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PREFACE

Debt, private and public, and in particular excessive debt, has been
debated to be one of the root causes of the economic crises we have
experienced—financial and sovereign. At the same time, economic crises
are believed to lead to an increase of debt—also private and public. Since
2007 and for about a decade, the exit from the consequences of the crises
that started in that year was still questionable for the economies of some of
the countries. However, in most cases, debt has increased and continued
to increase until the end of this decade (2020). The central banks have
launched a series of quantitative easing programs that have resulted in
more affordable debt to such an extent that some countries are being
paid to borrow, as interest rates have turned negative. As a matter of fact,
at the present time (November 2020), all of the Eurozone countries enjoy
negative yields for at least one of their government bond issues and some
of them post negative yields for all their government bond issues, such as
Germany and the Netherlands, whose 30-year bond yields are below zero.
In Switzerland even the 50-year bond yield is negative. In the United
States, the yields, positive though they may be, they are the lowest for the
last 40 years.

In the midst of a pandemic, countries around the world are looking
still for ways to support the economies and weather a new crisis that this
time has a totally different cause. With a forecasted drop of -4.9% for
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the world output, -8.0% for the United States and -10.2% for the Euro-
zone,! the central banks along with the governments are injecting funds
in the economies and the markets in order to successfully get through it.
Most likely this will increase both public and private debt as governments
and individuals will have to somehow repay the funds that flew in their
economies, houscholds or enterprises. This makes the quest of the link
between debt and crisis more relevant than ever.

In this book, we look at certain constituents of an economy and
attempt to identify their contribution to debt, especially in times of crisis,
as well as in periods of tranquility; these are government debt (bonds),
tariffs, social security, non-performing loans as well as demography. In
addition, we calculate the reserve that a state may want to provision for,
in order to secure its economy from defaulting within a certain time
horizon. This calculation offers an alternative valuation/pricing of debt.
Last but not least, we offer a comparative study of countries with a history
of (excessive versus non-excessive) debt and try to realize whether an
economic crisis can genuinely deteriorate debt or the “debt illness” is
preexisting to the crisis. Furthermore, the role of the central banks and
the impact of the quantitative easing programs are investigated, especially
for the countries that have more fragile economies, such as the southern
or periphery members of the Eurozone.

Through the chapters of this book, the contributors attempt to capture
the entire grid of debt—private and/or public—as created by its deter-
minants. A wide range of countries were considered; from the OECD
to G20 to the European Union to Eurozone to the periphery of the
Eurozone. The studies undertaken confirm that debt is definitely influ-
enced by certain macroeconomic variables that capture the fiscal position,
the economic activity, the external competitiveness, the international risk
factor and the size of the financial sector. The debt is also affected by social
security and tariffs, which are in their turn determined among others by
demographic parameters. Sovereign debt is linked with non-performing
loans and the central bank purchase programs have a beneficial effect on
both of them, as well as the government bond yields. Finally, evidence is
found that both the financial and sovereign debt crises had an impact on
the bond yields which is stronger to the countries of the south.

L IMEF, (2020), World Economic Outlook, A Crisis Like No Other, An Uncertain
Recovery. https://www.imf.org/en/Publications/WEO /Issues /2020,/06 /24 /WEOUpd
ateJune2020.
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All findings have added value for a series of stakeholders, authori-
ties, policymakers, central banks, regulators, social security organizations,
pension schemes, bankers, insurers, investors, entrepreneurs both at insti-
tutional and individual levels. As such, they may be used proactively to
steer the appropriate drivers so as to prevent each of the unpleasant situ-
ations that have been studied from arising or to succeed in securing the
desired conditions. At the same time, they may be employed reactively
every time one of the investigated cases arises in order to contain its conse-
quences. As such, this book on one hand introduces novelties in the field
and on the other hand provides directions that can be readily applied
when the relation of debt with a crisis is considered.

Komotini, Greece Thomas Poufinas
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CHAPTER 1

Debt Valuation: An Alternative Method
to Avoid Future Default

Thomas Poufinas and Evaggelos Drimpetas

1.1 INTRODUCTION
1.1.1  Trigger

Public debt evaluation has been debated for years—if not for ever—
among the competent authorities of the interested countries, as well
as the affected institutions, such as the International Monetary Fund
(IMF), the European Commission (EC), etc. It was escalated several
times as an important issue, especially during the latest financial crisis
that commenced in 2008 and until recently it tantalized several coun-
tries, especially in the South of Europe. Public debt projections became
of utmost importance, as they were indicative of the sustainability of
the sovereign debt of the countries, especially the ones with troubled
economies. The country officials and the organization experts produced
and continue to produce numerous studies and reports, which are not
always fully aligned. The discrepancies are most likely due to the different

T. Poufinas (<) - E. Drimpetas
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assumptions used for the estimation of the debt projection, which result in
higher or lower levels of public debt as a percent of GDP (Gross Domestic
Product).

To illustrate that, consider for example the case of Greece, a country
that has been in the spotlight for years due to the prolonged adverse
environment it had to weather. According to the IMF (2018), the debt to
GDP ratio is projected to drop from 188.1% in 2018 to 151.3% in 2023
to 142.3% by 2027 to approximately 138% by 2038 and rise gradually to
almost 180% by 2060. The EC (European Commission, 2020) forecasts
are more optimistic as they drop from 181.2% in 2018 to 140.1% in 2023
to 122.7% in 2027 and to 111.9% in 2030. The difference between the
two projections is of the magnitude of 20 percentage points in 2027.
Most likely, both can be justified when the assumptions on which they
rely are explained.

As a matter of fact, the Debt Sustainability Monitor (European
Commission, 2020) notes that the European as well as the world
economies were weaker in 2019 with several characteristics of the global
slowdown expected to be persistent. Growth is not expected to come back
within the next two years, as a consequence of which central banks are
most likely to prolong their quantitative easing policies (even if mentioned
with different names). Interest rates, as well as the yields of a big part of
sovereign bonds, are anticipated to move in negative territories. As far
as Greece is concerned, there appear to be a series of debt sustainability
challenges (European Commission, 2020) that make the viability of the
Greek debt questionable post 2038 (IMF, 2018).

The blend becomes even more explosive as the IMF in its World
Economic Outlook (IMF, 2020) projects for 2020 a contraction of —3%
for the world economy, which breaks down to —5.9% for the USA and
—7.5% for the Euro Area. The trigger this time is the pandemic that has
paused a big portion of the global activity. This is expected to be followed
by a growth of 5.8% for the world economy, translated to 4.7% growth
both for the USA and The Euro Area in 2021. These are conditional on
returning gradually to the normal pace at the second half of 2020 as the
outbreak fades and that there is a generous policy support.

Consequently, in the midst of these new and unprecedented condi-
tions, the question of whether countries have the capability to repay
their debt becomes more relevant than ever. Countries that have had
manageable debts may find themselves with debt levels in excess of their
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GDPs. Countries whose debt sustainability was already questionable may
experience even higher debt to GDP ratios.

1.1.2  Reserve Funds

Debt estimates and projections constitute one side of the coin; the other
side pertains to the capacity of a country to repay its debt and avoid failing
to pay its obligations. Apparently, a forward-looking approach that covers
a mid- to long-term horizon is more appropriate. A country may need to
consider setting aside funds to meet future commitments. The concept
is not new; several countries have put in place sovereign wealth funds
(SWFs), which have a range of targets and among which are stabiliza-
tion funds, savings or future generation funds, pension reserve funds and
others. Consequently, it would make sense to think about establishing a
default protection scheme.

There are several well-known sovereign wealth funds whose total assets
under management were in the area of 8 trillion US dollars in 2019
(SWEFI, 2020). The most popular and biggest fund in terms of assets
under management is the Norwegian Government Pension Fund Global
with almost 1.2 trillion US dollars in assets under management as of 2019
(Norges Bank Investment Management, 2020; SWFI, 2020). The fund
was established after the country discovered oil in the North Sea. Its
purpose is to shield the economy from ups and downs in oil revenue
and serves as financial reserve and long-term savings plan that gives
the opportunity to current and future generations to benefit from the
wealth created from oil revenues. The top five list is completed with the
China Investment Corporation, the Abu Dhabi Investment Authority, the
Kuwait Investment Authority and the Hong Kong Monetary Authority
Investment Portfolio, all of which had assets under management between
0.5 and 1 trillion US dollars in 2019 (SWFI, 2020).

1.1.3  Proposed Approach: An Insuvance Pricing Technique

In the midst (or at the rise) of a potentially new crisis, this time
with a different cause—a pandemic, it is more than relevant to assess
whether a country can be prepared against a potential default through
an appropriate default-protection reserve. Insurance and pensions are the
best-placed disciplines to provide with means to describe the mechanics
of this idea, combined with the principle of a sovereign wealth fund.
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The protection mechanism uses the approach employed by standard
insurance—actuarial techniques to calculate the burning cost of a life
protection scheme. The model deployed in this study can be applied to
any type of debt projection; it does not question the assumptions of the
available forecasts. As a matter of fact, all different debt projections can be
inserted as inputs; the model outputs can serve as a range of the amount
that needs to be set aside to avoid a future default. It offers more of a
pricing of the country debt, i.e. it indicates what amount the country has
to pay as a premium to buy protection against a future default.

1.1.4  Resemblance and Diffevences with CDS

The route followed and the semantics referred to—even in the previous
paragraph—remind also the setup and evaluation of the spread of a Credit
Default Swap (CDS). The origins of our research though reflect more
the need to create an appropriate reserve to avoid default and not to
compensate bond bearers for the risk they undertook—as is the purpose
of a CDS. Consequently, the rationale, the notation and the algebra of
insurance have been preferred.

1.1.5  Benefits: Support to and from the Development of a Eurvopean
Safe Asset

This approach can facilitate but can also be supported by the devel-
opment of one safe asset at a Pan-European level. The trigger for a
euro-area safe asset is primarily the need to achieve financial integration
and capital markets union within the EU (Constincio, 2018). However,
it can support (among other things) the functioning of the EU economies
during financial crises (Monti, 2010), which is in line with our rationale.
As the intention is to create an insurance-type of reserve that will serve
as a cushion to prevent future default, the cause is almost sacred. What
would be a better instrument than a single asset (or pool of assets) that
will be designated to avoid future defaults from the member-states of the
Eurozone or the entire European Union?

Opponents of the one safe asset are probably afraid that it will be used
to replace existing debt. Attention is needed here so as not to misinterpret
the proposal; the prescribed safe asset will be earmarked as the underlying
asset of the reserve that will be created to prevent countries from not
meeting their future debt obligations (in excess let’s say of their GDP).
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In addition, such a special-purpose asset could serve as a pilot for a global
Pan-European asset to be introduced at a later stage—when convergence
of opinions is achieved. Consequently, finding the amount necessary to
fund an insurance-type reserve can definitely facilitate the introduction of
one safe asset.

The opposite direction holds true as well; if a safe asset is launched,
then it can serve as the underlying asset to support the reserve that will
be funded by the contributions of the countries that have been esti-
mated with actuarial techniques, in order to avoid future default. Such
an asset will be free from the risk of default of each country and will be
of premium quality, thus securing that the necessary funds will be there if
there is a need for them to be drawn.

Of course, there may be concerns as to the return of such a good
quality asset; they may be nil or negative. This is true; but the primary
purpose is to globally preserve the accumulated reserve for potential
future use. The long-term horizon allows for potential low returns for
certain periods of time when safekeeping is a priority. As a result, the
existence of one safe asset (or a series of Pan-European safe assets) would
support the placement of the burning-cost-type contributions of the
member countries.

1.1.6  The Role of the Euvopean Commission

Can the European Commission play a role? The success of the under-
taking starts from the will of the European Commission to address such
an important issue as the viability of the debt of its member states ad
infinitum or for a specific time horizon; the recommended path resembles
to a whole of life insurance or a term life insurance, respectively. Insur-
ance serves a good cause; the concept of solidarity is well embedded in it
and the participants of an insurance scheme contribute to receive benefits
when in need. The contributions are held aside in a reserve to be drawn
when necessary. We employ the same functioning; the disbursement of
the benefit though is to avoid a default and not a physical condition of an
individual. Even if not all of the properties of insurance are in place so that
an individual insurer can offer coverage, at an EU level, the mechanism
could work.
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1.1.7  The European Stability Mechanism (ESM)

There are definitely similarities with the European Stability Mechanism
(ESM) as far as the concept is concerned. The ESM provides financial
assistance to the countries of the eurozone that face severe financial prob-
lems. This assistance is provided only if it is deemed necessary so as
to secure the financial stability of the euro area as a whole and of its
members. The ESM provides financing through loans. Even the credit
lines offered by the ESM so that the member countries can maintain
access to the markets are essentially loans (ESM, 2020).

The recommended insurance-based approach aims primarily at
preventing countries from reaching such a state at which they will not
be able to draw money from the markets or they will have a hard
time repaying their debts. The ESM funding is primarily for curing the
problem; even when it is for preventing it, the same medicine is used—
a loan. In contrast, the creation of a pool that will work as a safety net
by the participating countries does not necessarily involve lending, as the
countries have prepaid some sort of premium protection.

One could say that the latter resembles to the contributions that the
countries of the eurozone have made in order to accumulate the capital of
ESM. However, this capital (approximately 80 Billion Euro) is not used
to make loans; it serves as a guarantee. Having the experience of the ESM,
the European Commission could create a protection branch of ESM or
an independent body.

Furthermore, even if the ESM is in charge of the eurozone countries
and this mechanism is considered sufficient for the time being, the recom-
mended insurance protection reserve could be established for countries
that are not members of the eurozone. It can be used by countries that
are not even states of the European Union with the aim of avoiding future
defaults.

1.1.8  Debt Sustainability

The concept is immediately linked to the mid- to long-term debt sustain-
ability of the countries under examination. If the member states manage
to have access to funds that they can draw upon so as to avoid defaults,
then their debt would be viable longer. Our study is not linked and
does not deploy any debt sustainability analysis (DSA) framework. The
European institutions are better placed to develop multi-block, DSA
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frameworks consisting of deterministic, stochastic and indicator-linked
approaches for the assessment of the risks related to the sustainability of
sovereign debt (see for example Bouabdallah et al., 2017).

1.1.9  Originality and Novelty of the Approach

Such an approach has not been presented so far to the best of the knowl-
edge of the authors and introduces a fresh and novel approach to the
public debt valuation of a country, through an actuarial pricing perspec-
tive. It does not limit the flexibility of the responsible parties in predicting
the evolution of debt in the future. It equips the policymakers though
with a tool that can help the country avoid a potential default and have
an estimate of how much it would cost to acquire such a protection.

1.2 BACKGROUND DI1SCcUSSION

There is ample literature in the pricing or rather estimation of debt. It can
be categorized in terms of (i) the type of debt, i.e. corporate, sovereign,
private or structured; (ii) the method employed, such as option pricing
techniques or econometric—macroeconomic modeling; (iii) the events
that occurred, such as market events or a crisis; and (iv) the default, which
pertains to the probability of default, the sovereign default, its avoidance
or prevention, as well as the issuing law that facilitates the latter. We
follow the literature by the type of debt (as in (i)) and in a chronological
order grouped were possible so as to match (ii), (iii) and (iv). Interest-
ingly enough it seems that in most of the cases, the chronological order
determines the methods employed.

Starting with corporate debt, Merton (1974) prices corporate debt
with the use of the newly introduced (at the time) Black-Scholes option
pricing formula. His approach is applicable to almost any type of (fixed
income) financial instrument from risky discount bonds to callable
coupon bonds as exhibited in his manuscript. Claessens and van Wijn-
bergen (1990) use option pricing to assess the impacts of different debt
reduction strategies and forms of enhancement on secondary market
prices of debt. They find that debt reduction influences significantly the
value of the remaining claims. At the same time, they offer a valua-
tion of fixed and rolling guarantees, realizing that rolling guarantees
dominate the fixed ones as a credit enhancement technique; this value
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is also affected by debt reliefs. Bicksler and Chen (1992) price corpo-
rate risky debt with event-risk provisions using contingent claims analysis.
They show that this type of debt can be replicated by a portfolio that
consists of an outright position on risky debt, a protective put option
and a conversion call option that can be exercised before the matu-
rity date if designated corporate-control-related events occur. Risky debt
issuance with event-risk provisions results in lower explicit cost than that
of straight risky debt. In the same wavelength, Reneby (1998) applies
contingent claims analysis to price corporate debt instruments, such as
non-investment grade bonds, with closed-form solutions. In particular,
he employs combinations of barrier contracts and extends his framework
to compound claims such as embedded options on corporate bonds.

On a different route, Datta et al. (1999) investigate whether the cost
of public debt is influenced by the existence of a relation of the firm with a
bank, as well as by the reputation of the firm. They find that the existence
of bank debt and the reputation of the firm are negatively related to the
at-issue yield spread for initial public offerings. As a matter of fact, the
impact of the former was estimated to be 68 basis points on average.

Ortiz-Molina (2000) investigates the link between managerial owner-
ship structure and at-issue yield spreads on corporate bonds to find that
there is a positive relation between the two, which becomes weaker at
higher levels of ownership. The same holds true for managerial stock
options, which seem to have a stronger influence impact on yield spreads
versus stock ownership. Bruche and Naqvi (2010) build a continuous-
time asset pricing model of debt and equity in an environment where
equity holders decide when to default and creditors decide when to liqui-
date, which leads to an early default of the equity holders and early
liquidation of creditors. They assess in a quantitative manner how the
timing of default and liquidation is affected, the optimal capital structure
and the spreads.

Colla et al. (2012) examine the pricing of debt in LBOs to realize that
there is a positive relationship between the profitability of the firm prior
to the LBO and the deal leverage and thus the pricing. They recommend
grouping the debt tranches used in LBOs into two main categories, senior
and junior, whose pricing depends on their relative use and on bankruptcy
risk.

Going to sovereign debt, which is closer to our universe of interest,
Babbel, in Babbel and Bertozzi (1996), discusses the insurability of
sovereign debt against default by replacing the traditional approach of
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risk-pooling with a modern (at the time) approach of risk hedging. He
argues that sovereign debt does not necessarily meet the insurability
criteria required in the risk pooling approach (in particular high frequency
and small severity) but realizes that they are not necessary, as what matters
is that the insurer has the necessary assets to cover the claims. He thus
proposes a risk-hedging technique as an alternative, with the use of put
options—a long put and a short put (i.e. a bear spread), that is not capital
intensive and draws from the approach of Merton (1974) as presented
above. It pretty much builds on the idea of portfolio insurance with the
use of options. Kletzer (2005) suggests that derivative contracts may be
used for risk sharing and allow debtors on one hand to insure themselves
as parties to the contracts and bondholders to reduce the default and
restructuring risk. If markets in these securities are feasible, then they may
assist in reducing macroeconomic volatility in indebted countries and in
increasing capital flows to emerging market economies.

Blundell-Wignall and Slovik (2011) focus on the four countries that
were hit the most by the latest sovereign debt crisis, namely Greece,
Ireland, Portugal and Spain. They examine the probabilities of default
that are implied by observable market spreads to find that they differ
between countries according to certain criteria that affect the proba-
bility of debt restructuring. Bi and Traum (2012) use Bayesian methods
to estimate the probability of default of Italy and Greece in the post
EMU period through a real business cycle model that embeds fiscal policy
instruments, sovereign default risk and the level of debt that the govern-
ment is willing to finance. They find that (i) Greece historically had a
lower probability of default than Italy for a given level of debt; but (ii) the
Italian government seemed to be more willing to service debt compared
to the Greek one.

O’Kane (2012) analyzes the relationship between the price of Euro-
zone sovereign-linked CDSs and the same sovereign bond markets during
the Eurozone debt crisis of 2009-2011 to find that there is (i) a relation-
ship with a one day lag from CDS to bonds for Greece and Spain; (ii)
the reverse relationship for France and Italy; and (iii) a feedback rela-
tionship for Ireland and Portugal. Aizenman et al. (2013) show that
there is complex and time-varying association between credit ratings and
the pricing of sovereign debt during the Euro crisis, which changes
between the pre and at the crisis periods. As a matter of fact, European
countries had similar moves in CDS spreads as a result of credit rating
changes before the crisis; however, they exhibited large differences during
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the crisis, with GIIPS being more sensitive than the other European
countries.

Cruces and Trebesch (2013) create a database of haircuts in debt
restructurings to show that debt restructurings that entail higher hair-
cuts lead to significantly higher subsequent bond yield spreads and longer
periods of capital market exclusion.

Camba-Méndez et al. (2016) use the quotes of sovereign CDS
contracts to find the probability of default and the loss given default in
an emerging market (Poland). They employ fixed and time-varying LGD
to realize that there is a low loss given default and a high probability of
default for Poland during the crisis. The latter received its highest values
in the months that followed the default of Lehman Brothers. The corre-
lations between the probabilities of default and the CDS spreads depend
heavily on the maturity of the sovereign CDS. Soytas and Volkan (2016)
recommend the application of the Hotz-Miller estimation technique to
dynamic general equilibrium models of sovereign default as an alternative
to improve their ability to estimate the ex-ante probability of default of
economies. They do that with the use of the structural parameter values
that the country-specific business cycle statistics and the relevant literature
provide.

Beirne and Fratzscher (2013) investigate the drivers of sovereign risk
for 31 advanced and emerging economies during the European sovereign
debt crisis to find that (i) a deterioration in the fundamentals of the coun-
tries and a fundamentals contagion explain the rise in the sovereign yield
spreads and CDS spreads during the crisis globally and not only for the
eurozone; (ii) regional spillovers and contagion have been of lower impor-
tance; (iii) herd contagion has been less concentrated in time and among a
few markets; and (iv) empirical models using economic fundamentals did
generally a poor job in explaining sovereign risk in the pre-crisis period
for European economies, implying that the market priced the sovereign
risk without completely embedding the fundamentals prior to the crisis.

The role of monetary policy fluctuations for the macroeconomy and
the bond markets is researched by Yamarthy (2017). He finds that the
former significantly impact bond risk exposures and contribute about 20%
to the variation of bond risk premia. To achieve that, he employs an asset
pricing framework incorporating a time-varying Taylor rule for monetary
policy, macroeconomic factors and risk pricing restrictions as stemming
from the preferences of the investors with the use of the US term struc-
ture. Gumus and Koeda (2018) employ a sovereign default model for



1 DEBT VALUATION: AN ALTERNATIVE METHOD ... 11

Argentina with the use of a maximum simulated likelihood estimation
to predict default events. Their model closely matches the default data
and performs better than a logit model in predicting the onset of default
events. Bradley et al. (2018) examine three parameters that influence the
pricing of sovereign bonds, namely governing law, currency and stock
exchange listing. They find that investors perceive sovereign debt issued
under foreign parameters as less risky than the debt issued under local
parameters, both for investment and non-investment grade bonds.

McGregor (2019) proposes a stochastic general equilibrium model in
order to link the sovereign default risk with moving oil price and output
process of resource-rich (oil-rich) economies. To that end, he realizes that
the joint movement of risk premium with oil price is affected by higher
risk aversion, government impatience, larger oil shares and strong corre-
lation between domestic output and oil price shocks, thus offering an
explanation of the counter-cyclicality of interest rate spreads and oil prices
of oil-exporting emerging market economies.

As far as private debt is concerned, Blanc-Brude and Yim (2019)
examine the evolution and the drivers of credit spreads in private infras-
tructure debt, with the use of a factor model. They realize that common
risk factors (market trend, credit risk, liquidity and cost of funds) partly
explain infrastructure and corporate debt spreads and that the private
infrastructure debt pricing is considered fair even after the 2008 credit
crisis.

The study that could be considered conceptually the closest to ours,
from the papers presented in this section, is the one of Babbel, in Babbel
and Bertozzi (1996), in the sense that it refers to the insurability of
sovereign debt. The author however questions whether sovereign debt
meets the conditions set by a private insurer to offer traditional insurance
coverage against default and thus proposes the use of options to imple-
ment risk-hedging strategies in a way similar to portfolio insurance. We
also do not examine the insurability of sovereign debt but rather employ
actuarial techniques in order to price the creation of a reserve, trusting
that if it runs under the auspices of the EU, several of the limitations are
lifted.

The role of the EU is key in such an undertaking for reputational
reasons as well. Following the work of English (1996) on the defaults of
US States in the 1840s, it appears that as the defaulting states were part
of a large and economically integrated nation, creditors could not enforce
payment by imposing military or trade sanctions. However, most states
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eventually repaid in full in order to maintain access to capital markets and
preserve their reputation. As a parallelism, if we replace the US States
with EU (member) States, then we have a similar framework, with the
EU fostering the debt repayment of its member countries.

Our study focuses on the pricing of the total debt of a country in
excess of its GDP and not only related to the bonds issued, in a way
that a reserve is created so as to prevent future defaults. The actual
contributions required by each of the EU countries, based on the projec-
tions performed by the IMF (2018) and the European Commission
(2020), are estimated. As such, it covers almost all of the aforementioned
categories (with the exception of an event such as a crisis) offering an
innovative pricing/reserve accumulation approach; therefore there lies its
contribution in the field.

1.3 PROBLEM DESCRIPTION

The problem that this study addresses is the valuation of the public debt
of a country via an insurance—actuarial approach. From this perspective,
it can be considered more of a pricing of the debt. It also resembles to
a reserve accumulation technique. The methodology employed mimics
the pricing of a term life insurance product. Term life insurance provides
an amount in case of death of the insured; likewise, the default of an
entity can be considered as the financial death of this entity, equivalent
to the physical death of an individual. Consequently, putting a lump
sum amount or a periodic amount aside that could help prevent such
a default—by making the required payment when the risk appears—is
a legitimate action on behalf of the interested country. This amount is
similar to the lump sum or period premium of a term life policy.

The default rate is taken as a proxy of the probability of default, which
in turn is considered as a replica of the probability of death in the relevant
actuarial model that is used to price term life insurance. It is assumed that
a country can avoid default if it can repay at any time the debt that is in
excess of its GDP. The excess debt is regarded as comparable to the sum
assured that is paid in case of default—instead of death. The former is not
flat, as is normally the latter assumed to be. It is worth noticing that this
choice is not restrictive. Depending on the target set by the country, other
options may include a fixed percentage of the GDP (e.g. 20%) or the debt
in excess of a certain percent of the GDP (e.g. 150% of the GDP) or any
other set of cash flows.
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No matter what the choice of the flows to be protected is, the output of
the model is analogous to the burning cost (premium net of loadings) of
the corresponding insurance product and it indicates the cost of obtaining
protection against default—similar to death. It is calculated as the present
value of the payments made in case of default, adjusted by the probability
of default.

As most studies, this one has certain limitations that stem primarily
from its focus on a specific aspect of debt financing; this of an alterna-
tive valuation of public debt. First of all, it does not question either the
debt projections or the credit ratings assigned, along with the resulting
default rates; it takes them for granted—debt projections are extracted
from official reports and default rates are assumed to be the corporate (not
sovereign) default rates that correspond to the associated credit rating.
Furthermore, credit ratings remain unchanged over time. Second, the
interest rate term structures used—a flat interest rate corresponding to the
credit rating of the country and the EIOPA risk-free curve—also do not
move during the period under consideration. Third, it does not inquire
from what sources the required amount will be paid. Although it makes
some recommendations and drafts certain directions, it assumes that the
interested countries will reallocate their finances to make room for such
payments if they find it useful. Fourth, it does not tackle how to create a
pool of interested countries or who is better placed to launch it; normally
an insurance product is sold to the insured population and the reserve
that is built—from the premia paid by the insured individuals—is used to
cover for the sum assured in case of death of one or more of them. It
highlights potential institutions that could pick up this role; nevertheless,
it centers primarily on the calculation of the protection cost per country.
Fifth, it assumes no recoveries and no correlations among the countries, as
the interest is to secure each and every country at all times, thus pursuing
a more prudent assessment.

1.4 MODEL ANALYSIS

Following the path that was sketched in the aforementioned paragraph,
the relative actuarial notation is introduced, enhanced with the necessary
symbols to reflect debt (Table 1.1).

If a state wishes to estimate the amount needed to secure that it will
not default, within a specific time horizon of # years, then it needs to add
the present value of the excess debt for each year within its time horizon,
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Table 1.1 Variable notation and interpretation

Variable Explanation

(x) The entity of interest. In the standard actuarial notation, it usually denotes
an individual of age x. However, it is assumed that all countries have age
0 as the history of debt is embedded in the debt projections

m/qx The probability that (x) does not default for m years but defaults between
years m and m + 1. It is derived from the cumulative default rates as
posted by the rating agencies

i The interest rate used for discounting

u (147!

nPx The probability that (x) does not default for » years

nqx The probability that (x) defaults within #» years. It is equal to 1 — , px

A)lc,n The lump sum cost that (x) undertakes for setting up a default protection
’ scheme for » years
1 ~ veriodi . . St Af

Pl The periodic (annual) cost that (x) undertakes for setting up a default

protection scheme for » years

m)A )1( . The lump sum cost that (x) undertakes for setting up a default protection
scheme for # years, with a delay of m years

P xl~ﬁ| The periodic (annual) cost that (x) undertakes for setting up a default
protection scheme for » years, with a delay of m years

Gy The present value of a term life annuity—in advance for » years

edy Excess debt amount over GDP at year »

multiplied by the probability of defaulting in that year, given that it has
not defaulted the previous years. This mirrors the lump sum burning cost
(premium) of a term life insurance policy. Without loss of generality, we
assume that default takes place only on integer time instants, although the
model can be easily adjusted for fractional time instants. This amount is
derived by the following equation:

A;lc;m =u-qx-ed +u*- 1/9x cedy + - +u" “n—1/qx * €dn
n
= Z ut . l*]/qx . Edt. (11)

t=1

This is a variation of the corresponding actuarial equation that has 1
monetary unit instead of the excess debt amount at each year.
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If the state wishes to have this expense made annually, then the annual
figure is deduced from the following formula:

Al
pl_ = _xA (1.2)

x| — dx:ﬁ]
This echoes the annual (periodic) burning cost (premium) of a term

life insurance policy. The denominator is equal to:

n—1

&x:ﬁlzl+u'lpx+u2'2px+"'u ‘n—1Px
n—1
— 1Y (13

If the state wishes to delay the payment and start the accumulation
carlier, i.e. wait for a certain number of years, let us say m, before acti-
vating such a default protection, then the lump sum amount is given by
the relation:

+ “m/qx cedpyi1 + - +u" ‘n—1/9x * edy

n
=Zt:m+lut ct—1/9x - eds. (1.4)

1
m/Ax:ﬁl =u"

The matching annual disbursement, provided that it starts form year
1, is obtained by:

my Pl = 20 (1.5)
Ax:7

Additional versions can be quoted; for example, the annual payments
can last for less than # years. We do not list them, as the applicable
formulas can be readily inferred from these, by keeping only the years
of interest.

1.5 NUMERICAL APPLICATION

To eclaborate the implementation of the recommended technique, we
reflect on the debt of the European Union countries. The projections
of the public debt and the GDP come from the IMF or the European
Commission reports (European Commission, 2018, 2020; IMF, 2018)
for Greece. We use two sources for this country as it seemed to have the
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most turbulent times, and the viability of its debt has been debated, with
different sources posting differing points of view. For the other countries,
the projections of the public debt and the GDP come from the European
Commission (2018, 2020). The default rates are taken from S&P (2019).
The interest rates are either based on the authors’ assumptions—reflecting
the current (rounded) interest rates or acquired from EIOPA (European
Insurance and Occupational Pensions Authority, 2018).

As the assumption we made earlier is that countries will avoid default
if they keep their debt always below their GDP, we apply our model
to the countries that have had in the recent years a public debt that
was higher than or close to their GDP and/or are anticipated to have
debt to GDP ratio higher than or close to 100% for at least one year in
the period under examination (2019-2030). These countries are Greece,
Italy, Cyprus, Portugal, Spain and Ireland as per the baseline scenario and
France and Belgium based on adverse scenarios. The remaining countries
have a debt to GDP ratio lower than 100% according to all scenarios.

1.5.1 Greece

Starting with Greece, a first set of default protection cost calculations
is based on the debt and GDP projections of the Debt Sustainability
Monitor prepared by the European Commission (2020). With regard
to GDP, the 2019 GDP of 187,457 Million Euro was entered as seed
and the GDP real growth rate as projected by the European Commission
(2020) was applied for the years 2020-2030. As the GDP real growth rate
was given for the years 2020 and 2030, the interim GDP growth rate was
estimated with linear interpolation. Subsequently, the debt to GDP ratio
was applied to the GDP amount in order to produce the debt amount for
the same years. The amount to be protected in case of default is the debt
in excess of GDP.

The annual default rates were calculated as the differences of the cumu-
lative default rates of two consecutive years as computed by S&P Global
(2019) per credit score (rating). The latter are available for a period
of 15 years. As mentioned earlier, the annual default rates are proxies
of the probability of default within a specific year. The credit rating of
Greece was assumed to remain at BB—for the entire period 2019-2030
(Table 1.2).

Two interest rate variances were utilized; a flat 1.5% and the risk-free
term structure of EIOPA as of December 2018. The rationale behind
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these choices is that the first corresponds to the ten-year Greek Govern-
ment Bond yield to maturity, whereas the second is the yield curve
suggested by EIOPA to insurance companies and occupational pension
funds. Formulas (1.1) and (1.2) were used to derive the lump sum and
the periodic cost for setting up a default protection scheme for 12 years,
i.e. the interval 2019-2030 (Table 1.2). The lump sum that had to be
in place on January 1, 2019 was estimated to be 13,502 Million Euro
when a flat interest rate of 1.5% was used. It increased to 14,290 Million
Euro when the EIOPA risk-free term structure was inserted. The peri-
odic amounts were found to be 1342 Million Euro and 1343 Million
Euro respectively (Table 1.2).

A second round of default protection cost estimates originates from
the GDP and debt projections made by the IMF (2018) in the Consul-
tation and Proposal for Post-Program Monitoring for Greece. This time
the GDP and debt amount projections are explicit until 2023. For the
years 2024-2027, the IMF forecasted GDP real growth rate and debt to
GDP ratios were engaged to find the GDP and debt figures. The amount
to be protected in case of default is again the debt in excess of GDP.

The annual default rates and the interest rate variants were the same
as before. Equations (1.1) and (1.2) were employed once and again to
find that the lump sum that was required on January 1, 2019 was 16.54
Billion Euro when a flat interest rate of 1.5% was assumed and 17.54
Billion Euro, when the EIOPA risk-free term structure was applied. The
periodic amounts were calculated to be 1.64 Billion Euro and 1.65 Billion
Euro, respectively (Table 1.3).

Finally, the IMF projections were extended to 2060, as IMF (2060)
has made debt to GDP forecasts until that year in the Consultation and
Proposal for Post-Program Monitoring for Greece. Linear interpolation
was used between the years 2027 and 2038, as well as the years 2038 and
2060 due to the fact that these forecasts are presented in a chart only.
The GDP real growth rate was assumed to remain unchanged for the
years following 2027. The GDP projections were multiplied by the debt
to GDP ratio projections to estimate the debt projections. The amount
to be protected again in case of default is once more the debt in excess of
GDP.

The annual default rates and the interest rate versions remain the
same. However, as the default rates are given only for a period of
15 years, the moving average annual default rate of the last four years
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was used to produce the step for the cumulative default rates until 2060.
Consequently, the annual default rates remain almost unchanged.

Formulas (1.1) and (1.2) were put to use to yield that the lump sum
cost as of January 1, 2019 came up to 18.62 Billion Euro when the flat
interest rate of 1.5% was used and increased to 19.78 Billion Euro when
the EIOPA risk-free term structure was introduced. The corresponding
periodic costs were computed to be 1.85 Billion Euro and 1.86 Billion
Euro (Table 1.4).

Our findings indicate that in the case of Greece, the lump sum amount
that needs to be set aside so that default protection is acquired varies
between 13.5 and almost 20 Billion Euro, depending on the source of the
projections and the time horizon. The corresponding periodic disburse-
ments range between 1.3 and almost 1.9 Billion Euro, again depending
on the origin of the forecasts and the time span.

A natural question is what body is in a position to offer such a protec-
tion scheme in case of default, even if a country could afford the lump
sum or the periodic expense. The European Union could create such a
default protection pool, which would resemble to the reserve that insur-
ance companies build for life protection products. The outlay is still high;
the lump sum varies between 7.20 and 10.45% of GDP, whereas the
periodic amount ranges between 0.72 and 0.98% of GDP for Greece,
depending on the projections employed (European Commission until
2030, IMF until 2027 and IMF until 2060) and the yield curve. Imposing
additional taxes or launching special-purpose bonds are two potential
routes; the former would imply a lump sum tax between approximately
2700 Euro and 3955 Euro and an annual tax between approximately
268 Euro and 372 Euro (again depending on the source of the fore-
casts, the time horizon and the yield curve employed) per taxpayer if 5
million taxpayers are assumed in Greece (roughly 50% of the population)
(Tables 1.12a and 1.12b).

1.5.2  Italy

Going to Italy, we repeat the same calculations with debt and GDP
projections (baseline no-policy change scenario) brought from the Euro-
pean Commission Debt Sustainability Monitor (2020). The 2019 GDP of
1,787,664 Million Euro is as per the Eurostat database (Eurostat, 2020),
whereas the following year amounts were estimated with the GDP real
growth rate as forecasted by the European Commission (2020) for the
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24  T. POUFINAS AND E. DRIMPETAS

years 2020-2030. The growth rate for the years 2021, 2026, 2028 and
2030 is as per the EC report (2020) and the missing years were filled in
with linear interpolation. The amount of debt was calculated by applying
the debt to GDP ratio to the GDP amount. The difference of the GDP
from the debt amount is the amount to be protected. The annual default
rates were found again as the differences of the cumulative default rates
of two consecutive years as per the S&P Global (2019) study under the
assumption that the credit rating of Italy will remain at BBB through the
2019-2030 time interval. Again two interest rate scenarios were tested;
a level of 1.4% corresponding to the ten-year Italian Government Bond
yield to maturity and the EIOPA risk-free rate curve.

The output of formulas (1.1) and (1.2) this time is that the lump sum
amount that had to be in place as of January 1, 2019 comes up to 24,071
Million Euro and 25,568 Million Euro with the flat and the EIOPA
interest rate curves, respectively. The corresponding periodic amounts
were computed to be 2196 Million Euro and 2215 Million Euro, respec-
tively (Table 1.5). These correspond to 1.35% to 1.43% of the 2019 GDP
for the lump sum and 0.12% for the periodic amount depending on the
yield curve employed. The bill would be between 802 Euro and 852
Euro for the lump sum and between 73 Euro and 74 Euro per taxpayer
for the level and the EIOPA interest rate curve, respectively, under the
assumption that there are 30 million taxpayers in Italy (roughly 50% of
the population) (Table 1.12a). The financing means could be similar to
the ones mentioned in the case of Greece.

1.5.3  Cyprus

Turning to Cyprus, we observe that although in the recent years it
exhibits debt to GDP ratio higher than 100%, it drops below 100%
after 2019 as per the European Commission Debt Sustainability Monitor
(2020). Moreover, this is true not only for the baseline scenario, but
even for the most adverse scenario. Consequently, applying Eqs. (1.1)
and (1.2) yields a zero lump sum and periodic amount (Table 1.6).

1.54  Portugal

Portugal is one of the countries that have been severely hit by the latest
crisis; however, the projections (European Commission Debt Sustain-
ability Monitor, 2020) indicate that it will revert to a debt to GDP
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ratio of less than 100% after 2026 (included). The 2019 GDP amounts
to 253,702 Million Euro according to the Eurostat database (Eurostat,
2020). As for Italy, the GDP for the following years is computed with the
GDP real growth rate as mapped by the European Commission (2020)
for the years 2020-2030, with the growth rate being actual for 2021,
2026, 2028 and 2030 and linearly interpolated for the interim years. The
annual default rates are calculated by taking the differences of the cumu-
lative default rates of any two adjacent years according to the S&P Global
(2019) study; as with Italy, we assume that the credit rating will remain
at BBB. We employ two interest rate scenarios, a flat 0.4% corresponding
to the ten-year Portuguese Government Bond yield to maturity and the
EIOPA risk-free interest rate term structure.

Formulas (1.1) and (1.2) give that the lump sum required on January
1, 2019 amounts to 427 Million Euro with the horizontal and 433
Million Euro with the EIOPA term structures, respectively. The periodic
amounts are found to be 37 Million Euro in both cases (rounded to the
million) (Table 1.7). These correspond to 0.2% of the 2019 GDP for
the lump sum and 0.02% of the 2019 GDP for the periodic amount for
both yield curves (rounded to the second decimal). The cost per taxpayer
would be 85 Euro and 87 Euro for the lump sum for the flat and the
EIOPA interest rates, respectively, and 7 Euro for the periodic amount
for both curves, assuming 5 million taxpayers (approximately 50% of the
population) (Table 1.12a). This could be financed with the ways described
above for Greece.

1.5.5 Spain

Coming to Spain, we recall that it was one of the first countries to be
affected by the crisis, with the unemployment rate jumping to higher
than 20% and public debt flirting with 100% of GDP; however, for the
period under examination, it remains below 100% according to the base-
line scenario. Therefore, applying Eqs. (1.1) and (1.2) produces a zero
lump sum and periodic amount (Table 1.8a). It could exceed 100% if an
adverse scenario comes true (European Commission Debt Sustainability
Monitor, 2020).

We proceed as we did for Italy and Portugal with one additional inter-
vention; as under the adverse scenario, the debt to GDP forecasts are
given only for the years 2019, 2020, 2021, 2026, 2028 and 2030; we
linearly interpolate the debt to GDP ratios for the years in between. We
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34 T. POUFINAS AND E. DRIMPETAS

find (with the use of formulas [1.1] and [1.2]) that starting with a GDP
of 1,245,331 Million Euro in 2019 (Eurostat database [ Eurostat, 20201]),
assuming a credit rating of A and utilizing two interest rate variants—a
flat 0.40% and the EIOPA risk-free curve—the lump sum is 550 Million
Euro and 532 Million Euro, respectively; the respective periodic amount
is 47 and 46 million, respectively (Table 1.8b). These come up to 0.04%
and 0.00% of GDP for the lump sum and the periodic amount for both
interest rate term structures. Assuming 23.5 million taxpayers (about 50%
of the population), we realize that the share per taxpayer would be 23
Euro and 2 Euro per taxpayer for the lump sum and the periodic amount
for both yield variants. This could be financed with the ways that have
been proposed earlier for Greece.

1.5.6 Irveland

Looking at Ireland, we observe that although it was one of the coun-
tries that was initially hit by the most recent financial crisis, it has fully
recovered and the anticipated debt to GDP ratio is far below 100% under
all scenarios according to the European Commission Debt Sustainability
Monitor (2020). As a matter of fact, the same held true for 2018 and
2019. Therefore, applying Eqs. (1.1) and (1.2) produces a zero lump
sum and periodic amount (Table 1.9).

1.5.7  France

France is a country similar to Spain, in the sense that in the baseline
scenario the debt to GDP ratio remains under 100% (for some years
just a little under it), but in the adverse scenario, it may exceed 100%.
We proceed exactly as we did in the adverse scenario of Spain (we do
not post the baseline scenario as it results in zero protection cost) to
find the respective amounts. More precisely, commencing with a GDP of
2,418,997 Million Euro in 2019 (Eurostat database [Eurostat, 2020]),
maintaining an unchanged credit rating of AA throughout the years
under examination and using two interest rate curves, a flat of 0.07%
and the EIOPA risk-free interest rate term structure, we find that the
lump sum amount is 975 Million Euro and 931 Million Euro, whereas
the period amount is 82 Million Euro and 80 Million Euro, respectively
(Table 1.10). These figures represent 0.04% of GDP for the lump sum
and 0.00% of GDP for the periodic amount, under both term structures
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1 DEBT VALUATION: AN ALTERNATIVE METHOD ... 39

(rounded to two decimals). The bill per taxpayer is shaped to 29 Euro
and 28 Euro (assuming that taxpayers are roughly 50% of the popula-
tion), respectively, for the lump sum and to 2 Euro (for both curves) for
the periodic cost (rounded to the Euro) (Table 1.12a). If France wants
to be protected even for this adverse scenario, then it can examine the
aforementioned financing routes.

1.5.8  Belgium

Belgium is very similar to France in terms of its evolution of debt to
GDP as per the baseline scenario. It remains below 100%, although it
can be (or has been) very close to it (even above it in the recent past).
If the adverse scenario is realized, then it may exceed it. We work as
we did in France; we start with a GDP of 428,220 in 2019 (Eurostat
database [Eurostat, 2020]), we consider a credit rating of AA—constant
throughout the years, and we examine two interest rate curves—a flat
yielding 0.04% and the EIOPA risk-free one. The lump sum needed on
January 1, 2019 to protect against future default turns out to be 156
Million Euro and 149 Million Euro, respectively, and the annual amount
is in both cases 13 Million Euro (Table 1.11). This corresponds to 0.04
and 0.03% of the GDP for the lump sum and 0.00% for the periodic
amount. The cost per taxpayer (assuming that taxpayers are 50% of the
population of the country) is 27 Euro and 26 Euro for the lump sum,
respectively, and 2 Euro for the periodic under both scenarios (rounded
to the Euro) (Table 1.12a). This can be funded with the means that have
been illustrated for the other countries.

1.5.9  Other Countries

The remaining European Union countries, Austria, Bulgaria, Croatia,
Czech Republic, Denmark, Estonia, Finland, Germany, Hungary, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Poland, Romania, Slovakia,
Slovenia, and Sweden, as well as the UK (which withdraw in 2020) seem
to have a projected debt to GDP ratio below 100% under all scenarios,
even the adverse one. This means that the replication of the aforemen-
tioned process would yield a lump sum and annual amount equal to zero
(Table 1.12a and 1.12D).
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1.5.10 A Note on the Intervest Rates

In our analysis, we used the ten-year government bond yields of the coun-
tries of interest as of December 30, 2019 and the EIOPA risk-free term
structure. These interest rates are nominal, and may be (or should have
been) replaced by the real interest rates, as real GDP growth has been
used in our numerical illustration. Our model can practically work for
any interest rate hypothesis, model or forecast; the output will change
accordingly.

However, (we trust that) such a change would marginally influence
the result and we will briefly include it here. In addition, the use of such
real interest rates incorporates two additional forecasts; the inflation rate
and the interest rate forecast. By looking at the projections of the Debt
Sustainability Monitor prepared by the European Commission (2020) we
realize that the latter has been set to the targeted inflation of 2.0% after
2026 for all countries. This is exogenously defined and somehow reduces
the trustworthiness of any real interest rate forecast, which is on its own
a risk.

Furthermore, by looking at the projections of the Debt Sustainability
Monitor prepared by the European Commission (2020), we find (at least
for the countries of interest) that the implicit interest rate averages could
have a wide range depending on the assumptions made. In addition, at
least one of these averages is not much different from the interest rates
we used. This can be seen in the following Table 1.13.

For Greece there are no such estimates; however, the IMF has
produced a range of scenarios (IMF, 2018) and the interest rate we used
is not far from the long-term average. In addition, according to an earlier
IMF country report (IMF, 2015), the real long-term interest rates for
Greece (post 2021) are forecasted to be between approximately 1.4 and
1.8%, depending on the review.

We use the combined historical scenario average for the years after
2021 to produce the relevant figures. For the years prior to 2021, we esti-
mate the real implicit interest rate as the difference between the nominal
implicit interest rate and the inflation rate. We find that

e For Italy, the lump sum increases to 24.386 Billion Euro from
24.071 Billion Euro; the periodic amount increases to 2.205 Billion
Euro from 2.196 Billion Euro.
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Table 1.13 Real implicit interest rates

Country Baseline no-policy Combined historical Average of 10-yr
change scenario scenario average averages government
Average 2021-30 (2021-30) bond yield
Italy 0.4 1.2 0.8 1.2
Cyprus 0 0.7 0.35 0.5
Portugal 0.3 1 0.65 0.4
Spain —0.1 0.8 0.35 0.4
Ireland -0.5 0.8 0.15 0.08
France -0.9 0 —0.45 0.07
Belgium —0.6 0.2 -0.2 0.04
Source Created by the authors with data from European Commission (2020) and World Government

Bonds
Note «
certain

(2020) and own calculations
The implicit interest rates are derived endogenously in the debt projection model based on
assumptions on market interest rates, on the maturity structure of government debt and on

projected financing needs.” European Commission (2020)

For Cyprus, both amounts remain zero as the country did not post
any risk of having its debt exceeding its GDP.

For Portugal, the lump sum amount drops to 418 Million Euro from
427 Million Euro; the periodic amount does not change (in Million
Euro).

For Spain (adverse scenario), the lump sum amount drops to 529
Million Euro from 550 Million Euro; the periodic amount drops to
46 Million Euro from 47 Million Euro.

For Ireland, both amounts remain zero as Ireland did not post any
risk of having its debt exceeding its GDP.

For France (adverse scenario), the lump sum increases to 980 Million
Euro from 975 Million Euro; the periodic amount remains as is (in
Million Euro).

For Belgium (adverse scenario), the lump sum amount becomes 154
Million Euro compared with 156 Million Euro; the periodic amount
does not change (in Million Euro).

We realize that the difference is rather small for all countries.
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1.6 GLOBAL EVALUATION OF THE APPROACH

The building of the model and the numerical application allow some
observations and remarks; more specifically

e We realize that the contribution of a country tends to be more sensi-
tive to the debt to GDP ratio rather than the interest rate—at least
at the current interest rate levels.

e The very existence of such a reserve could be perceived by the
investors as a safety net; as a result, they may be willing to receive
a lower interest rate as a compensation. This could apply to the
part of debt that is protected by such mechanism or the overall
lending interest rate of the country. In both cases, this would further
reduce the debt burden of the country. It could thus be beneficial
in reducing the debt to GDP ratio. This is an advantage that should
be carefully considered.

e The approach could be financed with a dedicated asset with a
covenant that would not allow its use for any other purpose. A
dedicated asset could also be used for the placement of the relevant
contributions so that they are preserved. This rationale favors and at
the same time is facilitated by the idea of the one safe asset.

e Although policymaking is not in the immediate targets of this
chapter, the EU or any other institution could launch such a
mechanism in order to protect a country from future defaults.

e The creation of a pool at an EU level is expected to have a funding
and/or maintenance expense. This cost has to be embedded in the
overall cost per country as described above.

1.7 FUTURE RESEARCH

Some of the limitations mentioned earlier could be considered for future
research. We used global corporate (not sovereign) credit ratings and
assumed that they remain constant over time. We made the same assump-
tion for the sovereign bond vyields of the countries, as well as for the
EIOPA risk-free term structure. Consequently, a next step could be (i) to
find sovereign credit ratings and default rates, that could change over time
(following the debt sustainability of the countries); and (ii) to let interest
rate term structures that also move as time passes (realizing though that
the forecasting of interest rates can be notoriously bad).
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We did not really enter deeply into the funding alternatives of such a
reserve although we drafted some potential directions of how a country
could collect the necessary contributions. The policymaking proposals are
simple as such; as a result, future research venues could be dedicated to
the indication of directions of how this could be achieved at a European
level. They could also emphasize in the actual creation of the reserve, the
split of the contribution per country—even by those that do not seem to
need such a reserve.

1.8 CoONCLUSIONS

Countries experience increased agony to avoid defaults as we just entered
a period of increased uncertainty due to a pandemic and have the expe-
rience of the recent global financial crisis that started in 2007-2008.
Following this new era, we recommend an assessment of the debt with
the use of actuarial techniques that take into account the probability of
default. We treat the probability of default as the probability of death and
estimate the contributions—similar to a pure premium—that the inter-
ested countries need to make so as to avoid future defaults by the creation
of a reserve. We perform the relevant calculations for the EU countries
and propose basic ideas of how it could work in practice. The EU has an
important role to play, as this mechanism can be set under its auspices
for practical but also for reputational purposes. The competent authori-
ties can easily implement this approach, which could prevent the risk of
sovereign defaults in the future.
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CHAPTER 2

The Impact of Quantitative Easing Policy
on the Government Debt and the NPLs
of the Eurozone Periphery Countries

Dionysios Chionis, Fotios Mitropoulos, and Antonios Sarantidis

2.1 INTRODUCTION

After the outbreak of the crisis, in 2008, the central banks were focused
to find an exit path in that great recession. The consequences of the finan-
cial crisis have become more apparent in the South European countries
of the eurozone. In order to assist these economies to face the negative
consequences of the recession and the low levels of inflation or deflation,
the European Central Bank (hereafter called ECB) announced in 2015
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the implementation of an expansionary monetary policy, the Quantita-
tive Easing (QE) program. Since then and in addition to the monetary
expansion, Central banks developed a new wave of unconventional mone-
tary policy so as to further stimulate the economy and to compress the
spread of the government bonds (Varghese & Zhang, 2018).

ECB was not the first central bank which has implemented Asset
Purchase Programs to tackle the recession and deflation in its member
countries. The Bank of Japan (2001), the Federal Reserve System in
US (2008) and Bank of England (2009) have first implemented large-
scale asset purchase programs as policy possible measures. The ECB was
the last central bank that introduced this kind of program as policy
measures in March 2015. For less than 4 years (from March 2015 until
the end of December 2018), the ECB has spent more than €2.6 trillion,
buying up mostly government and corporate debt. To execute quan-
titative easing, ECB increases the supply of money by buying private,
government bonds and other securities. By increasing the supply of
money, it is possible to have a positive impact in order to lower the cost of
money. A lower cost of money means that the interest rates are low, and
banks can lend with easier terms. However, inflation remains subdued and
the procedure of bond buying has a negative impact on European banks’
profitability.

In September of 2019, the ECB announced a new round of QE.
The central bank’s quantitative easing program entails an asset purchase
program of €20 billion per month starting from November and lasting
until the ECB deems necessary. Apart from that, ECB decreased its main
deposit rate by 10 basis points to —0.5%, a record low but in line with the
market expectations. On the other side, the scope of the new program
is on a smaller scale. From April 2016 until March 2017 the average
monthly amount was €80 billion, while it was €60 billion from March
2015 until March 2016.

2.2 LITERATURE REVIEW

The unconventional monetary policy has a real effect on the economy
(Joyce et al., 2012) and various authors (inter alia ABhoff et al., 2020;
Dell’Ariccia G et al., 2018) had assessed the impact of Quantitative Easing
and other unconventional monetary policies that are followed by central
banks in the wake of the financial crisis that began in 2008. There are
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various topics in the literature, which examine the impact of QE on
real economic variables (Baumeister & Benati, 2013; Chen et al., 2012;
Hesse et al., 2017; Hohberger et al., 2017; Weale & Wieladek, 2016), on
the long-term bond yields and spillovers through portfolio reallocation
(Altavilla et al., 2015; Andrade et al., 2016; De Santis, 2016) and on the
expansion of Central banks’ balance sheets by purchasing assets (Gamba-
corta et al., 2012; Curdia & Woodford, 2009). Altavilla et al. (2015),
suggested that the decrease in bond yields following Outright Mone-
tary Transactions (OMT) announcements supports a significant increase
in real activity, credit and prices in periphery economies of the euro
area. Another strand of the literature (Gagnon et al., 2017; Tillmann,
2016) has examined the effects of unconventional monetary policy and
the spillovers to different markets. In a recent study, Varghese and Zhang
(2018) found that the recent ECB QE program shows signs of supporting
inflation expectations but the positive impact on bank profitability is seen
during the pre-period of QE. Furthermore, Kenourgios et al. (2019)
analyzed the cross-markets correlations, among the four programs which
were implemented by the ECB (SMP, OMT, CBPP3 and PSPP) and
claimed that CBPP3 was the program with the most prominent impact.
On the other side, many authors (Bahmani & Toms, 2015; MacDonald,
2017; Suh & Koo, 2016) examine the effects of US unconventional
monetary policy on developed and emerging economies.

In this study, we investigate the effects of ECBs QE implementa-
tion in seven European countries. A previous paper (Sarantidis et al.,
2019), examined the relationship of quantitative easing policy programs,
government bond yields and banking stock price returns for EU periphery
countries. The results supported the idea that the implementation of QE
has positive effects, by decreasing the bond yields for the periphery coun-
tries that participated in the program. In contrast, the findings noted that
there were no effects on banking returns. However, in this research, we
describe the effects of ECBs QE implementation in seven European coun-
tries, namely the GIPSI countries of South Europe, plus Germany and
France.

This study focuses on the government debt and the Non-Performing
Loans (hereafter NPL). So, the aim is to examine the possible effects that
ECB’s QE implementation policy has on the government debt and on the
NPL of the EU periphery countries. NPLs are still putting the European
Banking Union at risk (Macchiarelli et al., 2019). The high accumulation
of NPLs in Europe continues to be an important challenge that needs
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to be tackled (Grasmann et al., 2019). Many countries across Europe
suffer from high levels of non-performing loans (NPLs), in particular in
Cyprus, Greece, Portugal, Ireland, Italy and some Central and Eastern
European countries. NPLs across the euro area peaked at eight percent
of total loans in 2013 and have fallen only gradually in some countries
since then. The NPLs to total loans dispersion across euro area countries
is also considerable, the amplitude ranges from 0.8% (Luxembourg) to
42.2% (Greece), (Source: European Banking Authority July 2019).

We employ the Changes-in-Changes approach, which is a very popular
tool that has not been widely used and applied to economics and other
social sciences, in order to estimate the effects that are caused by a possible
policy or intervention in a specific time period (Angrist & Pischke, 2008).
We use monthly panel data for seven (7) EU countries from 2008 until
2018 (the end of the first round of QE). We include in our analysis the
additional macroeconomic variables of Central Bank assets to GDP, 10-
year government bond, foreign direct investments, bank deposit to GDP
and industrial production index. Furthermore, we separate our data into
three categories; one for the periphery countries that are participating in
the QE of ECB, one for the country that did not participate (Greece)
and one for France. Greece was the only country of Europe’s periphery
that did not participate in the QE, due to its higher debt rates and
non-investment grades. Only when the debt rates decrease, the structural
reforms are implemented and the debt becomes sustainable, then Greece
could have the opportunity to participate in the QE program.

This research introduces a new methodological approach, namely the
Changes-in-Changes approach in the area of NPLs and government debt
for the peripheral countries of the Eurozone. We examine the dominant
role of Germany and France. Moreover, we investigate the role of France
as a benchmark for countries of the periphery as France may be considered
as a country closer to them in terms of its government debt levels (as a
percent of GDP). Nowadays, France tries to play a significant role in the
convergence of Eurozone and its actions and interventions are showing
that it could act as a rival of Germany in Europe.

2.3  THE DATASET

The variables included in our analysis are the government debt as
percentage of GDP, the Non-Performing Loans, and a variable that
reflects the quantitative easing policy of ECB. Data are collected for
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seven different Eurozone countries. These countries are Germany, France,
Greece, Ireland, Italy, Portugal and Spain. In the meantime, Germany
and France are both used as a control group in the Changes-in-Changes
(hereafter CIC) estimation procedure. In the aforementioned method
(CIC) the specification of the control group is of crucial importance.
This is because the control group is the group that is not exposed to
the intervention or was exposed the least (QE policy).

There are many reasons for choosing Germany as a control group.
Germany plays a dominant role in the eurozone and has the largest
national economy in Europe. However, the main reasons are that
Germany has had the lowest bond yields among the European countries
during the chosen sample period, that its economy was the most stable in
Europe and that the bond yields of Germany are used as a basis point for
the estimation of bond spreads. We also choose France as a control group
because we would like to expand our research and to have so comparable
results. Apart from that, the role of France has increased dramatically
in the recent years. The main reasons for France are that its economy
is stable but reacts to the revival of Germany’s power, and understands
better the problems that the periphery countries are facing. France started
to show similar fiscal imbalances with the periphery countries and the
government debt increased rapidly, near the level of the national GDP.
Finally, IMF in a recent study (IMF, 2019) urged the government of
France to implement structural reforms in order to limit its debt. The
sample consists of monthly panel data covering the period from January
2008 until December 2018.

In this study, we first attempt to answer the hypothesis of whether the
QE implementation policy of ECB has affected positively the economies
of Ireland, Italy, Portugal and Spain by reducing their government debt
as well as the Non-Performing Loans. We also included Greece in our
analysis to find possible differences that exist among these two variables,
as Greece is a totally different case because it never managed to join the
QE program. Second, we try to find out the differences that exist among
these two variables between the two countries we use as control groups,
namely Germany and France.

Furthermore, except for the variables of the government debt (as a
percentage of GDP) and the Non-Performing Loans (as percentage of the
total loans) that are used as dependent variables, we also included a set of
other macroeconomic variables. Several studies are using these macroeco-
nomic variables to assess the impact they have on government debt and
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Table 2.1 Sample period and source of Variables

Variable description Source Sample period

Gross Government Debt (% of ~ Thomson Reuters Datastream 2008m1-2018m12
GDP)

Non-perfoming Loans (% total Thomson Reuters Datastream 2008m1-2018m12
gross loans)

Central Bank Assets to GDP Thomson Reuters Datastream 2008m1-2018m12
Bank Deposits to GDP Thomson Reuters Datastream 2008m1-2018m12
EDI (% of GDP) Thomson Reuters Datastream 2008m1-2018ml12
Industrial Production Index Thomson Reuters Datastream 2008m1-2018m12

Source Created by the Authors

Non-Performing Loans (Baker et al., 2004; Bekaert et al., 2013; Gram-
matikos & Vermeulen, 2012; Jensen et al., 1989; Kumar & Baldacci,
2010; Loungani et al., 1990). According to these studies, our estimation
includes the variables of the central bank assets to GDP, the bank deposits
to GDP, the Foreign Direct Investments and the industrial production
index. For the estimation results, the industrial production Index has been
normalized to an interval from zero (0) to one (1). Moreover, we set a
dummy variable that shows the period after the ECB’s QE implementa-
tion policy. This dummy variable takes the value 0 for the period before
the QE and 1 for the period after the QE. The QE was first implemented
in January 2015 by the ECB (Belke & Gros, 2019).

The sources of the variables and the sample periods are presented in
Table 2.1.

24 METHODOLOGY

This study examines the possible effects that the ECBs QE had on the
government debt as well as on the Non-Performing Loans of the EU
periphery countries. In the empirical part, we are first testing for the exis-
tence of possible correlations among the variables and then employ the
CIC methodological approach. Before we test our variables for possible
correlations, we first normalize the industrial production index to an
interval from zero to one. The following equation has been used:

) X — MIN(X)

- Q2.1
MAX(X) — MIN(X)
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where, X indicates the initial value, MIN the minimum value, MAX the
maximum value and X’ the normalized value. After that, we proceed
with the correlations among all the variables, where we do not find any
correlated pairs. These results are not going to be presented here but are
available upon request by the authors.

Next, we employ the CIC (Athey & Imbens, 2006) method to capture
and to estimate the possible effects that are caused by a “treatment” in a
specific time (Angrist & Pischke, 2008). The CIC method is a general-
ized version of the Difference-in-Differences (hereafter called DID). We
employ this methodology instead of the DID due to some limitations
that the latter has. According to Bertrand et al. (2004), the estima-
tion of DID shows a possible serial correlation problem. They concluded
that because of three parameters. These parameters are that the method
requires long time series, that the dependent variables are positively seri-
ally correlated and that the standard errors are inconsistent because the
treatment group variable changes itself little over time. To address these
problems, Bertrand et al. (2004 ) propose a four-step procedure. Namely,
they propose the method of aggregating the data into pre- and post-
treatment, to allow the method for unrestricted covariance structure,
to use simple parametric corrections and finally to employ the block
bootstrapping methodology.

To address those limitations, Athey and Imbens (2006) proposed and
developed the CIC approach. This method is applied by using either
panel data or repeated cross-sections and it allows time and treatment
effects to differ systematically across individuals. In contrast to the DID
approach, the CIC approach can address the question of what the effect
of a treatment would be if it were applied to the control group (Asteriou
et al., 2019). Moreover, they mention that the CIC relies heavily on
linearity and additivity and requires multiple groups and periods. Finally,
we use the methodology of bootstrapping to address possible problems
that may exist in the estimation of our data (Asteriou et al., 2019;
MacKinnon, 2002).

The CIC uses two groups, the control group and the treatment group.
The control group is the group that is not exposed to the intervention
and the treatment group is the group that is exposed to the intervention.
Both groups should have a similar reaction if they do not receive the
intervention. In our case, the treatment group consists of the government
debt and the Non-Performing Loans of the periphery countries and the
control group consists of the same variables for the countries of Germany
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and France. Specifically, Germany and France are used as a control group,
while Greece, Ireland, Italy, Portugal and Spain as treatment groups. The
intervention in our analysis is the ECB’s QE policy that was implemented
in January 2015. We estimate the CIC two times for each country in our
control group, and for each of our dependent variables; An estimation
that did not include the macroeconomic variables and an estimation that
does include them.

The econometric procedure for CIC that Athey and Imbens (2006)
propose is that they hypothesize that in the absence of the intervention
the outcome satisfies the following relationship:

Y =h(U;, Ty 2.2

with h(u, t) increasing in u. The random variable U; is an underlying
unobserved effect of individual i and 7'; is the time (the QE implementa-
tion period). Moreover, the outcome of an individual with U; = u will be
the same in a given time period. U; is allowed to vary across groups,
but not over time, so that, U; LT;|G. The CIC also requires that the
changes over time in the distribution of each group’s outcome arise from
the fact that A(u, 0) differs from #i(u, 1). The function h(u, t) is strictly
increasing in u for ¢ € {0, 1}. If U is either continuous or discrete, then
the distribution function of Y?7¢ can be written as:

Fypre 11(y) = FY,10<F£10(FY,01(y))> (2.3)

h(u, t) is invertible in u; denote this inverse by 2! (y; t)then,

Fypre 1 (y) = Pr(h(U,t) <y|G=g,T=1)
- Pr(U <h'iG=g.T = z)
- Pr(U <h'(y:1)|G = g) (2.4)

= Pr(Ug <07 0i0) = Fue(h70i).
If letting (g, t) = (0, 0) and substitute y = i(u, 0), then

Froo(h(u,0) = Fuo(h™'(hw,0:0)) = Fuo@.  25)
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By applying to each side Fy, (1)0 for all u € Uy, then:

h(u,0) = Fy o(Fu.o)) (2.6)

By applying (g, 1) = (0, 1) using that A=!(y; 1) € Up for all y € Yo,
and applying the transformation F, J’B(-) to both sides,
Fyo(Froi(») =h~"(y; 1), forally € Yo 2.7

Combining the two equations for all y € Yy,
n(h 03 1), 0) = Fy gy (Froi()- 2.8)

h(h_l(y; 1), O) is the period 0 outcome for an individual with the real-
ization of u that corresponds to outcome y in group 0 and period 1. By
applying (g, 1) = (1, 0) and substituting y = h(u, 0) then:

Fy10(h(u,0)) = Fy,1(u). (2.9

After the combination of the two equations with (g, ) = (1, 1) for all
y = Yo then:

Froenn () = Fua (h' 5 D) = Frao(a(h7 0310,0) ) = Frao(Frdo(Fra )
(2.10)

Under all the above, the identification result can be interpreted by the
transformation,

k€ (y) = Fy o1 (Froo()). (2.11)

The second-period outcome for a group with an unobserved compo-
nent u, h(u,0) = y is given from the above transformation, then the
distribution of Y, ﬁre = kC1€(¥19). The average treatment effect from the
CIC approach can be written as,

1€ = B[y) - v =E[vf] - E[kCIC o) | =

_ E[Yﬁm] - IE[FYj‘1 (Fy,oo()qo))] (2.12)



64 D. CHIONIS ET AL.

where 7 is a random variable with distribution D = (Y|G = g, t). Given

random samples from each subgroup, a generally consistent estimator of
CIC ;

T is

Nii Nio

CIC = Nl_ll Z Y10 — Nl_ol Z FO_II(F()O(YIOJ))7 (2.13)
i—1 i—1

where Fpo and Fp; are the control groups in the initial and latter time
periods, Y11,; is a random draw on the observed outcome for the g =
1, = 1 group and similarly for the Yjq;.

According to CIC explanations, the model takes the following form:

TCC;IC — EI:thtreatgroup _ chtontrolgroup:l — ACIC + )”Z (2.14)
where 7 is the average treatment effect in country ¢ and time ¢, A
represents the CIC coefficient (treatment), and Z represents a vector of
macroeconomic variables.

In our analysis, the CIC model takes the previous form, where again ©
is the average treatment effect (ATE) in country ¢ and in time # The
CIC coefficient is represented by A, showing the difference between
our treatment (periphery countries) and control groups (Germany and
France). Finally, the macroeconomic variables of the central bank assets
to GDP, the bank deposits to GDP, the Foreign Direct Investments and
the industrial production index are represented by Z. The contribution
of our work in the field lies precisely in the use of CIC in the investiga-
tion of the determinants of NPLs and the government debt level of the
countries under investigation. The advantages of this method are that the
groups and the time periods are treated asymmetrically in contrast to that
of the DID. Moreover, the CIC estimates nonparametrically the change
that occurred on the control group over time in the second period, it
includes covariates, and allows for discrete outcomes.

2.5 EMPIrRICAL RESULTS

In this section, we present the estimation results of the possible effects
that the QE period has on the government debt and the Non-Performing
Loans on the EU periphery countries. In the first part, we analyzed
the estimation results of CIC for all the periphery countries in order
to capture the average change they have in contrast to Germany and to
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France. In the second part, we analyzed the estimation results for each
periphery country by examining whether the QE affected positively or
negatively the government debt and the Non-Performing Loans. Greece
is a country in our analysis that did not participate in ECB’s QE program.
Beyond that, we included Greece in our study to have so the possibility
to compare the possible percentage loss due to its inability to participate
in the specific program.

Table 2.2 presents the overall CIC estimation results for all the coun-
tries of our sample with Germany as a control group, where columns
1 and 2 present the results for government debt while columns 3 and 4
present Non-Performing Loans. This Table gives us a first result about the
possible effects that QE has on these two variables. The Average Treat-
ment Effect (ATE) in the first column shows us no significant results.

Table 2.2 Estimation results for EU periphery countries with Germany as
control group

Gross Government Debt Non-perfoming Loans
Variables (1) (2) 3) (4)
CIC (ATE) 0.326 —2.272%* 17.731** 7.067**
(=1.20) (—=6.75) (20.05) (6.46)
Gross Government Debt 0.114
(0.79)
Non-performing Loans 0.004
(0.79)
Central Bank Assets —0.134** 0.994**
(=9.74) (14.49)
Bank Deposits —-0.013 —0.027
(—0.406) (=0.19)
Foreign DirectInvestments —-0.026** —0.123**
(—=6.27) (=5.77)
Industrial Production —1.480** —7.251**
(—11.25) (—10.60)
Observations 1320 1320 1320 1320

Source Authors’ calculations

Notes Bold figures indicate statistical significant coefficients, ** denotes statistical significance at the
1% level (p < 0.01), * denotes statistical significance at the 5% level (p < 0.05), + denotes statistical
significance at the 10% level (p < 0.1). The CIC (ATE) variable refers to the average treatment effect.
Also, it refers to the quantitative casing implementation period (2015m01 and onwards) and takes
the value 1 for that specific period. In all the estimations, the standard errors are block-bootstrapped,
and the z-statistics are reported in the parentheses. The results are given in percentage points
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By including the macroeconomic variables, the ATE is negative and
significant showing that during the QE period, the debt rate decreases
by 2.272% in contrast to that of Germany. The Central Bank Assets
(—0.134), the FDI (—0.026) and the Industrial Production (—1.148%)
show to decrease the debt rates. Regarding the Non-Performing Loans,
column three gives us positive and significant results at the 1% level.
The NPLs increased during the QE period in the periphery countries
by 17.731%, while including the macroeconomic variables, the ATE
continues to be significant by 7.067%. Moreover, the Central Bank Assets
(0.994) have a positive impact on NPLs while the FDI (—0.123) and the
Industrial Production (—7.251) have a negative and significant impact.
The estimation results where France is set as a control group are
presented in Table 2.3. The ATE in the first column is negative and

Table 2.3 Estimation results for EU periphery countries with France as a
control group

Gross Government Debt Non-perfoming Loans
Variables (1) 2) 3) (4)
CIC (ATE) —0.796** —0.708 12.101** 7.862**
(—-3.02) (—=1.39) (13.23) (7.09)
Gross Government Debt 0.055
(0.83)
Non-performingLoans 0.010
(0.83)
Central Bank Assets —0.134** 0.935**
(—4.61) (14.50)
Bank Deposits —0.895** —0.202
(—12.21) (—=1.09)
Foreign DirectInvestments 0.026** —0.091**
(2.98) (—4.35)
Industrial Production —1.390** —9.989**
(—4.14) (—13.20)
Observations 1320 1320 1320 1320

Source Authors’ calculations

Notes Bold figures indicate statistical significant coefficients, ** denotes statistical significance at the
1% level (p < 0.01), * denotes statistical significance at the 5% level (p < 0.05), + denotes statistical
significance at the 10% level (p < 0.1). The CIC (ATE) variable refers to the average treatment effect.
Also, it refers to the quantitative casing implementation period (2015m01 and onwards) and takes
the value 1 for that specific period. In all the estimations, the standard errors are block-bootstrapped,
and the z-statistics are reported in the parentheses. The results are given in percentage points
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significant (—0.796) showing that the debt rates during the QE period
decreased. In the second column, the ATE is not significant, while the
macroeconomic variables of Central Bank Assets (—0.134), Bank Deposits
(—0.895) and Industrial Production (—1.390) are negative and signifi-
cant, reducing so the debt levels of the periphery countries. Only the
EDI shows to affect positively (0.026) the debt rates. The NPLs in the
third column are positive and significant (12.101), showing an increase
during the implementation period of QE. In the fourth column, the NPLs
continue to be positive and significant (7.862). The variable of Central
Bank Assets (0.935) shows to increase the NPLs, while FDI (—0.091)
and Industrial Production (—9.989) decreases them. If we contrast the
estimation results that Germany and France as control groups are giving
us, then we conclude that in both countries the debt rates after the QE
implementation are decreasing. Also, the variables of Central Bank Assets,
Bank Deposits and Industrial Production show to play an important role
in order to reduce the debt rates. Moreover, the period after the QE
shows that the NPLs are increasing. The Central Bank Assets have also
a positive impact on NPLs, while the FDI and the Industrial Production
show to have a negative impact.

Table 2.4 presents the CIC estimation results for each periphery
country with Germany set as control group. Greece, although did not
participate in the QE, shows to reduce its government debt by —0.900
(column 1) and —4.547(column 2). The NPLs (0.056) show to increase
the debt rates, while Central Bank Assets (—0.872), Bank Deposits
(—0.247) and Industrial Production (—1.810) show to reduce it. The
participation of Ireland in the QE shows not to affect the debt rates. The
NPLs have in Ireland the same impact as in Greece by increasing the
debt rates by 0.249. Bank Deposits (—0.188), FDI (—0.188) and Indus-
trial Production (—1.311) have a negative impact, decreasing so Irelands
debt rates. The ATE in Italy is positive by 0.619 (column 5), the only
variable that shows to decrease the debt rate in Italy is Industrial Produc-
tion (—1.053). In Portugal and Spain, the ATE shows no significant
results after the QE implementation. In both countries the NPLs (0.077
and 0.102) have positive effects on their debt rates, while the Industrial
Production has negative. Bank deposits affected negatively (—0.167) only
the debt of Portugal.

The results where France was set as a control group are presented in
Table 2.5. The ATE is negative in Ireland (—2.987), Portugal (—0.572)
and Spain (—0.928), showing that the QE decreased their debt rates. The
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NPL variable is positive in Greece (0.057) and Ireland (0.249), meaning
that the debt rates in that countries increased during the QE period. The
Bank deposits variable is negative in all countries, showing that the debt
rates are decreasing. Specifically, in Greece, the variable records a decrease
of 1.739, in Ireland 0.517, in Italy 1.261, in Portugal 1.003 and in Spain
1.467. Only in Spain, the FDI shows to also decrease the debt rates by
0.334.

The estimation results for the Non-Performing Loans as a dependent
variable with Germany as a control group are presented in Table 2.6.
That table shows that the ATE is positive in all countries. In Greece,
the ATE is positive at 39.371 (column 1), in Ireland 14.214 (column
3), in Italy 15.261 and 4.352 (column 5 and 6), in Portugal 14.403
and 6.856 (column 7 and 8) and in Spain 5.406 and 4.966 (column 9
and 10). That mean that the NPLs increased during the period of QE
in the periphery countries in contrast to Germany. The Gross Govern-
ment Debt has a positive impact increasing so the dependent variable in
Greece (0.521), Ireland (0.919), Portugal (0.227) and Spain (0.054).
The Central Banks Assets are negative in Greece (—6.793), Ireland
(—=0.561), Italy (—2.308), Portugal (—0.519) and Spain (—2.293),
decreasing so the NPLs in these countries. Furthermore, the FDI is also
negative in Greece (—3.197), Italy (—0.385), Portugal (—0.308) and
Spain (—0.079). Industrial Production shows also to decrease the NPLs in
Greece (—6.137), Ireland (—3.635), Italy (—2.325), Portugal (—2.475)
and Spain (—0.982).

The results differ slightly when France is used as a control group. The
ATE is positive in Greece (33.451 and 26.729), in Ireland (3.433), in
Italy (7.943 and 2.726), in Portugal (10.25 and 7.456) and in Spain
(2.122), increasing so the NPLs in the period of the QE implementation.
From the additional macroeconomic variables, the Gross Government
Debt is positive in Greece (0.069) and in Ireland (0.213), while the
Central Bank Assets are also positive in Greece (1.423), in Ireland
(0.698), in Italy (1.460) and in Spain (0.986). The FDI shows to decrease
the NPLs in Greece (—2.832) and in Spain (—0.137). The Industrial
Production decreases the NPLs in all periphery countries. In Greece, the
decrease is 12.914, in Ireland 7.427, in Italy 5.800, in Portugal 5.992
and in Spain 4.384 (Table 2.7).

The estimation results between Germany and France as control groups
are showing us that during the QE implementation period the debt rates
of the periphery countries are decreasing, while the NPLs are increasing.
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The macroeconomic variable that increased the debt rates during the
QE period was only the NPL variable, while the Central Bank Assets,
Bank Deposits, FDI and Industrial Production variables have decreased
the debt rates in the periphery countries. The ATE for the NPLs as a
dependent variable was positive for both Germany and France as a control
group, increasing so the NPLs during that specific period (QE). The
Gross Government debt when used as independent variable showed to
increase the NPLs, while the Central Bank Assets, FDI and Industrial
Production showed to decrease it.

To conclude, our estimation results are showing that the countries
that participated in the QE policy reduced its debt rates and increased
their NPLs. Surprisingly, the debt rates of Greece are reduced, which
was not expected because of Greece’s nonparticipation in the QE. Also,
its NPLs are increasing to a greater extent in contrast to the rest of
the periphery countries. The macroeconomic variables of Central Bank
Assets, Bank Deposits and Industrial Production show to have a possible
negative effect on government debt (by reducing it), while the Foreign
Direct Investments and the Industrial Production show to have also a
negative effect on NPLs (by reducing it). When the Government Debt
and the NPLs are included in the CIC as independent variables then
they increase the NPLs and the Government Debt, respectively. These
findings can be possibly used to draft proposals to the policymakers in
the sense that would a country want to influence the level of NPLs and
government debt it could steer appropriately the relevant determinants.
However, making such recommendations lies beyond the scope of this
rescarch and is thus left for future research.

2.6 CONCLUSION

In this study, we empirically examined the impact of ECB’s QE policy
program on the government debt and NPLs of the Eurozone periphery
countries for a period spanning from 2008 to 2018. We employed the
CIC approach and investigated the impact that unconventional monetary
policy has among the periphery countries and the reaction of addi-
tional macroeconomic variables. We run our estimations with two control
groups (Germany and France). We follow this line of research because
we tended to examine the divergence in eurozone and the creation of a
union with countries at different speed.
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The estimation results show that Germany and France as control
groups are giving us similar results, in both countries, the debt rates after
the QE implementation are decreasing but not with the same intensity.
The NPLs are positive showing an increase during the implementation
period of QE. Also, the variables of Central Bank Assets, Bank Deposits
and Industrial Production show to reduce the debt and NPLs rates.

After that, we estimated the CIC approach for each periphery country
with Germany and France set as control groups. The estimation results
of Germany and France as control groups are showing us that the QE
period has had positive effects on the periphery countries by decreasing
their debt rates. The macroeconomic variable that increased the debt rates
was only the NPL variable (when used as an independent variable), while
the Central Bank Assets, Bank Deposits, FDI and Industrial Production
decreased the debt rates in the periphery countries. Similar results hold
true for the NPLs as dependent variable. The ATE in all countries for
both control groups was positive, increasing so the NPLs during the QE
period. The Gross Government debt when used as independent variable
showed to increase the NPLs, while the Central Bank Assets, FDI and
Industrial Production decreased the NPLs.

Greece is a totally different situation, as it did not participate in the
QE program, and has still the highest rate of government debt and NPLs.
In the QE period, the government debt of Greece shows to fractionally
decline but on the other side, the NPLs increased rapidly.
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CHAPTER 3

Tariffs and Debt

George Galanos, Thomas Poufinas,
and Charalampos Agirvopoulos

3.1 INTRODUCTION

Tariffs influence trade, production, consumption patterns and welfare
of not only the countries that impose them, but also the welfare of
their trading partners. They do so through both the absolute levels
of protection they impart and through distortions associated with their
structure. Tariffs create a wedge between domestic and world prices
pushing demand toward domestically produced substitutes. A large body
of empirical research indicates that countries with low policy-induced
trade barriers tend to enjoy rapid growth. On the other hand, theoretical
models suggest that the relationship between trade barriers and growth
may be contingent on the level of development. One of the current US
president’s most prominent policy actions since taking office has been
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to raise tariffs. Most of his administration’s recent trade policy proposals
focus on implementing a set of new tariffs and quotas on selected imports
from selected countries. The president promised to eliminate the entire
national debt by the end of his second term by using tariffs in order to
increase government revenue. The natural question is thus whether it is
possible to use tariffs in order to contain debt (Reinsch, 2018).

Tariff rates vary a lot among the countries; their contribution to total
or tax revenues covers also a wide range (The World Bank, 2020; World
Trade Organization, 2019). In the United States, tariff was the largest
single source of revenue for the federal government until World War I,
with a contribution ranging between approximately 90 and 50% for the
period 1830-1910. The at-the-time approved federal income tax elimi-
nated it. For the greatest part of the American history the tariff policy
characterized the corresponding tax policy (Hansen, 1990). The countries
that nowadays seem to depend on tariff revenue have much less developed
economies than the United States and large informal sectors. For them,
tariffs on goods entering the country from abroad represent an easier way
to raise revenue than tracking every citizen’s income. On the other hand,
it is well known that several developed countries have implemented a tarift
policy, hoping to balance their external debt, which has not been achieved
so far. The aim of this chapter is to investigate whether tariffs affect the
public and private debt of a country and this is the primary novelty in
the area. Additional contributions of this present research are identified
in that it considers a set of countries (and not a single one) as well as a
series of econometric models at the same time.

3.2 LITERATURE REVIEW

The literature that is related to this study is categorized in three parts;
the first presents the research that treats public debt; the second shows
the papers that tackle private debt; and the third the studies that deal
with tariffs along with public and private debt.

3.2.1  Public Debt

“In order to increase the average maturity and partial indexation of public
debt, the strategy for managing it should be optimized.” This conclusion
has been approached for the first time by Giavazzi and Pagano (1990) and
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Calvo and Guidotti (1990) who have detected the problem of the differ-
ence between several fiscal policies and they have modelized it adequately.
However, Barro (2003), on the other hand, has been led to the same
conclusion by trying to structure the public debt so that tax revenue could
be appropriately reduced as public expenditure operates externally in an
appropriate environment.

In addition, Missale et al. (2002) and Giavazzi and Missale (2004)
emphasized to encounter the stability of the public debt over Gross
Domestic Product. Georges (2006) proposes a short-term public debt
maturity because the cheaper it is the lower the risk to the public budget.
Georges (2006) analyzed the effect of various maturity frameworks on
interest rate and primary surplus for Canada and found that these two
effects reduce cost and risk offsetting.

Wolswijk and de Haan (2006) recorded—since the creation of the
euro area—a blend of currency risk reduction, the increase in public debt
maturity, the use of derivatives (swaps) and government bonds linked to
inflation. While this strategy was not enough to prevent the damaging
effects of the 2007 crisis in European countries, Anderson et al. (2010)
relied on a sample of 24 emerging economies to point out that improving
debt management (in particular, the increase in the duration of public
debt) has reduced the impact of the crisis on these countries.

3.2.2  Private Debt

According to Myers (1984), firms facing high costs of asymmetric infor-
mation will use external funds only when internally generated funds are
not adequate. If external funds are required, the firm will issue the “safest”
security first—the one whose value changes least when inside information
is revealed to the market—first debt and then, only as a last resort, equity.
Because private debt lenders are better informed through monitoring and
screening, and are usually senior (Welch, 1997) and collateralized (Rajan
& Winton, 1995), it is hypothesized that private debt will be a safer
instrument than arm’s length debt, holding constant the degree of infor-
mation asymmetry between the firm and the outside market. Thus, firms
with higher levels of asymmetric information, and a higher probability of
default, will issue private debt before public debt. As the degree of asym-
metric information decreases, the scale of safety becomes less important,
and the debt choice for firms with lower asymmetry will be deter-
mined by other factors—e.g. transactions costs, the flexibility of covenants
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(Gilson & Warner, 1997), credit quality (Diamond, 1991) and the
possibility of rent extraction by banks (Rajan, 1992).

Bank debt and non-bank private debt differ in terms of regulatory
requirements, maturity, placement structure, and the concentration and
identity of debt holders. This regulation allows companies to market debt
directly to private institutional investors rather than going through the
more time-consuming public securities issuance process. Carleton and
Kwan (1995) describe non-bank private loans as tightly held and relatively
illiquid. In addition, non-bank private loans tend to have lower flotation
costs than public issues and have custom-designed covenants.

3.2.3 Tariffs

More than a century ago, Schumpeter (1918) published an exceptional
essay on the fiscal state. Schumpeter (1918) argued that the ability to tax
lies at the very heart of political power and that the rise of the modern
political state was shaped by fiscal evolution in medieval and postmedieval
times. Although he did not provide a framework to determine poten-
tial interactions shaping the revenue systems, he clearly recognized that
there are three types of influences—economic, political and administra-
tive, perhaps because he had not yet formed an economic theory of
political action.

In late 60s a few studies by Hinrichs (1966) and Musgrave (1969)
fall into Schumpeter’s category. Hinrichs was mainly interested in linking
stages of economic and fiscal development, while Musgrave emphasized
the role of changing opportunities to tax and of administration costs
(so-called tax handles) in the evolution of tax structure. Some further
contributions were made in the 1970s and 1980s. Kau and Rubin (1981)
highlighted the economic limits to fiscal development and the effects of
changes in such limits on the growth of revenue systems. A study by
Hansen (1983) focused on the impact of political factors on the tax
system while a separate literature grew up around selected revenue sources
such as the tarift (Baldwin, 1986; Caves, 1976; Helleiner, 1977; Magee
et al., 1989) and debt (Barro, 1979, 1986).

While there is a host of evidence about the impact of trade policies on
trade flows, less attention to date has been given to the assessment of the
effect of trade policies on foreign direct investment (FDI). The theoretical
models of the multinational enterprise suggest that trade policies exert
an important role as a determinant of FDI (Bergstrand & Egger, 2007;
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Markusen & Maskus, 2002). Indeed, trade policies may have different
impacts depending upon the nature of FDI. Recent international trade
models with heterogeneous firms show that tariffs may also affect the
number of firms involved in FDI and the number of affiliates established
in the foreign country (e.g. Antras & Foley, 2009).

In the empirical literature on the determinants of FDI, trade policies
are commonly considered by means of dummies aimed at capturing the
impact of regional trade agreements (e.g. Baltagi et al., 2008; Stein &
Daude, 2007) however, dummies may be inappropriate, as they implic-
itly assume that trade protection across countries and industries is all
the same, while this is not the case. Many papers include proxies for
overall trade costs, such as the index of the openness to trade or indices
measuring the perceived trade costs by firms (e.g. Blonigen & Piger,
2011; Blonigen et al., 2007; Carr et al., 2001). However, these indices
capture trade frictions other than trade policies and, in addition, we
frequently observe wide differences in the degree of openness in countries
sharing a common trade policy as, for example, the EU member states.
A direct measure of trade protection therefore might be better able to
capture the impact of trade policy on FDI.

Interestingly enough the attempts to link tariff with debt directly (and
not through revenue) are limited, and none of them focuses on the impact
that tariffs may have on debt. The first one studies the development of
the revenue structure in Canada from 1871 to 1913 (Winer & Hettich,
1991). The choice of the period is justified by the fact that the major
revenue sources during these years were tariff, debt and excises. The ratio
of revenue ex tariffs over tariffs and the ratio of deficit over tariffs are
linked with a series of economic, political and administrative variables. As
a matter of fact they all contribute in shaping the revenue structure. The
authors conclude that in the nineteenth century Canada debt and tarifts
were sources of revenue—competing to each other as they say—and were
both employed by the government as fiscal tools.

On another direction Carey (1999) investigates the relationship
between debt and tariffs as represented by bond prices on one hand and
Smoot Hawley Tariffs in the 1930s. He finds that the sovereign bond
market did not feel the introduction of tariffs in a way that justifies a mild
concern. As a matter of fact the contribution of tariffs in the price move-
ment in 1930 is perceived to be small. This is justified by the gradual drop
in the bond market instead of a sharp drop that should have happened on
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any single day would this not be the case. There are additional expla-
nations offered, such as that: the market imperfections prevented the
tarift form being reflected by the bond prices immediately or that the
events caused by the tariff were too complex to be captured by the bond
prices. He concludes that the marginal contribution of tarifts to the Great
Depression is quite small.

Finally, Reinsch (2018) realizes that although tariffs are a source of
revenue for the government they do not suffice to pay down the debt.
Moreover, he states that they will not eliminate the federal budget deficit
and thus they will not contribute to the reduction of the government
debt.

3.3 PROBLEM DESCRIPTION
AND THEORETICAL BACKGROUND

The intuition behind the investigation of the influence of tariffs on debt
stems from the effort of countries to contain their government debt at
levels that can be sustained by their economic activities in total and in
particular by their GDPs. High public debt to GDP can lead to distressed
economies and can create problems to other aspects of the economic (and
not only) lives of the countries. However, the same holds true with the
private debt; high private debt to GDP may result in distressed house-
holds and enterprises, which can also lead to further problems for the
interested parties, including the country as a whole.

The question that the countries try to answer is what measures to take
so as to maintain primarily their public and secondarily their private debt
(as a portion of their GDP) at amounts that they can serve. One such
approach was offered by the United States as the last couple of years it
brought forward the belief that imposing or increasing tariffs will assist in
reducing public debt.

In our research we try to find evidence of the link between public and
private debt (as a percent of GDP) and the tariff rates for the countries of
interest. We do that with the use of certain econometric models that will
be presented in the following sections. At the same time we incorporate
in our models other macroeconomic metrics that are known or believed
to also influence the public and private debt.

Revealing this relationship can be beneficial to the respective authori-
ties and policymakers, as they can decide on the tariff rates they may want
to apply or which other country figures they may want to improve so as
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to maintain the public and private debt at the desired levels. Countries
that have suffered the most during the latest economic crisis may have
experienced higher debt levels compared to countries that have managed
to weather the crisis more successfully. As a matter of fact high public
and private debt compared to GDP could have been among the causes
of heavier suffering. Consequently, tackling or avoiding a potential (new)
crisis is in their interest; knowing in advance what to do is of key impor-
tance and it requires a global approach rather than the management of
one or a few determinants—variables.

3.4 DATA, VARIABLES AND METHODOLOGY
341 Data

Our dataset consists of tarift Argentina, Australia, Brazil, Canada, China,
European Union (EU), India, Indonesia, Japan, South Korea, Mexico,
Russia, Saudi Arabia, South Africa, Turkey and the United States. These
are essentially the G20 countries with the European Union substituting
for the four EU countries participating in it. These are Germany, France,
Italy and the United Kingdom. We replaced them with the EU as
tariff rates are the same within the European Union countries, which is
reflected in our databases, hence would add no value in our model.

Our data source is the World Bank for the unemployment (rate—% of
labor force), the inflation (rate—%), the GDP per capita (current USD),
the exports of goods and services (% of GDP), the imports of goods and
services (% of GDP), the foreign direct investment - FDI (net inflows,
current USD), the GDP growth (annual %), the gross fixed capital forma-
tion (annual % growth), the tariff rate (weighted mean, all products—%),
the public debt (total central government debt —% of GDP) and the
private debt (private debt, loans and debt securities—% of GDP).

Our time series extends from 1991 to 2018, which is deemed a
sufficient period for allowing us to draw reliable results.

3.4.2  Descriptive Statistics

The descriptive statistics of our dataset, i.e. the mean, the 50th percentile,
the standard deviation, the variance, the number of observations, the
range, the minimum value and the maximum value of the relevant metric
are summarized in Table 3.1.
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We observe that the gross fixed capital formation exhibits the biggest
standard deviation compared with its mean (1.15 times), whereas the
inflation exhibits the smallest (0.17 times) (Table 3.2).

The biggest correlation is that of the gross fixed capital formation with
the GDP growth with a correlation coefficient of 0.866, whereas the
smallest is the one of the tariff rate with private debt with a correlation
coefficient of -0.393.

3.4.3 Variables

As the purpose of our work is to find potential evidence of the rela-
tion between debt and tariffs, the variables that are used as measures
of debt are the public debt (total central government debt—% of GDP)
and the private debt (private debt, loans and debt securities—% of GDP).
These are our dependent variables. The tariff is measured by the tariff
rate (weighted mean, all products—%) and is our independent variable.
However, as the level of both public and private debt depends on other
variables we use as control variables the unemployment (rate—% of labor
force), the inflation (rate—%), the GDP per capita (current USD), the
exports of goods and services (% of GDP), the imports of goods and
services (% of GDP), the foreign direct investment - FDI (net inflows,
current USD) and the GDP growth (annual %), the gross fixed capital
formation (annual % growth), which all go on the independent variable
side (Table 3.3).
In our models below we use the following notation:

3.4.4  Methodology

We regressed the public debt and private debt with the tariff rate as well
as the aforementioned macroeconomic variables to identify the poten-
tial impact of tariff on debt and find potential evidence of whether the
introduction (or the increase) of tariffs can contribute to the reduction of
debt.

For that we employed four models. The first one is the ordinary least
squares (OLS) regression, whereas the remaining three are panel data
models, namely, the fixed, effects the random effects and finally a linear
dynamic panel data model—that of Arellano Bond GMM (generalized
method of moments).
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Table 3.3 Notation

Variable Indicaror  Variable Indicator
Unemployment UNEMP  GDP growth GDP
Inflation INF gross fixed capital formation ~ GFC
Exports of goods and services ~ EXP tariff TARIFF
Imports of goods and services ~ IMP public debt PDEBT
Foreign direct investment FDI private debt PRDEBT

Source Created by the Authors

Before proceeding to unit root and cointegration tests we test for
cross-section dependence. We use the cross-section dependence test (CD
test) proposed by Pesaran (2004). CD test strongly rejects the null
hypothesis of cross-section independence for all the sample variables. In
face of this evidence, we proceed to test for unit roots using the so-
called “second-generation” tests for unit roots in panel data that are
robust to cross-section dependence (see Pesaran, 2015). To examine the
stationarity properties of the variables in our models we use the second-
generation panel unit root tests developed by Maddala and Wu (1999)
and Pesaran (2003) both suitable for unbalanced panel dataset and cross-
section dependence. The null hypothesis of a unit root (non-stationarity)
cannot be rejected for all the sample variables. This means that the vari-
ables contain a unit root (e.g. integrated of order one) as expected by
the visual inspection of their time series. In order to investigate whether
a long-run equilibrium relationship exists among the sample variables we
implement Pedroni’s (1999) ADF-based and PP-based cointegration tests
as well as Kao’s (1999) ADEF-based tests. Both tests suggest the rejection
of the null hypothesis of no cointegration null at any significance level.

3441 OLS
We used a multivariate OLS regression on our data using Stata to calculate
the coefficients and error terms for public debt and private debt.

PDEBT =a+ B1-EXP+By-LogFDI + B3-GDP + B4-GFC
+Bs-IMP + B6. - INF + 7 - TARIFF + B3-UNEMP
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and

PRDEBT =a+B1-EXP+By-LogFDI + B3 - GDP + B4 - GFC
+Bs-IMP + Bs.- INF + B7-TARIFF + g - UNEMP

3.4.4.2  Fixed Effects
The fixed effects model is simply a linear regression model in which the
intercept terms vary over the individual units 7, i.e.

Vit = aj +x£;ﬁ + &ir,  E&ir ™~ IID(O, 052)

where it is usually assumed that all x;; are independent of all &;;. We
can write this in the usual regression framework by including a dummy
variable for each unit i in the model (Verbeek, 2008). That is,

N
’
Vit = Zajdijx,‘;ﬁ + &ir
Jj=1

where dij = 0 when i = j and 0 elsewhere. We have also assumed
the strictly exogenous regressors case in the conditional moments, (see
Wooldridge, 2015). We have not assumed equal-sized groups in the panel.
The vector B is a set of parameters of primary interest, «; is the group-
specific heterogeneity. We have included time-specific effects but, they
are only tangential in what follows. Since the number of periods is usually
fairly small, these can usually be accommodated simply by adding a set of
time-specific dummy variables to the model. Our interest here is in the
case in which N is too large to do likewise for the group effects.

3.44.3  Random Effects

It is commonly assumed in regression analysis (Verbeek, 2008) that all
factors that affect the dependent variable, but that have not been included
as regressors, can be appropriately summarized by a random error term.
In our case, this leads to the assumption that the «; are random factors,
independently and identically distributed over individuals. Thus we write
the random effects model as

Vit = i+ ai + X, B + gir eis ~ IID(O, af); @~ 110(0, oj)
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where a; + ¢;; is treated as an error term consisting of two components:
an individual specific component, which does not vary over time, and a
remainder component, which is assumed to be uncorrelated over time. It
is also assumed that ¢; and ¢;; are mutually independent and independent
of xjs (for all j and s).

3.4.4.4  Dynamic Panel Data

Following the non-parametric techniques this study employs para-
metric techniques organized around the instrumental variables estimators
(GMM) developed in Arellano and Bond (1991) and Blundell and Bond
(1998) respectively (Difference GMM estimators and System GMM esti-
mators). Furthermore, this study considers a dynamic panel data model
in the sense that it contains at least one lagged dependent variable.

With the intention to examine the dynamic aspects we use dynamic
panel data techniques such as Difference Generalized Method of
Moments (DIF-GMM) estimators attributed to Arellano and Bond
(1991) and System Generalized Method of Moments (SYS-GMM) esti-
mators proposed by Arellano and Bover (1995) and Blundell and Bond
(1998), respectively. The use of the latter is mainly justified as it improves
significantly the estimates’ accuracy and enlarges efficiency when the
lagged dependent variables are considered as poor instruments as in the
first-differenced regressors (Baltagi & Li, 2002). As a consequence, the
SYS-GMM gives more robust results than the first-differenced GLS and
GMM estimation methods (Blundellet al., 2001).

3.5 REGRESSION SUMMARY

The particulars of the regressions we ran appear in Tables 3.4 and 3.5 for
the public and private debt, respectively. The output of all four models,
i.e. OLS, fixed effects, random effects and Arellano-Bond GMM is shown
per dependent variable for comparison purposes also.

In Tables 3.4 and 3.5 for each of the independent variables the first row
indicates the coefficients, whereas the second row, where the numbers are
put in the parentheses, indicates the standard deviation.

Their explanation is given in the next section and their implications are
drafted in the section that follows it.
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Table 3.4 Public debt regression results

PDEBT OLS Fixed effects  Random effects  Avellano—Bond
GMM

Exports of goods 2 —1.301*** —0.0540 —0.104 —1.036***
~%

(0.34) (0.76) (0.61) (0.09)
Log of Foreign dir ~ —2.844* 2.264 2.339 6.554***
~t

(1.66) (5.41) (4.99) (0.38)
GDP growth —5.726*** —2.264* —2.358* —0.882***
(annual ~ )

(1.80) (1.20) (1.25) (0.29)
Gross fixed capita ~ 0.833 0.657 0.655 0.342%**
a

(0.62) (0.46) (0.47) (0.10)
Imports of goods 2 —0.0240 1.746 1.492 —0.619***
~%

(0.44) (1.61) (1.32) (0.11)
Inflation, consume ~ —1.063*** 0.547 0.471 0.407***
u

(0.37) (0.54) (0.45) (0.10)
Tariff rate, appli ~ m —2.976*** 0.306 0.262 —1.141***

(0.78) (0.74) (0.65) (0.22)
Unemployment, tota —1.078*** 3.485 2.489 4.664***

(0.30) (2.37) (1.77) (0.27)
Constant 202.879***  —64.20 —52.05 —84.862%**

(47.20) (166.26) (134.97) (10.53)
R-sqr 0.299 0.185
dfres 225 13
BIC 2432 2105
*p o< 010, **p < 0.05, ***p < 0.01
Source Authors’ calculations

3.5.1  Results

3.5.1.1

Public Debt

The OLS regression indicates that the public debt is negatively correlated
at all levels with the tariff rate, the inflation rate, the unemployment, the
exports and the GDP growth and at the 10% level with the logarithm of
the FDI. The remaining variables show no statistical significance.
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Table 3.5 Private debt regression results

PRDEBT OLS Fixed effects Random effects  Arellano—Bond
GMM

Exports of goods 2 —1.280** —0.884 —0.894 —1.882***
~%

(0.53) (0.73) (0.70) (0.13)
Log of Foreign dir ~ 7.932** 4.205 4.321 11.148***
~t

(3.15) (3.82) (3.85) (0.55)
GDP growth (annual —0.528 —0.328 —0.357 —1.524***
~)

(2.43) (1.12) (1.10) (0.43)
Gross fixed capita ~ —1.367 —0.123 —0.123 —0.0620
a

(0.86) (0.28) (0.27) (0.15)
Imports of goods 2 1.957** 0.734 0.770 2.689***
~%

(0.81) (0.84) (0.83) (0.16)
Inflation, consume ~ 0.00500 0.0420 0.042* —0.046***
u

(0.05) (0.02) (0.02) (0.01)
Tarift rate, appli ~ m —4.526***  —1.075 -1.109 —1.205***

(1.04) (0.94) (0.96) (0.31)
Unemployment, tota —2.172***  —1.979 —1.904 —0.746*

(0.52) (1.68) (1.59) (0.40)
Constant —46.51 36.08 28.54 —154.014***

(85.98) (105.29) (114.54) (15.68)
R-sqr 0.237 0.214
dfres 255 13
BIC 2966 2307

*p < 0.10, **p < 0.05, ***p < 0.01
Source Authors’ calculations

The fixed effects and random effects models show that the public debt
is negatively correlated with the GDP growth only at the 10% level, with
the rest of the variables having no statistical significance.

The Arellano-Bond GMM yields that the public debt is negatively
correlated with the tarift rate, the exports, the imports and the GDP
growth at all significance levels, whereas it is positively correlated at all
levels with the (logarithm of the) FDI, the inflation, the unemployment
rate and the gross fixed capital formation.
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The difference in the results of the four models explored, and in
particular the outcome of the fixed effects and random effects models,
is attributed to the fact that the static behavior of the regressors cannot
interpret the dependent variable, whereas in Arellano-Bond GMM a
dynamic panel data analysis is performed, which means that even the
dependent variable provides information and enhances the model’s inter-
pretative capability.

3.5.2  Private Debt

The OLS regression indicates that the private debt is negatively correlated
at all levels with the tariff rate, the exports and the unemployment. It is
positively correlated with the (logarithm of the) FDI and the imports
at the 5% significance level. The remaining variables exhibit no statistical
significance.

The random effects model shows that the private debt is positively
correlated with the inflation rate at the 10% significance level. The other
variables seem to have no statistical significance. No variable posts any
statistical significance when the fixed effects model is used.

The Arellano-Bond GMM vyields that the private debt is negatively
correlated with the tariff rate, the exports, the inflation rate and the GDP
growth at all significance levels. It is negatively correlated with unem-
ployment at the 10% significance level. It is positively correlated with the
logarithm of the FDIand the imports at all significance levels. The rest of
the variables post no statistical significance.

In a way similar to public debt, the difference in the results that
the four models produce, and in particular the outcome of the fixed
effects and random effects models, can be explained by the fact that
the static behavior of the regressors cannot interpret the dependent vari-
able, whereas in Arellano-Bond GMM a dynamic panel data analysis
is performed, which means that even the dependent variable provides
information and enhances the model’s interpretative capability.

Due to the limited available data, the independent characteristics do
not seem to vary over time thus the fixed effects estimators have adequate
statistical power. Although, this study does consider power and efficiency
as the primary criterium for selecting the appropriate model, the authors
believe that the amount of data is crucial and as suggested a follow-up of
this study when new data are available.
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3.6 RESULT INTERPRETATION AND IMPLICATIONS
3.6.1  Public Debt

Looking at public debt it seems that both OLS and Arellano-Bond GMM
subscribe to the point of view that tariffs can contribute to the reduction
of debt (as a percent of GDP), as the higher the tarift rate the lowest the
public debt (as a percent to GDP). Thus, assuming a constant GDP, the
debt is reduced in absolute figures with the introduction and/or increase
of tariffs.

Furthermore, both models consent to the impact of the exports; the
highest the exports, the lowest the debt (as a percent of GDP). Therefore,
for a flat GDP, the increase of exports may have beneficial results to the
level of debt.

GDP growth seems to have a negative impact on public debt (as a
percent of GDP) as per all approaches (OLS, Fixed Effects, Random
Effects and Arellano Bond GMM). This is probably interpreted by the
fact that as the GDP increases at a higher rate, then debt as a percent of
GDP drops or increases at a lower rate. This outcome is most likely in
line with expectations.

Going to unemployment, we see that the sign of the coefficients is the
opposite. The Arellano-Bond GMM states that the lower the unemploy-
ment rate, the lower the debt (as a percent of GDP), which is probably the
desired result. However, the result of OLS is not to be discarded as well;
lower unemployment yields higher public debt to GDP ratio. One poten-
tial interpretation is that during periods of low unemployment, countries
are in state of euphoria and public debt increases disproportionally to the
GDP growth.

The OLS indicates that the higher the FDI, the lower the public debt
to GDP ratio, which is the expected direction. The Arellano-Bond GMM
model fosters that the higher the FDI, the higher the public debt to GDP
ratio. Again the possible interpretation is that FDI contributes to GDP,
thus the denominator increases; however, lending may become easier,
thus the numerator, i.e. public debt, increases at a higher tempo. Gross
fixed capital formation posts the same sign as per the Arellano-Bond only;
this can be read in a similar manner as the sign of FDI.

The OLS model indicates that the higher the inflation, the lower the
public debt to GDP ratio. This is most likely due to the fact that higher
inflation means higher denominator or less lending, as interest rates go
higher. The Arellano-Bond GMM, however, subscribes for a positive
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relationship, i.e. the higher the inflation the higher the public debt as
a percent of GDP. A potential explanation can be offered by the fact that
inflation in several countries has been negative in some of the years under
investigation; this implies that the contribution of inflation has been nega-
tive; i.e. either the denominator increased more than public debt or public
debt increased less than GDP. Overall, such a positive correlation could
mean that as inflation grows, public debt becomes higher, as interest
rates follow inflation; thus the numerator supersedes the denominator,
i.e. GDP.

The Arellano-Bond model implies that higher imports coexist with
lower public debt to GDP ratio, which is probably interpreted by the
fact that when the state borrows less compared to GDP imports are not
a showstopper and thus may find room to increase.

3.6.2  Private Debt

Going now to private debt, we realize that the increase or introduction
of tariffs seems to lead to the reduction of the private debt as a percent
of GDP, as verified by both OLS and Arellano-Bond GMM. This is most
likely the desired result; individuals and enterprises tend to borrow less as
they consume less foreign products.

The same holds true with the increase of exports. Consequently, for a
level GDP, the increase of exports leads to a reduction of private debt;
this comes probably as no surprise, since the exporting enterprises may
need to borrow less as a result of the inflows they experience as a result
of the increased exporting activity.

The two approaches agree that when unemployment increases the
private debt decreases. This may be due to the realization that when
unemployment becomes higher individuals and enterprises abstain from
borrowing.

Both models indicate that the higher the FDI the higher the private
debt as a percent of GDP. This is probably attributed to the fact that
increased investments in the entreprencurial world of a country make
their borrowing easier and thus private debt increases; potentially at a
higher rate than the GDP, since the latter may also increase when the
FDI increases. Part of these investments could be as private debt.

The Arellano-Bond GMM posts that the higher the GDP growth, the
lower the private debt to GDP ratio, which is probably anticipated as the
denominator could be increasing at a higher pace than the numerator.
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Arellano-Bond GMM shows that the increase of inflation reduces
private debt as a percent of GDP; this is probably interpreted by the
fact that individuals and enterprises can withstand less borrowed funds
in a potentially higher interest rate environment (that goes together with
higher inflation).

Finally, both OLS and Arellano-Bond GMM yield that the higher the
imports as a percent of GDP the higher the private debt as a percent of
GDP. This is probably anticipated as higher lending may be required to
support the higher level of imports.

Our findings can be of value to the competent authorities and policy-
makers that are looking for ways to control public or private debt. First
of all, tariffs seem to assist in reducing the public and private debt as a
portion of GDP. Consequently, the current (as of September 2019) pres-
ident of the United States may have a valid story to tell, as evidenced by
our results. However, we have to admit that our study does not investi-
gate the impact of an increase in tariffs in other aspects of the economy.
As a result, countries may want to consider the level of tariffs applied in
better controlling the public and private debt, weighing at the same time
the consequences of increased tariffs in their economy as a whole. Of
course the latter can be done only in cases where agreements or treaties
allow for a shift in the tariff rates.

Furthermore, the increase of exports seems to have a beneficial impact
to both private and public debt as a percent of GDP. This means that
countries have to pursue exports in order to reduce both debts. At the
same time, as evidenced by at least two of the models, they need to
achieve GDP growth, create the environment to attract FDI and reduce
unemployment in order to contain public debt. In addition, they have to
pay attention to imports to better steer private debt. These observations,
next to the evidence found on the impact of tariffs on public and private
debt, are probably no news to the ears of the interested parties; they are
however confirmed by our work as well.

3.7 CONCLUSIONS

This study contributes to the investigation of the relationship among
tariffs policy and debt in several ways. The empirical work is related clearly
to Gaussian Mixture Models (GMM), the most appropriate theoret-
ical framework presently available to analyze multidimensional economic



96  G. GALANOS ET AL.

issues. We characterize debt structure in a simple fashion that distin-
guishes the government debt from the private lending. This is accom-
plished in a time series context, allowing us to avoid the problems
inherent in comparing policies across countries with differing tariffs. One
should also note that the government tariffs policy is enforced through its
choice and that the analysis contains explicit assumptions concerning the
information upon which the government’s decisions are based. We make
a systematic attempt to formulate variables reflecting economic, political
and administrative factors. The results demonstrate that a model of debt
structure based on the tradition of political analysis can be implemented
empirically and can be used successfully to explain important aspects of
the growth and change of tariffs policies.

There is evidence that economic, political and administrative factors all
play a role in shaping debt structure. More precisely the research under-
taken in this chapter indicates that the increase or introduction of tariffs
reduces the levels of both government and private debt. The exports and
the GDP growth work in the same direction as well. Tackling unemploy-
ment may be beneficial for both debts. A reduction of imports seems
to assist private debt. Consequently, focusing—in addition to tariffs—on
exports, GDP growth and unemployment could be of interest to policy-
makers that wish to control public debt, as well as private debt (if desired).
As to future research, the directional relationship of the debt versus tarifts
can be tested using causality analysis seeking the direction of causality
between debt and tariffs.
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CHAPTER 4

The Impact of Demographics on the Level
of Tariffs

James Ming Chen, Thomas Poufinas,
Charalampos Agiropoulos, and George Galanos

4.1 INTRODUCTION

Tariffs are customs duties on imports. They aim at giving a competitive
advantage to domestic goods over similar imported goods. As such they
serve as a source of revenue for a government (WTO, 2020). They are
used as levers that can steer the level of imports and exports between two
countries. They can be used to implement a trade policy that taxes foreign
goods and privileges domestic production.
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Besides being a source of income, tariffs can be used to protect local
production and spur domestic output in place of imports. As a result they
can contribute to the reduction of the trade deficit. It has recently been
debated whether they can be used to reduce the government debt of a
country (CSIS, 2018). Chapter 3 acknowledged a relation between tarifts
and debt.

Demographic changes and forces seem to affect the debt of a country
as they influence the labor force, the shift of manufacturing to certain
countries, wages, membership in trade unions, inflation and interest rates
(Goodhart & Pradhan, 2017). At the same time demographic factors
affect the explicit and implicit tax flows (Hagist et al., 2009) that a
government can secure in order to service its debt obligations.

Concurrently, certain demographic factors influence the tariffs imposed
by governments. Tariff policy and its evaluation must account for the
movement of labor, as well as the movement of goods and services. The
European Union, for example, guarantees the free movement of labor.
This commitment can be seen as an incentive to enter or exit from the
EU. The EU also favors zero tariffs; in 2018 almost 70% of the imports
in the EU bore zero tariffs (Eurostat, 2020).

The link between trade liberalization and labor market dynamics
suggests that labor, especially in developing countries, may shift from
industries that compete against imports to export industries (Turrini,
2002). Wealthier countries systematically impose higher tariffs on inelas-
tically demanded goods where domestic producers exert greater market
power (Broda et al., 2008). The prevalence of this effect prior to a
country’s accession to the World Trade Organization, and even after-
ward with respect to trade restrictions not addressed by the WTO Treaty,
provides strong evidence that domestic producers with market power
exert potent political influence over the formulation of noncooperative,
anticompetitive trade policy (ibid.).

Moreover, there appears to be a positive correlation between trade
openness and unemployment in OECD countries and a negative correla-
tion in non-OECD countries (Turrini, 2002). There is further evidence
that trade openness affects the labor market (WTO, 2017). The effect
of the reversal of trade liberalization on employment has also been
questioned (Ernst et al., 2019). These findings suggest that labor demo-
graphics may affect tariffs.

Migration could also affect the level of tarifts. The presence of a large
number of immigrants in one country is often correlated with an increase
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in bilateral trade between the host and home countries of the migrants.
Studies indicate that the impact of migration on merchandise trade tends
to slightly favor the host country. This negative impact on the trade
balance of the home country can be offset by remittances, trade in services
and foreign direct investment (Migration Data Portal, 2019).

In Chapter 3 we realized that tariffs can have an impact on debt.
Through a series of econometric models and machine learning techniques,
this chapter examines whether demographics affect the level of tariffs.
Depending on the model and the database, population and labor force
may affect the level of tariffs. These findings align with the literature
and our own intuitions. However, migration does not seem to influ-
ence tariffs. Furthermore, income per capita and consumption evidently
affect the tariff rate. The relationship of the tariff rate to imports, exports
and the tax rate is also established. Finding the link between tariff rates
and demography can potentially explain some of the tariff moves, besides
the exogenous decisions made by governments. This may be the most
important contribution of our study.

4.2 LITERATURE REVIEW

“The ability to tax lies at the very heart of political power and the rise
of the modern political state was shaped by fiscal evolution in medieval
and postmedieval times.” Joseph Schumpeter (1918) reached this conclu-
sion at the dawn of modern macroeconomic science. Although he did
not provide a framework to determine potential interactions shaping
public revenue systems, he identified three distinct types of influences:
(i) economic, (ii) political, and (iii) administrative. The clarity of Schum-
peter’s boundaries among these categories may have arisen from his
failure, at least as of 1918, to form an economic theory of political action.

It was not until the late 1960s that other scholars started engaging
Schumpeter’s analysis in earnest. His essay was published in the German
language and had little influence in the English-speaking scientific
community. Hinrichs (1966) was mainly interested in linking stages of
economic and fiscal development. He argued that the prime determinant
of customs revenue was a country’s openness to trade. Openness meant
increased trade and therefore a rise in customs revenue if trade was being
taxed at all. Another study by Hinrichs (1965) found that openness to
trade also drove increases in total government revenue, particularly for



104 j. M. CHEN ET AL.

low-income countries that drew a large share of revenue from taxes on
foreign trade.

Musgrave (1969) argued that the lack of “tax handles,” or administra-
tively simple ways of collecting revenue, might limit revenue collection at
low levels of income. He noted, however, that these limitations should
become less severe as the economy develops. Most attempts to account
for the share of tax revenue in GDP perform regression with proxies for
possible tax handles.

Some further contributions were made in the 1970 and 1980s. Kau
and Rubin (1981) highlighted the economic limits to fiscal develop-
ment and the effects of changes in such limits on the growth of revenue
systems. They also speculated whether collecting the taxes in urban areas
may be less costly. Kau and Rubin (1981), Hettich and Winer (1988)
similarly argued that “more efficient” taxation results in a larger govern-
ment. Hansen (1983) focused on the impact of political factors on the
tax system, while a separate literature examined selected revenue sources
such as tariffs.

Caves (1976) and Helleiner (1977) analyzed Canadian tarifts. Cony-
beare (1978) applied a combination of the techniques employed by
Caves and Helliener. Anderson (1980), proceeded along similar lines in
investigating why some industries receive more government assistance
than others. Both Anderson (1980) and Conybeare (1978) used cross-
sectional data and multiple regression in their attempts to explain the
structure of tariffs in Australia.

Magee et al. (1989) have identified three broad genres of economic
theories seeking to explain the existence of protectionist trade policies.
These scholars developed a complete general equilibrium theory that
explains how well-organized groups manipulate government policies to
exploit poorly organized rival groups. However, tariffs are usually a rela-
tively inefficient means of achieving common policy objectives (Vousden,
1990).

Furthermore, Magee et al. (1989) have hypothesized that lobbying
over taritfs would not damage welfare through high tariffs. They asserted
that the political economy of trade would instead create a black hole
threatening to engulf domestic productivity through the costs of bick-
ering over tariffs and their levels. Later scholarship contested this
conclusion, finding strong evidence that market power works in concert
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with political influence to raise tariffs on imports competing against
domestically produced but inelastically demanded goods (Broda et al.,
2008).

Additional contributions during the 1980s included Paul Krugman’s
(1987) model of learning-by-doing. Gene M. Grossman and Elhanan
Helpman’s (1991) endogenous growth models with research and devel-
opment externalities highlighted the possibility that tariffs might be used
to raise national income, provided that the appropriate industry is chosen
for protection.

In the 1990s and 2000s, scholars contested the impact of tariffs on
growth. Edwards (1992, 1998) and Clemens and Williamson (2004)
found a negative impact, whereas Vamvakidis (2002), Yanikkaya (2003)
and DeJong and Ripoll (2006) found a positive impact.

The most recent contributions have analyzed the theoretical effects
of introducing a tariff. Mankiw (2020) described how a tarift decreases
domestic consumption (by raising the price of imports), but increases
domestic production (by raising the price that sellers can obtain). Tariffs
therefore have three basic effects in the domestic economy: (i) to make
consumers worse off; (ii) to make producers better off; and (iii) to raise
revenue for the government. Despite the purely theoretical disadvantages
of tariffs, Mankiw evaluated five arguments favoring their introduc-
tion; jobs, national security, infant industries, unfair competition and
bargaining strategy.

The majority of academic economists oppose tariffs in principle
(Worstall, 2016). However, this is not a unanimous view. For instance,
Pettis (2018) has argued that most economic discussions of tariffs are
more ideological than logical, and that what matters are the conditions
under which trade intervention policies are made. The idea that all coun-
tries lose in a trade war is logically impossible, Pettis has asserted. Rather,
tariffs can have a wide variety of economic effects.

Through empirical evaluation of the impact of demographic factors on
tariff levels, this study seeks to harmonize observed tariff policy across 45
diverse countries with the competing, often contradictory predictions of
the theoretical literature. Domestic factors such as per capita income and
population will prove to carry greater weight than net migration or its
impact on the labor force.
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4.3 DATA, VARIABLES AND METHODOLOGY

Our empirical analysis relies on two alternative theoretical pillars. The
first pillar stands for the traditional econometric approach. More specifi-
cally, this study implements three econometric models: pooled OLS, fixed
effects and random effects.

The second pillar uses machine learning techniques. Despite their
interpretive clarity, generalized linear methods and other conventional
econometric tools may not provide the most accurate description of rela-
tionships among economic variables or predict as yet unseen instances of a
phenomenon. Certain machine learning methods excel in evaluating data
that exhibit nonlinear relationships or arise from non-Gaussian stochastic
processes (Breiman, 2001).

The “no free lunch” theorem of machine learning posits that data
scientists cannot tell in advance which model is best suited to a particular
dataset or predictive goal (Wolpert, 1996). A priori assumptions cannot
supplant experimentation. Accordingly, we believe that it is prudent to
reach beyond conventional econometrics and to apply multiple families
of machine learning methods. We propose to apply algorithms based on
decision trees and support vector machines.

4.3.1 Data

The panel dataset includes 45 countries (OECD and G20) for the period
2000-2018: Argentina, Australia, Austria, Belgium, Brazil, Canada,
Chile, China, Colombia, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Iceland, India, Indonesia, Ireland,
Israel, Italy, Japan, Korea, Rep., Latvia, Lithuania, Luxembourg, Mexico,
Netherlands, New Zealand, Norway, Poland, Portugal, Russian Feder-
ation, Saudi Arabia, Slovak Republic, Slovenia, South Africa, Spain,
Sweden, Switzerland, Turkey, United Kingdom and the United States.
The reason for choosing the specific period and the countries are strictly
dictated by data availability.

4.3.2  Variables

This study uses the weighted mean applied tariff (TAR), which is the
average of effectively applied rates weighted by the product import shares
corresponding to each partner country, as the dependent variable for
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all three econometric models. The set of independent variables for the
selected countries includes the natural logarithm of the adjusted net
national Income (IINC) per capita, the total labor force (ILF), the net
migration (IMIG) and the total population. We also include exports of
goods and services (EXP), final consumption expenditures (CONS), net
inflows of foreign direct investment (FDI) and imports of goods and
services (IMP), each as a percentage of the relevant country’s GDP.

All the above variables have been derived from the World Bank open
access dataset.! Table 4.1 reports the main summary statistics of all
variables used in the econometric approach.

From Table 4.1, it is evident that the sample data are well behaved
showing controlled variability in relation to the mean of the population
since the ratio of the standard deviation over the average is in most cases
close to zero either between or within the panel dataset.

Figure 4.1 visualizes the dependent and independent variables through
histograms and kernel density estimates.

One of the additional complications that arise when dealing with panel
data, as opposed to time series, is the possibility that the sample vari-
ables or the random disturbances are correlated across the panel (Pesaran,
2015). The early literature on unit root and cointegration tests adopted
the assumption of no cross-sectional dependence. However, it is common
for macro-level data to violate this assumption, which will result in low
power and size distortions of tests that assume cross-section independence
(Polemis & Tsionas, 2019). For example, cross-section dependence in our
data may arise as a result of common unobserved effects due to changes
in countries’ migration policies. We tackle this issue by employing the
proper tests to investigate the existence of cross-sectional dependence in
our sample (CD test).

To examine the stationarity properties of the variables in our models,
we use the second-generation panel unit root tests developed by Maddala
and Wu (1999) and Pesaran (2004). These tests are suitable for balanced
panel dataset and cross-section dependence. The null hypothesis of a unit
root (non-stationarity) cannot be rejected for all the sample variables.
This means that the variables contain a unit root (e.g. integrated of order
one) as expected by the visual inspection of their time series. In order
to investigate whether a long-run equilibrium relationship exists among

1 https://data.worldbank.org/.
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Table 4.1 Descriptive statistics

Variable Mean  Std.Dev. Min Max Observations
TAR overall 3254 2857 0.49 2651 N = 855
between 2299 1546 11.7 n = 45
within 1729 —3567 1806 T = 19
IINC overall 9628 1039 5958 11.32 N = 855
between 0.981 6789 1096 n = 45
within 0.372 8158 1068 T = 19
EXP overall 4396 29.62 9043 2212 N = 855
between 28.88 11.52 179.3 n = 45
within 7787 3524 8582 T = 19
CONS overall 73.73 8413 42.92 91.67 N = 855
between 8015 50.14 87.84 n = 45
within 2.81 5791 8749 T = 19
FDI overall 4632 9479 —58.32 86.59 N = 855
between 5288 0.253 2344 n = 45
within 7905 -7642 6778 T = 19
IMP overall 4142 25.26 9.195 1872 N = 855
between 24.79 12.87 149 n = 45
within 6.026 7.667 79.63 T = 19
ILF overall 16.1 1764 12.04 2048 N = 855
between 1781 12.14 2046 n = 45
within 0.0799 15.69 1648 T = 19
IMIG overall 12.15 1745 6159 1552 N = 622
between 1.695 7774 1545 n = 38
within 0.596 7828 1423 T = 16.37
IPOP overall 16.83 1791 12.55 21.05 N = 855
between 1809 12.65 21.01 n = 45
within 0.0566 16.57 1706 T = 19
TAXC overall 46.68 18.57 14.6 182.3 N = 855
between 17.12 15.14 1109 n = 45
within 7612 23.97 1658 T = 19

Note TAR: Tariff rate, applied, weighted mean, all products (%), IINC: Adjusted net national income
per capita (current US$), EXP: Exports of goods and services (% of GDP), CONS: Final consumption
expenditure (% of GDP), FDI: Foreign direct investment, net inflows (% of GDP), IMP: Imports of
goods and services (% of GDP), ILF: Labor force, total, IMIG: Net migration, IPOP: Population,
total, TAXC: Total tax and contribution rate (% of profit)

Source Authors’ calculations based on Eurostat and World Bank data, 2019
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Fig. 4.1 Graphical visualization of the dependent and independent variables
using histograms and density estimates (Source Authors’ calculations)
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the sample variables we implement Pedroni’s (1999) ADF-based and PP-
based cointegration tests as well as Kao’s (1999) ADF-based tests. Both
tests suggest the rejection of the null hypothesis of no cointegration null
at any significance level.

4.3.3  Methodology

This study adopts a fixed effects and a random effects model to prop-
erly account for the imposition of possible effects on tarift rate due to
structural demographic changes in each country. We supplement our anal-
ysis by using a traditional pooled OLS method in order to compare and
contrast our findings.

4.3.3.1  Pooled OLS

When constant coefficients (intercepts and slopes) are assumed then
Pooled regression model is applied in order to capture the initial depen-
dance of demographics on the tariff rate. Pooled OLS regression model
can be presented in the following form:

TARi; = Bo+ %, B + uir (4.1

where, x;; is the array of the independent variables, 8 is the vector of the
coefficients and u;; is the error term.

4.3.3.2  Fixed Effects Model

Following the traditional OLS estimation, which is usually employed
when the selection sample consists of different subsamples for each period
of the panel data, this study uses the fixed effects model (FE). The FE
model is simply a linear regression model where the intercept terms vary
over the individual units

it = @i + ;B + eis, e ~ 11D(0, 02) (4.2)

where it is usually assumed that all x;; are independent of all &;. We
can write this in the usual regression framework by including a dummy
variable for each unit 7 in the model (Verbeek, 2008):

N
Yie = Y ajdijx;, B+ eir (4.2)
j=1
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where d;; = 0 when i = j and 0 elsewhere.

We have also assumed the strictly exogenous regressors case in the
conditional moments (Woolridge, 2009). We have not assumed equal-
sized groups in the panel. The vector B is a set of parameters of
primary interest. a; is the group-specific heterogeneity. Although we have
included time-specific effects, they prove to be only tangential. Since the
number of periods is usually fairly small, these can usually be accom-
modated simply through the addition of a set of time-specific dummy
variables. We are interested in the case in which N is too large to do
likewise for group effects.

4.3.3.3  Random Effects Model

Fixed or random effects are employed when the panel dataset includes the
same sample of countries (Woolridge, 2009). Because this study covers
45 countries from 2000 to 2018, the use of both fixed and random
effects modeling is advised. In addition, it is commonly assumed in regres-
sion analysis (Verbeek, 2008) that all factors affecting the dependent
variable, but that have not been included as regressors, can be appropri-
ately summarized by a random error term. In our case, this leads to the
assumption that the «; are random factors, independently and identically
distributed over individual observations.

Therefore, the random effects model can be written as:

vio = 1+ ai ;B + e e ~ 11D(0,02) i ~ 11D(0,02)  (4.3)

where a; + ¢;; is treated as an error term consisting of two components:
an individual specific component, which does not vary over time, and a
remainder component, which is assumed to be uncorrelated over time. It
is also assumed that @; and ¢&;; are mutually independent and independent
of xj; (for all j and s).

4.3.3.4  Machine Learning

Data Preparation

The supervised machine learning methods applied to this dataset required
the splitting of data into randomized subsets for training and test.
This practice, rarely followed in conventional econometrics, ensures that
machine learning methods do not merely memorize labels or values
associated with data to be predicted (Miiller & Guido, 2016, pp. 17-18).
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Holding out a fraction of the dataset for testing helps ensure the gener-
alizability of any supervised machine learning model to data not seen
during training (ibid.). In accordance with these recommended practices,
we split our data into training and test subsets containing 75 and 25
percent, respectively, of the entire dataset and will report training and
test results separately.

To ensure reproducible results, we set a seed of 1 for SciKit-Learn’s
pseudo-random number generator. This random seed governed not only
the splitting of data into training and test subsets, but also the inher-
ently stochastic processes underlying the random forest and extra trees
algorithms.

Many machine learning algorithms perform more accurately when data
is scaled (Miiller & Guido, 2016, pp. 134-142). We applied standard
scaling to training data. In other words, our machine learning methods
evaluated all and reported all results in terms of Gaussian z-scores, or
multiples of a dependent or independent variable’s standard deviation
from its mean. Care must be taken to withhold the test data while scaling
the training data and then applying the scale of the training data to
the test data, lest data leakage contaminates all predictive tests (ibid.,
pp. 138-140).

Bias, Variance, and Hyperparameter Tuning

Proper use of machine learning requires careful management of the bins—
variance tradeoff. This dilemma arises from an intrinsic property of
all supervised machine learning models: Greater inaccuracy, or bias, in
the estimates of a model’s parameters can reduce the variance among
parameter estimates across samples (Kohavi & Wolpert, 1996). While
excessive bias reduces a model’s accuracy during training, excessive vari-
ance hampers efforts to apply supervised machine learning more generally
beyond the data on which a machine learning algorithm has been trained
(Geman et al., 1992).

Roughly speaking, &ias refers to a method’s overall accuracy, partic-
ularly in training. Excessive bias results in a model that underfits its
data. Accurate as certain models may be during training, such as high-
degree polynomial models, models overfit to training data do not provide
reliable results unless they generalize well to new, unseen data. High-
variance models tend to overfit training data. Variance therefore affects
the generalizability and consistency of results with new data.
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Bias-variance tradeoff

——Bias
overfitting = —Variance
Total error

€ underfitting

Prediction error

Model complexity

Fig. 4.2 Bias-variance tradeoff illustration (Source Kubben et al., 2019, p. 107,
Fig. 8.3)

Figure 4.2 illustrates the bias—variance tradeoff as a quest to minimize
prediction error (Kubben et al., 2019, p. 107, Fig. 8.3). At the optimal
level of complexity, a model strikes the best attainable balance between
under- and overfitting.

In practice, the problem is that most machine learning models offer
a wide, sometimes daunting, list of adjustable hyperparameters (Géron,
2019, pp. 31-32). If these settings are not properly tuned, a machine
learning model may fall far short of its predictive potential. We obtained
all of our machine learning results through a grid search of each algo-
rithm’s hyperparameter space and k-folds cross-validation (Miiller &
Guido, 2016, pp. 258-282).

Trees, Forests, and Support Vector Machines

The classification and regression tree (CART) algorithm is the basis for
a dazzling constellation of machine learning methods (Breiman et al.,
1984; Loh, 2014). Decision trees and ensembles of decision trees often
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outperform linear regression. They are not limited to linear relation-
ships. All decision tree-based algorithms are robust in the presence of
outliers. These algorithms are also quite forgiving of misspecified models.
The inclusion of weakly predictive or even wholly non-predictive variables
generally does not weaken a decision tree or tree-based ensemble.

Among ensemble and boosting methods based on aggregations of
decision trees, random forests are perhaps the simplest (Ho, 1995).
Random forests require the tuning of only two hyperparameters: the
maximum number of features that a randomized tree may contain, plus
the maximum depth of each tree (or the number of splits we will allow
within each tree). Randomizing the threshold for each predictor yields
an even more diversified algorithm called extremely random trees, or extra
trees (Geurts et al., 20006).

The tuning of hyperparameters for these ensemble models can be
visualized vividly in three dimensions (Figs 4.3 and 4.4):

One weakness of decision trees and tree-based ensemble methods
is that they are not amenable to evaluation according to p-values and
conventional tests of statistical significance. But the contribution of each
predictive variable can be quantified. All tree-based methods in SciKit-
Learn report “feature importances,” a vector of values whose sum is 1
and whose individual values correspond to each regressor’s contribution
to the model’s predictions (Géron, 2019, pp. 198-199). Specifically,
feature importances in SciKit-Learn “is a weighted average, where each
node’s weight” in a decision tree or across all trees in a forest “is equal to
the number of training samples that are associated with it” (ibid., p. 198).

We will also report results from support vector mac