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Michal Strecha'
ALTERNATIVE APPROACH TO PUBLIC DEBT SUSTAINABILITY *

This paper suggests an alternative approach to measuring public debt sustainability. It offers
a way how to measure the limit on both domestic and external public debt. Special attention is paid
to external public debt, the importance of which has increased in the last decades and which is con-
nected with lower sustainability. By appropriate measuring of public debt sustainability we can
avoid potential economic problems, first of all countries dependent on foreign capital.
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Mix_fun, Crpeua .
AJIBTEPHATUBHUWMU IIIXIIA 10 CTIMKOCTI

JEPZKABHOTI'O BOPTY

Y cmammi 3anpononoeano aivmepuamuenuii nioxio 0o umipiogants cmitikocmi depicag-
HO20 Gop2y, a makoxc cnocié GUMIPIOBAHHA AIMINY 3a60p206aHOCHi 0451 6HYMPIWHE020 MA 306~
HiWHbO20 Oepicasrozo 6opey. Ocobaugy yéazy npudiieHo 306HIUHbOMY 0epICAGHOMY Gopey, eKo-
HOMIYMHE 3HAYEHHs AK020 30iabumuiocy ¢ ocmanni decamuaimms. Kpim moeo, 306nimniti 6ope
no06’A3am i3 306HIMHIMU PUBUKAMU, NOPIGHAHO 3 GHYMPIWHIM. 3a 00ONOMO2010 GIPHO20 GUMIDIO-
GaHHA cMIliKocmi 0epicasHo20 6op2y MOXNCHA YHUKHYMU NOMEHUIHUX eKOHOMIMHUX npobaem,
00001160 Ue CIMOCYEMbCSL KPaiH, 3a.1eXCHUX 8I0 IH03eMH020 Kanimany.
Karouosi caosa: depicasnuii 6ope; 30eniwniii bope; BBII; 3axpuma exonomixa; 6i0xkpuma eKoHo-
MiKa.
Dopm. 33. Puc. 6. Taba. 2. Jlim. 12.

Muxams Ctpeua

AJIBTEPHATUBHBIUN I1OJIXO/1 K YCTONMYUBOCTU
T'OCYJAPCTBEHHOI'O JOJITA

B cmamue npedaoxcen arvmeprnamuenotii 100xX00 K u3MepeHuro yCmou1ueocmu 20cyoapcm-
6eHH020 00.12a, CNOCOO U3Mepenus npedead 3a00ANCeHHOCHU 0451 KAK HYMPEeHHe20, MAaK U GHell-
Hez2o 2ocyoapcmeennozo doaza. Ocoboe HuManue Y0eaeHO GHEUHeMY 20CYOapCmEeHHOMY 0042y,
IKOHOMUHMECKOe 3HAYeHUe KOMOpPo2o Y8eauduioch 6 nociednue oecsmuaemus. Kpome moeo,
GHewH ULl 00412 c6513aH ¢ boaee gvicoKumMu puckamu, Hexceau euympennui. C nomoupro npagu.is-
HO020 U3MepeHus1 YCMou4ueoCmu 20Cy0apcmeenno20 0042a MONCHO U30edcams NOMeHuUAIbHBIX
IKOHOMUHMECKUX NPOOAEeM, 0COOEHHO 8 CIPAHAX, 3A8UCUMbBIX OM UHOCHIPAHHO20 KANUMAAQ.
Karouesvie caosa: cocyoapcmeennbiii 0one; eHewnuil dose; BBII; 3axpbimas sxoHoOMuUKa; omgpol-
mas IKOHOMUKA.

Introduction. At present, the public debt-to-GDP ratio is monitored and paid
more attention in most countries. Considerable amount of literature has been published
on the topic of origins and macroeconomic impacts of fiscal deficits in which mostly the
public debt-to-GDP ratio is applied. However, there is a wide range of factors which
affect the value of this ratio. Actually, an increase in a public debt-to-GDP ratio does
not mean automatically that financial and economic situation became worst.

The aim of this paper is to suggest a method of measuring the limit on the over-
all public debt and as well limit on individual forms of a debt separately. Therefore,
domestic and external public debt are distinguished in calculations (Atique, 2012;

l University of Economics of Prague, Czech Republic.
This paper has been created with a support of a grant project IGA F2/15/2013 "Impacts of economic development of
China on selected developing and developed regions".

© Michal Strecha, 2016



274 rPoOLUI, ®IHAHCU | KPEAUT

Guzman, 2002; Pattillo, 2015). On the basis of the proposed method both relative and
absolute versions of a public debt constraint can be calculated. The suggested method
reflects the ability of government and national economy pay off its liabilities. It
enables evaluating in appropriate way public debt sustainability. The settled public
debt constraint can be used in other research for example in dynamic models in which
it is essential to be able to define behaviour of individual economic agents according
to changing conditions of economic environment. A fixed public debt constraint can
be used in public finance modelling and forecasting.

Theoretical framework and assumptions. The theoretical framework is based
mainly on public economics, the debt trap theory which includes several approaches
to public debt sustainability and the intertemporal choice theory.

The final equation for the overall public debt constraint and for domestic and
external public debt constraints are derived on the basis of several scenarios in which
various assumptions are applied. In total, there are 8 scenarios and individual
assumptions are removed one by one. These assumptions are:

a) accumulated debt is non-debt-financed;

b) accumulated debt is non-interest bearing;

¢) economy is closed;

d) accumulated debt is held only in the form of long-term bonds;

e) taxes are the only source of budget revenues;

f) tax rate is greater than the interest rate from public debt.

Individual scenarios for closed economy which will be considered are:

1) non-debt-financed non-interest bearing accumulated debt in closed econo-
my;

2) non-debt-financed interest bearing accumulated debt in closed economy;

3) debt-financed non-interest bearing accumulated debt in closed economy;

4) debt-financed interest bearing accumulated debt in closed economy.

Individual scenarios for an open economy which will be considered are:

5) non-debt-financed non-interest bearing accumulated debt in open economy;

6) non-debt-financed interest bearing accumulated debt in open economy;

7) debt-financed non-interest bearing accumulated debt in open economy;

8) debt-financed interest bearing accumulated debt in open economy.

Government bonds are related to an obligation of a government to pay regularly
(every year) interests which are set by an interest rate. Besides interests, on maturity,
a government is supposed to pay off the principal sum as well. Therefore, two limits
are measured; the minimum and maximum limits. The maximum limit on public
debt represents a situation when only interests are paid off by non-debt-financed
sources and the minimum limit on public debt represents a situation when both the
interests and the principal sum are paid off.

Budget deficit is nothing but a consequence of public expenditures being higher
than public revenues. It means that public debt is an alternative solution of funding a
fiscal deficit. It can be described as in (Jackson, 2003):

D=—(Rg -Eg). (1
where D refers to fiscal deficit; Rg represents the non-debt-financed government
revenues; Eg represents the overall government expenditures. The total revenues are
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divided into non-debt-financed and debt-financed revenues. The non-debt financed
revenues consist mainly of taxes (Bonney, 1995). If we ignore the existence of
autonomous part of taxes or other sources as subsidies or property income, the over-
all non-debt-financed revenues can be described as:

Rg =txY. 2)

It means that potential non-debt-financed revenues are limited by the total
national income and the public debt constraint can be modified according to the con-
sidered tax rate. Therefore, Y and £ must be monitored. If public expenditures exceed
non-debt-financed revenues, fiscal deficit is created. Then deficit is debt-financed.
The funding sources for fiscal deficit can be expressed by a modified equation of
macroeconomic equilibrium (Romer, 2001; Soukup, 2007):

—(Rs —Eg)=(S-N+(M-X), (3)
where typical (T — G) was replaced by (Rg — Eg) and it represents net savings of a pub-
lic sector; (S — /) refers to net saving of the private sector and (X — M) represents for-
eign savings (NX). The equation states that if fiscal deficit is created, the higher deficit
is, the lower must be private domestic consumption or the greater must be the finan-
cial inflow from abroad. When external public debt is created, NX increases and when
it is paid off, NX decreases. However, because interests are paid, the final effect is a
decrease in NX. Therefore, NX must be monitored as well.

The aim of this paper is to set a long-term sustainable limit on public debt. The
idea of sustainability is inspired by previous studies which first of all have been dedi-
cated to the public debt-to-GDP ratio and to the risk of a debt trap.

Debt trap refers to a situation when despite a balanced fiscal deficit the public
debt-to-GDP ratio increases. The equation measuring debt-to-GDP ratio from
which the risk of a debt trap can be described as in (Dvorak, 2008; Roubini, 1989):

B1:Box1+r‘ N PD, _AMB,, @)
1+g, GDP, GDP,

GDEBT,

GDP,
4 factors — the initial value of public debt-to-GDP ratio at the beginning of an exami-
ned year (B), the fiscal deficit during the examined year excluding interest payments

where B, = refers to the public debt-to-GDP ratio. It is affected by

(so-called primary fiscal deficit) (RD;), the money financed debt-to-GDP ratio

AMB, ) 1d the ratio of real interest rate to GDP growth (—-). I r is great
GDR‘ an € ratio o1 real interest rate to grOW 1+g1 . r 1S grea er

than g, the public debt-to-GDP will increase despite public budget being balanced
(or even in surplus). This situation is called debt trap, and government is not able to
influence none of the mentioned factors.

The equation (4) measures only values but it doesn’t show sustainability. The
question of public debt sustainability (again, using only public debt-to-GDP ratio)
was raised by J.A. Bispham (1987). As we here assume § scenarios to estimate the
public debt constraint, J.A. Bispham proposed 3 scenarios. On the basis of two of
them he was able to compute a sustainable level of public debt-to-GDP ratio (inter-
est rate was lower or equal to GDP growth). The last scenario was describing the si-
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tuation when a public debt-to-GDP ratio is not sustainable (when interest rate is
greater than GDP growth rate). However, this approach still ignores public debt
maturity and the obligation to pay off the principal sum of public debt.

Another approach to sustainability states that public debt stock is sustainable if a
government is not discouraged to pay its current and future liabilities. It means that a
government will be able to cover its expenditures and interest payments with its dis-
posable revenues (Corsetti, 1991). If the present value of future revenues exceeds the
present value of future expenditures, then the accumulated public debt must not be
paid off and it can be debt-financed (the so-called snowballing).

Another approach states that sufficient requirement for a sustainable public debt
is the situation when the primary budget surplus covers interest payments. It means
that this approach supposes the snowballing (Wyplosz, 2011).

Another important approach to debt creation is the intertemporal choice theory
(Romer, 2001; Soukup, 2007). On the basis of this theory, the importance of interest
rate and of the total national income is shown. The intertemporal choice is a theory
dealing with decisions how to divide a disposable income and consumption at differ-
ent points in time. The decision about current consumption above its disposable
revenues depends on two determinants; the real interest rate (which influences the
slope of the budget line and therefore as well the potential debt constraint) and the
current and future disposable income (which influences the conditions for a situation
when entire current and future incomes are spent and no debt is created).

Public debt constraint estimation: absolute version.

1. Non-debt-financed non-interest bearing accumulated debt in closed economy.
Three requirements are considered in the first scenario — the accumulated debt is
non-debt-financed, it is not connected with interest payments and the economy is
closed. In this case taxes are the only source of revenues to cover a public deficit and
to pay off the accumulated debt. If there are no government expenditures but inter-
ests from the accumulated debt, then interest payments will represent all public
expenditures.

Because it is not necessary to pay any interests and the only way how to pay off
the debt are taxes, the public debt constraint reflects the possible amount of taxes
which the economy is able to produce during one year. If the tax rate is 1, the overall
revenues are equal to total national income. The equation of the public debt con-
straint for the first scenario can be described as:

GDEBT,,, =Y. (5)

2. Non-debt-financed interest bearing accumulated debt in closed economy.
Under this scenario, the requirement of non-interest bearing accumulated debt is
removed. Tax revenues are still the only way to finance fiscal deficit and to pay off the
accumulated public debt. However, we have to pay the interests too. Therefore, the
total public debt stock which can be created must be lower. Public expenditures are
divided between accumulated debt and interest payments.

GDEBT?, x(1+i)=Y. (6)
If we adjust the equation (6), then the limit on public debt according to the sec-
ond scenario is:
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Y

GDEBT? =—.
max =75 (7)

3. Debt-financed non-interest bearing accumulated debt in closed economy. In this
and next scenarios besides tax revenues the government can pay off old liabilities by
issuing new bonds. Because debt is non-interest bearing, there are no interest pay-
ments. Therefore, the replacement of the old debt by a new one must not result in an
increase of the total public debt. Actually, the constraint on the total public debt is
estimated by the capacity of the economy to create a new debt. In case of bank loans,
domestic monetary financial institutions (MFI) must hold an adequate part of the
total reserves on the basis of minimum reserve requirement. The amount is derived by
the cash reserve ratio (CRR). If we suppose that the MFI must hold part of reserves
(given by CRR) invested into public bonds as well, then the public debt constraint can
be described as:

L_ 8)
CRR

4. Debt-financed interest bearing accumulated debt in closed economy. In the
fourth scenario, the accumulated public debt can be repaid off by a new debt but in
order to comply with the long-term sustainability requirement, it should not result in
an increase in public debt stock. Therefore, only the principal sum can be paid off by
a new debt and the interests which exceed the principal sum, they must be non-debt-
financed. Because we still operate in a closed economy, if we use both debt and non-
debt financing, we will receive the total domestic debt constraint.

The total public debt stock which the economy is able to operate with is given by
the overall interest payments which can be paid off with tax revenues.

GDEBT., xi=Y. 9)

The maximum long-term sustainable limit of a public debt in a closed economy can
be defined as:

GDEBT?®, =

GDEBT., = % (10)
The maximum limit on public debt according to (10) cannot be exceeded
because the economy in fact would not be able to finance the interest payments in any
future period. If the public debt stock was likely to exceed this limit, the government
must decrease other expenditures or pay off a part of accumulated debt. Actually, it
can happen that nobody at capital markets is willing to lend money to the govern-
ment. In this case the government would not be able to pay off its liabilities.
Therefore, it is necessary to calculate not only the limit which compute with interest
payments but as well the limit for a situation when the overall accumulated public
debt is paid off. This limit represents the minimum long-term sustainable limit on pub-
lic debt in a closed economy and it can be defined as:

GDEBT., = Y_ . (11)
(1+14)

According to (10) and (11) we can estimate a range for public debt under closed
economy. The public debt stock in a closed economy can be within the range
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Y
< ; (1+1) T> Actually, public debt in a closed economy becomes dangerous when
stock exceeds the value Y / (1 + i) and the debt gets unplayable when stock exceeds
Y/
If tax revenues are included instead of Y, then the modified version of the maxi-
mum limit on public debt in a closed economy is:
txY
i,
Analogously, the modified version of the minimum limit on public debt in a closed
economy is:

GDEBT,noded - (12)

GDEBT™oded _ EXY
min 1)

(13)

txY Y txYY
The public debt stock in a closed economy ranges within <0; (11 A ; a+i) ; ); T>

where three conditions must be achieved. The first condition is that t =i, because if
t <i, the order can differ. The values of t and / are paid more attention later in the
text. Another condition is that neither ¢, nor i equals to zero (t#0 and i#0). The

last condition is that neither t, nor i equals to one (t#1Ai#1). If both values equal
to 1, then all the values equal to Y /.

5. Non-debt-financed accumulated debt under open economy. Both scenarios for
open economy in which non-debt-financed accumulated debt is considered result in
the same conclusions as in the case of a closed economy. It does not matter whether
the interests must be paid or not. Tax revenues can be the only financial source, there-
fore the limit according to the fifth scenario is:

GDEBT,., =GDEBT, ; (14)
GDEBT,.,, =Y. (15)
The public debt constraint according to the sixth scenario can be described as:
GDEBT?, =GDEBT?; (16)
6 Y
GDEBT;, =—. a7
1+i

6. Debt-financed non-interest bearing accumulated debt in open economy. This
scenario is again similar to that under closed economy. The difference is that a
government can borrow money from both residents and non-residents and therefore
we must distinguish domestic and external public debts. In a closed economy, the
limit on public debt is derived from domestic financial sources and the cash reserve
ratio. It means that the limit is determined by the ability of domestic capital market
to create debt. Under open economy it is limited by the ability of international capi-
tal markets. In fact, the limit does not exist.
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EGDEBT,, = ;“;”;. (18)

7. Debt-financed interest bearing accumulated debt in open economy. If we remove
all the previous requirements — non-debt-financing, non-interest bearing debt and
the existence of a closed economy, we can describe the real limit on external public
debt. Let’s remind that for the case of a closed economy, the maximum and minimum
limits on public debt are:

GDEBT? = 1 (10)
I
GDEBT., = Y_ . (11)
(1+1)

In the same way the we can define limit on public debt in an open economy but
we have to include the determinants which represent the specifications of external
debt. All the conditions are equal but one. Each financial flow between residents and
non-residents is connected with currency exchange. Therefore, the interest payments
are not limited only by Y but also by NX. If public debt is supposed to be long-term
sustainable, we must count only with annual NX and we cannot count with accumu-
lated foreign exchange reserves which are in possession of a monetary authority.
Then, the overall limit on a debt-financed interest bearing accumulated debt in open
economy equals to the equation (15) but the external public debt constraint can be
described as:

EGDEBT,,,, xi, = NX, (19)
where i, is the interest rate from external public debt and where conditions NX <Y

and Q< NX must be complied. The condition NX < Y guarantees that interests will

not exceed the value of all domestic income. Actually, interests must be paid with
taxes and they cannot be higher than all domestic incomes.

Other condition Q< NX guarantees there is a net inflow of foreign exchange

reserves and therefore, in order to pay off the debt, the accumulated foreign exchange
reserves of a monetary authority must not be used. Then, the maximum long-term sus-
tainable limit of external public debt is defined as:

EGDEBT, = ":"—X (20)

e
If we assume that besides interests the principal sum of external public debt must
be paid off too, then, the minimum long-term sustainable limit of external public debt is
defined as:

EGDEBT,,, x(1+i,) = NX; 1)
NX

EGDEBT,, = ———. 2

G MIN (1+!e) ( )

Now we can add up the limit on domestic and on external public debt. Because
a part of Y (equal to NX) is used to interest payments to non-residents, only the rest
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of Y can be used to interest payments to residents. Therefore, first, it is necessary to
modify the individual equations of domestic and external public debt constraints.

8. Overall public debt constraint. If we do not distinguish between domestic and
external public debt, the overall public debt constraint is defined by (10). We can

rename GDEBT? as GDEBT, then the overall public debt is defined as:

GDEBT,,,, =~ (23)
!

If we want to distinguish between domestic and external public debts, then the
equation will be:

GDEBT,,,, = DGDEBT,,, + EGDEBT, (24)
DGDEBT YEGDEBT
where DGDEBT,,,, = — and EGDEBT,, = . Y must be divided

d "e
between the sources reserved to domestic public debt (Y®P8") and those reserved to
external public debt (YESPEET) | therefore:

GDEBT,,, = Y _,Nx + ﬂ (25)

d ’e
When we do not express the interest payments to non-residents as the absolute
value of NX but as the NX-to-Y ratio, then the limit on external public debt is:

EGDEBT, 5 =wx -, (26)

where w = NX / Y and the values of w range from 0 to 1 (We {0;1)). Then we can
modify the equation of the limit on domestic external debt in a form:
DGDEBT,x =V x .i, (27)

d

where v = (Y — NX) / Y and the values of v range from 0 to 1 (VE(0;1)). If
v.w e (0;1), then v+ w= 1. Let’s repeat as well the previous conditions that NX < Y

and 0<NX. Then the maximum limit on long-term sustainable total public debt in
form which enables to distinguish domestic and external public debt is:

GDEBT,,,x = DGDEBT,,,, + EGDEBT,,,: (28)
GDEBT,,,, —vx%+wx£. (29)
The minimum limit on long-term sustainable total public debt is:
GDEBT,,, = DGDEBT,,,, + EGDEBT,,; (30)
GDEBT,,, =v L Y 31

X +WXx ;
(1+1iy) (1+7,)
These values we will transfer to Figure 1 in order to compare the individual
limits. We will also include the modified versions of limits in which not the total
income but only tax revenues are included. The modified maximum limit on long-term
sustainable total public debt is:
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GDEBT(T) yyax :vxtx.1+w'xtx_i. (32)
"d !e
Debt
/i : GDEB-T[‘\’:IWI
i
i
i
i
i
i
i
" i .
"7 i | GDEE-T[T,IWI
I I
: | 100%
Yo i !
Wii1+i) I} ---------------- /JE i GDEBTIY),,
1) ' I I |
PV (L#]) pomcpomeeos : : : | GDEBTIT)
0 L i i i
L, i [ t 1

{1+ (1+i)

Figure 1. Limits on the public debt stock according to various maturity
and revenues scenarios, author’s calculations and own construction

The modified minimum limit on a long-term sustainable total public debt is:

GDEBT(T )y =V xtx

xtx .
(1+1iy,) (1+14,)

On the y axis, the absolute values for specific kinds of limits are recorded. We
DY Y :tx,Y;1.>. The
(1+d) (A+i)y @ i
highest value for the limit on public debt is Y /i and it represents the maximum
limit on the long-term sustainable overall public debt (GDEBT(Y)ax)-

The values on the x axis represent the share of specific limits on the maximum
limit on the overall public debt. According to this mechanism we receive values which
range from 0 to 1 and which are easily comparable. The order of values depends

(33)

assume that t>i. Then, the values range within <0

on the values of j and t. If t>i, then the values can be written in the range

txi i
< §—1 i §—1 Y ifit;1>- The values on the x axis are paid more attention later on. Because

w 6(0;1). it is easily comparable with the values at the x axis and we can quickly

estimate the external public debt constraint and assess if the existing current external
public debt is sustainable.

The values of individual limits differ according to the interest and the tax rates.
The higher is i, the lower is the limit on public debt (when tax rate is unchanged). This
conclusion corresponds with the intertemporal choice theory. This relationship is
shown in Figure 2.
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Public debt stock

Y/i
v N T
Vi) | e L
N N S R T B B e
txY/(1+) | : : ; : ! ! ! ! ! ! ! .
0 t<i/(1+i) t=i/(1+i) t>i/(1+i) 1

Interest rate, %

Figure 2. Limits on public debt stock according to various maturity
and revenues scenarios when the interest rate changes (in case of
a constant tax rate), author’s calculations and own construction

The relationship between the limit on public debt and the tax rate is shown in
Figure 3. Changes in t do not lead to any change in public debt limits. According to
Figure 3, the higher is f, the more closed are the original and the modified versions of

a limit on public debt. If t equals to 1, then, r_= tx-Y nd L_: tx\f .
i (+i) (1+1)

Public debt stock

Yii
Yii

tx Yl

YI(1+i)

tx Y/(1+)

0 Tax rate, % 1
Figure 3. Limits on public debt stock according to various maturity
and revenues scenarios when the tax rate changes (in case of a constant
interest rate), author’s calculations and own construction
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Public debt constraint estimation: relative version. In this part, the assumption
that the tax rate is always greater than the interest rate is removed. Actually, three pos-
sible situations can happen:

1) t=i;
2)t=1;
3) t=i.
For all the situations it is valid that the values on the y axis are within the range

1 Y
<O;—_> (in the absolute version it was <0;—_>) and the values on the x axis are within
i i

the range (0;1). Each value on the x axis refers to a value on the y axis but the order

depends on the value of t and /.

As well as in the absolute version, the values of limits on public debt are record-
ed on the y axis. However, the values refer to the public debt-to-GDP ratio. The va-
lues are computed by dividing the original values of individual limits on public debt
by GDP (Y). Then, the relative version of the maximum overall public debt constraint
(GDEBT(Y)pax) is computed as (Y /i) / Y and it equals to 1 /i. When the fax rate is

higher than the interest rate, then the values on the y axis are within the range

ot 1 Lt
0 ——-——1=> ) The individual limits are computed as:
(+0) (1+4) i'i

1) GDEBT(Y)ynq = x100(%);
1

2) GDEBT(T), 0 = - x100(%);
I

1
+i

3) GDEBT(Y)M,~=1 x100(%);

4) GDEBT(T),, = %m 00(%).
+i
On the x axis, the values range from 0 to 1 and refer to the share of individual
limits on the maximum public debt constraint. It means that individual limits such as
txyY Y itxY
A+ (A+i)" i

Y
and K are divided by e When the fax rate is higher than the
i

. . txi |
interest rate, then the values on the x axis are ordered within <0;ﬁ;ﬁ;t;t;1>.
+

These values are easily mutually comparable without complicated calculations and
adjustment. The i on the x axis represents the situation when public debt equals to
100% of GDP.

When fax rate equals to interest rate, then the limit on public debt in economy
cannot exceed 100% GDP if the only considered disposable incomes are taxes. The
values on the x axis are ordered within the range <O;%;#;f;1>, where /i = t and to
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these values correspond to the values on the y axis. These are ordered within the range

0; t - ! - ,£1 , where 1 /t = 1. Figure 5 describes this scenario.
(1+0) (1+0) i i

Public debt-to-GDP ratio [%]

v ) GDEBTIY),,,
! i
! i
! i
! i
! i
! i
! i
! i
! i
l !

! l ,

th ! ; 1 GDEBT(T)
i i i
| | i

1 i /_/.' i 1: 100%

B R I l 1 GpEeTY)

i i i i
LA T e | L 1 1 GOEBT(T)

o | | coeTm,,
I:l - - [ [ i i
Wit i i ' a

(1+ih (1+i)

Figure 4. Limits on public debt-to-GDP ratio according to various maturity and
revenues scenarios in the situation when tax rate is higher than interest rate,
author’s calculations and own construction
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Figure 5. Limits on public debt-to-GDP ratio according to various maturity and
revenues scenarios in the situation when tax rate equals to interest rate,
author’s calculations and own construction
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In both situations, when t was higher and when t was equal to /i, for any t and any
i the order on the x and the y axes was identical. When t is lower than i, three differ-
ent situations can happen:

1) situation 1: t <j and at the same time > 1;
+i

2) situation 2: t </ and at the same time f= %;
+i

o . . i
3) situation 3: f </ and at the same time < o7
+i

In the case that t </ and at the same time > % then the values on the x
+i

txi i . ) . )

—bi1). According to this scenario, the

axis are ordered in the range (O, ——
T+7 1+i

maximum limit on the overall public debt operating with tax revenues and minimum
limit on the overall public debt operating with the total national income converge to
100% GDP. This scenario represents the left-side half of Figure 2.

The situation when f<i and at the same time ¢ =;_' refers to the point

14§’

where ﬂ equals to 1L and therefore, the lines are crossing in Figure 2. The
i +i
third scenario refers to the situation when ¢</i and at the same time t%%;
+i
According to this condition, the overall public debt operating with tax revenues
exceeds the minimum limit on the overall public debt operating with total national
income. It refers to the right-side half of Figure 2.
Specific values for chosen countries in 2012 are presented in Table 1 and the
development of the limits of PIGS countries are presented graphically Figure 6.
External public debt constraint estimation: relative version. In addition to Y or t x
Y, an external public debt is limited by NX. The conditions which must be completed

are NX < Y and O<NX. Then, a part of public revenues disposable to pay off

external liabilities, is given by w. The value of w is within the range <0.1> and itis

possible to compare it with other values on the x axis. Therefore, it enables us set
directly the maximum limit of a long-term sustainable external public debt (on the y
axis). It represents the overall external public debt constraint which should not be
exceeded to remain sustainable. According to w, the external public debt constraint
can account for the values given by equations*:

1) when w = 1, then EGDEBT,p =
I

2 The values are in the form of share. It is necessary to multiply by 100 to obtain form in %.

ACTUAL PROBLEMS OF ECONOMICS #2(176), 2016



repoLul, ®IHAHCHU | KPEQUT

286

suoeINoJes s, Joyine

‘daD 40 % ‘21O PUE G66 L USIMIBQ SBLIIUNOD SO Y} JO 1gap d1|gnd UO SHWI| Y} JO UOISIOA BANEISY "9 8.nbI-

ebnuod == === 903919 Aey urds — — ebnuod == === 903919 Ary urds — —
NN NNNNRNRNRNRNDNDNERERR PR B
SEES88588528¢88¢8¢8¢8

DR RN DNDNNDNDNDNRNNDNDNRNERERERRER R

SRRSO B833I3a3ReSR,388ISs& O 0O 000009000 Q0909090 © © © © ©

0 SEBEEEZEE8383888388889¢g

W NP OOGC®I & a ® RN P OO0 XN O

00S

\\\P 000T
74 005T

S /J 4 0002

Na=?
A\ M= ﬂ\
< X 0052

. \
N
N
000€
(A) 109p 211gNnd UO W] WNWIULA P (1) 1gep 21jgnd uo W[ paljIpow wnwixe iy :2
Eebnuod = = === 80019 Ae ueds — — ebnuod - = ==~ 809019 Key ueds — —
21098765%321098765
N DN DD DN DN DN DN DN DNDDNDDNDDNDNDN PR PR PR PP = d d O O O O O O O O O O O O O O
O O O O O O O O O 0O 0O O O W W © © O O O O O O O O O O O O O O O O O O O
_L_L_LOOOOOWOOOOGPOGPOG N NN AN AN NN A H H
N P O © 0 N OO O W N P O © 0 N O O

00cT

14

0e

or

(A) 1gep 211gnd U0 Hwi| WnNWIUIA g (1) 309p 21jgnd U0 Jwi| PaI}IPOW WNWIUIN e

14

AKTYAJIbHI MPOBJIEMU EKOHOMIKN Ne2(176), 2016



rPOLUI, ®IHAHCU | KPEAUT 287

2) when t<w <1, then th‘I < EGDEBT,,, 4};

3) whenw = t, then EGDEBT,,,, = ﬁ
i

4) when j<w <t, then 100<EGDEBT,,,, < t—_1
i

5) when w =i, then EGDEBT,,,, =1,

i . 1
6) when ——<w <i, then — <EGDEBT,,,, <1;
) 1+i 1+i max
1

i
7) when w=——, then EGDEBT,,, =—:
) 1+i M4

i t 1
8) wh —=<W<——-th —— < EGDEBT,,,, <—;
) when 1+t 1+i n 1+i MAX 14
ixt t
9) whi w=——, th EGDEBT,,,, =—;
) when 1+t en MAX 14

10) when 0-<w~<%, then O<EGDEBT, 0 <——;
+

1+i
11) when w <0,then EGDEBT,,,, =0.

Table 1. Relative version of the limits on the overall public debt in 2012,
% of GDP, author’s calculations

Countries | GDEBT,,,, | GDEBT (T)y | 100 | GDEBT,, | GDEBT(T),,y
Belgium 3333 1577 100 97 46
Bulgaria 2222 611 100 96 26
Czech Republic 3597 1248 100 97 34
Denmark 7143 3493 100 99 438
Ger many 6667 2680 100 99 40
Ireland 1621 486 100 94 28
Greece 444 162 100 82 30
Spain 1709 569 100 94 31
France 3937 1839 100 98 46
Italy 1821 801 100 95 42
Latvia 2188 611 100 96 27
L uxembourg 5495 2209 100 98 39
Hungary 1267 494 100 93 36
Portugal 948 328 100 90 31
Romania 1497 424 100 94 27
Slovakia 2198 620 100 96 27

If an economy is net importer and therefore the NX-to-GDP ratio is zero or
negative, then the external public debt is not long-term sustainable at any level.
Actually, in that case any interest payment to non-residents automatically leads to a
decrease in accumulated foreign exchange reserves which is unsustainable in a long-
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term period without negative macroeconomic implications and therefore, the only
recommended form of public debt in that case is domestic public debt.

Table 2. Relative version of the limits on external public debt in 2012, % of GDP,
author’s calculations

Countries w EGDEBT . | EGDEBT (T)yax | EGDEBT,,, | EGDEBT(T)\un
Belgium 0,011 37 17 1 1
Bulgaria -0,031 X X X X
czEr G 201 70 5 2
Republic

Denmark 0,051 363 177 5 2
Germany | 0,059 395 159 6 2
Ireland 0,242 393 118 23 7
Greece -0,048 X X X X
Spain 0,007 13 4 1 0
France -0,022 X X X X
Italy 0,011 19 9 1 0
Latvia -0,039 X X X X
L uxem- 0,291 1600 643 29 11
bourg

Hungary 0,073 93 36 7 3
Portugal -0,006 X X X X
Romania | -0,047 X X X X
Slovakia 0,052 115 32 5 1

Conclusion. The main aim of this paper was to suggest a method of measuring the
limit on long-term sustainable public debt which would enable changing the includ-
ed determinants representing public revenues and public expenditures and which dis-
tinguishes external and domestic public debt. The suggested approach enables esti-
mating the long-term sustainable external public debt constraint according to the
values of the interest rate and the tax rate. For example, if the NX-to-GDP ratio is
lower than the interest rate, then the external public debt should not exceed 100% of
GDP. Actually, if an economy is net importer and there is no expected permanent
annual increase in foreign exchange reserves, the external public debt is not long-
term sustainable at any level.

The ongoing economic and financial crisis from 2008 showed how dangerous a
dependency on foreign capital, such as the external debt, is. The solution can be the
preference of domestic public debt the limit of which can account for hundreds of
percents of GDP. Domestic public debt seems more stable form of a public debt.
However, if the external public debt constraint is exceeded, it leads to negative macro-
economic implications. If the domestic public debt constraint is exceeded, public
debt may become unplayable.

Despite public debt sustainability and the public debt composition is usually
considered as a political issue in hands of the current government, the findings of this
paper point out to the little leeway to deal with which the external public debt gives to
a government. Actually, external public debt is related to lower sustainability.
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