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Chapter 1: Introduction

1.1 Background and Motivation

The global financial crisis of 2008 hit countries and affected financial systems
all over the world. This led many governments to implement large-scale fiscal
interventions in an attempt to stimulate private activity and avoid a prolonged
recession. Many countries experienced high sovereign risk associated with high
level of public debt and were forced to undertake large consolidation plans by
cutting spending and raising taxes. In fact, when discretionary fiscal policy is
used either as stimulative tool or as a debt consolidation, there is a lot of
uncertainty about the effectiveness in terms of the domestic absorption of the
policy benefits. The latter critically depends on the composition of fiscal policy
and the reaction of the exchange rate and the trade balance to fiscal shocks
(Lane and Perotti, 1998). This is particularly important for open economies, in
which international trade represents a significant share of economic activity. As
a result, it seems essential to examine the domestic and external transmission
channels of unexpected changes in tax revenue and government spending
components. From this perspective, a relevant question that arises is which
fiscal instruments are the most effective in stimulating economic activity.

Monetary policy can affect economic activity through various transmission
channels, including interest rates, exchange rates, asset prices, consumer
confidence and credit (e.g., Bernanke and Gertler, 1995; Mishkin, 1995; Cushman
and Zha, 1997; Debes et al., 2014). To respond the global financial crisis, central
banks initially lowered their reference policy rate until it has reached the effective
zero lower bound. These policy measures were aimed to reduce the cost of
borrowing for households and businesses, thus encouraging spending and
investment. Despite these unprecedent measures, they alone were not sufficient
to stimulate economic activity and maintain price stability. This situation forced
central banks to implement large-scale asset purchases, commonly known as
quantitative easing, to improve the economic conditions. These operations
changed the relative supply of short-term and long-term bonds, and other
assets, which consequently affected their prices and the flow of funds in the
economy. The main objective of such unconventional measures was to lower
long-term interest rates in order to ease financing conditions and stimulate
economic activity. Monetary policy decisions have an impact on financing
conditions and market expectations, which in turn can lead to changes in asset



prices and consumer confidence, thus amplifying their effects on the economy.
It therefore seems essential to examine the potential role of asset prices and
consumer expectations in the transmission of monetary policy.

From a different perspective, concerns about the environment and climate
change have raised over the past two centuries. Economic activities affect the
environment in several ways. Common effects like increased pollution and
greenhouse gas emissions, depletion of natural resources and contribution to
global climate change have been recognized as the greatest negative externalities
of today's global economy. Many scientific studies have been argued that climate
change may in turn negatively affect economic growth and output levels (e.g.,
Dell et al., 2009, 2012). Renewable and non-renewable energy resources are
major inputs for production, meaning that their availability will directly affect
future production capabilities and economic activities. The energy sector is a
particularly interesting case study since it represents by far the largest source of
anthropogenic greenhouse gas emissions (International Energy Agency, 2009).
Despite improvements in some countries, the level of global emissions
emanating from the energy sector has little changed over the past decades
(International Energy Agency, 2017). Macroeconomic policies are usually used
for the purpose of stabilizing economic activity and maintain price stability. In
response to the crisis, many governments have employed expansionary fiscal
and monetary policies to support the recovery of their economy, subsequently
affecting economic aggregates and global welfare. The implementation of
macroeconomic policies might also affect the quality of the environment
through their specific effects on economic activity and energy consumption.
Thus, the overall impact of these policies on environmental quality is not certain.

1.2 Objectives and Structure of the Thesis

The general objective of this doctoral thesis is to evaluate the effects of
macroeconomic policies on the economy and the environment. Chapter 2
examines the composition of fiscal policy and its transmission mechanisms on
various macroeconomic aggregates in open economies. Chapter 3 examines the
transmission mechanisms of conventional and unconventional monetary
policies on the macroeconomic aggregates in open economies. Chapter 4
explores the interactions among macroeconomic policies, the energy market
and environmental quality. The conducted research on the evaluation of these
policies is presented in the following three chapters. The thesis also contains a
final chapter with the concluding remarks and future lines of research.



The analysis of the effects of fiscal and monetary policies on the economy and
the environment is conducted using the structural vector autoregressive (VAR)
methodology. This procedure is suitable when the variables of interest are
endogenous, which is typically the case with macroeconomic and environmental
variables. Structural VAR models have the advantage of being flexible regarding
the assumptions required for the identification of structural shocks. In fact, they
have become the standard econometric tool for estimating fiscal and monetary
policy shocks. However, this approach poses several challenges. First, the
identification of exogenous and unanticipated fiscal policy shocks is not
straightforward, especially when using disaggregated fiscal data. Second, the
responses of macroeconomic aggregates to monetary policy shocks are sensitive
to the model specification and the information included in the analysis about
central bank’s operating procedures. It therefore seems essential to take into
account all transmission channels and to control for global economic shocks in
order to provide a comprehensive analysis of the effects of fiscal and monetary
policies. Finally, in the literature, there is a lack of theoretical models examining
the underpinnings of the relationship between macroeconomic policies,
economic growth and environmental quality. As a result, this makes empirical
modelling particularly challenging and interesting from the perspective of
setting the ground for theoretical and empirical approaches to this issue.

The objective of Chapter 2 is to examine the composition of fiscal policy
and its transmission mechanisms on various macroeconomic aggregates in open
economies. A body of literature analyses the effects of fiscal policy within a
closed economy framework (e.g., Fatas and Mihov, 2001; Blanchard and Perotti,
2002; Caldara and Kamps, 2008; Mountford and Uhlig, 2009). However, the
benefits of fiscal instruments depend on the reaction of the exchange rate and
the trade balance to fiscal policy shocks. Yet, the effects of discretionary fiscal
policy on the exchange rate and international trade still remain controversial
(e.g., Kim and Roubini, 2008; Monacelli and Perotti, 2010; Ravn et al., 2012).
From a different perspective, a large body of literature has examined the effects
of tax shocks on the output and other real economic variables (e.g., Blanchard
and Perotti, 2002; Perotti, 2005; Caldara and Kamps, 2008; Mountford and
Uhlig, 2009). However, the study of the effects of tax shocks on the exchange
rate and the trade balance has received less attention. In addition, most of the
literature on fiscal policy does not distinguish between different types of
government spending. Many studies assess the impact of total government
spending as a single fiscal instrument, without investigating the potential distinct



effects that may arise from shocks to different types of expenditure. Research
on the effects of disaggregated government spending has proliferated over the
past decades and has not yet provided robust stylized facts (e.g., Lane and
Perotti, 1998; Giordano et al., 2007; Perotti, 2008; Pappa, 2009). Nevertheless,
the literature devoted to disaggregated fiscal policy analysis in open economies
is relatively limited (e.g., Lane and Perotti, 1998; Bénétrix and Lane, 2009).

This chapter contributes further to this direction of research by examining
the transmission mechanisms of fiscal policy components in open economies.
We evaluate the effects of shocks to tax revenue and government spending
components on the macroeconomic aggregates in two Anglo-Saxon countries,
the United States and the United Kingdom, over the period 1964-2017. These
countries conduct independent fiscal policies and are characterized by the low
levels of government regulation, the small shares of the public sector and by
free markets. Although they are relatively homogenous, the United Kingdom
has comparatively higherlevels of taxation and spending on the welfare state and
shares some common features with European continental economic models
that diverge from those of Anglo-American economic models (Davtyan, 2016).
While research on fiscal policy has been substantial, the study of the transmission
mechanisms and effects of government spending components in open
economies has received less attention. This approach is particularly complex
since government decisions to adjust its spending levels on various categories
may benefit only to a small group of individuals and have negligible effects on
others. As a result, the transmission mechanisms and the effects of shocks to
government spending components on the real economy are uncertain and may
be very small. However, in our view, this approach can complement the analysis
of aggregate fiscal policy by providing more informative conclusions on the
ways in which policy decisions can influence macroeconomic conditions.

The empirical analysis is conducted through structural VAR models. The
effects of shocks to government non-wage consumption, government wage
consumption, public investment and tax revenue are assessed by the impulse
response functions and the variance decomposition. This chapter contributes
to the literature on the disaggregated analysis of fiscal policy in open economies.
We examine the composition of fiscal policy by asking whether government
spending disaggregation matters for the transmission of fiscal policy on the
macroeconomic aggregates. While there is some evidence for the United States
economy, to the best of our knowledge, no other previous study has conducted
such an empirical analysis of shocks to government non-wage and wage



consumption for the United Kingdom. In addition, this chapter explores the
role of the exchange rate and the trade balance in the transmission of shocks to
tax revenue and government spending components.

The objective of Chapter 3 is to examine the transmission mechanisms of
conventional and unconventional monetary policies on various macroeconomic
aggregates in open economies. The literature generally provides consistent
findings as regards the effects of conventional monetary policy on the national
income and its components (e.g., Mojon and Peersman, 2001; Christiano et al.,
2005). However, a large part of the literature does not consider asset prices and
consumer expectations that represent two potential channels for the
transmission of monetary policy (e.g., Mishkin, 1995; Brissimis and Magginas,
20006). Monetary policy decisions have an impact on financing conditions and
market expectations, which can lead to adjustments of asset prices. The
consumer confidence indicator contains important information used by central
banks about consumer expectations as regards future economic conditions. The
omission of these two variables may result in an important loss of information
in the analysis. A few studies analyse the effects of consumer confidence on the
real economy (e.g., Ludvigson, 2004; Barsky and Sims, 2012). However, very
little is known about its role in the transmission of monetary policy. Debes et
al. (2014) is the first study to show that conventional monetary policy can be
operative via a consumer confidence channel from an empirical and theoretical
perspective. Consequently, this implies the need to explore how monetary policy
can affect macroeconomic aggregates along the business cycle and the specific
role of asset prices and consumer confidence as potential transmission channels.

Unconventional monetary policy can affect the real economy through
different transmission channels, including signaling, portfolio balance, exchange
rates and asset prices (e.g., Mishkin, 1995; Gagnon et al., 2011; Joyce et al., 2011;
Bauer and Rudebusch, 2014; Christensen and Krogstrup, 2019). A body of
literature has mainly focused on the effects of unconventional monetary policy
measures on the financial market. Specifically, a number of studies analyse the
effects of large-scale asset purchases on long-term interest rates and other asset
prices (e.g., Gagnon et al., 2010; Joyce et al., 2011; Hamilton and Wu, 2012). A
few studies go one step further and examine the short-run macroeconomic
effects of unconventional monetary policy shocks (e.g., Lenza et al., 2010;
Peersman, 2011; Chung et al., 2012). A potential caveat concerning these studies
is that they rely on models estimated over sample periods covering also the pre-



crisis period, which may not be appropriate for assessing the transmission of
unconventional monetary policy in a liquidity trap. Moreover, central banks’
quantitative easing policies before the crisis were usually not aimed at
influencing macroeconomic conditions (Gambacorta et al., 2014). Another
possible limitation of these studies is that they often neglect the role of the stock
market as a potential transmission channel. Gambacorta et al. (2014) reveal the
importance of analysing the effects of unconventional monetary policy within a
framework based on a combination of macroeconomic and financial variables.

This chapter contributes to filling this gap by exploring the role of stock
prices and consumer expectations in the transmission of monetary policy for
European countries that have adopted a flexible exchange rate regime. The
effects of conventional and unconventional monetary policies are evaluated for
two non-EMU countries, Switzerland and the United Kingdom, over the period
1990-2017. While research has been substantial for the euro area and the United
States, very few studies have analysed the effects of monetary policy in other
open economies outside the euro area. These countries also represent unique
case studies on the transmission mechanisms of unconventional monetary
policy, as they were the only non-EMU countries to implement quantitative
easing in response to the global financial crisis. This chapter proposes two
distinct structural VAR models based on a novel specification. The baseline
model for the evaluation of the effects of conventional monetary policy covers
the pre-2009 period and is estimated using quarterly data, while the baseline
model for the evaluation of the effects of unconventional monetary policy
covers the post-2009 period and is estimated using monthly data. The analysis
is explicitly made on sub-periods since the implementation of quantitative
easing may be viewed as a new monetary policy regime. If the central banks are
forward looking, the monetary policy instrument cannot be properly identified
unless expectations are taken into account. The modelling approach consists in
augmenting the structural VAR model with a forward-looking informational
variable of near-term development in economic activity and several foreign
exogenous variables to control for global supply and demand shocks. For the
case of conventional monetary policy, the consumer confidence indicator is
used since it contains important information used by central banks about
consumer expectations as regards future economic conditions. For the case of
unconventional monetary policy, the long-term government bond yields are
used to capture consumer expectations about future short-term interest rates.
The effects of conventional and unconventional monetary policy shocks are
assessed by the impulse response functions and the variance decomposition.



The objective of Chapter 4 is to explore the interactions among
macroeconomic policies, the energy market and environmental quality!.
Theoretical modelling of the relationships between macroeconomic policies,
economic growth and environmental quality is still underdeveloped. However,
empirical analysis can help achieve a better understanding of the complex links
between them. The environmental Kuznets curve hypothesis predicts that
economic growth initially leads to a deterioration of environmental quality,
followed by an improvement of environmental quality once the economy has
reached a certain level. Depending on the relationship between macroeconomic
policies and economic growth and according to the shape of the environmental
Kuznets curve, expansionary fiscal and monetary policies may lead to greater
use of natural resources and greenhouse gas emissions in some levels of the gross
domestic product. Moreover, the potential impact of macroeconomic policies
on environment quality can generate interactions between macroeconomic and
environmental policies. As a result, this implies the need to explore how fiscal
and monetary policies can affect the quality of the environment along the
business cycle and the specific role of energy markets as transmission channels.

Several studies have recently suggested that fiscal policy may be a determinant
of environmental quality (e.g., Lopez et al., 2011; Halkos and Paizanos, 2013,
2016; Lopez and Palacios, 2014). The relationship between fiscal policy and
environmental quality depends critically on the type of government spending.
For instance, if spending is largely used for improvements in renewable energy,
then increases in government consumption and public investment could be
associated with lower emissions. In contrast, we would expect the opposite
relationship if spending is targeted towards non-renewable energy. Fiscal policy
measures have been predominantly implemented to moderate climate change
issues (e.g., Kosonen and Nicodeme, 2009). It has been commonly admitted
that since the central banks’ main objectives of inflation and output stabilization
are primarily short term, their influence on a long-term process such as climate
change is relatively weak (Economides and Xepapadeas, 2018). However, the
very probable impact of climate change on the financial market, economic
growth and future output levels might require more involvement of monetary
policy (Matikainen et al. 2017; Dafermos et al., 2018; Economides and
Xepapadeas, 2018). Therefore, central banks may also be required to support
climate change policies, which would imply the need to address long-term and

1'The chapter has been published in Environmental Economics and Policy Studies as an online first
article (https://doi.org/10.1007/s10018-021-00305-x).



short-term issues. Matikainen et al. (2017) suggest that the environmental
impact of the central bank's unconventional monetary policy depends on
government commitment to support low-carbon activities through direct
spending. Thus, monetary policy may not be energy-neutral.

This chapter contributes to this direction of research by examining the
interactions and channels among macroeconomic policies, economic growth,
the energy market and environmental quality. We propose two distinct
structural VAR models based on a macroeconomic framework including the
energy market. The chapter considers one baseline model for the evaluation of
the effects of fiscal and conventional monetary policy and one baseline model
for the evaluation of the effects of unconventional monetary policy. Due to the
lack of data availability, we consider aggregate levels of government spending
components and central bank’s reserve asset purchases, being this a clear
limitation of our analysis that, however, in our view does not invalidate the
interest of this approach. This chapter sheds light on the implications of fiscal
and monetary policies on the environmental sustainability for European
countries that have adopted a flexible exchange rate regime. The empirical
analysis is conducted for Switzerland and the United Kingdom over the period
1990-2016. Apart of maintaining independent fiscal and monetary policies, the
analysis of these specific countries is relevant in the context of environmental
issues. Switzerland, as an Alpine country, is particularly affected by global
warming (Beniston, 2012). On the other hand, the United Kingdom is a coastal
country and is seriously threatened by rising sea levels due to the global climate
change (de la Vega-Leinert and Nicholls, 2008). This chapter examines for the
first time how the implementation of macroeconomic policies, that aim to
stimulate the economy, may also affect the quality of the environment along the
business cycle and the specific role of energy markets as transmission channels.
On the one hand, the chapter evaluates the implications of macroeconomic
policies on the price of non-renewable energy and the use of both renewable
and non-renewable energy. On the other hand, it assesses the influence of fiscal
policy components, conventional and unconventional monetary policies on
greenhouse gas emissions generated by the energy sector. The impulse response
functions and the variance decomposition are used as empirical tools to assess
the effects of policy shocks. We aim to provide some policy recommendations
that can help support the achievement of environmental sustainability.

Chapter 5 provides a summary of all the obtained results of the thesis and the
policy implications. This final section also contains the future lines of research.



Chapter 2: Fiscal Policy Composition and its Transmission Mechanisms
in Open Economies

2.1 Introduction

After the global financial crisis of 2008, governments had drastically
increased their public spending in an attempt to stimulate private activity and
avoid a prolonged recession. Massive bailouts of financial institutions and other
expansionary fiscal and monetary policies had been employed to prevent a
potential collapse of the world financial system. Many countries experienced
high sovereign risk associated with high level of public debt and were forced to
undertake large consolidation plans by cutting spending and raising taxes. Since
the beginning of the crisis, the United States engaged in unprecedented fiscal
expansions to rescue the financial sector and stimulate economic activity.
Several other countries like Japan experienced during decades interest rates
close to zero and applied large fiscal expansions in an attempt to escape their
liquidity trap. Fiscal policy is also important for member states of the European
Union, since it is the only national stabilization instrument in presence of
asymmetric macroeconomic shocks. All of this makes fiscal policy one of the
most important tools used by the government to influence economic conditions.
Nevertheless, there is a lot of uncertainty about the effectiveness in terms of the
domestic absorption of the benefits of discretionary fiscal policy, when used to
stimulate the economy or stabilize the debt. The latter critically depends on the
composition of fiscal policy and the reaction of the exchange rate and the trade
balance to fiscal shocks (Lane and Perotti, 1998). A relevant question that arises
is which fiscal instruments are the mosteffective in stimulating economic activity.

In this context, this chapter examines the transmission mechanisms of fiscal
policy by focusing on its components in an open economy framework. The
VAR methodology has become the main econometric tool used to study the
effects of fiscal policy shocks. Yet, the empirical literature using VAR models
to assess the effects of fiscal policy shocks often disagrees on the quantitative
and qualitative response of key macroeconomic aggregates to government
spending and tax shocks. Various reasons such as the differences in the
specification (including sample period, choice of endogenous variables,
deterministic terms and lag length) and the lack of comparability of fiscal policy
experiments have been proposed to explain the absence of stylized facts. The
empirical studies in this literature distinguish themselves by the approach used



to identify fiscal policy shocks. Four main identification approaches have been
used. First, the recursive approach introduced by Sims (1980) and applied to the
study of fiscal policy effects by Fatas and Mihov (2001). Second, the Blanchard-
Perotti approach proposed by Blanchard and Perotti (2002) and further
extended in Perotti (2005). Third, the sign-restrictions approach developed by
Uhlig (2005) and applied to fiscal policy analysis by Mountford and Uhlig
(2009). Fourth, the so-called “narrative” or “dummy” methodology has been
used to identify fiscal shocks due to events such as war episodes by Ramey and
Shapiro (1998) and Eichenbaum and Fisher (2005). All approaches use different
identification schemes, that either explicitly or implicitly impose restrictions on
the systematic response of tax and spending policies to changes in output.
Caldara and Kamps (2017) show how different assumptions on the fiscal rule
have a strong implication on the sign and size of fiscal multipliers, which would
account for the wide range of estimates in the existing literature.

The common feature of these studies is that they all analyse the effects of
fiscal policy within a closed economy framework. In other words, they implicitly
assume that the transmission of fiscal policy occurs exclusively through the
domestic channel. However, the benefits of fiscal instruments strongly depend
on the reaction of the exchange rate and the trade balance, which is particularly
important for open economies, in which international trade represents a
significant share of economic activity. Yet, the effects of discretionary fiscal
policy on the exchange rate and international trade still remain controversial.
The standard Mundell-Fleming model predicts that following a fiscal expansion,
the trade balance deteriorates through the appreciation of the domestic
currency. As trade openness increases, a sufficiently large fiscal stimulus will
propagate abroad through higher imports and prices, thus reducing the impact
of the fiscal multiplier on the output. Nevertheless, the latter relationship
between fiscal policy and international trade is not always observed empirically.
VAR studies like Monacelli and Perotti (2010) and Ravn et al. (2012) find that
after a fiscal expansion, the real exchange rate depreciates and the trade balance
deteriorates. Moreover, Kim and Roubini (2008) reveal that a deficit-financed
fiscal expansion leads to a real depreciation and an improvement of the current
account. From a different perspective, a large body of literature has examined
the effects of tax shocks on the output and other real economic variables (e.g.,
Blanchard and Perotti, 2002; Perotti, 2005; Caldara and Kamps, 2008;
Mountford and Uhlig, 2009). However, the study of the effects of tax shocks
on the exchange rate and the trade balance has received less attention.
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Most of the literature on fiscal policy does not distinguish between different
types of government spending. A number of studies assess the impact of total
government spending as a single fiscal instrument, without investigating the
potential distinct effects that may arise from shocks to different types of
expenditure. Government spending includes all government consumption,
investment and transfer payments, and not all induce the same effect on the
economy. Government consumption can be in turn decomposed into its non-
wage and wage components. Wage and salary payments of public sector workers
represent a large share of public expenditure in most countries. Research on the
effects of disaggregated government spending has developed over the past
decades. To the best of our knowledge, the first studies to use disaggregated
data for government spending are Lane and Perotti (1998), Giordano et al.
(2007), Perotti (2008) and Pappa (2009). Nevertheless, research devoted to the
disaggregated analysis of fiscal policy in open economies is relatively limited.
Bénétrix and Lane (2009) contribute to this literature by analysing the effects of
government non-wage consumption, government wage consumption and
public investment shocks on the Irish exchange rate. Lane and Perotti (1998)
evaluate the impact of fiscal policy components on international trade in OECD
countries. It therefore seems essential to examine the transmission channels and
the effects of unexpected changes in the components of government spending
on the economic variables in an open economy framework.

In this chapter, we undertake a detailed empirical examination on the
composition of fiscal policy and its transmission mechanisms on various
macroeconomic aggregates in two Anglo-Saxon countries, the United States and
the United Kingdom, over the period 1964-2017. These countries conduct
independent fiscal policies and are characterized by the low levels of government
regulation, the small shares of the public sector and by free markets. Although
they are relatively homogenous, the United Kingdom has comparatively higher
levels of taxation and spending on the welfare state and shares some common
features with European continental economic models that diverge from those
of Anglo-American economic models (Davtyan, 2016). While research on fiscal
policy has been substantial, the study of the transmission mechanisms and
effects of government spending components in open economies has received
less attention. This approach is particularly complex since government decisions
to adjust its spending levels on various categories may benefit only to a small
group of individuals and have negligible effects on others. As a result, the
transmission mechanisms and the effects of shocks to government spending
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components on the macroeconomics aggregates are uncertain and may be very
small. In this chapter, we consider disaggregated levels of government spending
components. In our view, this approach can complement the analysis of
aggregate fiscal policy by providing more informative conclusions on the ways
in which policy decisions can influence macroeconomic conditions.

The empirical analysis is conducted through structural VAR models based
on a novel specification, including all relevant variables in the transmission
mechanisms of fiscal policy components in open economies. We estimate the
effects of disaggregated fiscal policy shocks on the macroeconomic aggregates.
Using the recursive approach, we identify a tax revenue and a government
spending component shock that rotates between (i) government non-wage
consumption (i) government wage consumption (iii) public investment. The
baseline VAR model is composed of the government spending component, the
output, the inflation rate, tax revenue, the interest rate, the trade balance and
the real effective exchange rate. To have a better sense of what changes in fiscal
policy induce on the economy, we estimate four alternative specifications in
which we replace the inflation rate by switching in turn private consumption,
private investment, private wages and the employment rate. The effects of fiscal
policy shocks are assessed by the impulse response functions and the variance
decomposition. This chapter contributes to the literature on the disaggregated
analysis of fiscal policy in open economies. We examine the composition of
fiscal policy by asking whether government spending disaggregation matters for
the transmission of fiscal policy on the macroeconomic aggregates. Besides, this
chapter explores the role of the exchange rate and the trade balance in the
transmission of shocks to tax revenue and government spending components.
The analysis conducted in this chapter reveals that the disaggregation of fiscal
policy matters since each fiscal instrument implies different transmission
channels and effects on the real economy. There are also some differences in
the obtained results for the United States and the United Kingdom that can be
attributed to the different features shared by each country. In addition, our
findings indicate that fiscal policy can be operative, besides the interest rate
channel, via an exchange rate and trade balance channels.

The rest of the chapter is organized as follows. Section 2.2 reviews the theory
of fiscal policy and the related empirical literature. Section 2.3 presents the
econometric methodology. Section 2.4 describes the data and their properties.
Section 2.5 provides the results of the VAR estimation. Finally, section 2.6
contains concluding remarks and policy implications.
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2.2 Theory and Literature Review

The study of the transmission mechanisms of fiscal policy has received
particular attention. In this regard, many studies in the literature have employed
the VAR methodology. Apart from differences in the specification of the
reduced-form model, the studies distinguish themselves by the approach used
to identify fiscal policy shocks. There is often a disagreement on the quantitative
and qualitative response of key economic variables to government spending and
tax shocks. Subsection 2.2.1 provides a brief review of the fiscal policy theory.
Subsection 2.2.2 discusses the related empirical literature on the transmission
channels and effects of aggregate and disaggregated fiscal policy shocks.

2.2.1 Theoretical Literature

According to the classical literature, fiscal policy has no effect on the real
economy in the long run, since wages and prices are fully flexible and the
aggregate supply curve is inelastic. The classical view suggests that the real
output is determined by supply-side factors. On the other hand, the Keynesian
framework, represented by the traditional IS-LM and the extended Mundell-
Fleming models, predicts that a fiscal stimulus will increase employment and
private consumption, due to wage and price rigidities. The Keynesian theory
advocates that the tax multiplier is usually lower than the spending multiplier
given that part of the disposable income will not be spent, but saved, depending
on the marginal propensity to consume. In an open economy, the effects of
discretionary fiscal policy depend on the adopted exchange rate regime and the
degree of trade openness (Lane and Perotti, 1998). Under a flexible exchange
rate regime, an expansionary fiscal shock increases the output, interest rate and
demand for money. The higher interest rate attracts foreign capital, which flows
into the economy, causing the domestic nominal exchange rate to appreciate.
Given that prices are rigid in the short run, the nominal appreciation translates
into a real appreciation. The stronger domestic currency discourages exports
and encourages imports, causing the trade balance to deteriorate and thus
partially offsetting the positive effect of fiscal policy (e.g., Beetsma and
Giuliodori, 2011). Under a fixed exchange rate regime, an expansionary fiscal
policy forces the monetary authority to increase the money supply in order to
maintain the exchange rate parity, which leads to a greater fiscal multiplier
impact on the economy. The Keynesian theory suggests that fiscal policy
decisions taken locally can affect the economic conditions of foreign trading
partners through the exchange rate and trade balance channels.
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The literature modelling the effects of fiscal policy using general equilibrium
models has evolved into two different streams. The real business cycle model
builds on the assumption that private consumption and real wages react
negatively and employment positively to an expansion of government spending.
In this framework, an exogenous rise in government spending financed by
lump-sum taxes reduces the wealth of the economic agent, leading the agent to
consume less and work more, which in turn exerts downward pressure on real
wages (e.g., Burnside et al.,, 2004; Eichenbaum and Fisher, 2005). The New
Keynesian dynamic stochastic general equilibrium (DSGE) model incorporates
nominal rigidities and monopolistic competition. It builds on the assumption
that private consumption, real wages and employment react positively to an
increase in government spending (e.g., Ravn et al., 2006; Gali et al., 2007). The
expanded output leads firms to hire more and thus increases real wages and
employment, providing consumers with more income to spend and invest.

2.2.2 Empirical Literature

2.2.2.1 Government Spending and Taxes

The literature generally provides mixed evidence as regards the effects of tax
shocks on the economy. In most studies assessing the effects of tax shocks in
the United States, a contractionary tax shock has negative effects on the output
and other real economic variables, as found in Blanchard and Perotti (2002),
Mountford and Uhlig (2009) and Romer and Romer (2010). Moreover, Ramos
and Roca-Sagales (2008) provide evidence that tax cuts increase the output in
the United Kingdom. On the other hand, Perotti (2005) suggests that the effect
of taxes on the output is relatively small in the United Kingdom. Giordano et
al. 2007) and Tenhofen et al. (2010) also find that tax revenue shocks have weak
effects on the macroeconomic aggregates in Italy and Germany. Caldara and
Kamps (2008) propose an explanation to this disagreement on the effects of tax
shocks by showing that they depend on the identification approach used and
the size of automatic stabilizers. In relation to the monetary aggregates, these
authors find that the interest rate increases after a contractionary tax revenue
shock, while inflation does not react in the United States. Mountford and Uhlig
(2009) find positive responses of the interest rate and prices. As regards the
labor market variables, Caldara and Kamps (2008) find that real wages increase
after a contractionary shock, while employment declines. In contrast, Mountford
and Uhlig (2009) find that real wages decline after a government revenue shock.
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A large body of literature has investigated the effects of government
spending shocks on the macroeconomic aggregates. Using a structural VAR
model based on the recursive approach, Fatas and Mihov (2001) examine the
response of key macroeconomic variables to changes in government spending
in the United States. These authors find that government spending shocks lead
to an increase in output, private consumption, real interest rate, manufacturing
wages and employment. Blanchard and Perotti (2002) assess the effects of
shocks to government spending and taxes on the Unites States economy in the
post-war period. These authors use a structural VAR approach relying on
institutional information about the tax and transfer systems and the timing of
tax collections to achieve the identification of the automatic response of taxes
and government spending to economic activity. Their findings indicate that a
government spending shock is associated with an increase in output and private
consumption. In contrast, an increase in government spending has a strong
negative impact on private investment. Burriel et al. (2010) find a similar result
for private investment in the United States. Mountford and Uhlig (2009) impose
theory-motivated sign-restrictions to identify government spending and revenue
shocks using United States data. These authors find that government spending
expansions lead to a weak increase in output and private consumption, as well
as a decline in non-residential investment. On the other hand, Perotti (2005)
finds that the output declines in Canada and the United Kingdom after an
expansionary shock in the post-1980 sample. Ramos and Roca-Sagales (2008)
obtain similar results for the United Kingdom.

The responses of monetary and labor market variables to fiscal policy shocks
have also been subject to some disagreement. Caldara and Kamps (2008) and
Burriel et al. (2010) provide evidence that inflation increases in response to a
government spending shock in the United States. In contrast, Fatas and Mihov
(2001) and Mountford and Uhlig (2009) find a negative effect of government
spending on prices or inflation. Perotti (2008) provides evidence that real and
nominal interest rates increase in the United Kingdom and decline in the United
States after a government spending shock. However, these findings are not
consistent with Caldara and Kamps (2008) for the United States. Turning on
the response of labor market variables, Perotti (2008) finds that real wages rise
steadily, while employment does not react in the United States. These findings
are also supported by Caldara and Kamps (2008). On the other hand, Fatas and
Mihov (2001) provide evidence that employment increases, while the overall
wage level does not change. Moreover, Burnside et al. (2004) find that real wages
decline persistently, while employment follows the opposite dynamics.
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Several empirical studies attempt to establish the relationship between
discretionary fiscal policy and the open economy variables, without obtaining
robust stylized facts. VAR studies like Monacelli and Perotti (2010) and Ravn et
al. (2012) find that the real exchange rate depreciates and the trade balance
deteriorates after a government spending expansion in a group of four Anglo-
Saxon countries composed of Australia, Canada, the United States and the
United Kingdom. In contrast, Kim and Roubini (2008) provide evidence that a
deficit-financed fiscal expansion leads to a depreciation of the real exchange rate
and an improvement of the current account in the United States. Beetsma and
Giuliodori (2011) employ a panel VAR for a group of fourteen European
country using annual data over the period 1970-2004. Their findings indicate
that government spending shocks lead to an expansion of economic activity by
increasing private consumption and private investment. These movements in
the components of national income are associated with an appreciation of the
real exchange rate, as well as a deterioration of public and trade balances.

2.2.2.2 Government Spending Components

Research on the effects of disaggregated government spending shocks has
developed over the past decades. Lane and Perotti (1998) evaluate the short-
run effects of movements in different components of fiscal policy on the trade
balance for a panel of OECD countries over the period 1960-1995. Above all,
their findings reveal that the composition of a change in fiscal policy and the
exchange rate regime matter for its transmission to the external account. These
authors find that an increase in government wage consumption causes a
deterioration of the trade balance, especially under flexible exchange rates.
Using the structural VAR modelling, Giordano et al. (2007) analyse the effects
of shocks to fiscal policy components in Italy. These authors find that a
government consumption shock has positive effects on the output, private
consumption, private investment and employment. Moreover, Giordano et al.
(2007) provide evidence that an increase in public wages has a negative impact
on employment, while it has no significant impact on the output. Using a VAR
model based on the recursive approach, Bénétrix and Lane (2009) evaluate the
effects of shocks to government spending components on the Irish exchange
rate. These authors show that the impact of government spending critically
depends on the nature of the fiscal shock. They find that shocks to government
non-wage consumption imply a real depreciation, while shocks to public
investment and government wage consumption imply a real appreciation.
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Several other studies in this literature analyse the effects of disaggregated
government spending shocks in a closed economy framework using structural
VAR models. Ramos and Roca-Sagales (2008) find that the estimated long-term
effects of increases in current expenditure and public investment on the output
are negative. Pappa (2009) reveals that shocks to government consumption and
public investment lead to an increase in real wages and employment in the
United States. Tenhofen et al. (2010) find that public investment increases have
a persistent positive effect on the output in Germany. In contrast, their findings
indicate that increases in government wage consumption are not effective in
stimulating the economy. In another relevant work, Bermperoglou et al. (2017)
estimate the effects of public wage expenditures on private activity in the United
States. These authors find that government wage consumption shocks induce a
weak increase in output, a fall in private employment and investment, as well as
an increase in private wages and unemployment. Moreover, Bermperoglou et al.
(2017) reveal that government wage consumption increases have different
effects on the macroeconomic aggregates when they are disaggregated by
government levels. Using a DSGE model with a public good providing both
productive and utility-enhancing services, search and matching functions, and
endogenous labor force participation, these authors show how the sign of the
response of the output depends on the complementarity between public goods
and private consumption in the aggregate consumption bundle of the
household. Their theoretical framework demonstrates that public wage policies
could be expansionary only if the increases in wages are associated with the
production of public goods that strongly complements private consumption.

Briickner and Pappa (2012) analyse the effects of shocks to government
spending in ten OECD countries. For the United Kingdom, these authors find
evidence that an expansion of government consumption leads to an increase in
output, private consumption and real wages, as well as a decline in employment.
For the United States, they find that the output and private consumption
increase slightly, while the responses of employment and real wages are slightly
positive initially before turning insignificant. Afonso and Aubyn (2018) study
the effects of public investment in seventeen OECD countries through a VAR
analysis over the period 1960-2014. Their findings reveal that an increase in
public investment has a positive effect on the output in twelve countries and a
negative effect in the five remaining countries. These authors find that public
investment shocks have expansionary effect on the output by crowding in
private investment in the United States, whereas they have contractionary effect
on the output by crowding out private investment in the United Kingdom.
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2.3 Econometric Methodology

This section presents the structural vector autoregressive methodology used
for the examination of the transmission mechanisms of fiscal policy. This
analysis enables to take into account the feedback and the reciprocal causality
that exist among the variables in the system both in the short term and in the
long term. Structural VAR models are suitable when the variables of interest are
endogenous and have the advantage of not requiring too many variables. A key
challenge in this framework is the identification of exogenous and unexpected
fiscal policy shocks? To recover government spending components and tax
revenue shocks, we use the recursive identification approach, commonly adopted
in the structural VAR literature, as in Fatas and Mihov (2001) and Caldara and
Kamps (2008). The model specification is such to consider all relevant variables
in the transmission mechanisms of fiscal policy components in open economies?.
The chapter considers one baseline VAR model (A) and four alternative
specifications (B, C, D and E). Subsection 2.3.1 presents the specification of the
VAR model and subsection 2.3.2 describes the identification approach.

2.3.1 VAR Specification

The reduced VAR form model contains a constant, a linear time trend and
seven endogenous variables: the log of real per capita government spending
component (g), the log of real per capita output (y), the inflation rate (r), the log
of real per capita tax revenue (t), the real interest rate (r), the trade balance (tb)
and the log of the real effective exchange rate (rer). The government spending
component (g) rotates between the log of real per capita government non-wage
consumption (gc), the log of real per employee government wage consumption
(gw) and the log of real per capita public investment (pi). In the alternative
specifications, we replace the inflation rate by switching in turn the log of real

2 One frequent criticism to the identification of fiscal policy shocks with quarterly data is that
tiscal decisions are mainly taken on year-by-year basis as embedded in the budget. This may
potentially be problematic as changes in various spending categories can often be anticipated,
due to prior announcements. However, while recognizing that the yearly budget includes
important policy measures, discretionary fiscal policy measures are widely used within the year
and have been commonplace throughout most of the sample period considered.

3 The VAR specification often results from a compromise between parsimony and avoiding
omitted variables bias. We choose the latter strategy since we need a number of variables to
examine the domestic and external transmission channels of fiscal policy. The drawback of
such a strategy is that it requires estimating a large number of parameters. To minimize the
loss of degrees of freedom, we consider sufficiently long series using quarterly data.
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per capita private consumption (c), the log of real per capita private investment
(i), the log of real per employee private wage (w) and the employment rate (e)*.

The estimated baseline VAR (p) has the following reduced form:

},t- = #0 + I.l—lT + A]_Yt—l + AZYt—Z + e + Ap},t-_p + ut (2.1)

Where Yi = (yig,...,yk)' is a k-dimensional vector of endogenous variables, o is
a constant, T is a linear time trend, A; (i=1,...,p) are (k x k) matrices of

coefficients and u¢ = (utg,...,ux)’ is a k-dimensional vector of reduced form
shocks with E(u) = 0, E(uu) = Quand E(ua) = 0 for t # s.

The shocks of this reduced form do not generally have a meaningful economic
interpretation since they are linear combinations of structural shocks. Moreover,
they are not likely to occur in isolation in practice and are generally correlated,
meaning that the impulse response functions do not describe how the variables
in the system react over time to an innovation in a variable, holding everything
else constant. Therefore, it is necessary to transform the reduced form model
into a structural model.

We pre-multiply the equation (2.1) by the matrix A of order k, which refers to
the contemporaneous relations among variables in the vector Y. This enables
us to obtain the structural VAR (p) representation:

AYt = VO + V1T + F]_Yt—l + FZYt—Z + e + Fth—p + Bet (2.2)

Where I'i = AA; Vi = Ap; (for j = 0,1) and e = (e1s,...,ck)" is the k-dimensional
vector of exogenous structural shocks with a standardized identity variance-

covariance matrix, that is, E(ee) = Qe = Ii. Using the Lth-order lag operator
A(L), the process (2.2) can be equivalently expressed as:

A(Y, — AV — AY, p— =AY, )=V, +ViT+ Be,  (2.3)

+We switch the additional variables in turn with the objective of minimizing the loss of degrees
of freedom. The alternative specifications B, C, D, E refer respectively to the specification
with private consumption, private investment, private wages and the employment rate. The
model specifications are summarized in table A.2.2.1.
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Which can be rewritten in a more compact form as:
AA(L)Y, =V, + Be, (2.4)

Where A(L) = I - A1l - A2l - ... - AP and Vi = Vo + Vit Ignoring the
deterministic terms, the relationship between the vector of reduced form shocks
and the vector of exogenous structural shocks can be expressed as:

Au, = Be, 2.5

This is known as the AB model in the literature. These transformations of the
innovations allow us to analyse the dynamics of the system in terms of a change
to an element of e.. Structural VAR models based on the recursive approach use
the Cholesky decomposition to orthogonalize the disturbances and thereby
obtain structurally interpretable impulse response functions.

The model estimation requires more identifying restrictions since A and B
involve many more parameters to estimate. Given a sample of size T, the free

parameters in A and B are estimated by maximizing the concentrated log-
likelihood function:

£(A, B) = constant + ~logdet(4)? — logdet(B)? — ~tr(A' B'~* B~14Q,) (2.6
2 g 2 g 2

The resulting estimators have the usual asymptotic properties of maximum
likelihood estimators (e.g., Liitkepohl, 2005), and, thus, asymptotic inference
can be proceeded in the usual way.

2.3.2 Identification: The Recursive Approach

The chapter applies the recursive approach originally proposed by Sims (1980)
to identify the structural shocks. This identification scheme imposes a causal
ordering from the top variables to the bottom variables based on the economic
theory. The matrix A represents the contemporaneous effects of changes in
observed variables and unobserved shocks, while the matrix B scales the
innovations to have a unit variance. Thus, the recursive approach requires B to
be an identity matrix and A to be a lower triangular matrix with unit diagonal.
Because there are 2k? total parameters in A and B, the identification requires
that at least 2k2 - k(k-1)/2 are placed on those parameters. Thetrefore, one has
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to impose k(k-1)/2 restrictions on the matrix A. The relationship between the
vector of reduced form shocks and the vector of structural shocks is given by:

0 000 Oy 100000 of¢%
Ayg 1 0 0 0 0 0 w 010000 ofle
Ing Gy 10 0 0 O up 00100 0 0f]eF
Ag Gy  Gn 1 0 0 Oju|=]0 00 10 0 0f]|e]| (27
Qrg Qry Qe Gy 1 0 Of | wr 0 00 0 1 0 0)fer
Atpg Ay Apn Ape Cepr 1 Of [ wer 0 000010 efb
| Qrerg  Qrery  Qrerm Qrert  Qrerr  Qrertp 1 _u{"’r 0000001 _e[ er

The baseline model is specified with the particular order of: the government
spending component, the output, the inflation rate, tax revenue, the real interest
rate, the trade balance and the real effective exchange rate. We impose short-
run restrictions, which prevent a structural shock from affecting an endogenous
variable contemporaneously. The model specification is an extension of the
model proposed by Caldara and Kamps (2008) in an open economy framework.
The particular ordering of the variables has the following implications: (i) The
government spending component is not affected contemporaneously by
structural shocks to other variables in the system. (if) The output does not react
simultaneously to all structural shocks but is affected by shocks to the
government spending component within the same quarter. (iii) The inflation
rate does not react simultaneously to shocks to tax revenue, interest rate, trade
balance and real effective exchange rate, but is affected within the same quarter
by shocks to government spending component and output. (iv) Tax revenue
does not react simultaneously to shocks to interest rate, trade balance and real
effective exchange rate but is affected within the same quarter by shocks to
government spending component, output and inflation rate. (v) The interest
rate is affected contemporaneously by all variables in the system, except by
shocks to trade balance and real effective exchange rate. (vi) The trade balance
is affected contemporaneously by all variables in the system except by shocks
to the real effective exchange rate. (vii) The real effective exchange rate is
assumed to react simultaneously to all structural shocks in the system. Note that
after the initial period, the variables are allowed to interact freely.

When using quarterly data, it is plausible to assume that public spending
decisions cannot be revised and implemented within a quarter, and thus cannot
react to current economic conditions. This implicitly means that the automatic
stabilizers of government spending components are equal to zero. Ordering the
output and inflation before taxes can be justified by the fact that shocks to these
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two variables have an immediate impact on the tax base, thus affecting
simultaneously tax revenue. In addition, this particular ordering of the variables
captures the effects of automatic stabilizers of tax revenue but prevents the
contemporaneous impact of discretionary tax revenue changes on the output
and inflation. The interest rate is ordered after all these variables and before the
real effective exchange rate. This can be rationalized on the grounds that the
interest rate is the main tool of the central bank’s monetary policy whose
objective is to stabilize the output gap and maintain price stability. Monetary
policy is one of the main determinants of the exchange rate and is therefore
ordered before it. Ordering tax revenue before the interest rate can be justified
on the grounds that tax revenue is not very sensitive to interest rate changes
since it is defined as net of interest payments. The trade balance is ordered
before the real effective exchange rate since it takes time for demand for exports
and imports to change in response to a movement in currency. Finally, the real
effective exchange rate is ordered last since it is the most endogenous variable
of the system, being affected by both domestic and foreign structural shocks.

In the alternative model specifications, we assess the dynamics effects of
disaggregated fiscal policy shocks on national income components and labor
market variables. The relationship between the vector of reduced form shocks

and the vector of structural shocks is given by:
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Where z = ¢, i, w, e. The components of national income and labor market
variables are all ordered second in the VAR model before the output. The
particular ordering of private consumption and private investment can be
justified on the grounds that innovations in these components of national
income have immediate effects on the output. Moreover, economic agents are
not perfectly rational and do not react simultaneously to changes in current
economic conditions and policy decisions on government revenue and
monetary policy. Because of the possible existence of labor market rigidities,
employment and private wages are assumed not to be very sensitive to changes
in the other macroeconomic variables of the system within the same quarter.
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2.4 Data

2.4.1 Data Description

We use quarterly seasonally adjusted data for the United States and the
United Kingdom over the period 1964-2017. The appendix A.2.1 provides
details on definitions and data sources for all variables used in this chapter. The
components of national income and of various fiscal series are in real terms and
were obtained by dividing them by the GDP deflator. They are expressed in
their per capita terms® Monthly series were aggregated and converted into
quarterly series using arithmetic average. For the United States, the series used
were obtained from two main sources. The components of national income and
of various fiscal series are drawn from NIPA tables published by the Bureau of
Economic Analysis (BEA). The interest rate, the real effective exchange rate,
the employment rate and private wages series come from Federal Reserve Bank
of St. Louis (FRED). For the United Kingdom, the series are obtained from
four main sources. The output, government consumption, private
consumption, the real effective exchange rate and the trade balance series come
from FRED. The inflation rate, government wage consumption, tax revenue,
private wages and the employment rate¢ series are obtained from the Office for
National Statistics (ONS). Public investment and private investment series are
taken from the annual macro-economic database of the European Commission
(AMECO)7 and the interest rate series comes from the Bank of England (BoE)
database. Finally, the global oil price series is drawn from FRED.

Our definitions of fiscal and other endogenous variables closely follow the
existing literature. Due to the differences in availability of data, we use different
definitions for certain variables. Government consumption refers to
consumption expenditures for the United States and the consumption of goods
and services for the United Kingdom. Government wage consumption
corresponds to the compensation of general government employees. Public
investment refers to gross government investment for the United States and

5> However, as mentioned in subsection 2.3.1, public and private wages are expressed in their
per employee terms. For the United Kingdom, we had to use the log of real per capita
government wage consumption and the log of real per capita private wage, due to the absence
of sufficiently long series for public and private employees.

¢ For the United Kingdom, the longest available series for the employment rate is 1972-2017.
7 These two series have been obtained converting data from annual to quarterly frequency
using the Denton method as implemented in EVIEWS version 10.
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gross fixed capital formation of the public sector for the United Kingdom.
Government non-wage consumption is defined as government consumption
minus government wage consumption. Government spending is defined as the
sum of government consumption and public investment. Net tax revenue is
defined as government current receipts minus current transfers and interest
payments®. The output refers to the gross domestic product (GDP). The inflation
rate is defined as the growth rate of the GDP deflator. The real interest rate
refers to the effective federal funds rate for the United States and the official
bank rate for the United Kingdom?, both adjusted for inflation. The trade
balance corresponds to real net exports of goods and services as a percentage
of GDP. The real effective exchange rate is the real narrow effective exchange
rate, and an increase means real appreciation in the domestic currency against
the rest of the world. Private investment corresponds to gross private domestic
investment for the United States and gross fixed capital formation of the private
sector for the United Kingdom. Private consumption is defined as personal
consumption expenditures for the United States and private final consumption
expenditure for the United Kingdom. Private wages are defined as the
compensation of employees in private industries for the United States and wages
and salaries resources for the United Kingdom. The employment rate is the ratio
of employed under the labor force, for all persons aged between 15 and 64. The
global oil price refers to the West Texas Intermediate spot crude oil price.

2.4.2 Data Properties

This subsection provides a preliminary examination of the data properties.
Tables 2.1 and 2.2 provide descriptive statistics of fiscal policy variables. Figures
2.1 and 2.2 show the evolution of government spending components and tax
revenue as share of GDP and in real terms for the United States and the United
Kingdom over the period 1964-2017. From figure 2.1, it can be noted that the
components of government spending present different cyclical behaviors,
whereas tax revenue tends to decrease during recessions. Figure 2.2 shows that
government non-wage and wage consumption have a clear positive trend, while
public investment fluctuates more during booms and recessions.

8 For the United Kingdom, we follow Perotti (2005) and define net tax revenue as compulsory
social contributions plus current receipts from taxes on income and wealth plus current
receipts from taxes on production plus other current taxes minus current expenditure.

? Since the official bank rate series is not available for the entire sample period, we constructed
the interest rate series by combining the three-month treasury securities (1964-1974) series and
the official bank rate (1975-2017) series.
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Figure 2.1: Government spending components and tax revenue as share
of GDP
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Figure 2.2: Government spending components and tax revenue in real

terms

United States

Government non-wage consumption

o
Qo |
=4
Lo
831
3
> o
281
c
o
% o
D
o
QL ‘ ‘ ‘
1960 1980 2000 2020
year
e Government wage consumption
8 1
[aV]
)]
s8]
o¥
©
(2]
28
59
E
o
S |
o)
1960 1980 2000 2020
year
° Public investment
D4
~
o
® 21
3 ©
oo
T Q1
o T9)
Do
§9]
a3
[e]
o
SL ‘ ‘ ‘
1960 1980 2000 2020
year
Tax revenue
8 |
o
[aV]
®
S o
S8
n
o]
c O
981
=7
o
8L ‘ ‘ ‘
1960 1980 2000 2020

year

26

40 50

30

Billion British pounds

0

A
1

Billion British pounds
20 30 40 50

0

1

60

50

£,

40

Billion British pounds
30

0

(aV]
1

100 120

Billion British pounds

20 40 60 80

1

United Kingdom

Government non-wage consumption

\

2000 2020

year

960 1980

Government wage consumption

)

2000 2020

year

960 1980

Public investment

2000 2020

year

960 1980

Tax revenue

1

2000 2020

year

960 1980



Figure 2.3: Public debt as share of GDP
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Figure 2.4: Public deficit/surplus as share of GDP
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Table 2.1: Descriptive statistics of fiscal policy variables (United States)

Variables (Billion US dollars) Mean  Std. dev Min. Max.
Government non-wage consumption 56837  234.62 218.42 1016.03
Government wage consumption 1005.18  388.97 386.96 1647.96
Public investment 435.63  134.27 248.43 681.69
Tax revenue 1182.03  424.45 523.65 2057.99
Government spending 2009.18  753.12 877.41 3298.42

Table 2.2: Descriptive statistics of fiscal policy variables (United Kingdom)

Variables (Billion British pounds) Mean  Std. dev Min. Max.
Government non-wage consumption 31.24 0.85 21.10 47.95
Government wage consumption 29.74 9.52 14.36 46.35
Public investment 37.19 10.77 20.71 57.21
Tax revenue 63.17 21.39 31.11 110.46
Government spending 98.02 21.72 71.42 143.17
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Figures 2.3 and 2.4 show the evolution of public debt and deficit as share of
GDP. It can be seen that the United States and the United Kingdom experienced
relatively high public debt and deficit during the global financial crisis, which
increased concerns about the sustainability of their debt. The evolution of
macroeconomic aggregates is presented in figures 2.5 and 2.6. There is a visible
structural change in the early 1980s for most of the series, with the exception of
the series for the output, private consumption and private wages. We then check
the order of integration of the series with the augmented Dickey-Fuller test. The
null hypothesis that the series has a unit root is tested against its stationarity.
The test is carried out for the levels of the variables, as well as for their first
differences. The results are provided in tables A.2.3.1 to A.2.3.4 and show that
all the series are not stationary and that they are integrated of order one.

2.4.3 Analysis of the Cyclical Components of the Series

The examination of the cyclical components of the series can be meaningful
to complement the analysis of fiscal policy. This subsection presents the main
regularities of business cycles observed in the United States and the United
Kingdom over the period 1964-2017. For a policymaker, it is fundamental to
understand how economic variables move during booms and recessions before
implementing policies. Business cycles are characterized by a set of statistics that
we care about in that type of analysis. We are interested in the co-movements
of the series since we want to know how correlated are cyclical fluctuations in
various macroeconomic aggregates with the cycle. We also care about the
volatility of series, measured by standard deviations, which indicates us how big
is the magnitude of cyclical fluctuations. The variables of interest are those that
can create fluctuations in output from its long-run trend. All original series have
been detrended by the Hodrick-Prescott filter with A = 1600 to get their cyclical
components. The main business cycle statistics are summarized in table 2.3.

The analysis reveals that the disaggregation of government spending into its
main components enables to capture differences in terms of co-movements of
fiscal variables with the cycle. Government spending is procyclical in the United
Kingdom and acyclical in the United States. Let us now describe the cyclical
behavior of the main components of government spending. Public investment
is positively correlated with the cycle and is therefore procyclical. Government
non-wage consumption is weakly procyclical in the United Kingdom and
countercyclical in the United States. Government wage consumption is
countercyclical in the United Kingdom and acyclical in the United States.
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Figure 2.5: Evolution of macroeconomic aggregates (United States)
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Figure 2.6: Evolution of macroeconomic aggregates (United Kingdom)
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Tax revenue is countercyclical, meaning that taxes increase during booms and
decrease during recessions. As regards the macroeconomic aggregates, private
consumption, private investment, private wages and the employment rate are all
procyclical. In particular, national income components and employment
increase sharply during booms and decrease sharply during recessions. On the
other hand, the interest rate and the trade balance are countercyclical. Moreover,
the present analysis indicates that the real effective exchange rate and the
inflation rate have different cyclical behaviors. From table 2.3, it can be noted
that tax revenue is generally more volatile than government spending and its
main components. The real effective exchange rate, public investment and
private investment are very volatile, while other macroeconomic aggregates
have standard deviations comprised between 0.41 and 2.33.

Table 2.3: Cyclical components statistics

United States United Kingdom

Variables® Std.dev  Correlation Std.dev  Correlation

with output with output
Government non-wage consumption  2.39 -0.20 2.29 0.12
Public investment 2.87 0.19 7.19 0.26
Government wage consumption 0.93 -0.05 2.35 -0.31
Government spending 1.33 0.03 2.85 0.21
Tax revenue 10.41 0.69 4.66 0.26
Output 1.48 1.00 1.50 1.00
Private consumption 1.17 0.90 1.52 0.85
Private investment 6.60 0.90 4.68 0.83
Trade balance 0.41 -0.50 0.83 -0.28
Real effective exchange rate 3.67 -0.27 4.65 0.04
Inflation rate 1.14 0.20 2.33 -0.22
Interest rate 1.30 0.31 1.45 0.24
Private wages 0.89 0.54 1.65 0.45
Employment rate 0.78 0.63 0.04 0.59

2The cyclical components are obtained by detrending each series by the Hodrick-Prescott
filter with A = 1600.
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2.5 Empitical Analysis

This section presents the results from the empirical analysis. Before
proceeding with the VAR estimation, we first have to check whether the
baseline model and the alternative specifications are correctly specified.
Different specification tests are performed, including residual autocorrelation,
residual normality and cointegration tests. We then present the results of the
VAR estimation based on the dynamic effects of shocks to fiscal policy
components on the macroeconomic aggregates. We interpret the results of the
orthogonalized impulse response functions and the variance decomposition
analysis. The figures show the responses of the endogenous variables to a one
standard deviation shock to tax revenue and government spending
components!®. The impulse response functions are reported for a horizon of
five years with the 68 percent confidence intervalll. The results of the variance
decomposition analysis are reported for the first three years following the
structural shocks. In addition, we estimate the effects of total government
spending shocks on the macroeconomic aggregates to see whether aggregation
is relevant or misleading. We finally check whether the results are sensitive to
the inclusion of the global oil price as a critical exogenous variable. Subsection
2.5.1 presents the results of the specification tests and subsection 2.5.2 the
results of the VAR estimation. Finally, subsection 2.5.3 discusses the obtained
findings and their implications for the analysis of fiscal policy.

2.5.1 Specification Tests

The first step is to select the appropriate number of lags for the baseline
VAR model and the alternative specifications. For this purpose, we consider
three different criteria (AIC, HQIC and BIC) and refer to the residual
autocorrelation test conclusions. Tables A.2.4.1 and A.2.4.2 present the results
of the lag length selection and specification tests. The three criteria usually select

10 The impulse responses are symmetrical, so an expansionary or contractionary shock yields
the same absolute values.

"' 68% error bands are commonly used in the VAR literature (e.g., Giordano et al., 2007;
Caldara and Kamps, 2008; Mountford and Uhlig, 2009). Although it is a common practice,
there is no formal theoretical justification for this choice. Sims and Zha (1999) pointed out
that error bands corresponding to 0.68 probability are often more useful than 0.95 bands since
they provide a measure of shape uncertainty and a more precise estimate of the true coverage
probability. We use the 16t and 84t percentiles of the distribution of impulse responses to
follow the literature and facilitate the comparison of responses between model specifications.
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two lags for the United Kingdom and between one and four lags for the United
States. We need to ensure that there is no residual autocorrelation in the reduced
VAR form for the corresponding number of lags selected, which is a
fundamental condition for the inference. For this purpose, we perform the
Breusch-Godfrey Lagrange Multiplier test to check whether the residuals are
serially correlated when using one, two, three and four lags. The results indicate
that the test conclusion is sensitive to the number of lags used. For the United
Kingdom, no serial correlation is detected in the baseline VAR model and in
the alternative specifications when using two lags. In contrast, the null
hypothesis of no serial correlation is often rejected for the United States when
using two lags. As a result, the number of lags is set to two, three or four,
depending on the model specification, when they provide serially uncorrelated
residuals!?. We also carry out the residual normality test to check whether the
residuals are normally distributed. The test generally rejects the null hypothesis
of normal distribution for both countries. Although normality of the residuals
is not required for the validity of hypothesis tests related to VAR models, non-
normality may suggest nonlinear relationships between the variables and
potential existence of structural change (Litkepohl, 2011). Models that can
incorporate regime changes and nonlinearities, such as Markov Switching and
Threshold VAR could be relevant for examining such patterns. For comparison
purposes, we follow most of the empirical literature using linear models to
examine the relationships between fiscal and economic variables.

The series are then analysed to detect possible cointegration relations among
them. Johansen procedure (Johansen, 1995) is performed within the vector
error-correction model (VECM) representation of the VAR model to check
whether the series are cointegrated. The order of VECM is one less than the
corresponding VAR model and is therefore equal to one for the United
Kingdom, and varies between one and three, depending on the model
specification, for the United States. The results of the Johansen cointegration
test with constant and linear trend are presented in table A.2.5.1. They all indicate
that the series are cointegrated and that one or more cointegration relationships
are present in the different model specifications. Therefore, the estimation of

12 Several specifications do not provide serially uncorrelated residual regardless of the number
of lags used. However, the impulse response functions generally yield very similar results to
those of the baseline model and thereby do not seem affected by possible misspecification
bias. For these specifications, we choose the number of lags according to HQIC or the number
of lags corresponding to the highest p-value.
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VAR models in levels provides consistent estimates (Sims et al., 1990; Liitkepohl
and Reimers, 1992). Since the cointegration structure is unknown and we want
to assess the short-run and medium-run effects of discretionary fiscal policy
shocks, we prefer to use VAR models rather than VECMs. The VECM
approach is also less appropriate when disaggregated time series are used, as it
becomes more difficult to define cointegration relations among them.

2.5.2 Empirical Results

The empirical analysis is carried out for evaluating the effects of shocks to
government non-wage consumption, government wage consumption, public
investment and tax revenue. The obtained results reveal that the disaggregation
of fiscal policy matters since each fiscal instrument implies different
transmission channels and effects on the real economy!?. There are some
differences in the obtained results for the United Kingdom and the United
States. This could be explained on the grounds that the United Kingdom shares
some common features with European continental economic models, with a
taxation and spending system comparatively more devoted to the welfare state
than the United States. The results of the analysis are presented in subsections
2.5.2.1 to 2.5.2.6. Figures 2.7 to 2.22 show the impulse response functions of
macroeconomic aggregates to shocks to tax revenue and government spending
components. Tables 2.4 and 2.5 report the results of the variance decomposition
analysis. For the case of total government spending, figures A.2.6.1 to A.2.6.4
display the impulse response functions and tables A.2.6.1 and A.2.6.2 contain
the results of the variance decomposition analysis. Tables A.2.7.1 to A.2.7.4
provide additional details on the results described in this section.

2.5.2.1 The Dynamic Effects of Government Non-wage Consumption
Shocks

The empirical analysis reveals that increases in the non-wage component of
government consumption have contractionary effects on the United States
economy. After a government non-wage consumption shock, tax revenue

decreases sharply, indicating a deficit financed spending. As regards the national

13 In the analysis, the various model specifications generally yield very similar results to those
of the baseline model, with only a few small differences in magnitude of the impulse responses.
As a robustness check, we have estimated a variant of the presented models by including the
global oil price as a critical exogenous variable to control for global supply and demand effects.
Opverall, the results remain very similar to those of the original model specifications.
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accounts, the decline in output is accompanied by a persistent fall in private
consumption and private investment. The initial increase in aggregate demand
after a fiscal expansion is more than offset by the crowding out effect in the
private sector. Turning on the monetary variables, the interest rate and inflation
decrease persistently, which can be justified by the decline in aggregate demand.
The negative response of inflation has also been found in studies using
aggregate spending data like Fatas and Mihov (2001) and Mountford and Uhlig
(2009). In the labor market, employment declines steadily, while private wages
do not react after a government non-wage consumption shock. The decline in
aggregate demand can be partly rationalized by the fall in employment. In
relation to the open economy variables, the real effective exchange rate
depreciates slightly, while net exports decline slightly before increasing
insignificantly after three quarters. In a relevant work but for aggregate spending
shocks, Monacelli and Perotti (2010) find that government spending shocks lead
to a real depreciation and a deterioration of the trade balance in the United
States. However, the comparison between these studies is not straightforward
since the fiscal policy variables used in the analysis are not the same.

We proceed with the description of the impulse response functions of the
United Kingdom macroeconomic aggregates to government non-wage
consumption shocks. After a positive innovation, tax revenue increases
insignificantly. An unexpected increase in government non-wage consumption
has contractionary effects on the real economy by crowding out private
consumption and private investment. The negative response of the output is
consistent with the finding of Ramos and Roca-Sagales (2008) for the United
Kingdom, although these authors use a more aggregated spending variable as a
policy instrument. In the money market, inflation increases temporarily after
two quarters, while the interest rate does not react. The positive response of
inflation can be justified by its countercyclical behavior. Turning on the labor
market variables, employment increases initially before declining insignificantly
after one year, while private wages do not react after an expansion of
government non-wage consumption. Nevertheless, the initial slight increase in
employment is not sufficient to offset the decline in aggregate demand due to
lower private activity. Finally, a government non-wage consumption shock leads
to a slight real appreciation and an improvement of the trade balance. However,
it can be noted that the deviation of the real effective exchange rate from its
trend is mostly insignificant across the entire impulse response horizon.
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Figure 2.7: Impulse response functions to a government non-wage

consumption shock (Baseline model, United States)
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Figure 2.8: Impulse response functions to a government non-wage

consumption shock (Alternative specifications, United States)
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Figure 2.9: Impulse response functions to a government non-wage

consumption shock (Baseline model, United Kingdom)
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Figure 2.10: Impulse response functions to a government non-wage
consumption shock (Alternative specifications, United Kingdom)
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2.5.2.2 The Dynamic Effects of Government Wage Consumption Shocks

The empirical analysis reveals that government wage consumption shocks
have a mostly insignificant effect on the output in the United States. After an
expansionary shock, tax revenue does not react significantly. As regards the
national accounts, private consumption and private investment decline steadily
in response to an expansion of government wage consumption. In the money
market, inflation declines during approximately three years, while the interest
rate increases initially before declining after one year. The response of inflation
is a little counterintuitive as we would expect higher wage costs to lead to higher
aggregate price level. In the labor market, a government wage consumption
shock leads to spillovers on the private sector average wage, inducing a negative
labor demand effect and thus a sharp decline in employment. Despite the
increase in private wages, private consumption falls steadily. The responses of
private investment and labor market variables are consistent with Bermperoglou
etal. (2017) for the United States. Their theoretical framework shows that public
wage policies could be expansionary only if the increases in wages are associated
with the production of public goods that strongly complements private
consumption. In other words, public wage policies can have crowding in effect
on private consumption depending on the complementarity of the latter with
the public good in the aggregate consumption bundle. However, we can
reasonably assume that the complementarity between them is weak at the
government level. This means that the wage spillover in the private sector might
predominate, thus leading to a decline in employment and private activity.
Finally, an increase in government wage consumption implies a real appreciation
during two years, although it does not have a significant impact on net exports.

In the United Kingdom, after a government wage consumption shock, the
response of tax revenue is positive on impact before turning insignificant. Public
wage shocks lead to spillover effects on the private sector wage, inducing a
negative labor demand effect and a steady decline in employment. At the same
time, the increase in private wages induces a temporary positive response of
private consumption, which results in a slight increase in output on impact.
Nevertheless, the initial positive effect on economic growth is mitigated by the
decline in employment over time. Moreover, our findings indicate that private
investment does not react after an expansion of government wage consumption.
To the best of our knowledge, no other previous study has examined the effects
of shocks to government wage consumption on the United Kingdom economy.
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Figure 2.11: Impulse response functions to a government wage

consumption shock (Baseline model, United States)
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Figure 2.12: Impulse response functions to a government wage

consumption shock (Alternative specifications, United States)
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Figure 2.13: Impulse response functions to a government wage
consumption shock (Baseline model, United Kingdom)

Output Inflation
4 4
2 2
0 0
2 -2
0 5 10 15 20 0 5 10 15 20
step. step.

68% Cl — orthogonalized irf
Graphs by irfname, impulse variable, and response variable

Interest rate

68% Cl —— orthogonalized irf
Graphs by irfname, impulse variable, and response variable

Tax revenue

2
5
0
0
-2
-5
-4
0 5 10 15 20 0 5 10 15 20

step

68% Cl — orthogonalized irf
Graphs by irfname, impulse variable, and response variable

Trade balance

[ 5 10 15 20
step

[~ 68% Cl_—— orthogonalized irf |
Graphs by irfname, impulse variable, and response variable

step
68% Cl — orthogonalized irf
Graphs by irfname, impulse variable, and response variable

Real effective exchange rate

0
-2
-4
-6
-8
0 5 10 15 20
step
[ 68% Cl_—— orthogonalized irf |

Graphs by irfname, impulse variable, and response variable

Figure 2.14: Impulse response functions to a government wage
consumption shock (Alternative specifications, United Kingdom)

Private consumption

Private investment

4 1
2 \ 5
0 0
-2
-5
0 5 10 15 20 0 5 10 15 20

step

68% CI orthogonalized irf

Graphs by irffname, impulse variable, and response variable

Private wages

0 5 10 15 20
step

68% CI orthogonalized irf

Graphs by irffname, impulse variable, and response variable

40

step

68% ClI orthogonalized irf

Graphs by irffname, impulse variable, and response variable

Employment rate

0 5 10 15 20
step

—— orthogonalized irf

68% ClI

Graphs by irfname, impulse variable, and response variable



In a similar framework, Giordano et al. (2007) and Tenhofen et al. (2010) find
that an increase in public sector wages has weak effects on the output in Italy
and Germany. In the money market, the interest rate declines initially before
rising slightly after two years, while inflation increases steadily. Finally, an
unexpected increase in government wage consumption leads to a sharp
depreciation of the real effective exchange rate and a decline in net exports
during two years. The deterioration of the trade balance suggests that the loss
of international competitiveness caused by rising prices and labor costs could
exceed the competitiveness gain resulting from the real depreciation.

2.5.2.3 The Dynamic Effects of Public Investment Shocks

In the United States, after a public investment shock, tax revenue increases
initially before decreasing sharply after two quarters. An expansion of public
investment leads to an increase in output during approximately three quarters.
However, the response of output becomes slightly negative after one year.
Private consumption increases during one year, while private investment is
crowded out with a minimum of one percent after three years. These findings
suggest that after the initial expansion of economic activity, the crowding out
effect in the private sector predominates, thus leading to a slight decline in
economic growth. In a relevant work, Afonso and Aubyn (2018) find that public
investment shocks imply an increase in output by having a crowding in effect
on private investment in the United States. One possible explanation for these
different findings could be that these authors use a different measure of public
and private investment by defining them as general government gross fixed
capital formation and gross fixed capital formation of the private sector. In the
money market, the interest rate and inflation increase initially in response to
improving economic conditions, before declining slightly and persistently after
approximately one year. In the labor market, private wages increase steadily and
employment is temporarily stimulated, although it declines slightly after six
quarters. The initial positive response of labor market variables can be explained
by the output dynamics. The observed rise in private wages might reflect higher
productivity and can be justified by the increase in labor demand, resulting from
expanded output. The short-run response of labor market variables is in line
with Pappa (2009) for the United States. Finally, a public investment shock
implies a slight real depreciation, with net exports initially falling and then rising
very little after three quarters. However, it can be noted that the deviations from
their trends are mostly insignificant across the entire impulse response horizon.
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Figure 2.15: Impulse response functions to a public investment shock
(Baseline model, United States)
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Figure 2.16: Impulse response functions to a public investment shock

(Alternative specifications, United States)
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Figure 2.17: Impulse response functions to a public investment shock

(Baseline model,

United Kingdom)
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Figure 2.18: Impulse response functions to a public investment shock
(Alternative specifications, United Kingdom)
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In the United Kingdom, an unexpected increase in public investment implies
a steady decline in tax revenue, which can be interpreted as a deficit financed
spending. After a positive innovation, the output declines after approximately
one year with a minimum of 0.5 percent. Private consumption and private
investment are strongly crowded out, which can explain the decline in economic
growth. The negative response of tax revenue can be justified by its
countercyclical behavior. Our findings as regards the response of output and
private investment are consistent with Afonso and Aubyn (2018) for the United
Kingdom. Ramos and Roca-Sagales (2008) also find a negative effect of public
investment increases on the output. The response of the interest rate is initially
positive before turning slightly negative after five quarters, while the response
of inflation follows exactly the opposite dynamics. The sharp decline in private
investment may be partly rationalized by the initial rise in interest rates, which
increases the cost of borrowing. In relation to the labor market variables, private
wages decline after approximately six quarters, while the level of employment
does not react. Moreover, a public investment shock induces a sharp real
depreciation and a deterioration of the trade balance during two years.

2.5.2.4 The Dynamic Effects of Tax Revenue Shocks

The impulse response functions of macroeconomic aggregates to a
contractionary tax revenue shock are similar in the baseline model when using
different components of government spending!. In the United States, after a
positive innovation, government non-wage consumption and public investment
decline, which can be interpreted as a deficit reducing tax increase policy. On
the other hand, the response of government wage consumption is initially
slightly negative before turning positive after approximately two years. An
unexpected increase in tax revenue leads to a decline in output with a minimum
of 0.2 percent after ten quarters. The decline in economic growth is accompanied
by a temporary fall in private consumption and private investment. The negative
impact on private activity can be explained by the reduction in household
disposable income. These findings are generally consistent with Blanchard and
Perotti (2002), Mountford and Uhlig (2009) and Romer and Romer (2010) for
the United States. In the money market, inflation falls steadily, while the response
of the interest rate is positive before turning slightly negative after ten quarters.

14 The impulse response functions are those of the baseline model specification with
government non-wage consumption.
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Figure 2.19: Impulse response functions to a tax revenue shock
(Baseline model, United States)
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Figure 2.20: Impulse response functions to a tax revenue shock
(Alternative specifications, United States)
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Figure 2.21: Impulse response functions to a tax revenue shock
(Baseline model, United Kingdom)
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Figure 2.22: Impulse response functions to a tax revenue shock

(Alternative specifications, United Kingdom)
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The latter resultis counterintuitive as we would expect an increase in taxation to
lead to lower prices and interest rates, due to the reduction of the demand for
money. Nevertheless, the positive response of the interest rate is consistent with
the findings of Caldara and Kamps (2008) and Mountford and Uhlig (2009).
The response of private wages is initially negative before turning positive after
two years, while employment increases slightly during one year. The temporary
increase in employment can be rationalized by the government action. The
government might use tax revenue to create new jobs in the public sector, thus
increasing public employees that represent an important portion of total
employees in the United States. Finally, an unanticipated increase in tax revenue
leads to a sharp real appreciation and an improvement of the trade balance.

The empirical results reveal that tax revenue shocks have little distortionary
effects on the United Kingdom economy. An unexpected change in tax revenue
has different effects on the government spending components. The response of
government non-wage consumption is not significant, which can be interpreted
as a deficit reducing tax increase policy. On the contrary, government wage
consumption and public investment increase steadily after a tax revenue shock,
which can be interpreted as tax financed spending policy. Tax revenue
expansions have mostly insignificant effects on the output and private
investment. The government relies on taxation to finance the welfare state, and
thus, heavily depends on tax revenues. If an increase in government spending
in welfare is financed by increases in taxes, some people are worse off from the
tax increase, but others will increase their spending due to higher welfare
payments. As a result, there may not be an overall fall in spending, which could
keep aggregate demand unchanged and thus partly explain the ineffectiveness
of tax revenue changes in the United Kingdom. This finding is consistent with
Perotti (2005), while it contrasts with the negative effect of tax increases on the
output found by Ramos and Roca-Sagales (2008). In addition, a tax revenue
shock leads to a decline in private consumption, which can be rationalized by
reduced disposable income caused by increased taxation. The responses of
monetary variables are characterized by a temporary rise in the interest rate and
the aggregate price level. Turning on the labor market variables, private wages
increase slightly, while employment does not react. The increase in wages can
be justified on the grounds that they are defined as gross wages, which include
labor taxes and social contributions. Finally, the temporary real appreciation is
accompanied by a deterioration of the trade balance during two quarters. A
stronger currency makes exports less attractive and thus decreases net exports.
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2.5.2.5 The Dynamic Effects of Government Spending Shocks

To investigate whether aggregation is important or misleading, we estimate
the effects of government spending shocks on the macroeconomic aggregates.
The corresponding impulse response functions are reported in figures A.2.6.1
to A.2.6.4. In the United States, a positive shock to government spending leads
to a sharp decline in tax revenue. The output and private consumption increase
temporarily, while private investment is strongly crowded out. In comparison
with the analysis of disaggregated government spending shocks, the crowding
out effect on private investment does not predominates and the real economy
is temporarily stimulated. In the money market, the interest rate and inflation
decline significantly. These findings are generally consistent with Mountford
and Uhlig (2009). Turning on the labor market variables, private wages increase
during two years, while employment declines steadily. Moreover, a positive
innovation leads to a real depreciation and an improvement of the trade balance
after one year. In the United Kingdom, a government spending shock causes a
steady decline in tax revenue. The responses of output and private consumption
are positive during one year before turning negative. In contrast, private
investment is crowded out. In relation to the monetary aggregates, the effect of
an expansion of government spending on the interest rate is positive initially
before turning insignificant after two quarters. The response of inflation is
initially negative before turning positive after one year. In the labor market,
private wages increase during six quarters, while employment does not react.
Finally, the real effective exchange rate depreciates sharply and the trade balance
deteriorates during two years. The responses of open economy variables are in
line with the findings of Monacelli and Perotti (2010) for the United Kingdom.

2.5.2.6 Variance Decomposition Analysis

In order to assess the relative importance of fiscal policy shocks, the variance
decomposition analysis is implemented. It provides informative conclusions
about the effectiveness of the respective policies. The results are presented in
tables 2.4 and 2.5 for the first three years following the structural shocks.

In the United States, government non-wage consumption shocks have a
significant contribution to the variability of tax revenue. In contrast, the shares
of the variance of tax revenue resulting from government wage consumption
and public investment shocks are modest. In the United Kingdom, tax revenue
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is little sensitive to unexpected changes in the components of government
spending. On the other hand, the contribution of tax revenue shocks to the
variability of government spending components is modest in both countries. In
the United States, government wage consumption shocks explain a meaningful
part of the variability of the interest rate and inflation. However, the shares of
fluctuations in monetary variables explained by changes in the other components
of fiscal policy are moderate. In the United Kingdom, public investment shocks
explain a significant part of the variability of the interest rate and inflation.

Public investment shocks explain a meaningful part of the variability of the
output in both countries. However, the output is little sensitive to innovations
in tax revenue and in the components of government consumption. In the United
States, government non-wage consumption and public investment shocks
explain a significant part of the variability of private investment. In contrast, the
share of the variance of private consumption resulting from shocks to fiscal
policy components is generally small. In the United Kingdom, the contribution
of government non-wage consumption and public investment shocks to the
variability of private consumption and private investment increases over time.
However, these national income components are little sensitive to unexpected
changes in government wage consumption and tax revenue. Government wage
consumption shocks explain a meaningful part of the variability of employment
and private wages in both countries. In contrast, labor market variables are little
sensitive to innovations in public investment and tax revenue. In the United
States, the contribution of government non-wage consumption shocks to
fluctuations in employment is also significant. The real effective exchange rate
is highly sensitive to unexpected changes in tax revenue in the United States.
However, shocks to government spending components generally have a low
contribution to the variability of the real effective exchange rate and net exports.
In the United Kingdom, public investment innovations explain a significant part
of the variability of the real effective exchange rate and net exports. In contrast,
the contribution of shocks to other fiscal instruments to their variance is modest.

The results of the variance decomposition analysis for the case of total
government spending are presented in tables A.2.6.1 and A.2.6.2. They reveal
that total government spending shocks generally explain a greater part of the
variability of macroeconomic aggregates than shocks to the components of
government spending. In the United States, the contribution of government
spending shocks to the variability of the output is significant on impact and that
to the variability of private investment increases progressively over time.
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Table 2.4: Variance decomposition (United States)

Shock Quarter 1 4 8 12
Government non-wage
consumption shock
y 0.485 0.853 1.544 1.783
T 0.245 1.148 3.022 4.109
r 0.001 1.740 3.185 4.724
t 1.432 2.685 5.704 7.365
tb 2.068 0.894 0.494 0.452
rer 0.923 0.342 0.225 0.509
c 0.026 0.692 1.890 2.889
1 2.741 6.778 12.710 17.308
W 0.083 0.085 0.122 0.320
e 0.033 2.443 5.697 8.391
Government wage
consumption shock
y 1.143 0.660 0.379 0.297
T 7.442 13.318 17.850 18.875
r 4.326 3.980 4.062 8.092
t 0.487 0.205 0.294 0.290
tb 0.005 0.096 0.060 0.046
rer 0.088 2.536 3.432 2.603
c 0.390 0.396 0.411 0.694
1 0.143 0.195 1.302 2.562
W 3.481 7.856 9.892 11.257
e 0.601 1.047 3.157 6.087
Public investment shock
y 7.682 2.932 2.462 2.819
T 0.053 0.849 1.479 3.086
r 0.404 1.757 1.493 2.195
t 1.607 0.569 2.281 3.535
tb 0.873 0.562 1.134 1.403
rer 0.000 0.292 0.193 0.139
c 4.933 2.761 1.452 1.251
1 0.346 0.103 1.621 5.424
w 0.673 2.366 3.348 3.933
e 1.031 1.474 0.843 1.152
Tax revenue shock
y 0.000 0.068 1.019 2.506
T 0.000 0.141 1.559 4.737
r 0.321 1.815 2.621 2.284
gc 0.000 1.101 2.295 3.046
ow 0.000 1.352 1.081 0.747
pi 0.000 1.090 1.405 0.963
tb 1.573 0.576 2.659 4.230
rer 1.087 5.145 15.521 26.229
c 0.000 0.424 0.778 1.097
1 0.000 0.642 0.937 2.847
w 0.000 0.552 0.366 0.868
e 0.000 1.654 0.926 1.074
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Table 2.5: Variance decomposition (United Kingdom)

Shock Quarter 1 4 8 12
Government non-wage
consumption shock
y 0.153 0.209 1.266 2.759
T 0.079 0.327 1.896 2.585
r 0.016 0.066 0.307 0.496
t 0.039 0.586 1.276 1.396
tb 0.063 0.206 0.769 1.726
rer 0.005 0.076 0.878 1.891
c 0.000 0.590 2.467 4.118
1 0.060 0.654 2.109 3.703
w 0.266 0.130 0.074 0.084
e 1.478 2.117 0.974 1.087
Government wage
consumption shock
y 1.851 1.002 1.080 1.065
T 0.279 0.992 2.109 3.879
r 0.383 1.251 0.921 0.899
t 0.779 0.657 0.542 0.602
tb 1.196 1.145 1.650 1.720
rer 0.897 1.198 2.892 4.680
c 3.833 1.860 1.134 0.777
1 1.142 0.710 0.765 0.693
w 14.046 9.714 4.879 3.300
e 1.976 7.507 11.374 13.173
Public investment shock
y 1.338 1.690 2.883 9.179
T 5.348 2.753 3.039 6.775
r 4.869 3.787 3.063 3.494
t 0.204 0.721 2.293 4.600
tb 0.749 0.448 10.618 9.876
rer 0.135 2.565 7.371 10.853
c 1.440 1.429 2.012 6.711
1 0.023 1.324 5.361 9.776
W 0.938 1.422 0.863 1.171
e 0.076 0.290 0.171 0.361
Tax revenue shock
y 0.000 0.021 0.016 0.060
T 0.000 1.647 1.555 1.279
r 2.329 1.320 1.321 2.023
gc 0.000 0.086 0.086 0.124
ow 0.000 0.207 1.661 3.438
pi 0.000 0.097 1.825 5.478
tb 2.527 2.538 2.069 1.913
rer 0.151 2.107 2.595 2.659
c 0.000 0.850 1.621 2.012
1 0.000 0.136 0.127 0.090
W 0.000 0.317 1.013 1.551
e 0.000 0.283 0.165 0.443
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In contrast, private consumption is little sensitive to innovations in government
spending. The shares of the variance of the interest rate, inflation and tax
revenue explained by unexpected changes in government spending are
significantafter two years. In contrast, labor market and open economy variables
are little sensitive to fiscal shocks. In the United Kingdom, a positive innovation
has a moderate contribution to the variability of national income and its
components. Government spending shocks explain a meaningful part of the
variability of monetary aggregates and private wages, while their contribution to
fluctuations in employment is very low. Finally, the real effective exchange rate
and net exports are highly sensitive to innovations in government spending.

2.5.3 Implications of the Results for the Analysis of Fiscal Policy

The obtained results reveal that the disaggregation of government spending
is important for the analysis of the transmission mechanisms and effects of fiscal
policy. The expansion of government spending generally has different effects
on the macroeconomic aggregates than the increase of its main components.
For instance, a positive shock to government non-wage consumption induces a
real depreciation in the United States, while a positive shock to government
wage consumption induces a real appreciation. In contrast, an expansion of
government spending implies a real depreciation. As a result, it seems essential
to further disaggregate government spending and its components to uncover
significant and different patterns that an aggregated analysis cannot reveal. This
can be explained on the grounds that the effects of each fiscal policy instrument
are not the same for every group. When a government decides to adjust a
category of its spending, it may affect only one specific group of people. For
instance, a decision to build a new road or bridge will give work and more
income to hundreds of construction workers. Thus, a spending decision may
benefit only to a small group of individuals, which would not necessarily
contribute to increase aggregate employment levels. Public wage policies
targeting employees that work in public education or the public health system
could be expansionary because they are associated with the production of goods
and services that complements private consumption (Bermperoglou et al.,
2017). However, an increase in defense spending could be contractionary since
it does not enhance directly the utility of households (Perotti, 2014). Depending
on the political orientations and goals of the policymakers, a tax cut could affect
more the middle class and less the wealthier upper class. Therefore, the
aggregation of government spending into one single fiscal instrument can lead
to an important loss of information for the analysis of fiscal policy.
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2.6 Conclusions and Policy Implications

This chapter provides a detailed empirical examination on the composition
of fiscal policy and its transmission mechanisms for two Anglo-Saxon counttries,
the United States and the United Kingdom, over the period 1964-2017. The
review of the empirical literature makes it clear how the quantitative and
qualitative response of key macroeconomic aggregates are difficult to reconcile,
due to the differences in the specification and the lack of comparability of fiscal
policy experiments. We propose a structural VAR model based on a novel
specification, including all relevant macroeconomic variables in the transmission
mechanisms of fiscal policy components in an open economy. We estimate the
effects of disaggregated fiscal policy shocks on the macroeconomic aggregates.
Using the recursive approach, we identify a tax revenue and a government
spending component shock that rotates between (i) government non-wage
consumption (ii) government wage consumption (iii) public investment.

The empirical analysis reveals that the disaggregation of fiscal policy matters
since each fiscal instrument implies different transmission channels and effects
on the real economy. The results show that the components of government
spending generally have different effects on the macroeconomic aggregates than
aggregate fiscal policy. It therefore seems essential to disaggregate government
spending into its main components to uncover significant and different patterns
that an aggregated analysis cannot reveal. However, as expected, the effects of
government spending components on certain economic variables are weak and
insignificant. The conducted analysis reveals that the components of
government spending generally have smaller effects on the economic variables
than aggregate fiscal policy. In addition, our findings suggest that fiscal policy
can be operative, besides the interest rate channel, via an exchange rate and trade
balance channels. Considering an open economy framework is therefore
essential since a part of the fiscal stimulus propagates abroad through external
channels. There are also some differences in the obtained results for the United
States and the United Kingdom. This could be explained by the divergence
between the United Kingdom and the Anglo-American economic models.

The obtained results reveal that government non-wage consumption shocks
can have contractionary effects in both countries by crowding out private
consumption and private investment. Government wage consumption shocks
seem to have little effect on the output, but lead to spillovers on private sector
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wages, that could induce a negative labor demand effect and decrease
employment as a result. Public investment shocks have clear and strong
expansionary short-run effects on the United States economy by increasing
private consumption, private wages and employment. Nevertheless, private
investment is crowded out. Our findings suggest that after the initial expansion
of economic activity, the crowding out effect in the private sector predominates,
thus leading to a slight decline in economic growth. In the United Kingdom,
the economic slowdown is accompanied by contractionary effects on private
activity. In addition, the obtained results indicate that the expansion of all
government spending components increases inflation in the United Kingdom,
while they reduce all inflation in the United States. Tax revenue increases lead
to a decline in output and its components in the United States, while they have
little distortionary effects on the United Kingdom economy.

The empirical analysis provides mixed evidence as regards the impact of
government spending components on the open economy variables.
Government non-wage consumption shocks have a relatively weak impact on
the real effective exchange rate and lead to a slight increase in net exports.
Government wage consumption shocks imply a real appreciation in the United
States and a real depreciation in the United Kingdom. These movements are
accompanied by a decline in net exports in the United Kingdom, while they do
not react significantly in the United States. Public investment shocks lead to a
real depreciation, associated with an increase in the United States net exports
and a decline in the United Kingdom net exports. Finally, tax revenue increases
imply a real appreciation in both countries, accompanied by an increase in the
United States net exports and a decline in the United Kingdom net exports. The
responses of economic variables to shocks to tax revenue and government
spending components are generally difficult to reconcile with most
macroeconomic theories. Thus, while we do not attempt to provide an
explanation in this chapter, we believe they certainly deserve further investigation.

The results occurring from this chapter have several policy implications.
First, government non-wage consumption increases could have contractionary
effects on the real economy as observed in the countries and the period
considered in our analysis. Our findings also indicate that, as expected, public
wage policies have a greater impact on the labor market than changes in the other
components of government spending, while they have a relatively small effect
on the output. Moreover, government efforts to stimulate the real economy
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through the increase in public investment should be accompanied by other types
of macroeconomic policy instruments in order to offset the crowding out effect
on private activity. The analysis of the composition of government spending
seems essential to establish how different spending categories can influence
macroeconomic aggregates. However, as expected, changes in the components
of government spending are not by themselves capable of sufficiently improving
economic conditions and other supportive policies need to be implemented
jointly. Besides, the examination of tax revenue reveals different implications.
In the United States, tax revenue cuts can stimulate economic activity and
increase prices in the short run. In contrast, tax revenue cuts do not seem to be
effective in stimulating the United Kingdom economy.
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Appendix 2

A.2.1 Data Sources and Variable Definitions
United States

Government consumption: Consumption expenditures, Item 21, Table 3.1.
Source: Bureau of Economic Analysis.

Public investment: Gross government investment, Item 39, Table 3.1. Source:
Bureau of Economic Analysis.

Government wage consumption: Compensation of general government
employees, Item 4, Table 3.10.5. Source: Bureau of Economic Analysis.

Government non-wage consumption: Government consumption minus

government wage consumption.
Government spending: Government consumption plus public investment.

Output: Gross domestic product, Item 1, Table 1.1.5. Source: Bureau of
Economic Analysis.

Private consumption: Personal consumption expenditures, Item 2, Table 1.1.5.
Source: Bureau of Economic Analysis.

Private investment: Gross private domestic investment, Item 7, Table 1.1.5.
Source: Bureau of Economic Analysis.

Private wages: Compensation of employees (wages and salaries): Private
industries, Code: A132RC1QO027SBEA. Source: Federal Reserve Bank of St.

Louis.

Inflation rate: GDP implicit price deflator percent change from preceding
period, Item 28, Table 1.1.7. Source: Bureau of Economic Analysis.

GDP deflator: GDP implicit price deflator, Item 1, Table 1.1.9. Source: Bureau
of Economic Analysis.
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Real effective exchange rate: Real narrow effective exchange rate, Code:
RNUSBIS. Source: Federal Reserve Bank of St. Louis.

Real interest rate: Effective federal funds rate minus inflation rate, Code:
FEDFUNDS. Source: Federal Reserve Bank of St. Louis.

Employment rate: Employment rate for all persons aged between 16 and 64,
Code: LREM64TTUSQ156N. Source: Federal Reserve Bank of St. Louis.

Trade balance: Net exports of goods and services as a percentage of GDP, Item
15, Table 1.1.5. Source: Bureau of Economic Analysis.

Net tax revenue: Government current receipts (Item 1) minus current transfer
payments (Item 22) minus interest payments (Item 27), Table 3.1. Source:
Bureau of Economic Analysis.

Global oil price: West Texas Intermediate spot crude oil price, Code: WTISPLC.
Source: Federal Reserve Bank of St. Louis.

Population: Resident population plus armed forces overseas, Code: POPTHM.
Source: Federal Reserve Bank of St. Louis.

Public employment: All employees: Government (covers only civilian
employees; military personnel are excluded), Code: USGOV'T. Source: Federal

Reserve Bank of St. Louis.

Private employment: All employees: Total private industries, Code: USPRIV.
Source: Federal Reserve Bank of St. Louis.
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United Kingdom

Government consumption: Real government consumption of goods and
services, Code: RGCGASUKQ. Source: Federal Reserve Bank of St. Louis.

Public investment: Gross fixed capital formation: Public sector. Source: Annual
macro-economic database of the European Commission.

Government wage consumption: Compensation of general government
employees, Code: NMXS. Source: Office for National Statistics.

Government non-wage consumption: Government consumption minus

government wage consumption.
Government spending: Government consumption plus public investment.

Output: Gross domestic product, Code: UKNGDP. Source: Federal Reserve
Bank of St. Louis.

Private consumption: Private final consumption expenditure, Code:
GBRPFCEQDSMEI Source: Federal Reserve Bank of St. Louis.

Private investment: Gross fixed capital formation: Private sector. Source:
Annual macro-economic database of the European Commission.

Private wages: Wages and salaries: Resources, Code: RPCG. Source: Office for
National Statistics.

Inflation rate: GDP implicit price deflator: Quarter on quarter previous year
growth, Code: IHYU. Source: Office for National Statistics.

GDP deflator: GDP implicit price deflator, Code: GBRGDPDEFQISMEIL
Source: Federal Reserve Bank of St. Louis.

Real effective exchange rate: Real narrow effective exchange rate, Code:
RNGBBIS. Soutce: Federal Reserve Bank of St. Louis.
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Real interest rate: Three-month or 90-day rates and yields: Treasury Securities
(1964-1974), Code: IR3TTSO1GBQ156N. Source: Federal Reserve Bank of St.

Louis. Official bank rate (1975-2017) minus inflation rate, Code: IUQABEDR.
Source: Bank of England.

Employment rate: Employment rate for all persons aged between 16 and 64,
Code: LF24. Source: Office for National Statistics.

Trade balance: Net exports of goods and services as a percentage of GDP.
Exports of goods and services (Code: GBREXPORTQDSMEI) minus imports
of goods and services (Code: GBRIMPORTQDSMEI). Source: Federal
Reserve Bank of St. Louis.

Net tax revenue: Compulsory social contributions (Code: ANBO) plus current
receipts from taxes on income and wealth (Code: ANSO) plus current receipts
from taxes on production (Code: NMYE) plus other current taxes (Code:
MJBC) minus current expenditure (net social benefits) (Code: ANLY). Source:
Office for National Statistics.

Global oil price: West Texas Intermediate spot crude oil price, Code: WTISPLC.
Source: Federal Reserve Bank of St. Louis.

Population: Resident population: Mid-year estimates (quarterly data
interpolated), Code: EBAQ. Source: Office for National Statistics.
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A.2.2 Model Specifications

Table A.2.2.1: Model specifications

Specification Endogenous variables Period
A g T t r tb rer 1964-2017
B g y t r tb rer 1964-2017
C g i y t r tb rer 1964-2017
D g w y t r tb rer 1964-2017
E g e y t t th rer 1964-2017°

+The government spending component (g) rotates between government non-wage

consumption (gc), government wage consumption (gw) and public investment (pi).

b For the United Kingdom, the estimation of the model specification E covers the period
1972-2017.

Table A.2.2.2: Summary of variables

Variables Notation
Government non-wage consumption gc
Government wage consumption ow
Public investment pi
Tax revenue t
Government spending gs
Output y
Inflation rate T
Interest rate r
Trade balance th
Real effective exchange rate rer
Private consumption C
Private investment i
Private wages w
Employment rate e
Global oil price op*

60



A.2.3 Results from Unit Root Tests

Table A.2.3.1: Augmented Dickey-Fuller test (Variables in levels, United
States)

Critical Values

Variables Test Values® 1% 5% 10% P-Values
gac -2.087 -3.472 -2.882 -2.572 0.2497
pi -1.248 -3.475 -2.883 -3.573 0.6527
ow -0.498 -3.473 -2.883 -2.573 0.8923
gs -1.473 -3.474 -2.883 -2.753 0.5468

t -2.830 -3.473 -2.883 -2.573 0.0542
y -1.795 -3.473 -2.883 -2.573 0.3827
c -1.704 -3.473 -2.883 -2.573 0.4290
i -1.822 -3.472 -2.882 -2.572 0.3698
th -1.732 -3.472 -2.882 -2.572 0.4147
rer -2.349 -3.472 -2.882 -2.572 0.1567
i -2.060 -3.473 -2.883 -2.573 0.2607
r -2.156 -3.473 -2.883 -2.573 0.2227
W -0.346 -3.472 -2.882 -2.572 0.9801
e -1.661 -3.475 -2.883 -2.573 0.4515

2The series has an unit root under the null hypothesis.

Table A.2.3.2: Augmented Dickey-Fuller test (Variables in first

differences, United States)

Critical Values

Variables Test Values® 1% 5% 10% P-Values
gc -4.654 -3.473 -2.883 -2.573 0.0001
pi -3.808 -3.476 -2.883 -2.573 0.0028
gw -3.514 -3.475 -2.883 -2.573 0.0076
gs -4.177 -3.475 -2.883 -2.573 0.0007
t -6.420 -3.474 -2.883 -2.573 0.0000
y -7.031 -3.474 -2.883 -2.573 0.0000
c -6.622 -3.474 -2.883 -2.573 0.0000
i -6.872 -3.474 -2.883 -2.573 0.0000
tb -6.635 -3.474 -2.883 -2.573 0.0000
rer -5.531 -3.474 -2.883 -2.573 0.0000
i -7.305 -3.474 -2.883 -2.573 0.0000
r -8.165 -3.474 -2.883 -2.573 0.0000
W -5.481 -3.474 -2.883 -2.573 0.0000
e -4.501 -3.476 -2.883 -2.573 0.0002

2The series has an unit root under the null hypothesis.
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Table A.2.3.3: Augmented Dickey-Fuller test (Variables in levels, United

Kingdom)
Critical Values
Variables Test Values® 1% 5% 10% P-Values
gc -0.073 -3.474 -2.883 -2.773 0.9521
pi -1.744 -3.475 -2.883 -2.573 0.4086
gw -2.098 -3.475 -2.883 -2.573 0.2452
gs -1.216 -3.474 -2.883 -2.573 0.6669
t -1.104 -3.472 -2.882 -2.572 0.7133
y -1.472 -3.473 -2.883 -2.573 0.5473
c -1.078 -3.473 -2.883 -2.573 0.7238
i -2.091 -3.473 -2.883 -2.573 0.2481
tb -3.004 -3.472 -2.882 -2.572 0.0345
rer -2.351 -3.472 -2.882 -2.572 0.1561
i -1.944 -3.475 -2.883 -2.573 0.3119
t -1.823 -3.472 -2.882 -2.572 0.3691
% -0.447 -3.472 -2.882 -2.572 0.9020
e -2.388 -3.484 -2.885 -2.575 0.1453

2 The series has an unit root under the null hypothesis.

Table A.2.3.4: Augmented Dickey-Fuller test (Variables in first
differences, United Kingdom)

Critical Values

Variables Test Values® 1% 5% 10% P-Values
gac -5.730 -3.475 -2.883 -2.573 0.0000
pi -4.725 -3.476 -2.883 -2.573 0.0001
ow -3.261 -3.476 -2.883 -2.573 0.0167
gs -5.728 -3.476 -2.883 -2.573 0.0000

t -4.145 -3.474 -2.883 -2.573 0.0008
y -4.001 -3.474 -2.883 -2.573 0.0014
c -4.049 -3.474 -2.883 -2.573 0.0012
i -5.472 -3.475 -2.883 -2.573 0.0000
th -6.853 -3.474 -2.883 -2.573 0.0000
rer -6.988 -3.474 -2.883 -2.573 0.0000
i -6.546 -3.476 -2.883 -2.573 0.0000
r -6.898 -3.474 -2.883 -2.573 0.0000
W -4.835 -3.473 -2.883 -2.573 0.0000
e -3.677 -3.485 -2.885 -2.575 0.0044

2 The series has an unit root under the null hypothesis.



A.2.4 VAR Model: Lag Length Selection and Specification tests

Table A.2.4.1: Residual autocorrelation test and lag length selection
(United States)

Residual autocorrelation®

Lag length selection

Lags 1 2 3 4 AIC BIC HQIC No.lags
Specification selected”

A

gc 0.00385 0.00010 0.16563 0.19922 3 1 1 3
pi 0.03105 0.00891 0.00686 0.39929 7 1 1 4
gw 0.01776  0.00085 0.05690 0.04172 2 1 2 3
gs 0.00181 0.00214 0.04263 0.56542 7 1 1 4
B

gc 0.00461 0.00495 0.15388 0.03857 2 1 2 3
pi 0.00885 0.25373 0.00704 0.17684 2 1 2 2
gw 0.00004 0.00023 0.00307 0.02079 3 1 2 2
gs 0.01635 0.01966 0.03411 0.04896 2 1 2 4
C

gc 0.01007 0.00243 0.30936 0.05461 2 1 1 3
pi 0.00474 0.00682 0.00055 0.01408 2 1 2 2
gw 0.02187 0.01531 0.03908 0.07478 3 1 2 4
gs 0.00790 0.01515 0.02985 0.02087 2 1 2 2
D

gc 0.07486 0.07355 0.09104 0.36308 2 1 1 2
pi 0.12861 0.07759 0.00183 0.45931 2 1 2 2
gw 0.00344 0.00147 0.04087 0.01468 3 1 2 2
gs 0.06448 0.14077 0.01177 0.36090 2 1 2 2
E

gc 0.00000 0.00000 0.21804 0.00000 5 1 5 3
pi 0.00000 0.00001 0.00409 0.00000 7 1 5 3
gw 0.00000 0.00000 0.04099 0.00000 5 1 5 3
gs 0.00000 0.00001 0.03495 0.00000 7 1 5 3

aResidual autocorrelation test (p-value) is based on the residuals from the reduced VAR

form. Reported p-values are from the Breusch-Godfrey Lagrange Multiplier test. No serial

correlation under the null hypothesis.

>When the optimal number of lags indicated by the criteria provides serially correlated

residuals, we refer to the residual autocorrelation test conclusions to select the appropriate

number of lags. In several specifications, the residuals are serially correlated regardless of the

number of lags used. For these specifications, we select the number of lags according to
HQIC or the highest p-value.
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Table A.2.4.2: Residual autocorrelation test and lag length selection

(United Kingdom)
Residual autocorrelation® Lag length selection
Lags 1 2 3 4 AIC BIC HQIC No. lags
Specification selected

A

gc 0.65895 0.53409 0.00029 0.00000 6 1 2 2
pi 0.60077 0.27624 0.00677 0.00000 6 1 2 2
ow 0.52856 0.21865 0.00261 0.00000 6 1 1 2
gs 0.32343 0.16245 0.00720 0.00000 6 1 2 2
B

gc 0.02948 0.16575 0.03775 0.01036 2 1 2 2
pi 0.05546 0.09255 0.17927 0.00000 2 1 2 2
ow 0.04504 0.09233 0.04491 0.00013 2 1 2 2
gs 0.02099 0.11128 0.08532 0.00720 2 1 2 2
C

gc 0.26420 0.56942 0.08118 0.00093 2 2 2 2
pi 0.18600 0.12600 0.30386 0.00000 2 2 2 2
ow 0.23099 0.24729 0.14124 0.00002 2 2 2 2
gs 0.11236 0.22995 0.37838 0.00003 2 2 2 2
D

gc 0.88550 0.57979 0.01415 0.01160 2 1 1 2
pi 0.89548 0.25711 0.15307 0.00000 2 1 2 2
ow 0.88792 0.39144 0.05654 0.00138 2 1 1 2
gs 0.79017 0.29058 0.07950 0.01778 2 1 1 2
E

gc 0.04123 0.95979 0.00267 0.01244 2 1 2 2
pi 0.03139 0.66836 0.01465 0.00000 2 2 2 2
ow 0.17908 0.75127 0.01877 0.00167 2 1 2 2
gs 0.01648 0.43171 0.04139 0.00179 2 1 2 2

aResidual autocorrelation test (p-value) is based on the residuals from the reduced VAR
form. Reported p-values are from the Breusch-Godfrey Lagrange Multiplier test. No serial
correlation under the null hypothesis.
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Table A.2.4.3: Residual normality test

Residual Normality*

United States United Kingdom
Specification  Jarque-  Skewness Kurtosis  Jarque-  Skewness  Kurtosis
Bera test test Bera test test
test test
A
gc 0.00000  0.00000  0.00000  0.00000  0.00000 0.00000
pi 0.00000  0.00000  0.00000  0.00000  0.00000 0.00000
gw 0.00000  0.00000  0.00000  0.00000  0.00000 0.00000
gs 0.00000  0.00000  0.00000  0.00000  0.00000 0.00000
B
gc 0.00000  0.00000  0.00000  0.00000  0.00025 0.00000
pi 0.00000  0.00000  0.00000  0.00000  0.00000 0.00000
gw 0.00000  0.00000  0.00000  0.00000  0.00000 0.00000
gs 0.00000  0.00000  0.00000  0.00000  0.00442 0.00000
C
gc 0.00000  0.59682  0.00000  0.00000  0.00000 0.00000
pi 0.00000  0.68673  0.00000  0.00000  0.00000 0.00000
ow 0.00000  0.27147  0.00000  0.00000  0.00000 0.00000
gs 0.00000  0.88838  0.00000  0.00000  0.00000 0.00000
D
gc 0.00000  0.15093  0.00000  0.00000  0.00000 0.00000
pi 0.00000  0.20466 ~ 0.00000  0.00000  0.00000 0.00000
ow 0.00000  0.18611  0.00000  0.00000  0.00000 0.00000
gs 0.00000  0.25985  0.00000  0.00000  0.00000 0.00000
E
gc 0.00000  0.17766  0.00000  0.00000  0.00151 0.00000
pi 0.00000  0.19400  0.00000  0.00000  0.00000 0.00000
ow 0.00000  0.12539  0.00000  0.00000  0.00440 0.00000
gs 0.00000  0.36263  0.00000  0.00000  0.00402 0.00000

aReported p-values are from Jarque-Bera, Skewness and Kurtosis tests. Normally distributed
residuals under the null hypothesis.
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A.2.5 Johansen Cointegration Maximum Eigenvalue Test

Table A.2.5.1: Johansen cointegration maximum eigenvalue test

United States United Kingdom
Hypothesized Hypothesized Hypothesized Hypothesized
number of number of number of number of
cointegrating cointegrating cointegrating cointegrating
vectors vectors vectors vectors
Specification Constant Trend Constant Trend

A

gc 1 1 1 1
pi 1 2 2 2
gw 1 1 1 1
gs 1 1 3 3
B

gc 1 1 1 1
pi 1 1 2 2
gw 2 2 1 1
gs 1 2 2 2
C

gc 1 2 2 1
pi 1 2 3 2
gw 2 3 2 1
gs 2 2 3 3
D

gc 1 1 1 1
pi 1 1 1 2
gw 1 1 1 1
gs 1 1 1 1
E

gc 1 1 1 1
pi 1 1 2 1
gw 1 1 2 1
gs 1 2 2 1
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A.2.6 The Dynamic Effects of Government Spending Shocks

Figure A.2.6.1: Impulse response functions to a government spending

shock (Baseline model, United States)
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Figure A.2.6.2: Impulse response functions to a government spending

shock (Alternative specifications, United States)
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Figure A.2.6.3: Impulse response functions to a government spending

shock (Baseline model, United Kingdom)
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Figure A.2.6.4: Impulse response functions to a government spending
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Table A.2.6.1: Variance decomposition (United States)

Shock Quarter 1 4 8 12
Government spending
shock
y 6.065 1.854 1.491 1.366
T 1.203 2.315 3.430 3.616
r 0.500 2.381 5.035 7.839
t 0.012 0.578 3.959 5.257
tb 1.467 0.596 0.630 0.763
rer 0.617 0.160 0.332 1.277
c 2.242 1.166 0.824 1.279
i 0.280 3.902 9.915 15.249
W 0.462 2.665 2.570 2.134
e 0.147 0.157 0.929 2.432

Table A.2.6.2: Variance decomposition (United Kingdom)

Shock Quarter 1 4 8 12
Government spending
shock

y 3.762 3.821 2.321 4.182
T 4.864 2.169 3.020 7.576
r 7.554 4.382 3.445 3.369
t 0.020 0.537 1.267 2.262
tb 1.912 6.905 10.216 9.606

rer 0.391 3.766 8.144 10.744
C 5.112 4.614 2.648 3.487
i 1.607 0.298 1.641 3.733
w 4.605 5.683 3.782 2.306
e 0.202 0.633 0.276 0.347
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A.2.7 Summary of the Results

Table A.2.7.1: Summary of the results (United States)

Shock Quarter 1 4 8 12 20

Government non-wage
consumption shock

y 0 - - 0 0
T 0 - - - 0
r 0 - - - -
t - - - - 0
tb - 0 0 0 0

rer 0 0 0 0 0
c 0 - - - -
i . . . . -
w 0 0 0 0 0
e 0

Government wage
consumption shock

y 0 0 0 0 0
T - - - - 0
r + 0 - - -
t 0 0 0 0 0
tb 0 0 0 0 0

rer + + 0 0 0
c 0 0 0 0 -
1 0 0

w + + + + +
e 0 - - -

The sign shows the direction of the impact, and 0 means that the null hypothesis of no effect
cannot be rejected at the 0.32 level of significance.
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Table A.2.7.2: Summary of the results (United States)

Shock Quarter 1 4 8 12 20
Public investment
shock
y + 0 - - 0
b 0 0 - - 0
r + 0 - - 0
t 0 - - - 0
th 0 0 0 0 0
rer 0 0 0 0 0
c + 0 0 0 0
i 0 0 - - -
W + + + + 0
e + 0 0 -
Tax revenue shock
y 0 0 - - 0
0 0 - - -
r + + 0 0 -
gc 0 - - - 0
ow 0 - 0 0 +
pi 0 - 0 0 0
tb 0 0 + + 0
rer + + + + +
c - 0 0 0 0
i + 0 - - 0
W - 0 0 0 +
e + 0 0 0 0

The sign shows the direction of the impact, and 0 means that the null hypothesis of no effect
cannot be rejected at the 0.32 level of significance.
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Table A.2.7.3: Summary of the results (United Kingdom)

Shock Quarter 1 4 8 12 20

Government non-wage
consumption shock

y 0 0 - - -
T 0 + + 0 0
r 0 0 0 0 0
t 0 0 0 0 0
tb 0 0 + + +
rer 0 0 + 0 0
c 0 - - - -
1 0 - - - 0
w 0 0 0 0 0
e + 0 0 0 0
Government wage
consumption shock
y 0 0 0 0 0
e + + + + +
r - 0 0 0 +
t 0 0 0 0 0
tb - - 0 0 0
rer 0 - - - -
c + 0 0 0 0
1 0 0 0 0 0
w + + 0 0 -
e . - - - .

The sign shows the direction of the impact, and 0 means that the null hypothesis of no effect
cannot be rejected at the 0.32 level of significance.
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Table A.2.7.4: Summary of the results (United Kingdom)

Shock Quarter 1 4 8 12 20
Public investment
shock
y + 0 - - -
T - 0 + + 0
r + 0 0 - 0
t 0 - - - -
th - - 0 0 +
rer - - - -
C + 0 - - -
i 0 - - - -
W + 0 0 - -
e 0 0 0 0 0
Tax revenue shock
y 0 0 0 0 0
T + + 0 0 0
r + 0 0 - 0
gc 0 0 0 0 0
aw 0 - - + +
pi 0 0 + + +
th - 0 0 0 0
rer + + 0 0 0
c - - - 0 0
i 0 0 0 0 0
W 0 0 0 0 0
e + 0 0 0 0

The sign shows the direction of the impact, and 0 means that the null hypothesis of no effect
cannot be rejected at the 0.32 level of significance.
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Chapter 3: Transmission Mechanisms of Conventional and
Unconventional Monetary Policies in Open Economies

3.1 Introduction

In response to the global financial crisis of 2008, many central banks started
to conduct unconventional monetary policies in parallel with conventional policy
measures. Monetary policy consists in a set of actions of the monetary authority,
which are generally targeted to ensure price stability and sustain economic
growth. The short-term interest rate is the conventional tool used by central
banks to implement their monetary policy. Its transmission mechanism starts
from the money market and the effects are transmitted to the real economy
through different channels, including interest rates, exchange rates, asset prices,
consumer confidence and credit (e.g., Bernanke and Gertler, 1995; Mishkin,
1995; Cushman and Zha, 1997; Debes et al., 2014). During the global recession,
many central banks reduced their reference rates close to zero. Lower interest
rates reduce the cost of borrowing and make cheaper for households and
businesses to borrow money, thus encouraging spending and investment.
During the liquidity trap period, the conventional monetary policy instrument
had reached its limit, which forced central banks to implement large-scale asset
purchases, commonly known as quantitative easing, to improve the economic
conditions. These operations changed the relative supply of short-term and
long-term bonds, and other assets, which consequently affected their prices and
the flow of funds in the economy. The main objective of such unconventional
measures was to lower long-term interest rates in order to ease financing
conditions, thereby stimulating aggregate demand and economic activity.

In this context, this chapter analyses the transmission mechanisms of
conventional and unconventional monetary policies on various macroeconomic
aggregates in open economies. The VAR methodology has become the main
econometric tool used to study the effects of monetary policy shocks. A body
of literature evaluates the differences in the transmission mechanism of
monetary policy across countries of the euro area (e.g., Barran et al., 1996;
Ramaswamy and Slok, 1998) and in the euro area as a whole (e.g., Peersman and
Smets, 2001). However, despite the differences in monetary policy regime of each
country, they impose the same identification scheme of monetary policy shocks
across countries (Mojon and Peersman, 2001). In addition, very few studies have
attempted to evaluate the effects of monetary policy in countries outside the
euro area. Studies like Kugler and Rich (2002) and Assenmacher-Wesche (2008)
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contribute to this literature by assessing the effects of conventional monetary
policy measures in Switzerland. Similar contributions can be found for Norway
in Bjornland (2008) and for the United Kingdom in Cloyne and Hiirtgen (2016).

Through different applications, the literature has reached a consensus on
how monetary policy can affect economic variables in closed economies (e.g.,
Leeper et al.,, 1996; Christiano et al., 2005). Nevertheless, empirical studies
relying on an open economy framework have posed a few puzzles concerning
the effects on the exchange rate and prices. In addition, a number of studies do
not include foreign variables, meaning that they neglect the possible existence
of spillovers across countries. Dornbusch’s (1976) exchange rate overshooting
hypothesis predicts that the exchange rate instantaneously appreciates after a
contractionary monetary policy shock. However, VAR studies have often found
that if the exchange rate appreciates, it does so for a prolonged period. Another
recurrent puzzle is the observed rise in the aggregate price level in response to
a contractionary shock. Sims (1992) suggests that the price puzzle could be
explained on the grounds that interest rate innovations partly reflect policy
responses to inflationary pressures. This counterintuitive response is often
viewed as evidence of a misspecification problem due to the inadequate
description of central bank’s operating procedures and the insufficient amount
of information incorporated in the VAR model (Brissimis and Magginas, 2000).
Several studies proposed ways to solve this puzzle by including variables such
as commodity prices (e.g., Sims, 1992) or the output gap (e.g., Giordani, 2004).

The literature generally provides consistent findings as regards the effects of
conventional monetary policy on the national income and its components (e.g.,
Mojon and Peersman, 2001; Christiano et al., 2005). However, a large body of
existing literature does not consider asset prices and consumer expectations that
represent two potential channels for the transmission of monetary policy (e.g.,
Mishkin, 1995; Brissimis and Magginas, 2006). Monetary policy decisions have
an impact on financing conditions and market expectations, which can lead to
adjustments of asset prices. The consumer confidence indicator contains
important information used by central banks about consumer expectations as
regards future economic conditions. The omission of these two variables may
result in an important loss of information in the analysis. A few studies analyse
the effects of consumer confidence on the real economy (e.g., Ludvigson, 2004;
Barsky and Sims, 2012). However, very little is known about its role in the
transmission of monetary policy. Debes et al. (2014) is the first study to show
that conventional monetary policy can be operative via a consumer confidence
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channel from an empirical and theoretical perspective. As a result, this implies
the need to explore how monetary policy can affect macroeconomic aggregates
in open economies along the business cycle and the specific role of asset prices
and consumer confidence as potential transmission channels.

Unconventional monetary policy can affect the real economy through
different transmission channels, including signaling, portfolio balance, exchange
rates and asset prices (e.g., Mishkin, 1995; Gagnon et al., 2011; Joyce et al., 2011;
Bauer and Rudebusch, 2014; Christensen and Krogstrup, 2019). A body of
literature has mainly focused on the effects of unconventional monetary policy
measures on the financial market. Specifically, there are a number of studies
analysing the effects of large-scale asset purchases on long-term interest rates
and other asset prices (e.g., Gagnon et al., 2010; Joyce et al., 2011; Hamilton and
Wu, 2012; Christensen and Krogstrup, 2019). A few studies go one step further
and examine the short-run macroeconomic effects of unconventional monetary
policy shocks (e.g., Lenza et al., 2010; Peersman, 2011; Chung et al., 2012;
Baumeister and Benati, 2013). A potential caveat concerning these studies is that
they rely on models estimated over sample periods covering also the pre-crisis
period, which may not be appropriate for assessing the transmission of
unconventional monetary policy in a liquidity trap. Moreover, central banks’
quantitative easing policies before the crisis were usually not aimed at
influencing macroeconomic conditions (Gambacorta et al., 2014). Another
possible limitation of these studies is that they often neglect the role of the stock
market as a potential transmission channel. Recent work in that direction can
be found in Gambacorta et al. (2014). These authors focus on the period after
the onset of the crisis and estimate a panel VAR model using a combination of
macroeconomic and financial variables. Their findings reveal that the inclusion
of stock market variables is of key importance in determining the effects of
unconventional monetary policy. On the other hand, despite the focus on the
macroeconomic effects of quantitative easing measures has increased in the last
years, their impact on the labor market has been much less documented.

In this chapter, we employ the structural VAR modelling and use quarterly
and monthly data from two non-EMU countries, Switzerland and the United
Kingdom, over the period 1990-2017. This chapter contributes to the empirical
research on the transmission mechanisms of monetary policy instruments for
European countries that have adopted a flexible exchange rate regime and
conduct independent monetary policy. While research has been substantial for
the euro area and the United States, very few studies have analysed the effects
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of monetary policy in the open economies outside the euro area, with
Switzerland and the United Kingdom as compelling examples. In addition, these
countries represent unique case studies on the transmission mechanisms of
unconventional monetary policy, as they were the only non-EMU countries to
implement quantitative easing in response to the global financial crisis. The
Bank of England purchased private and public sector assets, the majority of
which were medium to long-term government securities (gilts) (Joyce et al.,
2011). In contrast to the measures adopted in the United Kingdom, the Swiss
National Bank policy measures involved an unprecedented expansion in
reserves, achieved without any purchase of long-term debt securities, which has
left the supply of long-term government bonds unchanged. Thus, Switzerland
represents a very interesting case study of the transmission of quantitative
easing. Moreover, considering these countries makes the assumptions on small
open economies more realistic than in the cases of the euro area and the United
States. In particular, it enables to control for global economic shocks, which
provides a more comprehensive analysis of the transmission of monetary policy.

We propose two distinct structural VAR models based on a new specification,
which capture the effects of monetary policy on the real economy that occur
through changes in stock prices and consumer expectations in an open economy
framework. Using the recursive approach, we identify two policy shocks: () the
official bank policy rate (ii) the central bank’s reserve assets. We explicitly separate
the pre-crisis period and the post-crisis period since the implementation of
quantitative easing may be viewed as a new monetary policy regime. The baseline
model for the case of conventional monetary policy covers the pre-2009 period
and is estimated using quarterly data on the consumer confidence indicator, the
output, the inflation rate, the official bank policy rate, the real effective exchange
rate and the stock price index. The model contains the global oil price, the euro
area short-term interest rate, the euro area consumer price index and the euro
area stock price index as critical exogenous variables. To have a better sense of
what changes in monetary policy induce on the economy, we estimate five
augmented specifications in which we include in turn private consumption,
private investment, the trade balance, the nominal wage and the unemployment
rate. The baseline model for the case of unconventional monetary policy covers
the post-2009 period and is estimated using monthly data on the industrial
production index, the consumer price index, the central bank’s reserve assets,
the long-term government bond yields, the real effective exchange rate and the
stock price index. The model includes the euro area reserve assets, the euro area
consumer price index and the euro area stock price index as critical exogenous
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variables. We estimate five alternative specifications in which we replace the
industrial production index, by switching in turn private consumption, private
investment, the trade balance, the nominal wage and the unemployment rate.
The effects of conventional and unconventional monetary policy shocks are
assessed by the impulse response functions and the variance decomposition.

This chapter contributes to the literature by investigating the role of stock
prices and consumer expectations in the transmission of monetary policy. First,
we ask whether conventional monetary policy is operative, besides other well-
known channels, via a stock price and consumer confidence channels. We then
examine the role of long-term interest rates, exchange rates and stock prices in
the transmission of unconventional monetary policy. The inclusion of stock
prices is of key importance since monetary policy decisions have an impact on
financing conditions and market expectations, thus leading to adjustments of
asset prices. If central banks are forward looking, the monetary policy instrument
cannot be properly identified unless expectations are taken into account. Our
modelling approach consists in augmenting the VAR model with a forward-
looking informational variable of near-term development in economic activity
and several foreign exogenous variables to control for international spillovers.
For the case of conventional monetary policy, the consumer confidence indicator
is included since it contains important information used by central banks about
consumer expectations as regards future economic conditions. To the best of
our knowledge, no other previous study has explored the role of consumer
confidence in the transmission of conventional monetary policy in an open
economy framework. For the case of unconventional monetary policy, the long-
term government bond yields are used to capture consumer expectations about
tuture short-term interest rates. The analysis reveals that the inclusion of a
forward-looking informational variable of near-term development in economic
activity and a financial variable such as the stock prices are of key importance
for the monetary policy assessment. We provide evidence for the existence of a
consumer confidence channel in the transmission of conventional monetary
policy. Our findings also reveal that conventional and unconventional monetary
policies were effective in providing temporary stimulus to the economies of
Switzerland and the United Kingdom during the considered periods.

The rest of the chapter is organized as follows. Section 3.2 discusses the
transmission channels of monetary policy and the related empirical literature.
Section 3.3 presents the econometric methodology and section 3.4 describes the
data. Section 3.5 provides the results. Section 3.6 contains concluding remarks.
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3.2 Theory and Literature Review

The study of the transmission mechanisms and effects of conventional and
unconventional monetary policies has received particular attention over the past
decades. One of the main challenges in the empirical monetary policy analysis
is to identify exogenous and unexpected monetary policy shocks. In this regard,
many studies in the existing literature have employed the VAR methodology.
Subsection 3.2.1 reviews the theory on the transmission channels of
conventional and unconventional monetary policies. Subsection 3.2.2 discusses
the related empirical literature.

3.2.1 Transmission Channels of Monetary Policy
3.2.1.1 Conventional Monetary Policy

The transmission mechanisms of conventional monetary policy can be
defined as the channels through which monetary policy decisions affect the real
economy and the general price level. Mishkin (1995) classifies four such
channels, which are also considered by other authors (e.g., Bernanke and
Gertler, 1995; Cushman and Zha, 1997). These channels are the following:

1. Interest rate channel. Changes in the official bank’s interest rate directly
affect money market interest rates and indirectly lending and deposit
rates, which are set by banks to their customers. An expansionary
monetary policy lowers interbank rates and generates an expansion of
lending between individual banks. As a result, the liquidity in the market
increases, which exerts pressure on prices and lower real interest rates.
This in turn affects the intertemporal choice of households in favor of
consumption rather than savings, thus stimulating ageregate demand.

2. Exchange rate channel: In the perspective of an expansionary conventional
monetary policy, the nominal interest rate decreases and leads to a
negative differential between the domestic and foreign interest rates.
Assuming perfect capital mobility and perfect substitutability of financial
assets, the demand for domestic currency decreases in the forex market,
thus leading to a depreciation of the exchange rate. If the Marshall-
Lerner condition is satisfied, the trade balance improves and generates

an increase in economic growth.
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3. Asset prices (stock prices) channel: Monetary policy decisions have an impact
on financing conditions and market expectations, which can lead to asset
price adjustments. An expansionary monetary policy may imply a rise in
stock prices, which according to the Tobin’s q, increases the market price
of firms relative to the replacement cost of their capital. Since firms can
buy a lot of new investment goods with a small issue of new stock of
capital and at a lower cost, their investment activities increase, which in
turn can lead to higher levels of output.

4. Credit channel In the perspective of an expansionary monetary policy,
lower interest rates decrease the risk of borrowers to be unable to pay
back their loans. As a result, this situation can directly affect the supply
of credits. Lower interest rates can give an incentive to banks to increase
the amount of funds they lend to households and firms, which in turn

can lead to increased consumption and investment.

3.2.1.2 Unconventional Monetary Policy

The main objective of unconventional monetary policy measures is to raise
the inflation rate and stimulate economic activity. Central banks’ reserve asset
purchases influence macroeconomic aggregates via different channels, including
signaling, portfolio balance, exchange rates and assets prices (e.g., Mishkin,
1995; Gagnon et al.,, 2011; Joyce et al.,, 2011; Bauer and Rudebusch, 2014;
Christensen and Krogstrup, 2019). The literature has mainly emphasized on
how central banks’ reserve asset purchases can lower long-term government
bond yields through the signaling and portfolio balance channels (e.g., Gagnon
etal.,, 2011; Bauer and Rudebusch, 2014; Christensen and Krogstrup, 2019). The
long-term government bond yields can be decomposed into a risk-neutral part
that represents the average of the expected future short-term interest rates until
maturity and a term premium which compensates investors for the added risk
they take when investing in a government bond of a given maturity instead of
investing the same amount in another similar asset. The long-term government
bond yields can be expressed in the following simplified form:

Iry(0) = = [ Ef [1,]ds + TP,() (3.1)

Where t is time and r is time until maturity. The first term is the risk-neutral
component of the long-term government bond yields and corresponds to the
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average of the expected one-year interest rate over the t + r years. The second
term is the term premium, which captures macroeconomic risks related to
uncertainty regarding growth, inflation and changes in issuer-specific risks such
as credit and liquidity risks. It also contains a premium due to supply and
demand factors in the government bond market, with the presence of market
imperfections. The policy signaling affects the risk-neutral component of the
long-term government bond yields, while the portfolio balance effects affect the
term premium since they are specific to the bond. These two transmission
channels of unconventional monetary policy can be described as follows:

1. Signaling channel: An expansion of central bank’s reserve assets represents
a signal of future monetary policy. When the central bank announces
that it plans to purchase assets, different market agents could interpret
this as a signal of low monetary policy rates to come over a prolonged
period. The policy signaling has a negative effect on the risk-neutral
component of the long-term government bond yields, which would
continue to decline, thus having a positive impact on general financing
conditions and credit demand. This can in turn stimulate aggregate
demand and increase the general price level.

2. Portfolio balance channel: Central bank’s reserve asset purchases can affect
long-term government bond yields by reducing the amount of
government bonds in private sector portfolios. As asset purchases
reduce the supply of long-term government bonds, private investors
need to adjust their portfolios towards assets of similar characteristics.
This rises the price of the purchased bonds and lower their yields, thus
encouraging higher spending and consumption.

The literature has evidenced two other transmission channels of unconventional
monetary policy (e.g., Mishkin, 1995; Joyce et al., 2011):

3. Exchange rate channel  An expansion of central bank’s reserve assets
causes the yields of assets denominated in domestic currency to fall
compared to those denominated in foreign currency. Domestic assets
become less attractive for foreign investors, which leads to a decline in
demand for domestic currency. This creates downward pressure on the
domestic currency, thus causing a depreciation of the exchange rate. A
weaker currency makes exports of domestic goods and services cheaper
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for foreign consumers and imports of such products more expensive,
which leads to an increase in net exports and economic growth.

4. Asset prices (stock prices) channel The liquidity injected in the markets lowers
long-term interest rates, which affects the stock market through two
different mechanisms. First, lower borrowing costs for firms translate
into higher profitability and a higher propensity to invest. Then, the low
return offered in the bond market leads to a move of investors away
from it and towards the stock market. These two mechanisms can
generate an increase in stock prices and aggregate demand.

3.2.2 Empirical Literature
3.2.2.1 Conventional Monetary Policy

One recurrent puzzle in the VAR literature is the positive response of prices
or inflation to a contractionary monetary policy shock. Several studies proposed
different ways to solve it. Sims (1992) shows that the price puzzle disappears
when the VAR model is extended to include a commodity price index as an
important variable to forecast inflation. Giordani (2004) proposes an alternative
explanation, proving that the omission of a measure of output gap (or potential
output) produces the price puzzle. Various theoretical and empirical studies
generally argue that an expansionary (contractionary) conventional monetary
policy has a positive (negative) impact on the national income and its main
components (e.g., Mojon and Peersman, 2001; Christiano et al., 2005). In a
relevant work, Cushman and Zha (1997) find that the output and prices decline
after a contractionary monetary policy shock in Canada. Mojon and Peersman
(2001) analyse the effects of monetary policy in ten countries of the euro area.
Their results reveal that a contractionary monetary policy shock leads to a
decline in output, prices, consumption and investment for all countries. Using
a DSGE model incorporating nominal rigidities and a structural VAR model,
Christiano et al. (2005) find that an expansionary monetary policy shock has
positive effects on the United States economy by increasing output,
consumption, investment, employment and real wages. Peersman and Smets
(2001) study the effects of monetary policy in the euro area as a whole over the
period 1980-1998. These authors find that an increase in interest rates leads to a
temporary decline in output, with prices decreasing only after a few lags. Similar
results for the euro area are obtained in Liitkepohl and Netsunajev (2018).
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A few studies have analysed the effects of conventional monetary policy in
countries outside the euro area. Using a cointegrated vector autoregressive
model, Assenmacher-Wesche (2008) evaluates the transmission of monetary
policy shocks for Switzerland over the period 1974-2006. The author finds that
the output and inflation decline after a contractionary shock. Other Swiss
studies such as Kugler and Rich (2002) and Kugler and Jordan (2004) assess the
effects of monetary policy shocks using structural VAR models based on short-
run and long-run restrictions. These studies provide similar findings as regards
the response of output and inflation. For the United Kingdom, Cloyne and
Hirtgen (2016) use real-time forecast data and employ the Romer-Romer
approach to identify monetary policy shocks. These authors find that an
increase in the official bank rate leads to a decline in output and inflation. These
findings are also in line with Bjernland (2008) for Norway. On the other hand,
the impact of conventional monetary policy on the labor market has received
less attention. Using a structural VAR model with the combination of both
short-run and long-run restrictions, Bjornland (2008) finds that unemployment
increases and nominal wages decrease after a contractionary shock.

The relationship between conventional monetary policy and the stock
market has received increasing attention over the past decades. Using a
structural VAR model, Bjornland and Leitemo (2009) find that a contractionary
shock reduces real stock prices in the United States. A body of literature
examines the link between monetary policy in the euro area and the stock
market. Using a cointegrated structural vector autoregressive model, Liitkepohl
and Netsunajev (2018) provide evidence that a contractionary shock leads to a
persistent decline in real stock prices. The latter finding is consistent with
Kholodilin et al. (2009). On the other hand, a part of the literature evaluates the
effects of consumer confidence on macroeconomic aggregates (e.g., Ludvigson,
2004; Barsky and Sims, 2012), but very little is known about its role in the
transmission of monetary policy. Debes et al. (2014) is the first study to provide
evidence for the existence of a consumer confidence channel in the transmission
of conventional monetary policy in the United States. Their findings reveal that
consumer confidence drops substantially after a contractionary shock and
amplifies the impact of monetary policy on aggregate consumption.

The responses of the exchange rate and the trade balance to monetary policy

shocks are quite controversial in the empirical open economy macroeconomics
literature. Dornbusch’s (1976) exchange rate overshooting hypothesis predicts
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that a contractionary monetary policy shock leads to a large initial appreciation
due to price stickiness in the short run, followed by a depreciation until the
initial steady state level is reached. Cushman and Zha (1997) and Bjornland
(2008) tind evidence of exchange rate overshooting. However, this hypothesis is
not supported by Eichenbaum and Evans (1995) who find that an expansionary
shock to monetary policy leads to persistent real and nominal depreciations in
the United States. Mojon and Peersman (2001) provide mixed evidence for the
response of the exchange rate in euro area countries. Moreover, Assenmacher-
Wesche (2008) finds that the exchange rate depreciates on impact in Switzerland
after a contractionary shock, providing further evidence for the existence of an
exchange rate puzzle. In contrast, Natal (2002, 2004) do not obtain an exchange
rate puzzle for Switzerland, which may be explained on the grounds that the
author includes credit variables in the VAR model. Focusing on European
countries, Kim (2001) finds that an expansionary monetary policy leads to a
depreciation of the exchange rate and an increase in net exports in France, Italy
and the United Kingdom. The J-curve hypothesis predicts that the trade balance
of a country deteriorates initially following a depreciation of the national
currency, before it recovers to a higher level than where it was in the initial
equilibrium. Empirical evidence on the J-curve effect is mixed. Cushman and
Zha (1997) find evidence for the J-curve hypothesis, while other studies like
Mofftett (1989) and Kim (2001) find little evidence for J-curve effects.

3.2.2.2 Unconventional Monetary Policy

The study of the transmission channels and effects of unconventional
monetary policy has received particular attention over the past decade. A body
of existing literature has mainly focused on the financial market effects of
unconventional monetary policy measures using high-frequency financial data.
Specifically, there are a number of studies analysing the effects of large-scale
asset purchases on long-term interest rates and other asset prices (e.g., Gagnon
et al, 2010; Joyce et al, 2011; Hamilton and Wu, 2012; Christensen and
Krogstrup, 2019). Overall, these studies provide evidence that such policies
were effective in reducing financial market risk spreads or yields.

Several studies go one step further and analyse the short-run macroeconomic
effects of unconventional monetary policy shocks (e.g., Lenza et al., 2010;
Peersman, 2011; Chung et al., 2012; Baumeister and Benati, 2013). Lenza et al.
(2010) evaluate the macroeconomic effects of non-standard policy measures in
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the euro area by conducting counterfactual exercises based on assumptions
regarding how money market spreads would have evolved with and without the
measures. These authors find that the introduction of unconventional measures
helped stabilize the financial sector and economy after the collapse of Lehman
Brothers in September 2008, even if they were not sufficient to avoid a
significant decline in economic and financial activity. On the other hand, Chung
et al. (2012), using a set of structural and time series statistical models, find that
the Federal Reserve’s asset purchases have been effective in improving
macroeconomic conditions in the United States at the zero lower bound.

Peersman (2011) proposes a structural VAR model to examine the
macroeconomic effects of unconventional monetary policy shocks on the euro
area economy over the period 1999-2009. The author finds that these measures
had a significant impact on economic activity and inflation. Baumeister and
Benati (2013) estimate a time-varying structural VAR model and find evidence
that unconventional monetary policy measures avoided significant risks both of
deflation and of large output collapses in the United States and in the United
Kingdom, comparable to those that occurred during the Great Depression.
Using Japanese data over the zero lower bound period, Schenkelberg and
Watzka (2013) find that quantitative easing shocks have positive effects on
industrial production and consumer prices. Their findings also reveal that long-
term interest rates decline, while the exchange rate does not react significantly.

A few empirical studies consider the transmission channel of unconventional
monetary policy that occurs through the stock market. Gambacorta et al. (2014)
estimate a panel VAR model with monthly data from eight advanced economies
over the period 2008-2011. These authors find that an expansion of central bank
balance sheets leads to a temporary increase in economic activity and consumer
prices. Their results for individual countries suggest that the macroeconomic
effects of unconventional monetary policy are similar across countries, despite
the heterogeneity of measures that were taken. In another relevant work,
Meinusch and Tillmann (2016) provide evidence that unconventional monetary
policy measures were effective in influencing economic conditions in the United
States during the global financial crisis. These authors find that an expansionary
policy leads to an increase in output, inflation and stock prices. Moreover, their
findings indicate that long-term interest rates decline.

86



3.3 Empirical Methodology

This section presents the structural vector autoregressive methodology used
for the examination of the transmission mechanisms of conventional and
unconventional monetary policies. The structural shocks are recovered using
the recursive identification approach, commonly adopted in the structural VAR
literature, as in Sims (1980) and Christiano et al. (2005). The chapter considers
one baseline VAR model (A) and five alternative specifications (B, C, D, E and
F) for the evaluation of the effects of conventional and unconventional
monetary policy shocks. The choice of variables in the baseline model reflects
the theoretical set-up of a new-Keynesian small open economy model (e.g.,
Svensson, 2000; Clarida et al., 2001). If the central banks are forward looking,
the monetary policy instrument cannot be propetly identified unless expectations
are taken into account. The modelling approach consists in augmenting the
structural VAR model with a forward-looking informational variable of near-
term development in economic activity and several foreign exogenous variables
to control for international spillovers. The official bank policy rate and central
bank’s reserve assets are used as instruments for conventional and
unconventional monetary policy. Subsection 3.3.1 presents the specification of
the VAR models and subsection 3.3.2 describes the identification approach.

3.3.1 VAR Specification
The considered baseline VAR form model has the following reduced form:

Yt = Uy + Alilt_l + AZYt—Z + .-+ Ath_p + ﬁXt + U (32)
Where Y = (y15...,yk)" is a k-dimensional vector of endogenous vatiables, X; =
(X1p,- - -,Xq) 1s @ q-dimensional vector of exogenous variables, A;j (i=1,...,p) are

(k x k) matrices of coefficients and u: = (uig,...,ux)’ is a k-dimensional vector of
reduced form shocks with E(ug) = 0, E(uu) = Quand E(ua’) = 0 for t #s.

The shocks of the reduced form (3.2) do not generally have a meaningful
economic interpretation since they are linear combinations of structural shocks.
Therefore, it is necessary to transform the reduced form model into a structural
model. The underlying structural model is obtained by pre-multiplying the
reduced VAR form by the matrix A of order k, which refers to the
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contemporaneous relations among variables in the vector Y. The structural
VAR (p) has the following representation:

A}It = VO + Flyt—l + FZYt—Z + -+ Fth_p + bXt + Bet (33)

Where I = AA;, Vo= Apo, b = AP and e: = (ets,...,ek)" is the k-dimensional
vector of exogenous structural shocks with a standardized identity variance-
covariance matrix, that is, E(ece/) = Qe = Ir. These transformations of the
innovations allow us to analyse the dynamics of the system in terms of a change
to an element of e.. Structural VAR models based on the recursive approach use
the Cholesky decomposition to orthogonalize the disturbances and obtain
structurally interpretable impulse response functions.

3.3.1.1 Model for Conventional Monetary Policy

In the baseline case for the analysis of conventional monetary policy, the
vector of endogenous variables Y contains the consumer confidence indicator
(ci), the log of real per capita output (y), the inflation rate (), the official bank
policy rate (1), the log of the real effective exchange rate (rer) and the log of the
stock price index (sp). The specification of the model enables to capture all
important transmission channels, including interest rates, exchange rates, stock
prices and consumer confidence!®. The consumer confidence indicator contains
important information used by central banks about consumer expectations with
respect to the general state of the economy, their financial situation and the
development of prices. The vector of exogenous variables X: contains the
tfollowing variables: the global oil price (op*), the euro area short-term nominal
interest rate (r*), the euro area consumer price index (cpi*) or the global
commodity price index (cp*), and the euro area stock price index (sp*). These
variables are used to control for global supply and demand shocks, as well as

15 Since our empirical analysis is carried out on sub-periods and requires estimating a large
number of parameters, including an additional variable would considerably lower the number
of degrees of freedom. Although the credit channel is usually recognized as a potential channel
of monetary policy in the literature (e.g., Bernanke and Gertler, 1995; Mishkin, 1995), most
empirical studies neglect it. In normal times, banking system distress and significant
disruptions in the supply of bank loans are relatively rare in developed banking sectors, as in
Switzerland and in the United Kingdom. Thus, the bank lending credit channel may be
relatively infrequent. For this reason, we do not consider it in the analysis of the transmission
mechanisms of conventional monetary policy. However, this assumption is not likely to hold
during periods of crisis and may therefore represent a potential limitation for the analysis of
the transmission mechanisms of unconventional monetary policy.
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for the evolution of prices in the world and the euro area. The global oil price
is an asset price that the central bank wants to respond, as a higher oil price will
induce inflationary pressures through the cost channel. The inclusion of the
euro area short-term interest rate allows to control for spillovers emanating
from foreign monetary policy innovations. The euro area consumer price index
or the global commodity price index is used to control for the evolution of the
global level of prices!®. Finally, the euro area stock price index allows to control
for financial and economic uncertainty in the euro area. In the augmented
specifications, we add in turn the log of real per capita private consumption (c),
the log of real per capita private investment (i), the trade balance (tb), the
unemployment rate (u) and the log of nominal per capita wage (w)!”.

3.3.1.2 Model for Unconventional Monetary Policy

The baseline VAR model describing the transmission mechanisms of
unconventional monetary policy contains the log of the industrial production
index (ip), the log of the consumer price index (cpi), the log of the central bank’s
reserve assets (ra), the long-term government bond yields (Ir), the log of the real
effective exchange rate (rer) and the log of the stock price index (sp). The
specification of the baseline model is such to capture the exchange rate and stock
prices channels. The inclusion of the long-term government bond yields is of
key importance since it enables to control for signaling and portfolio balance
effects. The risk-neutral component of the long-term government bond yields
allows to capture economic agents' expectations about the future short-term
interest rates. The risk premium component enables to capture risks related to
uncertainty regarding growth, inflation and changes in issuer-specific risks. It
also contains a premium due to supply and demand factors in the government
bond market. The model contains three critical exogenous variables: the euro
area reserve assets (ra*), the euro area consumer price index (cpi*) and the euro
area stock price index (sp*). In the alternative specifications, we replace the
industrial production index by switching in turn the log of real per capita private
consumption, the log of real per capita private investment, the trade balance,
the unemployment rate and the nominal wage.

16 Since the European Union is Switzerland’s largest trading partner, the euro area consumer
price index can be considered as a reasonable indicator of future inflation rates in the VAR
model. Given the size and the specific characteristics of the United Kingdom economy, we
follow the existing literature and use the global commodity price index as it contains more
information about the evolution of the global level of prices (e.g., Sims, 1992).

17 The model specifications are summarized in table A.3.2.1.
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3.3.2 Identification: The Recursive Approach

The chapter applies the recursive approach to identify the structural shocks.
This identification scheme imposes a causal ordering from the top variables to
the bottom variables based on the economic theory. For the baseline model of
conventional monetary policy, the relationship between the vector of reduced
form shocks and the vector of structural shocks is given by:

1 0 0 0 0 0771 uf 1000 0 0 [ e;
Gy 10 0 0 01w 0100 0 offe
Ui Qry 1 0 O Oftuf| _f0o 0 1 0 0 offef (3.4)
QArci ary Arz 1 0 0 u{ B 0 001 0 O e{ ’
Arerci Qrery Qrernr  Orerr 1 0 u:er 0 0 0 0 1 Offe [ er
Aspci Aspy  Qspr Qspr  Qsprer 1 ufp i 000001 L etSP i

The baseline model (A) is specified with the particular order of: the
consumer confidence indicator, the output, the inflation rate, the official bank
policy rate, the real effective exchange rate and the stock price index. We impose
short-run restrictions, which prevent a structural shock from affecting an
endogenous variable contemporaneously. The particular ordering of the
variables has the following implications: (1) The domestic macroeconomic
aggregates such as the output and the inflation rate do not react
contemporaneously to the conventional monetary policy shock. The fact that
monetary policy decisions affect domestic variables with a lag is in line with the
transmission mechanism of monetary policy emphasized in the theoretical set-
up in Svensson (1997). (i) The simultaneous reaction of conventional monetary
policy to consumer expectations and the macroeconomic environment is
allowed by placing the consumer confidence indicator, the output and the
inflation rate above the official bank policy rate in the ordering. This can be
rationalized on the grounds that the interest rate is the main tool of central
bank’s monetary policy whose objective is to stabilize the output gap and
maintain price stability. Allowing for a contemporaneous response of monetary
policy to the consumer confidence indicator is plausible in the view of the
importance of this variable as a policy target. (iii) The real effective exchange
rate and stock prices react simultaneously to the conventional monetary policy
shock. Monetary policy is one of the main determinants of the exchange rate
and is therefore ordered before it. The stock price index is ordered last since it
is the most endogenous variable of the system, being affected by both domestic
and foreign structural shocks. Finally, by including the foreign variables as
exogenous, we assume that there is no feedback effect of domestic variables on
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the world economy'®. At the same time, the contemporaneous impact of
exogenous variables on the endogenous ones is allowed.

In the augmented specifications, private consumption and private investment
are ordered before the output, which can be justified on the grounds that
innovations in these national income components have immediate effects on
the output. The trade balance is ordered before the real effective exchange rate
since it takes time for demand for exports and imports to change in response to
a movement in currency. The nominal wage is placed after the inflation rate in
the ordering, which reflects that nominal wages may be a mark-up on inflation.
Nominal wages can be important as they indicate inflationary pressures that the
central bank may want to respond when setting the interest rate. Because of the
possible existence of labor market rigidities, the unemployment rate is assumed
not to be very sensitive to changes in the other variables of the system within
the same quarter. For the baseline model of unconventional monetary policy,
equation (3.4) can be expressed as follows:

_ i B 15
1 0 0 0 0 0 ut”' 10000 0 et”_
Acpip 1 0 0 0 0 utczn 01000 0 ef’”
Qraip  Aracpi 1 0 0 0 uif*l _ |0 0 1 0 0 Offel® 35
Airip Airepi Alrra 1 0 0 ué’” 10 0o 01 00O eé?‘ ( ’ )
Qrerip  Qrercpi  Qrerra  Qrerir 1 0 ure” 000010 elc"
Aspip  Aspepi Aspra Aspir  Asprer 1 | u:p | 000001 | etSp ]

The baseline model includes the variables with the following ordering: the
industrial production index, the consumer price index, the central bank's reserve
assets, the long-term government bond yields, the real effective exchange rate
and the stock price index. The particular ordering of the variables has the same
motivations and implications as those for the case of conventional monetary
policy. In the alternative specifications, private consumption, private investment
and the unemployment rate are all ordered first in the system, whereas the
nominal wage and the trade balance are ordered just after the consumer price
index and the long-term government bond yields, respectively.

18 While this assumption is plausible for a small open economy such as Switzerland, we
acknowledge that it may be somewhat restrictive in some respects for the United Kingdom.
In particular, the United Kingdom stock price index is calculated from the prices of common
shares of companies traded on the London Stock Exchange and therefore exhibits a correlation
with the euro area stock price index. Nevertheless, considering the euro area stock price index
as endogenous would require additional restrictive assumptions on the contemporaneous
relations between domestic variables and the euro area stock price index. For simplicity
purposes and in order to be consistent with our approach of separating domestic and foreign
variables into two different blocks, we consider the euro area stock price index as exogenous.
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3.4 Data Description

For the examination of the transmission mechanisms of conventional
monetary policy, we use quarterly seasonally adjusted data for Switzerland and
the United Kingdom over the period 1990-2009. The appendix A.3.1 provides
details on definitions and data sources for all variables used in this chapter. The
components of national income are in real terms and were obtained by dividing
them by the GDP deflator. They are expressed in their per capita terms. For
Switzerland, all the series are taken from FRED, with the exception of the
nominal wage series, which is obtained from the Organisation for Economic
Co-operation and Development (OECD). For the United Kingdom, the series
are obtained from four sources. The consumer confidence indicator, the output,
the real effective exchange rate, the trade balance, the inflation rate, private
consumption, the unemployment rate and the stock price index series come
from FRED. The nominal wage series is obtained from the ONS. Private
investment series is taken from the AMECO and the official bank policy rate
series is drawn from the BoE database. The global oil price, the global commodity
price index, and the euro area series, including the short-term interest rate, the
consumer price index and the stock price index come all from FRED.

Due to the differences in availability of data for these two countries, we use
different definitions for certain variables. Consumer confidence corresponds to
the confidence composite indicator from consumer opinion surveys of the
European Commission. The consumer confidence indicator is based on
answers to questions on the expected change in the financial situation of
households, general economic conditions, unemployment and savings, all over
the next 12 months. It is expressed as the arithmetic average of the seasonally
adjusted balances, which are constructed as the difference between the
percentages of respondents giving positive and negative replies. A positive
balance indicates an increase in the consumers’ confidence with regards future
economic conditions, while a negative balance indicates a pessimistic attitude.
The output corresponds to the gross domestic product. Private investment is
defined as gross fixed capital formation of the private sector!”. Private
consumption refers to private final consumption expenditure. The inflation rate
refers to the growth rate same period previous year of the consumer price index

19 For Switzerland, gross fixed capital formation of the private sector series is not available at
the quarterly frequency. Instead, we use gross fixed capital formation series, which is available
at this frequency, to avoid excessive loss of information due to the interpolation of the series.
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for all items. The official bank policy rate is defined as the three-month Swiss
franc London Interbank Offered Rate (LIBOR) for Switzerland and the official
bank rate for the United Kingdom. The trade balance corresponds to real net
exports of goods and services as a percentage of GDP. The real effective
exchange rate is the real narrow effective exchange rate, and an increase means
real appreciation in the domestic currency against the rest of the world. Nominal
wages are defined as wages and salaries. The unemployment rate is the ratio of
registered unemployed under the labor force. Stock prices are defined as the
total share price index for all shares. The euro area short-term interest rate is
constructed by combining the German three-month interbank rates and the
euro area three-month interbank rates. The euro area consumer prices refer to
the consumer price index for all items for the euro area. The euro area stock
prices correspond to the total share price index for all shares for the euro area.
The global oil price refers to the global price of West Texas Intermediate crude
and global commodity prices to the global price index of all commodities.

For the examination of unconventional monetary policy, we use monthly
seasonally adjusted data over the period 2009-2017. The components of national
income are in real terms and were obtained by dividing them by the consumer
price index. The consumer price index, the real effective exchange rate, the
stock price index, the central bank’s reserve assets, the global oil price and euro
area series are available at the monthly frequency and were taken from their
respective sources. Private consumption, private investment, the trade balance
and the nominal wage?” series have been obtained converting data from quarterly
to monthly frequency using the Denton method as implemented in EVIEWS
version 10. Definitions and sources of the new series used for the case of
unconventional monetary policy are the following. Reserve assets refer to the
official total reserve assets for Switzerland and government stock (gilts) for the
United Kingdom. They are obtained from the Swiss National Bank (SNB) and
the ONS databases. Consumer prices refer to the consumer price index for all
items. Industrial production corresponds to the production of total industry
index. The long-term government bond yields are defined as the ten-year
government bond yields. The euro area reserve assets correspond to the
European Central Bank’s assets. These series are all taken from FRED.

20 For the United Kingdom, we use the log of hourly earnings in the manufacturing sector,
which is available at the monthly frequency. For Switzerland, the model could not be estimated
in Stata 13 using the log of nominal per capita wage because of collinearity issues. Thus, we
use the growth rate of the nominal wage, defined as the log difference of wages and salaries.
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Figure 3.1 shows the evolution of conventional and unconventional monetary
policies over the periods 1990-2017 and 2000-201721, respectively. It can be seen
that the official bank policy rates have approached the zero lower bound in early
2009, when central banks implemented the first conventional measures in
response to the global financial crisis. There is a visible structural change in the
reserve assets at the end of 2008 when central banks started to implement
unconventional monetary policy measures?’. For this reason, the estimation
sample period for the case of unconventional monetary policy covers the post-
2009 period. A common preliminary examination of the data properties is to
check the order of integration of the series with unit root tests. However, as
pointed out by Cochrane (1991), unit root tests have low power in small samples
and can potentially lead to misleading conclusions. Since our analysis is based
on sub-periods, we do not perform such an examination of the series. The
descriptive statistics of the data are provided in tables A.3.3.1 and A.3.3.2.

Figure 3.1: Evolution of conventional and unconventional monetary policies
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21 'The data for reserve assets are only available since 2000.

22 We perform the Zivot and Andrews (1992) unit root test with a single structural break for
the official bank policy rate and central bank’s reserve assets. In this procedure, the date of the
structural break in the series is determined endogenously. From the table A.3.4.1, it can be
noted that structural breaks in central bank’s reserve assets occurred in 2009m6 for Switzerland
and 2008m10 for the United Kingdom. In addition, structural breaks in the official bank policy
rate were identified in 1995q1 and 2008q4, respectively. For Switzerland, although the detected
structural break does not coincide with the year 2009, interest rates reached unprecedent low
levels at the end of 2008 and have turned negative since the beginning of 2015. For this reason,
we can reasonably assume that another structural break occurred in 2009.
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3.5 Empitical Analysis

This section presents the results from the empirical analysis. Before
proceeding with the VAR estimation, we first have to check whether the
baseline model and the alternative specifications are correctly specified.
Different specification tests are performed, including residual autocorrelation
and cointegration tests. We then present the results of the VAR estimation. We
interpret the results from the orthogonalized impulse response functions and
the variance decomposition analysis. The figures show the responses of the
endogenous variables to a one standard deviation shock to conventional and
unconventional monetary policy. The impulse response functions are reported
for a horizon of five years for the case of conventional monetary policy and two
years and a half for the case of unconventional monetary policy, with the 68
percent confidence interval?. The results of the variance decomposition analysis
are reported for a horizon of two years. Subsection 3.5.1 presents the results of
the specification tests and subsection 3.5.2 the results of the VAR estimation.

3.5.1 Specification Tests

We refer to the residual autocorrelation test conclusions to select the
appropriate number of lags for the baseline VAR model and the alternative
specifications. The results of the test are presented in tables A.3.5.1 and A.3.5.2.
For the case of conventional monetary policy, the literature generally uses
between one and four lags for the VAR model (e.g., Christiano et al., 1999;
Bjornland, 2008). Since our model specification requires the estimation of many
parameters, we use a small number of lags to minimize the loss of degrees of
freedom. The number of lags is set to two, three or four, depending on the
model specification, when they provide serially uncorrelated residuals.
Considering the short sample period for the case of unconventional monetary
policy, we use two or three lags, following Gambacorta et al. (2014). The results
from the Breusch-Godfrey Lagrange Multiplier test reveal that no serial
correlation is detected in the different specifications of both model cases.

The series are then analysed to detect possible cointegration relations among
them. Johansen procedure (Johansen, 1995) is performed within the VECM
representation of the VAR model to check whether the series are cointegrated.

23 The choice of using the 68% error bands is explained in footnote 11 at page 32.
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The results of the Johansen cointegration test with constant and linear trend are
presented in tables A.3.6.1 and A.3.6.2. They indicate that the series are
cointegrated and that one or more cointegration relationships are present in the
different model specifications. Therefore, the VAR models can be estimated in
levels or in the corresponding VECM form. Since the cointegration structure is
unknown, we prefer to use VAR models rather than VECMs. The VECM
approach is also less appropriate when short time series are used, as it becomes
more difficult to define cointegration relations among them. In addition, the use
of VAR models facilitates comparison with the existing literature examining the
relationships between monetary policy and economic variables.

3.5.2 Empirical Results

First of all, the empirical analysis is carried out for evaluating the effects of
conventional monetary policy shocks in the baseline model and in the augmented
specifications with quarterly data. We then proceed with the evaluation of the
effects of unconventional monetary policy shocks in the baseline model and in
the alternative specifications with monthly data. Our modelling approach shows
that augmenting the VAR model with a forward-looking informational variable
of near-term development in economic activity and several foreign exogenous
variables is able of producing theory-consistent responses of macroeconomic
aggregates to monetary policy shocks. The obtained results indicate that
conventional and unconventional monetary policies were effective in providing
temporary stimulus to the economies of Switzerland and the United Kingdom
during the considered periods. The qualitative responses are generally similar in
both model cases?*. Figures 3.2 to 3.5 display the impulse response functions for
the case of conventional monetary policy and figures 3.6 to 3.9 those for the
case of unconventional monetary policy. Table 3.1 contains the results of the
variance decomposition analysis. Tables A.3.7.1 and A.3.7.2 provide additional
details on the results described in this section.

24 In the analysis, the various specifications generally yield very similar results to those of the
baseline model, with only small differences in the magnitude of the impulse responses. As a
robustness check, we have estimated a variant of the presented models by including the
effective federal funds rate and federal reserve assets, respectively, as exogenous variables to
control for spillovers emanating from United States monetary policy innovations. Overall, the
results remain similar to those of the chapter. In addition, we have found no evidence of the
price puzzle when using inflation based on GDP deflator instead of the consumer price index.
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3.5.2.1 The Dynamic Effects of Conventional Monetary Policy Shocks

In Switzerland, after an expansionary conventional monetary policy shock,
the nominal interest rate decreases, and inflation rises during two quarters. The
decline in interest rates causes an increase in the demand for money and thus in
the liquidity in the market, implying a temporary rise in spending and prices. A
positive innovation leads to an increase in output during one year. Kugler and
Rich (2002) and Assenmacher-Wesche (2008) obtain similar findings as regards
the response of output and inflation for Switzerland. After an expansionary
shock, consumer confidence increases during approximately one year, indicating
a positive perception of households with regards future economic conditions.
Households interpret this as a signal of low monetary policy rates to come over
a prolonged period and anticipate an increase in output and prices. As regards
the national accounts, the rise in output is accompanied by a temporary increase
in private consumption and private investment. The decline in interest rates
makes borrowing more attractive with respect to saving, which stimulates
private activity. In the financial market, stock prices increase sharply during one
year. An expansionary monetary policy improves financing conditions, which
fosters firms' investment activities and growth. This in turn has positive effects
on the expected amount of future cash flows and increases the price of the firm’s
stock. Since changes in monetary policy rates affect financing conditions in the
whole market, all firms experience a rise in their stock prices and consequently
the key stock indexes go up. Turning on the labor market variables,
unemployment declines slightly during four years and nominal wages increase
after six quarters. The response of labor market variables can be rationalized on
the grounds that expanded output leads firms to create new business activities
and vacancy positions, thus implying an increase in labor demand. In relation to
the open economy variables, the real effective exchange rate appreciates
surprisingly on impact before its response turns insignificant, while net exports
increase during three quarters. Evidence of an exchange rate puzzle for
Switzerland is also observed in Assenmacher-Wesche (2008) but not in Natal
(2002, 2004). This could be partly justified on the grounds that the latter studies
include credit variables in their analysis. The credit channel can potentially
amplify the response of national income components, which may in turn lead
to increased demand for foreign currency and a subsequent real depreciation.
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Figure 3.2: Impulse response functions to a conventional monetary

policy shock (Baseline model, Switzerland)
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Figure 3.3: Impulse response functions to a conventional monetary

policy shock (Augmented specifications, Switzerland)
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Figure 3.4: Impulse response functions to a conventional monetary
policy shock (Baseline model, United Kingdom)
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Figure 3.5: Impulse response functions to a conventional monetary
policy shock (Augmented specifications, United Kingdom)
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In the United Kingdom, after an expansionary shock, the nominal interest
rate declines, while inflation increases after approximately seven quarters.
Following a decrease in the central bank's policy rate, the output increases
steadily and consumer confidence as regards the future economic development
increases temporarily. To the best of our knowledge, no other previous study
has investigated the impact of conventional monetary policy on consumer
confidence in the United Kingdom. In the recent literature, Debes et al. (2014)
find a similar response of consumer confidence for the United States. In relation
to the national accounts, the rise in output is accompanied by a persistent
increase in private consumption. In contrast, private investment does not react
significantly after an expansionary shock. The positive response of output is
consistent with Cloyne and Hiurtgen (2016) for the United Kingdom. In the
financial market, stock prices increase during two quarters before their response
turns negative until the sixth quarter. In the labor market, unemployment
declines insignificantly, while nominal wages increase slightly and persistently.
Similar findings are obtained for Norway in Bjornland (2008). The response of
labor market variables can be explained by the output dynamics. The observed
rise in nominal wages might reflect higher productivity and can be justified by
the increase in labor demand, resulting from expanded output. In relation to the
open economy variables, an expansionary conventional monetary policy shock
implies a strong and immediate depreciation of the real effective exchange rate.
The initial depreciation is followed by a gradual appreciation until the initial
steady state level is reached, thereby providing support to the Dornbusch's
(1976) exchange rate overshooting hypothesis. Finally, the trade balance
deteriorates during two quarters before its response turns insignificant. This
finding is not consistent with Kim (2001), which can be partly justified by the
differences in the model specification and the covered sample period?.

3.5.2.2 The Dynamic Effects of Unconventional Monetary Policy Shocks

The empirical analysis for the case of unconventional monetary policy
reveals that the central bank’s reserve asset purchases have slight and temporary
positive effects on the Swiss economy. After an expansion of central bank’s
reserve assets, consumer prices increase slightly, while the long-term
government bond yields decline temporarily and slightly. The rise in prices can

25 Kim (2001) covers the period 1979-1996 and includes foreign variables as endogenous in
the VAR model, meaning that the author allows feedback effect of the United Kingdom
variables on the wotld economy.
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be justified by the increase in liquidity in the market, which leads to inflationary
pressures. The negative response of yields is consistent with Christensen and
Krogstrup (2019). An expansionary policy has temporary positive effects on the
real economy by increasing slightly industrial production, private consumption
and private investment. However, it can be noted that the response of private
consumptions turns slightly negative after approximately one year. The slight
boost in economic activity can be justified by the temporary decline in long-
term interest rates, which facilitates general financing conditions and stimulates
aggregate demand. An expansion of central bank’s reserve assets has temporary
positive effects on the labor market by reducing unemployment and increasing
nominal wages slightly. The response of labor market variables can be justified
on the grounds that expanded output leads firms to create new business
activities and vacancy positions, thus implying an increase in labor demand. In
the financial market, an expansionary shock implies a sharp and temporary
increase in stock prices. Turning on the open economy variables, the real
effective exchange rate depreciates temporarily and net exports increase during
ten months. These findings can be explained on the grounds that expansions of
central bank’s reserve assets cause a fall in the yields of assets denominated in
domestic currency, which makes domestic bonds less attractive and leads to a
real depreciation due to the decline in demand for domestic currency. The trade
balance improvement can be attributed to the depreciation of the real effective
exchange rate, which boosts exports and discourages imports.

Our findings indicate that the unconventional measures were effective in
providing some stimulus to the United Kingdom economy at the zero lower
bound. After an expansion of central bank’s reserve assets, consumer prices
increase steadily, while the long-term government bond yields decline after
approximately eight months. The negative response of long-term government
bond yields can be explained by the signaling and portfolio balance effects. First,
it may reflect expectations of economic agents about lower monetary policy
rates to come over a prolonged period (signaling effect). Second, as central
bank’s reserve asset purchases reduce the supply of long-term government
bonds, private investors need to adjust their portfolios towards assets of similar
characteristics (portfolio balance effect). As a result, the price of the purchased
bonds rises, which in turn lowers their yields. The latter finding is in line with
Joyce et al. (2011). The positive effect on economic activity is characterized by
an increase in industrial production, private consumption and private
investment. In the financial market, stock prices rise during one year.
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Figure 3.6: Impulse response functions to an unconventional monetary

policy shock (Baseline model, Switzerland)
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Figure 3.7: Impulse response functions to an unconventional monetary
policy shock (Alternative specifications, Switzerland)
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Figure 3.8: Impulse response functions to an unconventional monetary
policy shock (Baseline model, United Kingdom)
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Figure 3.9: Impulse response functions to an unconventional monetary
policy shock (Alternative specifications, United Kingdom)
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Central bank’s reserve asset purchases increase the liquidity injected in the
markets and lower long-term interest rates, which in turn affects the stock
market through two different mechanisms. First, lower borrowing costs for
firms translate into higher profitability and a higher propensity to invest. Then,
the low return offered in the bond market leads to a move of investors away
from it and towards the stock market. These two mechanisms contribute to the
rise in prices in the stock market. The increase in stock prices and the decrease
in long-term interest rates transmit to the real economy through an increase in
the wealth of shareholders and the reduction of costs of capital, thus implying
a subsequent increase in spending and economic growth. Turning on the labor
market variables, unemployment declines slightly and persistently, while
nominal wages follow the opposite dynamics. Finally, the real effective exchange
rate depreciates and net exports decline surprisingly during five months.

3.5.2.3 Variance Decomposition Analysis

In order to assess the relative importance of conventional and
unconventional monetary policy shocks, the variance decomposition analysis is
implemented. It provides informative conclusions about the effectiveness of the
respective monetary policies. The results are presented for the first two years
following the structural shocks in table 3.1.

We start with the description of the variance decomposition of Swiss
macroeconomic aggregates with respect to conventional monetary policy
shocks. Central bank’s policy rate innovations explain a significant share of the
variability in consumer confidence and stock prices. They account for 6.60 and
14.98 percent of their fluctuations after one year, respectively. National income
and its components are generally little sensitive to unexpected changes in
monetary policy rates at the first quarter horizons. The contribution to the
variability of private investment and the trade balance reaches 6.83 and 5.25
percent after one year, respectively. On the other hand, the contribution to the
variability of private consumption is relatively low at all horizons. Conventional
monetary policy shocks explain a relatively small share of the variability of the
real effective exchange rate and inflation. In relation to the labor market
variables, the contribution of conventional monetary policy shocks to
fluctuations in unemployment and nominal wages is also relatively modest.

The contribution of unconventional monetary policy shocks to the
variability of the central bank’s reserve assets is lower at all horizons than that
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of conventional monetary policy shocks to the variability of the official bank
policy rate. This means that unconventional monetary policy has been more
systematic during the crisis, responding more to economic shocks than
conventional monetary policy during the pre-crisis period. Exogenous increases
in central bank's reserve assets have a greater contribution to the variability of
the real effective exchange rate and consumer prices than innovations in the
official bank policy rate. Unconventional monetary policy shocks explain 10.95
percent of fluctuations in stock prices after one year. The contribution to the
variability of the real effective exchange rate, trade balance and consumer prices
reaches 5.35, 8.12 and 10.61 percent after two years, respectively. In contrast,
industrial production and long-term government bond yields are little sensitive
to unexpected changes in central bank’s reserve assets. Moreover, the
contribution to the variability of national income components and labor market
variables is quite modest at the first month horizons, although it increases
progressively over time. The shares of the variance of private consumption,
nominal wages and unemployment resulting from unconventional monetary

policy shocks reach 10.10, 4.99 and 5.98 percent after two years, respectively.

In the United Kingdom, the contribution of conventional monetary policy
shocks to the variability of national income and its components increases after
a few lags, although it remains quite modest at all horizons. These findings are
consistent with the assumption that economic activity reacts with a delay to
monetary policy decisions. In addition, the share of the variability of the trade
balance explained by central bank’s policy rate innovations is relatively moderate
at all horizons. The variance decomposition analysis reveals that conventional
monetary policy shocks explain up to 5.11 percent of the variability in consumer
confidence after two years. The contribution of conventional monetary policy
shocks to fluctuations in the official bank policy rate is 90.49 percent at the first
quarter horizon and declines considerably over time. The variability of the real
effective exchange rate explained by conventional monetary policy shocks is
substantial on impact with a value up to 30.68 percent, before declining
progressively over time. This result is consistent with the Dornbusch's (1970)
exchange rate overshooting prediction. Despite this, the contribution to the
variability of inflation is modest at all horizons. Conventional monetary policy
innovations explain about 6.46 percent of stock prices variability on impact and
up to 18.63 percent of their variability after two years. On the other hand, the
contribution of conventional monetary policy shocks to the variability of
unemployment and nominal wages is up to 2.19 and 1.90 percent, respectively.
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Table 3.1: Variance decomposition (Switzerland, United Kingdom)

Switzerland  United Kingdom
Quarter Month CMP UCMP CMP UCMP

Consumer confidence; 1 3 0.00 1.78 0.00 0.28
Long-term government 6 3.90 1.24 0.37 0.24
bond yields (CMP; UCMP) 12 6.60 1.70 1.60 0.53
24 6.14 2.50 5.11 8.76

Output; 3 0.00 0.04 0.00 2.77
Industrial production 6 231 0.26 0.18 2.81
(CMP; UCMP) 12 3.37 0.39 0.70 9.30

24 223 4.76 4.16 20.13

3 0.00 0.88 0.00 0.09
6 1.15 1.82 0.40 0.97
12 1.18 5.06 1.33 5.19
24 2.28 10.601 2.52 16.38

3 95.93 85.19 90.49 91.30
6 78.44 74.24 71.23 91.59
12 64.16 52.72 49.70 87.27
24 52.85 44.55 40.32 56.77

3 0.97 7.39 30.68 1.59
6 0.94 5.03 17.50 3.78
12 0.74 4.65 11.18 8.00
24 1.51 5.35 11.05 10.86

3 7.84 14.34 6.46 1.60
6 14.55 11.85 8.80 6.26
12 14.98 10.95 18.35 11.28
24 12.62 14.15 18.63 10.63

3 0.00 0.16 0.00 0.12
6 0.80 2.02 2.84 0.06
12 1.81 3.20 3.19 0.07
24 2.09 10.10 4.07 1.65

3 0.00 0.24 0.00 0.02
6 4.92 0.52 0.04 0.04
12 6.83 2.79 0.91 0.52
24 5.69 1.83 1.33 3.69

3 0.08 1.21 2.61 241
6 4.72 7.36 4.68 3.65
12 5.25 7.90 4.15 3.51
24 5.26 8.12 3.70 3.60

3 0.00 0.50 0.00 0.61
6 1.20 1.95 0.22 0.58
12 2.64 4.58 1.27 1.51
24 2.83 4.99 1.90 523

3 0.00 0.46 0.00 0.22
6 0.00 0.88 0.08 0.30
12 0.44 4.06 0.52 0.29
24 6.21 5.98 2.19 2.20

Inflation; Consumer prices
(CMP; UCMP)

Official bank policy rate;
Reserve assets
(CMP; UCMP)

Real effective exchange

rate

Stock prices

Private consumption

Private investment

Trade balance

Nominal wages

Unemployment rate

RPN, O, ORI, ORI, RN, ORANP, RN, ORADNRPE, OADND—P, AN~ 0~
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The variance decomposition analysis reveals that conventional monetary
policy has been more systematic than unconventional monetary policy in the
United Kingdom, responding more to economic variables and less to
unsystematic monetary policy shocks. Unconventional monetary policy shocks
have a greater contribution to the variability of industrial production and
consumer prices than conventional monetary policy shocks. They account for
20.13 and 16.38 percent of their variability after two years, respectively. In
contrast, private consumption, private investment and net exports are little
sensitive to unexpected changes in the central bank’s reserve assets. The share
of fluctuations in the long-term government bond yields explained by
unconventional monetary policy shocks is small at the first month horizons and
only increases after one year. The contribution to the real effective exchange
rate variability is up to 10.86 percent, while the contribution to fluctuations in
stock prices increases progressively over time and reaches a maximum of 11.28
percent after one year. Finally, the variance of labor market variables resulting
from unconventional monetary policy shocks is modest at all month horizons.

The main findings of the variance decomposition analysis can be
summarized as follows. First of all, conventional and unconventional monetary
policy shocks have a significant contribution to stock prices variability. In
addition, the results indicate that conventional monetary policy explains a
meaningful part of the variability in consumer confidence. There are also some
differences in the obtained results between the contribution of conventional
and unconventional monetary policy shocks to the variability of economic
variables. First, our findings reveal that unconventional monetary policy has
been more systematic than conventional monetary policy in Switzerland, while
the opposite holds true in the United Kingdom. Second, unconventional
monetary policy shocks have a greater contribution to the variability of
consumer prices than conventional monetary policy shocks. Finally,
unconventional monetary policy shocks have a greater contribution to the
variability of the real effective exchange rate than conventional monetary policy
shocks in Switzerland, while the opposite holds true in the United Kingdom.
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3.6 Conclusions

This chapter provides a detailed empirical examination on the transmission
mechanisms of conventional and unconventional monetary policies on various
macroeconomic aggregates in open economies. The study contributes to the
literature by investigating the role of stock prices and consumer expectations in
the transmission of monetary policy. The analysis is carried out for two non-
EMU countries, Switzerland and the United Kingdom, over the period 1990-
2017. The chapter proposes two distinct structural VAR models. The baseline
model for the case of conventional monetary policy covers the pre-2009 period,
while the baseline model for the case of unconventional monetary policy covers
the post-2009 period. The studyis based on sub-periods since the implementation
of quantitative easing can be viewed as a new monetary policy regime. Using the
recursive approach, we identify two monetary policy shocks: (i) the official bank
policy rate (ii) the central bank’s reserve assets. The modelling approach consists
in augmenting the VAR model with a forward-looking informational variable of
near-term development in economic activity and several foreign exogenous
variables. For the case of conventional monetary policy, the consumer confidence
indicator is used since it contains important information used by central banks
about consumer expectations as regards future economic conditions. For the
case of unconventional monetary policy, the long-term government bond yields
are used to capture consumer expectations about future short-term interest rates.

The conducted analysis reveals that the inclusion of a forward-looking
informational variable of near-term development in economic activity and a
financial variable such as the stock prices are of key importance for the
monetary policy assessment. We provide evidence for the existence of a
consumer confidence channel in the transmission mechanism of conventional
monetary policy. An expansionary policy enhances households’ perception with
regards future economic conditions, which may result in a tendency to consumer
more and save less. Thus, changes in consumer confidence can potentially
amplify the effects of monetary policy on the real economy. Moreover, the
results indicate that the long-term government bond yields have an important
role in the transmission mechanism of unconventional monetary policy. The
increase in stock prices and the decrease in long-term interest rates transmit to
the real economy through an increase in the wealth of shareholders and the
reduction of costs of capital, thus implying an increase in spending and
economic activity. Although the above results have limited policy implications,
they reveal the importance of considering these specific transmission channels
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and controlling for global supply and demand shocks in order to provide a
comprehensive analysis of the effects of monetary policy.

Our findings indicate that conventional and unconventional monetary
policies were effective in providing temporary stimulus to the economies of
Switzerland and the United Kingdom during the considered periods.
Conventional monetary policy shocks have temporary expansionary effects in
both non-EMU countries by increasing national income components and
consumer price inflation. Our findings reveal that expansionary shocks lead to
a temporary increase in consumer confidence and stock prices. The boost in
economic activity is also reflected by the fall in unemployment and the increase
in nominal wages. However, the real effective exchange rate’s reaction to
conventional monetary policy shocks presents some contradictory patterns. In
the United Kingdom, conventional monetary policy shocks imply a strong and
immediate real depreciation, followed by a gradual appreciation until the initial
steady state level is reached, thus providing support to the Dornbusch's (1976)
exchange rate overshooting prediction. In contrast, the real effective exchange
rate appreciates surprisingly on impact in Switzerland, providing evidence of an
exchange rate puzzle. In addition, net exports increase temporarily in
Switzerland, while they decline temporarily in the United Kingdom.

Unconventional monetary policy shocks have expansionary effects in both
countries by temporarily increasing industrial production, private consumption
and private investment. Nevertheless, the results indicate that the positive
effects on the Swiss economy are relatively small and transitory. An expansion
of central bank’s reserve assets leads to an increase in consumer prices and a
decline in the long-term government bond yields. These movements are
associated with a substantial increase in stock prices. The labor market is
characterized by a slight decline in unemployment and a slight rise in nominal
wages. Unconventional monetary policy shocks imply a real depreciation in
both countries, accompanied by an increase in Swiss net exports and a decline
in the United Kingdom net exports. The variance decomposition analysis
reveals that conventional and unconventional monetary policy shocks have a
significant contribution to stock prices variability. The results also indicate that
conventional monetary policy explains a meaningful part of the variability in
consumer confidence. Finally, our findings suggest that unconventional
monetary policy has been more systematic than conventional monetary policy
in Switzerland, responding more to economic variables and less to unsystematic
monetary policy shocks, while the opposite holds true in the United Kingdom.
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Appendix 3

A.3.1 Data Sources and Variable Definitions
Switzerland

Output: Real Gross domestic product, Code: CLVMNACSAB1GQCH.
Source: Federal Reserve Bank of St. Louis.

Industrial  production: Production of total industry index, Code:
CHEPROINDQISMEIL Source: Federal Reserve Bank of St. Louis.

Private consumption: Private final consumption expenditure, Code:
CHEPFCEQDSMELI. Source: Federal Reserve Bank of St. Louis.

Private investment: Gross fixed capital formation (1990-2009), Code:
CHEGFCFQDSMEIL. Source: Federal Reserve Bank of St. Louis. Gross fixed
capital formation: Private sector (2009-2017). Source: Annual macro-economic
database of the European Commission.

Nominal wages: Wages and Salaries. Source: Organisation for Economic Co-
operation and Development.

Inflation rate: Consumer price (all items) growth rate same period previous year,
Code: CPALTTO1CHQOG59N. Source: Federal Reserve Bank of St. Louis.

Consumer  prices: Consumer price (all items) index, Code:
CHECPIALLMINMETI. Source: Federal Reserve Bank of St. Louis.

GDP deflator: GDP implicit price deflator, Code: CHEGDPDEFQISMEIL
Source: Federal Reserve Bank of St. Louis.

Real effective exchange rate: Real narrow effective exchange rate, Code:
RNCHBIS. Source: Federal Reserve Bank of St. Louis.

Official bank policy rate: Three-month Swiss franc London Interbank Offered

Rate: LIBOR, Code: CHF3MTD156N. Source: Federal Reserve Bank of St.
Louis.
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Unemployment  rate: Registered ~ unemployment  rate, Code:
LMUNRRTTCHQ156S. Source: Federal Reserve Bank of St. Louis.

Reserve assets: Official total reserve assets. Source: Swiss National Bank.

Trade balance: Net exports of goods and services as a percentage of GDP,
Exports of goods and services (Code: CHEEXPORTQDSMEI) minus importts
of goods and services (Code: CHEIMPORTQDSMEI). Source: Federal
Reserve Bank of St. Louis.

Population: Total population, Code: POPTOTCHAG47NWDB. Source:
Federal Reserve Bank of St. Louis.

Stock prices: Total share prices for all shares, Code: SPASTT01ICHQGG61IN.
Source: Federal Reserve Bank of St. Louis.

Consumer confidence: Consumer opinion surveys: Confidence indicators
(composite indicators): European Commission and National Indicators, Code:
CSCICP02CHQA460S. Source: Federal Reserve Bank of St. Louis.

Long-term government bond yields: Long-term government bond yields: 10-
year, Code: IRLTLTO1CHM156N. Source: Federal Reserve Bank of St. Louis.

Euro area interest rate: German three-month interbank rates (1990-1993), Code:
IR3TIBOIDEM156N. Three-month interbank rates for the euro area (1994-
2009), Code: IR3TIBO1EZQ156N. Source: Federal Reserve Bank of St. Louis.

Euro area stock prices: Total share prices for all shares for the euro area, Code:
SPASTTO1EZQGG61IN. Source: Federal Reserve Bank of St. Louis.

Euro area consumer prices: Consumer price (all items) index for the euro area,
Code: EA19CPALTTO1IXOBQ. Source: Federal Reserve Bank of St. Louis.

Euro area reserve assets: Central bank assets for the euro area, Code:
ECBASSETS. Soutce: Federal Reserve Bank of St. Louis.

Global oil price: Global price of West Texas Intermediate crude, Code:
POILWTIUSDM. Soutce: Federal Reserve Bank of St. Louis.
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Global commodity prices: Global price index of all commodities, Code:
PALLFNFINDEXQ. Source: Federal Reserve Bank of St. Louis.

United States official bank policy rate: Effective federal funds rate, Code:
FEDFUNDS. Source: Federal Reserve Bank of St. Louis.

United States reserve assets: Total assets (less eliminations from consolidation),
Code: WALCL. Source: Federal Reserve Bank of St. Louis.
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United Kingdom

Output: Gross domestic product, Code: UKNGDP. Source: Federal Reserve
Bank of St. Louis.

Industrial  production: Production of total industry index, Code:
GBRPROINDMISMEI. Source: Federal Reserve Bank of St. Louis.

Private consumption: Private final consumption expenditure, Code:
GBRPFCEQDSMEIL. Source: Federal Reserve Bank of St. Louis.

Private investment: Gross fixed capital formation: Private sector. Source:
Annual macro-economic database of the European Commission.

Nominal wages: Wages and Salaries: Resources (1990-2009), Code: RPCG.
Source: Office for National Statistics. Hourly earnings in the manufacturing
sector (2009-2017), Code: LCEAMNO1GBMO661S. Source: Federal Reserve
Bank of St. Louis.

Inflation rate: Consumer price (all items) growth rate same period previous year,
Code: CPALTTO01GBQO659N. Source: Federal Reserve Bank of St. Louis.

Consumer  prices:  Consumer price (all items) index, Code:
GBRCPIALLMINMEIL Source: Federal Reserve Bank of St. Louis.

GDP deflator: GDP implicit price deflator, Code: GBRGDPDEFQISMEIL
Source: Federal Reserve Bank of St. Louis.

Real effective exchange rate: Real narrow effective exchange rate, Code:
RNGBBIS. Source: Federal Reserve Bank of St. Louis.

Official bank policy rate: Official bank rate, Code: IUQABEDR. Source: Bank
of England.

Unemployment  rate: Registered ~ unemployment  rate, Code:
LMUNRRTTGBM156S. Source: Federal Reserve Bank of St. Louis.
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Reserve assets: Government stock (gilts), Code: BKPM. Source: Office for
National Statistics.

Trade balance: Net exports of goods and services as a percentage of GDP,
Exports of goods and services (Code: GBREXPORTQDSMEI) minus imports
of goods and services (Code: GBRIMPORTQDSMEI). Source: Federal
Reserve Bank of St. Louis.

Population: Resident population: Mid-year estimates (quarterly data
interpolated), Code: EBAQ. Source: Office for National Statistics.

Stock prices: Total share prices for all shares, Code: SPASTT01GBQGG6IN.
Source: Federal Reserve Bank of St. Louis.

Consumer confidence: Consumer opinion surveys: Confidence indicators
(composite indicators): European Commission and National Indicators, Code:
CSCICP02GBM460S. Source: Federal Reserve Bank of St. Louis.

Long-term government bond yields: Long-term government bond yields: 10-
year, Code: IRLTLTO1GBM156N. Source: Federal Reserve Bank of St. Louis.

Euro area interest rate: German three-month interbank rates (1990-1993), Code:
IR3TIBOIDEM156N. Three-month interbank rates for the euro area (1994-
2009), Code: IR3TIBO1EZQ156N. Source: Federal Reserve Bank of St. Louis.

Euro area stock prices: Total share prices for all shares for the euro area, Code:
SPASTTO1EZQGG61IN. Source: Federal Reserve Bank of St. Louis.

Euro area consumer prices: Consumer price (all items) index for the euro area,
Code: EA19CPALTTO1IXOBQ. Source: Federal Reserve Bank of St. Louis.

Euro area reserve assets: Central bank assets for the euro area, Code:
ECBASSETS. Soutce: Federal Reserve Bank of St. Louis.

Global oil price: Global price of West Texas Intermediate crude, Code:
POILWTIUSDM. Soutce: Federal Reserve Bank of St. Louis.
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Global commodity prices: Global price index of all commodities, Code:
PALLFNFINDEXQ. Source: Federal Reserve Bank of St. Louis.

United States official bank policy rate: Effective federal funds rate, Code:
FEDFUNDS. Source: Federal Reserve Bank of St. Louis.

United States reserve assets: Total assets (less eliminations from consolidation),
Code: WALCL. Source: Federal Reserve Bank of St. Louis.
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A.3.2 Model Specifications

Table A.3.2.1: Model specifications

Specification Endogenous variables Exogenous variables®

Conventional monetary policy (CMP)

A ci y T r rer sp r*  cpi* sp* op*
B ci c y T r rer sp r*  cpi* sp* op*
C ci y T r rer sp r*  cpi* sp* op*
D ci y T r tb rer sp r*  cpi* sp* op*
E ci u y T r rer sp ¥ cpi* sp* op*
F ci y T W r rer sp r*  cpt* sp* op*

Unconventional monetary policy (UCMP)

A ip cpi ra Ir  rer sp ra*  cpi*  sp*
B C cpl ra Ir  rer sp ra*  cpi*  sp*
C 1 cpl ra Ir  rer sp ra*  cpi*  sp*
D cpl ra Ir tb rer sp ra*  cpi*  sp*
E u cpi ra Ir  rer sp ra*  cpi*  sp*
F cpi w ra Ir rer sp ra*  cpi*  sp*

aFor the United Kingdom, the global commodity price index (cp*) is used instead of the
euro area consumer price index (cpi*).

Table A.3.2.2: Summary of variables

Variables Notation Variables Notation
Consumer confidence ci Private investment i
Output y Nominal wages W
Inflation rate T Trade balance tb
Official bank policy rate r Unemployment rate u
Real effective exchange rate rer Euro area interest rate r*
Stock prices sp Euro area consumer prices cpi*
Industrial production ip Euro area reserve assets ra*
Consumer prices cpi Euro area stock prices sp*
Reserve assets ra Global oil price op*
Long-term government bond Ir Global commodity prices cp*
yields

Private consumption c
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A.3.3 Descriptive Statistics

Table A.3.3.1: Descriptive statistics (Switzerland)

1990-2009 2009-2017

Variables Unit Mean  Stddev  Mean  Std.dev
Consumer confidence Net percent -10.20 20.13 - -
Output Billion Swiss franc 12594  13.26 - -
Private consumption Billion Swiss franc ~ 70.79 0.01 84.37 3.62
Private investment? Billion Swiss franc 34.40 3.23 130.96 8.30
Real effective exchange rate (index 2015=100) Percent 82.24 3.67 93.12 5.10
Stock prices (index 2015=100) Percent 56.61 25.62 83.86 14.04
Unemployment rate Percent 3.19 1.27 3.21 0.31
Inflation rate Percent 1.65 1.72 - -
Consumer prices (index 2015=100) Percent - - 100.95 0.85
Trade balance Percent 5.71 3.12 10.56 2.31
Ofticial bank policy rate Percent 2.99 2.60 - -
Nominal wages Billion Swiss franc ~ 54.83 8.43 78.46 4.03
Long-term government bond yields Percent - - 0.79 0.85
Reserve assets Billion Swiss franc - - 44320  201.25
Industrial production (index 2015=100) Percent - - 99.07 4.16

aFor the period 1990-2009, the mean and the standard deviation refer to gross fixed capital
formation (Unit: Billion Swiss franc).

Table A.3.3.2: Descriptive statistics (United Kingdom)

1990-2009 2009-2017

Variables Unit Mean  Std.devn  Mean  Std.dev
Consumer confidence Net percent -7.67 7.52 - -
Output Billion British pound ~ 358.13 55.57 - -
Private consumption Billion British pound ~ 233.97 38.85 301.55 14.13
Private investment Billion British pound ~ 226.92 23.32 247.91 24.20
Real effective exchange rate (index 2015=100) Percent 100.51 7.73 91.82 5.91
Stock prices (index 2015=100) Percent 67.98 20.68 92.76 12.65
Unemployment rate Percent 5.02 242 3.77 1.06
Inflation rate Percent 2.78 1.91 - -
Consumer prices (index 2015=100) Percent - - 96.67 4.98
Trade balance Percent -1.39 1.15 -1.58 0.49
Ofticial bank policy rate Percent 6.09 2.95 - -
Nominal wages? Billion British pound ~ 114.30 32.62 96.48 5.10
Long-term government bond yields Percent - - 2.41 0.92
Reserve assets Billion British pound - - 11242 251.78
Industrial production (index 2015=100) Percent - - 99.81 1.97

aFor the period 2009-2017, the mean and the standard deviation refer to the houtly earnings in
the manufacturing sector (Unit: Percent, index 2015=100).
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A.3.4 Results from Unit Root tests

Table A.3.4.1: Zivot-Andrews unit root test with single structural break
(Period 1990-2017)

Zivot-Andrews unit root test with single

structural break

Variables Deterministic terms Levela Break Difference Break
date date

Switzerland

r Trend and intercept -4.284 1995¢q1 -5.657F%* 2008q3

ra Trend and intercept -3.932 2009m6 -4.645 2009m3
United Kingdom

r Trend and intercept -5.127** 2008q4 - 1997q4

ra Trend and intercept -5.505%*  2008m10 - 2008m10

2The series has an unit root under the null hypothesis.

*#* Indicates significance at the 1% level ** Indicates significance at the 5% level

* Indicates significance at the 10% level
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A.3.5 VAR Model: Lag Length Selection and Specification tests

Table A.3.5.1: Residual autocorrelation test and lag length selection
(CMP model specifications)

Residual autocorrelation®

Lags 1 2 3 4 No. lags
selected”
Specification
A
Switzerland 0.00000  0.04919  0.47816  0.00620 2
United Kingdom ~ 0.40678  0.03619  0.12776  0.08339 2
B
Switzerland 0.00000  0.00455  0.25778  0.05058 4
United Kingdom ~ 0.71234  0.30510  0.06459  0.12491 2
C
Switzerland 0.00000  0.09908  0.74875  0.02762 2
United Kingdom ~ 0.45297  0.03428  0.17118  0.04969 3
D
Switzerland 0.00000  0.08911 0.74730  0.00245 2
United Kingdom ~ 0.06991  0.08479  0.62111  0.39418 2
E
Switzerland 0.00005  0.23543  0.23336  0.00558 3
United Kingdom ~ 0.00635  0.01418  0.07455  0.01510 3
F
Switzerland 0.00009  0.02976  0.84916  0.00832 3
United Kingdom ~ 0.03086  0.00726  0.26424  0.09073 3

aResidual autocorrelation test (p-value) is based on the residuals from the reduced VAR
form. Reported p-values are from the Breusch-Godfrey Lagrange Multiplier test. No serial
correlation under the null hypothesis.

> We refer to the residual autocorrelation test conclusions to select the appropriate number
of lags. The number of lags is set to two, three or four depending on the model specification
when they provide serially uncorrelated residuals.
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Table A.3.5.2: Residual autocorrelation test and lag length selection
(UCMP model specifications)

Residual autocorrelation®

Lags 1 2 3 4 No. lags
selected”
Specification
A
Switzerland 0.04652  0.37847  0.00008  0.78561 2
United Kingdom ~ 0.00000  0.00315  0.45323  0.32158 3
B
Switzerland 0.10319  0.82196  0.00706  0.45608 2
United Kingdom ~ 0.00003  0.28592  0.22937  0.05720 2
C
Switzerland 0.04684  0.41914  0.26086  0.77808 3
United Kingdom ~ 0.00466 ~ 0.45356  0.05412  0.19227 2
D
Switzerland 0.28875  0.41639  0.00226  0.84404 2
United Kingdom ~ 0.00035  0.42707  0.02426  0.25406 2
E
Switzerland 0.04417  0.57335  0.23175  0.08762 2
United Kingdom ~ 0.00102  0.05502  0.52680  0.03755 2
F
Switzerland 0.03218  0.24853  0.07107  0.33830 2
United Kingdom  0.00054  0.12321 0.37615  0.14492 2

2 Residual autocorrelation test (p-value) is based on the residuals from the reduced VAR
form. Reported p-values are from the Breusch-Godfrey Lagrange Multiplier test. No serial
correlation under the null hypothesis.

> We refer to the residual autocorrelation test conclusions to select the appropriate number
of lags. The number of lags is set to two or three depending on the model specification when
they provide serially uncorrelated residuals.
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A.3.6 Johansen Cointegration Maximum Eigenvalue Test

Table A.3.6.1: Johansen cointegration maximum eigenvalue test (CMP
model specifications)

Switzerland United Kingdom
Hypothesized Hypothesized Hypothesized Hypothesized
number of number of number of number of
cointegrating  cointegrating  cointegrating  cointegrating
vectors vectors vectors vectors
Specification Constant Trend Constant Trend
A 2 2 1 1
B 4 5 2 2
C 3 3 2 3
D 3 3 2 2
E 2 3 5 3
F 4 5 4 5

Table A.3.6.2: Johansen cointegration maximum eigenvalue test
(UCMP model specifications)

Switzerland United Kingdom

Hypothesized Hypothesized Hypothesized Hypothesized

number of number of number of number of
cointegrating  cointegrating  cointegrating  cointegrating

vectors vectors vectors vectors

Specification Constant Trend Constant Trend
A 2 2 3 4
1 1 2 2
C 1 1 2 2
D 2 2 3 3
E 2 1 2 2
F 2 1 2 2
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A.3.7 Summary of the Results

Table A.3.7.1: Summary of the results (Switzerland)

Shock Quarter 1 4 8 12 20
Conventional
monetary policy
shock
ci + 0 0 0 0
y + 0 0 0 0
T + - 0 0 0
r - 0 0 0 0
rer 0 0 0 0 0
sp + 0 0 0 0
C + 0 0 0 0
i + + 0 0 0
u 0 - - - 0
W - 0 + + +
th + 0 0 0 0
Shock Month 3 12 24 30 _
Unconventional
monetary policy
shock
ip 0 0 + 0 _
cpl + + + 0 .
ra + 0 0 0 _
Ir 0 0 0 0 _
rer 0 0 0 0 _
sp + - 0 0 _
C + 0 - 0 _
0 0 0 0 _
u 0 - 0 0 _
w + 0 0 0 _
tb + 0 0 0

The sign shows the direction of the impact, and 0 means that the null hypothesis of no effect
cannot be rejected at the 0.32 level of significance.
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Table A.3.7.2: Summary of the results (United Kingdom)

Shock Quarter 1 4 8 12 20
Conventional
monetary policy
shock
ci 0 + 0 0 0
y 0 0 + + 0
T 0 0 + 0 0
r 0 + 0 0
rer - 0 0 0 0
sp + - 0 0 0
C + + + + +
i 0 0 0 0 0
u 0 0 0 0 0
w 0 0 + + +
th - 0 0 0 0
Shock Month 3 12 24 30 _
Unconventional
monetary policy
shock
ip 0 + + 0 _
cpl 0 + + 0 _
ra + + 0 0 _
Ir 0 0 - - _
rer - - 0 0 _
sp + + 0 - .
C 0 0 0 + _
0 + + + _
u 0 0 - - _
W 0 + + + _
th - 0 0 0

The sign shows the direction of the impact, and 0 means that the null hypothesis of no effect
cannot be rejected at the 0.32 level of significance.
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Chapter 4: Interactions among Macroeconomic Policies, the Energy
Market and Environmental Quality?°

4.1 Introduction

Economic activities affect the environment in several ways. Common effects
like increased pollution and greenhouse gas emissions, depletion of natural
resources and contribution to global climate change have been recognized as
the greatest negative externalities of today's global economy. Many scientific
studies have been argued that climate change may in turn negatively affect
economic growth and output levels (e.g., Dell et al., 2009, 2012). Renewable and
non-renewable energy resources are major inputs for production, meaning that
their availability will directly affect future production capabilities and economic
activities. The energy sector is a particularly interesting case study since it
represents by far the largest source of anthropogenic greenhouse gas emissions
(International Energy Agency, 2009). Despite improvements in some countries,
the level of global emissions emanating from the energy sector has little changed
over the past decades (International Energy Agency, 2017). The potential very
serious detrimental effects of climate change have involved a large part of the
literature to study the ways in which to mitigate these effects. Macroeconomic
policies are usually used for the purpose of stabilizing economic activity and
maintain price stability. In response to the global financial crisis, many
governments have employed expansionary fiscal and monetary policies to
support the recovery of their economy, subsequently affecting economic
aggregates and global welfare. Nevertheless, the impact of such policies on the
energy market and environmental quality is still relatively uncertain.

In this context, this chapter analyses the interactions among macroeconomic
policies, the energy market and environmental quality. Theoretical modelling of
the relationships between macroeconomic policies, economic growth and
environmental quality is still underdeveloped. However, empirical analysis can
help achieve a better understanding of the complex links between them and
provide a solid basis for theoretical and empirical approaches. The VAR
methodology has become one of the main econometric tools used to analyse
the influence of macroeconomic policies on the environment. This

26 The chapter has been published in Environmental Economics and Policy Studies as an online first
article (https://doi.org/10.1007/s10018-021-00305-x).
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methodology has the advantage of being suitable when the variables of interest
are endogenous, which is typically the case with environmental variables.
Research on the influence of fiscal and monetary policies on the energy market
and environmental quality has been mainly conducted for the United States (e.g.,
Halkos and Paizanos, 2016; Ziaei, 2018). Nevertheless, very few studies have
investigated the effects of macroeconomic policies in Europe. Lopez and
Palacios (2014) contribute to this literature by evaluating the impact of fiscal
policy on environmental quality in European countries. On the other hand,
Matikainen et al. (2017) analyse the impact of the Bank of England’s and
European Central Bank’s monetary policy on the environment.

The link between economic growth and environmental quality is one of the
most controversial in the environmental economics literature (e.g., Dinda, 2004;
Kijima et al., 2010; Shahbaz and Sinha, 2019). The environmental Kuznets curve
hypothesis predicts that economic growth initially leads to a deterioration of
environmental quality, followed by an improvement of environmental quality
once the economy has reached a certain level. Depending on the relationship
between macroeconomic policies and economic growth and according to the
shape of the environmental Kuznets curve, expansionary fiscal and monetary
policies may lead to greater use of natural resources and greenhouse gas
emissions in some levels of the gross domestic product. Moreover, the potential
impact of macroeconomic policies on the quality of the environment can
generate interactions between macroeconomic and environmental policies. As
a result, this implies the need to explore how fiscal and monetary policies can
affect the quality of the environment along the business cycle and the specific
role of energy markets as transmission channels.

A body of literature has examined the link between macroeconomic policies
and the energy market (e.g., Anzuini et al., 2012; Hammoudeh et al., 2015; Ziaei,
2018). Monetary policy can affect the demand for energy through different
channels including supply, demand, exchange rate, portfolio balance and
signaling (Ziaei, 2018). For instance, an expansionary policy can lead to
economic growth, which would increase the demand for goods and services in
different markets, including the energy market (Ziaei, 2018). A question that
arises when evaluating the effects of monetary policy in the energy market is the
reaction of prices, which directly affects the demand for energy. There have
been some studies dealing with the effects of conventional and unconventional
monetary policy on energy prices, especially oil prices (e.g., Anzuini et al., 2012;
Rosa, 2014) and other commodity prices (e.g., Anzuini et al., 2012; Hammoudeh
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etal., 2015). Turning on the role of fiscal policy, government incentives can help
generate revenue for environmental purpose, promote low-carbon activities and
encourage green investment by pricing environmental externalities (Kosonen
and Nicodeme, 2009). However, to the best of our knowledge, the links between
the energy market and government spending components, including
government consumption and public investment, have not been explored yet.
Economic theory predicts that if an expansionary fiscal policy is associated with
an increase in output, the demand for energy and the price would increase.
Nevertheless, we believe that the interactions between government spending
components and the energy market need an empirical assessment.

Several studies have suggested that fiscal policy may be a determinant of
environmental quality (e.g., Lopez et al., 2011; Halkos and Paizanos, 2013, 2016;
Lopez and Palacios, 2014). Environmental quality is usually proxied by
greenhouse gas or carbon dioxide emissions. The relationship between fiscal
policy and environmental quality depends critically on the type of government
spending. For instance, if spending is largely used for improvements in
renewable energy, then increases in government consumption and public
investment could be associated with lower emissions. In contrast, we would
expect the opposite relationship if spending is targeted towards non-renewable
energy. Fiscal policy measures have been predominantly implemented to
moderate climate change issues (e.g., Kosonen and Nicodeme, 2009). However,
Matikainen et al. (2017) and Economides and Xepapadeas (2018) recently
showed that monetary policy and central banks may also have to play an
important role in the fight against climate change. Therefore, although
environmental considerations are not the main concerns of macroeconomic

policies, it is essential to consider their potential effect on environmental quality.

Fiscal instruments like spending and taxes have usually been considered
sufficient to counteract the negative externalities generated by economic activity
(Kosonen and Nicodeme, 2009). It has been commonly admitted that since the
central banks” main objectives of inflation and output stabilization are primarily
short term, their influence on a long-term process such as climate change is
relatively weak (Economides and Xepapadeas, 2018). However, the very
probable impact of climate change on the financial market, economic growth
and future output levels might require more involvement of monetary policy
(Matikainen et al., 2017; Dafermos et al., 2018; Economides and Xepapadeas,
2018). Therefore, central banks may also be required to support climate change
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policies, which would imply the need to address long-term and short-term
issues. Moreover, the potential impact of climate change related fiscal policy
measures on prices can generate interactions between fiscal and monetary
policies (Economides and Xepapadeas, 2018). This implies the necessity of
considering them together for the analysis of their influence on environmental
quality. From a different perspective, Matikainen et al. (2017) suggest that the
environmental impact of the central bank's unconventional monetary policy
depends on government commitment to support low-carbon activities through
direct spending. For instance, purchasing sovereign green bonds or corporate
bonds from renewable energy issuers could support environmental
sustainability. In contrast, if central bank's reserve asset purchases are skewed
towards high-carbon sectors, then environmental quality could deteriorate. As
a result, monetary policy may not be energy-neutral.

This chapter provides an empirical examination on the interactions among
macroeconomic policies, the energy market and environmental quality. These
interactions and channels among them are studied through structural VAR
models. Due to the lack of data availability, we consider aggregate levels of
government spending components and central bank’s reserve asset purchases,
being this a clear limitation of our analysis that, however, in our view does not
invalidate the interest of this approach. The motivation to focus on the energy
market is based on the importance of energy use for economic activities and its
substantial contribution to greenhouse gas emissions. We use quarterly and
monthly data from two non-EMU countries, Switzerland and the United
Kingdom, over the period 1990-2016. This study sheds light on the implications
of fiscal and monetary policies on the environmental sustainability for European
countries that have adopted a flexible exchange rate regime. The analysis of
these specific countries is relevant in the context of environmental issues.
Switzerland, as an Alpine country, is particularly affected by global warming
(Beniston, 2012). On the other hand, the United Kingdom is a coastal country
and is seriously threatened by rising sea levels due to the global climate change
(de la Vega-Leinert and Nicholls, 2008). Switzerland relies heavily on imports
to cover its energy needs (Admin, 2019), while the United Kingdom was a large
producer of oil and natural gas before becoming a net importer of energy in
2004 (U.S. Energy Information Administration, 2011). Moreover, these two
countries represent unique case studies on the effects of unconventional
monetary policy on the environment, as they were the only non-EMU countries
to implement quantitative easing in response to the global financial crisis.
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The study of Switzerland and the United Kingdom is particularly interesting
given their pursuing important efforts to reduce their greenhouse gas emissions.
These two countries embarked on an energy transition to lower their reliance
on fossil fuels and stimulate the use of clean energy. Public sector support and
specific incentives such as feed-in tariffs and a variety of subsidies have
contributed to the development of their renewable energy markets (Admin,
2019; International Energy Agency, 2019). From 2005 to 2015, the share of
renewable energy consumption over total final energy consumption has increased
from 19.3 to 25.3 percent in Switzerland and from 1.4 to 8.7 percent in the
United Kingdom (World Bank, 2019). Energy efficiency improvements and the
spread of renewable energies reduced demand for oil and natural gas, which has
contributed to the decline in their emissions (International Energy Agency,
2007, 2019). The main factor explaining their good environmental performance
compared to other European countries is the access to a wide range of
environmental technologies. They are among the most innovative countries
with high spending on research and development (R&D) (Admin, 2019; Office
for National Statistics, 2020). Switzerland was one of the first countries to adopt
strong environmental laws, which in turn contributed to the development of
environmental technologies much earlier than in other countries (International
Energy Agency, 2007). The United Kingdom puts energy innovation at the
center of its decarbonization policy (International Energy Agency, 2019).

This chapter examines for the first time how the implementation of
macroeconomic policies, that aim to stimulate the economy, may also affect the
quality of the environment along the business cycle and the specific role of
energy markets as transmission channels. Our structural VAR models capture
the supply and demand factors of energy markets, which enables us to examine
the impact of fiscal and monetary policies on environmental quality that occurs
through these two channels. In this analysis, we believe that it is essential to
differentiate between the effects of fiscal and monetary policy on renewable and
non-renewable energies since each of them has different economic and
environmental implications. On the one hand, the chapter evaluates the
implications of macroeconomic policies on the price of non-renewable energy
and the use of both renewable and non-renewable energy. On the other hand,
it assesses the influence of fiscal policy components, conventional and
unconventional monetary policies on greenhouse gas emissions generated by
the energy sector. We aim to provide some policy recommendations that can
help support the achievement of environmental sustainability.
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To the best of our knowledge, there is no theoretical model analysing the
underpinnings of the relationship between macroeconomic policies, economic
growth and environmental quality. This makes empirical modelling particularly
challenging and interesting from the perspective of setting the ground for
theoretical and empirical approaches to this issue. We propose two distinct
structural VAR models based on a macroeconomic framework including the
energy market. Using the recursive approach?’, we identify four policy shocks:
(i) government consumption (ii) public investment (iii) the official bank policy
rate (iv) the central bank’s reserve assets. The baseline model for the cases of
fiscal and conventional monetary policy is estimated using quarterly data on the
government spending component, the output, the consumer price index, the
non-renewable energy price index, the official bank policy rate, energy
consumption and greenhouse gas emissions. For the case of conventional
monetary policy, the empirical analysis is carried out for the pre-2009 period.
The baseline model for the case of unconventional monetary policy covers the
post-2009 period and is estimated using monthly data on the industrial
production index, the consumer price index, the non-renewable energy price
index, the central bank’s reserve assets, energy consumption and greenhouse gas
emissions. The government spending component rotates between government
consumption and public investment. Energy consumption is decomposed into
its renewable and non-renewable forms. The effects of policy shocks are
assessed by the impulse response functions and the variance decomposition.
The analysis reveals that fiscal and monetary policies have a significant influence
on the energy market and environmental quality. Fiscal policy can contribute to
achieving non-renewable energy conservation and enhancing environmental
quality. Besides, the examination of monetary policy reveals that central banks
should investigate the impact of their interventions on environmental quality
through the renewable and non-renewable energy markets.

The rest of the chapter is organized as follows. Section 4.2 discusses the
interactions and channels among macroeconomic policies, economic growth,
the energy market and environmental quality. Section 4.3 presents the
econometric methodology. Section 4.4 describes the data. Section 4.5 provides
the results. Section 4.6 contains concluding remarks and policy implications.

27 Since the identification of exogenous structural shocks using the sign-restrictions approach
is generally based on theoretical models, we prefer to use the standard recursive identification
approach as it only requires assumptions on the contemporaneous responses of the variables
to innovations in the other variables of the system.
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4.2 Interactions among Macroeconomic Policies, Economic Growth, the
Energy Market and Environmental Quality

This section discusses the interactions among macroeconomic policies,
economic growth, the energy market and environmental quality by reviewing
the related literature. Subsection 4.2.1 describes the literature on the link
between economic growth and environmental quality. Subsection 4.2.2
describes the literature on the relationship between macroeconomic policies and
the energy market. In subsection 4.2.3, the literature on macroeconomic policies
and environmental quality is discussed.

4.2.1 Economic Growth and Environmental Quality

The link between economic growth and environmental quality is one of the
most controversial in the environmental economics literature (e.g., Dinda, 2004;
Kijima et al., 2010; Shahbaz and Sinha, 2019). The environmental Kuznets curve
hypothesis predicts that economic growth initially leads to a deterioration of
environmental quality, followed by an improvement of environmental quality
once the economy has reached a certain level. This means that environmental
pressures increase faster than income in the early stage of development and slow
down relative to the economic growth in higher income levels. Grossman (1995)
suggested three potential channels through which economic growth affects
environmental quality. First, an expansion of economic activity may lead to
increased environmental degradation since higher output levels require that
more inputs and more natural resources are used in the production process
(scale effect). Higher levels of output imply increased wastes and emissions,
which contributes to worsen environmental quality. Second, the structure of the
economy tends to change as income grows, which can gradually increase the
share of cleaner activities in the gross domestic product (income effect).
Panayotou (1993) argues that environmental degradation tends to increase as
the structure of the economy changes from rural to urban and from agricultural
to industrial. However, it starts falling with the second structural change from
energy-intensive heavy industry to services and technology-intensive industry.
Finally, the expansion of economic growth is often accompanied by a
technological progress since wealthier countries can afford to spend more on
R&D (technique effect). This may lead to the substitution of dirty technologies
with cleaner ones, thereby improving the quality of the environment.
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4.2.2 Macroeconomic Policies and the Energy Market

In the past decades, the study of the energy market has received particular
attention. Most of the recent work has been done on the relationship between
energy consumption and economic factors (e.g., Apergis and Payne, 2010;
Camarero et al., 2015). A body of literature has also investigated the link
between macroeconomic policies and the energy market (e.g., Anzuini et al.,
2012; Hammoudeh et al., 2015; Ziaei, 2018).

There have been some studies dealing with the effects of conventional and
unconventional monetary policy on energy prices, especially oil prices (e.g.,
Anzuini et al., 2012; Rosa, 2014) and other commodity prices (e.g., Anzuini et
al., 2012; Hammoudeh et al,, 2015). These studies generally argue that an
expansionary (contractionary) monetary policy has a positive (negative) effect
on energy prices. In this literature, empirical research has been mainly
conducted for the United States. Anzuini et al. (2012) find that an expansionary
conventional monetary policy shock implies an increase in the commodity price
index and all of its components. Hammoudeh et al. (2015) provide evidence
that a contractionary shock causes persistent reductions in energy and metal
prices. Moreover, Halkos and Paizanos (20106) find that energy prices, defined
as the weighted average price of coal, natural gas and oil, rise after an
expansionary shock. Using an event study with intraday data, Rosa (2014) reveals
that conventional and unconventional monetary policy have a positive effect on
oil prices. In contrast, Killian and Vega (2011) find no evidence of a confirmed
relationship between monetary policy announcements and energy prices.

Little is known about the relationship between monetary policy and energy
consumption. To the best of our knowledge, Ziaei (2018) is the first study to
examine the effects of conventional monetary policy on energy consumption.
Using the VAR methodology, the author finds that cuts in interest rate spreads
lead to an increase in energy consumption in different sectors in the United
States. In contrast, Ziaei (2018) finds that the effective federal funds rate had a
weak impact on energy consumption before the implementation of quantitative
easing policies. From a different perspective, Kosonen and Nicodeme (2009)
reveal that fiscal policy instruments such as tax instruments and subsidies are
cost effective means to achieve energy savings. In another relevant work, Halkos
and Paizanos (20106) use aggregate spending data and find that non-renewable
energy prices increase temporarily after a government spending shock.
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4.2.3 Macroeconomic Policies and Environmental Quality

A large part of the literature examines the scope to which different economic
and non-economic factors influence environmental quality. Greenhouse gas
emissions from fossil fuel combustion are influenced by a number of short-term
and long-term factors, including population growth (Zhu and Peng, 2012),
economic growth (Grossmann and Krueger, 1995), energy prices (Hang and Tu,
2007), international trade (Cole and Elliott, 2003) and consumer behavior
(Baiocchi et al., 2010). Nevertheless, research on the impact of macroeconomic
policies on environmental quality is relatively limited.

Several studies have suggested that fiscal policy may be a determinant of
environmental quality (e.g., Lopez et al., 2011; Halkos and Paizanos, 2013, 2016;
Lopez and Palacios, 2014). The mechanisms through which fiscal policy affects
environmental pollution depends on the source of greenhouse gas emissions,
namely whether they are generated by production or consumption activities
(McAusland, 2008). Calbick and Gunton (2014) suggest that countries with an
important fiscal sector are more likely to have undertaken redistributive
payments that enhance income distribution, which may in turn lead to a greater
demand for reduced environmental pollution. The literature recognizes four
different mechanisms through which an increase in government spending may
affect environmental quality (e.g., Lopez et al., 2011; Halkos and Paizanos, 2013,
2016; Lopez and Palacios, 2014). First, the potential expansion of output after
an increase in government spending can enhance the demand for reduced
environmental pollution (income effect). Second, government spending
increases can encourage the development of activities that require human capital
rather than physical capital, which would be less detrimental to the environment
(composition effect). Third, greenhouse gas emissions can be reduced if the
labor efficiency is associated with higher levels of spending on health and
education sectors (technique effect). Fourth, depending on the relationship
between fiscal policy and economic growth and according to the shape of the
environmental Kuznets curve, an increase in government spending may lead to
greater emissions in some levels of the gross domestic product (scale effect). In
addition, Lopez et al. (2011) reveal that government spending can contribute to
pollution reduction by altering the composition of consumption goods towards
less pollution intensive goods. For instance, an increase in spending may foster
investment on the use of public transportation that creates less pressure on the
environment than private means of transportation (Islam and Lopez, 2015).
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The literature provides some contradictory findings on the influence of fiscal
policy on environmental quality. Lopez and Palacios (2014) evaluate the impact
of fiscal policy on pollution levels in European countries over the period 1995-
2008 and find that increasing the share of fiscal spending in the gross domestic
product enhances environmental quality. Using a VAR model based on sign
restrictions, Halkos and Paizanos (2016) examine the effects of fiscal policy on
carbon dioxide emissions in the United States over the period 1973-2013. These
authors find that government spending expansions significantly reduce carbon
dioxide emissions from production and consumption activities. In contrast,
Bernauer and Koubi (2013) find that an increase in government spending
generates higher levels of pollution (proxied by sulfur dioxide concentrations)
for 42 countries over the period 1971-1996. Several other studies like Lopez et
al. (2011) and Islam and Lopez (2015) underline the importance of government
spending composition as a determinant of environmental quality. In particular,
these authors provide evidence that a larger share of social and public goods in
total government spending enhances environmental quality.

From this same perspective, several studies have recently suggested that the
very probable impact of climate change on economic growth might require
more involvement of monetary policy (e.g., Matikainen et al., 2017; Dafermos
etal., 2018; Economides and Xepapadeas, 2018). Using a new Keynesian DSGE
model, Economides and Xepapadeas (2018) show that monetary policy can
have an important role in tackling climate change. Halkos and Paizanos (2016)
find that carbon dioxide emissions from production and consumption activities
decline temporarily after an expansionary conventional monetary policy shock.
Matikainen et al. (2017) suggest that the environmental impact of the central
bank's unconventional monetary policy depends on government commitment
to support low-carbon activities through direct spending. For instance,
purchasing sovereign green bonds or corporate bonds from renewable energy
issuers could support long-term sustainable growth. On the contrary, if the
central bank's reserve asset purchases are skewed towards high-carbon sectors
such as oil and natural gas, then environmental quality could deteriorate. The
idea of a green quantitative easing is also supported by Dafermos et al. (2018).
Using a stock-flow-fund ecological macroeconomic model, these authors
analyse the financial and global warming implications of a green quantitative
easing programme. They find that the implementation of such a programme can
reduce climate-induced financial instability and restrict global warming.
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4.3 Econometric Methodology

This section presents the structural vector autoregressive methodology used
for the examination of the relationships among macroeconomic policies, the
energy market and environmental quality. The structural shocks are recovered
using the recursive approach, commonly adopted in the structural VAR
literature, as in Sims (1980) and Christiano et al. (2005). The chapter considers
one baseline model for the evaluation of the effects of fiscal and conventional
monetary policy shocks and one baseline model for the evaluation of the effects
of unconventional monetary policy shocks. Government consumption and
public investment are used as fiscal policy instruments. The official bank policy
rate and central bank’s reserve assets are used as instruments for conventional
and unconventional monetary policy. Subsection 4.3.1 presents the specification
of the VAR models and subsection 4.3.2 describes the identification approach.

4.3.1 VAR Specification
The considered baseline VAR form model has the following reduced form:
Yt = IJ.O + AI},t—l + AZYt—Z + te + Ath_p + ﬁXt + ut (41)

Where Yi = (V1o ..,y is a k-dimensional vector of endogenous variables, X is
the exogenous variable, A; (i=1,...,p) are (k x k) matrices of coefficients and u;
= (utg...,uk) is a k-dimensional vector of reduced form shocks with E(uy) = 0,
E(uu) = Qu and E(u) = 0 for t # s.

The shocks of the reduced form (4.1) do not generally have a meaningful
economic interpretation since they are linear combinations of structural shocks.
The underlying structural model is obtained by pre-multiplying the above
equation by the matrix A of order k, which refers to the contemporaneous
relations among variables in the vector Y. This enables us to obtain the
tollowing structural VAR (p) representation:

AY, = Vo + )Yy + LY o + -+ LY., + bX; + Be, (4.2)

Where I = AA; Vo= Apo, b = AP and e = (ets,...,ek)’ is the k-dimensional
vector of exogenous structural shocks with a standardized identity variance-

139



covariance matrix, that is, E(ece) = Qe = Ir. These transformations of the
innovations allow us to analyse the dynamics of the system in terms of a change
to an element of e.. The Cholesky decomposition is used to orthogonalize the
disturbances and obtain structurally interpretable impulse response functions.

In the baseline model for the cases of fiscal and conventional monetary
policy, the vector of endogenous variable Y: contains the log of real per capita
government spending component (g), the log of real per capita output (y), the
log of the consumer price index (cpi), the log of the non-renewable energy price
index (ep), the official bank policy rate (1), the log of energy consumption (ec)
and the log of per capita greenhouse gas emissions (ghg). The government
spending component (g) rotates between government consumption (gc) and
public investment (pi). Energy consumption (ec) is decomposed into non-
renewable energy consumption (nrec) and renewable energy consumption (rec).
The global oil price (op*) is included as a critical exogenous variable.

We propose a structural VAR model that captures the interactions and
channels among macroeconomic policies, economic growth, the energy market
and environmental quality. This approach enables to address the endogeneity
issue among the variables and to study them in a system. The model
specification is based on a macroeconomic framework including the energy
market. Since the primary objectives of a country's government and central bank
are economic activity and inflation stabilization, the output and consumer prices
are natural choices as endogenous variables. Energy consumption is included
given the substantial contribution of the energy sector to economic activities
and greenhouse gas emissions. Since renewable energy prices are not available
for the entire sample period, we use the price of non-renewable energy instead.
The non-renewable energy price index is included for multiple purposes. First,
it enables to control for aggregate supply and demand shocks in the economy.
Second, it represents one transmission channel through which fiscal and
monetary policies may affect the demand for renewable and non-renewable
energy. In the renewable energy analysis, its inclusion is important to account
for potential substitution effects, emanating from changes in non-renewable
energy prices. Third, it represents an asset price that central banks may want to
respond, as higher non-renewable energy prices induce inflationary pressures.
Since non-renewable energy prices at the national level are determined by the
domestic market and global economic shocks, the global oil price is added as an
exogenous variable to control for global supply and demand effects.
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For the case of unconventional monetary policy, the baseline VAR model
contains the log of the industrial production index (ip), the log of the consumer
price index (cpi), the log of the non-renewable energy price index (ep), the log
of the central bank’s reserve assets (ra), the log of energy consumption (ec) and
the log of per capita greenhouse gas emissions (ghg). Since the analysis is based
on a shorter period, our estimation sample is not sufficiently long to include a
fiscal variable in the model. Thus, we omit the government spending component.

4.3.2 Identification: The Recursive Approach

The chapter applies the recursive approach to identify the structural shocks.
This identification scheme imposes a causal ordering from the top variables to
the bottom variables based on the economic theory. For the model of fiscal and
conventional monetary policy, the relationship between the vector of reduced
form shocks and the vector of structural shocks is given by:

1 0 0 0 0 0 oy %] e/

ayg 1 0 0 0 0 Ooffw (1) (1) 8 8 8 8 8 4

Qcpig Aepiy 1 0 0 0 0 utt?pi 0010000 e:pi

QAepg  Qepy  Qepcpi 1 0 0 0 ufp =0 0 01 0 0 O efp (43)
(rg Qry Arepi Qrep 1 0 0 ur 0 00 0100 el

Qecg Qecy Qeccpi Qecep Qecr 1 0 ufc 0 000010 ef¢
lGghgg  Qghgy Oghgepi Oghgep OQghgr OGghgec 1l »ufhg_ 0000001 »efhg_

The baseline model is specified with the particular order of: the government
spending component, the output, the consumer price index, the non-renewable
energy price index, the official bank policy rate, energy consumption and
greenhouse gas emissions. We impose short-run restrictions, which prevent a
structural shock from affecting an endogenous variable contemporaneously.
The particular ordering of the variables has the following implications: (i) The
government spending component is not affected contemporaneously by
structural shocks to other wvariables in the system. (i) The domestic
macroeconomic aggregates such as the output and consumer prices do not react
contemporaneously to the conventional monetary policy shock. (i) The
simultaneous reaction of monetary policy to the macroeconomic environment
is allowed by placing the output and consumer prices above the official bank
policy rate in the ordering. (iv) The simultaneous response of monetary policy
to changes in non-renewable energy prices is allowed. (v) Monetary policy does
not react within the same quarter to changes in energy consumption and
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greenhouse gas emissions. Note that after the initial period, the variables in the
system are allowed to interact freely. Finally, by including the global oil price as
exogenous, we assume that there is no feedback effect of domestic variables on
the world economy. At the same time, the contemporaneous impact of the
global oil price on the domestic variables is allowed.

When using quarterly data, it is plausible to assume that public spending
decisions cannot be revised and implemented within a quarter, and thus cannot
react to current economic and environmental conditions. This implicitly means
that the automatic stabilizers of government spending components are equal to
zero. However, this ordering assumes that public spending decisions can affect
contemporaneously all variables in the system. The macroeconomic aggregates
such as the output and consumer prices do not react simultaneously to the
conventional monetary policy shock. The fact that monetary policy affects
domestic variables with a lag is in line with the transmission mechanism of
monetary policy emphasized in the theoretical set-up in Svensson (1997). This
can be rationalized on the grounds that the interest rate is the main tool of the
central bank’s monetary policy whose objective is to stabilize the output gap and
maintain price stability. The non-renewable energy price index is ordered before
the official bank policy rate since it indicates inflationary pressures that the
central bank may want to respond when setting the interest rate. Since
environmental issues are not the primary concerns of central banks, energy
consumption and greenhouse gas emissions are ordered after the official bank
policy rate. Energy consumption is ordered before greenhouse gas emissions
since energy use has a direct contribution to emissions. For the model of
unconventional monetary policy, equation (4.3) can be expressed as follows:

1 0 0 0 0o oyfu’ 1000 0 o€
acpiip 1 0 0 0 0 utcpi 0100 0 0 efpi
Bepip Aepepi L 00Ol 00 10 0 offeP g 4
ara\ip aracpi araep 1 0 0 u{"i B 0 0 01 0O e{a ’
Qecip  deccpi  decep  Aecra 1 0 uge 0 0 00 10 ece
aghgip aghgcpi aghgep aghgra aghgec 1 ufhg 000001 e%hg

The baseline model includes the variables with the following ordering: the
industrial production index, the consumer price index, the non-renewable
energy price index, the central bank's reserve assets, energy consumption and
greenhouse gas emissions. This particular ordering of the variables has the same
implications as those for the cases of fiscal and conventional monetary policy.
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4.4 Data
4.4.1 Data Description

We use quarterly and monthly seasonally adjusted data for Switzerland and
the United Kingdom over the period 1990-2016. The appendix A.4.1 provides
details on definitions and data sources for all variables used in this chapter. The
national income and fiscal series are in real terms and were obtained by dividing
them by the GDP deflator. They are expressed in their per capita terms. For the
cases of fiscal and conventional monetary policy, public investment, renewable
energy consumption, non-renewable energy consumption and greenhouse gas
emissions series have been obtained converting data from annual to quarterly
frequency using the Denton method as implemented in EVIEWS version 10.
The output, government consumption, consumer prices and the global oil price
series are obtained from FRED. Public investment series are taken from
AMECO. Non-renewable energy consumption series are constructed from the
International Energy Agency (IEA). Renewable energy consumption series
come from the World Bank (WB). Greenhouse gas emissions series are taken
from the OECD. The following series have been obtained from different
sources. For Switzerland, the official bank policy rate and the non-renewable
energy price index series are taken from FRED and the SNB. For the United
Kingdom, the official bank policy rate series is taken from the BoE and the non-
renewable energy price index series is constructed from the ONS.

Our definitions of macroeconomic and environmental variables closely
follow the existing literature. Due to the differences in availability of data for
these two countries, we use different definitions for certain variables.
Government consumption corresponds to the government final consumption
expenditure for Switzerland and government consumption of goods and
services for the United Kingdom. Public investment refers to gross fixed capital
formation of the public sector. The output corresponds to the gross domestic
product. Consumer prices refer to the consumer price index for all items. The
official bank policy rate is defined as the three-month Swiss franc LIBOR for
Switzerland and the official bank rate for the United Kingdom. Non-renewable
energy consumption is defined as the sum of oil products, natural gas and coal
consumption measured in kilotonne of oil equivalent. The non-renewable
energy price index is defined as the weighted average of oil products, natural gas
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and coal price indexes?. Since data on natural gas and coal prices are not
available for Switzerland, the non-renewable energy price index refers to the oil
products price index and non-renewable energy consumption to oil products
consumption®. Renewable energy consumption is defined as the share of
renewable energy in total final energy consumption. Greenhouse gas emissions
refer to the per capita greenhouse gas emissions from energy use. The global oil
price refers to global price of West Texas Intermediate crude.

For the case of unconventional monetary policy, we use monthly seasonally
adjusted data over the period 2009-2016. The non-renewable energy price index,
the central bank’s reserve assets, the industrial production index and the
consumer prices index series are available at the monthly frequency and were
taken from their respective sources. Renewable energy consumption, non-
renewable energy consumption and greenhouse gas emissions series have been
obtained converting data from annual to monthly frequency using the Denton
method. Reserve assets refer to the official total reserve assets for Switzerland
and the government stock (gilts) for the United Kingdom. They are obtained
from the SNB and ONS databases, respectively. Industrial production
corresponds to the production of total industry index and is taken from FRED.

4.4.2 Data Properties

This subsection provides a preliminary examination of the data properties.
The descriptive statistics of the data are provided in tables A.4.3.1 and A.4.3.2.
Figure 4.1 shows the evolution of fiscal and monetary policy variables for
Switzerland and the United Kingdom over the period 1990-2016%. It can be
seen that the official bank policy rates have approached the zero lower bound
in early 2009, when central banks implemented the first conventional measures
in response to the global financial crisis. There is a visible structural change in
the reserve assets at the end of 2008 when central banks started to implement

28 The weights are meant to reflect the relative importance of the natural resources as measured
by their share in total final energy consumption.

2 We acknowledge that using a different definition of non-renewable energy prices and
consumption makes the comparison of the results for these two countries less straightforward.
Nevertheless, we believe that using a broader measure of non-renewable energy provides
further insights as regards the impact of macroeconomic policies on the energy market. In
subsection 4.5.3, we reproduce the same analysis using the price and consumption of oil
products to enable comparison of the results.

% The data for reserve assets are only available since 2000.
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unconventional measures. For this reason, the estimation sample period for the
case of unconventional monetary policy covers the post-2009 period. We
separate the pre-crisis and the post-crisis period since the implementation of
quantitative easing can be viewed as a new monetary policy regime. This
procedure is also followed by Gambacorta et al. (2014) and Ziaei (2018). As
regards fiscal policy components, government consumption has a clear positive
trend, while public investment fluctuates more during booms and recessions.

Figures 4.2 and 4.3 show the evolution of macroeconomic and environmental
variables over the period considered. It can be noted that the output, consumer
prices, non-renewable energy prices and renewable energy consumption have a
positive trend. In contrast, non-renewable energy consumption and greenhouse
gas emissions have a negative trend. The evolution of environmental variables
shows the pursuing important efforts of these countries to lower their emissions
by reducing their reliance on fossil fuels and increasing the deployment of
renewable technologies. We then check the order of integration of the series
with the augmented Dickey-Fuller test. The null hypothesis that the series has a
unit root is tested against its stationarity. The test is carried out for the levels of
the variables, as well as for their first differences. The results are reported with
only an intercept and both an intercept and a trend in table A.4.4.131. They
indicate that most series are not stationary and that they are integrated of order
one. However, it can be noted that government consumption and renewable
energy consumption are not stationary in their first differences for the United
Kingdom. This may suggest the presence of structural changes in these two
series. Models that can incorporate structural changes, such as Markov
Switching and Threshold VAR could be relevant for examining such patterns.
For comparison purposes, we follow most of the literature using linear models
to examine the relationships between economic and environmental variables.

31 As pointed out by Cochrane (1991), unit root tests have low power in small samples and can
potentially lead to misleading conclusions. Thus, the results are only reported for the period
1990-2016.
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Figure 4.2: Evolution of macroeconomic aggregates and environmental
variables (Switzerland)

° Output Consumer prices
?3 b o
=3
” =
(SN =]
c © +
E —
2 £8
£ S
@ o
83 ch
==
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015
year year
g Non-renewable energy consumption ° Non-renewable energy prices
= &7 27
er
o (=)
.g o I
8
L= EQ|
s 28
c8 -
=S
S =2
c
8| 8-
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015
year year
Renewable energy consumption %m Greenhouse gas emissions
&1 S
9]
oy Se
e 2
g 2
o 36
SR e
© | 8 9
k]
1990 1995 2000 2005 2010 2015 S 1990 1995 2000 2005 2010 2015

year year

147



Figure 4.3: Evolution of macroeconomic aggregates and environmental
variables (United Kingdom)
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4.5 Empitical Analysis

This section presents the results from the empirical analysis. Before
proceeding with the VAR estimation, we first have to check whether the
different specifications in both model cases are correctly specified. We then
present the results of the VAR estimation based on the effects of shocks to
fiscal and monetary policy on the macroeconomic aggregates and environmental
variables. The figures show the responses of the endogenous variables to a one
standard deviation shock to government consumption, public investment,
conventional and unconventional monetary policy. The orthogonalized impulse
response functions are reported for a horizon of five years for the cases of fiscal
and conventional monetary policy and two years and a half for the case of
unconventional monetary policy, with the 68 percent confidence interval®2 In
addition, we interpret the results of the cumulative orthogonalized impulse
response functions and the variance decomposition analysis. The tables report
the results at hotrizon 1, 4, 8, 12 and 20 for the cases of fiscal and conventional
monetary policy. For the case of unconventional monetary policy, the results
are reported at horizon 3, 12, 24 and 30. Subsection 4.5.1 presents the results of
the specification tests and subsection 4.5.2 the results of the VAR estimation.
Finally, the results of the sensitivity analysis are discussed in subsection 4.5.3.

4.5.1 Specification Tests

The first step is to select the appropriate number of lags for the baseline
VAR models. For this purpose, we consider two different criteria (HQIC and
BIC) and refer to the residual autocorrelation test conclusions. Tables A.4.5.1
and A.4.5.2 present the results of the lag length selection and specification tests.
The two criteria usually select one, two or eight lags. Since our specification
requires the estimation of many parameters, we decided to use a small number
of lags to minimize the loss of degrees of freedom. For the cases of fiscal and
conventional monetary policy, the number of lags is set to two for each model
specification since they provide serially uncorrelated residuals®. Considering the
short sample period for the case of unconventional monetary policy, we use two
lags, following Gambacorta et al. (2014). To ensure that there is no residual

%2 The use of the 68% error bands is explained in footnote 11 at page 32.

3 With the exception of specification (A) for Switzerland, which does not provide serially
uncorrelated residuals. However, the impulse responses generally yield very similar results in
the different specifications and thereby do not seem affected by possible misspecification bias.
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autocorrelation in the reduced VAR form, we performed the Breusch-Godfrey
Lagrange Multiplier test. The results of the test reveal that no serial correlation
is detected in the different specifications of both model cases.

The series are then analysed to detect possible cointegration relations among
them. Johansen procedure (Johansen, 1995) is performed within the VECM
representation of the VAR model to check whether the series are cointegrated.
The results of the Johansen cointegration test with constant and linear trend are
presented in table A.4.6.1. They all indicate that the series are cointegrated and
that one or more cointegration relationships are present in the different model
specifications. Therefore, the estimation of VAR models in levels provides
consistent estimates (Sims et al, 1990; Litkepohl and Reimers, 1992).
The advantage of VAR models in levels over VECMs is that they can also be
used when the cointegration structure is unknown. The VECM approach is also
less appropriate when disaggregated and short time series are used, as it becomes
more difficult to define cointegration relations among them.

4.5.2 Empirical Results

This chapter studies the dynamic interactions among the variables through
orthogonalized impulse response functions. We present them as graphical
representation of impact multipliers with corresponding standard errors. This
might reflect the short-run and medium-run interactions of the variables. We
also provide the cumulative orthogonalized impulse response functions, which
can be regarded as long-run multipliers when they are considered over long
period. The impact multipliers are accumulated up to twenty quarters for the
cases of fiscal and conventional monetary policy and up to thirty months for
the case of unconventional monetary policy. The empirical analysis is divided
into five parts. First, we proceed with the evaluation of the effects of
government consumption shocks in the baseline model with quarterly data over
the period 1990-2016. Second, the model is estimated to evaluate the effects of
public investment shocks over the same period. For the case of monetary policy,
the analysis is explicitly made on sub-periods. We evaluate the effects of
conventional monetary policy shocks in the baseline model over the period
1990-2009, while the effects of unconventional monetary policy shocks are
assessed over the period 2009-2016. The variance decomposition analysis is also
carried out to estimate the shares of the variance of the variables that result from
the policy shocks. Figures 4.4 to 4.7 display the impulse response functions for
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the case of fiscal policy and figures 4.8 to 4.11 those for the case of monetary
policy. Tables 4.1 to 4.4 report the cumulative impulse response functions.
Tables 4.5 and 4.6 contain the results of the variance decomposition analysis.
Tables A.4.8.1 and A.4.8.2 provide a summary of the main results of the chapter.

4.5.2.1 The Dynamic Effects of Government Consumption Shocks

The empirical analysis reveals that an expansion of government
consumption leads to a slight and temporary decline in the consumption of non-
renewable energy and greenhouse gas emissions. In addition, the obtained
results provide evidence that government policy can help promote the
deployment of renewable energy. We also find that an unexpected increase in
government consumption implies a decline in non-renewable energy prices.

In Switzerland, after a government consumption shock, the output increases
slightly on impact before its responses turns negative and mostly insignificant.
The nominal interest rate increases initially before falling after one year, while
consumer prices do not react significantly. An unexpected increase in
government consumption leads to a decline in non-renewable energy prices
during three years. In addition, we find that non-renewable energy consumption
and greenhouse gas emissions decline insignificantly after five quarters. On the
other hand, an expansionary fiscal shock implies a steady increase in renewable
energy consumption. The analysis of the cumulative impulse response functions
reveals that a government consumption shock has no long-run impact on the
output and nominal interest rate. A positive innovation induces to the decreases
in non-renewable energy prices, non-renewable energy consumption and
greenhouse gas emissions by accumulated 5.20, 0.65 and 0.84 percent after five
years, respectively. However, only the long-run multiplier of government
consumption on non-renewable energy prices is significant. Moreover, the total
positive impact on renewable energy consumption is 7.81 percent.

In the United Kingdom, the output increases steadily after an expansion of
government consumption. The nominal interest rate falls slightly during two
years and consumer prices decline insignificantly. In the energy market, non-
renewable energy prices fall steadily and non-renewable energy consumption
declines slightly during one year. Moreover, a government consumption shock
leads to a steady increase in renewable energy consumption. However, it can be
noted that the confidence interval is quite wide, making the impulse response
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mostly insignificant. These movements in the energy market are accompanied
by a slight reduction in greenhouse gas emissions during one year. The long-run
analysis reveals that a government consumption shock leads to the increase in
output by accumulated 3.47 percent after five years, while it has no significant
long-run impact on the nominal interest rate and consumer prices. In addition,
a positive innovation induces to the decline in non-renewable energy prices by
accumulated 7.27 percent. In contrast, the long-run multipliers of government
consumption on the other environmental variables are not significant.

In a similar framework but for aggregate spending shocks, Halkos and
Paizanos (2016) find that a shock to government spending leads to an increase
in non-renewable energy prices and a decline in carbon dioxide emissions in the
United States. However, we believe that the comparison between these studies
is not straightforward since these authors use a government spending variable
that includes government consumption and investment. The positive impact of
fiscal policy on environmental quality is not in line with Bernauer and Koubi
(2013). This could be justified on the grounds that these authors use a panel of
countries and sulfur dioxide emissions as a proxy for environmental quality,
which does not necessarily reflect the specific effect in each country and general
levels of air pollution. The impact of fiscal policy on environmental quality
depends on the composition of government consumption of goods and services
(Lopez et al., 2011; Halkos and Paizanos, 2013, 2016; Lopez and Palacios, 2014).
For instance, if the expansion of government consumption consists of goods
and services that enhance the demand for clean energy technologies and
reduced environmental pollution, it can reduce the use of fossil fuels and the
associated greenhouse gas emissions (income effect). Then, government
consumption increases can encourage the development of activities that require
human capital rather than physical capital, which are less detrimental to the
environment (composition effect). Finally, government consumption may
reduce the ratio pollution-output by increasing capital and labor efficiency with
higher levels of spending on the health and education sectors (technique effect).

However, it should be mentioned that the main objective of a government
consumption expansion is the stimulation of economic activity rather than the
improvement of environmental quality. This means that some components of
government consumption may be neutral to the energy market and the
environment. A government consumption expansion leads to a slight decline in

non-renewable energy consumption and greenhouse gas emissions.
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Figure 4.4: Impulse response functions to a government consumption

shock (Baseline model, Switzerland)
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Figure 4.5: Impulse response functions to a government consumption
shock (Baseline model, United Kingdom)
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Table 4.1: Cumulative impulse response functions to government

consumption and public investment shocks (Baseline model,

Switzerland)
Shock  Quarter 1 4 8 12 20
Government
consumption
shock

r 0.147 0.190 -0.034 -0.315 -0.576
(0.061) 0.177) (0.300) (0.398) (0.484)

y 0.121 -0.090 -0.563 -0.885 -0.970
0.117) (0.377) (0.729) (1.067) (1.614)

cpi -0.037 -0.053 0.024 0.038 -0.174
(0.039) (0.123) (0.275) (0.470) (0.905)

ep -1.175 -2.939 -4.476 -5.173 -5.203
(0.511) (1.004) (1.460) (1.798) (2.071)

nrec 0.234 0.623 0.497 -0.057 -0.645
(0.165) (0.6206) (1.309) (2.038) (3.382)

ghg 0.208 0.519 0.350 -0.209 -0.839
(0.181) (0.700) (1.510) (2.395) (4.010)

rec 0.136 0.983 2.514 4.136 7.814
(0.153) (0.612) (1.427) (2.339) (4.192)

Public investment
shock

r 0.039 -0.007 -0.180 -0.334 -0.455
(0.062) (0.203) (0.365) (0.454) (0.497)

y 0.191 0.312 0.113 -0.092 -0.090
0.114) (0.383) (0.720) (0.998) (1.471)

cpi -0.017 -0.028 -0.095 -0.227 -0.716
(0.038) (0.127) (0.285) (0.470) (0.830)

ep 0.426 -0.251 -2.476 -3.609 -4.063
(0.475) (1.021) (1.475) (1.765) (1.985)

nrec 0.146 0.177 -0.813 -2.583 -5.706
(0.160) (0.637) (1.280) (1.808) (2.7006)

ghg 0.116 -0.005 -1.359 -3.489 -7.133
0.172) (0.694) (1.449) (2.105) (3.269)

rec -0.099 0.017 1.239 3.085 6.369
(0.147) (0.623) (1.485) (2.402) (3.984)

Standard errors are in parentheses.
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Table 4.2: Cumulative impulse response functions to government

consumption and public investment shocks (Baseline model, United

Kingdom)
Shock  Quarter 1 4 8 12 20
Government
consumption
shock

r -0.098 -0.360 -0.659 -0.748 -0.590
0.072) (0.204) (0.369) (0.560) (1.145)

y 0.077 0.292 0.850 1.652 3.473
(0.103) (0.341) (0.721) (1.160) (2.151)

cpi 0.011 0.003 -0.103 -0.295 -0.740
(0.051) (0.148) (0.307) (0.480) (0.940)

ep -0.382 -1.290 -2.737 -4.319 -7.268
(0.353) (0.913) (1.720) (2.552) (4.243)

nrec -0.253 -0.644 -0.402 0.151 1.225
(0.140) (0.430) (0.738) (1.062) (1.843)

ghg -0.191 -0.606 -0.589 -0.263 0.824
(0.135) (0.461) (1.0706) (2.005) (5.032)

rec 0.229 1.711 4.673 7.277 11.674
(0.573) (2.138) (4.671) (7.699) (14.761)

Public investment
shock

r -0.108 -0.440 -0.900 -1.053 -1.018
(0.073) (0.242) (0.427) (0.580) (1.060)

y 0.118 0.110 -0.542 -1.194 -1.901
(0.098) (0.360) (0.791) (1.189) (1.8106)

cpi -0.026 -0.044 0.098 0.319 0.758
(0.049) 0.171) (0.364) (0.532) (0.919)

ep -0.278 0.128 1.066 1.960 3.247
(0.354) (1.085) (2.008) (2.630) (3.574)

nrec -0.126 -0.819 -1.845 -2.129 -2.642
(0.138) (0.458) (0.781) (1.032) (1.675)

ghg -0.153 -0.948 -2.155 -2.633 -3.767
(0.128) (0.485) (1.188) (2.188) (5.119)

rec 0.146 0.670 3.174 6.275 11.144
(0.568) (2.474) (5.725) (8.833) (13.800)

Standard errors are in parentheses.
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Nevertheless, these findings do not tell us which consumption categories to
increase in order to achieve non-renewable energy conservation and optimize
the abatement of emissions. Further investigation on the composition of
government consumption would be needed to explore the ways in which
spending decisions can affect the energy market and environmental quality.

4.5.2.2 The Dynamic Effects of Public Investment Shocks

The empirical analysis reveals that an expansion of public investment can
achieve important non-renewable energy conservation and greenhouse gas
emissions reduction. In addition, our findings provide evidence that public
investment can have an important role in promoting the deployment of
renewable energy. Nevertheless, we find no evidence of a confirmed relationship
between public investment and non-renewable energy prices.

In Switzerland, after a public investment shock, the output increases during
approximately one year. In the money market, consumer prices decline slightly
and persistently, while the nominal interest rate does not move significantly
from its trend. In the energy market, non-renewable energy prices fall during
approximately three years and non-renewable energy consumption decreases
steadily. The decline in non-renewable energy prices can be partly explained by
the basic principle of aggregate supply and demand. As the demand for non-
renewable energy decreases, an excess of supply is created, and the price of such
resources goes down. On the other hand, we find that an expansion of public
investment implies a persistent increase in renewable energy consumption and
a persistent decrease in greenhouse gas emissions. The reduction of detrimental
gases emissions can be rationalized by the increase in the share of renewable
energy in total final energy consumption. The analysis of the cumulative impulse
response functions reveals that a public investment shock has no significant
long-run impact on the output, nominal interest rate and consumer prices.
Turning on the environmental variables, a public investment shock induces to
the decreases in non-renewable energy prices, non-renewable energy
consumption and greenhouse gas emissions by accumulated 4.06, 5.71 and 7.13
percent after five years, respectively. Moreover, the total positive impact on
renewable energy consumption is 6.37 percent.

We proceed with the description of the impulse response functions of the

United Kingdom macroeconomic and environmental variables to public
investment shocks. Following an expansionary shock, the output is crowded out
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with a minimum of 0.2 percent after two years. The nominal interest rate
declines during approximately ten quarters, while consumer prices rise slightly
and mostly insignificantly. Turning on the environmental variables, the response
of non-renewable energy prices is negative on impact before turning
insignificant. A public investment shock leads to a decline in non-renewable
energy consumption and greenhouse gas emissions during approximately two
years. Moreover, we find that an expansion of public investment leads to an
increase in renewable energy consumption, although the response appears
insignificant across the entire impulse response horizon. The analysis of the
cumulative impulse response functions reveals that the total negative impacts of
a public investment shock on the output, non-renewable energy consumption
and greenhouse gas emissions are 1.90, 2.64 and 3.77 percent, respectively.
However, it can be noted that the long-run multipliers of public investment on
the macroeconomic and environmental variables are not significant.

The positive impact of public investment on environmental quality is
consistent with Lopez and Palacios (2014) and Halkos and Paizanos (2010).
However, these authors pool all types of spending together, which makes the
comparison between these studies not straightforward. The response of non-
renewable energy prices for Switzerland is not in line with Halkos and Paizanos
(2016). This could be justified on the grounds that our VAR model contains
energy consumption, which enables us to capture the impact of fiscal policy on
non-renewable energy prices that occurs through the supply and demand factors
of energy markets. The positive influence of public investment on the energy
market and environmental quality could be rationalized by the increase of
certain categories of investment. For instance, an increase in public investment
in R&D for non-renewable energies could lead to technological advancements
that enhance capital and labor efficiency, thereby reducing the amount of energy
resources required to produce the same amount of goods and services. The
resultant improvement of energy efficiency may in turn explain the reduction in
non-renewable energy consumption. On the other hand, an increase in public
investment in R&D for renewable technologies such as solar and wind can
support the deployment of clean energy resources. In terms of environmental
measures, an increase in public investment in environmental infrastructure can
enhance pollution control and resource utilization. Improving infrastructure
could therefore help conserve non-renewable energy resources and reduce
emissions. We believe that further investigation on the composition of public
investment would be needed to explore the potential ways in which spending
decisions can affect the energy market and environmental quality.

158



Figure 4.6: Impulse response functions to a public investment shock

(Baseline model, Switzerland)
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Figure 4.7: Impulse response functions to a public investment shock
(Baseline model, United Kingdom)
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4.5.2.3 The Dynamic Effects of Conventional Monetary Policy Shocks

The empirical analysis provides mixed evidence as regards the impact of
conventional monetary policy on environmental quality. In the United
Kingdom, an expansionary shock implies an improvement of environmental
quality associated with an increase in renewable energy consumption, while the
opposite holds true in Switzerland. In addition, we find that an expansionary
policy leads to an increase in non-renewable energy prices and consumption.

In Switzerland, after an unexpected decrease in the official bank policy rate,
the output increases during four years, while consumer prices initially rise
insignificantly before falling during approximately six quarters. As regards fiscal
policy variables, an expansionary shock implies a steady increase in government
consumption. This finding suggests that conventional monetary policy and
government consumption act as complements to each other for the
achievement of macroeconomic goals. In contrast, public investment declines
after a positive innovation, suggesting that conventional monetary policy and
public investment act as substitutes to each other. In the energy market, a
conventional monetary policy shock leads to a steady increase in non-renewable
energy consumption. The decline in interest rates makes borrowing more
attractive with respect to saving, which stimulates the demand for goods and
services in different markets, including the energy market. Moreover, we find
that an expansionary conventional monetary policy shock leads to a slight and
temporary increase in non-renewable energy prices. On the other hand, a
positive innovation implies a decline in renewable energy consumption during
two years. These movements are accompanied by an increase in greenhouse gas
emissions during approximately four years. Our findings suggest that the
improvement of firms’ financing conditions could affect more high-carbon
sectors than low-carbon sectors, thus leading to a deterioration of
environmental quality. The long-run analysis reveals that a conventional
monetary policy shock induces to the decline in public investment by
accumulated 2.71 percent, as well as the increases in output and government
consumption by accumulated 3.17 and 3.29 percent, respectively. However, a
positive innovation has no significant long-run impact on consumer prices, non-
renewable energy prices and renewable energy consumption. Moreover, the
obtained results indicate that a conventional monetary policy shock induces to
the increases in non-renewable energy consumption and greenhouse gas
emissions by accumulated 2.85 and 2.50 percent, respectively.
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Figure 4.8: Impulse response functions to a conventional monetary

policy shock (Baseline model, Switzerland)
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Figure 4.9: Impulse response functions to a conventional monetary

policy shock (Baseline model, United Kingdom)
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Table 4.3: Cumulative impulse response functions to conventional and
unconventional monetary policy shocks (Baseline model, Switzerland)

Shock Quarter 1 4 8 12 20
Conventional
monetary policy shock
gc 0.040 0.225 0.656 1.394 3.294
(0.065)  (0.268)  (0.568)  (0.875)  (1.505)
pi -0.024  -0.229  -0.835 -1.619  -2.710
0.042)  (0.305) (0.830) (1.333) (1.891)
y 0.016 0.393 1.338 2.241 3.170
(0.051)  (0.278)  (0.611)  (0.966) (1.615)
cpi 0.019 -0.064  -0.259  -0.381  -0.330
0.017)  (0.087)  (0.209)  (0.353)  (0.693)
ep 0.217 0.582 1.455 1.844 0.808
(0.272)  (0.855)  (1.481) (2.019) (2.745)
nrec 0.030 0.301 1.218 2.016 2.854
(0.118)  (0.371)  (0.548)  (0.679)  (1.003)
rec -0.576  -1.809  -2.848  -2.799  -1.719
(0.162)  (0.604) (1.093) (1.486) (2.039)
ghg 0.073 0.394 1.315 1.979 2.496
(0.126)  (0.394) (0.588) (0.738)  (1.077)
Shock Month 3 12 24 30 _
Unconventional
monetary policy shock
ip 0.428 1.941 3.512 4.175
(0.161)  (0.701)  (1.340)  (1.583)
cpi 0.042 -0.071  -0.226  -0.324 _
(0.030)  (0.142)  (0.226) (0.244)
ep 1.405 3.720 4.428 4.374 _
(0.370)  (1.464) (2.252) (2.265)
nrec -1.334  -1.270  -4.445  -5957 _
0.197)  (1.324)  (2.528)  (2.727)
rec 0.044 0.290 2.086 3.382 _
(0.084)  (0.408)  (1.669) (2.734)
ghg -0.153  -1.530  -5.312  -7.097 _
(0.210)  (1.434) (2.830) (3.112)

Standard errors are in parentheses.
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Table 4.4: Cumulative impulse response functions to conventional and
unconventional monetary policy shocks (Baseline model, United

Kingdom)
Shock Quarter 1 4 8 12 20
Conventional
monetary policy shock
gc 0.005 0.367 1.026 1.680 3.002
0.070)  (0.291)  (0.609)  (1.028)  (2.359)
pi 0.521 4.821 9504 11297  16.414
0.250) (1.692) (3.599) (5.235) (8.702)
y 0.014 0.454 1.617 2.736 5.356
0.034) (0.273) (0.780)  (1.419)  (3.277)
cpi -0.005  -0.103  -0.163 0.004 0.482
0.021)  (0.118) (0.308)  (0.557)  (1.085)
ep 0.050 0.314 1.243 3.410 7.279
0.139)  (0.706)  (1.690)  (3.033)  (5.929)
nrec -0.145  -0.092  0.505 0.956 2.172
(0.102)  (0.347)  (0.690)  (0.995)  (1.811)
rec 0.767 4.637 12405 19936  29.078
0.627)  (2.606) (6.435) (11.231) (20.638)
ghg -0.193  -0.247  -0.141  -0.738 -1.928
(0.102)  (0.374)  (0.760)  (1.160)  (1.963)
Shock Month 3 12 24 30 _
Unconventional
monetary policy shock
ip -0.081  0.412 0.829 0.847
(0.151)  (0.412) (0.454) (0.473)
cpi 0.000 0.039 0.293 0.441 _
(0.040)  (0.180) (0.314)  (0.367)
ep -0.207  -1.023  -1.058  -0.831 _
(0.283)  (0.637) (0.899)  (0.960)
nrec 0.171 0211 -0333  -0.376 _
(0.183)  (0.839) (0.655)  (0.557)
rec 0.079 1.773 3.596 3.736 _
(0.189)  (0.931) (2.200)  (2.885)
ghg 0.047  -0.444  -1.527  -1.857 _
(0.158)  (0.743) (1.008)  (1.338)

Standard errors are in parentheses.
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In the United Kingdom, after an expansionary shock, the output increases
steadily and consumer prices increase slightly after approximately two years. As
regards fiscal policy variables, government consumption and public investment
increase after an expansionary shock, suggesting that fiscal and monetary policy
act as complements to each other in the United Kingdom. In the energy market,
a conventional monetary policy shock implies a rise in non-renewable energy
prices after five quarters, as well as a slight and persistent increase in non-
renewable energy consumption. The response of energy prices may be partly
driven by the demand channel. As demand for non-renewable energy increases
and exceeds the supply, the final price of such resources rises. The impact of
conventional monetary policy shocks on non-renewable energy prices can also
occur through the signaling channel. Economic agents can interpret this as a
signal of low monetary policy rates to come over a prolonged period and can
anticipate an increase in output and prices. On the other hand, an expansionary
shock leads to a sharp increase in renewable energy consumption. These
movements in the energy market are associated with a slight and persistent
decline in greenhouse gas emissions. The positive impact of conventional
monetary policy on environmental quality could be rationalized by the increase
in the share of renewable energy consumption in total final energy consumption.
The long-run analysis reveals that an expansionary conventional monetary
policy shock induces to the increases in output, government consumption and
public investment by accumulated 5.36, 3.00 and 16.41 percent, respectively. In
contrast, the total positive impact on consumer prices is not significant.
Moreover, a positive innovation induces to the increases in non-renewable
energy prices, renewable energy consumption and non-renewable energy
consumption by accumulated 7.28, 29.08 and 2.17 percent, respectively. Finally,
the total reduction of greenhouse gas emissions is 1.93 percent, although it can
be noted that the accumulated impact multipliers are not significant.

In a similar framework for the United States, Halkos and Paizanos (2016)
find that an expansionary conventional monetary policy shock leads to an
increase in non-renewable energy prices. Nevertheless, our findings as regards
the response of greenhouse gas emissions for Switzerland are not consistent
with Halkos and Paizanos (2016). These authors find that carbon dioxide
emissions decline temporarily after an expansionary shock. One possible
explanation could be that these authors do not include energy consumption in
the model specification and therefore ignore the potential impact of monetary
policy on greenhouse gas emissions that can occur through changes in energy
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consumption. On the other hand, the positive response of non-renewable
energy consumption to an expansionary conventional monetary policy is
consistent with Ziaei (2018) for the United States. Overall, our findings reveal
that central banks should investigate the impact of their interventions on
environmental quality through the renewable and non-renewable energy
markets. Although conventional monetary policy cannot yet be considered as a
policy instrument for climate change and energy, central banks should
incorporate environmental issues in their welfare maximization problem.

4.5.2.4 The Dynamic Effects of Unconventional Monetary Policy Shocks

The empirical analysis reveals that an expansionary unconventional
monetary policy can improve environmental quality in the short run by reducing
the consumption of non-renewable energy and increasing the deployment of
renewable energy. On the other hand, the obtained results provide mixed
evidence as regards the impact of the central bank’s reserve assets purchases on
non-renewable energy prices. In Switzerland, non-renewable energy prices
increase after an expansionary shock, while they decline in the United Kingdom.

In Switzerland, an expansionary unconventional monetary policy shock has
a positive effect on the economic activity by increasing industrial production.
After an expansion of central bank’s reserve assets, consumer prices increase
slightly before their response turns negative and mostly insignificant after four
months. Non-renewable energy prices increase sharply during approximately
one year and a half, while the consumption of non-renewable energy declines
steadily. On the other hand, a positive innovation implies a steady increase in
renewable energy consumption. In addition, our findings reveal that an
unconventional monetary policy shock leads to a steady decline in greenhouse
gas emissions. The analysis of the cumulative impulse response functions
reveals that an expansion of central bank’s reserve assets induces to the increases
in industrial production and non-renewable energy prices by accumulated 4.18
and 4.37 percent after two years and a half, respectively. The obtained results
indicate that an unconventional monetary policy shock leads to the increase in
renewable energy consumption by accumulated 3.38 percent, as well as the
decreases in non-renewable energy consumption and greenhouse gas emissions
by accumulated of 5.96 and 7.10 percent, respectively.
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In the United Kingdom, after an expansion of central bank’s reserve assets,
industrial production initially declines before increasing slightly and persistently
after two months. Moreover, a positive innovation leads to a slight and steady
increase in consumer prices. The rise in prices can be justified by the increase in
liquidity in the market, which leads to inflationary pressures. In relation to the
energy market variables, non-renewable energy prices fall slightly during
approximately one year and the consumption of non-renewable energy declines
slightly after ten months. In addition, an expansion of central bank’s reserve
assets leads to an increase in renewable energy consumption and a reduction in
greenhouse gas emissions during approximately two years. In the long run, an
unconventional monetary policy shock implies the increases in industrial
production, consumer prices and renewable energy consumption by
accumulated 0.85, 0.44 and 3.74 percent, respectively. In contrast, the total
negative impact on non-renewable energy prices is not significant. Moreover, a
positive innovation leads to the decreases in non-renewable energy
consumption and greenhouse gas emissions by accumulated 0.38 and 1.86
percent, respectively. However, it can be noted that only the long-run impact of
unconventional monetary policy on greenhouse gas emissions is significant.

Using a stock-flow-fund ecological macroeconomic model, Dafermos et al.
(2018) show that a green quantitative easing programme can restrict global
warming. However, the lack of comparability of the methods used limits a
proper comparison of the results. Matikainen et al. (2017) provide several
explanations about the ways in which quantitative easing can affect the energy
market and environmental quality. According to these authors, the
environmental impact of the central bank's reserve asset purchases depends on
government commitment to support low-carbon activities through direct
spending. For instance, purchasing sovereign green bonds or corporate bonds
from renewable energy issuers could support long-term sustainable growth. In
contrast, if the central bank's reserve asset purchases are skewed towards high-
carbon sectors such as oil and natural gas, then environmental quality could
deteriorate. Our findings suggest that unconventional monetary policy can help
reduce emissions by decreasing the consumption of non-renewable energy and
increasing the deployment of renewable energy. However, the present analysis
does not tell us how the interactions between monetary policy and the energy
market occur. We believe that further research on the composition of the central
banks' reserve asset purchases of these two countries would be needed to
determine the channels through which unconventional monetary policy can
affect the energy market and environmental quality.
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Figure 4.10: Impulse response functions to an unconventional monetary
policy shock (Baseline model, Switzerland)
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Figure 4.11: Impulse response functions to an unconventional monetary

policy shock (Baseline model, United Kingdom)
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4.5.2.5 Variance Decomposition Analysis

In order to assess the relative importance of fiscal and monetary policy
shocks, the variance decomposition analysis is implemented. It provides
informative conclusions about the effectiveness of the respective policies. The
results are presented in tables 4.5 and 4.6 for the first five years following the
structural shocks for the cases of fiscal and conventional monetary policy and
two years and a half for the case of unconventional monetary policy.

The main findings of the wvariance decomposition analysis can be
summarized as follows. First, public investment shocks have a greater
contribution to the variability of non-renewable energy consumption and
greenhouse gas emissions than government consumption shocks. Second, non-
renewable energy prices are more sensitive to unexpected changes in
government consumption than to those in public investment. Third, shocks to
fiscal policy components have a greater contribution to the variability of
renewable energy consumption in Switzerland than in the United Kingdom.
Fourth, conventional and unconventional monetary policy shocks explain a
meaningful part of the variability of renewable energy consumption, non-
renewable energy consumption and greenhouse gas emissions in Switzerland.
In the United Kingdom, both monetary policy shocks have a significant
contribution to the variability of renewable energy consumption. However, the
shares of the variance of non-renewable energy consumption and greenhouse
gas emissions resulting from monetary policy shocks are moderate. Fifth,
conventional monetary policy shocks generally have a greater contribution to
the variability of renewable and non-renewable energy consumption than
unconventional monetary policy shocks. Finally, unconventional monetary
policy shocks have a significant contribution to fluctuations in non-renewable
energy prices in Switzerland. In contrast, conventional monetary policy
innovations explain a small share of their variability at all horizons. In the United
Kingdom, non-renewable energy prices are little sensitive to unexpected
changes in conventional and unconventional monetary policy.
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Table 4.5: Variance decomposition (Baseline model, Switzerland)

Shock Quarter 1 4 8 12 20
Government
consumption shock
r 6.07 4.18 5.11 9.08 10.84
y 3.62 1.18 3.18 3.92 3.61
cpi 0.08 1.10 0.83 0.58 0.80
ep 1.77 11.15 15.30 16.05 15.91
nrec 2.25 1.87 1.11 1.40 1.56
ghg 1.72 1.07 0.61 0.92 1.08
rec 0.15 3.96 7.27 9.46 15.22
Public investment
shock
r 0.60 0.29 1.53 2.79 3.21
y 3.31 2.10 1.79 212 1.79
cpi 0.74 0.17 0.34 0.86 3.92
ep 0.13 1.65 10.41 13.52 13.66
nrec 1.07 0.45 2.67 10.66 21.83
ghg 0.65 0.22 4.00 13.03 23.59
rec 0.60 0.21 3.16 8.92 15.49
Conventional
monetary policy shock
gc 0.00 0.73 2.34 6.56 16.99
pi 0.00 0.44 2.25 5.04 8.42
y 0.00 1.63 9.54 15.96 19.66
cpi 0.00 1.05 4.00 4.28 3.12
ep 0.00 0.40 1.43 1.77 2.37
nrec 0.20 0.85 11.36 19.93 23.30
rec 19.24 16.56 18.41 15.91 16.73
ghg 0.86 1.33 10.95 15.96 16.64
Shock Month 3 12 24 30 _
Unconventional
monetary policy shock
ip 3.54 17.03 21.63 22.56 _
cpi 2.40 2.86 4.60 5.95 _
ep 11.93 15.97 16.07 16.03 _
nrec 0.65 2.63 11.35 13.66 _
rec 0.12 0.93 9.12 11.52 _
ghg 0.74 3.28 12.93 15.23 _
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Table 4.6: Variance decomposition (Baseline model, United Kingdom)

Shock Quarter 1 4 8 12 20
Government
consumption shock
r 0.74 3.82 5.95 5.07 2.66
y 0.78 0.82 2.50 5.48 11.45
cpi 0.01 0.04 0.39 1.46 2.06
ep 0.48 2.56 4.72 7.38 10.30
nrec 2.77 3.52 2.83 4.04 5.20
ghg 0.76 2.77 1.16 0.73 0.57
rec 0.02 0.82 2.07 2.66 3.08
Public investment
shock
r 2.16 4.96 11.84 10.19 5.11
y 1.04 0.92 3.71 6.32 6.06
cpi 0.23 0.27 0.79 2.27 2.03
ep 2.20 0.88 1.87 2.87 2.36
nrec 0.54 4.61 13.65 12.33 7.62
ghg 0.99 5.53 8.09 4.69 1.87
rec 0.18 0.08 0.99 2.21 3.16
Conventional
monetary policy shock
gc 0.00 1.66 5.65 5.63 4.13
pi 0.00 8.82 15.75 14.31 14.21
y 0.00 2.23 10.46 12.82 14.84
cpi 0.00 1.11 1.58 1.82 4.61
ep 0.00 0.30 1.32 5.94 12.64
nrec 1.99 1.19 4.72 6.71 10.91
rec 0.54 6.32 1291 17.14 17.76
ghg 4.47 2.29 1.75 3.40 8.42
Shock Month 3 12 24 30 _
Unconventional
monetary policy shock
ip 4.54 5.29 5.77 5.58 _
cpi 0.02 0.21 2.61 3.90 _
ep 0.42 2.28 2.20 2.32 _
nrec 1.60 0.74 1.75 1.75 _
rec 0.25 11.36 9.78 7.38 _
ghg 0.26 1.61 4.05 3.64 _

173



4.5.3 Sensitivity Analysis

This chapter implements several robustness checks for the estimation
results. First, we try an alternative ordering for the contemporaneous relations
among the variables. We check whether the results are robust when we order
the non-renewable energy price index after the monetary policy instrument. All
specifications yield very similar results to those of the baseline models. Besides,
the results do not change significantly in all model specifications when the global
commodity price index is used as a critical exogenous variable. The latter
variable is added instead of the global oil price index to have a different measure
of global economic shocks. We then reproduce the same empirical analysis for
the United Kingdom by using oil prices and consumption instead of the broader
measure of non-renewable energy to enable the comparison of the results.
Figure A.4.7.1 displays the impulse response functions of oil prices and
consumption to fiscal and monetary policy shocks. The results reveal that
policies can have different effects on oil and non-renewable energy. In other
words, they suggest that prices and demand for coal, natural gas and oil could
react differently to policy shocks. The main findings can be summarized as
follows. After a government consumption shock, oil prices decline temporarily,
while oil consumption does not react significantly. A public investment shock
implies a temporary decline in oil prices and consumption. Following a
conventional monetary policy shock, oil prices decline temporarily after one
year, while oil consumption increases steadily. Moreover, an expansionary
unconventional monetary policy shock leads to a slight and temporary increase
in oil prices, while oil consumption does not react significantly.
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4.6 Conclusions and Policy Implications

This chapter provides an empirical examination on the interactions among
macroeconomic policies, the energy market and environmental quality. These
interactions and channels among them are studied through structural VAR
models based on a macroeconomic framework including the energy market.
The empirical analysis is conducted for two non-EMU countries, Switzerland
and the United Kingdom, over the period 1990-2016. The chapter evaluates the
effects of shocks to fiscal policy components, conventional and unconventional
monetary policy on the energy market and environmental quality. For the case
of monetary policy, the analysis is made on sub-periods. Using the recursive
approach, we identify four policy shocks: (i) government consumption (ii) public
investment (iii) the official bank policy rate (iv) the central bank’s reserve assets.

The empirical analysis reveals that fiscal and monetary policies have a
significant influence on the energy market and environmental quality. An
expansion of government consumption leads to a slight and temporary decline
in non-renewable energy consumption and greenhouse gas emissions. We also
find that an unexpected increase in government consumption implies a decline
in non-renewable energy prices. Public investment increases can achieve
important non-renewable energy conservation and greenhouse gas emissions
reduction in both countries. In contrast, the examination of the relationship
between public investment and non-renewable energy prices has not provided
clear empirical evidence. Moreover, our findings reveal that government policies
can have an important role in promoting the deployment of renewable energy.
The chapter provides mixed evidence as regards the impact of conventional
monetary policy on environmental quality. In the United Kingdom, an
expansionary shock implies an improvement of environmental quality
associated with an increase in renewable energy consumption, while the
opposite holds true in Switzerland. In addition, the empirical results indicate
that an expansionary conventional monetary policy leads to an increase in non-
renewable energy prices and consumption. An expansionary unconventional
monetary policy can improve environmental quality in the short run by reducing
the consumption of non-renewable energy and increasing the deployment of
renewable energy. In contrast, the obtained results provide mixed evidence as
regards the impact of the central bank’s reserve assets purchases on non-
renewable energy prices. In Switzerland, non-renewable energy prices increase
after an expansionary shock, while they decline in the United Kingdom.
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The results occurring from this chapter have several policy implications. Fiscal
policy, besides its primary role in stabilizing economic activity, can contribute
to the achievement of environmental sustainability. Our findings indicate that
public investment is more efficient than government consumption in reducing
non-renewable energy consumption and greenhouse gas emissions. The analysis
of the composition of government spending seems crucial to establish how the
different spending categories can complement the efforts to conserve natural
resources, promote the use of clean energy and enhance environmental quality.
On the other hand, the examination of monetary policy reveals that central
banks should investigate the impact of their interventions on environmental
quality through the renewable and non-renewable energy markets. In the United
Kingdom, conventional monetary policy proves to be effective in promoting
the deployment of renewable energies and reducing emissions. In Switzerland,
central bank’s efforts to stimulate the real economy through the decrease in
interest rates should be accompanied by more strict environmental regulations
in order to offset the rise in emissions. Moreover, the analysis reveals that
unconventional monetary policy can lead to enhancements of environmental
quality. However, as expected, quantitative easing is not by itself capable of
substantially reducing emissions and other types of environmental policies need
to be implemented jointly. Although monetary policy cannot yet be considered
as a policy instrument for climate change and energy, central banks should
incorporate environmental issues in their welfare maximization problem.

Nevertheless, there are several unique characteristics in Switzerland and in
the United Kingdom that may limit the direct applicability of our findings to
other countries realities. They are among the most advanced countries in the
world with particularly high gross domestic product and household income per
capita. Taking this into account, the effect of macroeconomic policies on the
quality of the environment is more uncertain in developing countries, due to
larger market failures and less developed banking sectors. For instance, the
income and technique effects that follow an increase in government spending
are more likely to exceed the scale effect in developed countries, and therefore
contribute to a greater reduction in greenhouse gas emissions. On the other
hand, the impact of monetary policy on environmental quality depends on
country’s energy mix and government commitment to support low-carbon
activities. Therefore, it may be plausible to expect significant differences in the
effects of monetary policy on environmental quality across countries.
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Appendix 4

A.4.1 Data Sources and Variable Definitions
Switzerland

Output: Real Gross domestic product, Code: CLVMNACSAB1GQCH.
Source: Federal Reserve Bank of St. Louis.

Government consumption: Government final consumption expenditure, Code:
CHEGFCEQDSMEI Source: Federal Reserve Bank of St. Louis.

Public investment: Gross fixed capital formation: Public sector. Source: Annual
macro-economic database of the European Commission.

Consumer  prices:  Consumer price index (all items), Code:
CHECPIALLMINMEI. Source: Federal Reserve Bank of St. Louis.

Official bank policy rate: Three-month Swiss franc London Interbank Offered
Rate: LIBOR, Code: CHF3MTD156N. Source: Federal Reserve Bank of St.

Louis.

Population: Total population, Code: POPTOTCHAG47NWDB. Source:
Federal Reserve Bank of St. Louis.

Non-renewable energy consumption: Oil products consumption. Source:
International Energy Agency.

Non-renewable energy prices: Oil products price index. Source: Swiss National
Bank.

Renewable energy consumption: Share of renewable energy consumption in
total final energy consumption. Source: World Bank.

Greenhouse gas emissions: Greenhouse gas emissions generated by the energy
sector. Source: Organisation for Economic Co-operation and Development.

Reserve assets: Official total reserve assets. Source: Swiss National Bank.
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Industrial  production: Production of total industry index, Code:
CHEPROINDQISMEIL Source: Federal Reserve Bank of St. Louis.

GDP deflator: GDP implicit price deflator, Code: CHEGDPDEFQISMEIL
Source: Federal Reserve Bank of St. Louis.

Global oil price: Global price of West Texas Intermediate crude, Code:
POILWTIUSDM. Soutce: Federal Reserve Bank of St. Louis.

Global commodity prices: Global price index of all commodities, Code:
PALLFNFINDEXQ. Source: Federal Reserve Bank of St. Louis.
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United Kingdom

Output: Gross domestic product, Code: UKNGDP. Source: Federal Reserve
Bank of St. Louis.

Government consumption: Real government consumption of goods and
services, Code: RGCGASUKQ. Source: Federal Reserve Bank of St. Louis.

Public investment: Gross fixed capital formation: Public sector. Source: Annual
macro-economic database of the European Commission.

Consumer  prices:  Consumer price index (all items), Code:
GBRCPIALLMINMEI. Source: Federal Reserve Bank of St. Louis.

Official bank policy rate: Official bank rate, Code: IUQABEDR. Source: Bank
of England.

Population: Resident population: Mid-year estimates (quarterly data
interpolated), Code: EBAQ. Source: Office for National Statistics.

Non-renewable energy consumption: Oil products consumption plus natural
gas consumption plus coal consumption. Source: International Energy Agency.

Non-renewable energy prices: Weighted average of retail price index of petrol
and oil (Code: CHOL), retail price index of gas (Code: DOBY) and retail price
index of coal and solid fuels (Code: DOBW). Source: Office for National
Statistics.

Renewable energy consumption: Share of renewable energy consumption in
total final energy consumption. Source: World Bank.

Greenhouse gas emissions: Greenhouse gas emissions generated by the energy
sector. Source: Organisation for Economic Co-operation and Development.

Reserve assets: Government stock (gilts), Code: BKPM. Source: Office for
National Statistics.
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Industrial  production: Production of total industry index, Code:
GBRPROINDMISMEI. Source: Federal Reserve Bank of St. Louis.

GDP deflator: GDP implicit price deflator, Code: GBRGDPDEFQISMEIL
Source: Federal Reserve Bank of St. Louis.

Global oil price: Global price of West Texas Intermediate crude, Code:
POILWTIUSDM. Soutce: Federal Reserve Bank of St. Louis.

Global commodity prices: Global price index of all commodities, Code:
PALLFNFINDEXQ. Source: Federal Reserve Bank of St. Louis.
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A.4.2 Model Specifications

Table A.4.2.1: Model specifications

Specification® Endogenous variables Period
Government consumption
A gc y cpi ep r nrec ghg 1990-2016
B gc y cpl ep r rec ghg 1990-2016
Public investment
C pi y cpl ep r nrec ghg 1990-2016
D pi y cpl ep r rec ghg 1990-2016

Conventional monetary policy

E gc y cpi ep r nrec ghg 1990-2009

F pi y cpl ep r nrec ghg 1990-2009

G gc y cpl ep r rec ghg 1990-2009

H pi y cpl ep r rec ghg 1990-2009
Unconventional monetary policy

I ip cpi ep ra  nrec ghg 2009-2016

J ip cpi ep ra rec  ghg 2009-2016

aIn all specifications, the global oil price (op*) is included as a critical exogenous variable.

Table A.4.2.2: Summary of variables

Variables Notation
Government consumption gc
Public investment pi
Output y
Consumer prices cpi
Non-renewable energy prices ep
Official bank policy rate r
Non-renewable energy consumption nrec
Renewable energy consumption rec
Greenhouse gas emissions ghg
Reserve assets ra
Industrial production ip
Global oil price op*
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A.4.3 Descriptive Statistics

Table A.4.3.1: Descriptive statistics (Switzerland)

Variables? Unit Mean  Std.dev  Min. Max.
Government consumption Billion Swiss franc 15.76 2.11 12.74 19.99
Public investment Billion Swiss franc 17.25 1.50 15.26 22.31
Output Billion Swiss franc 134.74 19.01 11048 168.53
Consumer prices Percent 94.64 6.59 75.57  102.45
Official bank policy rate Percent 2.17 2.63 -0.79 9.41
Non-renewable energy prices Percent 93.71 26.48  60.01 15092
Non-renewable energy consumption  Kilotonne of oil equivalent  10808.24 737.16 ~ 9038 11879
Renewable energy consumption Percent 19.51 2.02 1712 25.29
Greenhouse gas emissions Tonne of COz equivalent 5.68 0.53 4.48 6.50
Industrial production Percent 98.44 3.75 89.73  103.64
Reserve assets Billion Swiss franc 40456  178.65  81.74  696.27
Global oil price Dollar per Barrel 46.64 30.37 12.97  120.20

Consumer prices (index 2015=100), Non-renewable energy prices (index 2015=100),
Industrial production (index 2015=100).

aDescriptive statistics on industrial production and reserve assets are based on the period
2009-2016.

Table A.4.3.2: Descriptive statistics (United Kingdom)

Variables? Unit Mean  Std.dev  Min. Max.
Government consumption Billion British pound 73.64 12.13 56.13 91.44
Public investment Billion British pound 37.39 11.66  21.13 55.59
Output Billion British pound 382.77 6425  281.25 486.45
Consumer prices Percent 78.82 13.29 53.04  101.76
Official bank policy rate Percent 4.63 3.54 0.25 14.88
Non-renewable energy prices Percent 63.81 2749 3131 11393
Non-renewable energy consumption  Kilotonne of oil equivalent  111809.9 96759 91991 123924
Renewable energy consumption Percent 2.22 2.07 0.61 8.71
Greenhouse gas emissions Tonne of COz equivalent 9.00 1.31 5.99 10.93
Industrial production Percent 99.44 1.72 95.10  103.27
Reserve assets Billion British pound 1086.33  241.51 561.76  1388.1
Global oil price Dollar per Barrel 46.64 30.37 1297 120.20

Consumer prices (index 2015=100), Non-renewable energy prices (index 2015=100),
Industrial production (index 2015=100).

aDescriptive statistics on industrial production and reserve assets are based on the period
2009-2016.
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A.4.4 Results from Unit Root Tests

Table A.4.4.1: Augmented Dickey-Fuller test (Period 1990-2016)

Augmented Dickey-Fuller test

Variables Deterministic terms Levels Difference
Switzerland
ec Intercept -0.054 -3.424x*
Trend and intercept -2.057 -3.845%*
pi Intercept -2.860% -
Trend and intercept -2.357 -4.199%+*
y Intercept -0.358 -3.378**
Trend and intercept -2.676 -3.278*
cpl Intercept -3.68 1k -
Trend and intercept -2.898 -3.380*
r Intercept -2.506 -3.057**
Trend and intercept -2.771 -3.343*
ep Intercept -1.330 -3.662%**
Trend and intercept -2.443 S3.712%%
nrec Intercept 2.861 -4.348**
Trend and intercept 1.493 -5.007#**
rec Intercept 1.197 -2.828*
Trend and intercept -0.635 -3.839**
ghg Intercept 1.106 -4 112%%%
Trend and intercept -0.396 -4.751FF*
United Kingdom
ec Intercept -1.288 -2.483
Trend and intercept -0.203 -2.513
pi Intercept -0.867 -3.261**
Trend and intercept -2.317 -3.247*
y Intercept -1.634 -3.865%**
Trend and intercept -1.506 -4.185%**
cpi Intercept -1.050 -4.639%F
Trend and intercept -2.782 -4.4120%%
r Intercept -2.594% -
Trend and intercept -3.701%* -
ep Intercept -0.442 -3.656%**
Trend and intercept -1.476 -3.638**
nrec Intercept -0.087 -2.622%
Trend and intercept -1.958 -2.639
rec Intercept 1.116 -1.691
Trend and intercept -1.238 -2.340
ghg Intercept 1.691 -2.270
Trend and intercept -0.060 -3.359*

2 The series has an unit root under the null hypothesis.

** Indicates significance at the 1% level ** Indicates significance at the 5% level * Indicates

significance at the 10% level
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A.4.5 VAR Model: Lag Length Selection and Specification tests

Table A.4.5.1: Residual autocorrelation test and lag length selection

(Switzerland)
Residual autocorrelation® Lag length selection
Lags 1 2 3 4 BIC HQIC No.lags
selected”
Specification
A 0.00455  0.01478  0.51525  0.00000 1 2 2
B 0.03746  0.43685  0.07407  0.00000 1 2 2
C 0.70117  0.73555  0.83828  0.00000 1 2 2
D 0.35749  0.79345  0.36110  0.00000 2 2 2
E 0.01583  0.68239  0.55563  0.00002 1 8 2
F 0.48494  0.88633  0.87016  0.00000 1 8 2
G 0.10881  0.64181  0.20980  0.00013 1 8 2
H 0.39999  0.88232  0.54433  0.00000 1 8 2
1 0.60044  0.04627  0.00022  0.96895 2 2 2
J 0.44522  0.01349  0.00006  0.96256 2 8 2

aResidual autocorrelation test (p-value) is based on the residuals from the reduced VAR
form. Reported p-values are from the Breusch-Godfrey Lagrange Multiplier test. No serial
correlation under the null hypothesis.

Table A.4.5.2: Residual autocorrelation test and lag length selection

(United Kingdom)
Residual autocorrelation® Lag length selection
Lags 1 2 3 4 BIC HQIC No.lags
selected
Specification
A 0.00780  0.51128  0.32489  0.00000 2 2 2
B 0.00176  0.26201  0.57430  0.00000 1 2 2
C 0.02947  0.90340  0.34489  0.00000 2 2 2
D 0.00215  0.50776  0.53907  0.00000 2 2 2
E 0.07497  0.90591  0.89417  0.00003 2 8 2
F 0.13699  0.97794  0.29881  0.00000 2 8 2
G 0.00900  0.52892  0.26911  0.00002 1 8 2
H 0.02359  0.54987  0.27143  0.00000 1 8 2
1 0.47443  0.38626  0.74398  0.96011 2 2 2
] 0.32439  0.52506  0.92855  0.33314 2 8 2

aResidual autocorrelation test (p-value) is based on the residuals from the reduced VAR
form. Reported p-values are from the Breusch-Godfrey Lagrange Multiplier test. No serial
correlation under the null hypothesis.
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A.4.6 Johansen Cointegration Maximum Eigenvalue Test

Table A.4.6.1: Johansen cointegration maximum eigenvalue test

Switzerland United Kingdom
Hypothesized Hypothesized Hypothesized Hypothesized
number of number of number of number of
cointegrating cointegrating cointegrating cointegrating
vectors vectors vectors vectors
Specification Constant Trend Constant Trend
A 1 2 3 4
B 2 2 3 4
C 1 1 4 4
D 2 2 3 3
E 2 3 4 4
F 2 3 5 3
G 2 4 5 5
H 3 3 5 4
I 2 2 3 2
] 3 3 5 4
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A.4.7 Impulse Response Functions: Figures

Figure A.4.7.1: Responses of oil prices and consumption (Baseline
model, United Kingdom)
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A.4.8 Summary of the Results

Table A.4.8.1: Summary of the results (Switzerland)

Shock Quarter 1 4 8 12 20
Government
consumption shock
r + 0 - - 0
y 0 - 0 0 0
cpi - 0 0 0 0
ep - - - 0 0
nrec + 0 0 0 0
ghg 0 0 0 0 0
rec + + + + +
Public investment
shock
t 0 0 0 0 0
y + 0 0 0 0
cpi 0 0 0 0 -
ep + - - 0 0
nrec 0 0 - -
ghg 0 0 - - -
rec 0 0 + + +
Conventional
monetary policy shock
gc 0 0 + + +
pi 0 0 - - 0
y 0 + + + 0
cpi 0 - 0 0 0
ep 0 0 0 0 -
nrec 0 + + + +
rec - - 0 0 0
ghg 0 + + + 0
Shock Month 3 12 24 30 _
Unconventional
monetary policy shock
ip + + + + _
cpi + 0 - - B
ep + + 0 0 _
nrec 0 - - - _
rec 0 0 + 0 _
ghg 0 - - - _

The sign shows the direction of the impact, and 0 means that the null hypothesis of no effect
cannot be rejected at the 0.32 level of significance.

187



Table A.4.8.2: Summary of the results (United Kingdom)

Shock Quarter 1 4 8 12 20

Government
consumption shock

t i
y 0
cpl 0
ep -
nrec -
ghg -
rec 0

S O

o+ O
o+ O
o+ O

+ © o
S O O
oS o+
S O O

Public investment
shock

l
(e

r

y
cpi
ep

nrec

ghg

rec

[N eNoNolNolE S
o O O
O OO OO
O OO OO
O OO OO oo

o

Conventional monetary
policy shock

gc
pi
y .
cpl
cp
nrec
rec

ghg -

+ 1 ocoocoo + o
O+ oo+ + +
o+ + +o + o+

+++o0 + o+
oSO+ o0 + o0

Shock Month 3

—
[\
[\®]
=
[S%)
S

Unconventional
monetary policy shock

ip
cpi
cp
nrec
rec
- 0

ghg _

o+ O

OO O OO +
+ oo o +
o

OO O O + O

The sign shows the direction of the impact, and 0 means that the null hypothesis of no effect
cannot be rejected at the 0.32 level of significance.
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Chapter 5: Concluding Remarks and Future Research

In line with its general objective, the doctoral thesis has explored the effects
of macroeconomic policies on the economy and the environment. First, it has
examined the composition of fiscal policy and its transmissions mechanisms on
various macroeconomic aggregates in open economies. Next, the transmission
mechanisms of conventional and unconventional monetary policies on the
macroeconomic aggregates in open economies have been explored. Finally, the
interactions between macroeconomic policies, the energy market and
environmental quality have been analysed. This final chapter summarizes all the
obtained findings of the thesis and contains future lines of research.

5.1 Concluding Remarks

Chapter 2 has examined the composition of fiscal policy and its transmission
mechanisms for two Anglo-Saxon countries, the United States and the United
Kingdom, over the period 1964-2017. The review of the literature made it clear
how the quantitative and qualitative response of key economic variables are
difficult to reconcile, due to the differences in the specification and the lack of
comparability of fiscal policy experiments (Caldara and Kamps, 2008). This
chapter has evaluated the effects of disaggregated fiscal policy shocks on the
macroeconomic aggregates. Building on the existing literature on disaggregated
fiscal policy analysis in open economies (e.g., Lane and Perotti, 1998; Bénétrix
and Lane, 2009), it has explored the role of the exchange rate and the trade
balance in the transmission of shocks to tax revenue and government spending
components. The empirical analysis was conducted through structural VAR
models. The effects of shocks to government non-wage consumption,
government wage consumption, public investment and tax revenue were

evaluated by the impulse response functions and the variance decomposition.

The conducted analysis revealed that the disaggregation of fiscal policy
matters since each fiscal instrument implies different transmission channels and
effects on the real economy. The results indicated that the components of
government spending generally have different effects on the macroeconomic
aggregates than aggregate fiscal policy. It therefore seems essential to
disaggregate government spending into its main components to uncover
significant and different patterns that an aggregated analysis cannot reveal.
However, as expected, the effects of government spending components on
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certain economic variables are weak and insignificant. The analysis showed that
the components of government spending generally have smaller effects on the
economic variables than aggregate fiscal policy. In addition, our findings
suggested that fiscal policy can be operative, besides the interest rate channel,
via an exchange rate and trade balance channels. Considering an open economy
tramework is therefore essential since a part of the fiscal stimulus propagates
abroad through external channels. There are also generally some differences in
the obtained results for the United States and the United Kingdom. This could
be explained by the differences between the United Kingdom and the Anglo-
American economic models. The United Kingdom has comparatively higher
levels of taxation and spending on the welfare state and thus shares some
common features with European continental economic models (Davtyan, 2016).

Our findings revealed that government non-wage consumption shocks can
have contractionary effects in both countries by crowding out private
consumption and private investment. Government wage consumption shocks
seem to have little effect on the output, but lead to spillovers on private sector
wages, that could induce a negative labor demand effect and decrease
employment as a result. Public investment shocks have clear and strong
expansionary short-run effects on the United States economy by increasing
private consumption, private wages and employment. Nevertheless, private
investment is crowded out. The results suggested that after the initial expansion
of economic activity, the crowding out effect in the private sector predominates,
thus leading to a slight decline in economic growth. In the United Kingdom,
the economic slowdown is accompanied by contractionary effects on private
activity. In addition, the obtained results indicated that the expansion of all
government spending components increases inflation in the United Kingdom,
while they reduce all inflation in the United States. Tax revenue increases lead
to a decline in output and its components in the United States, while they have
little distortionary effects on the United Kingdom economy.

The obtained impulse response functions have provided mixed evidence as
regards the impact of government spending components on the open economy
variables. Government non-wage consumption shocks have a relatively weak
impact on the real effective exchange rate and lead to a slight increase in net
exports. Government wage consumption shocks imply a real appreciation in the
United States and a real depreciation in the United Kingdom. These movements
are accompanied by a decline in net exports in the United Kingdom, while they
do not react significantly in the United States. Public investment shocks lead to
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a real depreciation, associated with an increase in the United States net exports
and a decline in the United Kingdom net exports. Finally, tax revenue increases
imply a real appreciation in both countries, accompanied by an increase in the
United States net exports and a decline in the United Kingdom net exports. The
responses of economic variables to shocks to tax revenue and government
spending components were generally difficult to reconcile with most
macroeconomic theories, an aspect that certainly deserves further investigation.

In any case, the results occurring from Chapter 2 revealed several interesting
policy implications for the countries and the period considered in our analysis.
First, government non-wage consumption increases could have contractionary
effects on the real economy. Our findings also indicated that, as expected, public
wage policies have a greater impact on the labor market than changes in the other
components of government spending, while they have a relatively small effect
on the output. Moreover, government efforts to stimulate the real economy
through the increase in public investment should be accompanied by other types
of macroeconomic policy instruments in order to offset the crowding out effect
on private activity. The analysis of the composition of government spending
seems essential to establish how different spending categories can influence
macroeconomic aggregates. However, as expected, changes in the components
of government spending are not by themselves capable of sufficiently improving
economic conditions and other supportive policies need to be implemented
jointly. Moreover, the examination of tax revenue revealed different policy
implications. In the United States, tax revenue cuts can stimulate economic
activity and increase prices in the short run. In contrast, tax revenue cuts do not
seem to be effective in stimulating the United Kingdom economy.

Chapter 3 has examined the transmission mechanisms of conventional and
unconventional monetary policies on the macroeconomic aggregates in open
economies. While research on monetary policy has been substantial, less
attention was given to the study of the role of consumer expectations and stock
prices in the transmission of monetary policy (e.g., Brissimis and Magginas, 2000;
Debes et al., 2014; Gambacorta et al., 2014). In addition, very few studies have
analysed the effects of monetary policy in open economies outside the euro area.
Taking this into account, the analysis was carried out for two non-EMU
countries, Switzerland and the United Kingdom, over the period 1990-2017. We
have examined the potential role of consumer expectations and stock prices in
the transmission of monetary policy in an open economy framework. The
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chapter proposed two distinct structural VAR models. The baseline model for
the case of conventional monetary policy covered the pre-2009 period and was
estimated using quarterly data, while the baseline model for the case of
unconventional monetary policy covered the post-2009 period and was estimated
using monthly data. The official bank policy rate and central bank’s reserve
assets were used as instruments for conventional and unconventional monetary
policy. The modelling approach consisted in augmenting the VAR model with
a forward-lookinginformational variable of near-term development in economic
activity and several foreign exogenous variables. For the case of conventional
monetary policy, the consumer confidence indicator was used since it contains
important information used by central banks about consumer expectations as
regards future economic conditions. For the case of unconventional monetary
policy, the long-term government bond yields were used to capture consumer
expectations about future short-term interest rates. The effects of policy shocks
were assessed by the impulse response functions and the variance decomposition.

The conducted analysis revealed that the inclusion of a forward-looking
informational variable of near-term development in economic activity and a
financial variable such as the stock prices are of key importance for the
monetary policy assessment. We provided evidence for the existence of a
consumer confidence channel in the transmission mechanism of conventional
monetary policy. An expansionary policy enhances households’ perception with
regards future economic conditions, which may result in a tendency to
consumer more and save less. Thus, changes in consumer confidence can
potentially amplify the effects of monetary policy on the real economy.
Moreover, the results indicated that the long-term government bond yields have
an important role in the transmission mechanism of unconventional monetary
policy. The increase in stock prices and the decrease in long-term interest rates
transmit to the real economy through an increase in the wealth of shareholders
and the reduction of costs of capital, thus implying an increase in spending and
economic activity. Although these results have limited policy implications, they
revealed the importance of considering these specific transmission channels and
controlling for global supply and demand shocks in order to provide a
comprehensive analysis of the effects of monetary policy.

Our findings indicated that conventional and unconventional monetary
policies were effective in providing temporary stimulus to the economies of
Switzerland and the United Kingdom during the considered periods. The
obtained results showed that conventional monetary policy shocks have
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temporary expansionary effects in both countries by increasing national income
components and inflation. Moreover, the results revealed that an expansionary
policy leads to a temporary increase in consumer confidence and stock prices.
The boost in economic activity is also reflected by the fall in unemployment and
the increase in nominal wages. However, the real effective exchange rate’s
reaction to conventional monetary policy shocks presents some contradictory
patterns. In the United Kingdom, conventional monetary policy shocks imply a
strong and immediate real depreciation, followed by a gradual appreciation until
the initial steady state level is reached, thus providing support to the Dornbusch's
(1976) exchange rate overshooting prediction. In contrast, the real effective
exchange rate appreciates surprisingly on impact in Switzerland, providing
evidence of an exchange rate puzzle. In addition, net exports increase temporarily
in Switzerland, while they decline temporarily in the United Kingdom.

Unconventional monetary policy shocks have expansionary effects in both
countries by temporarily increasing industrial production, private consumption
and private investment. Nevertheless, the results indicated that the positive
effects on the Swiss economy are relatively small and transitory. An expansion
of central bank’s reserve assets leads to an increase in consumer prices and a
decline in the long-term government bond yields. These movements are
associated with a substantial increase in stock prices. The labor market is
characterized by a slight decline in unemployment and a slight increase in
nominal wages. Unconventional monetary policy shocks imply a real
depreciation, accompanied by an increase in Swiss net exports and a decline in
the United Kingdom net exports. The variance decomposition analysis revealed
that conventional and unconventional monetary policy shocks have a significant
contribution to stock prices variability. Moreover, the obtained results indicated
that conventional monetary policy explains a meaningful part of the variability
in consumer confidence. Finally, our findings revealed that unconventional
monetary policy has been more systematic than conventional monetary policy
in Switzerland, responding more to economic variables and less to unsystematic
monetary policy shocks, while the opposite holds true in the United Kingdom.

Chapter 4 has examined the interactions among macroeconomic policies,
the energy market and environmental quality. These interactions and channels
among them were studied through structural VAR models based on a
macroeconomic framework including the energy market. This chapter has built
on the growing literature analysing the links between macroeconomic policies
and environmental variables (e.g., Halkos and Paizanos, 2016; Ziaei, 2018). It
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has examined how the implementation of macroeconomic policies can affect
the quality of the environment along the business cycle and the specific role of
energy markets as transmission channels. The empirical analysis was conducted
for Switzerland and the United Kingdom over the period 1990-2016. The
geographical and physical characteristics of these two countries make them
particularly vulnerable to global warming. The chapter has evaluated the effects
of shocks to fiscal policy components, conventional and unconventional
monetary policy on the energy market and environmental quality. For the case
of monetary policy, the analysis was explicitly made on sub-periods since the
implementation of quantitative easing could be viewed as a new monetary policy
regime. The impulse response functions and the variance decomposition were
used as empirical tools to assess the effects of policy shocks.

The conducted analysis revealed that fiscal and monetary policies have a
significant influence on the energy market and environmental quality. An
expansion of government consumption leads to a slight and temporary decline
in non-renewable energy consumption and greenhouse gas emissions. Our
findings also indicated that an unexpected increase in government consumption
implies a decline in non-renewable energy prices. Public investment increases
can achieve important non-renewable energy conservation and greenhouse gas
emissions reduction. In contrast, the examination of the relationship between
public investment and non-renewable energy prices has not provided clear
empirical evidence. Moreover, the results indicated that government policies can
have an important role in promoting the deployment of renewable energy.

The obtained impulse response functions have provided mixed evidence as
regards the impact of conventional monetary policy on environmental quality.
In the United Kingdom, an expansionary shock implies an improvement of
environmental quality associated with an increase in renewable energy
consumption, while the opposite holds true in Switzerland. In addition, the
empirical results indicated that an expansionary conventional monetary policy
leads to an increase in non-renewable energy prices and consumption. The
conducted analysis also revealed that an expansionary unconventional monetary
policy can improve environmental quality in the short run by reducing the
consumption of non-renewable energy and increasing the deployment of
renewable energy. In contrast, the obtained results have provided mixed
evidence as regards the impact of the central bank’s reserve assets purchases on
non-renewable energy prices. In Switzerland, non-renewable energy prices
increase after an expansionary shock, while they decline in the United Kingdom.
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The results occurring from Chapter 4 revealed several policy implications.
Fiscal policy, besides its primary role in stabilizing economic activity, can
contribute to the achievement of environmental sustainability. Our findings
indicated that public investment is more efficient than government
consumption in reducing non-renewable energy consumption and greenhouse
gas emissions. The analysis of the composition of government spending seems
crucial to establish how the different spending categories can complement the
efforts to conserve natural resources, promote the use of clean energy and
enhance environmental quality. On the other hand, the examination of
monetary policy revealed that central banks should investigate the impact of
their interventions on environmental quality through the renewable and non-
renewable energy markets. In the United Kingdom, conventional monetary
policy proved to be effective in promoting the deployment of renewable
energies and reducing emissions. In Switzerland, central bank’s efforts to
stimulate the real economy through the decrease in interest rates should be
accompanied by more strict environmental regulations in order to offset the rise
in emissions. Moreover, the conducted analysis revealed that unconventional
monetary policy can lead to enhancements of environmental quality. However,
as expected, quantitative easing is not by itself capable of substantially reducing
emissions and other types of environmental policies need to be implemented
jointly. Although monetary policy cannot yet be considered as a policy
instrument for climate change and energy, central banks should incorporate
environmental issues in their welfare maximization problem.

5.2 Future Lines of Research

The analysis in Chapter 2 opens the door for future empirical research on
the transmission mechanisms of disaggregated fiscal policy shocks in open
economies. Subject to data availability, a first extension of the chapter could be
to augment the VAR model with a real-time forecast variable for government
spending or public debt to control for expectations. In the presence of fiscal
foresight, the use of standard VAR techniques may be problematic because of
the difficulty in differentiating between expected and unexpected fiscal policy
shocks. With the recursive identification approach, the forecast variable will be
ordered first as it is predetermined and the government spending component
variable will be regressed on the current and lag values of the forecast variable.
In this way, spending shocks would better capture the unanticipated changes in
the components of government spending. Another extension could be to use
the VECM representation of the corresponding VAR model to identify fiscal
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policy shocks. Such a methodology requires knowledge on the cointegration
structure but is more relevant for the long-run analysis of fiscal policy, as it
enables to separate the short-run and the long-run dynamics. Finally, a third
extension of the chapter could be to use empirical models that can incorporate
regime changes and nonlinearities, such as Markov Switching and Threshold
VAR. These alternative methods can be meaningful for examining the effects
of shocks to fiscal policy components in the presence of asymmetric and
nonlinear relationships between fiscal and economic variables.

The analysis in Chapter 3 leaves the floor for future research on empirical
open economy macroeconomics and monetary policy. A first extension of the
chapter could be to examine the interaction between fiscal and monetary policies
as central banks might want to respond to changes in government spending and
taxation. Since our analysis is based on sub-periods, our estimation sample is
not sufficiently long to include fiscal variables in the VAR models. However,
we believe that including them would enable a better identification of exogenous
structural monetary policy shocks. Another extension could be to include a
credit variable in the VAR model as it would provide a better understanding of
the response of output and demand components to monetary policy shocks.
The inclusion of the credit channel can potentially amplify the response of
demand components, which in turn could lead to a greater impact of innovations
in monetary policy on the real economy. In addition, alternative methods can
be used for the identification of conventional and unconventional monetary
policy shocks. For instance, it will be meaningful to identify monetary policy
shocks using sign restrictions and compare the results with those in this chapter.

Based on the results of Chapter 4, new research lines arise on the
relationship between macroeconomic policies and the environment. Subject to
data availability, a first extension of the chapter could be to further disaggregate
government spending components and central bank’s reserve assets to explore
the ways in which policy decisions affect the energy market and environmental
quality. This would provide more informative conclusions on how these policies
can help achieve environmental sustainability. Besides, the analysis could be
extended into an open economy framework by including the exchange rate and
the trade balance. The exchange rate represents an important transmission
channel through which fiscal and monetary policies affect the macroeconomic
aggregates and international trade. Trade in turn generates an increase in global
consumption and production, which results in an overall environmental impact,
including pollution and depletion of natural resources. Further research should
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be done to see whether our conclusions remain valid with the use of more
disaggregated data and the inclusion of open economy variables.

The research conducted as part of this doctoral thesis has also led to some
reflections on the COVID-19 outbreak and the role of macroeconomic policies.
Since December 2019, the disease has spread worldwide, leading to a global
pandemic, which has caused a health and economic crisis unprecedent in recent
history. In fact, besides its impact on public health, the deliberate shutdown of
the economy triggered by the pandemic has produced a severe global recession.
A common consensus is that the virus will create a negative supply shock to the
global economy, forcing firms to shut down and disrupting global supply chains
(Fornaro and Wolf, 2020; Organisation for Economic Co-operation and
Development, 2020). The economic impact of COVID-19 also stems from the
labor market, through the negative shocks to labor supply and demand (Brinca
et al., 2020). Consequently, the decline in labor supply and demand will most
likely result in a downward adjustment of hours worked (Brinca et al., 2020).
This situation has led to massive and immediate responses from the economic
authorities in order to cushion the negative impact of the pandemic on the
economy. In view of the pandemic, the main role of macroeconomic policies is
to support employment, income of workers and firms, as well as to minimize
the long-term damage on the economy (European Central Bank, 2020).

The nature of the pandemic affects the transmission of fiscal and monetary
policies (European Central Bank, 2020). When interest rates are very low and
private demand is constrained, as is the case today with the global recession, the
transmission of monetary policy from the easing of financing conditions to
private activity might be attenuated (European Central Bank, 2020). In addition,
when firms and households face high levels of uncertainty, they tend to save
more as a precautionary measure and spend less (European Central Bank, 2020).
While monetary policy can stimulate overall economic activity, it cannot support
the specific sectors that would enhance welfare the most (European Central
Bank, 2020). In these exceptional circumstances, fiscal policy may have the
greatest impact on economic activity and respond in a more targeted manner to
the specific sectors and parts of the economy affected by health restrictions
(European Central Bank, 2020). Given the scale of the current crisis, several
studies have analysed the policy responses to the pandemic (e.g., Aguilar et al.
2020; Faria-e-Castro, 2021). In the coming years, the examination of the
transmission channels and the effects of macroeconomic policies on the
economy during the global pandemic will certainly receive particular attention.
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