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A B S T R A C T 

Objective: The objective of the article is the presentation of a selected method for determining fiscal tar-

geting rules. The proposed fiscal rules make it possible to achieve the intended goals. In this article, the 

main goal of fiscal policy was the minimisation of deviations of the general government debt-to-GDP ratio 

from the target value. In the proposed method for determining fiscal targeting rules, we also considered 

the minimalisation of deviation of the inflation rate and output gap from their target values. We present 

the results of the empirical analysis for Poland. 

Research Design & Methods: The main design was quantitative. We used the modelling method. We applied the 

dynamic optimisation method for determining fiscal targeting rules. The fiscal targeting rule was the solution of 

selected dynamic optimisation problems with an infinite time horizon and discounting. We used the minimisation 

problem of the intertemporal loss function. We performed empirical analysis for quarterly data from the first 

quarter of 2011 to the third quarter of 2022 for Poland. We used the Bellman equation and the envelope theorem. 

Findings: In this article, we determined the fiscal targeting rule. This rule, determined as a solution to the 

minimisation problem of the intertemporal loss function, allows for the calculation of optimal values of 

the general government debt-to-GDP ratio while also considering the minimisation of deviations of the 

inflation rate and the output gap from their target values. We could observe the same direction of the 

optimal values of the debt-to-GDP ratio in different considered cases, but there is a different shift along 

the axis of ordinates. We could observe that reducing debt during good economic times allows for achiev-

ing an acceptable level of the debt-to-GDP ratio during a crisis. 

Implications & Recommendations: To minimise the intertemporal loss function, a portion of the financial re-

sources accumulated during non-exceptional periods should be utilised during crises and shock events. Con-

sidering other variables such as inflation and the output gap when deciding on the value of the debt-to-GDP 

ratio, we noted that the fiscal convergence criterion for debt was not always fulfilled. 

Contribution & Value Added: In this article, we present a method of determining fiscal rules not only consid-

ering the general government debt-to-GDP ratio, but also considering such variables as the inflation rate and 

the output gap, as well as other variables such as general government balance to GDP ratio and the monetary 

policy instrument – the interest rate. The novelty of the article is also the determination of the fiscal targeting 

rule as a solution to the minimisation problem of intertemporal loss function. Thus, they make it possible to 

determine the optimal general government debt-to-GDP ratio, considering also the minimisation of deviations 

from the inflation rate and the output gap from their target values. 
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INTRODUCTION 

The topic addressed in this article is important because one of the ways of decision-making involves rule-
based decisions, which can enhance prudence and objectivity in the implementation of fiscal and mone-

tary policy (see e.g. Barbier-Gauchard et al., 2021; Wieland, 1996). Moreover, numerical fiscal rules help 

achieve the objectives deriving from the Treaty Establishing the European Community (Protocol 20) and 

the Treaty on the Functioning of the European Union (Protocol 12) in the area of budgetary policy. 

Based on Regulation (EU) No 1175/2011 of the European Parliament and of the Council of 16 No-

vember 2011 amending Council Regulation (EC) No 1466/97 on the strengthening of the surveillance 

of budgetary positions and the surveillance and coordination of economic policies, for activating the 

general escape clause the following premises must be satisfied:  

1. exceptional events beyond the control of the Member State which significantly impact the financial 

position of the general government 
or 

2. serious economic downturn in the euro area or the Union as a whole. 

Exceptional events are situations beyond the control of the Member State. These situations signifi-

cantly impact the financial position of the general government. Examples of exceptional events that neg-

atively impact the financial position include wars, natural disasters, and epidemics. The COVID-19 pan-

demic was an exceptional situation enabling the activation of the general escape clause and allowing the 

suspension of fiscal rules in European Union Member States. Therefore in 2020, due to a significant eco-

nomic downturn caused by the pandemic across the EU, the Ecofin Council agreed to temporarily depart 

from the EU Council’s fiscal policy recommendations for the countries of the European Union, provided 
that this did not endanger the sustainability of public finances in the medium term. Thanks to the EU 

escape clause, the requirements regarding fiscal criteria contained in the Treaty on the Functioning of the 

European Union do not have to be met. This enabled the suspension of fiscal rules in individual EU coun-

tries and gave European Union Member States budgetary flexibility to deal with the COVID-19 crisis. 

The Act of May 28, 2020, amending the Public Finance Act (Journal of Laws 2020, item 1175, article 1, 

point 3), adopted in 2020, extends the list of events that enable the temporary suspension of the applica-

tion of the stabilising expenditure rule to include the state of the epidemic. Therefore, based on the Public 

Finance Act amended in 2020 (Journal of Laws 2009, No. 157, item 1240), consistent with the EU legal act 

– the Treaty on the Functioning of the European Union, the application of the stabilising expenditure rule 

(Journal of Laws 2009, No. 157, item 1240, Article 112aa) has been suspended due to the state of the 
epidemic. Moreover, Article 112d point 4 of the Public Finance Act (Journal of Laws 2009, No. 157, item 

1240) specifies the path of automatic return to the application of the stabilising expenditure rule.  

Considering the activated escape clause concerning the stabilising expenditure rule, in the years 

2020-2023 in Poland, the stabilising expenditure rule was not applied. This allows for taking measures 

to minimise the negative effects of the crisis and increase necessary spending to support healthcare 

systems, the population, and the economy. In this article, we propose various types of fiscal rules ap-

plicable even in exceptional situations, which distinguishes it from previous literature. 

The article aims to present a selected method for determining fiscal targeting rules. The pro-

posed fiscal rules make it possible to achieve the intended goals. In this article, the main goal of 

fiscal policy is the minimisation of deviations of the general government debt-to-GDP ratio from 
the target value. The proposed method for determining fiscal targeting rules considers the mini-

malisation of deviation of the inflation rate and output gap from their target values. We present 

the results of the empirical analysis for Poland. 

The research attempts to answer the following research question. What forms of fiscal rules are 

applicable in exceptional situations when making optimal decisions regarding the value of a selected 

macroeconomic fiscal instrument, which in this study is the general government debt-to-GDP ratio, 

while also considering the minimisation of deviations of other variables such as the inflation rate and 

GDP dynamics from their target values? 
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The novelty of the article is the determination of the fiscal targeting rule as a solution to the 

minimisation problem of intertemporal loss function. Thus, they make it possible to determine the 

optimal general government debt-to-GDP ratio, considering also the minimisation of deviations of 
the inflation rate and the output gap from their target values. 

In the subsequent part of the article, after the literature review, the research methodology is 

presented, including the types of fiscal policy rules and the selected method of determining fiscal 

targeting rules as a solution to the intertemporal loss function minimisation problem. Then, based 

on the obtained theoretical results, an empirical analysis is conducted for Poland to determine the 

optimal values of the general government debt-to-GDP ratio. The article ends with conclusions for-

mulated based on the obtained research results. 

LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT 

The EU fiscal rules aim to maintain the stability of public finances (see Larch et al., 2023). In the litera-

ture on fiscal rules, we observed two main approaches. 
The first approach is to establish ad hoc simple rules to constrain fiscal policies, such as a 3% 

ceiling on budget deficits and the 60% debt/GDP rule, which were introduced at the European level 

in 1992 with the ratification of the Maastricht Treaty (European Communities 1992, 92/C 191/01, 

Treaty on European Union). Moreover, fiscal rules contained in the Stability and Growth Pact (Euro-

pean Union 2011, Regulation 1175/2011 & 1177/2011) were also implemented to limit the tendency 

for indebtedness and promote fiscal stability. The introduction of such rules also aimed to 

strengthen policy coordination at the European level. In 2013, based on the Stability and Growth 

Pact ratified by member states, the EU Member States were obligated to implement structural bal-

anced budget rules at the national level. However, in the face of various exceptional situations and 
crises, different exemptions were added to the Stability and Growth Pact. Based on Article 3 Para-

graph 1 point c of the Treaty on Stability, Coordination and Governance in the Economic and Mone-

tary Union, the Member States ‘may temporarily deviate from their respective medium-term objec-

tive or the adjustment path towards it only in exceptional circumstances, as defined in point (b) of 

paragraph 3.’ Furthermore, the UE Member States may be temporarily exempted from the balanced 

budget rule and the stabilising spending rule in exceptional circumstances.  

The second approach involves deriving fiscal rules based on a specific model (see Halac & Yared, 

2014; Yared, 2019; Halac & Yared, 2022; Danninger, 2002; Przybylska-Mazur, 2017) at the national 

level, and Beetsma and Jensena (2005); Pappa and Vassilatos (2007); Gali and Monacelli (2008) for 

the Economic and Monetary Union). 
Many researchers (see Wyplosz, 2012; Fatás et al., 2019; Eyraud et al., 2018; Caselli & Reynaud, 

2020; Valencia et al., 2022) have analysed fiscal rules that can be used to control debt and thereby 

provide greater fiscal discipline and reduce high levels of public debt. The appropriate type of fiscal 

rules that allow for the limitation of public debt, is of significant importance in situations of unfa-

vourable shocks, such as financial crises, pandemics, natural disasters or wars (Obstfeld, 2013; 

Battaglini & Coate, 2016; Romer & Romer, 2018). Gómez-González et al. (2022) provide evidence 

of the positive and significant impact of implementing fiscal rules on the accessibility of public debt 

in both developed and emerging countries. 

Noteworthy, while European countries have engaged in a debate on fiscal policy rules, little is 

known about the ability of these rules to ensure stable debt and output paths when taxes are distor-
tionary, particularly in a small open economy. In this context, it turns out that the interaction between 

fiscal rules and the output may show what type of equilibrium we have: stabilising or passive. To 

achieve a stabilising equilibrium, public expenditures and public revenues should be adjusted to the 

level of economic activity to mitigate the fluctuations of the business cycle, while in the case of passive 

equilibrium, public expenditures and public revenues are not adjusted to the level of economic activity, 

i.e. fiscal policy decisions are not made to mitigate the fluctuations of the business cycle. 

Several researchers have examined the significance of fiscal rules and the fiscal multiplier in various 

aspects (see Barnichon et al., 2022; Caselli & Wingender, 2021; Canzoneri et al., 2016; Corsetti et al., 
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Debrun & Jonung, 2019; Przybylska-Mazur, 2016; Woodford, 2011). After analysing these articles, we 

may formulate the following general conclusion: the fiscal rules that limit the size of the general gov-

ernment deficit or general government debt may reduce the fiscal multiplier. 
Furthermore, to determine targeting fiscal rules, as analyzed by Barnichon and Mesters (2021), the 

maximisation problem can be applied, as studied by Reicher (2014), or the intertemporal loss function 

minimisation problem, which is the objective of this article. 

Moreover, we should not forget how important the interaction between monetary and fiscal policy 

is in conducting macroeconomic policy. Stawska and Miszczyńska (2022), Chugunov et al. (2021), 

Monamodi (2019) analyze the impact of variables in the area of monetary and fiscal policy on the 

economies of EU countries.  

In a combination of monetary and fiscal policy i.e. in the traditional policy mix, monetary policy is 

important in stabilising economies, while the interest rate is the basic stabilisation instrument. While, in 

the new policy mix (see Klucznik et al., 2021), fiscal policy has a significant role in stabilising and stimu-
lating the economy, and fiscal policy instruments are the main instruments for stimulating the economy. 

In the new policy mix, monetary policy has a supporting role in the effectiveness of fiscal policy. Stawska 

et al. (2023) consider the cooperative game between the central bank and the government. 

In the model presented in this article when we determined fiscal targeting rules, we considered 

the output gap. This is because there exists a relationship between output growth, productivity, and 

public debt, as demonstrated by Afonso and Jalles (2013) and Auerbach and Gorodnichenko (2012) in 

their research. The negative impact of debt on economic growth and investment has also been studied 

by Fatas et al. (2020) and Yared (2019). Salmon and de Rugy (April 5, 2020) demonstrate also the ex-

istence of a negative impact of public debt on the growth rate of the economy. 
Aimola Akingbade and Odhiambo (2020) presented a review of the literature showing the research 

results on the relationship between general government debt and inflation. They noted that the positive 

relationship between public debt and inflation dominates in the reviewed studies. Moreover, considering 

the studies cited in the other literature, which present inflation targeting (e.g. Ciżkowicz-Pękała et al., 

2019; Hammond, 2012) and which indicate the impact of general government debt on inflation (see 

Romero & Marín, 2017; Bon, 2015; Faraglia et al., 2013), in the model presented in this article we also 

include inflation. Moreover, a high level of general government debt also increases inflation expectations 

in society. Furthermore, the relationship between general government debt and inflation is discussed in 

the literature in the context of the debate on using fiscal policy to support economic development. 

These prior empirical results allowed us to assume the following research hypotheses: 

H1: Fiscal rules that take into account the inflation rate and GDP cyclical dynamics allow for min-

imising deviations of the general government debt-to-GDP ratio, inflation rate, and output 

gap from their target values. 

H2: Fiscal targeting rules can be applied in exceptional situations without the need for activating 

an escape clause. 

RESEARCH METHODOLOGY 

In the study, we used a quantitative design. 

To determine fiscal targeting rules, we utilised the selected problem of dynamic optimisation 

with an infinite time horizon and discounting. 

We determined the optimal values of macroeconomic fiscal instruments, such as the general 
government debt-to-GDP ratio while considering deviations from the target values of other varia-

bles, such as the inflation rate and output gap. Since the fiscal targeting rule is a solution to the 

minimisation problem of the intertemporal loss function, according to the classification of research 

methods provided by Sudoł (2007), we applied the following research method: quantitative (math-

ematical) method and modelling method. 
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Minimisation Problem of Intertemporal Loss Function 

In the intertemporal loss function, deviations between the values of target variables and their target 
levels are taken into account. Therefore, to determine the optimal values of the target variables, the 

following minimisation problem had to be solved: ����� �� ∑ 	
 ⋅ ��
�
��   (1)

subject to the constraints defined by the considered model. 

In the above problem: ∑ 	
 ⋅ ��
�
��  represents the intertemporal loss function in period t; 	 is 
the discount factor, 0 < 	 < 1; �� denotes the expected value symbol determined based on the avail-

able information in period t; �� is the period loss function.  

The period loss function can take various forms. Svensson (1996) proved that the accuracy of de-

cisions in targeting rules also depends on the form of the decision-maker’s period loss function. The 

other forms of the period loss function can be considered. One of the other forms of the period loss 

function is presented by Ruge-Murcia (2003) noting that positive deviations from the target can be 

weighted more, or less, severely than negative ones. 

Considering the stability of public finances and fiscal convergence criteria, we can adopt the fiscal 

policy instrument �� – the general government debt-to-GDP ratio as one of the target variables, �� >0 for earch � = 1,2,3, … 
Considering the premises presented in the literature review justifying the selection of other target 

variables that affect the debt, the inflation rate and output gap are also considered when making de-

cisions. Thus, �� = ���,   �!, where �� represents the inflation rate in period � and   �  represents the 

output gap in period �. The output gap   �  is defined as the relative deviation of GDP "� from potential 

GDP "#�, i.e.  � = $�%$#�$#� . 

Furthermore, a quadratic form of the loss function is assumed. Thus, �� = ���� ,  ��! = �& ��,   �,, ��' =  ()� �� − ��∗!,+(,�  � −  �∗!, + (.��� − ��∗!,  (2)

in which: (), (,, (. are parameters representing weights assigned to the squares of deviations of indi-

vidual target variables from their target values. 

The loss function (2) differs from the loss function considered in the literature on the inflation 

targeting rule (see e.g. Svensson, 1999). In the inflation targeting rule (Svensson, 1999) and in the 

standard Taylor rule (Taylor, 1993), researchers considered the output gap and the deviation of the 

inflation rate from the inflation target. In the presented period loss function (2), we took into ac-

count the deviations of all three variables, such as the debt-to-GDP ratio, the inflation rate, and the 

output gap, from their target values. This is a modification and extension to analyses conducted by 
other researchers (e.g. Svensson, 1999; Taylor, 1993). 

We adopted the three-equation model as a limiting condition. This model considers the multi-

plier effect because the trade-off between debt stability and output or inflation stability is likely if 

fiscal policy operates with a multiplier effect, for example, due to distortionary taxes or Keynesian 

consumption behaviour. The presence of distortionary taxation can affect the interactions between 

monetary and fiscal policy rules. 

Thus, the model that is limiting condition in the optimisation problem consists of the following 

three equations: 

1. An equation describing the inflation changes depending on the output gap and the general gov-

ernment debt – this relationship comes from the accelerating New Keynesian Phillips curve sup-
plemented by the general government debt-to-GDP ratio. This equation presents the formation of 

the inflation rate and eliminates the assumption present in the literature on fiscal targeting rules 

(see e.g. Reicher, 2014) that monetary policymakers in a given country have no influence on price 

formation in the country and that prices follow a constant path. Moreover, this equation includes 

the general government debt-to-GDP ratio, because it can impact inflation through aggregate de-
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mand, the transfer of wage growth from the public to the private sector, the effect of taxes on 

marginal costs, and society’s expectations regarding the repayment capacity of the general gov-

ernment debt in the future. Thus, the first equation of the model is of the following form: ��) =   0)�� + 0, � + 0.�� + 1�)  (3) 

in which:  ��) - inflation rate in period t+1; �� - inflation rate in period t;  � - output gap in period t; �� - general government debt-to-GDP ratio in period t; 1�) - a random term that is a supply shock. 

2. An equation describing the relationship between the output gap and the lagged output gap by one 

period, as well as the real interest rate calculated based on the lagged Fisher equation. This rela-

tionship is the modification of the IS curve, in which we take into account a multiplier effect that 

links the primary surplus with production. 

 �) =   2) � − 2,��� − ��! − 2.  ∙ 4�) + 5�) (4) 

in which:   �) - output gap in period t+1;  � - output gap in period t; �� - interest rate in period t; �� - inflation rate in period t; 4�) = 6�78$�78 - general government balance to GDP ratio in period t+1; 9�) - general government balance in period t+1; "�) - GDP in period t+1; 5�) - a random term that is a demand shock. 

3. The law of motion for general government debt presenting budgetary constraints considering pub-

lic finances shocks. 

��) = :) �� + 4�) + 	�) (5) 

in which:  ��) - general government debt-to-GDP ratio in period t+1, ��) = ;�78$�78; <�) - general government debt in period t+1; "�) - GDP in period t+1; ��- general government debt-to-GDP ratio in period t; 4�) - general government balance to GDP ratio in period t+1; 	�) - a random term that is a public finance shock. 

Often in the literature (see, e.g. Reicher, 2014), the law of motion for the general government debt 

includes a variable coefficient: 

:)�) = )=�)>�78  (6) 

in which:  �? - is the interest rate in period t; @�)- is the GDP growth rate in period t+1, 1 + @�) = $�78$� ; "�) - GDP in period t+1; "� - GDP in period t. 

Solution of the Minimisation Problem of Intertemporal Loss Function 

To solve the problem (1), which is the discounted dynamic programming problem with a discrete infi-

nite time horizon, we use the theory presented by Woźny (2006) concerning the Bellman equation and 

the envelope theorem. We present this theory below. 
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The Bellman equation for the discounted dynamic programming problem with a discrete infinite 

time horizon is of the following form (Woźny, 2006): A���! = �����∈;�C�!{������ , ��! + 	��A���)!}  (7)

or equivalent A���! = �����∈;�C�!{���� , ��! + 	��A���)!}  (8)

in which: A���! is a value function for the discounted dynamic programming problem with a discrete infinite 

time horizon. It is a mapping that assigns to each state �� the minimum achievable payout. 

The policy equation is the following form: ��∗���! = FG@ �����∈;�C�! {���� , ��! + 	��A���)!}  (9)

The envelope theorem can be formulated as presented below.  

Assume that the function H��� , ��! is differentiable with respect to �� and �� and for each �� there 

exists ����� H��� , ��!. 

Then:  
IIC� A���! = JJC� H��� , ��∗���!!  (10)

in which: ���! = ����� H��� , ��!, whereas ��∗���! = FG@ ����� H��� , ��!. 

Therefore, to solve the problem ����� �� ∑ 	
[()� �� − ��∗!,+(,�  � −  �∗!, + (.��� − ��∗!,]�
��   (11)

subject to the constraints of the model described by equations (3) – (5), we consider the Bellman equa-
tion (7) for �� = ���,  �! of the form A��� ,  �! = �����∈;�M�,N�!{()��� − ��∗!,+(,� � −  �∗!, + (.��� − ��∗!, + 	��A���),  �)!}  (12)

In the above equation, the control variable is the general government debt-to-GDP ratio. 

The value function for the problem with discounting and an infinite time horizon, also known as 

the intermediate loss function, is as follows: A���,  �! = O� + O)��� − ��∗!, + O,� � −  �∗!, (13)

in which: O�, O), O, are the coefficients that need to be calculated. The first-order condition for problem (12) 

is the following form: 
JJ�� A���,  �! = 0  (14)

in which: PP�� A��� ,  �! = 2 (.��� − ��∗! + 	��� PP��) A���),  �)! P��)P��  +  PP �) A���),  �)! P �)P��  

A���),  �)! = O� + O)���) − ��∗!, +  O,� �) −  �∗!, ⇒ PP��) A���),  �)!
= 2O)���) − ��)∗ !˄ PP �) A���),  �)! = 2O,� �) −  �)∗ ! 

and JM�78J�� = 0., 
JN�78J�� = 2.:). 

Therefore, we obtained the following equation: 2 (.��� − ��∗! + 2	O)0.���) − ��)∗ ! + 2	O,2.:)� �) −  �)∗ ! (15)
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The solution of this equation is the decision rule for the general government debt-to-GDP ratio 

that is the following form: 

�� = ��∗  − ST8UVWV ���) − ��)∗ ! − STXYVZ8WV � �) −  �)∗ !  (16)

Considering the constraints, the value of the general government debt-to-GDP ratio is a solution of the 
following first-order differential equation with a constant coefficient and a variable constant term: 

− 	O,2.,:)(. ��) + [1 + 	O)0.,(. + 	O,2.,:),(. \ ��  
= ��∗ + 	O)0.(. ��)∗ + 	O,2.:)(.  �)∗ + ]− 	O)0)0.(. − 	O,2,2.:)(. ^ ��
+ ]− 	O)0,0.(. − 	O,2)2.:)(. ^  � + 	O,2,2.:)(.  �� 

(17)

We can rewrite this equation in the following equivalent form ��) = _ �� +  �̀  (18)

in which: 

_ =  1 + 	O)0.,(. + 	O,2.,:),(.	O,2.,:)(.
 (19)

�̀ = − 1	O,2.,:)(.
[��∗ +  	O)0.(. ��)∗ + 	O,2.:)(.  �)∗ + ]− 	O)0)0.(. − 	O,2,2.:)(. ^ ��  

+ ]− 	O)0,0.(. − 	O,2)2.:)(. ^  � + 	O,2,2.:)(.  �� 

(20)

Assuming the initial condition for general government debt-to-GDP ratio �), the solution of equa-

tion (18) can be written in the form: ��) = _�  �) + ∑ _�%T�T�)  T̀   for � = 1,2, 3, … (21)

Therefore, considering the assumption that the debt-to-GDP ratio is a positive value, we adopted 

the value calculated based on formula (21) as the optimal value of the debt-to-GDP ratio when it was 

a positive value. If the value of the debt-to-GDP ratio calculated based on formula (21) was non-posi-

tive, then the optimal value of the debt-to-GDP ratio could be taken a positive value close to 0 or it can 

be assumed debt-to-GDP ratio equalled 0 i.e. no general government debt but this does not occur in 

practice. In practice, periods in which the debt-to-GDP ratio calculated on the basis of formula (21) was 

non-positive could be considered as periods in which part of the budget revenues should be allocated 

to repaying a larger amount of debt or should be accumulated for use in exceptional situations. 

We can note that the general government debt-to-GDP ratio which is determined on the basis of 
the presented model, depends on the inflation rate and the output gap. When we determined the 

value of the general government debt-to-GDP ratio, the target values of the considered variables, such 

as the debt-to-GDP ratio, inflation and output gap, were also considered. Furthermore, the monetary 

policy instrument – the interest rate, also affects the value of the debt-to-GDP ratio. When we deter-

mined the fiscal targeting rule, which is a solution to the presented minimisation problem, we observed 

that the coordination of fiscal and monetary policies helps achieve the target. 

To determine the coefficients O), O,, we applied the envelope theorem to the Bellman equation 

(12) and utilise equation (13).  

Supposing that �� = ���,  �! i H���,  � , ��! = ����,  � , ��! + 	��A���),  �)! we needed to solve 
the equation system as follows: 
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⎩⎪⎨
⎪⎧ PP�� A���,  �! = PP�� H���,  � , ��∗���,  �!!

PP � A���,  �! = PP � H���,  � , ��∗���,  �!! (22)

i.e. the following equation system 

e�O) − ()!��� − ��∗! = 	O)���)/� − ��)∗ !�O, − (,!� � −  �∗! = 	O,� �)/� −  �)∗ !  (23)

Assuming the constant trends of deviations of inflation rate from the inflation target and the con-

stant output gap from the target, denoted as T��H = M�78/�%M�78∗
M�%M�∗  and T@Fg = N�78/�%N�78∗

N�%N�∗ , respectively, 

we calculated the coefficients O) and O, using the following formulas: 

O) = ()1 −  	 ∙ h��H (24)

and  O, = (,1 −  	 ∙ h@Fg 
(25)

In the analysis, we considered the quarterly data for Poland from the first quarter of 2011 to the third 

quarter of 2022. We considered the inflation rate data and the GDP growth rate data published by Sta-

tistics Poland (www.stat.gov.pl), the general government debt-to-GDP ratio data published by the Min-

istry of Finance (https://www.gov.pl/web/finanse/zadluzenie-sektora-finansow-publicznych) and also 

the reference interest rate data (end-of-quarter values) published by the National Bank of Poland 

(www.nbp.pl). We establish ��∗= 0.55 for each � = 1,2,3, … (which corresponds to 55% – the upper limit 

of the first prudential threshold for debt in Poland; this limit was suspended in 2013) as the target values 
for the general government debt-to-GDP ratio. Based on the Resolution No. 2/2003 of the Monetary 

Policy Council of February 25, 2003 on the ‘Strategy of Monetary Policy after 2003,’ since 2004, in Poland 

a continuous inflation target of 2.5% is implemented with an acceptable range of fluctuations of +/- 1 

percentage point. Therefore, initially, we assumed inflation target 2.5% i.e. ��∗=0.025 on a year-on-year, 

the lower bound of acceptable deviations of inflation from the inflation target equals to 1.5% and the 

upper bound of acceptable deviations of inflation from inflation target equals to 3.5% for each t = 1, 2, 

3,… For the purpose of this study, initially, we set also  �∗ = = 0 for each t = 1, 2, 3,… as the target value 

for the output gap, i.e. we assume that the GDP growth is equal to the potential GDP growth. 

Noteworthy, there are two groups of methods for estimating potential GDP. The first group are 
structural methods. This group of methods includes the method based on the production function 

and the method using Okun’s law The second group are non-structural methods, i.e. methods of 

statistical trend elimination. Examples of these methods are the method using the trend function 

and the method using the Hodrick-Prescott filter. The most frequently used method for estimating 

potential GDP is the method using the Hodrick-Prescott filter (HP filter). Thus, we calculated the 

potential GDP growth values using the HP filter. 

RESULTS AND DISCUSSION 

In the Figures 1 to 3, we present the actual values of the variables that we take into account in the loss 

function. These are the actual values of the general government debt-to-GDP ratio, the actual values 

of inflation compared to the inflation target and the lower and upper bounds of acceptable deviations 
of inflation from the target as well as the actual values of the output gap. For the purposes of this 

study, the output gap target was initially assumed to be 0. 

We present these values for Poland for periods from 2011Q1 to 2022Q3.  

From the above Figures, we can see that over the whole analyzed period in Poland, the actual 

values of the general government debt-to-GDP ratio were lower than 60%, which is the value adopted 

as the threshold that EU countries should not exceed based on the fiscal convergence criterion for the 
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general government debt-to-GDP ratio. Therefore, we can observe that in Poland, the fiscal conver-

gence criterion for the debt-to-GDP ratio was fulfilled over the whole analyzed period. 

 

 

Figure 1. The actual values of the general government debt-to-GDP ratio 

and threshold of general government debt-to-GDP ratio in Poland 

Source: own elaboration of data from the Ministry of Finance. 

However, we can also observe that the other considered variables, the inflation rate and the output 

gap, deviated significantly from their assumed targets in many quarters. Particularly in the recent pe-

riod, the non-fulfillment of targets for these variables is evident. Inflation has deviated significantly 

from the inflation target since the second quarter of 2021, while the output gap has deviated since the 

first quarter of 2020. Moreover, in the period from 2020Q1 to 2021Q1, the output gap was negative, 
whereas from 2021Q2 to 2022Q3, it was positive. 

 

 

Figure 2. The actual values of inflation rate, the inflation target, the lower and the upper 

bounds of acceptable deviations of inflation from the target in Poland 

Source: own elaboration of data from Central Statistical Office and Narodowy Bank Polski. 
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To take into account not only the achievement of the fiscal convergence criterion for the debt-to-

GDP ratio but also the minimisation of deviations in inflation and the output gap from their target 

values, it is worth considering the solutions of the minimisation problem of intertemporal loss function. 
We present the results of this analysis below. 

 

 

Figure 3. The actual values of the output gap and the output gap target 

Source: own elaboration of data from Central Statistical Office. 

We calculated the optimal values of the general government debt-to-GDP ratio based on the mini-

misation problem of intertemporal loss function. These calculated values take into account the minimi-

sation of deviations in inflation from the inflation target and the output gap from the output gap target. 

Using the formula for the solution of the presented minimisation problem, we obtained the values 

of the general government debt-to-GDP ratio for the following different cases: 

1. Assuming different weights assigned to the deviation in inflation from the inflation target, the de-

viation in the output gap from the output gap target, and the deviation in the debt-to-GDP ratio 

from the target value. 

2. Assuming different target values for inflation rate and the output gap, with a constant target for 

the debt-to-GDP ratio set at 55%. 

3. Assuming different discount factors. 

4. Assuming different values for the coefficient of constant trend in deviations of the inflation rate 

from the inflation target and the coefficient of constant trend in deviation of the output gap from 

the output gap target. 

The obtained values of the general government debt-to-GDP ratio are presented in Figures 4 to 7 
as obtained in the different cases. Our estimates are compared with the actual values. 

Moreover, we could observe that only a change of coefficient of constant trend in deviations in 

inflation from the inflation target affects the optimal values of the debt-to-GDP ratio. A change in the 

coefficient of constant trend in deviations in the output gap from the output gap target has no signifi-

cant impact on the optimal value of the debt-to-GDP ratio. 

In all cases, we can observe the same direction of the optimal values paths of the debt-to-GDP 

ratio, but there is a different shift along the axis of ordinates.  

Figure 5 shows that, assuming the fixed values of the debt-to-GDP ratio target and the output gap 

target, even increasing the value of the inflation target from 2.5% (inflation target of the National Bank 

of Poland since 2004) to 5%, which does not occur in practice, does not change the path of the optimal 
debt-to-GDP ratio. 
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Figure 4. The optimal and actual values of the general government debt-to-GDP ratio in Poland: Case 1 

Source: own elaboration. 

 

 

Figure 5. The optimal and actual values of the general government debt-to-GDP ratio in Poland: Case 2 

Source: own elaboration. 

 

 

Figure 6. The optimal and actual values of the general government debt-to-GDP ratio in Poland: Case 3 

Source: own elaboration. 
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Figure 7. The optimal and actual values of the general government debt-to-GDP ratio in Poland: Case 4 

Source: own elaboration. 

Supposing lower values of discount factors and wanting to achieve all the predetermined goals, 

namely, minimising the deviations of the considered variables (debt-to-GDP ratio, inflation rate and 

output gap) from their target values during various exceptional situations and shocks, a debt-to-GDP 

ratio close to zero should be maintained during periods of recovery and economic boom. Furthermore, 

greater values of weight assigned to the debt-to-GDP ratio and greater surplus of financial resources 

should be generated to achieve the assumed targets in case of exceptional situations. 

Considering the optimal values of the debt-to-GDP ratio, we found that assuming a constant value 
of the debt-to-GDP ratio target of 55%, the achievement of the assumed targets is also influenced by 

the values of the inflation rate target, the output gap target and the value of the constant trend coef-

ficient in deviations of inflation rate from the inflation target and the constant trend coefficient of 

output gap from the target. We can note that in these cases and assuming equal weights assigned to 

individual variables, the fiscal convergence criterion is not possible to fulfill. Then, different values of 

weights in the loss function should be assigned to individual variables, or an alternative solution would 

be to replace the constant values in the fiscal convergence criterion with variable values considering 

the phase of the business cycle or the occurrence of shocks. 

CONCLUSIONS 

Changing economic conditions and the exceptional situation forced the need for interaction of 
monetary and fiscal policies (see e.g. Chugunov et al., 2021; Corsetti et al., 2019; Monamodi, 2019). 

As researchers (e.g. Stawska & Miszczyńska, 2022) prove, the monetary and fiscal policy have a 

significant impact on the economy. 

One type of monetary or fiscal policy rules are targeting rules. All researchers determining tar-

geting rules must give an objective function and limiting conditions. Ruge-Murcia (2003) deter-

mines the inflation targeting rule as a solution of a game-theoretical model, considering the pref-

erences of monetary policy makers in the objective function. When determining the fiscal targeting 

rule Reicher (2014) takes into account that consumers seek to maximise the present discounted 

value of utility subject to a budget constraints. 
In this article, we present one of the problems on the basis of which we determine the fiscal tar-

geting rule. We present the results of research in which the determination of fiscal targeting rules was 

approached using the minimisation problem of intertemporal loss function. The solution presented in 

the article allows for the determination of the optimal values of macroeconomic fiscal instrument (in 

this article the general government debt-to-GDP ratio). These values minimise deviations this fiscal 
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instrument from the target value while also achieving other set goals, such as minimising deviations of 

the inflation rate and the output gap from their target values.  

Based on the obtained results of empirical analysis, we can observe that reducing debt or even 
maintaining a debt close to zero during good economic times allows for achieving an acceptable, 

i.e. not exceeding 60%, level of the debt-to-GDP ratio during a crisis. This ratio is a measure whose 

values minimise the deviation from the target value while considering the minimisation of devia-

tions of inflation rate and the output gap from their target values. 

The determined optimal values of debt-to-GDP ratio take into account the interactions between 

macroeconomic fiscal instruments such as the general government debt-to-GDP ratio, the general 

government balance to GDP ratio, the inflation rate, the output gap, and the monetary policy in-

strument – the interest rate. The presented findings allow for a positive verification of the first 

formulated research hypothesis. Therefore, we can control the debt-to-GDP ratio while considering 

the values of other variables such as the inflation rate and GDP dynamics. 
Furthermore, when we incorporated various variables in the fiscal targeting rule that influence 

the decision to activate the general escape clause in the fiscal rule we eliminated this necessity. 

That allows for the application of the determined fiscal targeting rule even in exceptional situations 

and a positive verification of the second hypothesis. If the presented fiscal targeting rule is applied, 

it is possible to obtain the debt-to-GDP ratio close to zero in times when there are not exceptional 

situations and the economic situation is good. Therefore, it would not be necessary to activate a 

general escape clause making it possible to increase general government expenditures to eliminate 

the negative effects of exceptional situations. Moreover the budget surpluses may be used to at 

least partially cover the costs resulting from the exceptional events. 
However, it is important to note certain limitations in the research resulting from the schedule of 

quarterly data publications regarding the inflation rate and GDP dynamics, and thus the availability of 

real data concerning these variables necessary for determining the optimal values of the debt-to-GDP 

ratio. Therefore, to determine the optimal value of the general government debt-to-GDP ratio in the 

current quarter, preliminary the estimates of the inflation rate and GDP dynamics must be utilised. On 

the other hand, when we can calculate the forecasts of optimal values of debt-to-GDP ratio, we have to 

consider the forecasts of the inflation rate, GDP dynamics and interest rate, which are burdened with a 

certain error affecting the optimal value of the considered macroeconomic fiscal instrument. 

The research led to the following implication for policy makers. To minimise the intertemporal loss 

function, a portion of the financial resources accumulated during non-exceptional periods should be 
utilised during crises and shock events. To achieve the lowest possible optimal value of the debt-to-

GDP ratio that minimises – in addition to the deviation of the debt-to-GDP ratio from the target of 55% 

– the deviation of the inflation rate from the target of 2.5% and the output gap from the target of 0%, 

the deviation of the debt-to-GDP ratio should be assigned the highest weight. If we assume equal 

weights for all variables, the optimal values of the debt-to-GDP ratio have the highest values. Policy 

makers should consider that the value of the assumed output gap target have a significant role in de-

termining the optimal value of the debt-to-GDP ratio. The lowest optimal values of the debt-to-GDP 

ratio can be achieved if the objective is GDP equal to potential GDP, i.e. output gap equals to 0%. 

Moreover, there is no need to discuss changing the inflation target in the context of determining the 

optimal value of the debt-to-GDP ratio because changing the value of the inflation target does not lead 
to significant changes in the optimal value of the debt-to-GDP ratio. Moreover, the optimal values of 

the debt-to-GDP ratio are the smallest when policy makers consider the lowest possible value of the 

discount factor. To obtain the lowest possible optimal values of the debt-to-GDP ratio, policy makers 

should assume the lowest possible values of the constant trends of deviations of inflation rate from 

the inflation target and values of the constant output gap from the target. 

We can also observe that in certain cases, the fiscal convergence criterion may not be fulfilled. There-

fore, this research allows decision-makers to assess whether the objective of achieving fiscal convergence 

regarding the general government debt-to-GDP ratio is achievable at a given point in time. 

Thus, it seems advisable to conduct research to examine whether changing the constant value into 

the variable value in the convergence criteria, considering the phase of the business cycle, allows for 
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the fulfillment of the fiscal convergence criterion during different phases of the business cycle. More-

over, suggestion for future research is the determination of fiscal target rules considering another 

model as a constraint in the optimisation problem or another objective function. Other mathematical 
optimisation methods can be used to determine fiscal targeting rules. 
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