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Abstract

This thesis studies two topics of fiscal policies and public debt sustainability. In Chapter
2, the study is motivated by the fact that UK government debt relative to output has
increased dramatically in the last decade. In addition, an aging population in recent
years presents many challenges to government expenditures. Consequently, the UK is
projected to experience further upward pressures on government debt. This chapter
uses a Neoclassical Growth Model to explore the amount of additional tax revenues
needed to finance the future government expenditures and at the same time reduce the
debt to output ratio to 60%. We find that the required revenue to achieve fiscal stability
is in the range of 20-24% of consumption expenditures. Also, when a distorting tax
(consumption tax or labor income tax) is used to achieve the goal, such tax rate needs
to increase to a very high level, even though the government has broadened its tax base.

Chapter 3 aims to identify the public investment shock for a sample of 14 OECD
countries from 1985 to 2018 and investigate how public debt sustainability affects the
macroeconomic effect of a public investment shock. This study identifies public invest-
ment shock as forecast errors of public investment and uses the local projection method
to estimate the responses of a set of key macroeconomic variables to public investment
shocks. The empirical result shows that the public investment shocks can increase the
output, with a multiplier of 2.3 on average over three years. Moreover, public debt sus-
tainability affects the effectiveness of the public investment: The responses of output are
statistical significant larger in a weak-debt regime (i.e., the debt-to-GDP ratio is greater
than a specific high level) than in a strong-debt regime (i.e., the debt ratio is less than a
specific low level). To investigate the channels through which public debt sustainability
can affect the effectiveness of public investment shocks, we also consider the response
of other macroeconomic variables and find that public debt sustainability can limit the
effectiveness of public investment through private consumption and borrowing costs.
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Chapter 1

Introduction

The expansionary fiscal policy involves the government seeking to recover the econ-
omy by stimulating the aggregate demand through tax cuts or increased government
expenditure. Although many scholars had been skeptical of the effectiveness of the
fiscal policy, especially since 1970s stagflation, the ability of fiscal policy to bring the
economy out of the recession has been back in the spotlight due to the substantial fiscal
stimulus packages launched in many countries (e.g., China, European countries, and the
United States) to combat the global financial crisis of 2007. The recession appeared to
be overcome until 2010, when production in certain economies returned to pre-crisis
levels. The crisis, however, evolved into a public debt crisis as a result of governments’
bailing out private financial institutions, resulting in a dramatic increase in the level of
public debt. Additionally, the increase in public debt exceeded the growth rate of GDP,
especially in some developed countries, resulting in an increase in debt-to-GDP ratios.
Figure 1.1 plots the historical public debt-to-GDP ratios for various country groups. It
shows that the debt ratios across G-20 advanced countries were about 30% higher, on
average, in 2015 than in 2007.1 In fact, the high level of debt accumulation started in
the mid-1970s when central banks implemented the tightened monetary policy in most
developed countries to curb excessive inflation rates. The real interest rates spike with

1G-20 emerging countries and low-income countries exhibited lower debt-to-GDP ratios in the post-
crisis period.
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relatively slow growth in real GDP resulting in the debt-to-GDP ratios growing consid-
erably fast in advanced economies, from 24% in 1975 to 64% in 2007.2
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Figure 1.1: Public debt-to-GDP ratios across country groups, 1880-2015
(Group PPP GDP-weighted average, in percent of GDP)

1.1 Public debt dynamics

This section briefly presents a simple framework that determines the debt dynamics,
followed by Escolano (2010). The following framework assumes that the government
must borrow and issue new debt to finance the primary deficit. Thus the total debt stock
at the end of period t (Bt) can be expressed using the following equation:

Bt = Bd
t−1(1+ idt )+B f

t−1(1+ i f
t )(1+ et)−Pt +Ot (1.1)

where Bd
t−1 and B f

t−1 denote the domestic and foreign-currency debt stock at time
t−1, separately; idt and i f

t stand for interest rates on domestic debt and foreign-currency
debt, separately; P is the primary balance which is defined as the difference between
government revenues and expenditures excluding public debt interest payments; and O

2The debt-stabilizing primary surplus equals the automatic debt dynamics, which depends on the real
interest rate and the real GDP growth rate. An increase in the real interest rate and a reduction in the
real GDP growth rate requires a higher level of the debt-stabilizing primary surplus. Debt accumulation
occurs when the fiscal policies are not able to meet the required debt-stabilizing primary surplus.
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denotes any other debt-creating flow adjustments. Equation 1.1 indicates that the total
debt stock at the end of time period t is equal to the sum of domestic debt stock and the
foreign-currency debt stock at time t−1, their interest expenses paid at time t, and other
debt flows, subtracting the primary balance at time t.

Equation 1.1 can be used to capture the dynamics of the debt-to-GDP ratio by divid-
ing both sides by real GDP:

bt =
bd

t−1(1+ rd
t )

1+gt
+

b f
t−1(1+ r f

t )(1+ εt)

1+gt
− pt +ot (1.2)

where lowercase letters b and p denote the debt stock and primary balance as a
ratio to real GDP; r stands for the real interest rate; ε indicates the real exchange rate
depreciation; the real GDP growth rate is denoted as g; and o can be treated as the
residual which captures other identified flows as a share of GDP. Equation 1.2 can be
rearranged by deducting past debt from both sides to illustrate the dynamic change in
debt ratios:

bt−bt−1 =
rd
t bd

t−1 + r f
t b f

t−1−gtbt−1

1+gt
+

b f
t−1(1+ r f

t )εt

1+gt
− pt +ot (1.3)

Equation 1.3 implies that critical variables affecting public debt sustainability in-
clude outstanding debt, interest rate, exchange rate, growth, and primary balance. Among
these factors, primary balance is critical for short-run sustainability because it demon-
strates the extent to which a government can meet its obligations without acquiring extra
debt.

Figure 1.2 shows the UK’s government primary deficit (non-interest government
expenditure minus government revenue) and public sector net debt as a share of GDP,
and the projection for each of them. Office for Budget Responsibility (OBR) predicts
that the UK’s primary deficit and the debt-to-GDP ratio will increase dramatically in
2020-21 as a result of the coronavirus pandemic (COVID-19). Although the primary
deficit ratio to GDP is projected to drop after that, it is still higher than the pre-virus
period and soon increases steadily in the long term. One stylized fact that can explain
the trend is the population aging, which will raise the expense of pensions, health, and
social care. As a result, the government’s primary deficit will move from 0.4% of GDP
in 2018-19 to 12.7% of GDP by 2069-70. The increase in the primary deficit, in turn,
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puts upward pressure on the public finances, and the public sector net debt will rise to an
unprecedented high level in the next 50 years. The question is how fiscal policies should
respond to future increases in public debt in order to bring it down to a manageable level.
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Figure 1.2: Central projection of the primary deficit and debt-to-GDP ratio

Chapter 2 uses a Neoclassical Growth Model to explore the amount of additional
tax revenues needed to finance the future government expenditures and at the same time
reduce the debt to output ratio to 60%. We find that the required revenue to achieve
fiscal stability is in the range of 20-24% of consumption expenditures. Also, when a
distorting tax (consumption tax or labor income tax) is used to achieve the goal, such
tax rate needs to increase to a very high level, even though the government can broaden
its tax base.

1.2 Public debt thresholds

Public debt is a double-edged sword. At moderate levels, it promotes economic growth
by providing funds to finance government expenditures. With the help of public debts,
governments would be able to increase production, improve the welfare and the living
standard of citizens, control natural calamities, and implement infrastructure projects.
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Nevertheless, history has taught us that an economy can become vulnerable as a result
of excessive borrowing. When the debt-to-GDP ratio surpasses a certain threshold, the
effect turns to be opposite (Reinhart et al., 2009). Using an extensive data set cover-
ing over 200 years and 44 countries, Reinhart and Rogoff (2010) discover that gov-
ernment debt levels of more than 90% of GDP are significantly associated with lower
GDP growth. In line with these findings, Cecchetti et al. (2011) examine government,
non-financial corporate, and household debt for 18 OECD countries and report that at
moderate levels, debt improves welfare, while government debt levels above 80% to
100% of GDP, corporate debt above 90% of GDP and household debt above 85% of
GDP, have a deleterious impact on growth. Checherita and Rother (2012) find a similar
level of 90-100% for a panel of 12 euro area countries beyond which a rising debt-
to-GDP ratio is related to a negative effect on long-run growth. By studying the case
of developing countries, Yolcu Karadam et al. (2018) found the debt threshold in the
sample of developing economies is at 88.2%.

While the impact of public debt on economic growth has been widely examined,
the effect of public debt on the effectiveness of fiscal policies, particularly public in-
vestment, remains an unresolved and intriguing area of macroeconomics literature. In
theory, the public debt can affect the response of output to a public investment shock via
two channels: The first is known as Ricardian Equivalence. That is, at a high level of
debt, an increase in public investment may decrease private consumption, as households
with anticipation of tax rising in the future are willing to save more. The second channel
is related to borrowing costs, as higher public debt tends to be associated with higher
risk premiums and thus higher borrowing costs of the whole economy. As a result, the
effectiveness of public investment on stimulating aggregate demand is undermined, or
even turns to be opposite (i.e., crowding out effects) (Laubach, 2009; Lian et al., 2020).

Chapter 3 aims to identify the public investment shock for a sample of 14 OECD
countries from 1985 to 2018 and investigate how public debt sustainability affects the
macroeconomic effect of a public investment shock. This study identifies public in-
vestment shock as forecast errors of public investment and uses the local projection
method to estimate the responses of a set of key macroeconomic variables to public in-
vestment shocks. The empirical result shows that public debt sustainability affects the
effectiveness of the public investment: The responses of output is statistically signifi-
cantly larger in a weak-debt regime (i.e., the debt-to-GDP ratio is greater than a specific
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high level) than in a strong-debt regime (i.e., the debt ratio is less than a specific low
level). To investigate the channels through which public debt sustainability can affect
the effectiveness of public investment shocks, we also consider the responses of other
macroeconomic variables and find that public debt sustainability can limit the effect of
public investment shocks through the private consumption and costs of borrowing.

The rest of the thesis is organized as follows. Chapter 2 investigates the tax pol-
icy reform in the UK in order to meet the future increases in government spending and
reduce the debt to a sustainable level. Chapter 3 studies how public debt impacts the ef-
fectiveness of public investment. Chapter 4 summarizes the main findings and discusses
future research.
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Chapter 2

Government Debt and Fiscal Reform in
the UK

2.1 Introduction

The UK government is facing significant fiscal pressure, which is reflected by a dramatic
rise in government debt compared to the size of the economy. Figure 2.1 shows that the
UK government net debt to Gross National Income (GNI) ratio has increased from 35%
in 1995 to 84% in 2015.1

In addition, in the next few decades, the UK’s public finances will receive more fiscal
challenges from the effects of an aging population and additional non-demographic cost
pressures (e.g., technological advances and the rise of chronic health conditions) on
health spending. In order to maintain the social benefits at the current level, the UK
government has to increase its spending as a share of national income on related items
such as public pensions and the costs of health and long-term social care. According
to OBR’s forecasts, the ratio of government purchases to output is projected to increase
from 22% in 2016 to 27% in 2066, and the transfer payments are projected to rise from
21% to 23% of GNI between 2016 and 2066 (OBR, 2017). The UK’s government
expenditures to output ratios are shown in Figure 2.2.

1Government net debt is defined as the difference between financial liabilities and assets of the public
sector (excluding public sector banks).
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Figure 2.1: UK net debt to GNI ratio
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Figure 2.2: UK government expenditures to GNI ratios

Obviously, without increasing tax revenue or cutting government spending, the bud-
get deficits will grow over time, leading the debt to output ratio to continue to rise.
Figure 2.3 shows the OBR’s projection of public sector net debt as a share of GNI.
While there is no explicit limitation on the growth of the debt to GNI ratio, it is rea-
sonable to expect that it cannot rise to an unprecedented level. The UK government,
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Figure 2.3: Projections of UK public sector net debt to output ratio

therefore, needs to stabilize its debt at some point.

This research intends to provide different ways for the UK government to finance the
increases in government spending and at the same time reduce the debt to output ratio to
a specified level (i.e., 60%). In our benchmark experiment, the government is allowed to
levy a lump-sum tax, which is equivalent to reducing the transfer payment in our model
to reduce the fiscal deficit and restore fiscal stability. By doing this, we can explore
the amount of revenue the UK government needs to pay for the projected increase in
government expenditures and stabilize the debt. We will also attempt to explore if using
a distorting tax (labor income tax or consumption tax) instead of a lump-sum tax is
feasible to achieve our goal.

Numerous works have examined the fiscal reform associated with growing govern-
ment debt in advanced economies. Several attempts have been made using the Over-
lapping Generations Model (OLG) to quantify the fiscal cost of an ageing population.
For example, Kudrna et al. (2015) investigate the fiscal policy options to mitigate fiscal
pressure arising from the aging of the Australian population. They conclude that to bal-
ance the budget in 2050, either non-age-related government spending must be reduced
by 32% or the consumption tax rate must be increased by 28%. Nishiyama (2015) ex-
amines aging and fiscal reforms in the United States. They find that the demographically
related fiscal gap is 2.92% of GDP. Two fiscal reforms are considered to close the fiscal
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gap in this paper: tax hikes and cutting transfer payments. Their results indicate that
current generations prefer increasing marginal income tax to cutting transfer benefits,
at the expense of future generations. With a large government debt and severe popu-
lation aging, Japan’s fiscal reform has risen to the forefront of scholarly concern. For
example, Doi et al. (2011) evaluate the tax revenue required to finance the government
spending and sustain the debt at 2010 level. Their results show that to achieve the goal,
the tax revenue as a share of GDP is required to increase to 40- 47%. Braun and Joines
(2015) investigate the fiscal costs of population aging in Japan using a general equilib-
rium model with a rich demographic structure. They project that a sovereign debt crisis
would break out by 2039 if the Japanese government does not take any action to reduce
the fiscal deficit, and at that point the fiscal consolidation requires the consumption tax
rate to increase to over 50%. In contrast, if the consumption tax rate could be perma-
nently increased to 36% in 2019, the intertemporal budget constraint could be satisfied.

To provide insights for fiscal policy in the short term, some of the other studies
use the Neoclassical Growth Model with an infinitely lived representative household to
explore the fiscal policies that could stabilize the government debt in Japan. This frame-
work is developed by Hayashi and Prescott (2002), who explore the real reason behind
the Japanese lost decade of growth. The Neoclassical Growth Model is the workhorse
macro model. It is beneficial to explain how economies evolve dynamically in response
to shocks and policies. It also generates model simulations that match actual data rea-
sonably well. The examples using this model include Imrohoroglu and Sudo (2011a),
who measure the impact of increasing the consumption tax rate to 15% combined with
a growth rate of 3% in output over the next 20 years and have found that this cannot
lead to a persistent primary surplus. Imrohoroglu and Sudo (2011b) examine the effect
of economic growth on government debt in Japan, and the main finding is that in order
to eliminate the debt, the total factor productivity (TFP) in Japan needs to grow at an
unprecedentedly high rate of 6% per year for a decade. Hansen and Imrohoroglu (2016)
study the fiscal reform and debt in Japan and have found that the required revenue to
finance the projected increase in government spending is very high, which is 30 to 40
percent of consumption expenditure. When they use a distorting tax to finance future
government expenditure, it also requires the tax to rise to over 60%.
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We contribute directly to the literature by analyzing the fiscal reforms and govern-
ment debt in the United Kingdom. Much of the existing literature pays particular atten-
tion to the empirical examination of whether the public debt is sustainable or not in the
UK (Raybaudi et al., 2004; Dulger and Ozdemir, 2005; Holmes, 2006; Considine and
Gallagher, 2008). However, they have not explored the fiscal adjustments that could be
used to deal with the large primary deficits and government debt in the future. Botman
and Honjo (2006), on the other hand, examine the macroeconomic effects of different
fiscal adjustments by calibrating the IMF’s Global Fiscal Model to the UK economy.
To close the financing gap by FY2009/10 and stabilise the debt-to-GDP ratio at 45%
from FY2009/10 onwards, they conclude that labour income tax rates need to be raised
by approximately 2 percentage points under a delayed consolidation, whereas an early
consolidation beginning in FY2006/07 can stabilise the debt-to-GDP ratio at 37%. In-
creases in labor income taxes are more beneficial in the long run than rises in corporate
income taxes. Also, benefits are greater when the adjustments are implemented through
government transfers or spending cuts than through tax hikes. This paper, however, does
not consider the effect of the consumption tax. In addition, the model in this study is
calibrated to the UK economy using the actual time series for 1997-2005. In fact, the
debt to output in the UK has increased dramatically since 2008 (see Figure 2.1) and it
is projected to increase further. Therefore, it is necessary to explore the fiscal reforms
by considering much higher levels of debt-to-GDP ratios. Our research contributes to
the existing literature by investigating the tax revenue, consumption tax rate, or labor
income tax rate required to finance the future increased government expenditure and at
the same time reduce the debt to output ratio and sustain it at the level of 60%. Our
findings show that the tax revenue required as a share of consumption expenditures is
in the range of 20%-24%. Compared the results with those of Hansen and Imrohoroglu
(2016), one could find that due to the lower fiscal burden, the revenue required to pay
for the increased government expenditure and stabilize the debt to output ratio in the UK
is less than that in Japan. Nevertheless, to finance future expenditures, the consumption
tax rate or labour income tax rate must climb to an unprecedentedly high level. In par-
ticular, to reduce the debt to output ratio from 200% to 60%, the labor income tax needs
to increase by around 5 percentage points, while the consumption tax rate is required to
be raised by 3.5 percentage points.

Specifically, we use a standard one-sector Neoclassical Growth Model based on
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Hansen and Imrohoroglu (2016) to measure the additional revenue needed to stabilize
government debt in the UK. Our proposed model assumes that the markets are complete
and the agents have perfect foresight of exogenous variables such as government pol-
icy, population growth rates, production technology, and factor prices. Also, a stand-in
household maximizes its utility given the budget constraint. We introduce the govern-
ment bonds into the utility function by treating the UK as a closed economy, and the
household holds all government bonds. The representative firm uses constant returns to
scale the Cobb-Douglas production function to maximize its profits by choosing capital
and labor. The government finances its exogenous purchases, transfer payments, and
government debt by taxing household consumption, capital income, labor income, and
interest on government bonds. The government is also subject to a debt sustainability
rule that forces it to pay off its debt when the debt to output ratio hits the maximum
level. Finally, all the markets need to be clear in equilibrium.

We calibrate the model to the UK economy using the actual time series for 1995-
2015. In order to compute the transition path from the initial condition in 1995 to the
steady-state, we extend the data to 2066 and above based on a series of assumptions and
forecasting.

For the quantitative experiment, we experiment with several different ways to stabi-
lize the debt. In our benchmark experiment, increasing lump-sum tax, which is equiva-
lent to transfer payment reduction in our model, is used to achieve the goal. Specifically,
when the debt to output ratio reaches its maximum level, the government is forced to
retire the debt by increasing lump-sum tax (reducing transfer payment) to pay for the
increases in government spending so that the debt to output ratio reduces and eventu-
ally drops down to its steady-state level. As the maximum level of debt to output ratio
is exogenous in the model, we will consider different values of this ratio and explore
how required revenues change among different values of the maximum level of debt to
output ratio. In the fiscal policy experiments, a distorting tax such as consumption tax
or labor income tax will be used instead of lump-sum tax to achieve our goal. We also
consider tax system reforms by broadening the tax base in the fiscal policy experiments.
We then compare the benchmark results with those obtained from fiscal policy experi-
ments and provide the political suggestion for the fiscal reform for the UK government.
We also examine the sensitivity of our results to different assumptions from the previous
analysis.
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The main finding of our research is that when the debt to output ratio reaches its
maximum level, which is set to be 200% in the benchmark experiment, the revenue
required as a share of consumption expenditures is in the range of 20%-24%. When
the government uses consumption tax to finance the projected increases in government
spending and bring the debt to output ratio to 60%, this tax rate needs to rise to over
50%. Even if the UK government broadens the tax base, it still requires the consumption
tax rate to increase to over 40%. Additionally, if the labor income tax rate is considered
to achieve the goal, unprecedented high levels of the tax rate of 70% without tax base
broadening and 60% with tax base broadening need to be set up.

The rest of the paper is organized as follows. The next section presents the bench-
mark model. Section 2.3 discusses the measurement and calibration. The solution pro-
cedure is described in Section 2.4. The quantitative experiments are shown in Section
2.5, as well as the sensitivity analysis of the experiments. Finally, Section 2.6 provides
a conclusion.

2.2 Benchmark Model

This section describes the Neoclassical Growth Model used in the benchmark simu-
lation. The capital letter stands for per capita value. The model takes government
purchases, transfer payments, total factor productivity, population, and tax rates as ex-
ogenous to determine the consumption, output, capital, government bond, bond price,
investment, debt reduction, wage, working hour, and interest rate.

2.2.1 Household’s Problem

We assume that the economy is closed, and the UK household holds all government
debt.2 There are Nt working-age members in the representative household at time t.
The population growth is assumed as follow:

Nt+1 = ΩtNt (2.1)

2The assumption is based on the fact that domestic investors hold approximately 70% of government
bonds in the UK (DMO, 2012).
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where Ωt is a time-varying population growth rate.

The household is assumed to hold B0 > 0, which is a one-period zero-coupon bond
at time 0. Household has a preference on consumption, leisure, and holding government
bonds, given by the utility function:

Ut =
∞

∑
t=0

β
tNt

[
log(Ct)−ρ

h1+1/φ

t

1+1/φ
+θ log(µt +Bt+1)

]
(2.2)

where Ct is consumption, ht is the fraction of hours worked, Bt is the quantity of one-
period zero-coupon bonds purchased in period t−1, and maturing in period t, β denotes
the subjective discount factor, −ρ is the disutility of work and labor’s inter-temporal
elasticity of substitution is denoted by φ , θ denotes the household’s preference for the
government bond, µt measures other assets that might be perfect substitutes to the UK
government bonds in generating utility to households. We add this parameter because it
may be helpful to match the volatility of the bond prices.

The last term in the utility function captures the utility household derives from hold-
ing the government bond. By introducing the government bond in the utility function,
both quantity and the price of government bonds are determined endogenously. Thus the
well-known rate of return dominance of capital over government bonds can be yielded
by the model.

Given the wage (Wt), the rental rate of capital (rt), the price of bond (qt), tax rates
on consumption, labor income, capital income, and interest earnings on the government
bonds (τc,t , τl,t , τk,t , τb,t), and transfer payment (Tt), the household’s problem at time t

is to choose paths of consumption (Ct), labor supply (ht), capital stock (Kt+1), and bond
holding (Bt+1) to maximize Ut given by Equation (2.2), subject to its budget constraint
in period t, which is shown below:

(1− τl,t)Wtht +[1− (1−qt−1)τb,t ]Bt +[1+(1− τk,t)(rt−δ )]Kt +Tt

= (1+ τc,t)Ct +qtΩtBt+1 +ΩtKt+1
(2.3)

where δ is the capital depreciation rate. Equation (2.3) implies that the household’s
consumption and the investments on capital and government bond at period t must be
equal to its after-tax income of labor, capital, and bond from the previous period, and
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transfer payments from the government.

2.2.2 Firm’s Problem

For production, we assume a Cobb-Douglas function which is shown in Equation (2.4):

NtYt = At(NtKt)
α(Ntht)

1−α (2.4)

where α is the income share of capital. The production function has constant returns to
scale.

The law of motion for capital stock is

Nt+1Kt+1 = (1−δ )NtKt +NtXt (2.5)

where Xt is the investment per capita.

The total factor productivity At as shown in Equation (2.6) is assumed to grow ex-
ogenously at the rate ηt :

At+1 = ηtAt (2.6)

The stand-in firm maximizes its profit by choosing labor and capital.

2.2.3 Government

Government purchases, transfer payments, and government bonds are funded by issu-
ing new bonds and tax revenues from household consumption, capital income, labor
income, and interest earned on the government bonds. It can be described by the fol-
lowing government budget constraint:

Gt +T t +Bt = qtΩtBt+1 + τc,tCt + τl,tWtht + τk,t(rt−δ )Kt + τb,t(1−qt−1)Bt (2.7)

The growth of government debt in our model is assumed to be restricted. That
is, when the ratio of debt to output brt = Bt/Yt reaches some specified value brmax,
the government is required to reduce debt. This assumption is referred to as the debt
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sustainability rule, which can be described as the following equation:

Dt =

κ(Bt−B∗) if brs ≥ brmax for some s≤ t,

0 others.
(2.8)

where Dt is the amount of debt that government has to reduce, B∗ is the steady-state
level of the bond. Equation (2.8) works as follows: Dt is zero until the point that brt

reaches to the specified value brmax. At this point, subject to the debt sustainability rule,
the government is forced to reduce the amount of debt κ(Bt −B∗) so that the brt could
fall and ultimately converge to its steady-state value br∗. Parameter κ > 0 is chosen to
be as small as possible to achieve this goal.

The debt sustainability rule plays a vital role in our model. First, it captures the fact
that the amount of bonds the government can issue is restricted by its repayable ability
in actual economies. Thus there exists an upper limit on how much debt the government
can issue. It is not expected that the debt to output ratio to exceed this limit. Second, as
we assume that the economy ultimately converges to its steady-state, the debt to output
ratio is required to fall and converge to its steady-state level in our model. Without this
assumption, convergence cannot be guaranteed.

In our benchmark model, we use lump-sum tax to finance the debt reduction. We
assume that increasing lump-sum tax is equivalent to reducing the transfer payments.
Therefore, when the government is forced to reduce debt, the transfer payments Tt in
Equation (2.7) should be:

Tt = T Rt−Dt (2.9)

where T Rt is the transfer payments under the circumstance where the government is not
constrained by the debt sustainability rule.

2.2.4 General Equilibrium

Aggregating over agents and assuming market clearing allow us to derive a set of non-
linear difference equations involving the endogenous variables and the parameters. The
General Equilibrium of the model are obtained by satisfying the following conditions:

(i) the household maximizes utility subject to its budget constraint;
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(ii) the firm maximizes profits with factor prices given by Wt = (1−α)AtKα
t h−α

t , and
rt = αAtKα−1

t h1−α
t ;

(iii) the government budget constraint and debt sustainability rule hold;

(iv) the bonds market clears;

(v) the goods market clears: Ct +Xt +Gt = Yt .

2.2.5 Detrended Equilibrium Conditions

In order to obtain the steady-state level of each variable, we need to derive the detrended
equilibrium conditions for the economy. To do this, we assume that the economy con-
verges to a balanced growth path where per capita aggregate variables grow at the rate
η

1/(1−α)
t , and we divide each variable by a scale factor that grows at its balanced growth

rate. For instance, the detrended version of variable Jt is given by:

jt =
Jt

A1/(1−α)
t

(2.10)

The detrended equilibrium conditions are summarized in 10 equations, from Equa-
tion (2.11) to Equation (2.20), which are shown below.

The detrended Euler equation of consumption is given by Equation (2.11):

(1+ τc,t+1)η
1/(1−α)
t ct+1

(1+ τc,t)ct
= β [1+(1− τk,t+1)(rt+1−δ )] (2.11)

Equation (2.12) is the detrended bond Euler equation (dynamic optimality condition
for bond):

θ

µ +bt+1
+β [1− (1−qt)τb,t+1]

Ωt

ct+1(1+ τc,t+1)
=

qtΩtη
1/(1−α)
t

ct(1+ τc,t)
(2.12)

The detrended first order condition for hours worked is given in Equation (2.13):

ρh1/φ

t =
(1− τl,t)wt

ct(1+ τc,t)
(2.13)
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The detrended production function and law of motion for capital are shown in Equa-
tions (2.14) and (2.15) respectively:

yt = kα
t ·h1−α

t (2.14)

Ωtη
1/(1−α)
t kt+1 = (1−δ )kt + xt (2.15)

Equation (2.16) is the detrended budget constraint for the household:

(1+ τc,t)ct +Ωtη
1/(1−α)
t kt+1 +qtΩtη

1/(1−α)
t bt+1 = (1− τl,t)wtht

+[1+(1− τk,t)(rt−δ )]kt +[1− (1−qt−1)τb,t ]bt + trt−dt
(2.16)

The detrended government budget constraint is given below:

gt + trt +bt = qtΩtη
1/(1−α)
t bt+1+τc,tct +τl,twtht +τk,t(rt−δ )kt +τb,t(1−qt−1)bt +dt

(2.17)

The detrended debt sustainability rule is given by Equation (2.18):

dt =

κ(bt−b∗) if brs ≥ brmax for some s≤ t,

0 otherwise
(2.18)

where b∗ is the value of bt along the balanced growth path, and it is equal to br∗y∗.

Finally, Equations (2.19), (2.20), (2.21) are the detrended market clearing condi-
tions:

wt = (1−α)kα
t h−α

t (2.19)

rt = αkα−1
t h1−α

t (2.20)

yt = ct + xt +gt (2.21)

2.3 Calibration

Before calculating the steady-state level of variables and transition path from the initial
condition to a balanced growth path, it is essential to calibrate our model to the UK

31



economy. The actual time series used in this paper are from ONS and The Organisa-
tion for Economic Co-operation and Development (OECD) database for 1995-2015. In
addition, to compute the transition path from 1995 to the steady-state, we extend these
series to 2066 and above based on the assumptions and forecasting.

2.3.1 Measurement

Product accounts. We use the methods provided by Hayashi and Prescott (2002) to ad-
just the variables. To be specific, output (Y ) is GNI which includes income from foreign
capital. Consumption (C) is total private final consumption expenditures. Investment
(X) is adjusted to consist of gross private investment, trade balance, and net income
from abroad.

In standard growth theory, all government purchases(G) are expensed. Thus gov-
ernment purchases in the product account include government consumption and invest-
ment. Table 2.1 explains how the product accounts are constructed exclusively from the
adjusted National Accounts.

Table 2.1: Product accounts adjustments

C = Total private final consumption expenditures

X = Private gross capital formation
+ Trade balance
+ Net income from abroad

G = Total government final consumption expenditures
+ General government gross capital formation

Y = C+X+G

Capital Stock, K. Capital Stock excludes government capital but includes capital
in foreign countries.3

Working-age population, N. The working-age population is defined as the number
of people between 20 and 64.

3We calculate capital in foreign countries (KF) following the way of Hayashi and Prescott
(2002): KF(2012) = 25 ∗Net Income from Abroad (2012); KF(t + 1) = KF(t) + Trade Balance(t) +
Net Income from Abroad(t).
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Average hours worked, h. This variable is calculated using the following equation:
h(t) = Total actual weekly hours worked(t)/N(t)

48 , where we assume the total discretionary hours
available per week is 48, which is the legal maximum weekly working hours in the UK.

Tax rates. Following Mendoza et al. (1994), labor income tax rates (τl), and capital
income tax rates (τk), are calculated as effective average tax rates on labor income and
capital income, respectively. An effective average tax rate is defined as the ratio of tax
revenue to pre-tax income. We can obtain the labor income tax using the following
equation:

τl,t = (
τh,t ∗wt +T SSt +T PWt

wt +ESSt
)∗100 (2.22)

where wt is wage, T SSt and ESSt are total social security contribution and employer’s
contribution to social security respectively, T PWt defines taxes on payroll and work-
force, τh,t is household’s average tax rate on total income and we compute it as:

τh,t =

(
T IIt

MIt +PEIt +wt

)
∗100 (2.23)

where T IIt is the tax on income, profits, and capital gains of individuals, MIt denotes
household’s mixed income, and PEIt is the household’s property and entrepreneur in-
come.

The effective tax rate on capital income (τk) follows:

τk,t = [
τh,t ∗ (MIt +PEIt)+T ICt +T IPt +T FCt

OSt
]∗100 (2.24)

where T ICt , T IPt , T FCt are taxes on income, profits, and capital gains of corporations,
recurrent taxes on immovable property, and taxes on financial and capital transactions,
respectively. OSt is the total operating surplus of the economy.

The consumption tax rate (τc) is equal to 17.6% from 1995 to 2010, except year
2009 in which τc = 15%, and from 2011 to 2015, τc = 20%.

For the tax rate on bond interest (τb,t), we assume that it is equal to the household’s
average tax rate on total income (τh,t).4

4This assumption is based on the fact that although any profit the investors make from buying and
selling government bonds is exempt from Capital Gains Tax in the UK, it may still require investors to
pay income tax on the interest they earn in excess of their personal savings allowance.

33



1995 2000 2005 2010 2015 2020
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Consumption Tax Rate

Labor Income Tax Rate

Capital Income Tax Rate

Tax Rate on Interest from Government Bond

Figure 2.4: Tax Rrtes in benchmark calibration

Our benchmark experiment assumes that all tax rates are constant as their last ob-
served values beyond 2015. Figure 2.4 shows the tax rates used in our benchmark
experiment.

Government accounts. Public net debt (B) is measured as the difference between
financial liabilities and assets of the Public Sector (excluding public sector banks). In-
terest payment on debt (P) is the product of GNI and the share of net public debt in-
terest payments to national income. Transfer payments (T R) include public pensions
and other social benefits (such as personal tax credits, housing benefits, jobseekers’ al-
lowance, and the equivalent support in the new universal credit paid to the unemployed)
that did not count into G.

According to the OBR projection, the ratio of government purchases to output is
forecast to increase by 5%, and the ratio of transfer payment to output is projected to
increase by 2% from 2016 to 2066 (OBR, 2017).

In addition, since the tax rates we measured are not progressive and we also ig-
nore the exclusions and deductions in the UK tax system, the tax revenue generated by
the model is higher than the real tax revenue by around 3% of output. In order to be
consistent with the actual data, we add this excess revenue to transfer payments in our
measurement. In some later fiscal policy experiments, we will allow the government to
broaden its tax base by eliminating this excess revenue from transfer payments.

Population growth rate, Ωt . Population growth rate for 1995-2066 can be calcu-
lated using Equation (2.1) with the actual and projected data of N produced by ONS.
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we assume that the population growth rate is equal to one after 2066, which implies that
the population is assumed to remain constant.

Capital income share, α . We assume that the capital income share is constant
across time, and it measures as the sample average of the share of capital income in
output during 1995-2015.5 The value of α is 0.3734.

The growth rate of total factor productivity, ηt . Given {Nt , Yt , Kt , ht} as well
as α , the total factor productivity (At) can be calculated using Equation (2.4), then the
growth rate of total factor productivity for 1995-2014 can be obtained by Equation (2.6).
We assume this growth rate is constant and equal to 1.0111−α from 2015 and above.6

Depreciation rate, δ . According to Hayashi and Prescott (2002), the capital depre-
ciation rate can be measured as the sample average of the ratio of depreciation to capital
stock for 1995-2015, where the depreciation is defined as the total consumption of fixed
capital. The value of δ is 0.0365.

The elasticity of labor supply, φ . Following the estimation of intertemporal sub-
stitution elasticity in Chetty et al. (2013), we set φ = 0.5 in our model.

Preference parameters, β ,ρ,θ , and µ . The first three parameters β ,ρ,θ can be
calculated using the following equilibrium conditions, and the average value is taken in
the model:

βt =
(1+ τc,t+1)η

1/(1−α)
t ct+1

(1+ τc,t)ct [1+(1− τk,t+1)(α
yt+1
kt+1
−δ )]

(2.25)

ρt =
h−1/φ

t (1− τl,t)(1−α)yt

(1+ τc,t)ctht
(2.26)

θt = Ωt(µ +bt+1)

[
qtη

1/(1−α)
t

(1+ τc,t)ct
−

β [1− (1−qt)τb,t+1]

(1+ τc,t+1)ct+1

]
(2.27)

As B is a one period zero-coupon bond in our model, we compute the price of
government bonds (qt) in Equation (2.27) as:

5Following Hayashi and Prescott (2002), capital income is defined as the sum of the gross operating
surplus of corporations and households, 20 percent of the gross operating surplus of non-households, 50
percent of indirect business taxes, and net factor payments from abroad.

6With a constant rate of technological growth, all economies converge toward a balanced growth path.
Along the balanced growth path, the constant growth rate of capital per worker and output per worker is
given by kt+1

kt
=

yt+1
yt = (η∗)1/(1−α), where η∗ is the growth rate of total factor productivity in the steady

state. We assume the growth rate of the economy is 1.1%, thus η∗ is 1.0111−α .
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qt =
Bt+1/Ft

(Bt+1 +Pt+1)/Ft+1
(2.28)

where Bt is beginning of period debt, Pt denotes interest payments of government bonds
in period t, Ft is the GNI deflator.

The last preference parameter (µ) is the detrended value of µt . We choose it to
minimize the sum of squared differences between the bond price generated by the model
and its data counterpart. This parameter would help us to match the volatility of the
bonds price.
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Figure 2.5: Bond prices from UK data and benchmark simulation

Figure 2.5 shows the price of government bonds generated by our model and its
counterpart calculated using Equation (2.28), as well as the price when θ = 0. With
θ = 0, the government bonds have the same rate of return as capital. Figure 2.6 shows
the before and after-tax rates of return on government bonds and capital generated by
the model. From these two figures, we can see that the household is willing to hold
government bonds at a higher price and lower rate of return when θ > 0, compared to
when θ = 0. Figure 2.6 also shows the notable feature that the rate of return of capital
always dominates that of government bonds. Table 2.2 reports the calibrated values of
the structural parameters in our benchmark model.
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Table 2.2: Parameters values used in simulations

Parameter Value Description
α 0.3734 Capital income share, sample average, 1995-2015

δ 0.0365 Depreciation rate, sample average, 1995-2015

φ 0.5 Labor supply elasticity, Chetty et al. (2013)

β 0.9769 Household’s subjective discount factor, sample average

ρ 3.77 Disutility of work, sample average

θ 0.0252 Household’s preferences for government bonds, sample average

µ 1.5 Fit qt for 1995-2015
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Figure 2.6: Returns on capital and bonds from benchmark simulation

2.4 Solution Procedure

After calibration, we can now use the model to calculate the steady state level of the
economy and transition path from the initial condition to a balanced growth path, fol-
lowing the methodology of Hayashi and Prescott (2002). The simulation takes the capi-
tal stock (k

y)t=1995 and a sequence {(g
y )t ,(

tr
y )t ,τc,t ,τl,t ,τk,t ,τb,t ,ηt ,Ωt}∞

t=1995 as given. A
forward shooting algorithm is used to calculate the transition path. The computation Ob-
jective is to find value for ct=1995 so that the endogenous variables {ct ,kt+1,bt+1,dt ,yt ,xt ,

ht ,qt ,wt ,rt} could converge to their steady state values. Specifically, we initially set
cH = f ((k

y)t=1995) and cL = 0. We choose a stopping criterion ε > 0. The first step is to
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set c(0) = ct=1995 = (cL+cH)/2. In the second step, we start shooting by solving Euler
equation and labor leisure choice with initial conditions c(0), k

y(0) = (k
y)t=1995; stop the

algorithm at the first t when the growth rate c(t)
c(t−1) < 0 or k(t)

k(t−1) < 0, and denote it as
T . Step 3 is to check convergence and update c(0): If |c(T )− c∗| < ε where c∗ is the
steady state level of consumption , stop. Otherwise, if c(t)

c(t−1) < 0 , then set cL = ct=1995;
else set cH = ct=1995 and go back to first step.

2.5 Quantitative Findings

This section presents the numerical results. As mentioned in Section 2.2, the govern-
ment is subject to the debt sustainability rule, which forces the government to reduce its
debt when the debt to output ratio reaches a specific value brmax. In the benchmark ex-
periment, the debt reduction is financed by increasing lump-sum tax (reducing transfer
payments). Furthermore, We implement four fiscal policy experiments, where the labor
income tax or consumption tax will be used as the major fiscal instrument to increase
the tax revenue and stabilize the debt. Finally, we conduct several sensitivity analyses
by considering some alternative calibrations and policy options.

2.5.1 Benchmark Experiment

In this subsection, We experiment with three different values of brmax, which are 150%,
200%, and 250%. According to the historical data of debt to output ratio, the national
debt reached around 250% of GDP in 1816 after the battle of Waterloo, and the same
situation happened after the close of World War II in 1947. Also, OBR predicts that the
debt to output ratio will exceed 200% in the UK after 2061. Therefore, the values of
brmax we choose are reasonable, although they are much higher than the current level of
debt of output ratio.

The steady-state level of debt to output ratio (br∗) is assumed to be equal to 60%,
which is the convergence criteria of debt-GNI-ratio in the Maastricht Treaty that force
all the EU members to abide by.

For each value of brmax, we experiment with different values of κ , and the smallest
value is chosen so that the debt to output ratio could converge to its steady-state level.
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Figure 2.7 shows how we choose the parameter κ when brmax = 200%. The debt
sustainability rule is triggered in 2033, where the government is forced to begin to re-
duce the debt, which is equal to κ(bt − br∗y∗). The upper panel of Figure 2.7 shows
that κ = 0.05 is insufficient to achieve debt sustainability as the debt to output ratio
continues to grow after 2033, whereas the larger values of κ which are 0.09 and 0.15,
can stabilize the ratio. The lower panel of Figure 2.7 shows the additional lump-sum tax
required to retire debt as a fraction of consumption expenditures for different values of
κ . The revenue requirement (Dt) is positive as long as the debt exceeds its steady-state
value. As the difference between the debt and its steady-state value becomes smaller,
the revenue requirement declines and eventually converges to zero. Furthermore, the
debt to output ratio drops faster if κ = 0.15, but it needs more revenue in the triggered
date than necessary. We choose κ = 0.09 for brmax = 200% because it is the smallest
value that can guarantee the convergence.
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Figure 2.7: Bt/Yt and Dt/Ct in the benchmark economy

Figure 2.8 and Figure 2.9 depict the paths of the debt to output ratio and the revenue
requirements for different values of brmax. We choose κ = 0.13 when brmax = 150%
and κ = 0.07 when brmax = 250%. The triggered years are 2027 and 2038, respectively.
As expected, the higher is brmax, the later the debt sustainability rule is activated. In
addition, the tax revenue required to stabilize debt is in the range of 20%- 24% of
aggregate consumption expenditures when brmax = 200% and it increases with the value
of brmax.7

7The revenue requirements are 17%- 23% and 24%- 26%, when brmax = 150% and brmax = 250%,
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Figure 2.8: Time paths for debt to output ratio in the benchmark economy
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Figure 2.9: Revenue requirement as fraction of aggregate consumption in the
benchmark economy

In order to evaluate the performance of our model, we display and compare the time
paths in the data and in the benchmark exercise where brmax = 200% and br∗ = 60%.
Figure 2.10 shows hours worked, capital stock, and output in the data and the benchmark
exercise. We normalize capital stock and output by setting 1995 values equal to 100. It
is easy to discover from Figure 2.10 that when compared to the performance after 2007,
the model generates the data better matching with the actual data during 1995-2007. It

respectively.
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may be due to the financial crisis of 2007-2008, which is a feature that is not considered
in our model.
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Figure 2.10: Labor, capital, and output: UK data and the benchmark economy

Figure 2.11 depicts the paths of consumption, investment, and the capital-output ra-
tio in the actual data and in the model, where the values of consumption and investment
in 1995 are normalized to equal to 100. The model performs reasonably well in terms
of replicating consumption behavior and capital-output ratio. However, it captures a
higher investment behavior than that in the actual UK economy.8

Figure 2.12 displays the data and model debt-output ratio. As we mentioned above,
we assume that 3% of output is added to transfer payments because the tax rates in our
model are flat, and they ignore the exemptions and deductions in the UK tax code. By
doing so, the debt to output ratio generated by the model is much closer to that in the
actual data.

8According to Imrohoroglu and Sudo (2011a), it may be because our model does not capture the
change in productivity, which is a key element of the investment goods sector.

41



1995 2000 2005 2010 2015
100

150

200
Consumption

Data

Model

1995 2000 2005 2010 2015
0

100

200
Investment

1995 2000 2005 2010 2015

3

3.5

4
Capital Output Ratio

Figure 2.11: Consumption, investment, and capital-output Ratio: UK data and the
benchmark economy
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Figure 2.12: Net debt to GNI ratio: UK data and the benchmark economy

2.5.2 Fiscal Policy Experiments

Unlike the benchmark exercise in which lump-sum tax is increased to raise sufficient
revenue to achieve fiscal stability, this subsection conducts several experiments that aim
to achieve fiscal stability using the revenue that comes from increasing distorting tax
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rate such as consumption tax rate or labor income tax rate.9

We consider two cases: In Experiments 1- 2, the consumption tax rate is the primary
instrument of achieving debt stability, whereas in Experiments 3- 4, the labor income tax
rate is used to reach the target. We denote the tax rate used as a primary fiscal instrument
as τx,t and the steady-state level of τx,t is τ̄x which is endogenously determined by the
model. We assume that all the tax rates are initially equal to their benchmark values
until the debt to output ratio (br) reaches its threshold level (brmax). At this point, all the
tax rates remain to their benchmark values, except τx,t which is increased by an amount
ν to finance the additional government spending and reduce the debt. The parameter
ν > 0 is assigned to be as small as possible so that the debt to output ratio (brt) could
converge to its steady-state level (br∗) eventually. When br∗ has reached, the primary
instrument tax rate is reduced and is assumed to be equal to its steady-state value. The
primary instrument tax rate can be expressed as the following equation:

τx,t =


τB

x,t if brs ≤ brmax for all s≤ t

τ̄x +ν if brs > brmax for some s≤ t

τ̄x if brt ≤ br∗

and brt > br∗ (2.29)

where τx,t is τc,t in Experiments 1-2 and is τl,t in Experiments 3-4, τB
x,t is the benchmark

value of τx,t .

Since the tax rates measured in our research are flat rates and we ignore the exclu-
sions and deductions in the UK tax system, the tax revenue generated by the model is
higher than the real tax revenue by around 3% of output. In the benchmark experiment,
we add this excess revenue to transfer payments, whereas in some of the experiments in
this subsection, however, we allow the government to broaden its tax base by eliminat-
ing this excess revenue from transfer payments to lower the level of debt. To be specific,
the transfer payment (T RB

t ) is assumed to be equal to its benchmark value initially, until
the ratio of debt to output reaches its maximum level, brmax. At this point, the govern-
ment is allowed to reduce 0.03Yt from T Rt . In other word, T Rt = T RB

t −0.03Yt , where
T RB

t is the benchmark value of transfer payment.

9The reason we choose these two distorting taxes is that they are not as distortionary as the capital
income tax in our case.
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The fiscal policy experiments are summarized in Table 2.3 and 2.4, where Experi-
ments 1-2 are displayed in Table 2.3 and Experiments 3-4 are presented in Table 2.4. In
Experiment 2 and Experiment 4, the UK government can broaden its tax base by reduc-
ing the transfer payments when the debt to output ratio reaches its threshold level. In
our fiscal policy experiments, we assume that the steady-state level of the debt to output
ratio (br∗) is equal to 60% and the threshold level of the debt to output ratio (brmax) is
200%. In the next subsection, we relax these assumptions to test the sensitivity of our
results.

Table 2.3: Characterization of fiscal experiments: τc
set according to Eq.(2.29

Experiment 1 τ1
c,t =


τB

c,t t < T1,

τ̄1
c +ν1 T1 ≤ t < T2,

τ̄1
c t ≥ T2.

τ1
l,t = τB

l,t for all t,
T R1

t = T RB
t for all t,

Experiment 2 τ2
c,t =


τB

c,t t < T1,

τ̄2
c +ν2 T1 ≤ t < T2,

τ̄2
c t ≥ T2.

τ2
l,t = τB

l,t for all t,

T R2
t =

T RB
t t < T1,

T Rt −0.03Yt t ≥ T1.

T1: Date when B/Y reaches 200%.
T2: Date whenB/Y is less than or equal to steady state value.
τ i

c,t : Consumption tax rate at date t in Experiment i.
τ i

l,t : Labor income tax rate at date t in Experiment i.
T Ri

t : Transfers at date t in Experiment i.
τ̄ i

c: Steady state consumption tax rate in Experiment i.
νi: Increment to consumption tax during transition to steady state.
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Table 2.4: Characterization of fiscal experiments: τl
set according to Eq.(2.29)

Experiment 3 τ3
l,t =


τB

l,t t < T1,

τ̄3
l +ν3 T1 ≤ t < T2,

τ̄3
l t ≥ T2.

τ3
c,t = τB

c,t for all t,
T R3

t = T RB
t for all t,

Experiment 4 τ4
l,t =


τB

l,t t < T1,

τ̄4
l +ν4 T1 ≤ t < T2,

τ̄4
l t ≥ T2.

τ4
c,t = τB

c,t for all t,

T R4
t =

T RB
t t < T1,

T Rt −0.03Y t ≥ T1.

Notation same as in Table 2.3.
τ̄ i

l : Steady state labor tax rate in Experiment i.
νi: Increment to labor income tax during transition to steady state.

Figure 2.13 presents the changes in consumption tax and debt-to-GDP ratio in Ex-
periments 1-2. The consumption tax rate in Experiment 1 is the major tax instrument to
pay for future expenditures. According to Figure 2.13, the consumption tax is equal to
its benchmark value until 2029 when the debt to output ratio reaches 209%, exceeding
its threshold level of 200%. At this point, the consumption tax rate needs to increase
significantly from 20% to 55.59% in order to reduce the fiscal burden from expendi-
tures. When the debt to output ratio converges to 60% at T2 = 2110, the consumption
tax reduces to its steady-state level, which is τ̄1

c = 49.59%.

When considering the tax broadening by reducing transfer payments by 3% of output
in Experiment 2, the consumption tax rate does not need to increase as much as in
Experiment 1. In this case, the threshold point is hit at T1 = 2030. Before 2030, the
consumption tax rate is the same as that in Experiment 1 and is equal to its benchmark
value, whereas, in 2030, the consumption tax rate is raised from 20% to 48% and reaches
42% at T2 = 2102 and remains at this level from then on. Compared with Experiment
1, the lower required consumption tax rate in Experiment 2 indicates that broadening
the tax base could help reduce the level of debt so that the government does not need as
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Figure 2.13: τc and τl in Experiments 1 and 2

much consumption tax as Experiment 1 to finance the fiscal burden.

Figure 2.13 also shows the time paths of labor income tax rate (τl,t) from 1995 to
2038. The time paths of labor income tax rate in Experiments 1 and 2 are assumed to
be the same as in the benchmark experiment.

Figure 2.14 depicts the time paths of consumption tax rate, labor income tax rate,
and debt-to-GDP ratio in Experiment 3 and 4, where the labor income tax rate is used
as a primary instrument to lower the debt to output ratio to 60%. The consumption tax
rates in both experiments are maintained as that in the benchmark experiment.

The only difference between Experiments 3-4 is that we allow both labor income tax
rate and tax broadening to be used to increase the tax revenue in Experiment 4, while
Experiment 3 only considers labor income tax rate as the fiscal policy to achieve the
goal.

In Experiment 3, the first trigger year is T1 = 2041, when the debt to output ratio
reaches 200%. In order to finance the future government expenditures and reduce the
fiscal burden to 60%, the labor income tax rate needs to increase sharply to 76.07% in
2041 and keep at this level until the debt to output ratio reduces and converges to its
steady-state level at T2 = 2096. At this point, the labor income tax rate drops to equal
its steady-state level, which is τ̄3

l = 70.07%.
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Figure 2.14: τc and τl in Experiments 3 and 4

With tax broadening, the revenue required to pay for the expenditures is lower than
in Experiment 3. Therefore, the labor income tax rate needed to increase the tax revenue
in Experiment 4 is lower than that in Experiment 3. Specifically, the labor income tax
rate in Experiment 4 rises from 31% to 62.49% at T1 = 2038, when the debt-to-GDP
ratio hits 200%. The ratio then starts to reduce and when it reaches its steady-state level
at T2 = 2092, the labor income tax rate drops to and remains at its steady-state level of
59.49%.

Additionally, we attempt to compare the results of model simulations under bench-
mark policy and two fiscal policies where the government is allowed to broaden its tax
base (Experiment 2 and 4).

Before we display the response of the economy to these three policies, it is necessary
to compare their effective tax rates first. As seen from Equation (2.13), both consump-
tion and labor income tax rates could distort the labor supply. We define an effective tax
rate (τt) as a function of τc,t and τl,t using Equation (2.30):

(1− τt) =
(1− τl,t)

(1+ τc,t)
(2.30)

The effective tax rate measures the tax distortions created by different combinations
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Figure 2.15: Effective tax rate (τt) in the benchmark economy and Experiments 2 and 4

of τl,t and τc,t . The higher the effective tax rate is, the larger is the extent of tax dis-
tortion. According to Figure 2.15, the effective tax rate in the benchmark experiment
is lower than those in two selected fiscal policy experiments. This is because the fiscal
instrument in the benchmark experiment is a lump-sum tax which is not as distortionary
as consumption tax rate or labor income tax rate, which is used as the major fiscal in-
strument to mitigate the fiscal pressure in the fiscal policy experiment.

Compared with the effective tax rate obtained in Experiment 2, where the consump-
tion tax is the primary fiscal policy to raise the revenue and lower the debt to output
ratio, the effective tax rate in Experiment 4 is much higher after the threshold point
where the debt to output ratio reaches 200%. It indicates that the labor distortion is
higher in Experiment 4 than that in Experiment 2.

Figure 2.16 and Figure 2.17 show the results of model simulations in the bench-
mark experiment, Experiment 2 and Experiment 4. Figure 2.16 displays the time paths
of consumption and investment from 2010 and afterward. Unlike those in the two fis-
cal policy experiments, the consumption and investment in the benchmark experiment
increase steadily, and there is no sharp increase or decline in these two variables.

In Experiment 2, the household anticipates that the consumption tax rate needs to
rise significantly to finance the government expenditures in 2030 so that the household
reduces the investment and increases the current consumption. When the consumption
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Figure 2.16: Model consumption and investment

tax rises in 2030, the consumption drops dramatically, while investment increases sig-
nificantly.

In Experiment 4, an increase in the labor income tax rate in 2038 reduces the labor
supply, and hence the household’s labor income slows down the consumption growth.
Meanwhile, the household expects a decline in the future labor income so that the house-
hold increases the current saving. That is why we can see a sharp increase in investment
prior to 2038. When the labor income tax increases to a very high level in 2038, the
investment declines significantly.

Figure 2.17 demonstrates a significant reduction in hours worked in Experiment 4,
compared to a modest decline in Experiment 2, indicating that the distortion on labor
supply in Experiment 4 is much higher than that in Experiment 2. The changes in capital
stock and output time paths depend on the changes in hours worked and investment.
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Figure 2.17: Model labor, capital, and output

2.5.3 Sensitivity Analysis

This subsection provides the sensitivity analysis of our results to different assumptions
from the previous analysis. First, we study the effect of alternative assumptions of
the labor supply elasticity (φ ) on our results. Second, we apply different values of
the maximum level of debt to output ratio (brmax) and/or steady-state level of debt to
output ratio (br∗) to see how the outcomes of experiments change with them. Finally,
we explore the impact of economic growth reflected by different values of total factor
productivity growth rate on our findings.

Labor Supply Elasticity. The intertemporal elasticity of substitution of labor sup-
ply (φ ) used in our previous calibration is the Frisch elasticity of labor supply set to be
0.5. In this subsection, we apply a lower value of the Frisch elasticity of labor supply,
φ = 0.25, to Experiments 2 and 4 and compare the results with those obtained in Section
2.5.2. The results are shown in Table 2.5.

Table 2.5 reports the dates when debt to output ratio reaches 200% (T1), the dates
when its ratio is less than or equal to steady state value (T2), and their corresponding
consumption tax rates, labor income tax rates, and effective tax rates in Experiment 2
and 4 for both cases when φ = 0.5 and φ = 0.25.
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Table 2.5: Frisch elasticity and equilibrium tax rates

Exp2 Exp4
φ = 0.5 φ = 0.25 φ = 0.5 φ = 0.25

T1 2030 2030 2038 2035
τc,T1 48.01% 44.65% 20.00% 20.00%
τl,T1 31.00% 31.00% 62.49% 54.86%
τT1 53.38% 52.30% 68.74% 62.39%
T2 2102 2111 2069 2084
τc,T2 42.01% 39.65% 20.00% 20.00%
τl,T2 31.00% 31.00% 59.49% 50.86%
τT2 51.41% 50.59% 66.24% 59.05%

The smaller value of Frisch elasticity of labor supply (φ ) implies the labor supply
is more inelastic responding to the consumption tax rate or labor income tax rate.10 In
Experiment 2, with a constant labor tax rate during the transition path and steady state
path, a lower Frisch elasticity of labor supply means the labor supply in the economy
is less distorted by the consumption tax rate, hence both of the effective tax rates in
the first triggered date and in the second triggered date are smaller when φ = 0.25 than
those in the case when φ = 0.5. According to Equation (2.30), with a constant labor
tax rate, the lower effective tax rates the lower consumption tax rate is, hence we can
obtain smaller values of τc,T1 as well as τc,T2 in the case when φ = 0.25, compared with
the case when φ = 0.5. Recall that the date when the debt to output ratio converges to
its steady state level is T2 = 2102 in the case of φ = 0.5. Because the consumption tax
in the first triggered date becomes smaller when φ = 0.25, we do not have as much tax
revenue as the case when φ = 0.5 to finance the future expenditure and as a result, the
debt to output ratio cannot converge to 60% at 2102 and it needs longer time to achieve
the convergence. The second triggered date is 2111 when φ = 0.25.

As with Experiment 2, when φ = 0.25, the lower Frisch elasticity results in a smaller
distortion in labor supply, and therefore the effective tax rates and their corresponding
labor tax rates are not as high as those in the case when φ = 0.5. In addition, as discussed

10The elasticity of the labor supply with respect to the tax rate can be computed using the following
equation: e(τn)≡− ∂h(τn)

∂τn

τn
h(τn)

. Thus, according to Equation (2.13), the elasticity of the labor supply with

respect to the consumption tax rate is e(τc) =
φ

1+ 1
τc

, and the elasticity of the labor supply with respect to

the labor income tax rate is e(τl) =
φ

1+ 1
τl

.
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in Section 2.5.2, the labor distortion in Experiment 4 is larger than that in Experiment
2. Thus the rates of decline in labor income tax rates are greater at both T1 and T2

in Experiment 4, compared to the rates of decline in consumption income tax rates in
Experiment 2 when assuming a smaller labor supply elasticity.

The Debt to Output Ratio. In this subsection, we will evaluate the performance
of the consumption tax rate in Experiment 2 by experimenting with the different values
of brmax and/or br∗. We choose two different combinations of brmax and br∗ for Exper-
iment 2 and we show the first triggered date (T1), second triggered date (T2) and their
corresponding consumption tax rates of each combination in Table 2.6.

Table 2.6: Experiment 2 with alternative debt to output ratios

brmax = 200% brmax = 200% brmax = 150%
br∗ = 60% br∗ = 100% br∗ = 80%
(baseline case)

T1 2030 2030 2023
τc,T1 48.01% 46.75% 52.85%
T2 2102 2129 2035
τc,T2 42.01% 43.75% 42.85%

The second column of Table 2.6 displays the baseline result we obtained in Exper-
iment 2 in Section 2.5.2. We then increase br∗ to 100% but keep brmax to be constant
in the third column of Table 2.6. When the maximum level of debt to output ratio is
remained, with a higher steady-state level of debt to output ratio, the government does
not need to raise much revenue to reach a lower steady-state level of debt to output ratio.
Hence we obtain a lower consumption tax rate during the transition period. However,
as a higher debt in the steady-state, a higher consumption tax rate is required to finance
it. Thus we obtain a higher consumption tax rate in the steady-state.

In the last column of Table 2.6, we apply a lower brmax which is set to 150% while
a higher br∗ of 80% relative to those in the baseline case. According to Figure 2.9,
with a smaller maximum level of debt to output ratio, the first triggered date is earlier.
In this case, the consumption tax rate during the transition period is higher at 52.85%
compared to the baseline value of 48.01%. By reducing brmax, the trigger point is acted
much sooner, and the length of the transition path is much shorter so that the government
needs to raise a higher consumption tax rate during such a shorter transition period
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relative to the baseline case.

Higher Productivity Growth. As mentioned above, Imrohoroglu and Sudo (2011a)
consider different balanced growth rates which are driven by TFP growth rates to test
how fast the economy should grow to cover the increasing government expenditure. In
this subsection, we do similar experiments as Imrohoroglu and Sudo (2011a). Accord-
ing to Imrohoroglu and Sudo (2011a), the higher economic growth rate would increase
the government revenue to finance the government expenditure. In our case, the UK
government does not need to impose that much consumption tax if economic growth
accelerates.

In our previous calibrations, we assume the economic growth rate is 1.1% from 2015
and above. Thus the total factor productivity growth rate η∞

2015 is constant and equals to
1.0111−α . In this subsection, we explore how our results change with different values
of TFP growth rate in Experiment 2. First, we allow the TFP growth rate to change
temperately, and then we consider the effect of a permanent change in the TFP growth
rate.

The results are shown in Table 2.7 where we display the first and second triggered
dates and their corresponding consumption tax rates as well as the output growth rate
of each experiment. The first line is the baseline result of Experiment 2. In the second
row, we assume that the economic growth rate in Experiment 2 is temperately reduced
to 0% from 2020 to 2044, and after that, it is back to 1.1%. The third and fourth rows
show the results of the experiments where the economic growth rates are temperately
increased to 1.5% and 2%, separately, from 2020 to 2044, and they are assumed back to
1.1% and remain so after 2044. As the steady-state level of economic growth rate has
not changed in these three experiments, the steady-state level of the consumption tax
rate is the same as that in the baseline case, which is 42.01%. The temperate changes
in economic growth only affect the consumption tax rate during the transition period:
The consumption tax rate is higher if the balanced growth rate is lower than that in
Experiment 2 and vice versa.
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Table 2.7: Experiment 2 with different growth rates

T1 τc,T1 T2 τc,T2 gGNI

{ηt}∞
t=2016 = 1.0111−α 2030 48.01% 2102 42.01% 1.0941

(Experiment 2)

{ηt}2044
t=2020 = 1.0001−α 2030 49.01% 2121 42.01% 1.0449

{ηt}2044
t=2020 = 1.0151−α 2030 47.01% 2103 42.01% 1.1097

{ηt}2044
t=2020 = 1.0201−α 2030 46.01% 2095 42.01% 1.1304

{ηt}∞
t=2016 = 1.0201−α 2044 21.45% 2116 12.45% 1.1874

In the last row, we allow the economic growth rates to rise from 1.1% to 2% perma-
nently for 2016. As the permanent higher balanced growth rate leads to an increase in
the tax base, the government revenue and expenditure tend to be more balanced, and as
a result, the government does not need to increase much consumption tax rate during the
transition period and the steady-state, compared with Experiment 2. Thus, the values of
τc,T1 and τc,T2 are much lower in the last case than those in Experiment 2.

2.5.4 Welfare Analysis

In this subsection, we explore the impact of fiscal policy on the household’s welfare
in each experiment. According to consumer welfare theory, welfare is gained when
the household’s utility increases, whereas welfare is lost when the household’s utility
reduces. The point is how to measure the change in welfare. As utility is ordinal, we
can not directly use the difference of utility to measure it. In our analysis, we follow the
measurement of Cooley and Hansen (1991, 1992) and Hansen and Imrohoroglu (2016)
who use the consumption equivalent variation to measure the change in welfare. This
measurement works as follows: We adjust the consumption within the utility function in
Experiment 2 by (1+λ ) such that the present discounted utility function in Experiment
2 is equal to that in another experiment.

To be more specific, Equation (2.31) shows the present utility function in Experi-
ment 2 and we denote it as Ŵ . Ĉt , ĥt , and B̂t+1 are the consumption, hours, and govern-
ment bonds in Experiment 2.
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Ŵ =
∞

∑
t=1995

β
tNt

[
logĈt−ρ

ĥ1+1/φ

t

1+1/φ
+θ log(µt + B̂t+1)

]
(2.31)

W in Equation (2.32) is the utility associated with one of the other fiscal policies.
Now we adjust Ĉt in Equation (2.31) by (1+λ ) in each period so that the adjusted utility
in Experiment 2 equals to W . In other words, the percentage increase in consumption λ

must hold Equation (2.32) true.

W =
∞

∑
t=1995

β
tNt

[
log(1+λ )Ĉt−ρ

ĥ1+1/φ

t

1+1/φ
+θ log(µt + B̂t+1)

]
(2.32)

Solving for λ yields

λ = exp(
W −Ŵ

∑
∞
t=1995 β tNt

)−1 (2.33)

Table 2.8 shows the welfare cost as a percentage change in consumption associated
with different experiments. The results indicate several points: First, compared the value
of λ in Experiment 3 with that in Experiment 1, we can see that the welfare cost relative
to Experiment 2 is higher when using labor income tax to finance the expenditures
than using consumption income tax. Second, recall that in Experiments 1 and 3, the
distorting tax rate is the only fiscal instrument to increase the tax revenue, whereas
Experiments 2 and 4 also consider the tax broadening as an additional instrument to pay
for the projected government expenditures. The results shown in Table 2.8 indicate that
the household benefits from tax base broadening, with the welfare cost in Experiment 1
being 0.72% greater than in Experiment 2, and the relative welfare cost in Experiment
4 being greater than in Experiment 3. Finally, we also calculate the welfare changes in
the experiments described in Section 2.5.3 where we experiment with different debt to
output ratios for Experiment 2. The penultimate row shows that the household can gain
welfare of 0.15% when we assume a higher steady-state level of debt to output ratio
(100%) and keep the maximum debt to output ratio (200%) unchanged in Experiment
2. By doing so, the government does not need to raise much revenue to reach a lower
steady-state level of debt to output ratio. Hence we obtain a lower consumption tax
rate during the transition period. However, as a higher debt in the steady state and a
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higher consumption tax rate are required to finance it, we obtain a higher consumption
tax rate in the steady-state. This result indicates that in the case of Experiment 2, the
household prefers lower taxes during the transfer period, even it faces a higher tax in
the steady state. The last row is the case that we assume a lower value of brmax (150%)
but a slightly higher value of br∗ (80%) in Experiment 2. Recall that by doing this,
both consumption tax rates during the transition period and in a steady state are higher
than those in Experiment 2, leading to the welfare cost of 0.54% in this case relative to
Experiment 2.

Table 2.8: Welfare analysis: consumption equivalent variation (λ ) relative to
Experiment 2

Experiment 1 -0.72%
Experiment 3 -18.43%
Experiment 4 -16.43%
brmax = 2.0 +0.15%
br∗ = 1.0
brmax = 1.5 -0.54%
br∗ = 0.8

2.6 Conclusion

The UK government is facing a significant fiscal burden reflected by a high government
debt to output ratio. In addition, the UK’s government expenditures such as public
spending on public pensions, health, and social care are projected to increase due to the
population aging in the UK, implying that the debt to output ratio will continue to rise
in the future. It is reasonable for the UK government to stabilize the debt and restore the
fiscal balance when the government debt relative to output increases to an unsustainable
high level.

This paper uses a Neoclassical growth model combined with a debt sustainability
rule to measure the additional tax revenues and tax rates needed to pay for the future
government expenditures and at the same time stabilize government debt to output ratio
to 60%. In particular, the benchmark experiment uses lump-sum tax to finance the
projected increase in government expenditures and stabilize the debt. We also explore
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the fiscal reforms by increasing the consumption tax rate or labor income tax rate to
achieve fiscal stability.

The main result is that the revenue needed to finance the future government expen-
ditures and stabilize the debt to output ratio to 60% in the steady state is in the range
of 20-24% of consumption expenditures. When a distorting tax such as consumption
tax or labor income tax is used to achieve the goal, the tax rate must be set to a high
level. Specifically, the consumption tax rate needs to increase to above 50%, whereas
the labor income tax rate has to rise to over 70%. Even if the government is allowed
to consider the tax base broadening, the distorting tax rates are still required to increase
to the level of 45%-60%. Also, although both consumption and labor income tax rates
distort labor supply, the consumption tax is less distorting than the labor income tax.

Such high levels of the tax rates indicate that using the consumption tax rate or la-
bor income tax rate is not a feasible fiscal policy for the UK government to raise the
revenue and mitigate the fiscal burden in the future. This result brings us to find other
ways to reduce the fiscal pressures in the UK. For example, instead of increasing tax
revenue, the government can cut its expenditures. The UK government has taken some
actions to cut government expenditures: In 2015, the government announced cutting
working-age welfare spending.11 The fiscal burden in the UK is mainly from an in-
crease in health spending due to the problem of the aging population. Therefore, the
UK government still needs to reduce the relevant spending by reforming the pension
system. Other ways to mitigate the fiscal burden may include increasing the economic
growth rate by improving the technology and innovation and increasing the number of
working-age people relative to the number of the old-age population, such as reform-
ing the immigration policies and family policies. The feasible policies to mitigate the
financial burden in the UK are left for future research.

11This includes ”cuts to the universal credit and 4-year cash freeze in uprating most tax credits and
benefits of the working-age population” (OBR, 2017).
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Appendix

A1 The derivation of the household’s problem

This appendix provides details of derivation of household’s problem. Household is
maximizing utility subject to its budget constraint. Therefore, combine equation (2.2)
with equation (2.3) and the Lagrangian function is as the following equation:

L =
∞

∑
t=0

β
tNt

[
logCt−ρ

h1+1/φ

t

1+1/φ
+θ log(µt +Bt+1)

]
+

∞

∑
t=0

β
t
λt{(1− τl,t)Wtht +[1+

(1− τk,t)(rt−δ )]Kt +[1− (1−qt−1)τb,t ]Bt +Tt− (1+ τc,t)Ct−ΩtKt+1−qtΩtBt+1}
(34)

where λt is Lagrange multiplier. The first-order conditions are as follows:

∂L

∂Ct
=

β tNt

Ct
−β

t
λt(1+ τc,t) = 0⇒Ct =

Nt

λt(1+ τc,t)
(35)

∂L

∂Kt+1
=−β

t
λtΩt +β

t+1
λt+1[1+(1− τk,t+1)(rt+1−δ )] = 0

⇒ λtΩt =βλt+1[1+(1− τk,t+1)(rt+1−δ )]

(36)

∂L

∂Bt+1
=

β tNtθ

µt +Bt+1
−β

t
λtqtΩt +β

t+1
λt+1[1− (1−qt)τb,t+1] = 0

⇒ Ntθ

µt +Bt+1
−λtqtΩt =−βλt+1[1− (1−qt)τb,t+1]

(37)

∂L

∂ht
=−Ntρh1/φ

t +λt [(1− τl,t)Wt ] = 0

⇒ Ntρh1/φ

t =λt [(1− τl,t)Wt ]

(38)

A2 The derivation of detrended equilibrium conditions

In this appendix we derive the detrended equilibrium conditions to use in solving the
model numerically. Given a trending per capita variable Jt we obtain its detrended per
capita counterpart by using Equation (2.10).

Using equations (2.1), (2.6), (2.10), (35), and (36), the detrended Euler equation
(dynamic optimality condition for consumption) can be derived using the following
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process:

Ct+1

Ct
=

λt+1(1+ τc,t+1)Nt

Nt+1λt(1+ τc,t)
=

Ωt

β [1+(1− τk,t+1)(rt+1−δ )](1+ τc,t)
·
(1+ τc,t+1)Nt

(1+ τc,t)Nt+1

⇒
A1/(1−α)

t+1 ct+1

A1/(1−α)
t ct

=
1

β [1+(1− τk,t+1)(rt+1−δ )](1+ τc,t)
·
(1+ τc,t+1)

(1+ τc,t)

⇒
(1+ τc,t+1)η

1/(1−α)
t ct+1

(1+ τc,t)ct
= β [1+(1− τk,t+1)(rt+1−δ )]

(39)

The detrended bond Euler equation (dynamic optimality condition for bond) can be
derived from equations (2.1), (2.6), (2.10), (35), and (37):

Ntθ

µt +Bt+1
− qtΩtNt

Ct(1+ τc,t)
=−β [1− (1−qt)τb,t+1]

Nt+1

Ct+1(1+ τc,t+1)

⇒ θ

µt +Bt+1
− qtΩt

Ct(1+ τc,t)
=−β [1− (1−qt)τb,t+1]

Ωt

Ct+1(1+ τc,t+1)

⇒ θ

µt +A1/(1−α)
t+1 bt+1

− qtΩt

A1/(1−α)
t ct(1+ τc,t)

=

−β [1− (1−qt)τb,t+1]
Ωt

A1/(1−α)
t+1 ct+1(1+ τc,t+1)

⇒ θ

µt + γ
1/(1−α)
t bt+1

− qtΩt

ct(1+ τc,t)
=

−β [1− (1−qt)τb,t+1]
Ωt

γ
1/(1−α)
t ct+1(1+ τc,t+1)

⇒ θ

µt +bt+1
+β [1− (1−qt)τb,t+1]

Ωt

ct+1(1+ τc,t+1)
=

qtη
1/(1−α)
t

ct(1+ τc,t)

(40)

Using equations (2.10), (35), and (38), we could derive the detrended first order
condition for hours worked which is shown in Equation (41):

Ntρh1/φ

t =
Nt

Ct(1+ τc,t)
· [(1− τh,t)Wt ⇒ ρh1/φ

t =
[(1− τh,t)wt

ct(1+ τc,t)
(41)

We obtain the detrended production function by using equations (2.4), (2.6), and
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(2.10):
A1/(1−α)

t yt = At · (A1/(1−α)
t kt)

α ·h1/(1−α)
t ⇒ yt = kα

t ·h
1/(1−α)
t (42)

The fifth detrended equation is for the law of motion of capital which can be derived
using equations (2.5), (2.6), and (2.10):

ΩtA
1/(1−α)
t+1 kt+1 =(1−δ )A1/(1−α)

t kt +A1/(1−α)
t xt

⇒Ωtγ
1/(1−α)
t kt+1 =(1−δ )kt + xt

(43)

The following process can be used to derive the detrended budget constraint for the
household from equation (2.3), (2.6), and (2.10):

(1+ τc,t)ct +Ωtγ
1/(1−α)
t kt+1+qtΩtγ

1/(1−α)
t bt+1

= (1− τh,t)wtht +[1+(1− τk,t)(rt−δ )]kt+[1− (1−qt−1)τb,t ]bt + trt−dt
(44)

Equation (45) expresses the detrended government budget constraint which is ob-
tained from equations (2.6), (2.7), and (2.10):

gt+trt +bt = qtΩtγ
1/(1−α)
t bt+1 + τc,tct

+ τh,twtht + τk,t(rt−δ )kt + τb,t(1−qt−1)bt +dt
(45)

The detrended debt sustainability rule can be derived using Equation (2.8) and Equa-
tion (2.10), can shown in the following equation:

dt =

κ(bt− b̄ȳ) if bs/ys ≥ bmax for some s≤ t,

0 otherwise
(46)

where ȳ is the value of yt along the balanced growth path and b̄ is the targeted debt to
output ratio along the balanced growth path.

Finally, using equations (2.6), (2.10), and equations in Section 2.2.4, the detrended
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market clearing conditions can be expressed using the following equations:

wt =(1−α)kα
t h−α

t (47)

rt =αkα−1
t h1−α

t (48)

ct+xt +gt = yt (49)

A3 The derivation of steady-state equilibrium conditions

This appendix provides details of derivation on steady state (Long-Run) equilibrium.

The steady state ratio of government g∗
y∗ and b∗

y∗ are given, let variable with star be
the steady state.

The steady state of capital to output ratio [from equations (39), (42), and (48)]:

[42]⇒kt

yt
= 1/kα−1

t h1−α
t

[48]⇒kt

yt
=

α

rt

[39]⇒(1+ τc)γ
1/(1−α)c∗

(1+ τc)c∗
= β [1+(1− τk)(r∗−δ )]

⇒r∗ =
γ1/(1−α)−β

β (1− τk)
+δ

k∗

y∗
=

α

γ1/(1−α)−β

β (1−τk)
+δ

=
α(1− τk)

γ1/(1−α)

β
−1+δ (1− τk)

(50)

The steady state of investment to output ratio [from Equation (43)]:

[43]⇒Ωγ
1/(1−α)k∗ = (1−δ )k∗+ x∗

x∗

y∗
=(δ −1+ηγ

1/(1−α))
k∗

y∗
(51)

The steady state of consumption to output ratio [from Equation (49)]:

c∗

y∗
= 1− g∗

y∗
− x∗

y∗
(52)
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The steady state of working hours [from equations (41), (42), (47)]:

[41][47]⇒ρh∗1/φ =
(1− τh)w∗

c∗(1+ τc)
=

(1− τh)(1−α)k∗αh∗−α

c∗(1+ τc)

[42]⇒ρh∗1/φ =
(1− τh)(1−α)y∗h∗α−1h∗−α

c∗(1+ τc)

h∗ =[
(1− τh)(1−α)

ρ(1+ τc)
c∗
y∗

]φ/(1+φ)

(53)

The steady state of output [from (42)]:

y∗ = k∗α ·h∗1/(1−α) (54)

The steady state of price of bond [from (40)]:

βΩτbq∗

c∗(1+ τc)
−Ωγ1/(1−α)q∗

c∗(1+ τc)
=− θ

µ +b∗
+β [1− τb]

Ω

c∗(1+ τc)

q∗ =
θ(1+ τc)c∗+β (1− τb)Ω(µ +b∗)

(γ1/(1−α)−βτb)Ω(µ +b∗)

q∗ =
θ(1+ τc)

c∗
y∗ +β (1− τb)Ω( µ

y∗ +
b∗
y∗ )

Ω(γ1/(1−θ)−βτb)(
µ

y∗ +
b∗
y∗ )

(55)

According to the debt sustainability rule, debt reduction is zero in the steady state
(i.e., d∗ = 0), thus using equations (42), (45), and (47), the steady state of transfer
payments to output ratio can be expressed as the following equation:

g∗

y∗
+

tr∗

y∗
+

b∗

y∗
= q∗ηΩγ

b∗

y∗
+ τc

c∗

y∗
+ τh

w∗h∗

y∗
+ τk(r∗−δ )

k∗

y∗
+ τb(1−q∗)

b∗

y∗

⇒tr∗

y∗
= [q∗Ωγ

1/(1−α)+ τb(1−q∗)−1]
b∗

y∗
+ τc

c∗

y∗
+ τk(r∗−δ )

k∗

y∗
+ τh(1−α)− g∗

y∗

(56)

The steady state of consumption:

c∗ =
c∗

y∗
· y∗ (57)
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The steady state of government consumption:

g∗ =
g∗

y∗
· y∗ (58)

The steady state of wages [from (42), (47)]:

w∗ =
(1−α)y∗

h∗
(59)

The steady state of interest rate [from (42), (43)]:

r∗ = αk∗α−1h∗1−α = α/(
k∗

y∗
) (60)

The steady state of investment:

x∗ =
x∗

y∗
· y∗ (61)

The steady state of government bonds:

b∗ =
b∗

y∗
· y∗ (62)

The steady state of transfer payment:

tr∗ =
tr∗

y∗
· y∗ (63)
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Chapter 3

The Effectiveness of Public Investment:
The Role of Public Debt Sustainability

3.1 Introduction

The ongoing global outbreak of coronavirus pandemic 2019 (COVID-19) continues to
be an unprecedented crisis with wide-ranging repercussions on global economic growth.
Figure 3.1 shows that major economies’ gross domestic product (GDP) in the first quar-
ter of 2020 drops significantly from the previous quarter. These countries suffer an
even worse recession in the second quarter. Governments across the world are seeking
the right policies to recover economic activities. Under such circumstances, there is a
growing interest in the effect of public investment on boosting the economy and the ef-
fectiveness of public investment multipliers. The British government, for instance, has
announced £600 billion plans on infrastructure to support jobs and boost the economy
for the post-COVID-19 period (HM Treasury, 2021).

Public investment is crucial for economic growth, boosting productivity and com-
petitiveness (e.g., Krugman, 2016; Aschauer, 1989; Baxter and King, 1993). Although
there is a wide discussion on the positive impact of Public investment on Economic
Growth, the size of public investment multipliers has not been fully explored due to
limitations of data availability and identification methods. Our research contributes to
the existing literature on fiscal multipliers by identifying the size of public investment
multipliers for 14 members of the OECD over the 1985-2018 period.
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Figure 3.1: Quarterly GDP in volume terms

(Percentage change on the previous quarter, seasonally adjusted)

Also, the public debt levels in many countries have been at a high level before the
pandemic. They will reach a new record to support the health system, protect people’s
lives, and provide financial assistance to vulnerable households and small firms. Figure
3.2 shows the ratios of general government debt to GDP for the G7 countries across
2007-20. All countries have witnessed an increase in their debt-to-GDP ratio. The
growth has been reasonably dramatic since 2019.

The sustainability of public debt can have an impact on the effectiveness of pub-
lic investment through two channels: (i) Consumers in an economy with a high level of
public debt would anticipate a rise in taxation to pay for the excessive public debt, creat-
ing an incentive to save more and consume less following a public investment shock. As
a result, the stimulative effect of public investment on aggregate demand is diminished.
This behavior is referred to as Ricardian equivalence. (ii) Sizable public debt could
raise the sovereign credit risk, which in turn pushes up the borrowing costs of the whole
economy, and thus undermines the effectiveness of public investment on stimulating ag-
gregate demand (Corsetti et al., 2013). Both theories imply that public investment is less
effective when the public debt is unsustainable. However, there is a lack of systematic
empirical analysis of this perspective in the existing literature.
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Figure 3.2: General government debt as a percentage of GDP, G-7 countries

To address this question, this chapter contributes to the literature by investigating
how and through which channels the public debt sustainability may affect the effective-
ness of public investment. To be specific, the debt-to-GDP ratio is used to measure the
state of fiscal sustainability. The weak-debt state is defined as a state where the debt-
to-GDP ratio exceeds a specific high level, whereas the strong-debt state is where the
public debt ratio stays relatively low. We then study the effect of a public investment
shock on output depending on these two debt states. This study also examine if the
response of private consumption to a public investment shock is smaller in a weak-debt
state than in a strong-debt state (Ricardian equivalence channel) and if the response of
borrowing costs is stronger in response to growing concerns about the sovereign risk
when an economy in a weak-debt state increases public investment to stimulate the
economy (sovereign risk channel). The following are the main findings in this chapter:

• The increased public investment raises output in the short term, with a maximum
public investment multiplier of 3.7 and an average public investment multiplier of
about 2.3 over three years.
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• The effects vary with the different public debt regimes. An increase in public
investment could have a bigger effect on output in a strong-debt state than in a
weak-debt state.

• The public debt sustainability can affect the effectiveness of public investment
through two channels: Ricardian equivalence channel and sovereign risk channel.

The rest of the paper is structured as follows. Section 3.2 provides a literature re-
view. Section 3.3 discusses the data and empirical strategy. Section 3.4 reviews and
comments on the empirical results. Section 3.5 presents some robustness tests. Section
3.6 concludes.

3.2 Literature review

This section summarises the existing literature on strategies for identifying government
spending shocks and the relationship between the effectiveness of fiscal policy and pub-
lic debt sustainability.

3.2.1 The identification strategies of government spending shocks

Our paper contributes to a broad range of empirical literature that evaluates the eco-
nomic effects of changes in government spending. There are three primary methods for
identifying government spending shocks.

(i) The narrative approach, which is the method of using fluctuations in military
build-ups to identify the exogenous government spending shocks in the United States.
This strategy was first introduced in Barro (1981) and refined by Ramey and Shapiro
(1999).1 Other examples where this approach has been applied include: Ramey and
Shapiro (1999); Hall (2009); Fisher and Peters (2010); Ramey (2011b); Barro and
Redlick (2011) and Nakamura and Steinsson (2014). A common shortcoming of the
narrative approach is that it relies on the presumption that the multiplier is identical
across all types of government spending. However, it is reasonable to believe that the

1Barro (1981) argues that the narrative approach works in light of the fact that the major conflicts
occurred outside the United States and were determined by geopolitical factors that have no direct effect
on the US economy; consequently, the shocks identified using this approach are exogenous.
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causal impacts on output vary according to the different components of government
spending. For instance, Baxter and King (1993) build a neoclassical model demonstrat-
ing that within government purchases, the government investment multiplier is larger
than the government consumption multiplier since government consumption is treated
as nonproductive in the model whereas government investment is productive.

(ii) The vector autoregression (VAR) approach was the first employed in the empiri-
cal analysis of fiscal policy by Blanchard and Perotti (2002). This approach bases on the
quarterly data and the assumption that changes in government spending cannot respond
to the contemporaneous economy within a quarter. It orders the government spending
first in a VAR model and identifies the government spending shock as the Cholesky in-
novation to government spending. Other studies that have used this approach include
Galı́ et al. (2007), Perotti et al. (2008), and Mountford and Uhlig (2009). However,
Ramey (2011b), Leeper et al. (2012, 2013), and Forni and Gambetti (2010) challenge
this approach by arguing that the VAR shocks fail to capture the timing of news due
to the role of “fiscal foresight”. That is, private agents anticipate fiscal consolidation
before it actually takes place. In turn, private agents adjust their consumption and in-
vestment behavior based on their anticipation, making the government spending shocks
and the related impulse response functions highly implausible.

(iii) The forecast error approach was initially applied to identify government spend-
ing shocks by Auerbach and Gorodnichenko (2012). They define the forecast error
of government spending as the difference between the actual and forecast government
spending growth rates and proxy it as unanticipated government spending shocks. The
effects of government spending shocks are measured using the local projection method
of Jordà (2005). By employing this method to a large number of OECD countries using
semi-annual data, Auerbach and Gorodnichenko (2013) discovered that the government
purchase multiplier is greater in recession than in expansion. The forecast error ap-
proach overcomes the shortcomings of the two approaches mentioned above. First, the
forecast error has omitted all anticipated news by subtracting the forecast government
spending from the actual government spending. As a result, it eliminates the “fiscal
foresight” problem. Second, this approach can be used to identify different types of
government spending shocks as long as the actual and projected data on the components
of government spending are available. Fortunately, the OECD projects the economy and
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publishes the forecasts for key macroeconomic variables (e.g., GDP, government con-
sumption, and public investment) in its Economic Outlook (EO) database twice each
year, enabling researchers to conduct further studies on the short-run stimulative effects
of the decomposition of government spending. Due to the advantages of this approach
on fiscal shock identification, several studies have applied it to identify fiscal shocks.
Table 3.1 summarizes details of existing literature using the above three identification
approaches.

The prevailing literature has been carried out on the causal effect of government
purchases, defined as the sum of government consumption and investment. However,
there is a general lack of research on the public investment multiplier.

The existing literature studying the effects of public investment includes Kamps
(2005) who use a VAR model to examine the effect of public investment shocks on
other macroeconomic variables for 22 OECD countries. While they find positive effects
of public investment on output, the identification method to measure the public invest-
ment shock is implausible because the study uses annual data. As a result, the estimated
public investment shocks may include the endogenous responses to other macroeco-
nomic shocks. Researches examining the effect of pubic investment shocks using a
VAR model based on quarterly data include Otto and Voss (1996) and Mittnik and Neu-
mann (2001). Both of them find a positive effect of public investment on output. In
contrast, Perotti (2004) find an evidence on crowding-out effect. Despite the ambigu-
ous results, of greater concern is that the government investment shock they identified
consists of both anticipated and unanticipated information; thus, the problem of “fiscal
foresight” cannot be eliminated.
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This chapter employs the forecast error approach and identifies the exogenous pub-
lic investment shocks as the forecast error of public investment relative to output. As
indicated above, this strategy is capable of resolving the issue of “fiscal foresight”. The
most relevant to our analysis is Abdul et al. (2016), which use the forecast errors of
public investment to identify the public investment shock for 17 OECD economies for
1985-13 and find that the public investment multiplier is about 1.4 in the medium term.
Unlike the identification method in Abdul et al. (2016), which utilises data with an an-
nual frequency, our research employs data with a high frequency (semiannual data).
To improve the identification of fiscal shocks, high-frequency data is preferred to be
employed in studies that estimate the macroeconomic responses to fiscal shocks. In
contrast, when we compared the results with those of Abdul et al. (2016), we found that
our results are consistent with the public investment multiplier estimated by Abdul et al.
(2016). Nevertheless, Abdul et al. (2016) did not take into account the effect of public
debt sustainability on the effectiveness of public investment. As indicated below, public
debt sustainability could affect the effectiveness of fiscal policies. With a high debt-
to-output ratio, the efficacy of public investment may decline. Therefore, the public
investment multiplier may become implausible without considering the effect of pub-
lic debt sustainability. Our research contributes to the literature by exploring how and
through which channels the sustainability of public debt might affect the effectiveness
of public investment.

3.2.2 Fiscal policy effectiveness and public debt sustainability

Academics have recently given increasing attention to the issue of rising government
debt. Many researchers (e.g., Chung and Leeper, 2007; Favero and Giavazzi, 2007;
Corsetti et al., 2012; Favero et al., 2011) have pointed out that excluding government
debt from the model as an endogenous variable or ignoring debt dynamics might result
in significant biases because the response of public debt to government spending is not
taken into account. The state of public debt can harm economic growth. For instance,
Reinhart and Rogoff (2010) examine the effect of public debt sustainability on the eco-
nomic growth for 44 countries over 200 years, and the result shows that the economic
growth is lower when the debt-to-GDP ratio exceeds 90%. According to the study for
18 OECD countries by Cecchetti et al. (2011), the public debt accumulation hurts the
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GDP growth when the debt-to-GDP ratio is in the range of 80% and 100%. Further-
more, a similar threshold of 90% to 100% is found by Checherita and Rother (2012) for
analyzing the relationship between public debt sustainability and economic growth for
12 European countries.

Public debt sustainability may also affect the effectiveness of fiscal policies through
two channels. One channel is based on the Ricardian equivalence. That is, the private
agents cut down consumption today and increase the precautionary saving in anticipat-
ing a tax hike in the future to pay off the increased government debt (Ricardo, 1912).
While Keynesianism indicates that expansionary fiscal policy can effectively boost the
economy in the short run, such effectiveness may diminish when the debt-to-GDP ratio
is too high. Perotti (1999) and Sutherland (1997) demonstrate that whereas fiscal policy
has Keynesian effects on private consumption at low levels of public debt, it has con-
tractionary impacts at high levels of public debt. Giavazzi and Pagano (1990, 1995) find
that the fiscal policy changes can have non-Keynesian effects on private consumption in
cases of Denmark, Ireland, Sweden, and also 19 OECD countries, when the role of the
expectation is taken into consideration. In particular, Giavazzi and Pagano (1990) claim
that the expectation of tax cuts in the future due to a reduction in government spending
can explain the surprisingly high private consumption levels in Ireland and Denmark in
the late 1980s. On the other hand, Giavazzi and Pagano (1995) point out that the drop
in private consumption in Sweden may result from the anticipation of the private sector
in higher future tax burden because of the fiscal expansion. By examining the effect
of government spending shocks at different levels of the public debt ratio for 17 Euro
area countries, Nickel and Tudyka (2014) provide evidence in favor of Ricardian equiv-
alence. Huidrom et al. (2020) also find a negative effect of government consumption
shocks on private consumption in a weak fiscal position.

Investor’s expectation of sovereign credit risk can also affect the effectiveness of
fiscal policies. Corsetti et al. (2013) build a dynamic stochastic general equilibrium
(DSGE) model to provide a formal examination of the sovereign risk channel. They find
that sizable public debts could raise the sovereign credit risk, which in turn pushes up the
borrowing costs of the whole economy, and thus undermines the effectiveness of fiscal
policies on stimulating aggregate demand. Auerbach and Gorodnichenko (2017) are
the pioneers of empirical research on the sovereign risk channel. They employ a cross-
country data set for 17 OECD countries and find that the effect of government spending
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shocks varies according to different levels of public debt. However, the magnitude is
negligible. Also, they cannot find evidence for the sovereign risk channel in their study.
One reason for this failure may be because they define the debt state by focusing on
within-country variation in debt and thus ignore all cross-country variation in pubic
debt. In contrast, Huidrom et al. (2020) show a rise in Credit Default Swaps (CDS)
spreads following a positive government consumption shock when public debt is high,
which supports the sovereign risk consideration.

The existing literature has not conducted a systematic analysis of the impact of pub-
lic debt sustainability on the effectiveness of public investment. We contribute to the
literature by studying this mechanism and exploring if this mechanism works through
the two channels discussed earlier: Ricardian equivalence and sovereign risk.

3.3 Data and methodology

Following the identification approach applied in Auerbach and Gorodnichenko (2012,
2013) and Abdul et al. (2016), the empirical analysis in this chapter uses the forecast
error to identify the unanticipated shock. The local projection method is employed to
estimate short-run effects of public investment shocks on macroeconomic aggregates for
14 OECD member countries over 1985-2018.2 This section summarises the data and
methodology used in this chapter. Table 3.2 and Table 3.3 report the data availability
and descriptive statistics for key macroeconomic variables.

3.3.1 Data

Forecasts of Public investment: Forecast data of public investment to GDP comes
from the OECD EO database. The OECD forecasts the major economic trends and
prospects for its members and some non-member countries in each spring and fall and
releases projections of major macroeconomic variables in the context of the OECD EO.
The OECD projections have been examined and evaluated regularly and are considered
to be performing better than average (Lenain, 2002; Vogel, 2007).

2The 14 countries covered are Australia, Belgium, Canada, Denmark, Finland, France, Germany,
Japan, Netherlands, New Zealand, Norway, Sweden, United Kingdom, United States.
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We collect the forecast data using the EO database from No. 38 to No.104, which
covers the forecast data for the second half of 1985 until the second half of 2018. The
public investment as a share of GDP is computed using the series of government gross
fixed capital formation (volume, market prices, OECD CODE: IGV), divided by the
series of real GDP (volume, market prices, OECD CODE: GDPV). As the base year is
different for each country and each volume of the EO, I re-scale the series to the same
base year and convert data into constant 2015 using the relevant deflators. Forecast data
are available at quarter-frequency in the EO database from No. 73 to No. 104, but
only available at semi-annual frequency prior to EO No.73. Therefore, we convert the
quarterly data to a semi-annual frequency by averaging the quarters.

In comparison to the forecasts of government consumption data used in other studies
such as Auerbach and Gorodnichenko (2012) and Auerbach and Gorodnichenko (2013),
a challenge faced in this study is the data limit of public investment and its deflator.
Specifically, forecast data on public investment is not available for some countries, or
there are too few observations.3 As a result, the sample in this study can only cover 14
countries, less than those articles research on the government consumption multipliers.

Macroeconomic data: The major historical quarterly macroeconomic series used
in this chapter include real GDP, real government gross fixed capital formation (i.e.,
public investment), real private consumption expenditure, and real private gross fixed
capital formation (i.e., private investment). All series are measured in local currency
and with the same base year of 2015. We obtain the data from OECD quarterly national
accounts (QNA) database. As the QNA database does not report the historical data for
public investment, we collect it from OECD EO that is released in spring, 2019 (i.e.,
EO No.105).4 Finally, we convert all the series to the semiannual frequency.

Government debt: Since the data of government debt released by OECD for most
of the countries in the sample is only valid from 1995, we obtain the data from the Bank
of International Settlements (BIS) Credit to the Non-Financial Sector database. The
government debt is measured as total credit to the general government sector at market

3The data of public investment is not available for Chile, Colombia, Costa Rica, Czech Republic,
Estonia, Hungary, Israel, Lithuania, Latvia, Luxembourg, Poland, Portugal, Slovak Republic, Slovenia,
and Turkey. Although OECD forecasts the real public investment for Korea, it does not release the
forecasts of nominal public investment or its deflator. Also, we opt out of Austria, Greece, Iceland,
Ireland, Italy, Mexico, Spain, and Switzerland from the sample, due to a scarcity of data, especially for
years between 2012-2019.

4EO No.105 contains forecast data for 2019 and 2020 as well as the historical data for 1985-2018.
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value. Dembiermont et al. (2015) demonstrates that BIS series for “public debt” covers
loans, debt securities, and currency and deposits that are commonly accounted for the
majority of total government debt.5 Therefore, the concept of public indebtedness is
consistent across countries, and thus, the data allows for international comparisons. The
data is available with quarterly frequency. To convert data to semi-annual frequencies,
we used second quarter observations for the first half of the year and fourth quarter
observations for the second half.

Interest rates and CDS: Interest rates can be regarded to reflect the returns on gov-
ernment debt. The quarterly series of short-term (IRST) and long-term (IRLT) interest
rates are collected from the OECD Main Economic Indicators database. The interest
rates are measured in local currency. We collapse the data to a semi-annual level using
the average of corresponding quarterly observations.

Another indicator that measured the cost of borrowing is sovereign CDS. We collect
the data of 5 years CDS from Thomson Reuters Datastream. The data is available on a
quarterly frequency from 2008Q1 onwards. Again, the quarterly averages are used to
convert the data to the semi-annual level.

5The measure opts out of other debt instruments mainly because the accuracy of their estimates varies
significantly between data sources and countries.
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3.3.2 Empirical methodology

We follow Auerbach and Gorodnichenko (2012, 2013), and Abdul et al. (2016) to iden-
tify public investment shocks as forecast errors of public investment. We believe that by
removing the predictable part, the forecast errors could eliminate the problem of “fiscal
foresight”. To be specific, the forecast error of public investment as a share of GDP is
defined as

Shocki,t = AGIi,t−FGIi,t , (3.1)

where AGIi,t and FGIi,t are the actual and forecast series of public investment as a
share of GDP of country i in time t. In the benchmark case, forecasts for time t are
made at time t. That is, the projected data for the first half-year is collected from the
OECD Economic Outlook published in Spring in the same year and the forecasts for the
second-half year come from the fall version of the Economic Outlook for the same year.
We also use the data predicted one period earlier (i.e., forecasts for time t are made at
time t−1) for the robustness check.

Next step, we use the local projection method of Jordà (2005) to explore the ef-
fect of public investment on output and other macroeconomic aggregates. Numerous
researchers have used the local projection method because it is easily adaptable to
non-linearity, allowing it to be used to estimate a state-dependent model.Auerbach and
Gorodnichenko (2012, 2013) point out that this approach is identical to smooth transi-
tion vector autoregressive (STVAR) model, but with additional advantages. Compared
to estimating of a STVAR model for each state, the critical advantage of the local pro-
jection method is that it allows the impulse response function for a particular dependent
variable of interest to be calculated separately using a larger number of observations,
hence enhancing the accuracy and stability of the estimation. Specifically, we estimate
the response of various dependent variables to the public investment shocks at the hori-
zon h from the following regression specification:

Yi,t+h−Yi,t−1 = β
hShocki,t +α

h
i + γ

h
t + ε

h
i,t , (3.2)

where Yi,t denotes the variable of interest (i.e., the log of real GDP, the private consumption-
to-GDP ratio, the interest rates, and CDS); Shock is the unanticipated public investment
shock, identified from Equation (3.1); α and γ are the country and time fixed effect,
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respectively; We estimate Equation (3.2) for each h = 0, ...,5, where h = 0 is the year
when the public investment shock occurs. We compute the impulse response functions
of variables of interest with the estimated β h. The confidence intervals associated with
the impulse response functions are obtained by the estimated (clustered robust) standard
errors of the coefficient β h.

To examine how the effectiveness of public investment varies with the level of public
debt, we allow the public investment shock to interact with the debt-to-GDP ratio in time
t and consider the following nonlinear regression:

Yi,t+h−Yi,t−1 = β
hShocki,t +δ

hShocki,tDi,t +α
h
i + γ

h
t + ε

h
i,t , (3.3)

with
Di,t = 1 if (Debt

GDP)i,t > a public debt threshold; and 0 otherwise.

This study defines a strong debt regime as a state where the government debt ratio
is less than a specific low threshold, whereas a weak debt regime has a debt ratio ex-
ceeding a high critical value. In the next section, we present the results based on the
assumption that the countries are in a strong debt regime if their debt-to-GDP ratio is
less the 10th percentile in the sample while countries with the debt ratio surpassing 90th

percentile will be viewed as in a weak debt regime. Therefore, {β h}H
h=0 gives the esti-

mated impulse responses for the strong debt regime when the public debt threshold is
selected to be the 10th percentile in the sample, and {β h+δ h}H

h=0 measures the impulse
responses in a weak debt state if the public debt threshold is the 90th percentile within
the sample. We also present the results for alternative debt states (i.e., 20th and 80th

percentiles) as a robustness exercise.

To examine the channels through which the government debt can affect the output
effect of public investment shock, we expand Equation (3.3) by adding the private con-
sumption and short-term interest rate as control variables and allowing them to interact
with government debt. Specifically, we compute the impulse response of output to a
public investment shock using the following Equation:

Yi,t+h−Yi,t−1 = β
hShocki,t +δ

hShocki,tDi,t +ζ
hCi,t + ι

hCi,tDi,t

+µ
hii,t +ψ

hii,tDi,t +α
h
i + γ

h
t + ε

h
i,t ,

(3.4)

where Ci,t and ii,t denote for the private consumption and short-term interest rate for
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country i at time t, respectively.

3.4 Empirical findings

This session summarizes the results for the responses to the public investment shocks
based on the estimations of Equation (3.2)-Equation (3.4). The objection is to identify
the public investment shocks and explore whether the effectiveness of public investment
depends on fiscal sustainability or not.

3.4.1 Baseline results

First, we examine the linear responses of key macroeconomic variables to public invest-
ment shocks. Figure 3.3 presents the impulse responses to an unanticipated increase in
public investment by one percentage point of GDP. The horizontal axes in this figure
and subsequences show the horizons after the shock, and the vertical axes measure the
deviation from pre-shock in percent of GDP. The shaded areas indicate 90% confidence
bands. Table 3.4 reports the corresponding point estimates and standard errors for the
estimated impulse responses for h = 0, ...,5 and the average effect over six semesters.
All regressions include a complete set of country and year fixed effects.6

Our findings are consistent with other estimates of the public investment multiplier
(e.g.Abdul et al. (2016)). That is, the public investment shocks have statistically signif-
icant effects on output. The first panel of Figure 3.3 shows that the positive response
of Real GDP to a public investment shock is increasing over the reported horizons. An
unanticipated increase in public investment of 1 percent of GDP increases the level of
output by 0.227 percent in the same semester and about 1 percent three years after the
shock. When we use the sample average public investment to GDP ratio (≈3.69) to
convert the changes in percentage to level changes, the size of the public investment
multiplier is approximately 0.8 for h = 0 and 3.7 for h = 5. The average response over
three years is about 0.63 percentage point increase, which implies the average public
investment multiplier is about 2.3 in the short term. The results indicate that the public
investment shocks have an increasing and lengthy effect on output.

6The country fixed effect captures all time-invariant variances across countries, whereas the time fixed
effect can be used to control for business cycles or the global macroeconomic changes.
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Figure 3.3: Impulse responses to public investment (Linear)
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The impulse response of public investment is strong and persistent in the short term.
A positive public investment shock of one percent of GDP can increase public invest-
ment by about 3 percent in the same semester, and by 3.6 percent on average over three
years.

Additionally, We observe a considerable crowding-in effect of public investment on
private investment in the short run, with the maximum response to an unanticipated
one percent public investment shock being approximately 3 percent and the average re-
sponse of private investment to public investment shocks being about 2 percent over
three years after the shock. This conclusion could be explained by the expansion of the
economy’s productive capacity as a result of public investment in physical infrastruc-
ture.

While the point estimates for the response to private consumption are positive, the
effects are statistically insignificant during the first four sessions but become significant
after the second year. The stimulus effect, on the other hand, is relatively minimal.

Finally, the interest rates and CDS spread are included to measure the cost of bor-
rowing. We find that public investment shocks have not been associated with significant
increases in borrowing costs in our sample. While the responses of short-term interest
rate are positive, the null hypothesis of zero response cannot be rejected for all hori-
zons; The responses of long-term interest rate and CDS even turn to be negative and
insignificant for most horizons. The results imply that public investment shocks have a
negligible effect on borrowing costs.

3.4.2 The role of fiscal sustainability

Figure 3.4 shows impulse responses of key macroeconomic variables to an unantici-
pated increase in public investment of 1 percentage point of GDP. Each panel in this
figure shows impulsing responses in a strong debt regime (red, solid line) and a weak
debt regime(blue, dashed line). For each macroeconomic variable, we estimated the re-
sponses to public investment shocks that depend on two different sets of fiscal regimes:
In subpanels (1), the strong debt regimes are the economies with government debt to
GDP ratio in the 10th percentile (i.e., below 29%) and the weak debt regimes are the
economies with high debt in the 90th percentile (i.e., above 105%). In subpanels (2),
the ratios of government debt to GDP correspond to the 20th (strong) and 80th (weak)
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percentiles from the sample. The shaded areas indicate 90% confidence intervals, which
are based on clustered robust standard errors. Table 3.5 reports the corresponding point
estimates and standard errors for the estimated impact and average impulse responses,
where the impact response measures the contemporaneous response at h = 0 and the
average response is estimated over three years.

The responses of output vary significantly between debt regimes. On average, public
investment shocks generate a stronger response of output in a strong debt regime than
in a weak debt regime. Specifically, the response of output to public investment shocks
is larger and more significant when debt is low for all horizons reported, except for
the contemporaneous horizon. The responses increase across the horizons within three
years. In contrast, if the economies are at a high debt regime, the response of output
has decreased and even turns to be negative at the 5th horizon. Even if we relax the
cut-offs to 20th and 80th, the results still hold, but the responses are more persistent
than in the strict cut-offs (i.e., 10th and 90th). If we use the sample average public
investment to GDP ratio (≈3.69) to convert the changes in percentage to level changes,
the average public investment multiplier is about 3.5 in a strong debt regime and about
0.9 in a weak debt regime. Our findings corroborate existing theoretical discoveries that
the fiscal policy efficiency can be harmed by excessive public debt relative to output
(Perotti, 1999; Corsetti et al., 2012).

In the case of public investment, the impulse responses to public investment shocks
are stronger and more persistent in the weak debt regime than in the strong debt regime.
On the other hand, the average response is greater when the public debt regime is weak
than strong, with about a 4 percent difference on average. The result implies that the
government invests more when the economy is in a weak fiscal regime.
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As discussed before, public debt may go through two channels to affect the ef-
fectiveness of public investment: Ricardian equivalence channel (private consumption
effect) and sovereign risk channel (costs of borrowing effect). Our empirical results find
evidence for both channels. First of all, both subpanels of Figure 3.4 for the impulse
responses of private consumption show that the responses are larger in the strong fiscal
regime than in the weak fiscal regime. When the debt-to-GDP ratio is high, the pub-
lic investment shocks tend to decrease the private consumption in the first few periods
after the shocks occur, indicating the presence of the Ricardian equivalence channel.
Also, Table 3.5 reports statistically significant estimate points of private consumption
in a strong debt regime. Conversely, although the responses shown in Figure 3.4 are
positive after the contemporaneous horizon, Table 3.5 shows that the estimates on aver-
age have no statistical difference from zero in the weak regime. Our finding contributes
to the existing literature on the Ricardian equivalence by providing evidence that when
debt relative to the output is high, the public investment shocks cannot generate an in-
crease in private consumption, thus reducing the effectiveness of public investment on
stimulating the economy.

Public debt may also affect the effectiveness of public investment through the inter-
est rate channel. In our empirical study, short-term and long-term interest rates and CDS
spreads are used to measure the cost of borrowing.7 Figure 3.4 demonstrates that public
investment shocks tend to increase the short-and long-term interest rates in a weak debt
regime because of the uncertainty, whereas the interest rates drop first after the shocks
and then increase in a strong debt regime. Compared to interest rates, CDS spreads is
a more direct indicator of borrowing costs. Figure 3.4 shows a strong positive effect
of public investment shocks on CDS spreads in the weak debt regime and a negligible
effect in the strong debt regime, which can also support the sovereign risk channel. Al-
though the response of CDS spreads turns negative by using alternative cut-offs of debt
regimes, the negative effect is larger in a strong debt regime than in a weak debt regime.
Moreover, Column (5) of Table 3.5 reports that the average responses of short-and long-
interest rates and CDS spreads are all significantly positive, whereas the linear effect
(Column (1)) and the response in the strong debt regime (Column (2)) are minimal.
Our findings provide evidence on the presence of the sovereign risk channel. The high

7Note that the CDS spread data is only valid after 2008 (see Table 3.2), it limits our sample when
estimating the responses of CDS spread.
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Table 3.5: Responses to public investment shocks: The role of public debt sustainability

Panel A: Average response
Linear Strong debt state Weak debt state

Variable
10th percentile 20th percentile 80th percentile 90th percentile

(1) (2) (3) (4) (5)
Real GDP 0.631*** 0.950** 0.675** 0.353* 0.254

(0.093) (0.387) (0.338) (0.132) (0.181)
Government Investment 3.592*** 0.616 2.196*** 4.029*** 4.611***

(0.519) (0.712) (0.738) (0.383) (0.496)
Private Consumption 0.263*** 1.009** 1.149*** -0.058 0.278

(0.088) (0.432) (0.331) (0.203) (0.232)
Private Investment 1.946*** 3.214*** 2.621*** 1.779*** 0.955*

(0.235) (0.840) (0.434) (0.359) (0.565)
Long-term interest rate -0.024 0.046 -0.088*** 0.097*** 0.052***

(0.016) (0.029) (0.029) (0.016) (0.023)
Short-term interest rate 0.032 0.073 -0.042 0.257*** 0.067*

(0.040) (0.075) (0.056) (0.034) (0.048)
CDS spread -0.021** -0.015 -0.138*** -0.049*** 0.108***

(0.011) (0.012) (0.049) (0.013) (0.036)
Panel B: Impact response

Real GDP 0.227*** 0.309 0.064 0.489** 0.569***
(0.071) (0.546) (0.405) (0.209) (0.177)

Government Investment 3.172*** 1.597 2.109 4.489*** 4.371***
(1.120) (1.414) (1.424) (1.389) (1.209)

Private Consumption 0.031 0.029 0.019 -0.308 -0.219
(0.064) (0.246) (0.231) (0.244) (0.287)

Private Investment 1.037*** 1.482* 0.984 1.113*** 1.247***
(0.324) (0.829) (0.632) (0.317) (0.437)

Long-term interest rate 0.023 -0.004 -0.048 0.115*** 0.088**
(0.014) (0.020) (0.034) (0.029) (0.035)

Short-term interest rate 0.022 -0.045 -0.067 0.196*** 0.101**
(0.032) (0.066) (0.047) (0.055) (0.047)

CDS spread -0.015 -0.014 -0.069** -0.037* 0.021
(0.011) (0.020) (0.028) (0.021) (0.021)

Notes: The table reports estimated responses of variables of interest to public investment shocks identified as the forecast
error of public investment as a share of GDP. Parentheses denote standard errors. The test statistics are calculated
based on the standard errors clustered at the country level. All regressions include a full set of country and year
fixed effects. The strong debt regime corresponds to the 10th percentile of debt-to-GDP ratio in column (2),
and 20th percentile of debt-to-GDP in column (3); whereas the weak debt regime corresponds to the 80th

percentile of debt-to-GDP ratio in column (4) and 90th percentile of debt-to-GDP ratio in column (5).
The average response is calculated over three years. The impact response is calculated for h = 0.
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level of public debt increases uncertainty for investors, and thus, risk-averse investors
demand a higher risk premium. As a result, a weak debt regime may experience greater
borrowing costs than a strong debt regime.

3.5 Robustness checks

This section presents the responses of output for various robustness checks. Table 3.6
shows the responses of output for alternative measures of public investment shocks.

First of all, instead of using the forecasts of the public investment made in the same
period, We use the forecasts of public investment for time t which made at time t− 1
to compute the public investment forecast errors, which is denoted as FEi,t|t−1. The
estimated results are shown in Column (2) of Table 3.6. Comparing it with our baseline
results (Column (1)), we find no statistically significant difference between these two
results.

Secondly, some may argue that the forecast error for public investment cannot be
identified as exogenous public investment shock because it may be correlated with
other macroeconomic variables. To avoid the concern, we purify the forecast errors
by regressing the public investment forecast errors on the lags of other macroeconomic
variables, including real GDP, public investment, and changes in the market exchange
rates.8 The purified forecast errors are estimated using the residuals from the regression.
The results in Column (3) of Table 3.6 show that the point estimates using the purified
shock are basically identical with the baseline estimates.

Thirdly, the exogenous public investment shock is identified as the forecast error
of public investment as a share of GDP in the baseline estimation. Thus it may be
endogenously correlated with the output growth innovations. Although the changes in
economic conditions mainly affect the tax revenues and transfer payments, they may
also affect public investment. To eliminate the potential effect of output growth innova-
tions on the forecast error of public investment, we regress the forecast error of public
investment on the forecast error of GDP growth and identify the purified public invest-
ment shock as the estimated residuals. Column (4) of Table 3.6 presents the responses
of output to this purified public investment shocks. The points estimates are almost

8The lag lengths we used in the regression is 4.
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identical with the baseline results, which indicates our baseline findings are robust.
We also follow Auerbach and Gorodnichenko (2013) to estimate the public invest-

ment shocks as the forecast errors of public investment growth rate. The results are
shown in Column (5) of Table 3.6. The average output responses over six horizons are
almost identical to the baseline results, although there are no statistically significant in
the contemporaneous horizon and the last reported horizon.

Table 3.7 reports the responses of output depending on different fiscal regimes us-
ing alternative identification methods of public investment shocks.9 All the robustness
checks indicate that on average over three years, the responses of output to public in-
vestment shocks are larger in a strong debt regime than in a weak debt regime, although
the estimates points vary across different measures and different horizons. The results
imply that our findings are robust with alternative identification methods of public in-
vestment shocks.

9In table 3.7, we only report the results when the debt ratio is in the 10th percentile (i.e., Strong) in
the first column of each panel and 90th percentile (i.e., Weak) in the second column of each panel. The
results for the alternative cut-offs (20th and 80th) are almost identical.
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Table 3.6: Alternative measures of public investment shocks

Purified Shock from

Horizons
Baseline FEi,t|t−1 Macro variables Growth Growth rate
(1) (2) (3) (4) (5)

h=0 0.227*** 0.214*** 0.255** 0.223*** 0.199
(0.071) (0.0696) (0.101) (0.0717) (0.124)

h=1 0.432*** 0.367*** 0.433*** 0.427*** 0.442**
(0.120) (0.101) (0.132) (0.120) (0.216)

h=2 0.587*** 0.471*** 0.543*** 0.580*** 0.569**
(0.167) (0.130) (0.167) (0.168) (0.247)

h=3 0.700*** 0.581*** 0.618*** 0.693*** 0.703***
(0.224) (0.167) (0.216) (0.225) (0.237)

h=4 0.839*** 0.715*** 0.706*** 0.832*** 0.595*
(0.264) (0.207) (0.253) (0.265) (0.308)

h=5 0.999*** 0.854*** 0.827*** 0.993*** 0.509
(0.308) (0.245) (0.298) (0.309) (0.336)

Average 0.631*** 0.534*** 0.563*** 0.625*** 0.503***
(0.093) (0.070) (0.089) (0.094) (0.105)

Notes: The table reports estimated responses of variables of interest to alternative measures
of public investment shocks. Parentheses denote standard errors. The test statistics
are calculated based on the standard errors clustered at the country level.
All regressions include a full set of country and year fixed effects.
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3.5.1 The role of economic conditions

A large body of literature has reported that the effect of fiscal shocks can vary accord-
ing to the economic conditions e.g., Auerbach and Gorodnichenko, 2012, 2013, 2017;
Jordà and Taylor, 2016; Abdul et al., 2016; Huidrom et al., 2020. The economies may
accumulate a tremendous amount of public debt in the recession than in the expansion.
As a result, the effect of public investment shocks we have discussed may depend only
on the economic conditions rather than the public debt sustainability. To examine if our
findings are robust when considering the economic conditions, we estimate responses of
key macroeconomic variables to public investment shocks with interaction with the eco-
nomic conditions and public debt regimes. Before that, we first examine if the responses
vary with the business cycle. Specifically, we do the following specification:

Yi,t+h−Yi,t−1 = β
hShocki,t +λ

hShocki,tS(zi,t)+α
h
i + γ

h
t + ε

h
i,t , (3.5)

where zi,t measures the state of economy and following Auerbach and Gorodnichenko
(2012) and Auerbach and Gorodnichenko (2013), S(zi,t) =

exp(−θzi,t)
1+exp(−θzi,t)

with θ = 1.5.
The function is employed to estimate the likelihood of an country being in the weak
economic regime (i.e., recession). Thus, S(zi,t) = 1 indicates that the economy is in a
recession, whereas S(zi,t) = 0 represents an economy that is experiencing an expansion.
zi,t measures the deviation of output from its trend. We follow Auerbach and Gorod-
nichenko (2012) and Auerbach and Gorodnichenko (2013) to use the Hodrick-Prescott
filter with a high smoothing parameter (i.e., λ = 10,000) to extract the unobserved trend
from actual output. By doing so, zi,t has a mean of zero. We then divided it by its stan-
dard deviation such that the deviation of output from its trend has unit variance and the
results are more comparable across countries. In other words, zi,t can be measured using
the following equation:zi,t = log( GDPi,t

GDPtrend
i,t

)/std(log( GDPi,t

GDPtrend
i,t

).

The impulse responses of key macroeconomic variables to public investment shocks
are presented in Figure 3.5 for slump (blue, dashed line) and boom (red, solid line).
The first panel shows the response of output to a public investment shock. When the
economy is in expansion, the response is positive in the contemporary period when the
shock occurs, but it decreases across the reported horizons and turns negative after the
second year. In contrast, a public investment shock is associated with an increasing and
persistent response of output in recession. Additionally, after the first horizon, the output
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response is significantly larger in a weak economic regime than in a strong economic
regime. Our finds are consistent with earlier studies (e.g., Auerbach and Gorodnichenko,
2012, 2013, 2017; Jordà and Taylor, 2016; Abdul et al., 2016; Huidrom et al., 2020).
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Notes: The graphs plots the cumulative impulse responses of varies macroeconomic variables to public
investment shocks for specification 3 (i.e., equation (3.5)). h = 0 is the period when shock occurs. The
shaded bands are 90% confidence bands, which are based on clustered robust standard errors.

Figure 3.5: Impulse responses to public investment: the role of economic conditions

We also find a larger response of public investment when the economy is in a boom
than in a slump state. In the case of private consumption, The response to a public in-
vestment shock is positive in expansions across all reported horizons. However, due to
the high uncertainty in recession, an expansionary fiscal policy cannot enhance private
consumption during the first three horizons but begins to do so after that. Additionally,
Figure 3.5 shows the effect of public investment shocks on private investment. An econ-
omy in a boom state experiences a positively increasing response of private investment,
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whereas the expansionary effect in recessions tends to diminish over the given horizons.

Moreover, We find a similar result as in Auerbach and Gorodnichenko (2017) that
expansionary fiscal policies adopted when the economy is weak can stimulate output
and at the same time reduce interest rates and CDS spreads on government debt, while
the outcomes when the economy is strong are more likely to have the conventional
effects. As indicated Auerbach and Gorodnichenko (2017), this finds implies that an
expansionary fiscal policy is viewed as a positive signal in terms of recovering the econ-
omy and mitigating risks in a deep recession, hence increasing the market confidence
and lowering the borrowing costs.

To demonstrate that public debt sustainability does have an impact on the effective-
ness of public investment and that the effect is not due to business cycles, we estimate
responses of key macroeconomic variables to public investment shocks with interaction
with the economic conditions and public debt regimes and examine whether the effect
varies within the same economic condition. In particular, we rewrite specification 3.2
by adding the state of the economy:

Yi,t+h−Yi,t−1 = β
hShocki,t +δ

hShocki,tDi,t +κ
hShocki,tS(zi,t)

+η
hShocki,tDi,tS(zi,t)+α

h
i + γ

h
t + ε

h
i,t

(3.6)

Combining these two interactions, {β h}H
h=0 and {β h + δ h}H

h=0 measure the casual
effects of public investment shocks on a variable of interest at horizon h = 0, ...,5 in
strong-debt/boom state and weak-debt/boom state, respectively; whereas {β h +κh}H

h=0

and {β h + δ h + κh +ηh}H
h=0 provide the response in a strong-debt/slump state and a

weak-debt/boom state, respectively.

Figure 3.6 depicts the impulse responses of key macroeconomic variables to the pub-
lic investment shocks when we consider interactions between the public debt regimes
and the economic conditions.10 The following analyses are based on the results corre-
sponding to the 10th percentile and 90th percentile of debt-to-GDP ratios in our sample.
In each panel of Figure 3.6, the solid, blue line and the solid, red line represent the
responses in a weak-debt/boom state and a strong-debt/boom state, respectively; the
dashed, blue line and the dashed, red line represent the responses in a weak-debt/slump

10To save the space, we only plot the impulse responses but not the confidence intervals.
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state and a strong-debt/slump state, respectively.
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Notes: The graphs plots the cumulative impulse responses of varies macroeconomic variables to pub-
lic investment shocks for specification 4 (i.e., equation (3.6)). h = 0 is the period when shock occurs.
The shaded bands are 90% confidence bands, which are based on clustered robust standard errors. The
strong debt regime corresponds to the 10th percentile of debt-to-GDP ratio, whereas the weak debt regime
corresponds to the 90th percentile of debt-to-GDP ratio.

Figure 3.6: Impulse responses to public investment: interaction with the debt regimes
and economic conditions

The first panel of Figure 3.6 plots the impulse responses of real GDP to the public
investment shocks for four combinations of states. Our results are robust even economic
conditions are taken into account. That is, within the same economic conditions (either
slump or boom), the responses are significantly larger in a strong-debt regime than in a
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weak-debt regime. In an economy with a low level of debt relative to GDP, the fiscal
multiplier effect is stronger in a recession. However, fiscal expansion cannot be demon-
strated as an efficient instrument to stimulate the economy in a slump if the debt-to-GDP
ratio is large.

When the economy is in a recession, public investment shocks are associated with
positive and stronger responses of public investment in a weak debt regime than in a
strong debt regime. In contrast, with in the boom state, the responses drop in general
and turn negative after the first horizon for both weak and strong debt regime. Moreover,
the impact of public debt sustainability on fiscal stimulus is small in expansions.

The presence of the Ricardian equivalence channel can be well established in a
slump state. The economy with a strong debt regime can make effective use of ex-
pansionary fiscal policy to stimulate private consumption during economic downturns,
since we can observe from Figure 3.6 that the response of private consumption to public
investment shock is strong and persistent in a strong debt regime. Conversely, posi-
tive public investment shocks in a weak regime can raise the household’s concern about
higher future taxes, resulting in an increase in precautionary private saving and a drop
in private consumption. On the other hand, the responses of private consumption in
a boom state cannot provide evidence on Ricardian equivalence, and there is no evi-
dence for the state-dependent behavior of the response over the debt regimes when the
economy is in expansion.

Our results show that when the economy is booming, private investment responds
similarly to different debt regimes: the positive impact on private investment is rela-
tively limited at the beginning after a public investment shock and even turns negative
subsequently. This crowding-out effect can occur when public-funded development
on infrastructure (e.g., bridges or roadways) discourages firms from investing in such
projects. On the other hand, the non-linear behavior of the responses of private in-
vestment is more apparent over debt regimes in recessions. Consistent with our baseline
results, the effect of public investment shocks is more significant in a strong debt regime
than in a weak debt regime, indicating that increased public investment may drive out
some private investment if the debt-to-GDP ratio is too high.

As illustrated in Figure 3.6, the impulse responses of short-and long-term interest
rates shown in tend to vary according to the business cycle rather than the debt regimes.
Following a public investment shock, increased interest rates are observed in a boom
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state, whereas the interest rates fall in a slump. The result is consistent with the findings
from Figure 3.5. Despite this, the responses perform similarly over the debt regimes
within the same economic condition. Finally, Figure 3.6 shows that there is no material
effect of public investment shocks on the CDS spread in a strong debt regime, regardless
which phases of business cycles the economy in. The finding of a distinctive difference
between the response over the business cycle can be found in Figure 3.6, with a rise in
recessions and a fall in expansions.

3.6 Conclusion

The impact of public investment on mitigating recessions has been highlighted and ex-
plored in earlier theoretical literature (e.g., Krugman, 2016; Aschauer, 1989; Baxter and
King, 1993). As a component of aggregate demand, scaling up public investment would
boost the economy and create jobs in the short term. More importantly, increased public
investment can raise productivity significantly by increasing the public capital stock in
the long term. However, a growing body of studies demonstrates how public debt sus-
tainability hamper the effectiveness of public investment. Public debt sustainability can
influence the effectiveness of public investment through two channels: The Ricardian
equivalence channel and the sovereign risk channel.

This chapter estimates the size of public investment multipliers for 14 OECD coun-
tries from 1985 to 2018. The results show that the maximum public investment mul-
tiplier for the reported horizons is 3.7, and the average public investment multiplier
over three years is about 2.3. We also explore how the effect of public investment
stimuli varies according to the public debt regime. Our findings indicate that public
debt sustainability indeed affects the effectiveness of public investment. In particular,
the response of output to an unanticipated public investment shock is weaker when the
economy is in the weak-debt regime than in the strong-debt regime, which implies that
a high level of public debt can harm the public investment efficiency. This chapter also
provides empirical support on the Ricardian equivalence channel and sovereign risk
channel. Specifically, we find that, on the one hand, when debt relative to the output
is high, the public investment shocks cannot generate an increase in private consump-
tion, thus reducing the effectiveness of public investment on stimulating the aggregate
demand. On the other hand, the short- and long-term interest rates increase at earlier
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periods after a public investment shock when the debt-to-GDP ratio is high. Although
the interest rates fall eventually, on average, the responses are significantly positive and
larger in a weak debt regime than in a strong debt regime. A similar result can be
obtained by estimating the response of CDS spreads. In a weak debt regime with the
debt-to-output ratio is above 90th percentile, a public investment shock lifts the CDS
spreads in the short term, whereas the response in an economy with the debt ratio below
10th percentile is negligible.

Our empirical findings indicate that public investment cannot be abused indiscrimi-
nately to stimulate the economy while ignoring public debt sustainability. Policymakers
should thoroughly examine the public debt situation before implementing an expansion-
ary fiscal package, as their effectiveness in stimulating economic activity is constrained
by the sustainability of public debt.
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Chapter 4

Conclusion

This thesis consisted of two essays about fiscal policy and public debt. This chapter
summarizes the main findings, identifies gaps in the literature, and discusses potential
areas of further study.

Chapter 2 used a Neoclassical growth model to explore the fiscal reform in the UK
against the projected increasing government expenditure in order to mitigate the pres-
sure on public debt and reduce the debt ratio to a sustainable value. OBR’s projections
show that UK’s government spending will increase over the next 50 years mainly due
to the rise in age-related expenditure, whereas the receipts remain flat, leading to the
projected primary budget balance shift from a surplus to a deficit (see Figure 1.2). The
projected increase in the primary deficit, in turn, puts upward pressure on public debt,
and as a result, the net public debt as a share of output is projected to rise to 234% in
2066-67. Such a high debt ratio has violated the sustainable investment rule (i.e., net
public sector debt should not exceed 40% of GDP) and even surpassed the Maastricht
criteria (i.e., 60% of GDP for public debt). In fact, the pressures on public sector fi-
nances are common to most developed countries. Many developed countries such as
Germany and the Netherlands are suffering from a severe population aging problem. In
the EU, the old-age dependency ratio is projected to climb dramatically from 34% in
2019 to 59% in 2070, indicating that each people aged 65 and over will be afforded by
less than two working-age persons by 2070 (see, European Commission report (2021)).1

1The old-age dependency ratio is defined as the number of individuals aged 65 and above relative to
the working-age population (i.e., the number of people aged between 20 and 64).
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Obviously, the age-related expenditures, including pension, education, health, and long-
term social care expenditure, will increase in the future and represent a critical challenge
on the public fiscal finance. Population aging has been one of the main driving forces for
governments to take action to find a way to finance the projected increase in government
spending and, at the same time, reduce the public debt to a ”stable and prudent” level.
Japan, as the oldest super-aged country in the world, its fiscal impact of population ag-
ing and corresponding fiscal reform have been widely studied (Braun and Joines, 2015;
Kitao, 2015; Imrohoroglu and Sudo, 2011; Hansen and Imrohoroglu, 2016). The ex-
isting literature also evolves the study on fiscal reforms regarding the population aging
in some other countries, including Australia, the United State, and Germany (Kudrna
et al., 2015; Nishiyama, 2015; Botman and Danninger, 2007). In the future study, we
will focus on the fiscal impact of aging and the feasible fiscal reform for other relevant
countries.

The main finding in Chapter 2 is that the tax revenue to finance the future govern-
ment expenditures and cut the public debt ratio down to the Maastricht criteria in the
steady state is in the range of 20-24% of consumption expenditures. When a distorting
tax such as consumption tax or labor income tax is used to achieve the goal, the tax
rate must be set to a high level. Specifically, the consumption tax rate needs to increase
to above 50%, whereas the labor income tax rate has to rise to over 70%. Even if the
government is allowed to consider the tax base broadening, the distorting tax rates are
still required to increase to the level of 45%-60%. Also, although both consumption and
labor income tax rates distort labor supply, the consumption tax is less distorting than
the labor income tax.

Such high levels of the tax rates indicate that using the consumption tax rate or labor
income tax rate is not a feasible fiscal policy for the UK government to raise the revenue
and mitigate the fiscal burden in the future. This result brings us to find other ways to
reduce the fiscal pressures in the future.

One of the possible feasible fiscal reforms is to broaden the tax base. In the fur-
ther study, we will analyze the effects of different combinations of the following tax
bases: (i) lump-sum tax base; (ii) consumption tax base; (iii) labor income tax base; and
(iv) capital income tax base.

The capital income tax was not considered in Chapter 2, mainly hinged on the zero
capital tax in the optimal taxation theory. It advocates that capital income tax should be
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avoided. Diamond and Mirrlees (1971) provides an explanation for the zero capital tax:
capital should be treated as an intermediate input, therefore, should not be taxed. An-
other reason is that the capital income tax violates the principle of uniform commodity
taxation proposed by Atkinson and Stiglitz (1976) since it levies on future consumption
but not on current consumption (Mankiw et al., 2009). Finally, in the Ramsey model,
some households are modeled as having an infinite planning horizon. These households
decide how much to save based on their future discounting and the economic return on
capital. In the long-run equilibrium, their saving decisions are perfectly elastic for the
after-tax rate of return. Thus, any tax on capital income will leave the after-tax return
to capital unchanged, which means the pre-tax return to capital must rise, reducing the
size of the capital stock and aggregate output in the economy. Chamley (1986) and Judd
(1985) find that, in the short run, a positive capital tax may be desirable because it is a
tax on old capital and, therefore, is not distortionary. In the long run, however, a zero
tax on capital is optimal. This distortion is so large as to make any capital income tax-
ation suboptimal compared with labor income taxation, even from the perspective of an
individual with no savings (Mankiw, 2000). However, one can find reasons to question
the optimally of zero capital taxes. If all individuals have relatively short planning hori-
zons, as in overlapping generations models, capital taxation can provide redistribution
without the dramatic effects on capital accumulation identified in the Ramsey literature.
Conesa et al. (2009) explore this argument for capital taxation. Alternatively, if indi-
viduals accumulate buffer stocks of savings to self-insure against shocks, there may be
aggregate overaccumulation of capital, justifying capital taxation, as in Aiyagari (1994).

Given that tax rates have to rise dramatically to cover the anticipated age-related
spending in many countries, fiscal adjustment can be appropriately oriented towards the
expenditure side (Clements et al., 2010). Because public pension spending comprises
a significant share of total spending, efforts to contain these increases will be a neces-
sary part of fiscal consolidation, particularly in advanced economies (Clements et al.,
2016). The measures to contain pension spending may include raising the retirement
age gradually, reducing the benefit, or increasing the contribution rate.

Other non-fiscal adjustments to mitigate the fiscal burden may include increasing
the economic growth rate by improving technology and innovation and increasing the
number of working-age people relative to the number of the old-age population, such
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as reforming the immigration policies and family policies. The target could also be at-
tained through various combinations of expenditure and revenue measures. The feasible
policies to mitigate the financial burden are left for future research.

Chapter 3 examines the effects of public debt sustainability on the effectiveness of
public investment for a sample of 14 OECD countries from 1986 to 2018. First, follow-
ing Auerbach and Gorodnichenko (2012), We identify the exogenous public investment
shock as the forecast error of public investment relative to output, and we demonstrate
that this strategy is capable of resolving the issue of ”fiscal foresight”. Then we estimate
the responses of macroeconomic variables to public investment shocks using the local
projection method of Jordà (2005). This method is straightforward and well-established
for estimating the nonlinear effects of shocks (see Auerbach and Gorodnichenko, 2012,
2013, 2017; Jordà and Taylor, 2016; Abdul et al., 2016), and thus employed to investi-
gate whether and how the sustainability of public debt affects the effectiveness of public
investment.

The results show that the maximum public investment multiplier for the reported
horizons is approximately 3.7, and the average public investment multiplier over three
years is about 2.3. Additionally, We explore how the effect of public investment stim-
uli varies according to the public debt regime. Our findings indicate that public debt
sustainability indeed affects the effectiveness of public investment. In particular, the
response of output to an unanticipated public investment shock is weaker when the
economy is in the weak-debt regime than in the strong-debt regime, which implies that
a high level of public debt can harm the public investment efficiency. This chapter
provides empirical support for the Ricardian equivalence channel and sovereign risk
channel. Specifically, we find that when debt relative to the output is high, the public in-
vestment shocks cannot generate an increase in private consumption, thus reducing the
effectiveness of public investment on stimulating the economy. Moreover, our baseline
findings can support the presence of the sovereign risk channel by that the short-and
long-term interest rates and CDS spreads increase after a public investment shock in
a weak debt regime, whereas the responses are negative at earlier horizons in a high
debt regime. On average, the responses of borrowing costs are significantly positive and
larger in a weak debt regime than in a strong debt regime. This chapter also estimates
the nonlinear effects of public investment by considering the interaction of business cy-
cles and public debt sustainability. The results are similar to baseline results, indicating
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that our findings are robust.

Our empirical findings emphasize the importance of public investment in economic
growth, particularly during times of recession. With a higher multiplier for public in-
vestment in a slump than in a boom, public investment should play a critical role in
fostering job creation, stimulating demand, and reviving the economy in the short run.
However, the effectiveness of public investment is constrained by the sustainability of
public debt. That is, a high debt-to-output ratio can reduce the multiplier effect of pub-
lic investment. On the one hand, excessive debt raises private agents’ concerns about
the government’s ability to repay. Thus, following a public investment shock, private
agents reduce consumption today and increase precautionary savings in anticipation of
a future tax increase to pay off the increased government debt (Ricardo, 1912). As a re-
sult, public investment’s ability to stimulate demand is undermined. On the other hand,
large public debts increase uncertainty and push up the whole economy’s borrowing
costs, undermining the effectiveness of fiscal policies. Our findings indicate that public
investment cannot be used uncontrolled to stimulate the economy while ignoring public
debt sustainability. Fiscal policymakers should adjust fiscal policy to protect people,
boost jobs, and recover the economy while also ensuring the sustainability of public
debt.

Future studies should concentrate on three points. To begin, while some literature
has examined the impact of different compositions of government spending on eco-
nomic growth both theoretically and empirically (e.g., Baxter and King, 1993; Am-
bler and Paquet, 1996; Perotti, 2004; Ambler and Paquet, 1996; Ghosh and Gregoriou,
2008), there has been no study exploring if the public debt sustainability has a different
impact on different composition of government spending. In the future study, we will
examine the relationship between the sustainability of public debt and the effectiveness
of government spending composition in a general equilibrium framework. This study
will shed light on implementing an effective fiscal policy in the face of rapid debt ac-
cumulation. Second, our research is constrained by data availability; as a result, we
were able to examine only 14 OECD countries, the majority of which are developed.
As a result, our findings may not accurately reflect the relationship between fiscal pol-
icy and public debt sustainability in developing countries. Further research might be
conducted to determine whether the influence of public debt sustainability on the ef-
fectiveness of public investment varies between developed and developing countries.
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Finally, one might investigate whether the effectiveness of monetary policy depends on
the sustainability of public debt. The forecast error approach can also be applied to
identify monetary policy shocks. For example, Furceri et al. (2018) estimates the fore-
cast error of the policy rates as the difference between the actual and forecast policy
rates in the short term. Then, they regress the forecast error of the policy rates on the
forecast error of inflation and GDP growth. The monetary policy shocks are estimated
using the residuals from the regression. Following this approach, the future study could
examine the relationship between the effectiveness of monetary policy and public debt
sustainability.
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