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DEBT LIMIT , FISCAL SPACE AND FISCAL FATIGUE IN
THE CENTRAL AND EASTERN EUROPEAN COUNTRIES OF EU?

AUREIANCU
DANCONSTAN®OL NEARNU

Abstract: This study analyzesthe correlation betweenthe primary budgetbalance and the public debt over the last two
decadesfor a panelof 12 countriesfrom Central and EasternEurope,in order to assesshedr debtsustainability
the level of debtat which fiscal fatigue mayoccur, as well as the degreeof risk of fiscal fatigue,dependingon the
pastand future evolutionof public debt.First, using estimate®f the cubicfiscal reactionfunctionand two variants
(quadratic/ linear) of the financing costfunction we determinedhe equilibrium level of public debtas percentage|
of GDP,t h &soalf a t i ppintandthedebtlimit, for thewholepanelandfor eachcountry. Secondby usingthe
common(from panelregressionsand country-specificcoefficientsand public debtprojectionfor 10and5 years,we
evaluatedthe level of risk for fiscal fatigue in relation to the future evolutionof public debtand other financial
indicators.

Keywords: primary balance public debt,fiscal spacefiscal policy

JEL: H61,H62,H63, H68, E62

1. Introduction

One of the nightmares of amyo u n gaverninenfi s i n knipublic @ebt is to ensurhe
fiscal leewayfor meeitng the sovereign debservice. This is the fiscal space, defined as the
difference between the public debt limitalculated to avoidhe caintry to enterinsolvency- and
theactualsovereign debt stock. The higher #ttualpublic debt, thdower and tighter the distance
between the two mentioned quantities, a distanse&le which using different combinations of
fiscal policies becomes mmrand more difficult. The outcome ofsufficient fiscal space is the
explosion of debt, manifested by the inability of governments to roll over sovereign debt and make
thepayments as they fall due.

In recent decades, most EU member countries have experienced an explosive increase in
public debt, thus endangering the economic and financial stability of the ectine@micsystem.
The increase in public debt-GDP ratio during the last two decades jgesentedor two groups of
EU members 12 EU countriesfrom Central and Eastern Eurcpe CEE-12, and the initial 11
members of Eurozoié Euro-11) in Fig. 1a, 1b, respectivelyThe evolution of this ratidor
individual countries belonging to CER2 and Euredll groups is given, respectively, in Annexes la
and 1b.

The evolution of public detgharein GDPfor CEE12 countries, compared to that airg-11
countries)eads to thdollowing observatios:

a) after a slight decreadey 2.5 percentage point§pp.) during the 20062008 expansion

period in the following period, 2002021 (of recession, recovery aedpansiol, the

CEE12 countriesexperienceda rise in debtby 21.3 pp.Within this group, there are
several countries with sustained public debt dynamics. Amomg, tRemania stands out
through an increase from a relatively low level of 11% in 2P0U8, to a relatively high

toriei, spaWwiul fiscal i
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level of 48.6% in 2021thus by 37.6 pp. At the opposite polee find Bulgaria, whch,

from a dramatic decrease public debtto-GDP ratio from 70.5% in 2000 to 13% in

2008, in the subsequent period, until 2021, the debt level reached; 2buk%an increase

by only 12.1 percentage points. In othelEE>12 countries, such as Poland and Hungary,
although in 2000 the level of debt was higher, the increases, alternating with decreases,
werelower.

b) the group of Eurdl countries, compared to the group OEEZ12 countries, is
characterized not only by a higher levelpiblic debt, but also by its more pronounced
dynamics. The difference between the average debt of Euomuntries and that of CEE
12 countries, as a share of GDP, increases from 33.8 pp in 2000, to 37.1 pp in 2008 and
43.1 pp in 2021. In some developeanlintries belonging to the Eufd group, the value
of public debt stock significantly exceeds the value of GDP, in 2021: Italy (150.8%),
Portugal (127.4%), Spain (118.4%), France (112.5% ).

Figure la

Public debt-to-GDP ratio (%), CEE-12 average
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Figure 1b
Public debt-to-GDP ratio (%), Euro-11 average
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A normalquestion that many authors ask is the following: how much can public debt increase
undercircumstancesf ensuring sustainability? High debt means high interest costs, as well as high
risks of shocks in times of recession when incomes contract, intatestrise and the need for
unemploymentpaymentsand demand/supply stimulatiors higher. All these may escape from
government control when debt exceeds a certain limit and the fiscal space runs out whewofsignals
the sacalled "fiscal fatigue’show up and/or the risk of fiscal fatigue are not taken into account.

It is considered thaty a moderate incraa in public debt, however, its sustainabititay be
ensured by the fact that debt itself, its level and structure, through the effects produced in the
economy, cause economic growth, as well as increasks pnimary fiscal balance. This process is
de<ribed by applying the fiscal reaction function (FRF), which we present and use in this study to
determine the debt limit and fiscal space, to estimate the level of debt at which fiscal fatigue can
occur, as well as to assess the degree ofdfidiscal fatigue depending on the past and future
evolution of public debt.

Next, in this study, wepreserntthe empirical literature regarding the contributions made in this
field (Section2); the data and methodology useslection3); the analysis of thstatistical series, the
calculation of the fiscal reaction function on variants, results and comm@etsiof 4); the
determination of fiscal thresholds (optimal level of debt, fiscal fatigue, debt limit and fiscal space) on
the entire CEE group, accordimo the developed and improved Ghosh methodolSggt(on5); the
assessment of fiscal fatigdegree of riskSection6); and theconclusions $ection?).

2. Empirical literature

The intense growth of public debt in recent decadesational and global level, and the
economiefinancial crisis of 2002009 determined development and publication of numerous
studies on the topic of public debt sustainability, from a fiscal point of view. These studies form an
important chapter of puie finance, in which the fundamental role is played by the fiscal reaction
function (FRF)which measurgthe variation of government budget balatwéhe change (increase
/ decreasein public debt, under theircumstancesf budgetary constraints. Bol{fh998, 2008) is
the one who inaugurated this model, in order to define and test publisudthinability

Based on the correlation between primary budget balance and public debt, under the
circumstance®f intertemporal budgetary constraints, Bohn bekethat a significant and positive
coefficient, representing the reaction of primary balance to public debt, is sufficient to ensure the
sustainability of the sovereign defithe sistainability criterion used by Bohn, based on the positive
reaction of pmary balance to the growth of lagged deioidlerthe budgedry constraint, is called by
Ghoshet al as poor sustainability, as it accepts a permanent increase (Gbebbet al, 2013, p. B)

Bohn was engrossed in the idea of ensuring a permanemary balancesurplus given the
increase in debt and government policy adjustments when the surplus could not be provided by
market mechanism&hoshet al, seeing the massive and sudden increagmuiblic debt and the
brink of insolvency reached by some countries with large sovereign debts, introduced in the
analysis of debt sustainabilify) new concepts regarding the debt limit, fiscal fatigue and fiscal
space, andii) as an explanatory topkthe graphical representation of the relationship between the
key indicators- primary balance (@ anddebtinterest (¥g)*d -, as well as the nelnear fiscal
reaction function (quadratic and cubic).

In these developments, Ghoshal take into account the role of interest ratescause they
carry the risk of a sudden increase as debt approaches thénénut the risk of default (Ghosét
al., 2013, p. 26). These new concepts, deciphered andgldroo the measurement phases, have
broadened the perspective of approaching, evaluating and explaining the sustainability of public
debt, enriching the set of tools for measuring and analyzing the relatiarfsfigeal balanceo
public debt carried owvithin the framework of financial and institutional constraints.

Many studies on sovereign debt sustainabiliger published, are inscribed in the concepts
and methodology of Ghostt al Thesestudies bring significant clarifications, developments and
extensionausingpanels of variousountrygroups and individual countries. For example, Gangto
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al. (2016), in the analysis of debt limit, fiscal fatigue and fiscal spatieeiemerging econuies,
states that when the budget balance responds positivelyldwnwardsto debt growth, the
occurrenceof fiscal fatigue isnoticed Also, Ganikoet al. estimates the cosf debtas adriver of
the evolution of public debt (along with the primary budget balance), and the publieddlasan
important determinant of ihcost.

Regarding the calculation of the sovereign debt cost, the authors take into account the
shortcomings currently peticed: either in the case of historical interest ratdgere the reactions
of the financial market to high levels of future interest rates are ignored, or in the casetefriong
bonds (10 yearsyvhere someountries often issue theskebt securitiefor shorter terms.

The studies that address the sustainability of public dejasisecentral modghe fiscal reaction
function (FRF) in increasingly complex variants, in order to correctly estimate both the istensity
of the relationship between primary balance and sovereign-detiressed by the FRF coefficient of
public debt- as well as a series of thresholds (fiscal fatigue, debt limit, fiscal space), determined by the
constraints of different economindainstitutional factors sensitive to the size of public debt.

In the context of ensuring sufficient conditions for sovereign debt sustainability and
integrating the fiscal reaction function into financial market reactions, G¥tcah(2013), Fournier
and Fall (2015), Bertet al. (2016) support the idea that debt ratio must not only be pqditine
also large enough to create a surplus of primary balancattkedstoffsets the increase in debt of
low-indebted countriesnd exceeds thacrease in delfor highly indebted countries.

Through a summary analysis of some articles that estimate the reaction functions, a great
diversity is observed regarding the size of the coefficients of publi¢ ésfinatedfor individual
countries, groups of countries, time periods and cycle phAseex 2 contains examples of FRF
coefficientsof public debtwhich vary according tahe cycle phaseekpansionor recession), the
structure and developmeetvel of the countriesthe fiscal policy carried out by governmeraad the
applied methodologysome authors estimate that the normal valukefRF coefficients of sovereign
debtliesin the range of 0.00.10 (Bertiet al, 2016; ChecheritaVestphal and ZdareR017).

Concerned with dealing more accurately with the relationships between primary balance and
public debtthe empirical research has switched to using the polynomial (quadratic and cubic) FRF
of Ghoshet al, to highlight the thresholdccurrence- Ganiko et al (2016), Fournier and Fall
(2015), Legrenzi and Milas (2013). A more recent concern of empirical research is solving the
problems of national econgm economic and fiscal policidseterogeneitylong time data series
and their character stationary or no-stationary, etc., in the case of panels with large groups of
countriesor for individual countrieswith statistical time series and lotgrm projected scenarios,
as well asn the case ofisingdifferent methodologies.

Exposingto critical analges the results of linear and ntimear FRF andhe validation of
fiscal fatigueoccurrencen the case of panels with large groups of countries and long time periods,
some authors Berti et al (2016), ChecheritsdVe st p h a | and Gd®&trabR013),201 7))
Pl °dt and Reicher (2015) , Ever aer t revisddasanee n  (
assumptions and methodologies, which chdrggeme results and conclusions. kwstance in the
econometric approach of using long time series, B¢rél (2016, p.9) find that few studies take
into account the stationarity issue, especially for FRFs applied at country level. Stationarity tests
(unit root, (1)) ADF, PP, KPSS were applied to all data seri¢isedU developed countries in the
FRF model ged by thanentionecauthors

The Di lorio and Fachin (2021) study presents an assessment of linear alimeaoirRF
performed for 22 developed economies (panel) and each component country, ovemdong
horizons (19642019 and 196:2007). Using appropriate time series and cubic model estimation
and testing techniques, the authors reached the following refsultee period 1962019, out of
the total of 22 countries, FRRsere estimated for only 6pf which only one cubic FRF (for
Germany) and 5 linear FRF (for the other 5 countrifes)the period 1962007, from the same
total of 22 countries, FRRsere estimated for 10 countries, of which one cubic FRF (ltaly) and 9
linear FRFs for the other cotries. The authors mention thafter 2008, the probability of using
the fiscal reaction function to assess the sustainability of sovereigratiebuntrylevel, decreased.
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These results question the use of the FRF model as a general tool for assimsing
sustainability of public debt, especially at the level of individual countries. Such dinabt,
mentioned authorargue,might only be removed when lorigrm stationary and nestationary
time series are considered and tested, also when the economies and et&soahigolicies of the
panel countries are generally homogeneous across periods, and the cyclicities of thes veriable
a synchronous character.

For stationarity analysis, the authors propose, as a first operation, the graphical
representations of time series used in the FRF evaluations, and the second opfestdimnarity
tesing (AF, PP, KPSS, etc.). Among tlalid solutions seen by Di lorio and Fachin (2021) would
be the following: accepting the use of time series in the FRF model only after testing them,
synchronizing their evolution with the cyclicality of the economies, as well as ensuring the
homogeneityof the economies included in the panel, together wsthgappropriate techniques for
estimating and testing nonlinear FRF (quadratic and cubic). The mentioned authors state that
estimating the polynomial FRF with natationary variables requires a sétnew econometric
tools developed by Wagner (2015) and Wagner and Hong (2GE® Di lorio and Fochin (2021).

3. Data and methodology

For the present empirical research on the primary balesmeereign dehtelationshipand its
sustainability, a group of 12 EU countriesrh Central and Eastern Europe (GEE) was chosen,
considering that they have been less analyipethis respectard they have certain common
characteristicsthey aresmall and mediursized economies, have a certain economic, social and
institutional homogeneity, andll are emerging economies, although some of them are OECD
members and/or belong to the earea

Since the requirement of econometric modeling is to have as many observations as possible,
and since for these countries the data available for most of the indicatons 2680, we opted for
using quarterly data, although they present certain inconveniences. To express the dynamics, values
of current quarters are related to the same quarter of the previous years, in order to avoid
seasonalityData sources, both for the kemd control variables, arbe Eurostat and AMECO
databases.

In the introduction, it was stated that the main objective of this study is to correctly estimate
the debt limit and fiscal space, and to assess the degree of risk for fiscal fatigue, astasf effe
excessive increase in public debt, a phenomenon that can escape the governments' control. This
approachemploysas its main instruments thiescal reaction functio(FRF) and the public debt
financing cost functiofFCF), whose components we descrilvghe next section, along with the
indicators used in the analyses.

3.1.The fiscal reaction function(FRF)

The FRF is the main instrument with which the objectiventioned aboveés achieved. The
use of this function was firgtroposedyy Bohn, in a simple linear form

pb = h+d), (1)

which expresses the relationship between the two key variablésthmd primary budget balance
to-GDP ratio, as a dependevdriable; @1 T first lag of debtto-GD P, as a dietheer mi n
reaction coefficient of primary balance to the change of public debt (debt coeffidibatjermo
depends on other factors callemhtrol variables.

The FRF model has been further developed, including different variableagdponding to
different requirements and characteristicghad economic, social and political processes that can
produce effects with constant, increasing or decreasing values on primary balance. On this basis,
alongside the linear model, the nonlingguadratic and cubic) model was developed and applied.

In thecurrentstudy, we use both types of models, with the following panel specifications:
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The linear model

phit=c+ 11+ 2@AP+ sINFi+ 40 (2)

where i - country, t - period c-c o n s tia né ; coeflficients pb i primary balanceto-GDP
(%); d1 public debtto-GDP (%) GAP - output gap {GDP1 potertial GDP)/ potential GDR(%);
INF - inflation; ; itunobserved country specific effedk - regression errofassuming error
autocorrelationt= g+ g O-1+ &% Oo+..).

We calculated the primary balance (pb) based on quarterly seasonally adjusted budget balance
(% in GDP), provided by Eurostat, from which we remoteelinterest paid. Public debt (% of
annual GDP)was calculated by dividing quarterly gross public debt (quamdr stock) by
seasonally adjusted quarterly GDP multiplied by 4, both expressed in national currency, provided
by Eurostat. The quarterly GAP was calculated by smoothing the annual datalegrdy
AMECO, using the HP filter. For inflation, the quarterly GDP deflator was used, exprassed
percentage changscompared to the same quarter of the previous year, provided by Eurostat.

The nonlinear model (poynomial - quadratic/ cubic)

The nonrlinear model involves the primary balameactionto public debtlynamicsjn the form of a
3 degree polynomiafpllowing Ghoshet al (2013):

pbit=a+ 1Bt 2B+ Bt 4BAP+ sINFigt €0y, (3)

with the same elements as in the previous model. In addition, the polynomial function is included,
usingdebt ratio as followsd® 11, d? -1, di 1.

For the norinear FRF model, the methodological details and the economic significance of
inflection and intersection points between the curves of primary balance and financing cost of debt
are described in Annex 3.

Using the linear FRF modehlong with the nodinear FRF model has the following
justificatiors: on the one hand, the sample also includes countries with relatively lowtoe@bt
ratios, and on the other hand, the following practieaiefitsappearfor both models1) using the
nonlinear FRF when approximating the fiscal fatigakresholdand dtermining the public debt
limit; 2) using the linear FRF to determine the average debfficient and this, in turn, to
approximate the degree of riskr fiscal fatigue.

Given the availability of quarterly data series that provide a sufficient ambinfoomation,
it becomes possible to use the linear and-lmear FRF model also at countigvel. In this way,
countryspecific coefficients can also be calculated to approximate the degree aff fiskal
fatigue in each country.

3.2.The public debt financing cost functiorfFCF)

The debt financingost (fc;) represents, according to the model dfo&het al. (2013), the
difference between the nominal interest ratepublic debt(r;) and the nominal GDP growth rate
(9v), multiplied by debt (g, as % of GDP:

fo = (rt-gt)* ck (4)

For g we used the quarterly nominal GDP growth rate, compared to the same quarter of the
previous year, provided by Eurostat. As for the interest ratepwguteit as a weighted average of
the effective nominal interest (rgjaid for debt servigeand the lag-term nominal interest rate (rl)
on government bonds, following the approach of Gaetkal. (2016, p38):

r=are+ (Layrl, (5)
where
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a= 1, if D ODo (when debstockD: declines from the initial level §) effective interest rate is

used;

a= Do/ Dy, if Dt > Do (when debt stock increases, the weight of the newly created debt is

applied to the longerm interest

The effective interest (re) was calculateddiyiding quarterly interest payments to the public
debtstockat the end of previous quarter, both expressed in national currency, provided by Eurostat.
Long-term interest (rl) was calculated as the quarterly average of the monthly interesyear 10
government bnds,provided bythe European Central Bank.

The debt financing cost function (FCF) is increasing in relation to the publicakab{d),
and can be approached in a linear or-hio@ar (quadratic) version:

far=0+ 10ea(+ 2Bir1)+ s®AP+ 4IBFi+ €0 (6)

where the variables atkosedescribed in equation (2).
4. Determining the fiscal reactionand financing costfunctions

4.1.Correlation between primary balance and public debt. Graphical analysis

In Figure 2 we present a first graphical estimat at panel level, of the nonlinear FRF
(marked blue) and FCF (marked red) curves. We removed Estonia from theZE§E&up, because
of data unavailability fotong terminterest rate and, implicitlynissingFCF estimationsWe used
a 39 degree polynomial trend for FREnd 2" degree for FCFrespectively plotted using Excel.
We removed 3 extreme valwues of pri maryimeéal an
periods for which the two functions were calculated are ZpP02021Q4for FRF,and2001Q17
2021 Q4for FCF, respectively

Figure2
Fiscal reaction function’ (FRF) and financing cost functior] (FCF), for the CEE-11 panel
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In the casef FRF we assumed a cubic shape, with an initial decrease, a subsequent increase
leading to a maximum poinigx ("fiscal fatigue" threshold), after which another decrease follows.
Regarding FCF, an upward trend is observed, which intersects FRF in 3, pgbmtsecond
representing the optimal (equilibrium) debt (d*), while the third is the debt i we detailed
in the methodological Annex 3

4.2 Estimation of fscal reaction function(FRF)

Based on data used Figure 2, we compiled a panel of EE-11 countries, for which we
estimate the FRF coefficients according to relations (2) and (3) described in the previous section.
In Annex 4 we presented a brief statistical analysis ofisieeldata series.

Panel analses imply the assumption of homogeneity in terms of coefficients, an assumption
which, as a rule, is not verifiddr a group of countrie€Constant ternieterogeneity iprovidedby
countryfixed effects, which allows for countrspecific valuesAs for nonlineartrend slopes, the
problem is more complex. Public debt valdeseach individual country cover only a segment of
the entire range of values recorded by all countries. As a result, the FRF and FCF functions of each
country represent only fragmemf the two panel trendsdrawn inFigure 2. Each segment of a
nortlinear curve, corresponding to a countmyay have a positive or negative slope, depending on
its location within theentire paneltrend Thus, nonlinear trereldo not necessarilyequire slope
heterogeneity, as wouldappen inthe linear functiorcase and does nampedea panel analysis
approach. Likewise, in the absence of a panel that covers the entire range of public debt values, the
FRF and FCF functions cannot be drawn in their entirety, but only a segment of them,
corresponding to ainglecountry. In this case, it is impossible to determineititersectionpoints
corresponding to the optimal dedt debtlimit, the fiscal space, etc., an approach that constitutes
precisely the objective of this study.

Another economeitr issue is that o$tationarity in time serieJestsfor stationarityincluded
in Annex 5show that, among the considered variables, only public debt series (d}s&ationary,
the others being stationary (according to mafsthe tests performed), including the dependent
variable (o). A study by Noriega and Vento&a nt a ul ~ r i7)acon¢luié€s Qhat, suclp a
situation, in which only one of the variables is fstationary, cannot lead to an apparent regression
("spurious regression'Granger and Newbold, 1974). As a result,s@asiderallowing the use of
public debt series without stanarity transformationsuchas differencingwhich would prevents
to estimae thedebtcritical points.

In Table 1 we included the results of panel estimations, using country fixed effects to deal
with differences caused by tirievariant countryspedfic factors. At the same time, we assumed a
secondorder serial correlation, based on correlograms, introducing AR(1) and AR(2) terms. Since
we found thathe twocontrol variablesn levelslead to considerable distortionsestimationgfor
coefficientsand significance levelsf public deb}, probablyinduced bymulticollinearity, we opted
for their inclusionasmed i f f er ences ( PGAP, ol NF) .

The first 3 columns oTable 1 present regress estimats where in addition to public debt,
we addeach additional factor, to test the#levancePublic debt coefficients are significant both in
the short form of the equation (column 1) aldowhen the other factors are introduced, which
shows that the cubic form of the function is correctly chosen. The results for the quadratic FRF are
significantly weaker, which is why weodhot presenthem.

Regarding the cont r ol ntissignificant and postive] whichepl@wsP ¢ ¢
that a higher increase in output gap leads to a higher primary balance, indicating a countercyclical
fiscal policy. At the same ti me, it is obser\yv
additiont o @GAP does not i ncr eas e ?%,tad @mparedetd equation e n t
(2). For this reason, we chose the estimations from equation (2) to determine the intersection points
between FRF and FCF, in the next section.

5 Levin, Lin & Chu t; Breitungstat; Im Pesaran and Shin-#fat; ADF- Fisher Chisquare; PP Fisher Chisquare.
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Cubic FRF estimationsfor the CEE-11 panel

Table 1

Dependent variabigb:t
Factos: Q) (2) 3) (4)
dr.23 -1.93*105* -2.15*105* -1.98*10°5* -2.18*10°5*
(0.000) (0.000) (0.000) (0.000)
12 0.003** 0.004** 0.004** 0.004**
(0.002) (0.002) (0.002) (0.002)
dt-1 -0.158 -0.184* -0.166* -0.189**
(0.108) (0.104) (0.108) (0.095
PG AP - 0.416%** - 0.399%**
(0.227) (0.143)
!l NF - - 0.049 0.042
(0.040) (0.033)
C 0.249 0.815 0.405 0.926
(2.160) (2.053) (2.157) (1.624)
AR(1) 0.427 0.412 0.423 0.410
AR(2) 0.268 0.269 0.273 0.272
R2;. 0.426 0.432 0.427 0.432
SE. 2.435 2429 2.433 2.428
Countries 11 11 11 11
Observations 926 922 926 922

Notes: ****** - significant coefficient for a threshold of 1%, 5%, 10% respectiahndarderror { in brackets

unbalanceghanelestimated bydL Swith fixed effects period 200@4-20210Q4.
Source Aut hor sd c¢ al c HuroataandARBCOddlaa s ed o n

In Table 2 we presented tlestimations oFRF in linear form, for the entireEE-12 group;
the coefficients of the linear function will be used in the assessment oEkheéegree @r fiscal
fatigue in Section5. A generally positive correlation is observed between public debt and primary
balance, which confirms thtendencyof fiscal contraction (austerity) as public debt increasés.
GAP and INF factors are significantly and positively correlated thig¢primary balance.

Table 2
Linear FRF estimations forthe CEE-12 panel
Dependent variablgb
Factos: D (2) ) 4)
dta 0.015 0.07 1% 0.028* 0.072**
(0.016) (0.015) (0.016) (0.015
GAP: - 0.502+** - 0.476**
(0.051) (0.059
INF; - - 0.155%** 0.050
(0.037) (0.037)
C -1.785** -4.180** -2.890* -4 424
(0.738 (0.658 (0.749 (0.680
AR(1) 0.433 0.373 0.414 0.371
AR(2) 0.252 0.259 0.257 0.260
R%. 0.413 0.463 0.423 0.464
SE. 2.452 2.347 2431 2.346
Countries 12 12 12 12
Observations 993 991 993 991

Notes: *** ** *

Sourcee Aut hor s o

-significant

coefficient
brackets; unbalanced panel estimated by OLS with fixed effects, [28@M)1-202104.

¢ a | c Huroatdt and AMECO dat@ s e d

for

on

a threshol d

of
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4.3. Estimation of inancing cost function (FCF)

In Table3 we present the results of the estimation of financing cost function (FCF), both in
the non linear variantincreasing 2 degree polynomial (equations3) - and linear (equations-4
6). Asin the case dthe FRF, we used panel regressions with country fixed effects.

Table 3
FCF estimations forthe CEE-11 panel
Dependent variabldc:
Factos: (1) (2) 3) (4) (5) (6)
d%a 1.24*10%* 4.17*10°8 1.28*10%* - - -
(0.000) (0.000) (0.000)
di1 - - - 0.011* -0.003 0.012*
(0.007) (0.007) (0.007)
PG AP -1.346%** - -1.250%** -1.339*** - -1.244%**
(0.117) (0.119) (0.118) (0.119)
pl NF - -0.283*** -0.181*** - -0.282%** -0.182%**
(0.048) (0.047) (0.048) (0.047)
c -0.880*** -0.575*** -0.889*** -1.086*** -0.440 -1.123%**
(0.184) (0.191) (0.182) (0.339) (0.350) (0.336)
R%, 0.139 0.045 0.153 0.137 0.045 0.151
S.E. 2.858 3.009 2.835 2.860 3.009 2.837
Countries 11 11 11 11 11 11
Observations 876 876 876 876 876 876

Notes: ****** - s i gni fi cant coefficient for a threshold of
brackets; unbalanced panel estimated by OLS with fixed effects, [280ddQ12021.Q4.
Sourcee Aut horsd calcul ati AMBCOddiaased on Eurostat and

The interest rate used in tRE€F calculation represents, as mentionedhi@methodological
section, a weighted average between the effective interest (paid for debt service) and-téwnong
interest.Using only the longerm interest rateof the FCF calculation leads to roughly similar
results, which is why we omit their presentation.

Public debt coefficients are positive, which confirmgsa in financing cost as indebtedness
increases, and significante x c e p t for equations (2) and (4)
significant and negative, which shows a lower cost of financing as chapge increase
(expansionary phases) and inflaticimengeis higher. Based on significantestsand coefficients
RZ%., we chose equation (3) for the quadratic version and (6) for the linear version, respectively, to
be used irestimatingthe intersection points between FRF and KiGEhenextsectior).

5. Determination and interpretation of critical points on FRF and FCF trends, in
relation to the level of public debtratio

As we detailed in Annex 3the equilibrium debt (d*) and debtimit (A) representthe
intersections of the two curves, FRF and F@File fiscal fatigue(dmay) is the maximum inflection
point of FRF. To obtain FRF / FCRnd determine tlse intersection points, we estimated the
evolution of the trendsin relation tothe level of pubt debt d (from 10 to 110 % of GDP), using
debt coefficients estimated the previous section (variant 2 ©&able 1- for FRF,andvariants 3
and 6 fromTable 3- for FCF, respectively. In Figure 3 we present the estineatofthe two curves
for the entirecCEE-11 pane| andin Figure 4we used the results of fixegffects regressions to draw
these curves for each countijhe FRF function igonsideredn cubic form, while the FCF curve is
presented in botpolynomial quadrati¢ and lineawversions
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Figure3
FRF and FCF estimatesfor the CEE-11 panel
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Source Aut hor s6 c¢ al esdrobnaTabled rared 3)( based Borostat and AMECO data

We can identify an equilibrium point (d*) around 55% of GDP in the quadratic FCF version,
and of 56% in the linear FCF version, respectively. The fiscal function shows an increase with a
ceiling (fiscal fatigue dmaxy) around a marum point of 87% of GDP, followed by a decrease and
a new point of intersection with FCF, which represents the debt Bniaounting to 99% for the
guadratic FCF and 103% for the linear FCF.

In Figure 4 we presented the results for each countryeilCE11 group while in Table 4
we summarized the results regardihg FRF and FCHntersection point§or each countryOne
may sedhat for someof them,the two curves are spaced apart and do not intersect, either locally
or only at the debt limit poir(#).

For example, in the case of Bulgaria and Cyprus, FRF takes higher sak@apared to the
other countries, which reveals higher levels of printzalance for the same levels of public debt.
This is also confirmed by the fact that the two countries are the only ones that register positive
averages of primary balanfer the analyzed perigdas we can see in Annex Moreover in the
case ofBulgaria, a relatively low cost of financing appears. As a result, FRF lies above FCF, and
the first two intersection points do not appear, but only the tmel (A). Similar is the case of
Lithuania, where the optimum debt (d*) appears only in thedinaaant of FCF, and is very low.

On the other hand, in the case of Croatia, FRF takes relatively low values, while FCF registers
relatively high values, which leads to the location of FRF below FCF, without any intersection point
between the twourves

Romania displays a significantly lower FRF curve, which reveals a relative expansionary (or
loose) fiscal policy, and a slightly lower FCF (financing cost), relative to the-TIE&verage.
These result imelative higher d* (65% / 66% of GDP) anelativelower A points (93% / 98% of
GDP).
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Figure 4
FRF and FCF estimates for the CEEL1 countries
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Figure 4 (continuation)
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Table4 summarize the values of intersection points d* aAdalong with theamplitudes of
fiscal space (8), calculated as the difference between debt liliand the actual (2021) values of
debt (d). As for d*, except for the extremely low value of Lithuania (FRF far above kEQUtgs
lay between 53% and 70% of GDP, and are roughly equal between the two variants of FCF
(quadratic and linear). It should betad that, in 2021, Hungary and Slovenia register debt values
above the optimal d*, Slovakia being also quite close to this threshold

Regardingd, more significant differences appear between the two variants. The values lie in

the 93115% range for the @ulratic FCF version, and 99.8% in the linear version, respectively.
The linear FCF can be considered as the "optimistic" variant, in the sense that debh hneits
more distant and, consequently, the fiscal space (the distance to the actual dejtterisTiie
actual fiscal space (FS), calculated using estimated debt limit and actual debt in 2021, registers very
low values in the case of Cyprus, which constitutes a warning signal for public debt sustainability.
Romania records abowaverage fiscal spacvalues, in both variants: 44% and 49% of GDP,
respectively.
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Table 4
Estimation of optimum debt (d*), debt limit (‘"H and fiscal space (FS)CEE-11 country level
Actuald a. quadraticFCF b. linear FCF

Countries Year2021 d A = d A =
Bulgaria 251 - 115 89.9 - 118 929
Czechia 433 61 96 527 61 100 56.7
Crodia 799 - - - - -

Cyprus 1036 - 108 44 - 110 6.4
Latvia 448 70 90 452 70 95 50.2
Lithuania 44.3 - 104 59.7 38 107 627
Hungay 745 60 96 215 62 100 255
Poland 534 59 97 436 58 102 486
Romania 486 65 93 444 66 98 494
Slovenia 74.7 53 100 253 55 103 283
Sloviia 631 65 93 299 65 99 359
Panel 59.6) 55 99 394 56 103 434

Notes:i FS=Ai actuald ; CEE11 arithmeticaverage
Source A u t h acalcutations (estimas from Table 1 and 3), based on Eurostat and AMECQ data

The optimal (equilibrium) points, illustrated in Table 4, are related tsitreof the marginal
effect(changespf public debt on primary balanc@ the absence and presence of fiscal fatigue. In
principle, in the economy, initiallypositive changeprevail Following to the first signals of fiscal
fatigue,changesecomenegative The point where thisownturnoccursis considered and defined
asthe optimal debtd*.

6. The risk for fiscal fatigue assessment

As shown above, in thenalyses of therelationship between primary balance and public debt,
especiallywhenusing nonlinear FRF, the most controversial igsutequantitative assessment of
fiscal fatigueat country level although theoretically it seemed to be fully clarified. Faced with
faillures to obtain conclusive results at country level using cubic FRFs, some authors propose
different ways out of théleadlock ranging from irdepth testing of time series to the adoption of
new methodologies or new approaches. Among them, for exampexhé@&itaWestphal and
Gdarek come up with a ,cansistingin pssessng the degeee df ik fc a |
its occurrence and developmeimiccording tothe primary fiscal balance and indebtednéseel
illustrated bydataseries and simulatl (projected)series for thenextperiod. The mentioned authors
return to using the linear FRF to determine the average debt ratios and, implicésesthe
comparison indicator called the maximum adjusted primary balabge)p

6.1. Metodology and data used

In order toassess the risk for fiscal fatiguetive CEE-12 countries, we follow the methodology
of ChecheritaVe st phal and Gdarek, 2017. I n addition,
coefficients br the analyzed countries, and highlight the fourth degree of fiscal fatigue risk.

The assessment of fiscal fatigdegreein these countries is based on time series regarding the
primary budget balance (% of GDP) and the gross public debt (% of GDP),lasswiee country
specifig linear FRF coefficients.

Data seriemaddresswo periods of time: statistical (historicand forecasted or simulated. To
simplify calculations and eliminate fluctuations, time series are expressed as average values over 10
yea periods

As main elements and calculation toale use:
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T The coefficients (b) of ddobtheemtircGERI2pdme i) | i n e
for each country
1 The debt difference between the projected average level asthtistical average level (% of
GDP):
gpd i dd (7)

1 The addition to the primary balance (considered an intermediate indicdtiined from the
two calculation elements mentioned

b * od (8)

On the basis of these calculation elements;congparison indicator is constructed

1 The maximum adjusted primary balancenplyesulting from summing the primary balance
with the addition to the primary balance

After comparing the three indicators mentioned abovepuntry can qualify ito one of the
following four degrees of risk

LR (low risk): pb > pbyr < pbmax (20)
MR (medium risK): pb < pby < pbmax (12)
HR (highrisk): pb > pbor > pbmax (12
VHR (very highrish: pb < pbpr > pbmax (13)

The degree of risk low, medium, highor very highi is defined according to the position of
primary balance in the statistical period (pb) and the adjusted maximum primary balargeirfpb
relation to the reference indicatothe projected primary balance or simulategdpb

As a result othe comparisons made on the size of each indicator in relation to the other two, the
degree ofcountryexposure to the risk of fiscal fatigue is assessed, according to relatiofis({B))

The classification of countries in different degrees of riskegagiccording to different factors: the time
period, the size and evolution of fiscal balance and public debt, the coefficients of primary balance
changeelativeto the variatiornn public debt

6.2. Analysis ofrisk of fiscal fatigue

In our attempt to use the FRF at the level of each CEE oguwi calculated the specific
coefficients of linear FRF using time seriestfeeQ1.2002Q4.2021period which provides a sufficient
number of observations. The calculation \wasformedin three vaints, depending on the number of
control variables, and the results were subjected to rigorous testing (Table 5).

According to the tests, in the first line of the table, which records the results of correlations
between the key variables (primary balanod aublic debt) without control variables, significant
coefficients were found onlfpr two countries (Bulgaria and Hungary); in the second line, where GAP
control variable is present, significant coefficients were identibe®d countries (Bulgarighe Czech
Republic, Croatia, Lithuania and Hungary); in the third line where two control variables (GAP and INF)
are attached, significant coefficients were fotord countries (Bulgariahe Czech Republic, Croatia,
Lithuania, Ronania and Hungary)

When determining the fiscal fatigue risk categories into which countiag$ind themselveswe
considered only the significant specific coefficients. In this case, the scope of this model is reduced to 6
countries Table 6presents the data for the periods 20021 and 2022031 regarding the indicators
used, their calculation method, as well as the results obtained based on the application of forraulas (10)
(13). It should be noted that, according to the calculation8,cauntries and their variants fall into the
category of low riskdr fiscal fatigue (column 9 of Table 6).
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Table 5
Linear FRF - Country-level and panel common coefficientsn variants, Q1.2001-Q4.2021
Countryspecific coefficients OLS! PanelOL S
S © < «© > )
Variant E S = = £ g S 2 é = £ 8 g2
S g s o 2 g 2 g : s g 1 5
@ 0 G © W - 5 o ® 7 7 z O =
1.Dependent pb
Factors: dt-1, 0.082 0.019 -0.047 0.035 -0.169 -0.060 0.064 0.064 -0.010 0.026 -0.001 0.127 0.015
AR(1), AR(2) (***) ) Q) Q) Q) Q) Q] Q) Q) Q] ) (**) Q)
2. Dependentpbt
Factors:
di1, GAP;, 0.157 0.282 0.014 0.108 -0.135 0.043 0.103 0.069 0.124 0.067 0.061 0.170 0.071
AR(1), AR(2) (%) (***) ) (%) ¢) ) *) ¢) ¢) ) Q] **) (***)
3. Dependentpb
Factors:
di.i, GAPy, INF+, 0.150 0.278 0.026 0.110 -0.101 0.044 0.104 0.065 0.138 0.063 0.063 0.157 0.072
AR(1), AR(2) (***) ) Q) () ¢) Q) *) ¢) *) Q] Q] *) (***)

Notes ( **),(**)*,( -) - significant coefficient for a threshold of 1%, 5%, 15%, insignificant, respectiv€puntryspecific coefficients estimated by OLS, the number of
observations may differ from one country to anathémbalanced fixegffects panel estimated by OLS, peripdl.2001-Q4.2021,CEE-12 countries

Source Authors 6

c a | ,basédarElurostattata

T+
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Table 6
Degree of riskof fiscal fatigue for the CEE countries - Basedon statistical series, EC projections (simulations) on public debt and primary budget balance,
and significant country-specific coefficients, linear FRP
(20122021and 20222031)

Country | Variant? Actual average Projected average Fiscal fatigue risk (adjustment with the significant specific coefficientlinear FRF)
20122021 20222031
Actual Actual Projected Projected Debt Country - Addition to Maximum Risk categories
primary public debt primary public debt | difference specific primary adjusted (comparison
balance (d) balance (dpr) od dpr-d coefficients balance primary between pb, phr
(pb) (pbpr) linear FRF b * opd balance,pbmax and pbmax)
(h) (col.5*col.6) | (col.l+col.7)

A 0 1 2 3 4 5 6 7 8 9
Bulgaria | Var. 1 -1.04 231 -1.72 305 7.40 0.082 0.607 -0.433 LR
Var. 2 -1.04 231 -1.72 30.5 7.40 0.157 1.162 0.122 LR
Var. 3 -1.04 231 -1.72 30.5 7.40 0.150 1.110 0.070 LR
Czechia | Var. 2 0.00 37.6 -3.24 28.7 -8.90 0.282 -2.510 -2.510 LR
Var. 3 0.00 37.6 -3.24 28.7 -8.90 0.278 -2.474 -2.474 LR
Crodia Var. 2 -0.02 811 -1.11 754 -5.70 0.108 -0.616 -0.636 LR
Var. 3 -0.02 811 -1.11 754 -5.70 0.110 -0.627 -0.647 LR
Lithuania| Var. 2 0.72 382 -0.9 415 3.30 0.103 0.340 1.060 LR
Var. 3 0.72 382 -0.9 415 3.30 0.104 0.343 1.063 LR
Romenia | Var. 3 -1.42 40.9 -3.92 60.6 19.70 0.138 2.719 1.299 LR
Hungay | Var.1 0.74 736 -1.32 717 -1.90 0.127 -0.241 0.499 LR
Var. 2 0.74 736 -1.32 717 -1.90 0.170 -0.323 0.417 LR
Var. 3 0.74 736 -1.32 717 -1.90 0.157 -0.298 0.442 LR

Notes ) Only CEE countries with significant specific public debt rati@se consideed 2 The variants are defined according to the consideration of control variables:
variant 1i the simple relationship between the key variables (primary balance and pubjiwidebtit control variablessariant 2i debt variable accompanied by GAP
variable;variant 3- debt variable accompanied by GAP and INF variables

Source Aut hor s 6 c¢ al ¢ uHCaBEurbstandatabask; &eswidabildyrReport 2021, v@lo@ntry Analysis, Institutional Paper 171/ April 2022; EC, Debt Instability
Monitor 2020, Institutional Paper 143, Feb. 2021; IMF, Fiscal Monitor Achieving More with Less, April 2017.
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In addition to the abovpresented analysis, in order to compare the results, we also consider
variants: on the one hand, based on the use of average panel coefficients of linear FRF, for the period
Q1.2001Q4.2021; on the otindnand, based on statistical series angtedr / S5year projections. In table
5, the average panel coefficients of linear FRF, in variants 2 and 3, were presented with the values:
b= 0. 0 7 =0.678.dheyare used to calculate the maximum adjustedryrivalance (spy for
both the 16year and 5year options.

Regarding the 1§ear version (table from Annex 6), the comparison of the 3 relevant indicators
(pb, plyr and plaay) from formulas (10) (13) leads to the conclusion that a number of 11 cosrfale
into the category of low risk, and only one country (Poland) finds itself in the situation of high risk for
fiscal fatigue, in relation to the future evolution of public debt and other financial indicators.

Regarding the fyear variant (tablécom Annex 7), with average FRF panel coefficients of 0.071
and 0.072, 11 countries fall into the leisk category, while Poland is found in the very hitgk
situation. However, if the insignificant difference between pb apdigpbaken into accoungne may
appreciate that Poland's degree of risk fits into both high and very high categories.

7. Conclusions

We analyzedn this studythe correlation betweegovernmenbudget balance and public debt
stock for a group of 12 CEE countries, including Romarover a period of approximately 21
years, in order to evaluate the debt limit and the fiscal spaestitnatethe level of debt at which
fiscal fatigue may occurs, as well as for assessing the degree of risk for fiscal fatigue, depending on
the past ad future evolution of public debt

In the first part of this approach, we estimated the fiscal reaction function (FRF) and the debt
financing cost function (FCF), by variant8aples1-3), on the basis ofvhich we determined the
optimal debt, fiscal fatigue, debt limit and fiscal space for the entire CEE group. In the estimation of
thesepoints,we useda cubicshape-RF,andalinear and quadratic FCFespectively

At panellevel, theestimaes show anequilibrium (optimal) debtpoint (d*) of 55% of GDP in
the quadratic FCF versiorand 56% in the linear FCF versionmespectively,a ceiling point
(accentuation of fiscal fatiguedmay) around a maximum of 87%, followed bydabtlimit point (A)
in the amount of 99%and 103% of GDR respectively Calculatingthe differences between this
limit and theactualdebt level in 2021the resultsrevealan averagdiscal space oaround39-43%
of GDP, for the CEEL1 group

Romania displays significantly lowerFRF curve which reveals a relative expansionary (or
loose) fiscal policy,and a slightly lower FCHKfinancing cost) relative tothe CEE-11 average
Theseresult in higher d{65% and66% of GDP respectively and lowerA points(93% /98% of
GDP) Romani® fiscal space valueare above the group average both variants: 44% and 49%
of GDP, respectively

In the second part, using the coefficients of linear FRF, by country and for the entire panel,
we assessed the degree of figk fiscal fatigue. Depending on the location of projected average
level of primary balance related toprimary balance from the statistical period and the adjusted
maximum primary balance, all 6 countries with significant specific coefficients andvdr&nts
arefoundin the category of low risk of fiscal fatigue. Using t@nelcommon coefficients, in the
version of the 10 and-fear projectios, respectively, 11 of the analyzeduntries reveadbw risk
of fiscal fatigue in relation to the future evolution of public debt and other financial indicatats
only one country (Poland) fsundin a high or very high risk situation
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Annex la
Public debt-to-GDP ratio (%) for the CEE-12 countries
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SourceEur ost at , aut horsoé calcul ati ons.



