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Abstract: This study proposes a synthetic visual indicator with which to perform debt sustainability
analysis using dynamic general equilibrium models. In a single diagram, we summarized the general
equilibrium relationships among economic activity, government budget, and the maximum amount
of sustainable public debt. Then, we measured sustainability using the distance of actual debt
from the model-consistent maximum debt. This indicator can be implemented with any DSGE
model; as a backing theory, we used a neoclassical model augmented with endogenous tax revenues,
disaggregated public spending, different production technologies for public and private goods,
non-atomistic wage setters in public labor (unions), and a fully specified maturity curve for public
bonds. We provided an example of its usage using the case of Greece during the last public debt crisis.
To perform the numerical analysis, we developed original software, whose advantage is allowing
an audience without expertise in DSGE models to perform general equilibrium debt sustainability
analyses without requiring an understanding of the technicalities of DSGE models.

Keywords: debt sustainability analysis; fiscal policy; endogenous tax revenues; debt-dependent
government spending; DSGE models; standalone software; Python

JEL Classification: E13; H61; E62; H63; H81; H30

1. Introduction

The last financial and credit crises again highlighted the issue of excessive public
debt and its sustainability. Traditionally, the sustainability of public debt is analyzed using
empirical (reduced-form) equations in which a set of parameters is taken as given (typically
the interest rate, inflation, and the growth rate of real GDP), and sustainability is defined
as a condition relating the level of debt with public accounts [1]. The outcome of such
empirical debt sustainability analyses (DSAs) indicates how a government should adjust
its budget to maintain a sustainable stock of public debt. A reduction in fiscal deficit (or an
increase in surplus) to pursue debt sustainability is usually called fiscal consolidation.

Empirical DSAs, e.g., single-equation estimates of fiscal reaction functions, sustain-
ability equations, fiscal vulnerability equations, and policy criteria such as the Maastricht
Treaty conditions, have two main drawbacks: First, they provide policy prescriptions as if
the only objective of fiscal policy is fiscal consolidation. This may have been reasonable in
periods such as the Great Moderation, when developed economies were characterized by
moderate cyclical fluctuations and monetary policy was able to stabilize the economic cycle
alone. In the words of Blanchard, “[at that time] fiscal policy took a backseat to monetary
policy” [2]. Yet, the financial crisis in 20082009 returned the anti-cyclical role of fiscal
policy to the forefront. Nowadays, fiscal policy is used as a countercyclical tool to stabilize
the economy, and this often conflicts with fiscal consolidation, as noted by [3,4].
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Second, empirical DSAs do not account for the general equilibrium relationships
between fiscal tools and macro aggregates (see, among others, [5]. Intuitively, debt sus-
tainability depends on the ratio of public debt over GDP. Therefore, any fiscal policy
negatively affecting GDP, even if it effectively reduces debt, has an indeterminate effect on
sustainability because it decreases both the numerator and the denominator of the ratio.
The negative effect of fiscal consolidation is due to the negative response of economic
activity to tax hikes or government spending reductions. If, in the attempt to adjust fiscal
imbalances, the government shrinks economic activity, then it ends up causing further
issues because of the worsening of fiscal income and because of the reduction in the de-
nominator of the debt-GDP ratio), and it can provide biased results and misleading policy
prescriptions [6]. DSGE models, instead, naturally account for all of the direct, indirect,
and general equilibrium feedback effects among fiscal policy, economic activity, and debt
sustainability. This enhanced representation of the aggregate economy is obtained at
the cost of simplicity. In structural models, the relationships amongst GDP, public debt,
and government budgeting are expressed in the form of cross-equation restrictions in the
state-space representation of the DSGE model solution. There are no explicit analytical
relationships such as those available in traditional DSAs; thus, policy prescriptions are less
intuitive. The shortcoming is especially penalizing if the audience does not possess the
technical expertise for programming and simulating DSGE models. This possibly explains
why debt sustainability analyses based on structural models has not become common in
empirical DSAs in policy practice.

In this paper, we propose a method to overcome this previous issue. We show that
the salient information contained in DSGE models in the intercourse amongst GDP, fiscal
policy, and debt sustainability can be represented in a single diagram in which two steady-
state ratios from the model solution are depicted: (i) the primary government spending
as percentages of GDP, and (ii) the model-consistent corresponding maximum amount
of sustainable debt, which is described by the level of the economic activity. Intuitively,
once the government determines primary spending, the level of output is endogenously
determined by fiscal multipliers; this, in turn, determines tax bases. The government
budget is thus closed (T; — G;), resulting in a deficit (or surplus) that determines the new
level of debt. Using this diagram, visual and intuitive criteria of the sustainability of
debt can be applied by measuring the distance between the actual level of debt and the
maximum level of debt that is sustainable in the long term given the underlying economy.
We call this graphical representation the public debt frontier (PDF).

Figure 1 provides an example of the frontier and the associated visual criteria. At
point (E), the economy is at equilibrium, but the government is running an excessive deficit
given the existing stock of debt. Our analysis suggests that either the government reduces
primary spending from 40.3% to 35.5%, thus regaining sustainability through a fiscal
consolidation (point Ejy), or asks for a bail-out to reduce the stock of debt by 19% without
incurring spending reductions (point E;). Note that only in the on-frontier points (orange
line) is the government budget balanced—tax revenues exactly cover primary spending
plus debt service—and the government can indefinitely roll over the existing stock of debt
regardless of its level, thus gaining credibility and financial solidity. All points to the left of
the frontier imply excess public saving, and the stock of debt accordingly diminishes over
time. All points to the right of the frontier indicate a situation in which the government’s
financial solvency is in danger and its credibility as a borrower cannot continue indefinitely.
Bad news, lasting crises, and delaying recoveries will all create situations in which rolling
over will not be possible; eventually, either a default or some bail-out procedure from
international authorities should be expected.
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Figure 1. Public debt frontier.

All simulations and the associated graphical analyses presented in this study were
performed using an original software that works as a standalone executable for Windows
and GNU/Linux. We developed it because the audience interested in managing public
debt, or in placing the constraint of debt sustainability on government budgeting decisions,
may be different and possibly wider than that possessing the expertise to manage and
simulate DSGE models. The software allows them to run fiscal policy experiments without
entering into the technicalities of solving for the general equilibrium, computing rational
expectations, calibrating steady states, etc. It has has an intuitive user interface requiring
only two inputs: (i) the calibration of model parameters to match the economy being
considered and (ii) the fiscal policy design. As the output of the analysis, it returns the
impact of fiscal shocks on debt sustainability, represented by depicting the pre- and post-
policy public debt frontiers and computing, if needed, the associated fiscal adjustments
required to return to a sustainable path.

The rest of the article is organized as follows: Sections 3.1-3.6 present the model, and
Sections 3.7 and 3.8 describe its calibration. The construction of the corresponding PDF is
explained and depicted in Section 3.9. Section 3.10 presents the toolkit to compute the PDF
and its main features. Section 4 provides the quantitative analysis, and Section 5 discusses
these results. Finally, Section 6 concludes the article.

2. Literature Review

The public debt crisis that followed the financial crisis of 2008-2009 in several Euro-
pean countries raised concerns for the first time about the sustainability of public debt in
the EU after the creation of the monetary union and the ECB. This new condition raised
the interest of researchers, who especially focused on the relationship between fiscal policy
and public debt. From this perspective, a new wave of macro models such as [7,8] has
been proposed as alternatives to traditional empirical DSAs. These models account for
both the cyclical and consolidation roles of fiscal policy, thus providing a theoretical basis
for the usage of DSGE models in public debt sustainability assessments. In this line of
research, Bi [9] analyzed the relationship between sovereign risk premia and the level of
government debt using a closed economy DSGE model featuring dynamic Laffer curves.
Ko [10] theoretically investigated whether the wealth effect of expansionary fiscal shocks
is affected by the debt-to-GDP ratio, and Bi et al. [11] analyzed the stimulative effects of
fiscal consolidations when government debt is either high or low and rationalized the



Sustainability 2021, 13, 13260

4 0f 25

empirical findings by using a nonlinear neoclassical growth model. In a series of studies,
Alesina et al. [12,13] investigated the macroeconomic effects of fiscal consolidations based
on government spending cuts, transfers cuts, and tax hikes using DGSE models. Using
empirically plausible dynamic general equilibrium models, Wang [14] argued that expan-
sionary policies are conducted at the cost of debt rollover, high interest payments, and
heavy taxes, and, therefore, their stimulus effects were analyzed considering a country’s
initial debt level. Zhang et al. [15] studied the economic impact of the COVID-19 pandemic
on the sustainability of Chinese government debt and income inequality using a new
Keynesian DSGE model. An estimated small open economy DSGE model was used by
Ganbayar [16] to assess the effects of the structural shocks on the external debt sustainabil-
ity. A two-country open economy DSGE model was used to argue that fiscal consolidation
is the least damaging when achieved by reducing the public sector wage bill [17], whereas
it is most damaging when carried out by cutting public investment. Finally, Bricefio and
Perote [18] studied the relative importance of financial, social, governance, and institutional
factors in explaining public debt evolution, whereas Domeij and Ellingsen [19] found that
the observed level of public debt after the financial crisis is entirely a Ponzi scheme.

From an empirical point of view, Forni et al. [20] simulated a DSGE model of a currency
union to assess the macro-economic implications of permanently reducing the public debt-
to-gross domestic product (GDP) ratio in European area countries, and Ramos-Herrera and
Prats [21] estimated both a panel autoregressive distributed lag model and a panel threshold
model to analyze long-term fiscal sustainability for a panel of 20 European countries.
Fatas and Summers [22] observed that the global financial crisis permanently lowered
the path of GDP while raising government debt levels, and they empirically explored
the connections between these two findings. Ramos-Herrera and Sosvilla-Rivero [23]
acknowledged the paramount importance of fiscal sustainability in the European area
countries in the aftermath of the financial crisis of 2008. They focused on the effects of
population aging on fiscal sustainability using reduced-form panel data techniques. Using
a narrative analysis, Reinhart et al. [24] explored the options for regaining the sustainability
of public debt levels relative to nominal GDP in the long term.

Akin to our model, Antosiewicz et al. [25] used a DSGE approach to study the effect
of taxes, even though they focused on the effects of environmental taxes on resource use
rather than on debt sustainability. Stoian et al. [26] proposed a synthetic indicator of fiscal
vulnerability with similar purposes to those developed in this study. Their indicator differs
from ours because (i) it uses a cyclically adjusted measure of primary balance, while we
use a simple measure; (ii) the distance to stability of public debt is computed using an
empirical DSA analysis rather than a DSGE analysis as in this study. The public debt
frontier proposed in our study also shares some similarities with the fiscal space of Ghosh
et al. [7]. We improve upon their analysis because we used a structural DSGE model
as the backing theory instead of a reduced-form model. Yet, they used a more accurate
fiscal reaction function with respect to ours, and their interest rate was endogenous and
debt-dependent, whereas it was exogenous in our model.

Regarding the original toolkit developed for this study, we are not the first to use
Python as programming language to simulate DSGE models. Two remarkable examples
are Python Macroeconomics Laboratory (PyMacLab) and QuantEcon.py. The latter is an
open source Python code library for economics and finance that is financially supported by
the Alfred P. Sloan Foundation and promoted by the Nobel prize winner Thomas J. Sargent.
The usage of Dynare running on MATLAB®—the most widespread and commonly used
software to compute and simulate DSGE models—still outweighs Python by a factor of 12,
according to a Google Scholar search with the terms Python “AND” DSGE (359 results)
vs. Dynare “AND” DSGE (4960 results). Nonetheless, the growing success of Python as a
programming language suggests that this situation may quickly change. As argued by the
PyMacLab team, there are several clear-cut advantages in developing and using software
written in Python with respect to any other programming language. First, “Python is
rapidly turning itself into the language best supplied with ready-to-use libraries”. Second,
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it “glues well into traditional scientific languages”, thus allowing existing source codes in
other languages (e.g., Fortran and C++) to be called inside Python scripts as if they were
normal Python routines. Third, differently from Java or G++, Python is interpreted and not
compiled thus making “the programming experience much more seamless, interactive and
transparent.” This turns Python into a rapid application development (RAD) tool.

3. Materials and Methods

We developed a general equilibrium model in which the government affects private
decisions in a number of ways. We considered distortionary taxation, the consumption
of utility-generating goods paid by the government and distributed to households, and
public capital and public labor enhancing the aggregate production possibilities. Then, we
considered the existence of public debt issued by the government and sold to deep-pocket
international investors, thus absorbing domestic resources. Regarding the production side
of the economy, firms are represented by a Cobb—Douglas production function requiring
four production factors: private and public labor and capital. Firms only pay for private
factors, receiving public ones at no cost. This assumption generates nonzero profits that are
taxed by the government and, after tax, distributed to households. Finally, households were
modeled in a standard method with the only exception of publicly paid consumption goods
entering in the utility function and worked hours split between private and public labor.
We first describe the modeling of the government, then of firms, and finally of households.

3.1. The Model: Government

According to public accounts, government financial flows are, in real terms,
Gt + REB; + AD; = Ty + RPD; + CBT; + AB; 1)

Equation (1) states that all cash outlays—primary spending (G;), interest payments
(RtB X By), and new purchases of financial assets (AD;)—must be funded with some combi-
nation of tax revenues (1}), interest earnings on government assets (RP x Dy), transfers from
the central bank (CBT;), and new debt issuance (AB;). For Eurozone countries, transfers
from the central bank are zero, and direct purchases of government bonds are precluded by
the treaty (i.e., CBT; = 0). We denote by B; the year-on-year net position of the government,
so that financial purchases are zero (D; = 0).

Next, we built on [27] by assuming that G; comprises four chapters of spending:
government consumption of final goods and services (Cg t), investment in public capital
(Ig+ ), public wage bills (W L), and transfer payments to households (Z;), such as
welfare, social security, or unemployment benefit payments. Analogous to private capital,
public investment accrues into a stock of public structures, Kg,t, which evolves according to
a standard accumulation process: K¢ = (1 — d¢)Kg ;1 + I t, where &, is the depreciation
rate of public capital. Primary government spending is therefore

Gt = Cg,t + (1 + TtSS)Wg,tLg,t + Ig,t + Z (2)

In the analysis, unless otherwise specified, we assumed that each chapter of spending
is a constant proportion of primary spending. This split of government’s expenditures
can be thought of as the result of maximizing a policymaker’s preferences of the form
Ug(Coyt, I, WetLot, Zt) = log Cqt +1log I+ +log Lg ¢ + log Z4, subject to the budget con-
straint given by (2). We denote this proportion with the parameter 6, and accordingly,

Cg,t = 9cGt
It = 0;Gy

(1 + Ttss)wg,tLg,t = elet
Z; = 0,Gy
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where 6, + 6; + 6, + 6, = 1.

Regarding fiscal income, we assumed that the government levies four taxes: a con-
sumption tax, a labor income tax, a capital income tax, and a corporate tax, plus a social
security tax on the labor input paid by firms. Effective average tax rates are denoted by 77,
7/, 7¥, and 177, respectively. The pay-as-you-go social security tax is denoted by 7%, and
total fiscal income T; is therefore

T, = thcp,t + Ttl(Wp,tLp/t + Wg,tLg,t) + Ttk(Rt — 5Kp)Kp,t71
17 (Wp,tLpt +Wg tLgt) + 7' T1;

where Cp,t is private consumption, W, ; is private sector wages, L, is private labor, R;
is the rental rate of private capital, dk, is the depreciation rate of private capital, K is
private capital stock, and I'l; are profits to be defined later.

Combining the elements defined above, the government budget constraint can be now
written as

Cot 4+ (14 1) WqiLgs + Lot + Zt + (1 + RP)B;
= TfCps+ T (WpiLpt + WoiLgy) (3)
+TF (Rt = 8k, ) Kp -1 + T (WLt + WL ) + 77T + By yq

or, collecting uses and resources,

Cot+ WgiLgt+ Igt + Zt + RPBy =
Tpr,t + T[(Wp,tLp,t + Wg,tLg,t) + Ttk(Rt — 5Kp)Kp,tfl + TtSSWp,tLp,t + Tt”Ht (4)
+  (Bi41 — Br)

with the meaning that all non-financial spending plus servicing of the existing stock of
debt must be financed through taxes plus new debt.

3.2. The Model: Labor Unions

Our design of the public labor market follows [28], which distorts the labor market
to prevent wages’ equalization between the private and public sectors. Public wage
bills are appreciably different among OECD countries, and government interventions
in this area can have large effects on the aggregate dynamics and steady state of the
model economy. To provide an objective function replicating government preferences
of public employment and wages, we followed a standard textbook approach [29] (on
related grounds, Ardagna et al. [30] and Forni et al. [31] considered the wage bill of
the government, employment, and wages as arguments of the objective function of the
government and public sector unions ), which determines the objective function as the
solution of a game between a public-sector union caring about the wages of public-sector
employees, W, ;, and the government caring about the level of public employment, Lg,
given its budget constraints.

The previous setup can be formalized as follows. The government agrees with the
union to maximize the objective function

1 5)

max [wwglt +(1—- (U)Lg,t

where w is the weight given to wages and p is a negative parameter indicating the curvature
of the trade-off between the elements present in the objective function of the government. If
w is close to zero, then the main goal of the government is to maximize public employment
(benevolent government preference), whereas if w is close to one, the main goal of the
government is to maximize public wages (public-sector union’s preferred option). Note
that Expression (5) encompasses the different approaches found in the literature. On the
one hand, it considers the fact that public employment and wages are determined in an
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environment different from the private sector. The government can increase the number of
public employees or the public wages subject to the budgetary constraint. On the other
hand, it considers the fact that labor unions are more important in the public labor sector
than in the private sector [32].

As defined previously, the government wage bill is defined as:

Maximizing the government objective function subject to the government budget
constraint involves finding critical values for the auxiliary Lagrangian function:

1/p
£4(-) = max [wwg,t +(1- w)LQ,t] +6(03G — (1 + 1) W tLgyt)

This provides, upon differentiation, the necessary first-order conditions:

of (- 1/p-1 _
avil( ) _ {ngp,t +(1- w)Lfg),t} WWET = E(14 1)Ly = 0
3t
a£g() 0 o 1/p-1 o—1 ss
OLgr {ngrt +(1- w)Lg,t} (1—w)Le, =S+ 77 )Wer =0

Dividing orderly, we obtain

wWf, = (1 - w)LE, @)

Combining this expression with Equation (6), we find that public wages and employ-
ment are equal to:

—1/2p 1/2
Wgt _ w 93Gt (8)
Tl 1+7°)
1/2p 1/2
w 93Gt .
N e I = e ®

The distribution of public resources depends on government preferences. However,
private and public sectors compete for the same labor input, and, as a consequence,
a relationship exists between public-sector and private-sector wages, inducing a wage
premium. The wage premium is implicit in Equation (9), and it is part of the solution to the
government’s problem. This wage premium ensures the government that its demand for
labor will always be satisfied. This relationship will become clearer once we present the
household problem.

3.3. The Model: Firms

The representative firm operates a standard, constant-returns-to-scale, Cobb—Douglas
production function. Private and public capital are (imperfect) substitutes, whereas the
degree of substitutability between private and public labor is controlled by a CES aggrega-
tor. The problem faced by a firm is to find the optimal level of capital and labor services
to maximize period profits given the amount of public inputs. Private goods and factors
markets are perfectly competitive. The production technology is described by

&p

Lo
Y= AKY, K (L) + (1= )Ly ] (10)

where Y} is the aggregate output, and Ay is the total factor productivity. Kj,; 1 and K¢ ;1
are private and public capital services, respectively, and L,; 1 and L, 1 are private and
public labor services, respectively. Parameters 0 < ap < 1,0 < ag < 1,and 0 < &) =
1 —ap — ag < 1are the private and public capital share of output and labor, respectively;
0 < u < 1 measures the weight of public employment relative to private employment; and
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¢ = 1/(1 — n) is a measure of the elasticity of the substitution between public and private
labor inputs.

From the firm’s profit maximization problem, we obtained the optimal demand of
private capital and labor, i.e.,

o o _
(L+1°)Wpelpr = V“lAth,pt—lKgi—l[VLz,t +(1- V)Lg,t](“/ q)/”LZ,t
— "{‘XILZJ’ Yt (11)
P‘Lz,f""(l_y)LZ,t
Rth/t,1 = {Xth (12)

Different from private factors, there are no demand functions for public labor and capital
because their services are freely provided by the government to the firm, which exploits
them in its production process. Their main implication is making a firm’s profits positive.
Specifically, using the definition of profits, IT; = Y; — R 1K, ;-1 — (1 + 7°)WptLp+ > 0,and
substituting the optimal demands of private factors, it can be shown that in equilibrium

Ul
Ht = |} — “P — 7 VLp,t 7 ] Yt
[#Lp,t + (1 - V)Lg,t]

(1- V)Lg,t y
Uo+a-wil, |
" pt U gt

g+

> 0

As expected, the amount of profits is exactly equal to the public capital and public
labor shares not distributed by the firm. We assumed that this profit is paid out after tax to
the household who owns the firm.

3.4. The Model: Households

The decisions of consumers are represented by a stand-in consumer with preferences
defined over consumption, and labor is decomposed into two components:

U(Ct, Ls) = U(Cpyt, Cqpt, Lt) (13)

where Cp; is private consumption, and Cq; is the consumption of the same private good
provided by the government to the consumer. We assumed that households obtain utility
from public spending on goods and services. In particular,

Ct = Cpt + Cqp with € (0,1]. (14)
Households’ preferences are described by the following instantaneous utility function:
U(C, NtH — Lt) = ylog Ct + (1 — 7y) log(N:H — Ly) (15)

Leisure is NyH — L;, where H is total time endowment, and it is calculated as the
number of effective hours in the week times the number of weeks in a year times the
population at the age of taking labor-leisure decisions, N;, minus the aggregated number
of hours worked in a year, L;. The parameter v (0 < 7 < 1) is the fraction of private
consumption on total private income. Households consume final goods and supply labor
to the private and public sectors,

L = Lyt + Lgt (16)

where L; is the aggregate level of employment, L, is private employment, and Lg is
public employment. Public employment is chosen by the government; thus, it is exogenous
to the households as a quantity constraint. At an aggregate level, a household can only
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choose the supply of private labor, Ly, ; = L; — Lg . Recall that public employment demand
is fully covered by the household, provided that W ; > W), ;.
The budget constraint faced by the stand-in consumer is:

(1 -+ TtC)Cp,t + Kp,t — Kp,tfl
= (1= 1)) [WptLps + WerLes] + (1 — 1) (R — 6)Kp 1 (17)
+7Z + (1 — Tt”)Ht

where K, is the private capital stock; W, is the private compensation per employee;
Wt is the public compensation per employee; R; is the rental rate of capital; Jk, is the
capital depreciation rate, which is modeled as tax deductible; Z; are lump sum transfers
and entitlements; and I1; denotes profits from firms, as defined previously. The budget
constraint states that consumption and investment in physical capital cannot exceed the
sum of labor and capital rental incomes and profits net of taxes. Private capital holdings
evolve according to a standard law of motion, Kyt = (1 — 0kp)Kps—1 + I+ where I is a
household’s gross investment.

The consumer maximizes the discounted lifetime value of utility (15) subject to the
budget constraint (17), where (Ko, Kg0) and the paths of public employment and taxes
are given, and p € (0, 1) is the household’s discount factor. This formulation implies that
the wage-setting process in the private sector is standard, i.e., wages are determined in
terms of their marginal products, whereas public wages are determined by the negotiation
between the government and unions.

3.5. The Model: International Investors

The rest of the world in this economy is modeled as a single international banker
whose objective is to maximize the discounted dividend x; obtained from the asset holdings
of government bonds. The discount factor is 8, identical to the consumer’s discounting
parameter. Purchases of government bonds are denoted by b;. Supply and demand are
equal at all times, so By = b;.

(o]
max Z B x;
R =i
s.t.byyq — by + x = w! + RYp

where w! is a constant endowment.

From the international investor’s problem, we obtain
B+RY) =1 (18)

The optimality condition (18) together with the household’s optimality condition with
respect to capital K, show that, in the long term, the net real return to capital has to equate
to the real return of the government bond, including any risk premium, that is,

(1—7)(R—0ok,) = RP (19)

3.6. The Model: Equilibrium

We solved for the perfect foresight version of the previous model. The long-term
equilibrium is characterized by the following definition:

An equilibrium with rolling over for this economy is a vector of prices (Wg, W, R}, Rg, RB),
a vector of input quantities (Lg, Ly, K3, K};), and a vector of private consumption and
investment (Cj, I;), such that for a given fiscal policy summarized by a collection of taxes
(Te, T, Tk Tss, Tr) and expenditure proportions (6, 6,,63,64) induces a vector of public
consumption, investment, transfers, and debt services (C;, Ig, VAS RBB*), such that the
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optimization problems of the household, the firm, and the government are satisfied so that
the resources constraints are satisfied and all markets are clear.
This steady state induces a level of welfare for the consumer given by

1

us = ﬂU(C;, Cg L) (20)
For implementation, in this section, we provide a quantitative example by calibrating
the model to match the Greek economy and then by comparing the results with those of a
model calibrated to match the German economy. The frequency of the data is annual for
the period 2002-2006, thus ending before the crisis, which was selected as the steady state
for the model economy. GDP, government expenditure, public debt, private consumption,
private investment, public investment, and public consumption were taken from the OECD
Statistics database and from Eurostat. Data on capital stock were taken from the EU-
KLEMS database. Public and private compensation of employees and public and private
employment were taken from OECD Economic Outlook database’s December 2007 issue,
for the period of 1960-2006. The public wage bill was calculated as the total final public
compensation of employees. We selected the Greek economy because it is an emblematic
example in the last years” public debt crises, and we compared it to Germany, which is
usually used as an example of fiscal discipline. Below, we first explain how to calibrate
fiscal parameters, and then move to the calibration of the parameters controlling for the

rest of the economy. Finally, we explain how to set debt maturity.

3.7. Calibration of Government Parameters

The government in our model is defined as a vector of fiscal policy instruments’
parameters (’l’k, Tl e, T, TS, 61,06>,63,64); a stock of debt, B; and a fraction of debt that
needs to be refinanced every period, N. The first set of parameters are taxes: we selected
taxes on capital, labor, and consumption directly from the OECD; taxes on profits and
social security contributions were taken directly from OECD statistics. The second set of
parameters are expenditure shares. We took them directly from the National Accounts.
For the Greek economy, public investment represents 10.37% of the expenditure, imply-
ing 6, = 0.1037, while in the German economy, public investment accounts for only
4.32%, implying 6> = 0.0432. The expenditure share of public consumption is roughly
similar for both countries (61 = 0.4467 for Greece and 0.4024 for Germany). The pub-
lic wage bill, 83, is obtained as the public wage bill over total government expenditure
03 = (1 + 1°)W,L¢ /G, with values of 0.2441 for Greece and 0.1712 for Germany. Putting
together the different fractions of government expenditures, we obtained, as a residual, the
value of 6, = 1 — 01 — 6, — 05 as total transfers to consumers, which are 0.2055 in Greece
and 0.3832 in Germany. Finally, public debt in Greece is equal to B/Y = 1.10; in Germany,
it is 0.656. All the government parameters are summarized in Table 1.

Lastly, we used the average maturity as in [33] of Greek and German debt at the time
of the Great Recession (4 and 6 years, respectively) to determine the number of periods in
which debt payback is followed up. Since, each period, the government has to refinance a
constant fraction 1/ N of its total debt, the average maturity is equal to

o1 1 1 1Y, N+1
matunty_ﬁX1+NX2+'“+ﬁXN_NZi:I_T‘

The resulting figures are N = 7 for Greece and N = 11 for Germany.
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Table 1. Government parameters.

Parameter Definition Value
Greece Germany

01 Public consumption/tot. gov’t expenditure 0.4467 0.4024
) Public investment/total gov’t expenditure 0.1037 0.0432
03 Public wage bill/tot. gov’t expenditure 0.2441 0.1712
04 Public transfers/tot. gov’t expenditure 0.2055 0.3832
! Labor income tax rate 0.4100 0.3810
Tk Capital income tax rate 0.1640 0.1810
T Social security contribution 0.3560 0.3390
(i Profit tax rate 0.2500 0.3870
T° Consumption tax rate 0.1480 0.1240
B/Y Ratio public debt/output 1.1000 0.6560

N Fraction of debt refinanced every period 7 11

3.8. Calibration of Technological and Preference Parameters

The real return of public bonds is R® = 0.041, which corresponds to the interest rate for
the Greek and German ten-year bonds in 2006. The standard no-arbitrage condition implies
that B = 0.9606 for both economies. Computing private and public capital depreciation
rates is a difficult task, since it involves computing the types of investments and the
depreciation rate for each of them. Due to its intrinsic difficulty, we used the estimates
of [34] for the Spanish economy, which implies that g, = 0.08 and Jx, = 0.04 for both
countries. The depreciation rate for public capital is lower than for private capital given
their different compositions, since public capital typically contains more infrastructure,
which depreciates more slowly. These calculations imply that, in the steady state, the public
capital stock represents around 28% of total capital stock and that total capital stock is
3.26 times the total output for Greece, whereas for Germany, these figures are 21% and
2.5, respectively.

We used OECD data series on public sector labor and wages. Public and private
compensation of employees and public and private employment were taken from the
OECD Economic Outlook database’s December 2007 issue, for the period of 1960-2006.
The public wage bill was calculated as the total final public compensation of employees.
In 2006, public employment over private employment was 24.0% for Greece and 13.04%
for Germany. The other target is the wage premium, W, /W,,, which was 1.4935 for Greece
and 1.1999 for Germany. Simultaneously, we observed from the same database the ratios
of public labor to private labor L¢ /Ly, which was 0.24 for Greece and 0.13 for Germany.
These figures imply that both public employment and public wages were higher in Greece
than in Germany. These figures are consistent with the ratio of the public wage bill over
the total government spending for each economy. Since workers are paid their marginal
product, we obtain that the ratio of public wages to private wages is

n—1
Wer 1—plg, 21
= —- (21)

Wt H Lz,t

The estimation we followed is closely related to [28], which implies # = 0.4326 and
u = 0.6008 for Greece and # = 0.5762 and p = 0.6640 for Germany.

We now consider compute factor shares in the production function. We used a standard
no-arbitrage condition for capital and bonds to find that Rg = (R, — J,) x (1 —7¥), where R,
is the return on private capital investment. As R, = «,K,/Y, we found that a), was 0.3005
in Greece and 0.2556 in Germany. We used the total compensation of employees over GDP
to compute a;, given that in the model a; = (W, L), + WgLg)(1+ %) /Y. We can write this
expression as a function of three previous targets as a; = ((W,/W;)(Ly/Lg) +1)03G/Y.
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We found that this number was equal to 0.3327 in Greece and 0.6026 in Germany fora G/Y
of 0.36 for Greece and 0.48 for Germany. Finally, a; was found as the residual so the sum of
shares equals 1 in each country.

Finally, we calibrated A to normalize output in the economy to 100. To this end, we
used expression

Y
K, Kf L) + (1 — )L}

evaluated at Y = 100 for the two countries. Similarly, we set y in order for the labor supply
equation to generate the observed labor force participation, L/H = 0.5750 in Greece and
L/H = 0.7017 in Germany, using equation

A:

IXII
K

Cp+Cq

= 1= ,
Cp+Co+(H—-Ly— Lg)wpﬁ

i

which implies v = 0.8956 in Greece and y = 0.8792 in Germany. All the parameters for the
economy are reported in Table 2.

Greek figures for taxes, fiscal revenues, total government spending, and its distribution
are not so different from the figures for the rest of the countries in the Euro area. The tax
menu is similar to countries such as Germany. The fiscal-revenue (including social security
contributions)-to-GDP ratio for Greece is in line with the rest of the Euro-area countries
and even higher than countries such as Ireland. Furthermore, the government-spending-
to-GDP ratio was about 45% for Greece compared to 47% for Germany or 53% for France,
and the public-to-private-labor ratio was around 24% for Greece compared to about 32%
for France.

Table 2. Calibration of the economy.

Parameter  Definition Value
Greece  Germany

B Discount factor 0.9606 0.9606
Okp Private capital depreciation rate 0.0800 0.0800
Okg Public capital depreciation rate 0.0400 0.0400
1 Public—private labor elasticity of substitution  0.4326 0.5762
U Private employment weight 0.6008 0.6640
ap Private capital income share 0.3005 0.2556
oy Labor share 0.3327 0.6026
ag Public capital technical parameter 0.3668 0.1418
A TFP 1.2015 1.6422
0% Consumption-leisure preferences 0.8956 0.8792

3.9. Public Debt Frontier

Once the model is set and the equilibrium solution is characterized, we built the PDF
by performing the following steps:

1. We calibrated the model using the information provided in Section 3.7 to match the
characteristics of the private sector and in Section 3.8 to match the characteristics of
the public sector.

2. Foreach value of government’s primary spending, we numerically simulated a perfect
foresight version of the model computing GDP and the associated maximum amount
of sustainable debt in a steady state with rolling over.

3.  Two steady-state ratios from previous simulations were plotted as a pair of coordinates
in a diagram: G/Y and B/Y. Then, the simulations were repeated for each possible
level of primary spending, and the corresponding ratios were depicted. The PDF was
obtained by joining all of the resulting pairs of coordinates.
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Figure 2 depicts the frontier for each fiscal ratio G/Y. Note that sustainable debt limits
stand here for the level at which fiscal income is sufficient to cover current government
expenditures plus the service of debt. This notion of a sustainable debt limit coincides
with that of constant long-run debt and, thus, constant bond yields in a model with an
endogenous risk premium.

From the model, we obtained a numerical representation of the trade-off between
the sustainable long-term public debt limit and government size measured as the total-
government-spending-to-GDP ratio. A larger government size, given a constant level of
public revenues, corresponds to a lower long-term sustainable level of public debt. The
debt frontier is the relationship between the public-expenditure-to-GDP ratio, G/Y, and
the total-debt-to-GDP ratio, B/Y, implied by the government budget constraint. Above
the curve, we have all pairs where, given the ratio G/Y, the amount of endogenous fiscal
revenues are not enough to cover the services of total debt, REB. Below the curve, we
have all data pairs where fiscal revenues suffice to cover the given G/Y ratio and services
the outstanding debt. Figure 2 shows that the ratios of public expenditures and total debt
are very far from the debt limit, calculated with the real return of bonds set at 1% for the
period of 2002-2006. Figure 2 also plots the actual values of the G/Y and B/Y ratios for
the period of 2002-2006, shown in Figure 3 as a time series. These ratios remained almost
constant for the period 2002-2006 at a value of total public spending/GDP of 45% and a
public debt/GDP of around 100%. The intuition behind this result is simple: in our model,
public debt is modeled as if bond markets are infinitely liquid and, thus, any maturing bond
can always be rolled over at the given rate in the steady state. In this context, the long-term
sustainable amount of debt depends on both public revenues and expenditures and on the
public bond interest rate. The sustainable debt limit is increasing in public revenues and
decreasing in public expenditure and the bond interest rate. A negative shock to output
will reduce both the public-income/output ratio and the public-expenditure/output ratio,
driving the economy toward the long-run unsustainable debt area and reducing the long-run
sustainable amount of debt.

250

O

) ;.- A,

0

Total debt to GDP ratio: By/Y,
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40 42 44 46 48 50 52 54
Public expenditure to GDP ratio: G/Y,

Figure 2. The debt frontier 2002-2006, Greece.
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Figure 3. Expenditures and debt 2002-2011, Greece.

3.10. A Python Toolkit for Policy Evaluation

In this section, we present the Python software developed for this study and available
among the additional online material to this publication (see Supplementary Materials).
When executing the code in a Python installation, a main window opens as the one
represented in Figure 4. It contains the preloaded parameters of the country of choice.
Figure 4 shows four panels with data. Each of the panels collects the parameter values
of each of the four institutional sectors in the model economy: government, households,
technology (represented by firm and labor unions), and the external sector represented
by an international interest rate with a country-specific risk premium, together with the
current debt-to-GDP ratio that is steadily rolled over period-by-period.

File Tools ‘

tau k | [0.164 cita 1 | [0.4467

Value Value

taul | [0.41 cta 2 | [0.074

Value Value

tau_c 0.148 cita_3 0.3246
Government parameters = 4*
Value Value
tau_ss | [0.356 cita 4 | [0.1547
value value
tau pi | [0.25

Value

gamma 0.8361 rho -1.0

Value Value

beta 0.9606 omega | [0.0806

Value Value

alpha p | [0.3065 ﬂ 1.6044 delta p | [0.08

Value Value Value

e alphag | [0.1082 mu | [0.6008 defta g | [0.04

Value Value Value

alpha | | [0.5853 eta | [0.47789

Value Value

Preferences parameters

B | [110 Bund R 0.041

Value Value

Premium 0.0

Value

Envirenment

Figure 4. Main window of the application.
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From the top menu of the application, we can select the submenu “File,” where a
drop-down menu unfolds showing a set of options depicted in Figure 5. In this menu, we
can select parameters for government, technology, household preferences, and the foreign
sector. It is also possible to download the parameter set of a whole country from .txt or
Xlsx files as shown in Figure 6.

Save Experiment
Load Environment -

tau_k 0.164

Load Technol Value
oad Technology -
Load Preferences P tau | 0.41
Load Government | Value
Load all - Greece tau_c 0.148
Germany value
Exit Other e o | e
Figure 5. File menu.
MoU.xlsx - LibreOFffice Calc - o @

Archivo Editar Ver Insertar Formato Estilos Hoja Di X

b-E-4-- Umd o8- 54 ¢
Arial ~- 12 v~ NKS A-®©.6
A20 v fx I v =  Ppreferences v

B @ D E F =
2 |tau k 0,164 =)
3 tau_| 0,41
4 ltauc 0,148 A,'
5 |tau_ss 0,356 _
6 |tau_pi 0,25 =
7 [cita_l 0,4467
8 [cita_2 0,074 e
9 |cita_3 0,3246 -
10 |cita_4 0.1547 | i
11 [Technology
12 A 1,604 I
13 |alpha_p 0,3065
14 |alpha_g 0,1082
15 |alpha_| 0,5853
16 |delta_p 0,08
17 |delta_g 0,04
18 |eta 0.47789
19 |mu 0,6008
20
21 |Unions

««««««« A none

+ Greece Germany Other

0 Busca - Busca »

Hoja1de3 PageStyle_Greece Espafiol (Espafia) . [

Figure 6. File Greece xslx.

Note that this allows the creation of mixed economies with, for example, Italian
technology, German government, Japanese debt, and American households. Once the
economy has been selected, from the “Tools” menu, we can execute the experiment we
want to run. Figure 7 displays the single drop-down menu that allows the user to run the
experiment once the parameter set has been selected to the desired mixture of economies.

File Tools

tau_k 0.164

Value

tau_| 0.41

Value

tau_c 0.148

Value
PO B e

Government parameters

Figure 7. Tools menu.
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Once the “Run Experiment” option is chosen, a window pops up on the screen that
contains the public debt frontier computed with the model presented in the study, together
with the parameter selection. Figure 8 displays the calculated frontier superimposed on
data consisting of triplets [(G/Y,B/Y), year].

?0/0)+ <&@

Figure 8. Pop up window with the debt frontier.

In the following, we provide some examples of this software. In particular, we analyze
the reaction of debt sustainability to fiscal shocks. As in our calibration, the preloaded
country is Greece (see Figure 9).

File | Tools
SR EETEl tauk | [0.164 cita 1 | [0.4467
Load Environment | g 4
Load Technolog Value Value
echnology | :
Load Preferences > tau_| 0.41 cita_2 0.074
Load Government - Value Value
Load all 1, Spyy——— tauc | [01a8  cita3 | [0.32d6
Exit Gloee Value Value
German
— Other v tau_ss 0.356 cita 4 0.1547
T—— Value Value
taupi | [025
Value

gamma 0.8361 rho -1.0

Value Value
Preferences parameters

beta 0.9606 omega 0.0806
Value Value

alpha_p 0.2556 A 1.6422 delta_p 0.08

Value Value Value
alpha_g ‘ [0.1418 ﬂ 0664 deltag | [0.04
Value Value Value
alpha_| W ﬂ m
Value Value
B | [0 Bund R | [0.041
Environment g VEIE
Premium | 0.0
Value
Save

Figure 9. Loaded Greek parameters.
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4. Results
4.1. Debt Sustainability after Tnx Hikes

In this experiment, we wanted to know if Greece could have improved its debt
sustainability had it assumed the German tax code. To run this experiment, we first
executed the application as a Python executable. From the top menu, choose File — Load
all — Greece, as shown in Figure 10, to fill all parameters with the values taken from the
file MoU.xlIsx, shown in Figure 6. Once the data are loaded into the application, execute
Tools— Run experiment, and the resulting pop-up is shown in Figure 8. It contains two
elements: the frontier and a collection of points in the space (G/Y, B/Y), together with
a year associated to each point. Note that the line passes through the cluster of points
marked 2002-2006. Those are the years used for the calibration of the PDEF, in which debt is
sustainable by construction, and thus the frontier has to pass trough those points. Once
the crisis hit Greece (2007), the negative shock on Y swings the ratio G/Y to the right.
This movement makes the current situation unsustainable in the long term. As we can
see, the Greek government took 2 years to reduce spending G as a percentage of Y, and,
therefore, the data points move toward the right until 2009, making the level of debt more
unsustainable. Eventually, the government managed to cut primary spending, but debt
service and the economic recession pushed the debt-to-GDP ratio upward (2009-2011).
To improve their financial situation, we asked whether the Greek government adopting
the German tax code would have improved debt sustainability in Greece. To perform this
experiment, we returned to the main window of the application and selected the precreated
file with the German policy vector (File — Load Government — Germany), as shown in
Figure 11.

Save Experiment tau k 0.164

Load Environment
Value

-

Load Technology -

Load Preferences - sS4 0.41
-

Load Government Value

Load all I, Ey———— tau_c 0.148
Greece Value
Exit Germany P

Save Experiment tau k 0.164

Load Environment - VBT

Load Technolegy -

Load Preferences P tau | 0.41
Load Government - — - — — _. Value
Load all - Greece tau_c 0.148

Germany
Exit Other

Value

| ==

Figure 11. Loaded German fiscal parameters.

Once the German tax code was loaded, we ran the experiment again with Tools —
Run experiment. The output of the experiment was a new PDF showing the sustainability
thresholds for the Greek debt backed by a German fiscal system. Figure 12 shows that this
PDF is at the left of the original one; thus, sustainability deteriorates in this case.
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Figure 12. E1, Greece with German taxes.

4.2. Debt Sustainability after a Fully Fledged Fiscal Consolidation

In this experiment, we checked whether fiscal prescriptions such as the one received
by Greece from the Troika (ECB, EC, and IMF) would have improved the sustainability
of Greek debt. We characterized the policy mandate with a set of economic policies
oriented to increasing productivity; together with a fiscal package to decrease spending
that includes increases in the VAT, labor taxes, and corporate taxes, plus a restructuring of
public expenditures increasing public investment at the expense of transfers.

The proposed combination increases the following vector of policy instruments
(Tk, 71, T, 03) by 10%. This would depress output by —2.37%; private and public con-
sumption by —2.30% and —2.37%, respectively; and depress total investment by —4.98%,
but it would increase the debt ceiling by 24.47%, as shown in Figure 13.

200+ < EiE

Figure 13. E2, Greek reform.
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4.3. Debt Sustainability after Increases in the Interest Rate

We complete our analysis with a variation in the yield. Figure 13 shows how the
frontier moves inward as a consequence of an increase in the yield of the Greek bond.
We represent the frontier for 4%, 5%, and 7% yields, recalibrating the other parameters’
values of the model economy to the new interest rate. Notice that the effective spreads
of the Greek bond with respect to the German bond were much larger. Since the begin-
ning of the negotiations of the details of the rescue package for Greece by April 2010,
the spreads skyrocketed for a number of reasons. One of those reasons is discussed in
Chamley et al. [35]. They argue that the seniority of the new bonds issued to finance the
rescue program would disincentivize other private investors from buying Greek bonds.
However, we agree with [36] in saying that the rescue package was an effective mechanism
to provide liquidity to the Greek state at a controlled yield. Figure 13 shows that the fiscal
ratios displayed by the Greek economy prior to the crisis were sustainable at a yield of
5%, that is, the real return of the rescue package bond was consistent with the long-term
sustainability of Greece prior to the unfolding of events that drove Greece to the current
crisis. Nevertheless, the pre-crisis figures were unsustainable at the yield of 7%, as shown
in Figure 14.
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Figure 14. The frontier at different real rates.

5. Discussion

The experiments performed in Section 4 highlight several results. In Section 4.1, we
learned that contractionary fiscal policy in an economy experiencing a public debt crisis may
have the undesirable effect of driving public debt further away from a sustainable path. As
shown in Figure 12, after tax hikes, the PDF shifts to the left because the maximum amount
of sustainable debt is now lower. This result explains why sustainability deteriorates, which
is due to the contractionary effect of fiscal policy. In a general equilibrium framework,
tax bases are endogenous. Higher (distortionary) taxes eventually reduce income and tax
bases, thus offsetting the positive effect of higher tax rates on tax revenues. Additionally,
the contractionary effect of higher taxes on production further diminishes the level of
sustainable debt by reducing GDP (the snowball effect). Note that this result is opposite to
what we would have obtained in a DSA, in which tax bases are constant and fiscal income
only depends on marginal taxes.

Overall, the experiment in Section 4.1 indicates that a more effective policy for the
government to attain financial solidity is to foster productivity and competitiveness in
the country with the goal of increasing GDP. Section 4.2 presents an experiment based on
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such a policy mandate, in which the government implements supply policy that increases
productivity paired with fiscal austerity in the form of tax increases and government
spending reductions. As illustrated in Figure 13, such heterogeneous policy is effective in
improving sustainability in the country, raising the maximum amount of sustainable debt
by 24 percentage points of the GDP.

Section 4.3 focuses on the importance of the interest rate. The experiment had a
twofold purpose: First, because the interest rate is exogenous in our model, we used the
experiment to run a sensitivity analysis of debt sustainability when the interest rate varies.
Second, from a policy perspective, it shows the importance of public debt purchases from
supernational authorities such as the ECB, which can effectively cap the interest rate on
debt service below the market rate. As shown in Figure 13, the large shifts in the PDF
generated by small variations in the interest rate (Ai; &= 1%), suggest that reducing the
interest rate on debt service is a key point for a country in financial distress to maintain
sustainable public debt while implementing more structural supply and fiscal policies.

Some remarks and limitations of the previous analysis are worth highlighting. First,
for public debt to return to a sustainable PDF, in our analysis, government spending has to
attain a reduction that is the sum of three components: (i) the reduction in spending needed
to fund the repayment of the excess debt, (ii) the additional reduction needed to cover for
the loss of tax revenues generated by lower tax bases, and (iii) the nominal reduction in
the level of debt needed to re-establish the sustainability of the debt-to-GDP ratio in the
presence of a lower GDP. Items (ii) and (iii) imply additional public saving because, in our
backing theory, fiscal consolidations are contractionary. This feature of the model is due to
the assumption of public production goods and to the calibration adopted, for which the
economy is in the echelon of the Laffer curve with a positive derivative.

However, this depends on the chosen model, and it may not be the case as noted by
Alesina et al. [37]. In a model featuring expansionary fiscal consolidations, the general-
equilibrium effects (ii) and (iii) would operate on sustainability in an opposite direction
to the direct effect (i), thus suggesting smaller reductions in public spending G; to attain
sustainability. Note that the PDF associated with that model would consistently account for
it, eventually providing the overall fiscal adjustment needed to attain debt sustainability
consistent with the general equilibrium effects present in the model. In other words, the
frontier is robust to the modeling choices in terms of the sign and the size of fiscal multipliers.

Second, the model used to implement the frontier is a real neoclassical model aug-
mented with endogenous tax revenues, disaggregated public spending, different produc-
tion technologies for public and private goods, nonatomistic wage setters in public labor
(unions), and a fully specified maturity curve for public bonds. The neoclassical framework
has has some limitations itself. Fiscal policy cannot affect GDP in the long term. We
avoided this result by assuming that fiscal policy has a non-negligible effect on the aggre-
gate demand. Additionally, the assumption of deep-pocket international investors is used
to overcome Ricardian equivalence arguments. However, this only implemented a strong
sustainability condition by dictating that public debt is sustainable only if total deficit is
zero in the long term. Thus, our model is silent on debt dynamics and its sustainability in
the short run. We also assume that the interest rate is exogenous, whereas the literature
on empirical DSA highlighted several refinements to this theory: debt-dependent risk
premia affecting the interest rate, debt adjustment equations to more realistically describe
the short-term debt dynamics and public bonds emissions, and long-term sustainability in
the presence of GDP growth over the balanced growth path (our model has no growth).
Additionally, the model could be improved by describing the technology of the economy
by a more general C.E.S. production function in both labor and capital. By assuming that
all technologies are Cobb—Douglas, we are also assuming that all technical elasticities of
substitution are equal to one in all countries. This is an obvious limitation of the model,
since labor market regulations limit the extent to which a country can substitute capital
and labor. The impact of the elasticity of substitution on debt sustainability can be impor-
tant. As the international cost of debt evolves over time, the arbitrage condition operating
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inside the economy changes the return to capital. However, if legal regulation prevents
the introduction of labor-saving technologies, unemployment has to increase as nonviable
firms have to shut down. The increase in unemployment obviously affects GDP and, in
turn, public debt sustainability. Note that all these elements are model-specific and not
limitations of the frontier.

Finally, the Python toolkit also has some limitations. For example, the programming
languages of Python 2 and Python 3 are incompatible. To develop this toolkit, we used the
legacy version (Python 2), and in the future we may need to translate our code to Python 3.
Python is slower than Java or C+, even though it is faster than MATLAB or GNU-Octave
(see [38]). Python is not self-contained, but it requires module support that sometimes lacks
adequate inputs. The libraries used to develop this toolkit are standard and thus constantly
supported, but, as mentioned above, we will need to keep up with possible newer versions
of Python to enjoy support in future. Another limitation is that the present version of the
software works as a standalone program for computers, and this limits its usage to an
audience that manages Python on PCs. However, Python code can be easily embedded in
the programming codes of html webpages, flash applications, or smartphone/tablet apps
(both html5 and Java), which are all compatible with Python. Thus, in our future research,
our next step is the implementation of the toolkit in a webpage in which a remote server
runs the Python machine at user request, and final users only have to deal with the GUI
and choosing their calibration data.

6. Conclusions

Policymakers can use two alternative instruments to assess public debt sustainability.
The first option consists of using reduced-form models in which debt dynamics are typically
a function of primary or total fiscal balance, GDP (both level and growth), inflation, and
the interest rate. This approach is simple, comprehensible, and, possibly for these reasons,
widely used in policy practice. Their usefulness, however, comes at the cost of robustness
as the values assumed for GDP growth, inflation, the interest rate, and the variables
that appear in sustainability equations are taken outside the model, and they can be
inconsistent with the actual debt dynamics, apart from being possibly arbitrary. The
second approach consists of using modern macroeconomic (DSGE) models, in which debt
sustainability is inferred from the numerical solution of the model together with other
macro aggregates (and consistent with them). This second approach is more sophisticated
and grounded on solid theoretical relationships among key macroeconomic variables. As
with the other approach, it also has a number of drawbacks. Sustainability prescriptions
depend on government budgeting and fiscal rules defined within the model, which can
be fairly simpler than those estimated using reduced-form equations. DSGE models have
no closed-form solution; hence, no explicit analytical relationship between debt and other
macroeconomic variables can be derived, which also hinders their utility as a policy tool.
This study proposed a method to overcome the last problem using a framework in which
key information regarding debt sustainability from a DSGE model can be summarized
in a synthetic visual indicator. Original software was developed to perform a number
of experiments presented in the article, and this software contributes to spreading the
use of structural models to make policy prescriptions about debt sustainability because it
allows the interest audience to test debt sustainability without requiring knowledge of the
technicalities of DSGE models. The PDF consists of the numerically estimated relationship
between the government-spending-to-GDP ratio and the debt-to-GDP ratio resulting from
the calibration of a dynamic general equilibrium model.

In this article, we presented an application of the frontier with a real case economy.
We developed a DSGE model in which both fiscal income and government expenditure are
characterized in detail, and we used it to assess the effect of fiscal policy on the evolution
of public debt sustainability. Our theory suggests that, contrary to common knowledge,
the usual fiscal consolidation measures that are required by international institutions
to countries in financial distress would have had not only harsh effects on the Greek
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economy but also the undesired result of making public debt less sustainable in the long
run. To improve debt sustainability, we showed that fiscal tightening should have been
accompanied by a mix of policy fostering productivity. In addition, the model argues
that public debt yields are crucial to attain sustainability once excess fiscal deficit is in
place. This result would explain why a country like Greece struggled to find an agreement
with international institutions to guarantee the bailout at the time of the public debt crisis
(2010-2012). Having credible, deep-pocket institutions backing and purchasing public debt
turns out to be the most efficient way to get closer to the sustainability frontier, once a
country has large macroeconomic imbalances. In this case, the price effect of the interest
rate is larger than the real effect of fiscal adjustment, thus indicating that the first action in
case of financial distress is for the government to cap the risk premia.

Previous results are of course conditioned on the limitations of our model. Addition-
ally, the PDF is a by-product of a particular theoretical model, and, hence, the computation
of the level of debt sustainability is model-dependent. Specification and key assumptions
about the model economy would presumably lead to different estimations of the level of
debt sustainability, principally regarding how the roles of the government are modeled.
Furthermore, the parameters of the model must be calibrated. Hence, any quantitative
result derived from the model depends on the specific calibration values. It is worth noting
that all of these problems are not specific to the PDF, and they can be solved by the intensive
use of sensibility analysis regarding both assumptions on the functional forms and the
calibration of model parameters. In general, the study shows that the development of our
toolkit can be a valuable and powerful instrument for policymakers, not only for debt
sustainability issues but also for the design and implementation of fiscal policy and their
impact on debt dynamics.
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