressive model, I aim at answering the following research question:

”How has the change in transmission channels of fiscal policy in a time of
crisis altered the response of the economy to an increase in government

spending?”

In order to answer this question, I estimate two separate time periods on U.S. data.
The first time period is from the fourth quarter of 1985 to the fourth quarter of 1999
and the second is from the first quarter of 2000 to the first quarter of 2014.

The answer to the research question will be guided by three sub questions:

Sub Question 1:

How well does my New Keynesian model describe the dynamics observed in the data?

Sub Question 2:

How has the economy’s response to a fiscal policy expansion changed from the first to
the second time period?

Sub Question 3:

What is the main cause of this change in the response of the economy, i.e. how has the
transmission channels of fiscal policy changed?

5
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1.2 Main definitions

A time of crisis: As will be discussed in more depth below, the choice of the second
time period here has been a trade-off between isolating the effects of the crisis time
and obtaining consistent estimates of the empirical model. As argued by Canzoneri
et al. (2012) one of the main problems of investigating macroeconomic policy during
recessions is the lack of data. As will be evident in section 1.3 the key difference between
the two time periods is the presence of the Great Recession. Thus, the term ”time of
crisis” refers to a time that is more impacted by recession than the other. This is a
choice made in order to allow for estimation that will result in consistent estimates,
while still allowing for inferences with respect to fiscal policy in recessions.

Government spending and fiscal policy: In this thesis I do not make a distinction
between government spending and fiscal policy. The data used for government spending
and the assumptions made in the model, only takes into account government consump-
tion expenditures1. Hence, I do not focus on a decrease in taxes, increase in government
investment, or in national defence expenditures. This is naturally a simplification, as an
increase in both government investment and defence expenditures will have an impact
on the economy as shown by Leeper et al. (2010b). I will therefore use government
spending and fiscal policy interchangeably in this thesis.

1.3 The U.S. context

As mentioned above, the analysis is split into two time periods: The fourth quarter of
1985 to the fourth quarter of 1999 and the first quarter of 2000 to the first quarter of
2014. This is done in order to investigate whether there was a change in the way the
economy reacted in response to an increase in government spending after 2000. More
specifically, whether the presence of the Financial Crisis altered the policies implemented
and key dynamics in the economy. In order to provide an overview of the key policies
and events in the two periods specified, a brief outline will be provided, as this will be
relevant for the analysis section.

1.3.1 1985:4 to 1999:4 (T1)

The first time period begins after the recession of 1981-1982 (National Bureau of Eco-
nomic Research, 2014). The first time period is estimated for a period characterised by
a high degree of stability (Bernanke, 2011). The United States reduced its deficit con-
siderably over the time, and in 1999 the U.S. deficit was nearly 02 (The White House,

1The data includes government investment but excludes interest paid. The data is the same as the
data used in Bilbiie et al. (2008), who also specify an unproductive government spending shock in their
DSGE model. See appendix C.3 for further details.

2The value of the deficit/surplus in 1999 is between -0.05 to 0.05 and the exact value it therefore not
reported. See appendix B figure 10.
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2014). From July 1990 to April 1991 the United States experienced an eight month
recession (National Bureau of Economic Research, 2014). As will be further elaborated
in section 3.2 this is seen by macroeconomists to be a natural part of business cycle
fluctuations.

Paul Volcker’s Chairmanship from 1979 to 1987 played a major role in shaping the
macroeconomic environment in the first time period. (The Federal Reserve System
New York, 2014). His focus on stable inflation became the onset of ”The Great Moder-
ation”, which was also the ’headline’ of Allan Greenspan’s chairmanship from 1987-2006
(Bernanke, 2011). The Great Moderation is characterized by a period of low and stable
inflation and economic expansion (The Federal Reserve System New York, 2013).

1.3.2 2000:1 to 2014:1 (T2)

In March 2001 to November 2001 the economy was hit by the first recession since the
one in 1990, it also lasted 8 months.(National Bureau of Economic Research, 2014).

As a result of the Financial Crisis, the Great Recession began December 2007 and lasted
18 months until June 2009 (State of Working America, 2014). As evident from figure 10
in appendix B the deficit quickly increased and in 2009 it reached its all time high.

The housing bubble combined with low mortgage standards and an increasingly complex
financial system led to the worst financial crisis since the Great Depression (Bernanke,
2011). GDP fell by 5.1 percent from the fourth quarter of 2007 to the second quarter of
2009 (Bloomberg, 2014), and the unemployment rate rose from 5 percent in December
2007 to 10 percent in 2009 (The U.S. Bureau of Labour Statistics, 2012). Despite the
fact that the economy is no longer in recession the economy has not yet returned to its
normal growth path, with GDP still being below its trend-line (CBPP, 2014).

As mentioned above, the U.S. government implemented the ARRA as a response to the
Great Recession in order to stimulate the economy.

In 2008 the Federal Funds rate was nearly lowered to its nominal bound of zero (Hill
and Wood, 2011). And therefore the Federal Reserve implemented Quantitative Easing
i.e. purchasing government and mortgage bonds. It is believed that interest rates on
bonds and mortgages are lower today than they would otherwise have been without
these policies (Bernanke, 2011; The Economist, 2014).

The second time period’s government policies are characterised by large budget deficits,
increases in government spending, and a constraint on lowering the nominal interest
rate as a response to low inflation.
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1.4 Structure of the thesis

The structure of the thesis is as follows. Firstly, the method will be outlined, both
considering the overall research design and the solution of my models. As I simulate
a theoretical model and estimate an empirical model, the main methods I use will be
described in order to provide an overview of the implications of the procedures. The
last section of the method will include an description of the data used for the empirical
model.

The theory section will follow, where baseline macroeconomic concepts will be presented
together with an outline of the New Keynesian model, which is the ground pillar of the
model I specify. The model will further be built on current research, and therefore
relevant research will be outlined. In order to conduct the analysis, the model will
hereafter be specified, which allows for a matching between the theoretical and empirical
model.

The analysis will be based on the dynamics that are obtained by matching the theoretical
and empirical models, as the theoretical model allows for a more in depth analysis of key
dynamics of a response to an increase in government spending. The three sub-questions
will guide the analysis, which will focus on the overall fit between the data and the
theoretical model, the change in fiscal policy impact between the two time periods,
and the change in transmission channels. Lastly, the discussion will focus on potential
drawbacks and future research regarding this thesis.
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2 Method

In the following section I will outline the research design in order to support the reli-
ability of my sources and the methods used. This will be followed by a description of
how I solve my theoretical and empirical model respectively. The method section will
thereby provide a basis for understanding how I derive the results found in section 5.

2.1 Research design

This thesis is based on deduction, as I use existing literature in order to construct my
model (Saunders et al., 2009). Through the specification of my model and estimation
of the empirical model I aim at answering my research question. Yet, I combine it with
the method of induction, as I use the data to infer how good the fit of my theoretical
model is. Further, only secondary sources are used in this thesis. The data collected
for the analysis has been found through the Datastream database. Since all of the data
needed for this project was available on Datastream, it was not necessary to construct
my own data. A possible disadvantage of secondary data is that the aggregation and
definitions of the data may be unsuitable (Saunders et al., 2009). However, given the
fact that the data found through Datastream is provided by the Federal Reserve, the
U.S. Bureau of Labor Statistics and the Bureau of Economic Analysis the quality of the
data would be expected to be high.

The model is constructed on the basis of scientific articles that are published in major
economic and financial journals. The articles are therefore expected to be quite reliable
sources. In addition, the articles are mainly written by economists from the NBER,
IMF, ECB, The Federal Reserve, and top-universities.

The research is based on macroeconomic time-series data, meaning that the data is
observed over time, which makes it possible to control for the research process itself.
One of the main advantages of time-series data is that it is easier to collect larger sets
of data. (Saunders et al., 2009).

The U.S. is chosen as the base country, as this allows the model to be specified for a
closed economy. According to Wickens (2011) the U.S. can almost be characterised as
a closed economy, where most of the worlds’ other economies are open.

Constructing a DSGE model is a process of weighing tractability against how realistic
the model should be (Wickens, 2011). There are a wide variety of existing models and
existing limitations in each DSGE model. For this project, I have created three different
specifications with a wide variety of nuances within each of the three main specifications.
The model I have decided to use here, is the one that mostly resembles models already
found in literature. This decision was made as the model model gave the best dynamics.
The model leans on already established models, as it was necessary for me to have a
solid basis in my first model. As there is so much literature within DSGE models and
therefore many different models, it has been quite time consuming to find the features
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that provide the necessary dynamics. This is also due to the fact that this topic is quite
new to me, so it has been just as much a learning process along the way. The dynamics
necessary will be discussed further in section 3.

2.2 Solving the theoretical model

The main structure of a Dynamic Stochastic General Equilibrium (DSGE) model is a
system of non-linear equations describing the economy. DSGE models aim at explaining
macroeconomic fluctuations based on microeconomic foundations. Therefore, agents
with rational expectations are key in the model (Romer, 2011). Rational behaviour can
be defined as:”...given the information available, people make decisions that appear to be
optimal for them, and so do not knowingly make persistent mistakes” (Wickens, 2011,
p.2). By introducing a shock to government spending, i.e. an unforseen increase in
government spending, I show how the economy will leave its long-run equilibrium after
a spending shock. (Wickens, 2011). The key actors in the model used in this thesis are:

- Households
- Monopolistic competitive firms
- Perfectly competitive firms
- A monetary authority
- A fiscal authority

These five sectors make up the model economy. The households supply labour, invest
capital, hold government bonds and consume the final good. As will be elaborated in
section 4.1, I specify two types of households: Asset holders and non-asset holders. This
is a common way in DSGE literature to distinguish between households, who smooth
their consumption over time and those, who spend their entire income each period (Bil-
biie et al., 2008). The monopolistic competitive firms produce an intermediate output
that is used by the perfectly competitive firms to produce the final good. The final good
is then both consumed by households and the fiscal authority. The monetary authority
sets the interest rate in accordance with expected inflation. The fiscal authority con-
sumes the final consumption good, raises taxes and balances its budget. Essentially, the
model aims at explaining main dynamics in the U.S. economy. As mentioned above, us-
ing the U.S. economy allows me to specify a closed economy model, as the United States
is assumed to be an almost closed economy (Wickens, 2011). Naturally, the model is
a very simplified version of the real economy, yet, in order to analyse the economy’s
reaction to a change in a single factor, it is very useful to make the model as tractable
as possible. According to Wickens (2011) the creation of a DSGE model is: ” ...as much
an art as a science. It requires judgement and it will not result in a totally accurate
representation of an economy” (Wickens, 2011, p.536).

The system of non-linear equations can be obtained by deriving the first order condi-
tions for households’ utility functions and budget constraints, firms’ cost minimisation,

10
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together with non-linear equations describing the rest of the economy3. The first or-
der conditions for households are obtained by maximizing the sum of welfare, taking
into account current and future levels of consumption (Wickens, 2011). Based on these
non-linear equations, one can derive Euler equations for consumption. Euler equations
describe the trade-off between current consumption and future consumption (Romer,
2011). This sheds light on the intertemporal nature of the DSGE model (Wickens,
2011). This type of Euler equation, relating current consumption to future consump-
tion and the interest rate will be key in this thesis, and will be derived for the analysis
in section 5.3. As the model includes both asset holders and non asset holders, the in-
terest rate will only play a role for asset holders in deciding between future and current
consumption. Hence, the Euler equation will thus introduce dynamics for asset-holders
that do not exist for non asset holders. A more in-depth discussion of the two types of
households will be provided in section 3.4.

When one has obtained the system of non-linear equations, one can derive the model’s
steady state4. The steady state refers to the model’s condition, when it has not been
hit by a shock that disrupts the long-run equilibrium (Heer and Maussner, 2009). The
model is always assumed to be in short-run equilibrium as consumers maximize welfare
in each time period (Wickens, 2011).

A common way to solve DSGE models is by log-linearising (Leeper et al., 2010a; Bilbiie,
2009). This method will also be applied here, and is outlined in appendix C.1. The
model will be log-linearised around the non-stochastic steady state using first order
Taylor approximation, which is commonly used in DSGE literature (Colciago, 2011;
Christiano et al., 2005). There are, however, drawbacks when applying this method.
By approximating one loses some of the dynamics in the model (Gust et al., 2012).
Yet, acknowledging the potential drawbacks, the method will be used here, as the
Matlab tool AIM, which is used for solving the model, only allows for linear equations.
Additionally, log-linearising is a common method in DSGE literature, and is e.g. applied
by the European Central Bank for their New Area Wide Model (Coenen and Straub,
2004).

The model consists of 20 variables and 23 parameters. The model consists of state
variables that are determined prior to time t and control variables that are determined in
time t. In order for the model to have a stable solution the non-predetermined variables
need to have explosive eigenvalues (larger than one), whereas the pre-determined need
to have non-explosive eigenvalues. This is also known as saddle-path and means that
one unique solution exists for the dynamic system (Blanchard and Kahn, 1980). The
model can be solved numerically using the method developed by Blanchard and Kahn
(1980). Yet, the Matlab toolbox AIM5, which is use to solve my model checks whether
there exists a unique solution to the system. Due to time and space constraints a more
elaborate description of solving the theoretical model is beyond the scope of this thesis.

3For more details see section 4.
4See appendix D.2.
5Fore more details on AIM see appendix C.2.
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The two different calibrations here both have unique solutions.

2.2.1 Calibrating the model parameters

The main variables of interest with respect to a government spending increase are in
line with Bilbiie et al. (2008): consumption, output, wage, investment, and government
debt. Compared to Bilbiie et al. (2008) the model here includes investment. The
models’ parameters and impulse responses are essential for the analysis, as the different
parameters determine how the variables react to a government spending shock, and
the impulse response functions (IRFs) show how the variables respond to a government
spending increase within 21 quarters of the shock. Here the IRFs from the theoretical
model is matched with quarterly data in order to calibrate some of the key parameters
of the model. Instead of purely estimating the parameters one determines the value in
line with realistic estimates (Heer and Maussner, 2009). The rest of the parameters will
be set in line with conventional values used in macroeconomic literature. Essentially,
comparing the theoretical model with data will show how well the model describes
empirical responses to a government spending shock.

2.3 The empirical model

Empirical data will be estimated using a Vector Autoregressive (VAR) Model. Sims
(1980) provided this as a framework for estimating macroeconomic models. Accord-
ing to Stock and Watson (2001) the VAR framework ”...provides a systematic way to
capture rich dynamics in multiple time series” (Stock and Watson, 2001, p.101). The
IRFs of government spending, output, wage, consumption, investment, and debt will
be estimated, in order to investigate how the data behaves in response to a government
spending shock, and thereby match the data with the theoretical model.

The VAR model is an autoregressive process written in vector form (Hamilton, 1994). In
macroeconomic literature four lags is most commonly used, and therefore I will include
four lags, i.e. four quarters, of each of the state variables in order to account for the
lagged effects in line with Christiano et al. (2005). As the data is quarterly this means
that the model will include information for a year in the estimation of each variable.
This will lead to the following VAR(4) representation:

ξt = c + Φ1ξt−1 + Φ2ξt−2 + Φ3ξt−3 + Φ4ξt−4 + et (1)

c is a vector of constants,and Φi is a matrix of autoregressive coefficients for {i=1,2,3,4},
and et is a vector of error terms.
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ξt is a vector of the variables I match with my theoretical model:

ξt =



gt
yt
wt
ct
it
bt


where gt is government spending, yt is output, wt is the wage, ct is consumption, it is
investment and bt is privately held government bonds as a share of output. As mentioned
above these variables are chosen in line with other macroeconomic literature (Bilbiie
et al., 2008; Gaĺı et al., 2007b), as these variables are essential when evaluating the
effect of fiscal policy on the economy.

The error term is assumed to be white noise:

E(et) = 0

E(eteτ ) =

{
Ω for t = τ

0 otherwise

Ω is the covariance matrix of the error terms (Hamilton, 1994).

There are three possible choices of a VAR model, with different implications: reduced
form, recursive, and structural VAR. The reduced form VAR assumes that each vari-
able is only a function of its own and the other variables’ past values plus a serially
uncorrelated error term. However, the assumption that there is no correlation among
the variables is somewhat unrealistic, given the inter-connectedness of macroeconomic
variables. Therefore, the recursive VAR constructs the error terms to be uncorrelated
across each equation, by including the current value of the preceding variable in the
vector system. Put differently given a vector of the two first variables in ξt:

ξt =

[
gt
yt

]
(2)

The current value of gt will be included in the equation of yt together with lagged values
of both, while only lagged values of yt will be included in the equation for gt. Hence,
one controls for the correlation between the two variables, and therefore avoids serially
correlated error terms. The recursive VAR can be estimated using OLS, as the residuals
are independent across equations. However, it is important to note that this gives n!
possible VAR representations, and the ordering of the variables changes the coefficients
and residuals of the VAR. Hence, the ordering of the variables is very important for the
results (Hamilton, 1994).
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The structural VAR (SVAR) uses economic theory to sort out the links between variables
(Sims, 1986). And given these theoretical identifying assumptions, the correlations
between variables can be interpreted causally (Stock and Watson 2001). Therefore, this
thesis will apply the same identifying assumptions as Bilbiie et al. (2008), who base their
identifying assumption on Perotti (2004), who states that ”The key to identification is
the observation that it typically takes longer than a quarter for discretionary fiscal policy
to respond to, say, an output shock...”(Perotti, 2004, p.4). This means that government
spending will be ordered first in the state vector, followed by output, the real wage,
consumption and government debt. As I also include investment in addition to the
variables used in Bilbiie et al. (2008), investment is ordered after consumption. As
argued by Bouakez and Rebei (2007) the ordering does not matter for the impulse
responses, and this is also shown in appendix F.2.

The variables in the SVAR are the same variables that are of interest with respect to the
theoretical model, which makes it possible to match the impulse responses (Christiano
et al., 2005). The empirical model does not include the interest rate in line with the
specification by Bilbiie et al. (2008). Yet, this could be a potential extension. Perotti
(2004) argues that it does not alter the response significantly, however.

Asymptotic Distribution Theory and Data Specification

As mentioned above the thesis will follow the same approach as in Bilbiie et al. (2008) by
estimating two separate time-periods. Constructing the time periods for the empirical
model has been a trade-off between obtaining consistent estimates and isolating the
effect of fiscal policy in a crisis time period. Therefore 1985-1999 and 2000-2014 have
been chosen, as they have many of the same characteristics except from the fact that
the crisis was present in the latter time.

It still introduces uncertainty with regards to the estimates, as the estimators will not
be consistent according to asymptotic theory (Hamilton, 1994). The key of asymptotic
theory is that as the observations T goes to infinity the estimator is consistent, meaning
that ”...there exists a sufficiently large sample such that we can be assured with very
high probability that the estimate will be within any desired tolerance band around the
true value”(Hamilton, 1994, p.181). In other words, when T grows large the estimate
converges in probability to the true value. Given that each time period has 56 ob-
servations, one can not assume that the estimates will be consistent. Yet, given the
fact that there is only a limited number of data points available on crisis times, this
specification has been chosen. Further, a longer time period than 2007-2009 had to be
included as one would not be able to obtain sensible estimates on quarterly data for two
years with four lags in the estimation. As Bilbiie et al. (2008) and Stock and Watson
(2012) also estimate on shorter time periods, with the argument that the estimates will
give an indication of dynamics, the estimation here will therefore be based on the same
assumption. A more elaborate specification of the data will follow in section 2.4.
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Following is a specification of the estimation procedure of the SVAR used here, in order
to provide an understanding of the coding and the short-run restrictions applied.

2.3.1 SVAR estimation

The estimation of the SVAR is done using maximum likelihood estimation, and by
applying Cholesky decomposition in order to impose short term restrictions. These
short term restrictions are necessary in order to identify the structural model (Hamilton,
1994). As mentioned above, using a SVAR for estimation of the empirical model means
that one uses economic theory to sort out contemporaneous links among variables. In
other words, the ordering of the variables defines the contemporaneous effects.

Estimation

The estimation outline here is in line with Hamilton (1994). The reduced form VAR is
estimated first, and then a Cholesky decomposition is done in order to impose short-run
restrictions. The code is available in appendix G.

Estimating the structural VAR by maximum likelihood means firstly specifying the
conditional likelihood function:

ξt | ξt−1, ξt−2, ξt−3 ∼ N(Π′xt,Ω)

which follows from equation (2).

Where xt is a [(np+ 1)× 1] vector, which includes the variables of interest:

xt =


1
ξt−1
ξt−2
ξt−3
ξt−4


And Π′ is a [n× (np+ 1)] matrix:

Π′ =
[
c φ1 φ2 φ3 φ4

]
The maximum likelihood estimate of the coefficients Π̂′ is given by:

Π̂
′
=

[
T∑
t=1

ξtx
′
t

][
T∑
t=1

xtx
′
t

]−1
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And the estimate of the vairance-covariance matrix Ω is given by:

Ω̂ = (1/T )
T∑
t=1

êtê
′
t

When one has obtained the estimate for Ω̂ on can continue with Cholesky decomposi-
tion.

Cholesky and Short-run restrictions

The key in the specification of a SVAR is the identification restrictions, which are not
included in a reduced form VAR. This is therefore also essential for the estimation. A
reduced form VAR(1)6 is given by:

ξt = C + Φξt−1 + et (3)

whereas the SVAR is given by:

Bξt = Γ0 + Γ1ξt−1 + εt (4)

In terms of the two first variables in ξt in equation (2) the B matrix is:

B =

[
1 0
−β21 1

]
and the relationship between the reduced and the structural error term is given by:

et = B−1εt =
1

1− β12β21

[
ε1t + β12ε2t
ε2t + β21ε1t

]
=

[
e1t
e2t

]
Short-run restrictions means that the matrix B is lower triangular, and therefore de-
termines the contemporaneous effects between variables included in ξt. As mentioned
above this imposes the restriction that government spending, which is ordered first, is
not affected by the other variables until next period. It is therefore necessary to let
economic theory guide the ordering of variables.

In the two different VAR specifications the error terms have different interpretations:
et is a forecast error whereas εt is a structural shock. The variance co-variance matrices
for each are given by:

6In Hamilton (1994) it is shown that one can rewrite a VAR(p) process as a VAR(1). This method
has been used in the coding, but will not be further outlined here.
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εt ∼(0,D), D =

[
σ21 0
0 σ22

]
et ∼(0,Ω), Ω =

[
w11 w12

w21 w22

]

Ω is not diagonal asD, and therefore there are more coefficients to be estimated. IfB−1

is lower triangular, both B−1 and D can be identified from a Cholesky decomposition
of Ω.

The variance of et:

E[etet] =E[B−1εtε
′
t(B

−1)′]

=B−1D(B−1)′ = Ω

By identifying the B matrix, one will then be able to identify the contemporaneous ef-
fects of each of the variables and this can be achieved through a Cholesky decomposition
of Ω. Here, the Cholesky decomposition is done in Matlab by using the code ”chol” on
the variance-covariance matrix from the reduced form VAR Ω.

Ω = SS′

Where the diagonal of S is the square root of the structural variances. The B matrix
can then be obtained by calculating (Martin et al., 2013)

B = (SD−1/2)−1 (5)

The result of this calculation is shown in appendix E.1.1.

After the Cholesky decomposition of Ω, one can estimate the impulse response functions
(IRFs) of the responses to a government spending increase.

The empirical IRFs are estimated as the response of ξt to an innovation of the error
term (Hamilton, 1994). More specifically, the IRFs here are estimated as a response to
a government spending shock. The impact of the past innovation is given by (Hamilton,
1994):

δξt+s
δεt

= Ψs (6)

where Ψ more specifically is interpreted as the consequence of a one unit increase in the
innovation of government spending at date t.
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After the Cholesky decomposition the equation for the impact of past innovations can
be specified as (Tsay, 2010)

ξt = Γ0 + Ψ0εt + Ψsεt−1 + ...+ Ψsεt−p (7)

For particular coding of the impulse response functions, please see appendix G.

2.4 Data

The data collected for this analysis is collected through the database Datastream. All
the variables are specified in real terms, as the theoretical model is specified in real
terms. U.S. quarterly data from fourth quarter of 1985 to first quarter of 2014 are used
for estimation of the empirical model. Data from the National Income and Product
Accounts (NIPA), which is compiled by the National Bureau of Economic research
NBER (2014) is the main source of data.

The formal definition is government consumption expenditures and gross investment,
which is the same variable definition as used in Bilbiie et al. (2008). Consumption
is defined as personal consumption expenditures. The variable for output is Gross
Domestic Product. The real wage is defined as real compensation per hour for the non-
farm business sector and is obtained from the U.S. Bureau of Labour Statistics. Private
investment is calculated by combining consumption on durables and private investment.
Debt is defined as gross government debt privately as a share of output in line with the
theoretical model.

All variables are divided by the price index to obtain it in real terms, divided by the
population level, and logged. Debt is not divided by the population level as it is a share
of output. The variables in levels are included in figure 1. As it is evident that they
exhibit strong trends they are detrended using linear detrending for all variables except
debt, which is detrended using the HP filter, this is also done for investment in T2. For
more details see appendix C.3.
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Figure 1: Data in levels 1985-2014
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3 Theory

The following section will provide an overview of macroeconomic theory, which will lay
the basis for both constructing the model in section 4 and for analysing the dynamics
observed in the model. Dynamic Stochastic General Equilibrium (DSGE) models are
key models in contemporary macroeconomics. They allow researchers to assess the
implications of shocks to e.g. fiscal and monetary policy. This section will specify the
characteristics of Real Business Cycle theory, and more specifically the New Keynesian
Model, in order to provide a basis for the model specified for the analysis in this thesis.
The theory section will further look into literature concerning the specifications of the
model, and findings of other literature with respect to fiscal policy. The theory section
is therefore essential for the specification of the model and for the analysis of the model
dynamics.

3.1 Macroeconomics and fiscal policy

Taking basic macroeconomic theory into account is inevitable when studying the impact
of fiscal policy. Here an outline of two key concepts will be given regarding the impact
government spending has on the economy. The first is the Keynesian view, depicted
in the IS-LM curve, and the second is Ricardian equivalence. These two concepts are
essential for the specification and analysis of the households in the model in section 4.

3.1.1 The IS-LM curve

Given John Maynard Keynes’s (1883-1946) influence, I will outline the basics of the
IS-LM curve, which Hicks (1937) derived based on Keynes (1936). The main equations
in the IS-LM curve are:

Y = C(Y − T (Y )) + I(R) +G (8)

M/P = l(Y,R) (9)

Where Y is output, C is consumption, G is government spending, T is taxes, R is the
interest rate and M/P is real money supply. The interest-savings part of the IS-LM curve
is represented by equation (8) and represents the resource constraint of the economy,
where consumption is a function of disposable income, investment of the interest rate,
and tax depends on the level of income generated in the economy. The money market
part of the IS-LM diagram, described by equation (9) equates money supply with money
demand (Heijdra, 2009). The LM curve will not be analysed further, as money supply
and demand is not an explicit part of the New Keynesian model here.
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Figure 2: The IS-LM curve (Romer, 2000)

The IS-LM curve in figure 2 is a diagram with a downward sloping IS curve, representing
combinations of the interest rate and output, where investment equals savings. The LM
curve is an upward sloping curve, for combinations of output and the interest rate where
the money supply equals money demand.

The predictions put forward by Keynes (1936), are that higher government spending
will shift the IS curve upwards, thus, resulting in higher output(Hicks, 1937). Because
income increases, consumption increases as well. Yet, holding the LM-curve fixed, this
also means that the interest rate increases, and therefore an increase in government
spending crowds out investment (Gaĺı et al., 2007b).

Here, the IS-LM curve will merely be used as a reference point for the findings, in
order to analyse my results compared to earlier predictions of the impact of government
spending. In fact the predictions of the IS-LM curve is in large in line with the empirical
findings of current macroeconomic literature (Gaĺı et al., 2007b). The IS-LM curve
further provides a good basis for analysing the direct income effect of consumption.
The effect is related to non-asset holding consumers, which will be further elaborated
in section 5.3.

3.1.2 Ricardian equivalence

The main implication of Ricardian equivalence is that the financing of government
spending does not matter. If a government spending increase is financed by debt rather
than taxes consumers will save more as they will expect taxes to increase in the future
to finance the current increase in debt. Thus, when Ricardian equivalence is in effect
consumers do not only take their current income into account as in the IS-LM curve
they are affected by their overall wealth. This is termed the wealth effect. Therefore,
it does not matter whether taxes or debt finance a government spending increase. This
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naturally lead to the conclusion that government spending does not increase consump-
tion, as neither tax-cuts nor debt-financed government spending increases consumption
(Romer, 2011). The reason why Ricardian equivalence becomes important for this thesis
is that the model applied here will make a distinction between households that behave
in a Ricardian fashion, and households that do not take into account the future tax-
increase. This is a common practice in DSGE models, as it allows the model to match
the empirical findings of an increase in consumption as a response to expansionary fiscal
policy (Colciago, 2011).

3.2 Real Business Cycles

Business cycle theory is the ground pillar of DSGE models. The main intuition behind
the theory is that the economy fluctuates between a state of expansion and a state of
recession. More specifically, business cycle theory focuses on the drivers of the business
cycles:

”Periods of economic prosperity are typically called expansions or booms; periods of
economic decline are called recessions or depressions. The combination of expansions

and recessions, the ebb and flow of economic activity, is called the business cycle”
(Romer, 2008, p.1).

According to Rebelo (2005), among the identified drivers of business cycles are monetary,
fiscal, and oil price shocks. Technology shocks were identified as main drivers of business
cycles by Prescott (1986), yet this is still quite controversial topic (Rebelo, 2005).

Apart from identifying plausible drivers of Business Cycles, macroeconomic research has
produced several stylized facts. It is acknowledged that output is three times less volatile
than investment, and that output is equally volatile as hours worked. In addition, most
macroeconomic variables tend to inhibit strong pro-cyclical and persistent behaviour
(Rebelo, 2005).

Kydland and Prescott (1982) specified the founding Real Business Cycle (RBC) Model,
which was specified in order to analyse the business cycles of the economy. The model
assumes rational expecations and is Walrasian, meaning that it is competitive without
externalities, asymmetric information, missing markets or other imperfections (Romer,
2011). Thus, contemporary macroeconomic models are microfounded, as opposed to the
earlier aggregate measures in macroeconomic modelling (Zarnowitz, 1992)7. The RBC
model does not include any frictions. As this is not something that will be assumed
in the model here, a further elaboration of the key mechanisms of RBC models can be
found in appendix D.1.

7This is a response to the famous ’Lucas critique’ by Lucas (1976), who stated that evaluating policy
based on aggregate macroeconomic variables is inappropriate, as they do not take into consideration
policy changes.
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3.3 New Keynesian model

Contrary to the standard RBC model, the New Keynesian (NK) model introduces
nominal frictions in order to better account for the dynamics of the economy. Frictions
enter the model in the form of slowly adjusting wages and prices (Gaĺı, 2008). As a
variation of the NK model will be used in this thesis, an outline of the main features of
the model will follow.

The NK model consists of households and firms with a production function. It assumes
a production sector consisting of monopolistically competitive intermediate goods pro-
ducers and perfectly competitive final goods producers. The intermediate goods sector
produces a continuum of intermediate goods j ∈ [0, 1] (Colciago, 2011). The perfectly
competitive firms use the continuum of the intermediate goods to produce the final
good. A fraction of the monopolistic firms have the possibility of resetting prices each
time period Calvo (1983). Wages are also adjusted in a staggered manner in line with
Calvo (1983). This allows the model to capture key dynamics observed in the data.

Households
Households maximize their utility with respect to consumption, ct and labour nt.

max Et

( ∞∑
s=0

βsu(ct+s, nt+s)

)
(10)

where β is the discount factor.

Households then optimise their utility function subject to the budget constraint:

Ptct +Rf−1t Bt+1 + Ptit ≤ Bt + Ptwtnt + Ptr
k
t kt + Ptdt − Ptτt (11)

Where Pt is the price level, Rft is the gross nominal return on bonds Bt purchased in
time t. it is investment, wt is the wage, τt is lump-sum taxes, and dt is lump-sum
income, including dividends from firms owned (Gaĺı, 2008). Capital is given by kt and
the gross real rental rate of capital is given by rkt . The law of motion of capital is given
by:

kt+1 = (1− δ)kt + it (12)

According to the law of motion of capital, future capital is given by current capital
minus depreciation δ plus investment. Households decide on the level of investment in
time t to determine the amount of capital in time t+1. Capital is used in the produc-
tion of intermediate goods, as evident in the production function equation (16). Hence,
intermediate goods producers pay rkt for the rent of capital in each time period.

Firms
In line with standard NK models the model in this thesis will implement two classes of
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firms: competitive and monopolisically competitive firms. As no changes will be made
to the production sector compared to the standard case, the equations outlined here
will be used in the model in the same form.

Final good firms produce the final good with a constant returns technology (Gaĺı
et al., 2007b):

yt =

(∫ 1

0
xt(j)

εp−1

εp dj

) εp
εp−1

(13)

εp is the elasticity of substitution between the different intermediate goods (Furlanetto,
2011). Where the demand for the intermediate goods of the j different producers is
given by:

xt(j) =

(
Pt(j)

Pt

)−εp
yt (14)

Pt is the price of the final good, whereas Pt(j) is the price of the intermediate good.
The zero-profit condition is assumed to hold, which implies:

Pt =

(∫ 1

0
Pt(j)

1−εp dj

) 1
1−εp

(15)

Monopolistically competitive firms produce a continuum j ∈ [0, 1] of the intermedi-
ate good in line with the Cobb-Douglas production function presented in equation (16)
Furlanetto (2011).

yjt = ajtk
α
jtn

1−α
jt , where 0 < α < 1 (16)

The intermediate goods firms’ real expenditure is given by:

rkt kjt + wtnjt (17)

and rkt and wt are common for all firms.

As will be discussed below, only a fraction of firms can reset prices in each time period.
Firms, who are free to reset prices will reset according to a first order condition in line
with Gaĺı et al. (2007b):

∞∑
s=0

θsEt{λt,t+syt,t+s(j)((P ∗t /Pt+s − µpMCt+sPt)} = 0 (18)
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Where µp is the gross markup, which is present in a zero inflation steady state, and
which is given by µp ≡ εp

εp−1 (Gaĺı et al., 2007b). The intuition behind this parameter
is that the monopolistic firms always set prices above the marginal cost, and the higher
the markup the higher the price. In other words, firms who are able to reset prices will
set prices equal to nominal marginal cost:

P ∗t = µpMCt (19)

This means that in a case where markups are zero, µp = 1, firms behave as perfectly
competitive firms, and set prices equal to marginal cost.

Real marginal cost is given by the log-linear relationship (Gaĺı et al., 2007a):

m̂ct = ŵt − (ŷt − n̂t) (20)

As marginal cost equals wage minus the marginal product of labour.

As shown in Colciago (2011) cost minimisation for the firms imply:

wt =
(1− α)

µp
yt
nt

(21)

rkt =
α

µp
yt
kt

(22)

In line with other DSGE literature using NK models, equations (16), (20), (21), (22) will
explain the production sector. More specifically, the output of the economy is assumed
to be produced by equation (16).

Price Setting:
As mentioned above, only a fraction of firms can adjust prices in every given period.
The probability with which firms can reset prices in each period is given by 1−θ (Calvo,
1983). In each time period 1 − θ firms reset their prices, and according to Gaĺı (2008)
the average duration of a price is (1−θ)−1, where θ is an index of price stickiness. Thus,
the ability of firms to change prices sluggishly introduces nominal rigidities in the NK
model.

The aggregate price level is thus given by (Gaĺı et al., 2007b):

Pt = [θP
1−εp
t−1 + (1− θ)(P ∗t )1−εp ]

1
1−εp (23)

Where the first term governs the price of the fraction of the firms, who cannot reset
prices and P ∗t is the new optimal price set by the fraction 1− θ.
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According to the discussion on sticky prices the log linearised New Keynesian Philips
Curve, as derived in Christiano et al. (2005) follows:

π̂t =
(1− θ)(1− βθ)

θ
m̂ct + βEt{π̂t+1} (24)

Where m̂ct is the real marginal cost’s log deviation from its steady state value, and
π̂t is inflation’s log deviation from its steady state value. The New Keynesian Philips
curve (NKPC) is based on Calvo staggered prices, and thus implements price rigidities
in the model (Christiano et al., 2005). I will not derive NKPC in detail here, but it
is based on the price setting of the intermediate good firms presented above. In this
form it allows explicitly for inflation inertia, meaning that current inflation is indexed
according to past inflation (Christiano et al., 2005). Firms that cannot re-optimise set
prices according to: Pjt = πt−1Pj,t−1.

In macroeconomic literature it has been found that prices do in fact reflect a certain
degree of stickiness (Klenow and Malin, 2010). Thus, nominal rigidities in the form of
staggered prices takes the model closer to reality, than in a standard RBC model, which
is one of the main goals of DSGE analysis.

Wage setting:

Wage rigidity has by research e.g. Christiano et al. (2005), been found to be even more
important for results than price rigidity. Wage rigidity can be applied in different forms
and with different assumptions. Some assume that each household is a monopolistic
supplier of labour, and hence, can reset the wage (Erceg et al., 2000). In line with
Furlanetto (2011) it will be assumed here that wage unions negotiate the wage. As in
Furlanetto (2011) a New Keynesian Philips curve for wage inflation is implemented in
order to include staggered wages:

π̂wt = κw(m̂rst − ŵt) + βEt{π̂wt+1} (25)

Which means that the wage evolves according to:

ŵt = ŵt−1 + π̂wt − π̂t (26)

Here κw will be calibrated in line with existing literature, which has already estab-
lished appropriate values for the wage-scheme. And mrs refers to the marginal rate of
substitution between consumption and labour. This will be derived in more detail in
section 4.2.

Due to time and space constraints, I will not spend time on deriving the wage equa-
tions either. For a more rigorous review and derivation please see Colciago (2011) and
Furlanetto (2011).
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Wage rigidity has been found very important for investigating the dynamics of the
economy with respect to fiscal policy. With flexible wages as in Gaĺı et al. (2007b) the
wage responds in a very positive fashion. However, as emphasised by Colciago (2011)
the empirical findings have rather shown a small positive or even negative reaction of
the real wage to a fiscal policy expansion. Thus, wage rigidity hampers some of the re-
action of the wage otherwise found in DSGE models with flexible wages (Colciago, 2011).

Monetary Authority:
One can introduce non-neutrality of money by introducing a monetary authority into
the model, which sets the nominal interest rate according to a feedback rule. In the
most standard case, the nominal interest rate is set according to current inflation and
output. The specification in this setting will follow the Taylor Rule specified by Taylor
(1993). Its original form is:

Rft = rf + g(lnyt − lny∗) + h(πt − π∗)

Where πt is inflation, r is the short term interest rate and lnyt − lny∗ is the percentage
deviation of real output from its trend, and g, h, and rf are constants (Taylor, 1999).
The parameters were originally set to h = 1.5 g = 0.5 and π∗ = rf = 2%, which
according toTaylor (1999) matches the U.S. monetary policy as the Federal Reserve’s
policy focuses on keeping the inflation low and maintaining a stable economy (Romer,
2011). The numerical values of the constants have different implications for the effect of
the feedback rule. Larger coefficients means that inflation adjusts faster to the long-run
target and that output quicker returns to its natural rate. The intuition for this rule is
that instead of setting a target for the money supply, central banks adjust the money
supply to achieve a set target for the interest rate (Romer, 2011).

Fiscal Authority:
The fiscal authority has many different specifications in different literature. This section
will briefly establish some of the most common features of the fiscal authority and then
postpone the discussion of the specifics to section 3.4, where an overview of current
research on the topic of Fiscal policy is provided.

The most important equation is the response of government spending to a positive
shock:

gt = (1− ρg)g + ρggt−1 + εt (27)

ε is an error term assumed to be normally distributed with a mean zero and a con-
stant standard deviation of σ. And g is the constant steady state value of government
spending.

Further, the government is constrained by its budget constraint Gaĺı et al. (2002):

Rf−1t Bt+1 = Bt + Ptgt − Ptτt (28)
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Here I assume no distortionary taxes, only lump sum taxes. The government issues
bonds, consumes the final good and raises lump-sum taxes.

Further discussions of financing of government spending will be undertaken in sections
3.4 and 4.5.

3.4 Current research

In this section an overview of literature concerning fiscal policy will be outlined, as this
is the main focus of the analysis. Especially aspects of model specifications relevant
for the model derived in section 4 will be discussed. Further, findings concerning fiscal
policy in crisis will also be discussed as this will be relevant for the analysis.

Fiscal policy is by policy-makers believed to be able to stabilize the economy (Caldara,
2011). Despite this common belief, reflected in the implementation of stimulus packages
in the EU an the U.S. in recent time, macroeconomic literature has reached no consensus
on the effects of government spending:

”Together with earlier estimates ... economists have offered an embarrassingly wide
range of estimated multipliers: from -1 ... to 3.7 ”. (Leeper et al., 2010b, p.5)

And according to Hebous (2011)] several questions arise, when building a model for
fiscal policy analysis:

”Is it a ’Neo-classical’ or ’Keynesian’ world? Are consumers ’Ricardian’ or
non-’Ricardian’? Is it a closed or an open economy? ... Answers differ not only with
respect to the size of the effect but also in some cases with respect to the direction of

the effect.”(Hebous, 2011, p.674).

3.4.1 Main findings

Most empirical research finds both a positive impact on consumption and output to a
positive government spending shock (Forni et al., 2009). Perotti (2004) who investigates
the impact of fiscal policy on five OECD countries find that the large positive impact
of fiscal policy has disappeared after 1980s however. Still, there exists a consensus that
output and consumption usually responds positively in the data, though, this is not
what is predicted by standard DSGE models.

Investigating fiscal policy in a NK model results in strong evidence in favour of the
negative wealth effect. As government spending is financed by lump-sum taxes and
consumers are expected to be rational and forward-looking, consumers believe that taxes
will be raised in the future to finance the current increase in government spending, in
line with Ricardian Equivalence in section 3.1.2. Thereby the negative wealth effect
is introduced, where household wealth decreases as the present value of tax liabilities
increase (Hebous, 2011). The negative wealth effect puts an upward pressure on the

28



Julie Madeleine W. Jørgensen 3 THEORY

wage. Due to price rigidities in the NK model, when output increases, the demand for
labour goes up. This is because firms cannot increase prices as a response to the increase
in demand from the government, and therefore produce more instead. Hence, labour
demand increases due to the increase in government spending (Pappa, 2009). Even
though labour supply also increases due to the negative wealth effect, Bilbiie et al.
(2008) find that demand surpasses supply, and therefore the wage increases. Overall,
literature finds a positive effect on output and negative effect on consumption.

3.4.2 Solving the consumption controversy

The fact that standard predictions of DSGE models are not in line with empirical
results has by some scholars been termed the consumption controversy (Hebous, 2011).
Several specifications of households have been implemented in order to accommodate
the consumption controversy. Bilbiie et al. (2008) and Gaĺı et al. (2007b) represent a
strand of DSGE literature that implements two types of households. The main idea
is that not all consumers behave in a forward looking rational expectations manner,
which is the standard specification in NK models. Bilbiie et al. (2008) term them ”non-
asset holders”. Contrary to forward looking households, non-asset holders do not get
dividends from firms, cannot hold government bonds, and do not invest in capital. Put
differently, they cannot ”...internalize the government budget constraint”(Bilbiie et al.,
2008, p.1447).

This means that while asset holders can smooth consumption, and therefore behave in
a ’Ricardian fashion’, when it comes to an increase in government spending, the non-
asset holders’ consumption must track current income, and therefore they are not able to
smooth consumption. This is an increasingly common way to solve the issue of Ricardian
Equivalence in DSGE models. Recent additions to implementation of different types of
households yields, Cúrdia and Woodford (2011) who have implemented consumers as
patient and non-patient, where a financial sector provides loans to the impatient and
holds the patient households’ deposits. They implement the two types of households and
a financial sector in order to investigate monetary policy transmission. Thus, this type
of specification of households may be introduced for the investigation of fiscal policy in
future research.

Yet, the method does not stand unchallenged. Coenen and Straub (2004) estimate a
DSGE model using Euro data on a sample from 1980 to 1999.

”...we find that the estimated share of non-Ricardian households in the Euro area is rel-
atively small, tentatively suggesting that financial deregulation over the last two decades
has lowered financial-market participation costs”(Coenen and Straub, 2004, p.32).

Bilbiie et al. (2008) also find that the share of non-asset holders have decreased from
0.509 in their pre-1980 estimation to a share of 0.347 in the time after 1980. In line
with Coenen and Straub (2004) they argue that until the late 1970s financial markets
were subject to large restrictions.
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As a response to the findings by Coenen and Straub (2004), Bouakez and Rebei (2007)
include a framework, which includes preferences for government spending in households’
utility function in a RBC model. Given a large complementarity between government
spending and consumption, they are able to produce a positive response to a spending
shock. This specification will, however, not be implemented in this thesis as it will also
be interesting to investigate, whether the time of crisis may have had an impact on
whether consumers behave in a Ricardian or non-Ricardian fashion.

3.4.3 Investment

In Mountford and Uhlig (2009) they find that investment is crowded out as a response
to a government spending increase. Gaĺı et al. (2007b) find a similar response of in-
vestment. The reason why investment is largely predicted to be crowded out by a
government spending increase is that interest rates will increase, resulting in lower in-
vestment.

In the basic NK model no adjustment cost is assumed for investment. However, accord-
ing to Wickens (2011) it is optimal to adjust investment slower than instantaneously
because of installation costs of new investments. Thus, introducing investment costs
makes a model better resemble the true dynamics of investment. The theory of in-
vestment adjustment costs is based on Tobin’s (1969) q-theory and is widely used by
scholars in DSGE models today (Fernández-Villaverde, 2011; Christiano et al., 2005).
The idea is that ”...an investment project has a large degree of inertia - it takes time to
start, and is not easy to abandon”(Basu and Kimball, 2003, p.3).

One type of adjustment costs for investment is related to the adjustment of the capital
stock (Gaĺı et al., 2007b). Where the model here will implement adjustment costs
related to the flow of investment. As specified in Monacelli and Perotti (2008) including
adjustment costs in this way ensures that investment does not decrease a lot on impact
and thereby decreases consumption. A further specification of the mechanisms will be
analysed in section 5.

In line with Christiano et al. (2005) adjustment costs are given by:

S

[
it
it−1

]
it (29)

The main intuition behind this rule is that if households decide to change its level in
this period compared to last period they incur a cost (Leeper et al., 2010a).

Adding the adjustment costs into the law of motion of capital then yields:

kt+1 = (1− δ)kt +

(
1− S

[
it
it−1

])
it (30)

Where S is a function that satisfies: S[1] = 0, S′[1] = 0, and S′′[] > 0 (Fernández-
Villaverde, 2011).
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3.4.4 Monetary and fiscal interaction

Bilbiie et al. (2008) find that the response of the economy to a fiscal policy expansion has
decreased after Volcker’s chairmanship in the Federal Reserve, where a tighter monetary
policy was implemented. By estimating the parameters of their model and conducting a
counterfactual analysis they find that an increase in the parameter on monetary policy
did in fact impact the transmission of fiscal policy.

The interaction between these governmental policies has been investigated in a wide
range of literature. Canzoneri et al. (2012) also find that an aggressive countercyclical
monetary policy lowers the impact of a countercyclical fiscal policy. That is, if the
monetary policy responds in a sufficient manner during recessions, fiscal policy is less
effective. Further, Christiano et al. (2009) find that when the zero nominal bound on
the interest rate is met, as in the Financial Crisis (Bernanke, 2011), the government
spending multiplier on output can be up to 3.7. In other words when the nominal
interest rate cannot respond to an increase in government spending, the government
spending multiplier becomes very large.

In my model, I do not take into account the zero nominal bound on the interest rate,
yet I still aim at identifying whether the impact of a more aggressive monetary policy
affects the response to a fiscal policy shock, and whether this is in line with the empirical
impulse responses.

3.4.5 Financing government spending

As mentioned above, government spending is usually implemented as an autoregressive
process with one or two lags of government spending (Equation (27)). Bilbiie et al.
(2008) and Perotti (2004) find that government spending has become much less persis-
tent in recent time than before 1980. This is another important feature that will be
analysed in section 5. Further, a budget constraint for the government is introduced, in
order to specify the relationship between government debt (bonds), government spend-
ing and income from taxes as shown in section 3.3.

Additionally the government has to decide between tax or debt financing. In Gaĺı et al.
(2007b) they implement a ’tax’-rule:

τt = ψbbt + ψggt (31)

Where ψb and ψg are positive constants, and τt, bt and gt are taxes, bonds and govern-
ment spending respectively. They do not explicitly model deficit financing however.

Gaĺı and Perotti (2003) implement a deficit rule in their empirical analysis of EMU8

countries. They distinguish between two measures of changes in fiscal policy: discre-
tionary changes, i.e. decisions taken by policy makers, and automatic responses of fiscal

8Economic and Monetary Union (EU).
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variables to fluctuations. In line with their specification this thesis will implement a
structural deficit rule that investigates financing decisions, which do not arise from au-
tomatic responses. This allows for ”measuring the fiscal stance intentionally chosen by
the policy-maker, rather than the result of uncontrolled economic fluctuations”(Gaĺı and
Perotti, 2003, p.543).

This results in the following log linearised equation for the structural deficit ds,t:

d̂s,t = γg ĝt − γtτ̂t (32)

Where all values are specified as shares of output, andˆdenotes percent deviation from
steady state value. γg is steady state share of government spending in output and
γt is steady state share of taxes. As argued by Gaĺı and Perotti (2003) this allows
the government to vary the structural deficit by changing either taxes or government
spending.

In line with both Bilbiie et al. (2008) and Gaĺı and Perotti (2003) the deficit rule will
further be specified by a rule that allows for adjustments to the debt level and by
including an autocorrelation term of the deficit. Further, as in Bilbiie et al. (2008) a
term also allows for the fiscal authority to decide on the degree of deficit finance of a
government spending increase:

d̂s,t = ηd̂s,t+1 + ϕgγg ĝt + ϕbb̂t (33)

Where η, ϕg, ϕg are the autocorrelation coefficient, degree of deficit financing, and the
degree of debt adjustment respectively.

3.4.6 Fiscal policy in crisis

Currently, the issue of fiscal policy is increasingly becoming more important. After
the Financial Crisis fiscal stimulus packages as the European Economic Recovery Plan
(EERP) and the American Recovery and Reinvestment Act (ARRA) have been imple-
mented in the Euro Area and the US (Coenen et al., 2012). Coenen et al. (2012) show
that the EERP had a large but short lived impact on GDP in the Euro area, when
estimating ECB’s New Area-Wide NK model.

Canzoneri et al. (2012) find that fiscal policy is countercyclical. Hence, fiscal policy
has a larger impact during recessions than in expansions. They find this by specifying
a model with a financial intermediary. They argue that financial frictions are able to
make fiscal multipliers large during recessions, as opposed to what would normally be
predicted by standard NK models. As financial frictions is beyond the scope of my
thesis, I will not implement their specification. Still, I am specifying two different time
periods, one before the Recession and one including the Recession, and hence, my aim
is to investigate, whether a difference is evident. The question of, whether a model
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without financial frictions will be able to capture the differences in the two time periods
will be answered in section 4.

Leeper et al. (2010b) specify a model with implementation delays for fiscal policy and
productive government capital and find that implementation delays can produce nega-
tive output responses in the short run. They argue that this is highly important with
respect to analysing fiscal policy in crisis as implementation delays are a natural part of
fiscal policy. They find that due to implementation delays government investment can
have a negative impact on the economy. Acknowledging the importance and relevance
of implementation delays and government specific capital, I choose not to include this
in my thesis.

3.5 Sub conclusion

The theory section has provided a basis for creating a model that can grasp key dynamics
of the economy. Further, it has provided an insight into macroeconomic concepts and
findings that will help put the results of the thesis into macroeconomic context. By
providing an overview of current macroeconomic literature within DSGE models and
business cycle theory, a basis for creating a model that will capture necessary dynamics
observed in the data has been laid. Following is the specification of the model that will
be used in the thesis.
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4 Model

I will specify a NK model in order to analyse the impact of fiscal policy. As mentioned
above, specifying a DSGE model allows for analysing the dynamics of the economy and
to conduct counterfactual analyses. Therefore, the DSGE model will be key in answering
the research question and hence, in investigating how the impact and transmission
channels of fiscal policy has changed in the time of crisis.

The reason why I find it important to specify a new model is that I find that includ-
ing nominal wage rigidities together with real rigidities as habit persistence is highly
important in line with arguments by Smets and Wouters (2005) and Furlanetto (2011).
These are traits that are not included in the two main texts followed in this thesis;
Gaĺı et al. (2007b) and Bilbiie et al. (2008). Further, I want to combine these frictions
with an elaborate fiscal policy authority in line with Bilbiie et al. (2008)and Gaĺı and
Perotti (2003). Further, in Bilbiie et al. (2008) they do not take into account capi-
tal accumulation and investment. According to Romer (2011), excluding investment
means excluding an important part of the analysis. Thus, I include investment and
capital accumulation, and further implement investment adjustment costs. There are
two main types of adjustment costs, as mentioned in section 3.4.3, and contrary to Gaĺı
et al. (2007b) and Furlanetto (2011) I include the adjustment cost that includes most
stickiness in the response of investment. In addition I follow the line of research, which
assumes that there are two types of households: Ricardian and non-Ricardian or asset-
holders and non-asset holders. Sticky prices are implemented in line with Christiano
et al. (2005) in order to allow for inflation inertia. The implementation of firms in the
model is in line with the basic NK model.

Thus, my model inhibits characteristics from a wide branch of literature - mostly theo-
retical, but the deficit rule is derived from empirical research (Gaĺı and Perotti, 2003).
The dynamics of the model will thus not be identical to any of the models in the above
papers. The model will be outlined below, and log-linearisations can be found in ap-
pendix D.2, and in appendix A an overview of variables and parameters can be found.

4.1 Households

In order to include households that do not smooth consumption and thereby achieve a
theoretical impulse response function of consumption in line with that of the empirical
estimation, it is assumed that only a fraction of households participate in asset markets.
As explained above, this provides IRFs more in line with the data.

In line with Bilbiie et al. (2008) a fraction ω of the continuum of households [0,1] does
not participate in asset markets, cN,t and are thus non-Ricardian households. Hence,
total consumption yields:

ct = ωcN,t + (1− ω)cA,t (34)
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Asset holding households, cA,t, supply capital to firms, receive dividends from firms, and
hold government bonds. Thus, they are closely linked to the rest of the economy. Both
households receive a wage for hours worked for the firms, and both types of households
are therefore dependent on the production sector.

Asset holders

The intertemporal problem to be solved for asset holders is in line with the one specified
by Forni et al. (2009) including habit formation h as well as the disutility of labour ϕ.
In addition to Forni et al. (2009) this model also includes a positive risk aversion σc in
line with Smets and Wouters (2005) and Bilbiie et al. (2008):

max Et

∞∑
s=0

βs
(cA,t − hcA,t−t)(1−σc)

1− σc
−
n1+ϕA,t

1 + ϕ
(35)

where nt is labour and β is the discount factor. cA,t−t is exogenously given as an
aggregate measure of past consumption for asset holding households (Furlanetto and
Seneca, 2012).

In order to specify the budget constraint equation 11 in real terms, two definitions are
necessary. Firstly inflation is specified by:

πt =
Pt
Pt−1

(36)

And the other is the well-known relationship between the real and nominal interest rate
is specified by the Fischer equation (Gaĺı, 2008):

rt =
Rft
πt

(37)

Were rt is the gross real interest rate, Rft is the gross nominal interest rate, and πt is
the gross inflation term.

In order to obtain equation 11 in real terms, it is divided by Pt. (Wickens, 2011).
Specifying bt = Bt/Pt, the real budget constraint yields:

ct + it +Rf−1t bt+1 × πt+1 + τt = wtnA,t + +rkt kt + bt + dt (38)

As in section 3.3 it is investment, kt, bt, and τt are capital, bonds, and lump-sum taxes
respectively, rkt is gross real cost of capital, and dt is dividends from firms owned by
households. Here, no taxes are assumed on wages wt in line with Gaĺı et al. (2007b).
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The law of motion of capital is equal to the one specified in equation (30). This leads
to the following Lagrangian:

Lt = Et

{( ∞∑
s=0

βs
(cA,t − hcA,t−t)(1−σc)

1− σc
−
n1+ϕA,t

1 + ϕ

)
+ λt[(wtnA,t + rkt kt + bt + dt

− ct − it −Rf−1t bt+1 × πt+1 − τt] + ςt[kt+1 − (1− δ)−
(

1− S
[
it
it−1

])
it]

}
The first order conditions with regards to asset holders are:

δLt
δcA,t

: (cA,t − hcA,t−1)−σc = λt (39)

δLt
δbA,t+1

: βEt

(
λt+1

Rft
πt+1

)
= λt (40)

δLt
δkt+1

: βEt

(
λt+1

λt
[rkt+1 + qt+1(1− δ)]

)
= qt (41)

δLt
δit

: qt

(
1− S

[
it
it−1

]
− S′

[
it
it−1

]
×
[
it
it−1

])
+ βEt

(
qt+1

λt+1

λt
S′
[
it+1

it

]
×
[
it+1

it

]2)
= 1

(42)

Where λt represents the marginal utility of consumption, and qt+s is ςt+1

λt+s
, where ςt is

the marginal utility of investment. qt+s is defined as Tobin’s q, and can be interpreted
as the value of the existing capital stock (Smets and Wouters, 2007). By combining
equation (39) and (40), one obtains the Euler equation between bonds and consump-
tion.9 As mentioned above, S is a function that satisfies: S[1] = 0, S′[1] = 0, and
S′′[] > 0, where S′′[1] is defined as the parameter χ, which determines the degree of
adjustment costs on changing investment.

Equations (39), (40), (41), and (42) will be used in order to describe the asset-holding
households in the model. These four equations are log-linearised in order to solve the
model in AIM. The variables of interest for the asset-holders are: cA,t,R

f
t ,πt,r

k
t , qt,it

and λt.

As I assume wage rigidities, households supply labour given the wages that are ne-
gotiated by unions on behalf of households. The equation for wage will therefore be
specified below.

Due to space constraint the steady state relationships for key variables are provided in
appendix D.2 together with log-linearisations of the model.

9Euler equations will be derived in section 5.3.
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Non-asset holders

Non-asset holders must by definition spend all current income. In other words, their
current consumption tracks income as specified in Bilbiie et al. (2008), Colciago (2011)
and Gaĺı et al. (2007b). Hence, non-asset holders do not maximize utility, and therefore
the only equation describing them is their budget constraint:

cN,t = wtnt − τt (43)

Consumption equals net income, and therefore any change in wages will change con-
sumption for non-asset holders.This is particular important due to the fact that all firms
cannot change prices as a response to a government spending shock.

Thus, the variables explaining non asset-holder behaviour are: cN,t, nt and τt.

Non-asset holders still have the same utility function as asset holders, as well as the
same risk aversion and disutility of labour in line with Bilbiie et al. (2008). This is of
course a somewhat strict assumption, yet it simplifies the analysis. Therefore, I do not
aim to alter this assumption here, but it may be interesting for further research.

Together, the two households are explained by ct in equation (34). Additionally it
is assumed that consumption, working hours, and wages are equal for both types of
households in steady state. This simplification is used in Gaĺı et al. (2007b) among
others, and they argue that it does not alter the results considerably.

4.2 Wage setting

As specified above, wage unions are assumed to set wages that are equal for both types
of households.

In line with the wage setting specified above in section 3.3 the log-linear wage equations
are:

π̂wt = κw(m̂rst − ŵt) + βEt{π̂wt+1} (44)

ŵt = ŵt−1 + π̂wt − π̂t (45)

in line with Furlanetto (2011).

The marginal rate of substitution between consumption and labour is usually given by
the wage. By maximizing either type of household’s utility function with respect to
labour and then combining it with the first order condition equation (39), the following
relationship is determined:
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nϕt
(cA,t − hcA,t−1)−σc

= wt (46)

which also holds for non-asset holders. However, as households do not set their own
wage in this model, the wage do not equal the marginal rate of substitution.

Here the average marginal rate of substitution is given by:

mrst = ωmrsN,t + (1− ω)mrsA,t (47)

Log linearising the relationships for the marginal rate of substitution for each household
and combining them with equation (47) yields the following relationship for the average
marginal rate of substitution:

m̂rst =
ωσc

1− h
(ĉN,t − hĉN,t−1) +

(1− ω)σc
1− h

(ĉA,t − hĉA,t−1) + ϕn̂t (48)

From equation (44) it is thus evident that staggered wages introduces a wedge between
wages and the marginal rate of substitution.

4.3 Firms

Given the outline above for the NK model, I will just briefly specify the equations that
applies to the production sector of the economy. For more details on the interaction
between consumption and production please refer to section 3.3.

All monopolistically competitive firms produce using the same production function in
line with (16):

yjt = kαjtn
1−α
jt (49)

Here productivity at is normalised to one without loss of generality, as in Gaĺı et al.
(2007b).

Marginal cost, wage and the rental rate of capital is given by equations (20), (22), and
(21).

m̂ct = ŵ − (ŷ − n̂) (50)

rkt =
α

µp
yt
kt

(51)

wt =
(1− α)

µp
yt
nt

(52)
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As mentioned above, I assume Calvo (1983) staggered pricing. Where only a fraction
1 − θ can reset prices in each time period. Thus, prices do not adjust immediately to
changes in the economy.

The log-linearised New Keynesian Philips curve, as derived in Christiano et al. (2005)
is:

π̂t =
(1− θ)(1− βθ)

θ
m̂ct + βEt {πt+1} (53)

Which ensures sticky prices, as only a fraction of 1− θ firms can adjust their prices in
the following time period.

4.4 Monetary policy

In specifying the monetary policy it is assumed that the monetary authority follows
a Taylor-type rule. The specification of the rule will be implemented in line with
Furlanetto and Seneca (2012):

R̂ft = rf + ρrR̂
f
t−1 + (1− ρr)(ϕππ̂t + αy(ŷt − ŷt−1)) (54)

Hats denote percent deviations from steady states, as the Taylor rule is log-linear. The
monetary authority sets the gross nominal interest rate in line with lagged values of the
interest rate, current inflation and the growth in output. Where rf is the steady state
nominal interest rate given by the steady state relationship obtained from equation (40):

rf =
1

β
(55)

10. ρr measures the degree of persistence in the nominal interest rate, and φπ and αy
measure the degree of adjustment to current inflation and growth in output respectively.

4.5 Fiscal policy

In line with Bilbiie et al. (2008) the fiscal authority issues debt, raises taxes and
purchases the consumption good.

Linearised government spending follows an AR(1) process:

ĝt = ρ1ĝt−1 + ε̂t (56)

10Where gross inflation π is assumed to be 1 in steady state. For derivation of the steady state see
appendix D.2.
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The error term introduces the possibility of a shock to fiscal policy, and is therefore the
’starting point’ of the analysis. As government spending in t-1 is known, contempora-
neous government spending will be the first variable to be known in the model after a
shock. This is the key equation for the analysis here. Given government spending, one
can identify the other government variables from the other equations describing fiscal
policy.

The government budget constraint is:

Rf−1t bt+1πt+1 = bt + gt − τt (57)

I assume in line with Bilbiie et al. (2008) that government debt is zero in steady state.
And further, I assume that bonds are defined as share of output in line with both
Bilbiie et al. (2008) and Gaĺı et al. (2007b). The steady state relationship for the
budget constraint yields:

g = τ (58)

Hence, in steady state government spending is purely tax financed.

The budget constraint in log-linearised form yields:

βb̂t+1 = b̂t + γg ĝt − γtτ̂t (59)

γg and γt are the steady state shares in output of government spending and taxes.
Where the assumption of zero debt in steady state allows me to not take into account
the response of the interest rate - only the steady state value. Thus β enters as β = π

rf .
This is in line with common practice for the government budget constraint in DSGE
literature (Gaĺı et al., 2007b).

The deficit rules are in line with the ones specified in section 3.4.5:

d̂s,t = γg ĝt − γtτ̂t (60)

d̂s,t = ηd̂s,t+1 + ϕgγggt + ϕbb̂t (61)

Where ϕg is the degree of deficit financing and ϕb measures the degree to which deficits
are adjusted to stabilize outstanding debt, and η captures autocorrelation in deficit
financing.

The primary deficit is equal to non-interest spending minus revenues. The variables are
further divided by output, and debt bt is divided by one lag of output in order to keep
it a state variable (Bilbiie et al. 2008).

The overall resource constraint, which implies that the goods markets clears, is:
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yt = gt + ct + it (62)

This is the last necessary equation to close the model. After log-linearising all the equa-
tions and calibrating the parameters, the model’s impulse responses to a government
spending shock can be estimated.
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4.6 Model summary

The equations describing the economy’s behaviour is log-linearised according to Taylor
approximation. Details on the calculations can be found in appendix D.2. The system
of linear equations for the model economy is11:

ĝt = ρg ĝt−1 + ε̂t (63)

d̂s,t = ηd̂t−1 + ϕbb̂t + ϕgγg ĝt (64)

d̂s,t = γg ĝt − γtτ̂t (65)

βb̂t+1 = b̂t + γg ĝt − γtτ̂t (66)

ŷt = γg ĝt + γcĉt + γiît (67)

ŷt = αk̂t + (1− α)n̂t (68)

r̂kt = ŷt − k̂t (69)

m̂ct = ŵt − (ŷt − n̂t) (70)

π̂t = βEt{π̂t+1}+ κpm̂ct (71)

π̂wt = βEt{π̂wt+1}+ κw(m̂rst − ŵt) (72)

m̂rst =
ωσc

1− h
(ĉN,t − hĉN,t−1) +

(1− ω)σc
1− h

(ĉA,t − hĉA,t−1) + ϕn̂t (73)

R̂ft = rf + ρrR̂
f
t−1 + (1− ρr)(ϕππ̂t + αy(ŷt − ŷt−1)) (74)

q̂t + λ̂t = [1− β(1− δ)]Et{r̂kt+1}+ β(1− δ)Et{q̂t+1 + λ̂t+1} (75)

k̂t+1 = (1− δ)k̂t + δît (76)

q̂t = χ(̂it − ît−1)− βEtχ(̂it+1 − ît) (77)

λ̂t =
−σc

1− h
(ĉA,t − hĉA,t−1) (78)

ĉN,t =
1− α
µpγc

(ŵ + n̂)− γt
γc
τ̂t (79)

ĉt = ωĉN,t + (1− ω)ĉA,t (80)

ŵt = ŵt−1 + π̂wt − π̂t (81)

λ̂t = Et{λ̂t}+ R̂ft − Et{π̂t+1} (82)

These 20 equations with 20 variables and 23 parameters explain the model dynamics
and thereby the relationship between households, firms, and the governmental sector.

11All variable and parameter definitions can be found in appendix A.
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5 Analysis

Matching the empirical and theoretical impulse response functions (IRFs) allows for
analysing the dynamics of the economy as a response to a fiscal policy shock. As the
theoretical model is built on microfoundations key mechanisms can be investigated.
This therefore allows for an in-depth investigation of how and why the impact of fiscal
policy changed from the time period characterised by a stable economic environment
compared to a time period that to a higher degree is characterised by an economic
downturn. The analysis will thus follow the same principle as in Bilbiie et al. (2008),
where two different time periods with different characteristics are investigated in order
to determine the changes in transmission channels of fiscal policy and the effects of these
changes.

In order to be able to analyse these mechanisms the empirical IRFs have to be esti-
mated. An outline of the estimation results from the empirical model will therefore be
the first step in calibrating the model. A section describing the method of calibration
will follow. This is necessary in order to provide an understanding of the effects that
each parameter has on the model and why they are given the particular value. By inves-
tigating the effects of each of the parameters of interest it provides enough knowledge of
the models’ workings to match the empirical dynamics observed. When the model has
been calibrated to best match each of the two empirical time periods, the dynamics of
each time period will be analysed in order to determine how a change in the impact of
a government spending is evident. Lastly, a counterfactual analysis will be undertaken
in order to investigate the changes in the transmission channels of fiscal policy.

5.1 Empirical estimation results

The IRFs of each variable in the SVAR are the key moments to match with the theo-
retical model in order to see the impact of an increase in government spending. As no
other estimates from the SVAR model will be necessary for the analysis, further details
on parameters can be found in appendix E.1.1.

The SVAR IRFs for the first time period (T1) are reported in figure 3. The error
bands are estimated using Monte-Carlo simulation in line with Hamilton (1994), and are
depicted as the shaded areas. The IRFs show the response of each variable to a 1 percent
increase in government spending from their unshocked paths. As debt is measured as
share in output, its response should be interpreted as its deviation from its steady
state share in output. As evident from the IRF in the upper left corner of figure 3 a
government spending shock does not show great persistence as the impact of a 1 percent
increase returns to its unshocked path within a year. Output and consumption respond
positively to a government spending increase, albeit insignificantly so. Wage does not
react on impact, and its response to a government spending increase is also insignificant
for all 21 quarters. Investment reacts negatively on impact, and becomes significantly
negative around three quarters after impact. Debt reacts negatively on impact, but
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Figure 3: Empirical SVAR IRFs 1985:4-1999:4

Figure 4: Empirical SVAR IRFs 2000:1-2014:1
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increases quickly and stays positive for the entire period, though insignificantly, for
almost all 21 quarters. Around three quarters after the shock debt briefly shows a
significant response.

For the second time period (T2) in figure 4 government spending reacts in a hump-
shaped fashion showing more persistence than in the first time period. Output increases
significantly in the first five quarters. Consumption does not react much on impact, but
quickly increases to a significant level, and shows a very persistent response. Compared
to the previous time period wage shows a very positive response to a government spend-
ing shock. It behaves in a staggered fashion, and is significant three times within the
first eight quarters. The share of debt in output decreases on impact, yet increases after
a quarter. The response of debt never becomes significant. Investment reacts positively
to a government spending shock.

5.2 Calibration of the theoretical model

The model’s parameters are initially set in accordance with values already established
by research. The model consists of 23 parameters, and some of the parameters are
considered ’deep’ parameters, which are fixed before estimation (Fernández-Villaverde
and Rubio-Ramirez, 2004). The parameters are given in table 1, and are, with certain
nuances, common for DSGE literature.

Table 1: Fixed structural parameters

Parameter Value Source

β 0.99 Bouakez and Rebei (2007)

δ 0.025 Bouakez and Rebei (2007)

α 1/3 Bouakez and Rebei (2007)

µp 1.2 Colciago (2011)

φ 1 Furlanetto (2011)

h 0.7 Smets and Wouters (2005)

χ 3 Monacelli and Perotti (2008)

σc 2 Bilbiie et al. (2008)

γg 0.2 Gaĺı et al. (2007b)

γi
αδ

µp(( 1
β
)−(1−δ)) Steady state relationship

γc 1− γg − γi Resource constraint

γt 0.2 Steady state relationship

rf 1
β Steady state relationship

σε 0.01 Ensures a 1 % increase

Where β is the discount rate, δ the depreciation rate, and α the share of capital in
output. The variables are mostly fixed around these levels, as they correspond to
empirical findings (Bouakez and Rebei, 2007). The constant markup µp, is often given
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by 1.2, which implies a steady state markup of 0.2 above marginal costs (Colciago, 2011).
The disutility of labour φ is given by 1, which is not in line with 0.2 as in Gaĺı et al.
(2007b). They fix the value at that level in order to obtain a determinate equilibrium.
As in Furlanetto (2011), I use sticky wages, which allows for a higher value of φ and
therefore gives a lower labour supply elasticity. The habit persistence parameter is given
by 0.7. It is quite common to fix it at 0.9 (Fernández-Villaverde and Rubio-Ramirez,
2004), but here a lower degree of habit persistence is assumed. An argument against
habit persistence is put forward by Romer (2011), as he believes the habit persistence
assumption to be empirically irrelevant. Yet, as it is included in several models (Smets
and Wouters, 2007; Fernández-Villaverde and Rubio-Ramirez, 2004; Forni et al., 2009)
a certain degree of habit formation in consumption is assumed. Investment adjustment
costs, χ, is set at 3 in line with Monacelli and Perotti (2008). Steady state share of
government spending in output, γg, is set at a conventional value of 0.2, which is in
line with empirical findings (Bilbiie et al., 2008). Although Fernández-Villaverde and
Rubio-Ramirez (2004) find a much lower share,it is found more reasonable here to keep
it in line with the most common assumption. Steady state share of investment in output
γi is calculated from the steady state share of capital in output equation (22) 12, and
given the resource constraint γc is 1 less γg and γi. The share of tax in output, γt, is
0.2, as debt is assumed to be zero in steady state. From the steady state relationship
equation (55) rf is defined and σε is set to ensure a 1 % increase in government spending.

The rest of the parameters govern essential features of the model, and will thus be
changed in order to match the impulse response functions. In the baseline model they
are set in line with other literature, mainly Gaĺı et al. (2007b), Bilbiie et al. (2008), and
Furlanetto (2011):

Table 2: Baseline parameters

Parameter Baseline values Definition Source

η 0.71 Persistence in deficit Bilbiie et al. (2008)

φb −0.12 Adjustment to debt Bilbiie et al. (2008)

φg 0.64 Share of deficit financing Bilbiie et al. (2008)

ρg 0.9 Persistence in gov. spending Gaĺı et al. (2007b)

αy 0 Rft adjustment to output Furlanetto (2011)

ρr 0 Persistence in Rft Furlanetto (2011)

φπ 1.5 Rft adjustment to inflation Furlanetto (2011)

θp 0.75 Price stickiness Furlanetto (2011)

ω 0.5 Share of non-asset holders Furlanetto (2011)

κw 0.04 Wage stickiness Furlanetto (2011)

The baseline parameters are merely set in order to have a starting point for calibration,
which will be done in accordance with the two empirical time periods in the following
subsection. As the largest share of parameters to be calibrated are policy variables,

12See appendix D.2 for calculations.
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this is in line with investigating how policy may have changed from T1 to T2, and how
this may have altered the response to a government spending shock. These variables
have therefore been chosen, as they are key for this analysis. As Bilbiie et al. (2008)
emphasise the change in the share of asset holders from a pre-1980 to a post-1980 time
period, it is interesting to analyse, whether a change may have happened in newer time.
Further, as one may assume that price and wage stickiness can differ in a time of crisis,
this will also be analysed here.

The parameters from table 2 are adjusted, in order to obtain the best fit between the
empirical responses and the theoretical model. There may be many versions of the
best fit, so this is merely an indication of possible channels of transmission. In order
to find the best fit, the reaction of the baseline model to changes in each parameter is
investigated. The results are discussed more in detail in section 5.2.1. The changes are
further guided by previous findings in already existing literature. In addition, the main
requirement for a ’good’-fit between the theoretical and empirical models here, will be
that it shows the same sign and is within the error bands of the empirical model.

5.2.1 Matching of theoretical and empirical dynamics

As the aim is to create a better match between the theoretical model and the empirical
IRFs the impact of changing the key parameter values will be investigated. Several
estimation methods are used regularly for DSGE models, and this will be elaborated
in section 6. While this is beyond the scope here it would be a beneficial improvement
of the findings to estimate the model. Still, calibration of model parameters is key in
DSGE literature, and I therefore proceed with this method in line with papers as Gaĺı
et al. (2007b) and Forni et al. (2009). Based on the empirical findings presented above,
I will calibrate the model in order to best fit the data.

This section will therefore discuss the impact of different calibrations for some of the key
parameters governing: government spending, the deficit rule, monetary policy, share of
non-asset holders, wage rigidity, and sticky prices. The discussion of different parameter
values will be split in two separate analyses for each parameter. As there exists a
correlation between parameters, the investigation here will explicitly take into account
the impact of different degrees of government spending persistence. More specifically as
it is evident from figure 4 that government spending shows a higher degree of persistence
in T2 than T1 the impacts of changing the other parameters will be evaluated for both
a ρg of 0.9 (high persistence) and 0.6 (low persistence).

Due to space constraint the figures used in the calibrations cannot be shown in the main
text, but can be found in appendix E.2.1 to E.2.3 figures 16 to 31. They show a range
of different calibrations. These responses will be discussed below, in order to provide
an understanding of the model dynamics, and to give an intuition of the calibration
process13.

13The graph column in table 3 refers to the lines in the figures in appendix E.2.1 to E.2.3.
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Table 3: Different calibrations for government policy

Monetary Policy Fiscal Policy

Line symbol in graphs: φπ ρr αy η φb φg ρg
1. Solid 1.5 0 0 0.71 −0.12 0.64 0.9

2. Circle 1.5 0 0.5 0.30 −0.12 0.64 0.8

3. Diamond 1 0 0 0.71 −0.05 0.64 0.7

4. Asterix 1.5 0.8 0.5 0.71 −0.12 0.20 0.6

5. Plus 2.5 0.5 0.5 0.8 −0.15 0.5 0.5

Fiscal Policy

The structural deficit rule, which adjusts to debt and government spending, together
with the government spending rule is governed by the parameters listed in table 3.
As evident from the figures in appendix E.2.1 and the model specification of the fiscal
authority, naturally, government spending and debt do not adjust to changes in the
other variables.

Government Spending
For illustration purposes the calibrations of government spending is shown here. The
most persistent government spending shock is given by the first calibration in table 3,
which will be refered to as the ’baseline-case’ for all preceding variables. Figure 5 shows
the response of government spending to each of the five different calibrations. The solid
black line shows the response to the most persistent government spending increase,
and the blue line with pluses show the response of all variables to the least persistent
increase in government spending. Neither wage, output, nor consumption show big
differences in immediate responses to a change in the degree of persistence. Still, the
baseline calibration do have a negative impact on consumption and output’s immediate
response to a shock compared to the other four calibrations. Further, output shows a
more hump-shaped response to the highly persistent government spending increase. It
also makes debt a lot more positive and persistent with a more persistent shock, despite
not increasing it on impact. Investment also decreases most on impact from the most
persistent government spending shock. Naturally, the more persistent the government
shock, the more persistent is the effect on the other variables. The less positive impact
on consumption and output on impact is in accordance with Bilbiie et al. (2008), as a
more persistent government spending increase, increases the present discounted value
of tax liabilities. Hence, a more persistent government spending increase puts negative
pressure on Ricardian-type households, as they are subject to a larger negative wealth
effect. This mechanism will be further elaborated below.

Deficit rule
The graph with the different responses of the deficit rule can be found in appendix E.2.1
figure 17. And figures 22 in appendix E.2.2 and 27 in E.2.3 show the responses to a
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Figure 5: Government spending calibrations

high and low persistent government spending shock respectively.

Persistent government spending shock
The deficit rule, as mentioned above, adjusts to government debt and spending, and
has a degree of persistence governed by η. Because of the three different effects, the
three first changes from the baseline calibration is done by changing one parameter at
a time.

In the baseline calibration of the deficit rule, when government spending is persistent,
leads to a 0.25 increase in output on impact, approximately an increase of 0.06 for
wages, 0.12 for consumption, nearly zero for investment, and a maximum increase of
debt of approximately 0.8 after five quarters.

In the second calibration η is set to 0.3. This lowers the persistence and the maximum
increase in the debt level, as a lower degree of deficit persistence leads to lower degree
in the persistence of debt accumulation. For investment, output and consumption the
effect on impact is not different from the baseline value. The effect is less persistent.
The response of the wage is still numerically very small, yet less positive than in the
baseline case.
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In the third change, the deficit adjusts less to the debt level than in the baseline case.
This leads to a very large increase in debt in the first ten quarters with a maximum
increase above 1.2 percent. Adjusting the deficit less to debt accumulation, while keep-
ing the share of deficit financed of government spending high. i.e. 0.64, leads to a
very large degree of debt accumulation. This naturally leads to a higher persistence
in consumption, as non-Ricardian households will not be as highly taxed in that time
period. Investment goes down because households’ bond holdings increase as they are
the only debt-holders in the model. Both the increase in debt and the increase in the
real interest rate, which will be elaborated below, induces a decrease in investment as
well.

The fourth calibration refers to a situation, where only 20 percent of an increase in
government spending is deficit financed. In line with the wealth effect, this leads to
a slightly negative response of consumption, as the increase in tax liabilities decreases
wealth of households. Lastly, the fifth calibration introduces a large degree of persis-
tence, a large degree of adjustment to debt, as well as a share of 0.5 of deficit financed
government spending, which, given the effects discussed above, has expansionary effects
on the economy.

Low persistence government spending shock
With less persistence in government spending, the different calibrations of the deficit
rule all lead to more positive responses of consumption and output on impact than
in the case of a persistent government spending shock. The two variables also return
quicker to their baseline values. Contrary to the high government persistence case,
consumption does not become negative, on impact, in specification 4, where the share
of deficit financing only is 0.2. It does not react on impact, but slowly increases. As
evident in figure 17 the wage is higher for calibration 4 in the low spending persistence
case, thus, this may be one explanation why consumption does not decrease on impact.
The relationship between consumption and the wage will be elaborated more below.
Further, as debt increases less than in the persistent case, it also implies less government
bond-holdings for asset holding households, who cannot substitute out of investment
and consumption. Therefore, investment also shows a more positive response in the low
persistence case, and does not become negative on impact. This indicates that asset-
holders then invest and consume more. A more in-depth analysis of this relationship
will be postponed until next section. Yet, the general difference is that a low persistence
in government spending implies that consumption, output, and investment reacts in a
more positive fashion, whereas debt reacts less. For both the baseline calibration of the
deficit rule and specification 5 wage increases less and less persistently than with a high
government spending persistence, whereas specification 2 gives the exact same response,
and 3 and 4 gives a higher response with the less persistent case. This indicates that
the increase in wage is higher when a low degree of debt adjustment and a low degree
of deficit financing is combined with a less persistent government spending increase. In
other words, the negative impact of a lower values of both φb and φg compared to the
baseline case seems to be mitigated in the low government persistence case.
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Monetary Policy

Persistent government spending shock
The impact of monetary policy and its interaction with fiscal policy has been heavily
discussed and investigated by DGSE literature. The impact of different levels of ’ag-
gressiveness’ in monetary policy is shown in figure 23 appendix E.2.2. In the baseline
case monetary policy adjusts to the current inflation only. It does so in a higher than
one-to-one fashion and is thus in the category of ’aggressive’ monetary policy. The base-
line calibration results in an increase in output of 0.25, an increase in wage of 0.05, an
increase in consumption of 0.12 percent, and a decrease in investment of approximately
-0.075 percent.

When the monetary policy rule is set according to the baseline case as in case 2, with
a slight adjustment to the change in output, the reaction of output, investment, and
consumption is slightly lower than in the baseline case, whereas the reaction of wage
is nearly the same on impact. Yet, the impact of fiscal policy becomes more persistent
for wage, output, and consumption, and investment increases faster to above zero and
also shows more persistence for positive values. Thus, adjusting monetary policy to
the rate of change in output leads to more persistent effects. This means that for an
increase in output the nominal interest rate is increased. In IS-LM terms this results in
a upward shift of the IS curve in figure 2, section 3.1.1, as the real interest rate increases,
compared to the baseline case.

If the monetary policy rule is instead 1 as in the third specification, one obtains a larger
increase in all four variables14. Thus, it is clear from this model that monetary policy
also has an impact on the transmission channels of fiscal policy and that less aggressive
monetary policy increases the impact of fiscal policy. This is in line with the results by
Canzoneri et al. (2012).

When the interest rate is given a high persistence, by a coefficient 0.8 of ρr, the interest
rate rule results in nearly the exact same reaction of investment, output, and consump-
tion as in the baseline case. However, the impact of the government spending shock
decreases faster for the two latter variables, and results in a longer lasting negative
response of investment. For wage the response is lower and less persistent.

With a lower degree of weight on the nominal interest rate’s past lag, but a larger value
for the adjustment to inflation, φπ, and an adjustment to output similar to cases 2 and
4, it decreases the response of all variables considerably compared to the other four
cases. Thus, it seems that an aggressive rule, when it comes to inflation has the most
negative impact on the effect of fiscal policy. Which is also found in Bilbiie et al. (2008).

Low persistence government spending shock
For monetary policy, it is not only an increase or decrease in magnitude that distin-

14As mentioned above fiscal policy variables naturally do not respond to changes in the rest of the
economy.
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guishes the reaction to a less persistent government spending shock from the more persis-
tent counterpart. The interaction between monetary policy and government spending,
seems to be important for the implications of monetary policy specifications. Contrary
to the previous case adjusting the nominal interest rate to both inflation and output
change has the most positive and persistent impact on output, wage, consumption and
investment. Yet, as is evident in figure 28 in appendix E.2.3, the impact of monetary
policy is less important in the case, where government spending is less persistent.

Table 4: Different calibrations for household and production sector

Non-asset share Wages Prices

Line symbol in graphs: ω κw θp
1. Solid 0.5 0.04 0.75

2. Circle 0.65 0.0066 0.7

3. Diamond 0.45 0.08 0.5

4. Asterix 0.35 0.05 0.8

5. Plus 0.3 0.01 0.65

Share of non-asset holders

Persistent government spending shock
The different calibrations for non-asset holders when government spending is persistent
can be found in appendix E.2.2 figure 24.

For the baseline case of an ω of 0.5 output increases by 0.25 percent, wage by 0.05,
consumption by 0.1, and investment falls by 0.05.

The share of non-asset holders’ has been estimated by (Bilbiie et al., 2008), who estimate
a lower share of non-asset holders in the Great Moderation, i.e. stable inflation, and
thus a less sharp response in consumption. The difference between their model and this
model is that investment is implemented here, which alters the response of asset holders
as it gives them two rather than one alternative to current consumption - investment
and bond holdings. In this model there is a higher response of wage, output, and
consumption the higher the fraction of non-asset holders. Thus, this model responds
in a similar fashion as in Bilbiie et al. (2008), despite the inclusion of investment and
capital accumulation. The positive impacts of increasing the share of non-asset holders
to 0.65 is of larger numerical value than the negative impact of having 0.45 and 0.35
respectively.

Hence, the upward potential of non-asset holders is larger than the downward pressure
of a lower share of non-asset holders. This may be due to the impact of inflation and the
nominal interest rate, which will be discussed below. This is in line with the response of
investment, which only show slightly different responses for values of 0.5 and below, but
a considerably more negative response for a higher share of non-asset holders. Thus,
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the share of non-Ricardian consumers seem somewhat important for larger shares, but
less important as the shares move below 0.5. With this model specification the model
does not have a determinate equilibrium for a share of 0.75 and above.

Low persistence government spending shock
A lower persistence in government spending leads to an even higher response of con-
sumption and output, when the share of non-asset holders is 0.65, as is shown in figure 29
in appendix E.2.3. On the other hand, wage shows less response on impact, when it
comes to larger shares of non-asset holders than in the high government spending per-
sistence case. Yet, the response is still much larger than for lower values of non-asset
holders, implying that ω is of key importance for the variable responses. In this low
persistence case the most positive response of investment is obtained with the largest
degree of non-asset holders. This is in sharp contrast with the case, where government
spending is persistent, as this led to the most negative response in investment.

Sticky wages

Persistent government spending shock
The effect of the degree of sticky wages as shown in appendix E.2.2 figure 25 is mostly
evident in the response of wage and investment. Also the response of consumption
is slightly affected by the degree of stickiness, but output shows nearly no response.
The smaller the parameters numerical value the the higher stickiness, and thus, with
more sticky wages e.g. 0.01 or 0.0066 the wage only responds slightly to a government
spending shock. With a value for κw above the baseline case the wages are less sticky,
and thus respond positively to a government spending shock. Hence, given a value of
0.08, wages begin to resemble the response expected under flexible wages, and found in
Gaĺı et al. (2007b) and (Bilbiie et al., 2008). An increase in labour demand combined
with a lower increase in labour supply results in higher wages in a case, where wages
are less sticky. The model thus explains these mechanisms, and allows for adjustments
regarding the level of stickiness observed in the data. However, the model shows inde-
terminacy for values above 0.08 and under 0.0066, and the analysis of wage stickiness
is therefore constrained to being between these values. The more flexible the wages the
more negative the response of investment.

Low persistence government spending shock
When the government spending shock is less persistent, the stickiness of wages has larger
impact on output, as shown in appendix E.2.3 figure 30. Wage generally responds less
and inhibits less persistence, yet both output and consumption reacts more positively
to a higher degree of wage flexibility. The more flexible the wages (cases 3 and 4
in table 4), the more positive consumption and output. This was also, slightly, the
case for the persistent case, yet not as evident. For investment the reaction is much
smaller on impact, and unlike the persistent case does not become negative in any of
the five different cases. One reason for this negative relationship between wages and
investment may be the fact that, when wages increases more, labour demand increases
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less than otherwise, thereby not creating an upwards pressure on the share of capital in
production. Yet, this will also be further discussed below.

Sticky prices

Persistent government spending shock
In line with the parameters for sticky wages and the share of non-asset holders, price
stickiness cannot exceed 0.8 for the baseline calibration, in order to have determinacy of
the model. The higher the price stickiness the higher the response of output, consump-
tion, wage, and to a certain degree, investment as evident in appendix E.2.2 figure 26.
When prices are more sticky, it implies a lower value of inflation. According to equa-
tion (81), this would imply a higher real wage, which is in line with the response in
figure 26. A higher wage will induce households to supply more labour, and this results
in a higher output. With a higher wage, households are also able to consume more,
which increases demand for goods, and thus also implies an increase in output. It is ev-
ident that the degree of price stickiness also has important implications for the reaction
of the variables to a government spending shock.

Low persistence government spending shock
With a low persistence in government spending the response of output becomes much
more homogeneous, as shown in appendix E.2.3 figure 31. The response of wage is
smaller in magnitude, which is contrary to the responses of both output and consump-
tion. Similarly, as in the other cases investment shows a positive response, and in line
with the response of output, more homogeneous. Thus, when a government spending
increase is short-lived price stickiness does not have such a large impact on output and
investment.

Given the outlined responses of the main variables to the different parameters, the
empirical impulse responses will guide the choice of the parameters. This method will
allow me control over the parameters and thus the responses of the variables. The
results and the resulting dynamics will be discussed in the following section.

5.3 Dynamics in the calibrated models

In this section an analysis of the key mechanism will be provided in order to investigate
how the responses of the key macroeconomic variables changed.

Based on the above findings the theoretical models have been calibrated to best fit the
empirical IRFs. The two calibrated versions of the model together with its empirical
counterpart are shown in figure 6. The calibrated values are found in table 5. As evident
the calibrated parameters are not always equal to the values analysed in section 5.2.1.
This is due to the interaction between parameters, which therefore requires additional
adjustment compared to changing one parameter at the time as shown above. Still,
the discussion and findings above guided the process of calibration as far as possible.
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How well the model is able to reflect empirical impulse responses is clearly evident

Table 5: Calibration in accordance with SVAR IRFs

Parameter Value 1985:4-1999:4 Value 2000:1-2014:1

η 0.5 0.3

φb −0.08 −0.16

φg 0.3 0.5

ρg 0.6 0.9

αy 0 0

ρr 0 0.8

φπ 1.5 1.005

θp 0.75 0.85

ω 0.4 0.6

κw 0.0066 0.08

from figure 6 and to a certain extent table 615. Mostly the model responds within the
error bands of the empirical model, and resembles the sign of the response. Both wage,
investment and consumption in T1 look like they do not respond, yet their responses
are just numerically very small as evident in table 6. Their responses will be further
discussed in the next section.

The model is not able to explain the on-impact increase in investment in T2, however. As
evident from the discussion above and figure 16 appendix E.2.1, a persistent government
spending increase has a negative influence on investment on impact here. Despite this,
the model seems to be able to capture many of the empirical dynamics. Further, it is
important to note that as the model parameters have not been estimated per se, one
could potentially have obtained similar fits with different calibrations. Nevertheless,
calibrating has allowed for a greater ”control” of the model responses.

5.3.1 1985:4 to 1999:4 (T1)

Some of the main dynamics of the economy in T1 will be elaborated here. As the model
dynamics are quite extensive, the focus will be on the most important dynamics. By
outlining the responses of key variables for the first time period it provides a basis for
comparing the second time period dynamics and hence, to investigate whether changes
are evident between the two time periods.

As mentioned above the first time period is characterised by a government shock that
does not show great persistence, and the shock has therefore been set at a value of 0.6.

From equations (63) to (66) 16 it is clear that the fiscal authority acts independently

15As the values in table 6 only shows the on impact responses the fit cannot only be determined from
that table.

16For details on variables and parameters see appendix A.
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Figure 6: Matched IRFs for both time periods (Dashed lines: SVAR, solid line: Theoretical
model)
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of the rest of the economy. In other words the adjustment of government spending is
not impacted by the state of the economy, i.e. whether the economy is in a recession.
The only thing that determines government spending in this model is an exogenous
shock and lagged government spending. As lagged government spending is known in
time t government spending in current time will also be known. Thus, this is the first
equation in the system. As current debt is a state variable, and lagged deficit is also
known, one can determine the current deficit from equation (64), and then obtain the
tax rate from equation (65). Government debt in the next quarter is determined by the
other variables in equation (66). Government spending and the level of taxes determine
the government deficit, which is a source of debt accumulation. The amount of deficit
versus tax financing is very important for the implications of the effect of a government
spending shock, which will be covered in more depth below.

Table 6: Impulse responses on impact to a 1 % government spending increase (** For signif-
icant on impact, * if variable response becomes significant within a quarter)

Empirical Model Theoretical Model

T1 T2 T1 T2

Output 0.1986∗∗ 0.5408∗∗ 0.2108 0.3792

Wage 0.0901 0.2764∗ −0.0089 0.1846

Consumption 0.2228 0.3771∗ 0.0165 0.3025

Investment −0.3500 0.6941∗∗ 0.0042 −0.0149

Debt 0.0603 −0.1863 0.056 0.0870

The government deficit is governed by equation (64). η, φb, and φg are set at 0.5,
-0.08, and 0.3 respectively. The budget deficit increases as a response to a government
spending shock, as evident in figure 7. The coefficient on lagged structural deficit
η implies a quite low persistence in the structural deficit, compared to the baseline
value and thereby the estimate found in Bilbiie et al. (2008). A negative parameter
on debt implies that the government deficit is reduced as a response to government
debt. Further, as mentioned above, the parameter on government spending, φg, shows
the degree of deficit financing. In the baseline calibration the value is set quite high,
yet in order to match the empirical IRFs the parameter was lowered from 0.64 to 0.3.
Thus the current specification of the rule implies a low degree of deficit financing, and
a medium degree of persistence. A low degree of deficit financed government spending
will lead to a low degree of debt accumulation. This naturally implies higher taxes for
both types of households, which clearly means that their current income will decrease.
Nevertheless, asset holders are Ricardian consumers, who foresee that taxes will increase
in the future to pay for government spending now and therefore a deficit financed
government spending shock will not have a positive impact on them either. Yet, a
higher degree of deficit financed government spending would have a positive impact on
non-asset holders as they cannot smooth consumption. The responses of consumers will
further be investigated below.

For monetary policy it is assumed in the baseline calibration that the nominal rate is
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adjusted according to current inflation only. Therefore ρr and αy are fixed at zero, while
φπ equals 1.5. As the variable responses do not differ much with respect to this rule,
when government spending is not persistent, I decide to keep it at its baseline value.
This calibration means that the nominal interest rate will react more than one-to-one
to the inflation rate. This in turn leads to a higher real interest rate, as the real interest
rate is the nominal interest less inflation in log-linear form. Combining this with the
euler equation (83) it is evident that an increase in the real interest rate will lead to
asset-holders postponing consumption due to the negative sign on the real interest rate.
Given this interaction one would presume that the increase in consumption will be
dampened as monetary policy becomes more aggressive. As mentioned in section 1.3
this more aggressive policy towards inflation was implemented by Chairman Volcker
in the early 1980’s, so this calibration seem to be in line with empirical implications.
Further, the calibration is in line with Forni et al. (2009), Furlanetto (2011), and Gaĺı
et al. (2007b). Bilbiie et al. (2008) find an estimate of 1.771 on a forward looking rule.
Thus, there seems to be consensus that a rule above 1 is appropriate. Therefore there
may be indications in this thesis as well that monetary policy can crowd out the effect
of fiscal policy on consumption.

Output

Output is directly governed by the resource constraint in equation (67) and the pro-
duction function in equation (68). Hence, how a government spending increase affects
output is determined by the response of labour hours, capital, investment, and con-
sumption.

An increase in government spending necessarily means an increase in the demand for
the final consumption good. This is due to the specification that government spending
is unproductive17. This leads to an increase in labour demand (nt) as demand for the
product goes up. The necessary condition for a large increase in labour demand is
that prices are sticky. If all firms were able to reset prices immediately they would
increase prices, but given sticky prices, firms increase production instead, and hence,
demand more labour Bilbiie et al. (2008). Since, only a fraction 1 − θ can reset prices
in this specification of the model, this will result in an increase of production of the
intermediate good for those firms, who cannot increase prices. The calibration of θ is
0.75, which corresponds to fixed prices for four quarters18.

In a flexible price case the demand for labour would not increase as much as in the sticky
version of the model. With flexible prices equation (23) would reduce to: P (j)t =
P ∗t , thus every intermediate firm adjusts prices to the optimal level. All firms will
follow price setting as in equation (18). Given the price of the final good: Pt =

17In Leeper et al. (2010b) they implement government investment and productive capital for the
government, which puts less weight on the simplifying assumption that the government only purchases
the final good.

18As (1 − θ)−1 = 4.
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(∫ 1
0 Pt(j)

1−εp dj
) 1

1−εp , the final good naturally becomes more expensive. This creates

a downward pressure on demand of the good. Therefore, it does not create the same
upward pressure on labour demand as in this model.

In the long run an increase in hours means an increase in capital, as the labour and
capital share in output is determined by α. This further implies an increase in output.
However, as current capital was already determined in the past quarter one does not
observe an immediate increase in capital, as evident in figure 8. Further, it is not only
the increase in hours and output that determines capital as an increase in investment is
necessary, in line with equation (76), in order to increase capital. As output increases in
the first time period it is therefore evident from figures 7 and 8 that this is mainly due
to an increase in demand for the final good, and hence an increase in labour. Output
is the only non-government variable, which shows a response that is not below 0.1
on impact. Yet, on impact output only reacts by 0.211 to a one percent government
spending increase. Thus, the impact in the first time period of this study on output is
not numerically large compared to many other DSGE specifications (Gaĺı et al., 2007b;
Christiano et al., 2009), but in line with the findings by Perotti (2004) that government
spending did not have a large impact on the economy in this time period.

Consumption and Wages

The resource constraint, equation (67) implies that consumption equals output less
government spending and investment. Consumption is directly determined by equa-
tions (78), (79), and (80), and asset holders are affected by the relationship for the
real interest rate and investment in equations (82) and (75) respectively. Neverthe-
less, consumption is, as all variables except fiscal policy variables, affected by the whole
system of equations.

The share of non-asset holders is set to 0.4. This is a lower weight than e.g. Gaĺı et al.
(2007b) and Colciago (2011) put on their non-Ricardian consumers, whereas a little
higher than 0.35, the value set by Bilbiie et al. (2008). The key with implementing non-
asset holders is that they behave in a non-Ricardian fashion and hence, should ensure
the positive response of consumption to a government spending shock, in line with the
IS-LM curve in section 3.1.1. As is evident from the IRFs in figure 8 non-asset holders’
consumption increase, while consumption of asset holders decreases. Yet, the numerical
value is quite low, with a response on impact of -0.002 and 0.044 for asset holders and
non-asset holders respectively.

Since, sticky wages are implemented in the model, the consumption of non-asset holders
is not expected to increase as much as with flexible prices (Furlanetto, 2011). Hours
of labour goes up, as would be expected given the fact that labour demand goes up in
response to a government spending shock. Hours for all households increase by 0.316
percent from its steady state level on impact. However, due to staggered wages, with
κw fixed at 0.0066, there is not a sharp increase in the real wage, which deviates by
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-0.0089 percent from its steady state level. Thus, the wage is nearly not impacted by
a government spending increase. This is in line with empirical findings (Forni et al.,
2009), but hampers the increase of consumption for non-asset holders, as their income
does not increase as much as they do under flexible prices in e.g. Gaĺı et al. (2007b)
and Bilbiie et al. (2008).

As evident from equation (79), if hours of labour goes up while wages are kept nearly
constant, the response of non-asset holders’ consumption will depend on the increase in
taxes. For non-asset holders it is only the increase in current taxes that matter, not the
present discounted value of future taxes. Thus, they do not behave in accordance with
Ricardian equivalence, rather they behave in accordance with Keynesian belief that
current income rather than wealth determines consumption (Romer, 2011). As taxes
increases by 0.7224 on impact, due to the low level of deficit financing, this naturally
hampers the positive response that could otherwise have been obtained for non-asset
holders,and this results in the low numerical consumption increase observed here.

In short, because of an increase in demand for the final good, and sticky prices for the
intermediate good, the demand for labour goes up, essentially creating room for more
hours of labour for households. There would, however, not be an increase in hours
if supply of labour did not increase. And this is another essential part of the model
dynamics.

The negative wealth effect, as mentioned above, is one of the main effects in play,
when it comes to asset holding households (Bilbiie et al., 2008). The negative wealth
effect is due to the increased tax burden, which slows consumption down. As asset-
holders are assumed to behave in a Ricardian fashion, they foresee that the increase
in government spending not financed by taxes now, will be financed by taxes in the
future. This means that they will increase labour supply as a response to this decrease
in their overall wealth. In accordance with Ricardian equivalence discussed in section
3.1.2, this means that an increase in government spending will have a negative impact
on consumption independent of the means of financing and a positive impact on hours
of labour. The lowered wealth of asset holders therefore adds to the increase in labour
evident in figure 8.

Since non-asset holders’ consumption track current income, as evident from their budget
constraint equation (79), they have an interest in increasing the amount they work as
a response to an increase in taxes. This is called the direct income effect (Bilbiie et al.,
2008). As evident from figure 11 of the impulse responses on tax and deficit they both
increase, and thus one would expect the direct income effect to increase hours worked
by non-asset holders. Had the government spending increase been completely financed
by a deficit, the current income of non-asset holders would not have decreased, and
their willingness to increase hours of labour to an increase in labour demand would be
dependent on their degree of disutility of labour. The direct income effect thus lead to
an increase in hours.

Another key effect in play in the model, is best described by the Euler equation for asset

60



Julie Madeleine W. Jørgensen 5 ANALYSIS

Figure 7: Main variable responses (Blue solid line: 1985:4-1999:4. Red dashed line: 2000:1-
2014:1)

Figure 8: Other key variable responses (Blue solid line: 1985:4-1999:4. Red dashed line:
2000:1-2014:1)
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holders. By combining equation (78) and equation (82), one can obtain the following
log-linear relationship between the interest rate and consumption:

ĉA,t =
1

1 + h
ĉA,t+1 +

h

1 + h
ĉA,t−1 −

1− h
σc(1 + h)

(Rft − Et{πt+1}) (83)

Thus there is a trade-off between the real interest rate 19 and current consumption.
The higher the real interest rate, the more weight will be put on consumption in the
future. This is evident from the negative sign on the real interest rate in equation (83).
Due to the aggressive monetary policy rule an increase in inflation will lead to a higher
nominal rate, and thus an increase in the real interest rate. Though numerically low, it
is evident from figure 8 that inflation increases less than the interest rate, indicating a
higher real interest rate.

Because of staggered wages, the increase in inflation as a response to a government
spending shock is less than in a model without wage frictions (Furlanetto, 2011). As
the response in wage inflation is lower in the staggered case, equation (81) will imply
a smaller increase in the current wage compared to the lagged wage. As is evident in
equation (70) marginal cost is governed by wages, labour, and output. If wages do
not respond in a significant way to a government spending shock, marginal cost will
also react less to a government spending increase. Hence, with a lower marginal cost,
inflation will be lower, given the New Keynesian Phillips Curve in equation (71). Here,
because of staggered wages, asset-holders’ consumption will decrease less than with
flexible wages, because of a lower increase in the real interest rate. Thus, even though
the wage does not increase as much for non-asset holders as it would in the flexible
wage case, the staggered wages hamper some of the negative reaction otherwise found in
consumption for asset-holders. Due to the complicated dynamics in the model, however,
the staggered prices lead to lower inflation which in turn leads to higher wages. Thus,
the model dynamics can not be interpreted unilaterally as there are several dynamics
working ’against each other’.

Hence, the key dynamics describing consumers in T1 is; a certain degree of the negative
wealth effect for asset holders and in the same way a negative wealth effect or direct
income effect for non-asset holders, which leads to an increase in hours of labour. Con-
sumption do not increase much despite the increase in hours however, and one of the
main reasons is that wage does not increase, due to high wage stickiness. This hampers
the increase in non-asset holders’ consumption and thereby the increase in aggregate
consumption. Further, as the shock is not persistent the increase in demand for labour
dies out quickly. The reason why asset holders’ consumption does not decrease much
on impact is due to the staggered wages, which lowers inflation and thereby the real
interest rate. Therefore the model still predicts a slightly positive response. As the em-
pirical model does not show a significant response of consumption for T1, the simulated

19As the real interest rate is the nominal interest rate adjusted for inflation, see the Fischer equa-
tion (37).
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response of consumption in the model do seem to reflect the empirical counterpart.

Investment

Investment is usually found to be crowded out by a government spending shock on
impact, yet this is not the case here. However, the effect is not numerically large,
which is in line with the implementation of adjustment costs. Adjustment costs, as
discussed in section 3.4, hampers the adjustments of investment, compared to a standard
case. Investment is directly governed by equations (67) and (75)- (77). χ is set to a
value of 3, which means that the flow of investment becomes costly to adjust. This
results hampers the response of investment (Monacelli and Perotti, 2008). As evident
in table 6 the empirical response of investment is numerically larger and negative yet
not significant. Given the insignificant response it indicates that adjustment costs may
ensure a reasonable fit between the two models despite their opposite signs.

The relationship between investment and the real interest rate is negative:

q̂t = [1− β(1− δ)]Et{r̂kt+1}+ β(1− δ)Et{q̂t+1} − (Rft − Et{πt+1}) (84)

Hence an increase in the real interest rate, holding the rental rate of capital constant,
will lead to a decrease in the value of the existing capital stock qt. An opposing effect
is an increase in the real cost of capital, which naturally has a positive impact on the
value of the capital stock. This is due to the fact that the rental rate of capital goes up,
and therefore the marginal utility of an extra unit of capital will increase. Thus, there
are two effects working in opposite directions in this equation.

As evident in figure 8, the cost of capital increases, and thus creates an incentive to
invest for households, whereas the increase in the real interest rate, evident from a
lower increase in inflation compared to the nominal interest rate, creates a crowding-
out effect of investment. However, as discussed above, the real interest rate increase is
hampered by staggered wages, and thus, the crowding out effect is lower. As investment
increases this creates an upward pressure on capital, which increases after the first
quarter. Further, as the increase in debt is not large as evident in figure 7, there
is a limited increase in bonds available, and hence limited access to substitute out of
investment and consumption. However, as evident in figure 8 the rental rate of capital
increases. While this has a positive impact on the value of the capital stock this decreases
demand for capital as it becomes more costly for firms to use capital in production. The
resulting response of investment will thus depend on, which effect is larger. As both
capital and investment increases after a couple of quarters the rental rate of capital do
not seem to hamper the demand of capital. However, both effects are numerically very
low.

According to the empirical findings by Perotti (2004) the effect on investment depends
on how persistent the government spending shock is. If the shock is permanent, invest-
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ment increases. This is because the capital stock necessarily needs to increase in order
to match the increased employment in the new long-run equilibrium. Thus, in steady
state, the labour - capital ratio is constant, and hence, one cannot increase without
increasing the other. A necessary condition for the capital stock to increase is that
investment increases. In the short run, however, due to the negative wealth effect,
labour and output, and consumption increases, and therefore according to the resource
constraint investment has to fall. Yet, this is not the response here even though, as
mentioned above, the numerical value is very low, investment is not crowded out. This
is due to both adjustment costs and the hampered increase in the interest rate. Thus,
a crowding out effect is not observed in T1. Still, the effect of government spending is
also very small for investment in T1.

5.3.2 2000:1 to 2014:1 (T2)

As mentioned above government spending is very persistent, yet not permanent in this
time period. Thus the value of ρg will be adjusted to 0.9. This does not entirely match
the persistence in the first ten quarters, but ensures that the model IRF nearly stays
within the error bands for the entire period. Thus, the second time period shows a
higher persistence than in the late 1980s and 1990s.

Further, the deficit rule ensures a higher degree of deficit financed government spending,
which naturally leads to a lower increase in taxes as evident in figure 8. The deficit also
shows a higher persistence than the previous period, which is in line with the fact that
government spending is much more persistent. Given the more persistent responses of
the fiscal sector, this will, as shown in section 5.2.1, change the reaction of the other
parameters.

I alter the monetary policy rule compared to the first time period as well. By increasing
ρr from 0 to 0.9 and lowering φpi to 1.005 I put less emphasis on the inflation term. This
is in line with the fact that the nominal zero bound was met during the 2007-2009 reces-
sion, and thus, that an aggressive Taylor rule specification could not be implemented.
Yet, one could implement more Monetary Authority policy channels as in Cúrdia and
Woodford (2011), though this is beyond the scope of this thesis.

Output

Output increases by 0.379 on impact in the second time period. The persistence in
government spending ensures that demand increases for a longer time. And given the
fact that a higher degree of price stickiness, 0.85, seems to fit the second time period’s
impulse responses better, this leads to a further increase in hours, which is also evident
in figure 8. As the average time duration of prices is higher in T2 than in T1 firms will
increase labour demand more compared to previously. As an increase in hours increase
output, this gives a larger response of output, indicating that the key to increasing
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output in T2 is employment growth. Given the fact that the crisis has increased unem-
ployment, the degree to which government spending can increase demand for labour,
could be more important in times of crises. However, in order to investigate this hy-
pothesis in more detail, one would have to implement unemployment explicitly in the
model, which is beyond the scope here.

Hence, a higher degree of stickiness and a more persistent government spending shock
seem to be of great important for the increase in persistence and magnitude of output.
Compared to the first time period output increases more on impact and this indicates
that more persistent government policies implemented in the Crisis may have resulted
in a bigger role for government spending, when it comes to increasing output.

Consumption and Wage

Average consumption increases with 0.311 percent from its steady state value. This
is largely due to an increase in non-asset holders’ consumption by 0.5209. The share
of non-asset holders is set higher in the second time period at 0.6. In a time of crisis
it is likely that a higher fraction of consumers become more liquidity constrained, as
overall wealth decreases. As the current Financial Crisis had severe impacts on financial
markets, money markets, and the overall trust in the system (Gennaioli et al., 2012), it
may imply that more consumers would shy away from asset-market participation and
thus, not be able to smooth consumption. Another potential reason that could explain
a change in consumer behaviour, would be a change in risk aversion, as the Crisis made
consumers more aware of possible downside risks (Gennaioli et al., 2012). This is beyond
the scope of this thesis, however.

Further, as the nominal interest rate increases less than inflation, it explains why as-
set holders’ consumption almost do not react on impact, despite the higher degree of
stickiness in government spending and the larger increase in debt. As mentioned above,
the Ricardian type households will decrease consumption more in response to a more
prolonged government spending shock as this will have to be repaid some time in the
future. Thus, because the real interest rate shows a percentage decrease compared to its
steady state value, it means that consumers are not induced to postpone consumption,
as in the previous time period. Still, the response becomes negative within the first
couple of quarters, thus showing clear indications of Ricardian equivalence effects.

One of the main effects that are in play with respect to the increase in non-asset holders’
consumption is the increase in wage. Compared to the previous time period wage
increases on impact. This is ensured by a higher wage flexibility together with a higher
price stickiness. A higher price stickiness means lower inflation, which thus puts lower
downward pressure on wages, as evident from equation (81). Because of the increase
in taxes, the direct income effect induces non-asset holders to increase labour supply.
Together with a persistent government spending shock that increases demand for a long
period of time, this implies that demand is higher than supply, thus, putting upwards
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pressure on wages. As wages are allowed to increase as a response to this upwards
pressure, this implies a higher income for consumers. The fact that the government
spending shock is more deficit financed than in the previous period further ensures that
the level of taxes does not completely depress consumption of non-asset holders.

Both types of households increase labour supply, and in T2 the effect is larger than in
T1. Asset holders, because of the negative wealth effect of the increase in government
spending, and non-asset holders because of the direct income effect. Given the larger
increase in wages consumption for non-asset holders is able to increase consumption
more in T2. On the other hand the persistence in government spending puts extra
downward pressure on asset holders, as the present value of tax liabilities is higher in
the more persistent case. Yet, do to the larger share of non-asset holders and an increase
in wages, the theoretical model is able to match the significant increase observed in the
data.

Investment

Investment barely responds on impact in the model. This is not the exact response seen
in the empirical response functions, yet, the response of investment nearly stays within
the error bands of the empirical response. Investment increases after a two quarter
decrease, showing signs that a persistent degree of government spending can ensure a
positive response of investment over time in line with Perotti (2004), despite adjustment
costs. Investment turns more positive than in the previous time period, which is in line
with the increase in cost of capital, and the increase in labour and output, which puts an
upward pressure on capital over time and with a more persistent government spending
shock as in Perotti (2004). The decrease in the real interest rate from its steady state
level is also a reason why investment decreases less than it would otherwise do, in line
with the equation for qt+s (84) above.

5.3.3 Fiscal policy changes

Whereas the first time period reflects a quite stable economic environment, the second
time period includes two recessions. The second recession in T2 is also the largest re-
cession seen since the Great Depression. These are essential reasons, why there might
have been a change in how economic variables react. A lot of criticism of macroeco-
nomic literature instigated in the wake of the crisis. According to much of this critique
macroeconomic DSGE models failed at capturing the dynamics observed in the economy
(Wickens, 2011). From the analysis above, it is evident that a change in the dynamics
happened. Nevertheless, the model seems to be able to explain many of the dynamics
in each time period. Except for the movement of investment in T2, the model grasps
many of the dynamics observed in the data. Thus, the NK model specified here is able
to explain the dynamics observed in the data reasonably well.
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As evident from the analysis above, the impact of government spending differs between
the two time periods. Output, consumption, wage, and investment all show positive and
significant responses to a very persistent government spending increase. The increase
in government spending also relies more on deficit financing compared to the previous
time period. This finding therefore indicates that the time period after 2000 implies
an increased role for fiscal policy, compared to the findings of Bilbiie et al. (2008) and
Perotti (2004), who find that the role for fiscal policy decreased after the 1980s. The
calibrated model for T1 highly supports their findings, yet, the second time period shows
a different picture. Thus, the analysis above supports the findings of Canzoneri et al.
(2012), who shows that recessions results in a more positive impact of fiscal policy.

In both periods output and labour hours are affected by the increase in demand. Yet, in
T2 the increase in demand is more persistent and therefore seem to have a larger impact
on the economy. Further both time periods show signs of the Keynesian prediction for
non-Ricardian households who increase consumption. The effect becomes stronger in T2
due to the higher reliance on deficit financing together with higher wages. The negative
wealth effect predicted by Ricardian equivalence is also observed in both time periods,
though it is larger in the second time as the tax liabilities of a more persistent govern-
ment spending increase is larger. Due to adjustment costs the response of investment
is lower numerically than in the data for both time periods. For the second time period
the data shows a significant increase of investment, which indicates that adjustment
costs may not be applicable here. However, without adjustment costs the response of
investment would become more negative as evident in appendix E.2.4 figure 34. Thus a
different specification of the model seems to be necessary in order to grasp the positive
response on impact.

5.4 Changes in the transmission channels

As evident from the discussion above there has been a change in the way the economy
responds to a fiscal policy increase. It is evident from the discussion that one of the main
changes has been the persistence in government spending. In appendix E.4 figure 37 is
the response of the economy with the same calibration as in the crisis period, but with
the same government spending persistence as in 1985-1999. This lowers the response of
the variables despite higher wage flexibility, higher price stickiness and a higher degree
of non-asset holders. Only the response of investment increases. Investment actually
behaves more in line with the empirical data on impact, when government persistence
is low, this is also in line with the response of investment shown in section 5.2.1. In
large, a higher degree of persistence ensured a more positive impact on the economy.
The increased persistence in government spending seems to be in line with the fact that
the U.S. government implemented the American Recovery and Reinvest Act, which
was introduced as a large increase in government funds. This implies that increases
in government spending would be more persistent in the second period, as the govern-
ment seemed to be more committed to its government spending increases. The model

67



Julie Madeleine W. Jørgensen 5 ANALYSIS

dynamics therefore seem to be in line with empirical findings.

Another potential transmission channel is the share of non-asset holders, as shown in
appendix E.4 figure 39. Changing the share of non-asset holders lowers the response of
all four non-fiscal variables. Thus, in order for the model responses to better capture the
dynamics for especially consumption, output and wage an increase in non-asset holders
seem to be key. As the share of asset holders have been esstimated to have decreased in
the post 1980s (Bilbiie et al., 2008; Perotti, 2004), the findings here may indicate that
consumers have shied away from asset market participation in the latter time period.
This may not be completely implausible given the fact that the Financial Crisis hit the
financial markets hard. This will be further elaborated in the discussion. Nevertheless,
it implies a larger role for fiscal policy as fewer households internalise the government
budget constraint.

As evident from figure 41 in appendix E.4 wage flexibility also had a great impact on
the response of especially wages, but also output and consumption. Again, however,
investment would on impact have been better described by a higher degree of wage
stickiness than the calibration of T2. In line with the lower response of asset holders’
consumption to an increase in the degree of wage stickiness, it implies that their common
determinant, the real interest rate, increases less with sticky wages. As shown by Doris
et al. (2013) the crisis altered the dynamics of wages in Ireland, so it seems plausible
that this would also happen in the U.S.

The degree of price stickiness also impacts the variables, as more sticky prices increases
the response of the economy. Further adding to the response caused by the other
variables as shown in figure 40. Yet, the increase in price stickiness has less impact
on the economy than the degree of wage stickiness. The higher importance of wage
stickiness compared to price stickiness found here is in line with Christiano et al. (2005).
Though it seems likely that a time of crisis hampers the response of price adjustments
as consumption goes down in recessions and especially did so in the Great Recession
(Nardi et al., 2012).

Changes in the deficit rule mostly impacts investment and debt, as shown in figure 38 in
appendix E.4, and therefore a change in the way the government finances government
spending, does not seem to be key for the responses of consumption, output, and wage.
Still, the degree of deficit financing in T2 did ensure a more positive response of invest-
ment and thereby brought the model closer to its empirical counterpart. The deficit
rule therefore also plays a part for the transmission of fiscal policy, when it comes to
the response of investment. Yet, as investment still does not show the positive response
observed in the data it does not seem to be a key factor.

The monetary policy rule from the first time-period introduces indeterminacy in the
model, with the degree of price stickiness and share of asset-holders in the second time
period. Thus, whether monetary policy has been a key transmission channel cannot
be determined here. However, as I have not implemented more channels for monetary
policy, like quantitative easing and a binding zero bound on the nominal interest rate

68



Julie Madeleine W. Jørgensen 5 ANALYSIS

in line with Cúrdia and Woodford (2011) and Christiano et al. (2009) respectively, I
do not expect my model to explain the true dynamics with respect to monetary policy
during the crisis. In figure 42 a Taylor rule has been implemented with the same ρr as
in T2 and with the same φπ as in T1. This means a slightly different response of asset
holders, inflation, and the nominal interest rate, but does not change the response of
the main variables. Thus, even though there are indications that monetary policy is an
important transmission channel of fiscal policy, it cannot be determined here.

The main transmission channels for fiscal policy in the financial crisis seem to be an
increase in government spending, together with an increase in non-asset holders, more
sticky prices and an increase in wage flexibility, as evident in figure 41.

5.5 Sub conclusion

By matching the empirical and theoretical IRFs the analysis has provided answers to
each of the three sub-questions, which together answer the overall research question.
Firstly, the analysis shows that the model specified here is able to match the empirical
responses relatively well. For the second time period, however, the response of invest-
ment is not captured by the theoretical model, which indicates that the adjustment
costs implemented may be too restrictive. Generally, the model captures the dynamics
of the other variables, however. Secondly, the impact of fiscal policy in a time of crisis
has changed compared to the previous time period. Output, consumption and wage
increases more on impact - both in significance and numerical value. There seems to be
a higher degree of deficit financing of a government spending increase, which fits well
with the data presented in appendix B, where the deficit increased in the second time
period. Lastly, government spending inhibits a larger degree of persistence in a time
highly influenced by the Financial Crisis. In general, government spending had a larger
and more positive impact on the economy. Thirdly, the transmission channels of the
increased impact of a fiscal policy shock has been identified to be a larger increase in
government spending, a higher degree of non-asset holders, who cannot smooth con-
sumption, together with a larger degree of wage flexibility and a higher degree of price
stickiness. The increase in the degree of deficit financing further brought investment
closer to the empirical response.

Hence, the results from the analysis show that the impact of an increase in government
spending has a more positive impact on the economy in a time of crisis, due to an
increase in government spending commitment and a larger share of households who do
not smooth consumption. Further, an increase in the degree of price stickiness and an
increase in wage flexibility also seem to impact the transmission channels of fiscal policy.
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6 Discussion

In the following section the main results will be discussed in order to provide an overview
of the main findings and their implications. As the models and therefore the analysis
are based on several assumptions some of these will be discussed here. In addition,
possible extensions and drawbacks of this thesis will be discussed as the findings here
open up for further research within the area.

In the analysis the answer to how the change in transmission channels of fiscal policy
in a time of crisis has altered the response of the economy to an increase in government
spending has been investigated. Given an increase in government spending persistence
and a larger degree of non-Ricardian households together with more wage flexibility the
economy shows a more positive response to a government spending increase. A higher
degree of price stickiness further seems to increase the impact of fiscal policy on the
economy, yet, to a lower degree than wage flexibility.

It is not the aim of this paper to propose any advice concerning fiscal policy. The aim
is merely to give an indication of whether the impact of fiscal policy has changed in
recent time due to the many changes that the global economy has gone through. The
investigation has here been done on U.S. data, but other literature has looked at both
the EU and specific EU countries for evidence as well.

One of the main criticisms that began in the wake of the Financial Crisis was that
macroeconomic literature had failed in its lack of foreseeing the crisis, and therefore
that DSGE models were inappropriate for macroeconomic analysis (Wickens, 2011). As
shown above the response of the economy seems to have changed in the second time
period, yet the model fit is not necessarily worse for the second period than for the first.
Stock and Watson (2012) show that the economy’s dynamics did actually not change
under the Great Recession, the effects were just magnified. Thus, there is evidence
against claims that the economy’s channels changed, and therefore the fit of the model
should not necessary be drastically altered.

Despite the fact that the data for 2000 to 2014 does not isolate the recessions, it is
evident that response on for output is significantly positive and has a larger response
than in the first time period. The findings of Canzoneri et al. (2012), who conclude that
recessions result in a larger multiplier on output and consumption than in expansionary
times seem to be supported by the findings of this thesis. In their analysis they include
state dependence, which is not something that is taken into account here. As Parker
(2011) emphasises, DSGE models are unable to explicitly take into account different
states of the world. Yet, the finding that the response is in fact different in the 2000’s
compared to previously, is an important finding, which opens up for more investigation
of the impact of fiscal policy in recessions.

It is evident, however, that the impact of fiscal policy expansion is not a larger than
one-to-one relationship as output only increases by 0.5 in T2 and 0.2 in the T1. Yet, as
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it has a positive impact, albeit short-lived, it provides evidence for, rather than against
the fact that a fiscal policy increase has a positive impact on the economy. In fact, as
both an increase in wages, investment, consumption and output is seen in the empirical
data, a fiscal expansion can have important implications for the economy. As only
an unproductive government spending shock is investigated here, there may be other
important implications of investigating a productive government investment increase in
these two different time-periods in order to analyse, whether this would result in other
dynamics as the ones above.

The analysis has investigated both the implications of the empirical and theoretical
estimations and in the end aimed at matching them in the best possible way. By
investigating the theoretical model, the mechanisms of the economy can be studied
in deeper detail, as a model can isolate the effect to a higher degree than empirical
data. Naturally, a model also simplifies the real world, and is therefore not able to
explain everything in the data. In spite of this, the model actually manages to explain
many of the dynamics in the data, and therefore I can conclude that the transmissions
mechanisms of fiscal policy seems to have been altered between the two periods. The
change is due to higher persistence of government spending shocks, less wage stickiness
and a higher price stickiness. In addition the model seems to give a better fit, if the
share of non-asset holders is increased to 0.6. This would imply that in the more recent
time period fewer participate in asset markets in order to smooth consumption.

Here I have found that wages have become more flexible, which results in a higher income
for non-asset holders. The share of non-asset holders further seem to have increased
creating more upward pressure on consumption. As monetary policy has not been able
to adjust as aggressively in the recent recession this may also have have changed the
transmission channels of fiscal policy. Yet, in order to analyse this properly one would
need to implement more policies or a binding zero nominal bound on the interest rate.

In order to obtain more robust results, however, a longer time-period would have been
preferable together with the possibility of isolating the different states of the economy.
Lastly, estimating the model and obtaining standard errors for the parameters would
further ensure more reliability and robustness of the results. Thus, these possibilities
of improving the analysis opens up for further research of the area. Other potential
improvements will be discussed in more detail below.

6.1 DSGE models

DSGE models are highly simplified models of reality. Naturally, this implies that many
of the characteristics that are observed in the data cannot be captured in the models.
Yet, this is also one of the benefits of studying the economy through a model as it allows
one to study a very specific part of the economy.

In order to fit the model, I have implemented some of the most common assumptions
used in DSGE modelling today by following the lines of Gaĺı et al. (2007b), Bilbiie et al.
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(2008), and Smets and Wouters (2005) among others. The assumption that government
spending is not impacted by the level of output and debt is somewhat simplistic however
(Leeper et al., 2010a). Moreover, the assumption that households do not behave in a
Ricardian fashion, may not be the most empirically correct way to obtain a consumption
increase, as it was discussed in section 3.4 that much empirical research find a very
small share of non-asset holders. Additionally, the Great Recession has led to critique
of DSGE models, for not including a financial sector. Here, I will discuss the criticism
of non-Ricardian households more in depth, and how implementing a financial sector
may improve the model. For an altered version of the government sector, please see
appendix F.1.

6.1.1 Non-Ricardian Households

The way non-Ricardian households have been implemented here, has been by including
credit-constrained households. As mentioned above, this is a very common assumption
in DSGE research, when studying the effect of fiscal policy. This assumption is more in
line with the Keynesian belief that underlies the IS-LM curve, where consumers’ current
income is key in determining how consumption reacts with respect to a government
spending increase. In standard DSGE models, where consumers are assumed to behave
rationally, it is their overall wealth that matters for consumption decisions. The question
is, how realistic it is to assume one or the other?

According to United States Census Bureau (2011) nearly 70 percent of U.S. households
held some form of financial assets or government bonds in 2011. This would respond
to a share of non-asset holders, ω, of 0.3, which is much lower than the ω included in
much literature. Only Bilbiie et al. (2008) implement an ω of 0.35 for the time period
1984 to 2004. Thus, despite the fact that there seems to be evidence of the presence of
non-Ricardian consumers, who cannot smooth consumption, the fraction may be much
lower than predicted by the model. A key assumption underlying the implementation of
non-Ricardian households is precisely that the share has to be high enough to generate
a positive response of consumption (Bouakez and Rebei, 2007). Coenen and Straub
(2004) find that for the Euro area the fraction is quite small, and thus is not able to
generate this positive reaction. As mentioned above there are a couple of alternatives
where government spending in the utility function is one potential alternative. In the
text by Bouakez and Rebei (2007), where they implement households with preferences
for government spending, they do not manage to account for the reaction of wages and
do not include frictions of any kind. Thus, the implication of this method in a NK
model could potentially be interesting. In Cúrdia and Woodford (2011) they implement
borrowing and saving households respectively as an alternative to credit constrained
households.

Despite the fact that more households have access to financial markets than predicted
by the model it does not necessarily imply that they behave rationally and take into
account future tax liabilities, however. As more and more households have obtained
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access to financial markets within recent years this means that the term ’asset holders’
must necessarily cover a more heterogeneous group than before. Therefore, one may
need to distinguish between types of asset holders rather than between non-asset and
asset holders. Lastly, as the Financial Crisis created high uncertainty in financial mar-
kets (Bernanke, 2011), the assumption that households became more credit constrained
during this time does not seem unlikely.

Essentially, there is no consensus on how to obtain a positive response in consumption.
The only existing consensus is that DSGE models in their pure form with Ricardian
households generally fail at predicting how consumers respond to a government spend-
ing shock (Hebous, 2011).

6.1.2 DSGE and the Great Recession

A potential extension of the model presented here would be to implement a financial
sector in the model. Due to time constraints it was not feasible for this thesis, but in
line with Wickens (2011), Christiano et al. (2008), and Fernández-Villaverde (2010), I
believe that it will be key in future macroeconomic literature. As the current recession
was so determined by structural shocks from the financial sector, it is likely that a
financial sector will be able to further provide an explanation of how the economy reacts.
According to Negro et al. (2014) a DSGE model with financial frictions implemented
in line with Bernanke et al. (1999) is able to account for the changes in inflation and
contraction of the economy following a financial distress-shock. Thus, contradicting
views put forward by e.g. Parker (2011), who believes that one of the main failures
of DSGE models is the lack of state dependency to explain how the economy reacts in
crises.

An essential feature in these models is to implement a premium on the rate of loans. In
Wickens (2011) and Cúrdia and Woodford (2011) borrowing households borrow money
from the financial intermediary. The interest rate on loans in Wickens (2011) is deter-
mined by the possibility that households default on these loans, thus creating a wedge
between the risk-free interest rate and the interest rate on loans. As the financial
intermediary’s profits depend on the payback of loans, and it at the same time holds
government bonds, this creates a default risk in the economy, which adds further volatil-
ity in the DSGE model. Hence, an extension of the current model to include some form
of financial frictions will be likely to improve the fit of the model, and therefore opens
up for further research. As this specification further complicates the model, however,
it was left out here as I found it necessary to implement a more simple and tractable
model the first time I specify a DSGE model.

Another issue with respect to investigating fiscal policy is the zero nominal bound on
interest rates, i.e. where the nominal interest rate cannot be negative. In Christiano
et al. (2009) they find that the output multiplier becomes very large, when the zero
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nominal bound binds. This would also be a beneficial extension of the model presented
here in order to see what implications the bound will have on the fit with empirical
data. Yet, obtaining a very large multiplier in the theoretical model would not fit the
empirical impulse responses obtained here.

Lastly, Stock and Watson (2012) show that the lack of recovery from the Crisis is
partly due to the large unemployment that followed in the wake of the Crisis. Thus,
implementing unemployment in the model may be another key improvement in order
to better explain the empirical dynamics.

Because of the large extent of assumptions and extensions possible, I have merely out-
lined some that I found important for the current thesis. Another key assumption in
DSGE models today is that of price stickiness, however, microeconomic evidence pro-
vides limited proof for the assumption that prices change in a time-dependent fashion
(Nakamura and Steinsson, 2008; Klenow and Malin, 2010; Romer, 2011). Yet, as it is
such an established part of contemporary DSGE models, I will not provide an in-depth
discussion here.

6.2 SVAR

According to Stock and Watson (2001) and Hamilton (1994), there are several draw-
backs of estimating a SVAR model. They are more rich than an otherwise univariate
or bivariate time-series estimation, yet, they are still very dependent on the main un-
derlying assumptions and, naturally, the data specifications.

The main importance in the ordering of the SVAR, is that government spending is
ordered first. As shown in appendix F.2 it does not have an effect on the IRFs, whether
investment or consumption is ordered before the other. Thus in line with Bouakez and
Rebei (2007) it is evident that the ordering of the variables beyond government spending
is irrelevant.

Further, because of the interaction between government spending and monetary policy,
one may find that the interest rate should also be a part of the SVAR model. Here a
SVAR model is implemented in line with Bilbiie et al. (2008) and Perotti (2004), the
latter states that including monetary policy does not alter the impulse responses of a
fiscal policy shock. Nevertheless, investigating whether the interest rate would have an
impact in the SVAR model is beyond the scope of this thesis, but would be a plausible
extension of the existing analysis.

As evident in figure 9 estimating the SVAR model for a longer time horizon results
in somewhat smoother responses, as well as more significant responses of the variables’
responses. As mentioned above, it is common to estimate SVARs for longer time periods,
and the reliability of the results are highly increased as discussed in line with asymptotic
theory in section 2.3.1.
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Figure 9: SVAR model of entire time span 1985:4-2014:1

Despite the extensive use of SVAR models in macroeconomic literature, there are sev-
eral drawbacks of using a SVAR specification for estimating macroeconomic models.
Naturally, the assumptions underlying the estimation will impact the findings. There-
fore, it is necessary to base ones assumptions on solid theory (Stock and Watson, 2001).
Findings by other research has therefore defined the ordering of the variables in my
SVAR specification.

Another criticism is that the shocks one observes in the IRFs are simply representing
omitted factors from the model. If the omitted variables are correlated with variables
in the model this leads to a omitted variable bias (Hamilton, 1994).

Further, one has to take into account possible structural breaks in the data, as constant
SVAR coefficient does not take changing policies into account (Stock and Watson, 2001).
This may be one benefit of estimating a SVAR over shorter time horizons is that it
accommodates this critique. It may, however, still pose an issue in my estimations as
policies have hardly been consistent over the two time periods used for my estimation
here.

Despite these drawbacks the VAR model has important implications for macroeconomic
analysis and gives an indication of the dynamics in the economy. Or put differently:

”A constructive approach is to recognize explicitly the uncertainty in the assumptions
that underlie structural VAR analysis and see what inferences, or range of inferences,
still can be made”(Stock and Watson 2001, p.112).
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6.2.1 Estimation

Initially the objective was to estimate some of the parameters of the DSGE model using
Minimum Distance Estimation (MDE). This has been done by Rotemberg and Woodford
(1997), Christiano et al. (2005), and Bilbiie et al. (2008) among others. Given the short
time span of my data, and the staggered responses, I found it necessary to include
very narrow bounds on the search criterion of my function in order to obtain realistic
estimates.20 As this would not be very different from calibrating, I found it a better
method to calibrate each parameter directly. Naturally, this method has drawbacks as
it does not produce any level of significance for the parameters, and is not grounded in
the data as an estimation would have been. Yet, given the fact that Gaĺı et al. (2007b)
and Furlanetto (2011) use calibration of their models, it is still a widely used method in
DSGE literature. The most widely accepted method of estimating models is Bayesian
estimation (Forni et al., 2009). Due to my current lack of knowledge of this method
I did not find it feasible to conduct this method here, mainly due to time constraints.
Yet, I acknowledge that this would have provided my results with more reliability.

6.3 Fiscal policy and DSGE analysis in a European context

Here the focus, as is common in DSGE literature, has been on the United States.
Introducing a DSGE model in a European context or more specifically, a Danish context,
would have complicated the model further, and therefore this was not attempted here.
The reason is that one of the main assumptions in the DSGE model implemented here
is that the economy is closed. Hence, exchange rates and foreign firms are not part
of the analysis. This assumption only applies in the U.S. context (Wickens, 2011) or
if one assumes a model for the ’world economy’ as in Hall (2009). Therefore, if one
should model the EU or a specific country, e.g. Denmark, this would necessarily require
the introduction of an open economy DSGE model. This type of large-scale model is
implemented by the European Central Bank in their New Area Wide Model (Coenen
and Straub, 2004). Benk and Jakab (2012) estimate a DSGE model for the Hungarian
economy, taking into account imports, exports, and exchange rates, due to its status as
a small open economy. This would apply to many European countries, especially if the
analysis would be conducted in a Danish context.

The investigation of fiscal policy transmission and its effectiveness is not less interesting
in an e.g. Danish context, however. The government sector is larger, as government
spending was 30 percent of GDP in 2009 21 and the government spending share in output
has increased by nearly 10 % (Datastream, 2014)22 since the onset of the Financial
Crisis. Whether this increase has had a positive impact on the Danish economy will

20See appendix F.3 for brief MDE method outline.
21Including interest payments.
22Data used as a basis for these statements have been found in Datastream. For more details see

appendix F.4.
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be interesting to investigate. And in line with the structure of this thesis, investigating
whether there has been a change in the transmission channels specifically in newer time
would also have implications for future fiscal policy implementation. If the transmission
channels as well as the impact on the economy has changed, this may imply an altered
role for fiscal policy, and the way it is implemented in Denmark. Especially as the Danish
Central Bank has just recommended a slow-down in fiscal expansion (Jyllandsposten.dk,
2014), due to the large Danish deficit, a particular investigation of the implications of
such a slow-down, could provide important insights of the impact on the economy.
In such an investigation explicitly modelling the deficit rule as done here would be
beneficial.

The Danish Central Bank is highly dependent on ECB policies, due to the pegged
Danish currency, as well as the their interconnected policies (Danmarks Nationalbank,
2014). Thus, the interaction of monetary and fiscal policy may not be as strong in
Denmark as it has been found to be in the United States. Because of this, and because
of Denmark’s large dependence on EU and its member countries, simply generalising
the findings from this paper would not be feasible. Yet, as there is a change in fiscal
policy transmission in the United States, it may indicate that one would find the same
in other countries.

6.4 Sub conclusion

In section the main results from the analysis have been discussed in order to provide
an overview of the findings and to open up for a discussion of potential drawbacks and
extensions of this thesis.

The share of non-asset holders was discussed as this may not be the most appropriate
way of distinguishing between Ricardian and non-Ricardian behaving households, due
to the empirical evidence that the estimates for such households are low. Therefore,
more heterogeneity between households could potentially be implemented within the
group of asset holding households. Further, implementing a financial sector would be
beneficial in order to investigate whether the model would fit the data better and allow
for investigating other dynamics.

Further, it is evident that the short time periods estimated here do impact the IRFs
of the SVAR model and that estimating the DSGE model using Bayesian methods
would be an improvement of the results obtained here. Lastly, a discussion of how to
implement a DSGE model in a Danish context was undertaken, which also opens up for
further research within the area as this would require a more elaborate model.
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7 Conclusion

The purpose of this thesis have been to investigate how and why key economic variables
responded differently in a time period characterised by crisis rather than a more stable
economic time period. By specifying a DSGE model and matching its impulse responses
with empirical impulse responses for the time periods 1985-1999 and 2000-2014 it has
allowed me to analyse some of the key dynamics of the economy.

The first conclusion drawn in the analysis is that the model specified here is able to
explain many of the dynamics observed in the data. Therefore, the model was able to
guide the analysis of how and why the impact of government spending was altered from
a more stable economic time period to a time impacted by recession.

The second conclusion drawn was that the second time period shows more positive
responses of output, wage, consumption, and investment to a government spending
increase than the more stable economic time period. Thus, indicating a larger role
for government spending in a time of crisis rather than a time of a stable economic
environment.

Thirdly, through a counterfactual analysis it was found that especially the persistence
of government spending and the share of households that cannot smooth consumption
were important for the change in the response of the key macroeconomic variables. As
the U.S. government implemented a large scale stimulus package this is in line with
a more persistent government spending shock, and this thesis suggests that because
the government is more committed to spending in times of crisis it will have a greater
impact. Further, as the Great Recession hit the financial markets hard, it also indicates
that a larger share of households would shy away from asset-markets and to a higher
extent behave as non-Ricardian households. This also implies that government spending
would have an increased effect. As wages seem to adjust more freely combined with a
larger price stickiness in the second time period this further adds to a positive impact
on the macroeconomic variables.

Thus, through a more committed policy together with households who focus more on
current income rather than overall wealth the economy reacted more positively to a
government spending increase. However, the increase in both consumption and output
to a 1 % government spending increase is lower than one-to-one even in the second time
period. Thus, the model does not imply large multipliers for consumption and output
to a government spending increase.

As the recent economic downturn led to high unemployment and was driven by large
default risks in financial markets, including these aspects in the model would be relevant
in order to obtain an even broader understanding of the effects of fiscal policy in a time
of crisis. The findings here therefore open up for further research within the area.
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Appendices

A Variable and Parameter definitions

Model Variables:

cA,t: Asset holders consumption (Ricardian consumers)
cN,t: Non-asset holder consumption (Non-Ricardian or rule of thumb consumers)
ct: Aggregate consumption
nt: Aggregate working hours
wt: Wages
τt: Lump-sum taxes
kt+1: Level of capital in t+1 decided in time t
it: Investment
qt: Tobin’s Q
yt: Output
πt: Gross inflation
Rft : Gross nominal interest rate
bt: Government debt as a share of output
ds,t: Structural deficit
rkt : Real gross cost of capital
gt: Government spending
εt: Government spending shock
mrst: Marginal rate of substitution between labour and consumption
mct: Marginal cost
πw: Wage inflation
λ: Marginal utility of consumption (Lagrangian)

Variables not in the log-linear version of the model:
at: Technology in the production function. Normalised to 1 in the model
Pt: Price index
dt: Dividends from firms

Model parameters:

Household and production sector:
α: Share of capital in output (Cobb-Douglas parameter)
β: Discount factor
δ: Depreciation rate of capital
φ: Disutility of labour
σc: Coefficient of relative risk aversion
ω: Share of non-asset holders
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η: Autocorrelation coefficient for the structural deficit
θ: Degree of price stickiness
µp: Markup
χ: Adjustment cost of investment

Resource constraint:
γc: Share of consumption in output
γg: Share of government spending in output
γi: Share of investment in output
γt: Share of taxes in output

Government sector:
ρg: Autocorrelation coefficient of output
σε: Standard deviation of the exogenous government spending shock
ρr: Autocorrelation coefficient of the nominal interest rate
φπ: Response of the nominal interest rate to current inflation
αy: Response of the nominal interest rate to change in output
η: Autocorrelation coefficient for the structural deficit
φb: Debt adjustment of the structural deficit
φg:Government spending adjustment of the structural deficit
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B Introduction Appendix

Figure 10: Budget Deficit/Surplus in the United States. (Source: The White House (2014))
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C Method Appendix

C.1 Log-linearising the model

Given the non-linear nature of the solution of the model, where there does not exist a
closed-form solution, a common method of solving the model is by using log-linearisation
as an approximation technique. According to Taylor’s theorem a univariate function
can be expressed as a power series about a point (Sims, 2011). Here and in DSGE
literature in general the common point to log-linearise around is the model’s steady
state (Heer and Maussner, 2009).

f(x) = f(x∗) +
f ′(x∗)

1!
(x− x∗) +

f ′′(x∗)

2!
(x− x∗) + ...

Log-linearisation means first taking logs of the non-linear equation and then apply the
Taylor theorem to linearise the system around the steady state. It is common to assume
that the derivatives of higher orders than one will be small, and therefore the equations
can be approximated using (Sims, 2011):

ln f(x) +
f ′(x∗)

f(x∗)
(x− x∗) = ln g(x)− ln h(x) +

g′(x∗)

g(x∗)
(x− x∗)− h′(x∗)

h(x∗)
(x− x∗)

As ln f(x) = ln g(x) − ln h(x) these terms cancel out, and then to put everything in
percentage terms one divides and multiplies everything by x∗:

x∗f ′(x∗)

f(x∗)

(x− x∗)
x∗

=
x∗g′(x∗)

g(x∗)

(x− x∗)
x∗

− x∗h′(x∗)

h(x∗)

(x− x∗)
x∗

By defining x−x∗
x∗ = x̂, where x̂ is the percentage deviation of x about its steady state

value, one gets the log-linearised model equal to:

x∗f ′(x∗)

f(x∗)
x̂ =

x∗g′(x∗)

g(x∗)
x̂− x∗h′(x∗)

h(x∗)
x̂

This procedure will thus be applied to all the equations in the non-linear model, in
order to solve the model using the Matlab tool AIM, which can only be used for linear
specifications of a model.

Examples of log-linearisations of this model can be found in appendix D.2.
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C.2 AIM

The AIM package is a Matlab tool developed by the Federal Reserve board, and is based
on the Anderson-Moore Algorithm: ”The algorithm developed in Anderson and Moore
(1985) - the AMA ... - has emerged as a powerful tool for the analysis of linear rational
expectations models” (Zagaglia, 2005). The AMA tool is, however, referred to as AIM
(The Federal Reserve System 2012), and this name will therefore also be used here.The
AIM toolbox can be downloaded from the Federal Reserve System’s website, and can
then be implemented using Matlab.

The log-linearised model is written into an text file, where the AIM logarithm reads
the linear equations, and then the algorithm then solves the model from a structural
representation by solving each equation as a function of the expectations of the past
and present time.

The AIM package then checks, whether the model has a unique solution in line with
Blanchard and Kahn (1980). If this is the case AIM returns two matrices that can be
used in order to specify the model in a reduced form:

xt =
−1∑
i=−τ

Bixt+i +B0εt

Where xt consists of all 20 variables from the model. When AIM has estimated the
B matrices, one can impose the shock, and thereby estimate the theoretical impulse
response functions (IRFs).

There exists unique solutions for both of the models implemented for this thesis. Hence,
the two B matrices are obtained, and the IRFs can be estimated. By imposing a fiscal
expansion of 1 %, one can observe the reactions by the other variables of interest in the
model by calculating the IRFs.

C.3 Data description

All data is obtained through Datastream (2014).

Government spending
Definition: Government consumption and investment expenditures
Data specification: Current Prices, Seasonally adjusted
EcoWin Code: ew:usa01281
Source: National Bureau of Economic Research
”Government consumption expenditures and gross investment excludes purchases by gov-
ernment enterprises (except for fixed assets), transfer payments, interest paid or received
by government, subsidies, and transactions in financial assets and in nonproduced as-
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sets, such as land.”

Output
Definition:Gross Domestic Product
Data specification:Current Prices, Seasonally adjusted
EcoWin Code: ew:usa01200
Source: National Bureau of Economic Research
”Gross National Product and Gross Domestic Product is the total value of the finished
goods and services produced in the economy.”

Wage
Definition:Real hourly compensation, non-farm business sector
Data specification:Index, Seasonally adjusted
EcoWin Code: ew:usa10319
Source: National Bureau of Labour Statistics

Consumption
Definition:Personal Consumption Expenditure, Nondurable Goods
Data specification:Current Prices, Seasonally adjusted
EcoWin Code: ew:usa12432
Source: National Bureau of Economic Research

Investment
Investment is the sum of nondurable consumption and private fixed investment.

Definition:Personal Consumption Expenditure, Durable Goods
Data specification:Current Prices, Seasonally adjusted
EcoWin Code: ew:usa12431
Source: National Bureau of Economic Research

Definition:Private Fixed Investment
Data specification:Current Prices, Seasonally adjusted
EcoWin Code: ew:usa01231
Source: National Bureau of Economic Research

Debt
Definition:Gross public debt, held by private investors
Data specification:Current Prices, Not seasonally adjusted
EcoWin Code: ew:usa12000214
Source: National Bureau of Economic Research
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Population
Government spending, GDP, Consumption and investment are normalised by the pop-
ulation level.
Definition:Civilian Noninstitutional Population, above 16 years
Data specification:Volume
EcoWin Code: tf:us09064566341
Source: National Bureau of Labour Statistics

Price index
The price index is used to obtain real values of the variables.
Definition: Implicit Price Deflator, Gross Domestic Product
Data specification: Seasonally adjusted, Index: 2009=100
EcoWin Code: ew:usa01025
Source: National Bureau of Economic Research

”Implicit Price Deflator United States The Implicit Price Deflator is the ratio of the
current-dollar value of a series, such as gross domestic product (GDP), to its corre-
sponding chained-dollar value, multiplied by 100.”

Interest rate
Definition: Federal Funds Rate
Data specification: Monthly average
EcoWin Code: tf:us14069999988
Source: The Federal Reserve Systems

All variables, except debt, are divided by the price index to obtain it in real terms, and
hereafter each variable is divided by the population level. As in Leeper et al. (2010b)
I hereafter multiply the variables by 100 and take logs. Debt is defined as share in
output, in line with Bilbiie et al. (2008). This is done as debt in the theoretical model
is also specified as privately held debt as a share in output, and this therefore creates a
better fit between the theoretical and empirical model.

As stressed by DeJong and Dave (2011) seasonally adjusted data is very desirable as
it removes the higher-frequency fluctuations in the data that cannot be removed by
detrending or applying the Hodrick-Prescott (HP) filter. Thus, I have used seasonally
adjusted data for all variables but debt, as this was not available.

It is very clear that consumption, output, government spending, investment, and the
wage inhibit strong trends. Whereas debt seem to inhibit a more cyclical trend. When
I test the variables for non-stationarity is is also very evident that they are unit root
processes (See appendix C.4 for further details).

There are several ways to remove trends from the data, including the HP filter, removing
a linear trend from the data, and taking first differences (DeJong and Dave, 2011). Here
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Figure 11: Detrended data 1985-1999

Figure 12: Detrended data 2000-2014
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all data is linearly detrended, except for debt in both periods and investment in the
second time period, as they do not show signs of linear trends 23. Instead I remove
cyclical trends using the HP filter.

Describing the HP filter in details is beyond the scope of this thesis, however, because it
requires an outline of spectral analysis. The main intuition behind it is that it removes
low-frequency trends in the data. And by using the HP filter the goal is to separate the
trend from the cycle: yt = growtht + cyclet (DeJong and Dave, 2011)

By using the HP filter the goal is to separate the trend from the cycle: yt = growtht +
cyclet (DeJong and Dave, 2011). The HP filter estimates the growth and cyclical com-
ponent in order to to minimise:

T∑
t=1

cycle2t + λ
T∑
t=1

[(1− L)2growtht]
2

Where λ determines how important it is to have a smoothly growing growth component.
For quarterly data is is normal to fix λ at 1,600 (DeJong and Dave, 2011). A justification
for why requires an outline of the frequency domain, and will thus not be done here.

As evident from figures 11 and 12, removing the linear trend and using the HP filter,
does not result in white noise processes. However, this is not necessary as e.g. Christiano
et al. (2005) estimate a SVAR using data in levels. Thus, by including enough lags in
the SVAR, one can still estimate using data that are not covariance stationary.

C.4 Stationarity tests and cointegration

Below is the results of the Augmented Dickey Fuller (ADF) test on each of the macroe-
conomic processes. A more elaborate investigation of the ADF test will not be provided
here. As expected all variables in levels exhibit unit roots.

23See appendix C.5
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Figure 13: ADF test results in Matlab. A value of 0 means that the variable has a unit root.

Moreover, its is likely that there exists cointegration relationships between the variables
of interest. A cointegration relationship is defined the existing stationary relationship
that exists by two unit root processes (Hamilton, 1994). A further investigation of
cointegration relationships between the variables have not been done for this thesis. In
Christiano et al. (2005) they implement macroeconomic data in levels in their SVAR
model, and do a robustness test by including cointegration relationships. They conclude
that it does not alter their results significantly. Thus, no further investigation has been
undertaken here.
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C.5 Graphs

Figure 14: Level data: 1985:4-1999:4

Figure 15: Level data: 2000:1-2014:1
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D Theory appendix

D.1 Real Business Cycle Model

Kydland and Prescott (1982) specified the funding Real Business Cycle (RBC) Model.
The model builds on the Solow growth model and assumes rational expecations and
atomistic agents that operate in a competitive market. In addition, the model is
Walrasian, meaning that it is competitive without externalities, asymmetric informa-
tion, missing markets or other imperfections (Romer, 2011). Thus, the contemporary
macroeconomic models are microfounded, as opposed to the earlier aggregate measures
(Zarnowitz, 1992).

Frank Ramsey (1903-1930) laid the ground for one of the widest used Business Cycle
Models without frictions. ”Today, variants of his dynamic optimization problem are the
cornerstones of most models of economic fluctuations and growth”(Heer and Maussner,
2009, p.4). Since the RBC forms an essential basis for the analysis, an outline of the
model will be presented next in line with the specification in Romer (2011):
.

The Ramsey model excludes heterogeneity among households in addition to the Wal-
rasian equilibrium. Thus, in the model there are both homogeneous firms and house-
holds. The type of shocks present in a traditional Ramsey model are technology shocks.
These shocks influence the production function of the economy from period to period
(Kydland and Prescott, 1982).

As the agent faces an uncertain future due to the random innovations with a zero
expected mean, the agent will maximize its expected utility function in the stochastic
infinite-horizon model:

max E0

( ∞∑
t=0

βtu(Ct, Nt)

)

Subject to the budget constraint (Heijdra, 2009, p.520)

Ct + It ≤ wtNt + rktKt

where Ct is consumption, Nt is labour and 1−Nt is leisure, given that time endowment
is normalised to one. βt is the discount factor, and Kt is capital and f(K0) determines
output in period t=0. The budget constraint states that current consumption and
investment, should be equal to income. In other words, expenditures cannot exceed
income. As it is assumed that capital is a state variable, i.e. households determine kt+1

in time t, the law of motion of capital is given by:

Kt+1 = It + (1− δ)Kt (85)
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Where δ is the rate of capital depreciation. The production function is Cobb Douglas,
with inputs capital, labour and technology:

Yt = AtK
α
t N

1−α
t (86)

Where 0 < α < 1. In this specification of the production function technology enters as
Hicks-neutral, i.e. it applies to both capital and labour (Romer, 2011). In other words,
an increase in productivity both affect the inputs of capital and labour. In the model
used for this thesis, technology will be normalised to one, and hence, whether technology
applies to both factors or is either labour or capital augmenting is not relevant to discuss
here.

Firms maximise profits by:

Max ϑt = AtK
α
t L

1−α
t − wtLt − rktKt

Differentiating with respect to labour yields the real wage and differentiating with re-
spect to capital yields the cost of capital. For further details, see section 3.3, where the
two equations are derived for the model I will use in this thesis.

The resource constraint of the economy is given by:

Yt = It + Ct +Gt (87)

The resource constraint thus specifies that the total output of the economy has to equal
investment, consumption, and government spending Gt

Lastly, technology is governed by the following:

lnAt = Ā+ gt+ Ãt

where Ãt = ρAÃt−1 + εA,t

In this specification technology is governed by an AR(1) process, and allows for a tech-
nology shock εA,t with a standard deviation σA. This is in line with the assumption of
basic RBC theory that technology shocks are the main drivers of business cycle fluc-
tuations (Kydland and Prescott, 1982). The technology shock will not be used in this
thesis, as I will use a New Keynesian type model to investigate the isolated effect of a
government spending shock. A government spending shock can be added in the same
fashion as a technology shock, with Gt as an AR(1) process.

The main point of the RBC model in its most simple form is to explain fluctuations in
the economy only using a technology shock. This is clearly a huge simplification, and
given critique of the lack of frictions and the evidence of other potential shocks, the
New Keynesian (NK) model has become a widely used model within macroeconomic
literature. Still, as the NK model builds on the RBC model, I found it important
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to outline for this thesis, in order to provide an understanding of the implications
of the NK model. Further, the RBC model is commonly believed to be better for
analysing long-term fluctuations (Wickens, 2011), whereas this thesis focuses on short-
term fluctuations. As I match quarterly data with the theoretical model, and focus
on contemporaneous effects, I therefore believe that an NK model with rigidities and
capital accumulation will allow for a better analysis of the dynamics.

D.2 Deriving the log-linearised model

Equation 30
Log linearising the law of motion of capital yields:

The share of investment in capital is:

k = (1− δ)k + (1− S′[1])i

δ =
i

k

This allows me to log-linearise eq. 30:

k̂t+1 = (1− δ)kt + δit

Equation 39: The first order condition with respect to cA,t is given by:

− σcln(cA,t − hcA,t−1) +
cA

cA − hcA
(cA,t − cA)

cA
+

hcA
cA − hcA)

(cA,t − cA
cA

= ln(λt) +
λ

λ

λt − λ
λ

⇔
−σc

1− h
(ĉA,t − hĉA,t−1) = λ̂t

Equation 40:

lnβ + lnλt+1 + lnRft − lnπt+1 = lnλt

As for the right handside of equation (39) this results in:

λ̂t = Etλ̂t+1 + R̂ft − Etπ̂t+1

Equation 41: Log linearising the first order condition with respect to kt+1 is outlined
below. First, one has to obtain the steady states relationships necessary for the log-
linearisation. S is a function that satisfies: S[1] = 0, S′[1] = 0, and S′′[] > 0. Here, in
line with other research (Fernández-Villaverde, 2011),S′′[] is assumed to be fixed at the
calibrated value χ.
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q

(
1− S

[
i

i

]
− S′

[
i

i

]
×
[
i

i

])
+ β

(
q
λ

λ
S′
[
i

i

]
×
[
i

i

]2)
= 1

This reduces to:

q = 1

Given this relationship one can obtain the steady state relationship for rkt :

β

(
λ

λ
[rk + q(1− δ)]

)
= q

This leads to:

rk =
1

β
− (1− δ)

log(β) + log(λt+1) + log{[rkt+1 + qt+1(1− δ)]} = log(qt) + log(λt)

log(β) + log(λt+1) + log{[rkt+1 + qt+1(1− δ)]}+
1

β
(β − β) +

1

λ
(λt+1 − λ)

+
1

[rk + q(1− δ)]
(rkt − rk) +

1− δ
[rk + q(1− δ)]

(qt+1 − q)

= log(qt) + log(λt) +
1

q
(qt − q) +

1

λ
(λt − λ)

As evident from the first relationship the log terms on each side cancel out. And as β is
a constant, it also cancels out. Multiplying and dividing each term with its steady state
value (practically leaving it unchanged), one obtains the variables percentage deviation
from the steady state, marked by .̂ This means that rental rate of capital’s percentage

deviation from the steady state yields: r̂kt+1 =
(rkt+1−rk)

rk
. Using this relationship the

equation reduces to:

λ

λ
λ̂t+1 +

rk

[rk + (1− δ)]
r̂kt+1 +

1− δ
[rk + (1− δ)]

q̂t+1 =
q

q
q̂t +

λ

λ
λ̂t

Where q in steady state is 1, and is therefore no longer in the denominator. Using the
steady state relationship for rkt+1 obtained above, one can reduce the system to finally
obtain:

q̂t + λ̂t = [1− β(1− δ)]Et(r̂kt+1) + β(1− δ)Et(q̂t+1) + Etλ̂t+1
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Equation 42: The log linear relationship for investment is given by:

qt

(
1− S

[
it
it−1

]
− S′

[
it
it−1

]
×
[
it
it−1

])
= 1− βEt

(
qt+1

λt+1

λt
S′
[
it+1

it

]
×
[
it+1

it

]2)

Starting with the left hand side: Taking natural logs, and that cancel out with logs on
the right hand side, and expanding yields the following:

q̂t −
S′[1]× 1

i − S
′′[1]× 1

i + S′[1]× 1
i

1− S [1]− S′ [1]× [1]
(it − i) +

S′[1]× i
i2

+ S′′[1]× i
i2
− S′[1]× i

i2

1− S [1]− S′ [1]× [1]
(it−1 − i)

This reduces to:

q̂t − χît + χît−1

Where χ = S′′[1], and is the investment adjustment cost.

The right hand side yields:

−β
(
λ
λS
′[1]× [1]2

)
1− β

(
q λλS

′[1]× [1]2
)(qt − q)−

β
(
q 1
λS
′[1]× [1]2

)
1− β

(
q λλS

′[1]× [1]2
)(λt+1 − λ)−

β
(
q λ
λ2
S′[1]× [1]2

)
1− β

(
q λλS

′[1]× [1]2
)(λt − λ)

−
β
(
q 1
λS
′′[1][1i ]× [1]2 + S′[1]× 1

i

2
2[1]
)

1− β
(
q λλS

′[1]× [1]2
) (it+1 − i) +

β
(
q 1
λS
′′[1][ i

i2
]× [1]2 + S′[1]× [ i

i2
]22[1]

)
1− β

(
q λλS

′[1]× [1]2
) (it − i)

The first three terms cancel out:

− βEtχît+1 + βχît

Combining the left and right hand sides yields the following log-linear equation:

q̂t = χ(̂it − ît−1)− βEtχ(̂it+1 − ît) (88)

Equation 43:
The non asset holders are described by ther linear budget constraint. By applying the
methods shown above, one obtains:

ĉN,t =
wn

cN
(ŵt + n̂t)−

τ

cN
τt

As mentioned above, and in line with Gaĺı et al. (2007b), the following holds:

cN
y

=
cA
y

=
c

y
= γc
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Combining this with eq. (21):

wn

y
=

(1− α)

µp

One obtains:
wn

cN
=

1− α
µpγc

As τ
y = γt the log linearised budget constrain for non-asset holders becomes:

ĉN,t =
1− α
µpγc

(ŵ + n̂)− γt
γc
τ̂t

Equation 16:
The log linear aggregate production function is:

ln(y) +
y

y
ŷt = αln(kt) + (1− α)ln(nt) +

αk

k
k̂t +

(1− α)n

n
n̂t

Which naturally reduces to:
ŷt = αk̂t + (1− α)n̂t

Equation 62:
Log linearising the resource constraint of the economy yields:

ŷt =
c

y
ĉt +

i

y
ît +

g

y
ĝt

The fraction g
y is given by /gammag which is fixed at 0.2. i

y can be solved from eq. (22):

k

y
=

α

µprk

As it is known from the log linearisation of eq. (30) that i
k = δ and from the steady

state relationship of rk that rk = 1
β − (1− δ) the share of investment in output is thus

given by frackδy, which given the relationships outlined here results in:

i

y
=

αδ

µp
(

1
β − (1− δ)

)
The resource constraint is then identified from:
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ŷt = 1− γg −
αδ

µp
(

1
β − (1− δ)

) ĉt +
αδ

µp
(

1
β − (1− δ)

) ît + γg ĝt

The other log-linearised relationships have been discussed in the model section, and are
therefore not shown explicitly here.
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E Analysis Appendix

E.1 Estimation Appendix

E.1.1 SVAR model estimates

As it is difficult to interpret the parameters as well as R2 etc. in a VAR model, I merely
report the matrix obtained from the Cholesky decomposition, in order to demonstrate
the effects of imposing short-run restriction in the model. For illustration purposes
the result of Cholesky decomposition is outlined here for the second time period. The
Cholesky decomposition of the the reduced VAR variance-covariance matrix leads to
the following matrix:

Second time period (2000:1-2014:1):

S2 =



0.5242 0 0 0 0 0
0.2835 0.3251 0 0 0 0
0.1449 −0.0952 0.6487 0 0 0
0.1977 0.4537 −0.4344 0.5537 0 0
0.3638 0.9185 0.0315 −0.0290 0.4921 0
−0.0977 −0.0698 0.0479 −0.0336 −0.1162 0.2374


Given these matrices, the structural variances can be obtained. The structural variances
are given by the square of the diagonal of each of the S matrices. And from the diagonal
the structural parameters in the B matrix can be calculated in line with equation (5):
B = (SD−1/2)−1 (Martin et al., 2013). Where D is the square of the diagonal of S.

The calculation results in the following matrices:

Second time period (2000:1-2014:1):

B2 =



1 0 0 0 0 0
−0.8720 1 0 0 0 0
−0.3514 0.1468 1 0 0 0
0.0818 −0.7043 0.7847 1 0 0
0.9156 −1.9176 −0.0178 0.0589 1 0
0.6855 −0.7737 −0.0993 0.1703 0.4895 1


Thus, both the S and B matrices show how the short run restrictions impact the SVAR.
As government spending is ordered first, none of the other variables impact government
spending contemporaneously. Only the lags of the other variables impact government
spending. For GDP the only contemporaneous effect is that of government spending.
Wage is only impacted in time t by government spending and GDP, and these three
impact consumption in the current time. Investment is thus impacted by the four
previous variables, and lastly, debt is affected contemporaneously by all the five other
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variables. This is the result of imposing short-term restriction on the VAR model, and
thereby being able to identify the model. Because of the complicated nature of the VAR,
however, one cannot interpret the coefficients in a straight-forward manner. Thus, the
interpretation will mainly focus on the impulse responses. Other potential ways to
analyse SVAR results, is by checking for Granger causality or by using variance decom-
position (Martin et al., 2013; Hamilton, 1994), yet this is beyond the scope of this thesis.

E.2 Calibration

The calibrations are done in line with the tables below. The graphs follow, and the
symbols of the lines representing each calibration are written in the tables.

Table 7: Different calibrations for household and production sector

Non-asset share Wages Prices

Graph ω κw θp
1. Solid 0.5 0.04 0.75

2. Circle 0.65 0.0066 0.7

3. Diamond 0.45 0.08 0.5

4. Asterix 0.35 0.05 0.8

5. Plus 0.3 0.01 0.65

Table 8: Different calibrations for government policy

Monetary Policy Fiscal Policy

Graph φπ ρr αy η φb φg ρg
1. Solid 1.5 0 0 0.71 −0.12 0.64 0.9

2. Circle 1.5 0 0.5 0.30 −0.12 0.64 0.8

3. Diamond 1 0 0 0.71 −0.05 0.64 0.7

4. Asterix 1.5 0.8 0.5 0.71 −0.12 0.20 0.6

5. Plus 2.5 0.5 0.5 0.8 −0.15 0.5 0.5

The calibration is done for a low persistence and a high persistence government spending
shock. The high persistence government spending shock is is purple-red colours, and
the low persistence is in green-blue colours.

105



Julie Madeleine W. Jørgensen E ANALYSIS APPENDIX

E.2.1 All responses

Figure 16: Government spending calibrations
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Figure 17: Deficit calibrations (purple-red tones high persistence, green-blue tones low persis-
tence)
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Figure 18: Monetary calibrations (purple-red tones high persistence, green-blue tones low
persistence)
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Figure 19: Non-asset holders calibrations (purple-red tones high persistence, green-blue tones
low persistence)
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Figure 20: Wage calibrations (purple-red tones high persistence, green-blue tones low persis-
tence)

Figure 21: Price calibrations (purple-red tones high persistence, green-blue tones low persis-
tence)
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E.2.2 Responses to a high persistence shock

Figure 22: Deficit calibrations
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Figure 23: Monetary calibrations
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Figure 24: Non-asset holders calibrations
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Figure 25: Wage calibrations

Figure 26: Price calibrations
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E.2.3 Responses to a low persistence shock

Figure 27: Deficit calibrations
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Figure 28: Monetary calibrations
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Figure 29: Non-asset hodlres calibrations
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Figure 30: Wage calibrations

Figure 31: Price calibrations
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E.2.4 Extra calibrations

Table 9: Different calibrations for household and production sector

Adjustment costs Habit persistence

Graph χ h

1. Solid 3 0.7

2. Circle 5 0

3. Diamond 0.5 0.8

4. Asterix 1 0.5

5. Plus 0 0.4
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Figure 32: Adjustment cost calibrations (purple-red tones high persistence, green-blue tones
low persistence)

Figure 33: Habit persistence calibrations (high persistence government spending)
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Figure 34: Adjustment cost calibrations (High persistence)

Figure 35: Adjustment cost calibrations (Low persistence
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E.3 Dynamics in variables

Figure 36: Dynamics in T1 and T2 for the rest of the variables not included in the main text
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E.4 Transmission channels

Figure 37: Government persistence: solid blue line: value of 1st time period, red dashed line:
value of 2nd time period
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Figure 38: Deficit adjustment: solid blue line: value of 1st time period, red dashed line: value
of 2nd time period
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Figure 39: Share of non-asset holders: solid blue line: value of 1st time period, red dashed
line: value of 2nd time period
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Figure 40: Degree of price stickiness: solid blue line: value of 1st time period, red dashed line:
value of 2nd time period
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Figure 41: Degree of wage stickiness: solid blue line: value of 1st time period, red dashed line:
value of 2nd time period
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Figure 42: Taylor: solid blue line: φπ : 1.5 together with ρr of 0.8, red dashed line: value of
2nd time period
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F Discussion Appendix

F.1 An altered Government sector

One of the main assumptions in the model here has been that government spending
would not adjust to output and debt levels. Yet, as the government naturally needs to
take the state of the economy into account, it may be more in line with the real world
to implement a different government spending rule.

To alter the fiscal policy sector completely would imply a lot of different rules. The
implementation of distortionary taxes would also increase the richness of the model.
Yet, here I only change the equation describing government spending in the original
model, and add an extra:

ĝt = −ϕyŷt − ϕbtb̂t + ût (89)

ût = ρgût−1 + ε̂t (90)

These are in line with the equations implemented in Leeper et al. (2010a), who addi-
tionally includes distortionary taxes. The equation implies that government spending
is dependent on output. The higher the output the lower government spending, and
government spending adjusts in a similar fashion to debt as the deficit rule. The pa-
rameters are initially calibrated in line with the estimation by Leeper et al. (2010a),
which provides and estimation of 0.033 for ϕy and 0.24 for ϕbt, where ρg is kept at the
same value as in the baseline calibration: 0.9.

This new specification yields the results shown in figure 43. The government spending
shock decreases quickly, because of it adjustment to the increase in output and debt.
Output increases slightly more in the new case, but is much less persistent. Wage
increases less, but highly shows the same pattern as the baseline case, just smaller in
magnitude. Consumption reacts positively, without the hump-shaped response observed
in the baseline case. Consumption also returns quicker to its steady state value. Invest-
ment increases on impact, which is more in line with the response seen in the second
time period of the data. Further, debt increases much less than in the baseline case.
This is also more in line with the findings of the second period, yet, it still becomes
positive on impact.

Essentially, the specification of government spending impacts the results obtained in
the model. Whether one believes the government to increase unproductive spending
or productive investment can potentially also alter the results. Thus, in line with
Hebous (2011), who discusses many of the findings for fiscal policy, the main assumptions
underlying the models can in fact impact the results to a certain degree.
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Figure 43: Baseline case and model with new government sector (red-dashed line)

F.2 SVAR robustness check

Figure 44: SVAR for T2 with investment ordered before consumption
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F.3 Minimum Distance Estimation

Woodford and Rotemberg (1997), applied the Minimum Distance estimation to DSGE
models.

The main idea is to obtain an estimate for the parameters, by minimizing the weighted
distance between the empirical and theoretical moments (Bilbiie et al. 2008), which in
this case is the impulse response functions:

θ̂ = arg min (Ψe −Ψ(θ)′W (Ψe −Ψ(θ))

Where W is a weighting matrix giving greater weight to empirical impulse responses
that are more precisely estimated (Bilbiie et al. 2008). More precisely it is the reciprocal
of the variance-covariance matrix of the empirical impulse responses.

F.4 Danish data

Data is collected through Datastream (2014)

Output:Gross Domestic Product
Code: DKGDP...B
Government Spending: Government Final Consumption Expenditure
Code: DKCNGOV.B
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G Matlab Codes

Code for SVAR estimation is based on Hamilton (1994) and Martin et al. (2013).

Codes for Monte Carlo estimation is by Poilly (2013).

Code for HP filter and OLS estimation for linearly detrending the data is by McGrattan
(1992).

Codes for the functions: vec.m and xpnd.m are by Matheron (2006).

Code for vech.m is by Lesage (2010).

AIM toolbox, including ’parser’ and ’solver’ toolboxes, is downloaded from The Federal
Reserve System New York (2012).
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clear all
close all
clc

format long g; % Increase decimal places

%Path for data
cd /Users/Julie/Documents/MATLAB/Speciale/Empirical/Data

bxaxis = [1975.75 : 0.25 : 2014.25]; %All data available

%Creating loop in order to allow for separate time-periods

for model = 1:2

    if model == 1
sta_s   = 1985.75;
end_s   = 1999.75;
    else
sta_s   = 2000.00;
end_s   = 2014.00;
    end
s      = find(bxaxis == sta_s);
e      = find(bxaxis == end_s);
xaxis = [sta_s : 0.25 : end_s]';

Reading and defining the data
%******************************************
if model == 1
DATA = Data_read1(s,e);%Debt is HP filtered

else
DATA = Data_read2(s,e); %Investment and debt are HP filtered
end;
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if model == 1
    DATA1 = DATA;
    save DATA1 ;
else
    DATA2 = DATA;
    save DATA2;
end;

%
% Govspi  = DATA(:,1); %Columns where it is
% GDP     = DATA(:,2);
% Wage    = DATA(:,3);
% PCE     = DATA(:,4);
% Inv     = DATA(:,5);
% Debt    = DATA(:,6);

names = {'Government spending' 'Output' 'Wage' 'Consumption' 'Investment' 'Debt'};

% %      Graphs of data after detrending
% % % ******************************************
%
% if model == 1
%     figure(3)
% for i = 1: size(DATA,2)
%     subplot(3,2,i)
%     y = plot(xaxis, DATA(:,i));
%     set(gca,'Xlim',[1985 2000],'XlimMode','manual','fontname','times','fontsize',10)
%     title(names{i})
%
% end;
%
% else
%      figure(4)
% for i = 1: size(DATA,2)
%     subplot(3,2,i)
%     y = plot(xaxis, DATA(:,i));
%     set(gca,'Xlim',[2000 2015],'XlimMode','manual','fontname','times','fontsize',10)
%     title(names{i})
% end;
%
% end;
%
% end;

Setting model shock, horizon and lags
%******************************************
c = 1;
n       = size(DATA,2);  % number of variables
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T       = size(DATA,1);  % number of observations/ time periods

hori    = 21;     % horizon of IRF , number of quarters
shp     = 1;      % position of the shock in Xdata

%Size of the shock
if model == 1
shs     = 1/  0.461190885671733  ;    %Inserted value from S matrix for the Government spending shock: gives a 1 % increase
else
    shs = 1/  0.455120837164664 ;
end;

nlag    = 4;      % lag of VAR
% names   = {'Government spending linear trend' 'GDP' 'Consumption' 'Investment' 'Wage' 'Debt (share in output)'};

Estimating x and y in order to find pi_hat,
Hamilton pp. 291-293 and Harris et al. (2013)

%*********************************************************************

[T n] = size(DATA);
x = [];
for i = 1:1:nlag
   x = [x DATA((nlag+1)-i:T-i,:)];
 end;

 x =  [ones(T-nlag,1) x];

y = DATA((nlag+1:T),:);

%Estimating Pi_hat in line with Hamilton p. 293
pi_hat = ((x'*x)^(-1)*(x'*y))';

%Residuals, Hamilton p. 293
resids = y - x*pi_hat';

%Standard Error, Hamilton p.
df      = T-n;
se      = sqrt(diag(inv(x'*x)/df))*sqrt(diag(resids'*resids))';
Omega   = (1/T)*(resids'*resids);
Ts      = size(resids,1);

if model == 1
    Omega1= Omega;
    save Omega1;
else
    Omega2 = Omega;
    save Omega2;
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end;

Creating the companion matrix, with pi_hat and
an identity matrix: Hamilton (1994) p. 259

%********************************************************************************************

            F = [pi_hat(:,1+c:n*nlag+c)
                eye(n*(nlag-1)) zeros(n*(nlag-1),n)];

Asymptotic distribution of Estimated parame-
ters, see Hamilton (1994) p. 300-302

%**********************************************************************************

[v_bs] = sevarparam(resids,x,n,T); % sevarparam function: From Celine Poilly, HEC Lausanne (2013)

Cholesky Decomposition of Omega, Hamilton
(1994)

%*************************************************************
S = chol(Omega)';
if model ==1
    S1 = S;
    save S1;
else
    S2 = S;
    save S2;
end;

Estimating the B matrix Martin, Hurn and Harris
et al. (2013) p. 495-496

%********************************************************************
D = diag(S).^2;
C = D.^(1/2);
B = bsxfun(@rdivide, S,C);
B = B^(-1);

if model == 1
    B1 = B;
    save B1;
else
    B2 = B;
    save B2;
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end;

Computing IRFs
%*****************
innovation  = shs*eye(n);
shock       = innovation(:,shp); %fiscal policy shock
IRF         = zeros(n,hori);         % initialize the matrix of impulse responses

JJ          = [eye(n) zeros(n,n*nlag-n)]; %identity matrix + matrix of zeros
Fs          = eye(n*nlag); %normalization

for j = 1 : hori

    FF         = JJ*Fs*JJ';
    IRF(:,j)   = FF*S*shock ; %Shock zero everywhere, exept from first line
    Fs         = Fs*F;

end

theta = vec(IRF); %vec: way to transform matrix to vector of irf

if model ==1
    theta1= theta;
    save theta1
else
    theta2 = theta;
    save theta2
end;

S.E of the IRFs
[Monte Carlo approach]

%**************************

nparm = size(v_bs,1);     % Total number of VAR's parameters to estimate
[v_theta, setheta] = seirf2(pi_hat,Omega,v_bs,theta,shs,n,nlag,shp,hori,c); % Seirf function: From Celine Poilly, HEC Lausanne (2013)
vdresp   = reshape(theta,n,hori);
sevdresp = reshape(setheta,n,hori);

if model == 1
    v_theta1 = v_theta;
    vdresp1 = vdresp;
    save vdresp1;
else

    v_theta2 = v_theta;
    vdresp2 = vdresp;
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    save vdresp2;
end;

save empirical theta setheta hori Ts Omega vdresp;

Plots
%*****************

do_plot = 1;

    if do_plot
    xx = zeros(hori,1);
    tol = 1.644853; %The tolerance level is based on the z-test
    figure('name','SVAR-based IRFs')
    for jj = 1 : n

        scalea = min(vdresp(jj,:) - tol*sevdresp(jj,:));

        subplot(3,2,jj)
            area(0:1:hori-1,(vdresp(jj,:)+tol*sevdresp(jj,:)),scalea,'FaceColor',[.7 .7 .7],...
                'EdgeColor','k','LineWidth',.5,'Linestyle','none');
        hold on
            area(0:1:hori-1,(vdresp(jj,:)-tol*sevdresp(jj,:)),scalea,'FaceColor',[1 1 1],...
                'EdgeColor','k','LineWidth',.5,'Linestyle','none');
        hold on

        % -----------------------------------------------
        % The main figure
        % -----------------------------------------------
        jm = plot(0:1:hori-1,[vdresp(jj,:)]');
        set(jm(1),'linewidth',1)

        jxx = plot(0:1:hori-1,xx');
        set(jxx(1),'linewidth',0.5)

        title(names{jj},'fontname','times','fontsize',12)
        xlabel('Quarters after shock','fontname','times','fontsize',10)
        ylabel('Percent deviation','fontname','times','fontsize',10)

        axis tight
        set(gca,'Layer','top','fontname','times')
    end
if model == 1
print -dpng SVAR1
else
print -dpng SVAR2
end;

    end;
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end;
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%***********************************************
%**          Julie Madeleine W. Jørgensen     **
%**        MSc Applied Economics and Finance  **
%**                                           **
%**                 10.10.2014                **
%***********************************************

%***********************************************
%**                                           **
%**            New Keynesian Model            **
%**                                           **
%***********************************************

clear all
close all
clc

cd /Users/Julie/Documents/MATLAB/Speciale/Theoretical

addpath('./Aim routines/parser')
addpath('./Aim routines/solver')

*************************** Set the model ***************************

epsi           = 2.2e-8;
condn          = 1.e-8;
uprbnd         = 1 + 1.0e-6;
conv_nonlin    = 1.e-6;
modnam         = 'Model';       % name of model txt file

% *****************************
% **  Parameter Calibration  **
% *****************************

    for time = 1:2

        %Household and production parameters:
my = 1.2;
alpha = 1/3;
beta = 0.99;
delta = 0.025;
phi = 1;
sigma = 2;
h = 0.7;
xi =3;

sigmae = 0.01;
gammag = 0.2;
r = 1/beta;
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gammai = (alpha*delta)/(my*((1/beta)-(1-delta)));
gammac = 1 - gammai - gammag;
gammat = 0.2;

rhob = 0;

if time == 1
%-----------------------
% Parameters T1
%-----------------------

% Degree of price rigidity
vartheta = 0.75;

%Share of non-Ricardian households
omega= 0.4;

%Monetary Authority parameter:
rhor= 0;
alphay = 0;
phipi = 1.5;

%Government spending parameter:
rho1 = 0.6;

%Deficit parameters:
eta = 0.5;
phib = -0.08;
phig = 0.3;

%Wage staggeredness
kappaw = 0.0066;

else

%-----------------------
% Parameters T2
%-----------------------

% Degree of price rigidity
vartheta = 0.85;

%Share of non-Ricardian households
omega= 0.6;

%Monetary Authority parameter:
rhor= 0.8;
alphay = 0;
phipi = 1.005;

%Government spending parameter:
rho1 = 0.9;

%Deficit parameters:
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eta = 0.3;
phib = -0.16;
phig = 0.5;

%Wage staggeredness
kappaw = 0.08;

end;

% *****************************
% **         Parsing         **
% *****************************

parse_lin; %Opens the file parse_lin in the parser file
p = [];
param_top; %Opens the file param_top in the solver file
for i=1:size(param_,2)
    eval([param_{:,i},'_i=',num2str(i),';']);
end
for i=1:size(endog_,2)
    eval([endog_{:,i},'_i=',num2str(i),';']);
end
% ---------------------------------

cpos   = [h_i sigma_i eta_i r_i rhor_i alphay_i alpha_i beta_i delta_i vartheta_i omega_i phipi_i phib_i phig_i rho1_i sigmae_i ...
     kappaw_i gammai_i gammac_i];
cparms = p(cpos);
vselu= [g_i y_i w_i c_i i_i b_i];
vselun= [cA_i cN_i rf_i t_i pi_i n_i d_i rk_i k_i];
vseln = [cA_i cN_i rk_i k_i rf_i t_i pi_i n_i d_i rf_i n_i];
enum = 2;
% ---------------------------------

% *****************************
% **         Solving         **
% *****************************

% Set model information
% -----------------------------------
load([modnam,'_parse']);

% Solve the model
% write the system as:
%   X_{t} = cofb*X_{t} + b0*v_{t}
% -----------------------------------
cof = feval([modnam,'_cof'],p);
[cofb,rts,ia,nex,num,lgrts,mcode] = aim_eig(cof,neq,nlag,nlead,condn,uprbnd);

errstr  = aimerr(mcode);
disp(errstr);
[q,err] = checkaim(neq,nlag,nlead,cof,cofb);
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scof = obstruct(cof,cofb,neq,nlag,nlead);
b0   = inv(scof(1:neq,neq*nlag+1:neq*(nlag+1)));

% ********************************
% ** Impulse Response Functions **
% ********************************

Hor         = 21;        % Horizon
nbshock     = 1;    % # of shocks

%   Computation
% *******************

zirf = [];
zvars        = zeros(neq,1);
shock        = zeros(neq,1);
shock(end-1) = 1;                        % Position of the shock

for j = 1 : Hor                         % Compute the IRFs
    ztmp  = cofb*zvars + b0*shock;
    zvars = ztmp;
    zirf  = [zirf , ztmp];
    shock = zeros(neq,1);
end
drespm = 100*zirf;                      % IRFs multiplied by 100

% *******************
% *  Figure
% *******************
if time == 1
    drespm1 = drespm;
    save drespm1
else drespm2 = drespm;
    save drespm2
end;

 figure(1);
   varnames = {'Government spending','Output', 'Wage', 'Consumption', 'Investment', 'Debt'};
    for i = 1:1:length(vselu);
if time == 1
        subplot(3,2,i);
        var = drespm(vselu(i),:);
        plot_vars = plot(0:Hor-1,var,'r');
        set(plot_vars(1),'LineWidth',1,'color',[0.2 0.5 0.7])
        hold on

else
        subplot(3,2,i);
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        var = drespm(vselu(i),:);
        plot_vars = plot(0:Hor-1,var,'r--');
        set(plot_vars(1),'LineWidth',1,'color',[0.7 0.2 0.5])
end;
        set(gca,'Xlim',[0 Hor-1],'XlimMode','manual','fontname','times','fontsize',9)
        t1 = title(varnames{i});
        set(get(gca,'XLabel'),'String','Quarters after shock','fontname','times','fontsize',10)
        set(get(gca,'YLabel'),'String','Deviation after shock','fontname','times','fontsize',10)

    end;
     print -dpng Tra_gov

     figure(2);
   varnames = {'Asset holders','Non-asset holders', 'Int. Rate', 'tax', 'Inflation', 'hours', 'deficit', 'cost of capital', 'capital'};

    for i = 1:1:length(vselun);
        if time == 1
        subplot(3,3,i);
        var = drespm(vselun(i),:);
        plot_vars = plot(0:Hor-1,var,'r');
        set(plot_vars(1),'LineWidth',1,'color',[0.2 0.5 0.7])
        hold on
        else

        subplot(3,3,i);
        var = drespm(vselun(i),:);
        plot_vars = plot(0:Hor-1,var,'r--');
        set(plot_vars(1),'LineWidth',1,'color',[0.7 0.2 0.5])
        end;

        set(gca,'Xlim',[0 Hor-1],'XlimMode','manual','fontname','times','fontsize',9)
        t1 = title(varnames{i});
        set(get(gca,'XLabel'),'String','Quarters after shock','fontname','times','fontsize',10)
        set(get(gca,'YLabel'),'String','Deviation after shock','fontname','times','fontsize',10)

    end;
  print -dpng Tra_gov2

    end;

 
Parsing model Model ...
 
 Parsing Equation 1: AssetConsumptionequation(1)
 Parsing Equation 2: Non-AssetConsumptionequation(2)
 Parsing Equation 3: Aggregateconsumptionequation(3)
 Parsing Equation 4: Lawofmotionofcapital(4)
 Parsing Equation 5: Investmentadjustmentcost(5)
 Parsing Equation 6: Firstorderconditionwrtbonds(6)
 Parsing Equation 7: Valueofcapitalstock(7)
 Parsing Equation 8: WageNewKeynesianPhilipsCurve(8)
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 Parsing Equation 9: Productionfunction(9)
 Parsing Equation 10: MarginalRateofSubstitution(10)
 Parsing Equation 11: NewKeynesianPhilipsCurve(11)
 Parsing Equation 12: Marginalcost(12)
 Parsing Equation 13: Wage(13)
 Parsing Equation 14: Governmentbudgetconstraint(14)
 Parsing Equation 15: Structuraldeficitrule(15)
 Parsing Equation 16: Structuraldeficit(16)
 Parsing Equation 17: Economyressourceconstraint(17)
 Parsing Equation 18: TaylorRule(18)
 Parsing Equation 19: Rentalrateofcapital(19)
 Parsing Equation 20: Governmentspending(20)
 Parsing Equation 21: Fiscalshockinnovation
 Parsing Equation 22: one
 
Done.
 
 
MODEL:   New Keynesian model 
 
 
Number of equations: 22
Number of lags     : 1
Number of leads    : 1
 
Writing out Parser Information
Done.
 
Writing out Structural Coefficient Matrix
Done.
Aim return code: unique solution.
 
Maximum absolute error: 2.8866e-15
 
Parsing model Model ...
 
 Parsing Equation 1: AssetConsumptionequation(1)
 Parsing Equation 2: Non-AssetConsumptionequation(2)
 Parsing Equation 3: Aggregateconsumptionequation(3)
 Parsing Equation 4: Lawofmotionofcapital(4)
 Parsing Equation 5: Investmentadjustmentcost(5)
 Parsing Equation 6: Firstorderconditionwrtbonds(6)
 Parsing Equation 7: Valueofcapitalstock(7)
 Parsing Equation 8: WageNewKeynesianPhilipsCurve(8)
 Parsing Equation 9: Productionfunction(9)
 Parsing Equation 10: MarginalRateofSubstitution(10)
 Parsing Equation 11: NewKeynesianPhilipsCurve(11)
 Parsing Equation 12: Marginalcost(12)
 Parsing Equation 13: Wage(13)
 Parsing Equation 14: Governmentbudgetconstraint(14)
 Parsing Equation 15: Structuraldeficitrule(15)
 Parsing Equation 16: Structuraldeficit(16)
 Parsing Equation 17: Economyressourceconstraint(17)
 Parsing Equation 18: TaylorRule(18)
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 Parsing Equation 19: Rentalrateofcapital(19)

 Parsing Equation 20: Governmentspending(20)
 Parsing Equation 21: Fiscalshockinnovation
 Parsing Equation 22: one
 
Done.
 
 
MODEL:   New Keynesian model 
 
 
Number of equations: 22
Number of lags     : 1
Number of leads    : 1
 
Writing out Parser Information
Done.
 
Writing out Structural Coefficient Matrix
Done.
Aim return code: unique solution.
 
Maximum absolute error: 5.1958e-14
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