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 Background. Taxation is a fundamental instrument of
macroeconomic policy, and its influence across various
economic and social domains remains one of the most
significant subjects of research. Particular attention is
devoted to examining the capacity of taxation to regulate 
economic cycles, shape dynamic processes, and affect the
market equilibrium of an economic system. The
development of dynamic models of economic equilibrium
incorporating endogenous tax factors as a methodological
foundation for macroeconomic policy constitutes a
significant research objective. 

Purpose. This study examines the impact of taxation
indicators on macroeconomic dynamics within the dynamic
IS–LM framework, incorporating endogenous taxes,
mathematical and simulation analyses of oscillatory
conditions, and assessment of the influence of tax variables
on dynamic regimes.  

Findings. This study presents a modified IS-LM 
model with endogenous taxes, demonstrating the potential
influence of taxation on the type of dynamics of economic
systems, particularly the exit from the fluctuation zone and
vice versa. The theoretical analysis of the model consists of
two stages: 1) mathematical analysis of the tax parameter’s
influence on the type of dynamics of the economic system,
and 2) simulation analysis based on the System Dynamics
concept. As a result of the first stage, mathematically
justified bounds for the tax rate were obtained, which
determine its potential (in combination with other
parameters) to reflect the diversity of economic systems. In
particular, it is shown that for certain values of other model
parameters, the transition from fluctuations is possible with 
both a high tax burden (e.g. above 50%) and a low one (e.g.
20% or below).  

Implications. The simulation model developed using
the System Dynamics concept demonstrates the possibility
of analysing feedback loops that include key variables of the
model, revealing reinforcing or balancing mechanisms
within closed chains of endogenous variables, and of 
multivariate calculations and analysis of the impact of
various combinations of exogenous parameters on selected
response functions (GDP or Interest rate) with the
subsequent development of regression meta-models.  

Keywords: Business Cycles, IS-LM Model, Fiscal 
Policy, Market Equilibrium, System Dynamics. 
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1. Introduction. 

The impact of taxation on economic 
system dynamics and equilibrium is crucial for 
macroeconomic policy, which explains the 
continuing scientific and practical interest in 
this topic. Tax instruments are actively used to 
achieve various socio-economic goals, 
including supporting certain types of 
production, stimulating investment activity, 
redistributing income, and reducing 
inequalities (Villani & Viscolo, 2021).  

The impact of taxation on the behaviour 
of economic agents (producers and consumers) 
ultimately results in changes in the 
macroeconomic proportions and dynamics, 
including their composition, growth rates and 
stability. Research on the impact of taxation on 
macroeconomic equilibrium is essential for 
determining the boundaries and limitations of 
tax policy in the economy and predicting 
changes in its properties.  

One of the fundamental results of 
macroeconomic equilibrium research is the 
well-known IS-LM model, which helps explain 
the endogenous cycles of an economic system 
and the influence of factors that can serve as 
instruments for macroeconomic policy 
(Panzaru et al, 2025).  

The particular significance of the IS-LM 
model for economic science and the interest it 
generates are as follows:  

1. It represents the dynamics and 
potential for achieving equilibrium 
simultaneously in two markets – those of goods 
and capital. 

2. Oscillatory dynamics are viewed as an 
internal, endogenous property of the economic 
system.  

3. The model describes a variety of 
dynamics, not only oscillatory but also 
monotonically increasing and decreasing, 
clearly representing the dependence of the type 
of dynamics on the combination of the values 
of the economic system's parameters.  

These features of the model make it a 
valuable tool for analysing macroeconomic 
policy, of which tax policy is a key component. 

This study aims to analyse the impact of 
indicators reflecting taxation (tax variables) on 
macroeconomic dynamics using the dynamic 
IS-LM model.  

This objective involves the following: 
modification of the dynamic IS-LM model with 
endogenous taxes; mathematical and 
simulation analysis of the conditions of 
oscillatory dynamics; analysis of the impact of 
tax variables on the type of dynamics. 

2. Literature Review.  

2.1. Evolution of the IS-LM Model: 
From Static Equilibrium to 
Dynamic Analysis. 

The first formulation of the IS-LM model 
was proposed by Hicks (1937) and 
subsequently developed in both theoretical and 
applied (model approval) aspects (Gali, 1992; 
Smith, 1982). The model has many 
modifications designed to account for new 
factors affecting the dynamics of the economic 
system (Tu, 1994).  

Despite its criticism, limitations, and new 
theoretical approaches, this model remains, as 
noted by Von Holle (2024), the most important 
interpretation of Keynesian theory. It remains a 
fundamental result of economic theory and an 
instrument of macroeconomic policy (De 
Cesare & Sportelli, 2005; Gali, 1992; Neamtu 
et al., 2005; Smith, 1982; Vergés, 2024; Zhou 
& Li, 2008).  

The model has been used to analyse 
monetary policy. For example, it can point to a 
study (King, 2000) that shows how the choice 
of monetary policy rules and monetary shocks 
can influence macroeconomic fluctuations. Das 
et al. (2024) investigated environmentally 
friendly economic growth and the impact of 
fiscal and monetary policy within the IS-LM 
model framework.  

The model has several significant 
assumptions and limitations that have been and 
are the subject of criticism; however, that it is 
constantly evolving and adapting to new 
challenges (Li & Wu, 2015; Young & 
Zilberfarb, 2001).  

A surge of interest in this model is 
associated with its dynamic versions, which 
describe complex nonlinear behaviour, 
different types of equilibrium, and stability. 
Complex dynamics appear in the model due to 
the inclusion of lag variables (Altar, 2008; 
Neamtu et al., 2005; Zhou & Li, 2008).  
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New versions of the IS-LM model have 
been proposed based on the dynamic stochastic 
general equilibrium (DSGE) approach (a new 
paradigm of Keynesian models) (Fritsche and 
Größl, 2010).  

Bazán Navarro and Benazic Tomé (2022) 
introduced adaptive inflationary expectations 
into the model, identified conditions for 
structural instability, and presented examples 
of locally stable dynamics and a degenerate 
Hopf bifurcation. 

2.2. Fiscal Policy Effects in IS-LM 
Framework. 

Among recent research, note the works 
by Potrafke (2025), Muslim et al. (2024), 
Varghese and Saxena (2025), and Wu and Xie 
(2025), which examine the relationship 
between fiscal policy and economic 
sustainability. De Cesare and Sportelli (2005) 
evaluated the new types of dynamics that 
emerge due to tax lags. Panzaru et al. (2025) 
show that deferred taxation, in which tax 
revenues depend on past income, can 
destabilise the system, leading to cycles and 
even chaotic fluctuations. Neamtu et al. (2005) 
consider types of behaviour such as Hopf 
bifurcation and limit cycles, which are 
observed as a result of tax lags introduced into 
the model.  

Thus, on the one hand, despite the 
extensive research on the influence of taxes on 
economic processes, this issue is insufficiently 
discussed in the context of market equilibrium. 
On the other hand, in IS-LM model studies, 
attention is mainly focused on the analysis of 
complex dynamic effects arising from specific 
tax factors, such as tax lags. This creates a 
research gap related to the general problem of 
the impact of all tax instruments on dynamics 
and equilibrium.  

Therefore, taxation should be represented 
by the most general indicators that characterise 
it as a whole, and these indicators should be 
incorporated into the model. 

In this study, it is assumed that all taxes 
can be divided into two groups:  

1) Depend on income (income taxes, 
value-added taxes, etc.).  

2) Not directly dependent on income 
(property taxes, for example).  

Accordingly, taxation is represented in 
the model by two generalised variables: the 
share of taxes in income (the first group) and 
the exogenous tax rate (the second group). The 
proposed modification of the IS-LM model, 
which considers the mentioned variables, 
allows us to analyse the impact of these 
common taxation indicators on the type and 
equilibrium of the economic system. 

3. Methodology. 

3.1. A Modified IS-LM Model with 
Endogenous Taxes. 

A modification of the well-known 
dynamic IS-LM model of a closed economy is 
introduced based on the following assumptions. 

1. GDP grows depending on excess 
demand, defined as the excess of investments 
(I) over savings (S): 

𝑌ሶ ൌ ℎሺ𝐼 െ 𝑆ሻ, (1) 

where ℎ ൐ 0 – proportionality coefficient 
(constant for regulating the “speed” of income). 

2. The interest rate varies depending on 
the excess demand for money: 

𝑟ሶ ൌ 𝑚ሺ𝐿 െ 𝑀ሻ,                      (2) 

where L – the demand for money, M – the 
supply of money, 𝑚 ൐ 0  – the constant of 
interest rate adjustment. 

3. Investments are linearly dependent on 
the interest rate: 

 𝐼 ൌ 𝐼଴ െ 𝛼𝑟, 𝛼 ൐ 0,           (3) 

 𝐼଴  – exogenously given level of 
investment. 

4. Savings are given as follows: 

 𝑆 ൌ 𝑌 െ 𝐶 െ 𝐺 , (4) 

where C – household consumption, G – 
government expenditure (exogenous variable). 

5. Consumption assumptions: 
consumption (C) is closely related to after-tax 
income (Y–T). 

 𝐶 ൌ 𝐶଴ ൅ 𝑐ଵሺ𝑌 െ 𝑇ሻ,    0 ൏ 𝑐ଵ ൏ 1 (5) 

6. Taxes are linearly related to income: 

 𝑇 ൌ 𝑇଴ ൅ 𝑞𝑌, 0 ൏ 𝑞 ൏ 1 (6) 

where T0 – tax revenues that are not 
directly related to income (property taxes). 
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7. The demand for money is determined 
by income and the interest rate L(Y, r), with 
demand increasing with income and 
decreasing with the interest rate. The 
relationship L(Y, r) is considered to be linear: 

 𝐿ሺ𝑌, 𝑟ሻ ൌ 𝑘𝑌 െ 𝛽𝑟,     (7) 

where k and   – positive constants.  
The first term (kY) characterizes business 

demand for money, the second one (–βr) is 
speculative demand, determined only by the 
interest rate. 

3.2. System Dynamics Simulation 
Framework. 

The modified model in matrix form 
looks like: 

൬Yሶ
rሶ

൰ = ൤
-h(1-c1(1-q)) -αh

km -βm
൨ ቀY

r
ቁ + ቀh(G0+I0+C0-c1T0

mM
ቁ  (8) 

The matrix of this system of differential 
equations is: 

𝐴 ൌ ൤
െℎሺ1 െ 𝑐ଵሺ1 െ 𝑞ሻሻ െ𝛼ℎ

𝑘𝑚 െ𝛽𝑚൨ 

It determines the type of economic 
dynamics. The presence of fluctuations 
depends on the sign of the characteristic 
equation of the matrix A: 

 𝛥𝐴 ൌ ሾℎሺ1 െ 𝑐ଵሺ1 െ 𝑞ሻሻ െ 𝑚𝛽ሿଶ െ 4𝑘𝑚𝛼ℎ (9) 

A negative value of the discriminant of 
this indicator 𝛥𝐴 ൏ 0 means that the dynamics 
of income and interest rates will be oscillatory, 
i.e. provided:  

 ሾℎሺ1 െ 𝑐ଵሺ1 െ 𝑞ሻሻ െ 𝑚𝛽ሿଶ ൏ 4ℎ𝑚𝑘𝛼 (10) 

Non-oscillating trajectories are obtained 
under the condition ∆𝐴 ൒ 0:  

 ሾℎሺ1 െ 𝑐ଵሺ1 െ 𝑞ሻሻ െ 𝑚𝛽ሿଶ ൒ 4ℎ𝑚𝑘𝛼  (11) 

Consider the influence of the tax 
parameter q on these conditions. 

Condition (5) will be fulfilled for the 
corresponding values of the parameter q: 

 𝐵 െ ଶ√௠௞௛∝

௛௖భ
൏ 𝑞 ൏ 𝐵 ൅ ଶ√௠௞௛∝

௛௖భ
,    

𝐵 ൌ
𝑚𝛽 െ ℎሺ1 െ 𝑐ଵሻ

ℎ𝑐ଵ
 

(12) 

Theoretically, the tax coefficient ranges 
from zero to one (0 ൏ 𝑞 ൏ 1ሻ, but in fact, this 
interval is smaller, since too high (close to 0.8, 
for example) or too low values close to 0) are 
only theoretically permissible, but unrealistic. 

If condition (12) lies within the realistic 
interval of tax coefficient values, non-
oscillations are possible when the coefficient 
increases and decreases. 

4. Results.  

4.1. Mathematical Conditions for 
Oscillatory Dynamics. 

The derived boundaries for the tax 
coefficient become clearer with a concrete 
parameter cases. 

Case 1. A numerical example is provided 
for the following parameters: β = 0.4; α = 0.01; 
k = 0.3; c1 = 0.8, m = 1.2; h = 1. Both limits of 
condition (12) for such values are within the 
permissible interval 0.2< q < 0.5. Consequently, 
increasing the tax rate to 50% or higher or 
decreasing it below 20% eliminates fluctuations. 

However, one or both constraints of 
condition (12) may extend beyond the 
permissible ranges. For example, changing the 
value of parameter β by 0.2 moves the left 
boundary of condition (12) into the 
unacceptable zone: െ0.1 ൏ 𝑞 ൏ 0.2.  In this 
case, fluctuations will appear if the tax rate is 
less than 20%. Consequently, a decrease in the 
speculative component of demand in the money 
market, that is, a decrease in the β parameter, 
expands the zone of non-fluctuating dynamics 
and narrows the possibilities for regulating it 
through taxation. Various combinations of 
model parameters determining the limits of 
condition (12) define a range of tax coefficient 
values over which oscillations occur. In some 
instances, non-oscillatory dynamics are 
impossible for any parameter value. 

Case 2. Consider an economy with the 
following parameters: β = 0.4; α = 1; c1 = 0.8, k 
= 1, m = h = 1.  With these values, condition 
(12) falls outside the permissible range of the 
tax coefficient: -2.25< q < 2.75. This means 
that, with these parameters, it is impossible to 
change the oscillatory type of system dynamics 
(a stable focus) by varying the parameter values 
(Fig. 1). 
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5. Discussion. 

When comparing the results of this study 
with those of other studies in this area, the 
following can be noted. Unlike other studies 
that focus on analysing the complex dynamic 
effects arising from specific tax factors, this 
study models taxation using two generalised 
variables: the tax share in income and the 
exogenous tax rate. In addition, the 
simultaneous use of analytical and simulation 
approaches enables a significant expansion of 
the analysis scope through the model 
experiments.  

Firstly, the IS-LM model is primarily a 
conceptual model, which determines its 
significance for economics by serving as the 
basis for applied models. The modification 
presented here represents a significant step 
toward the practical use of this model. 

Secondly, the examples provided employ 
tax rate values that are close to realistic (0.3–
0.4), as well as some extreme values (e.g., 0.2, 
0.5, and higher), which are unlikely but 
possible from a practical standpoint.  

The range of tax coefficient values that 
determine the type of dynamics is set by the 
other model parameters, reflecting the absolute 
dependence of the tax policy on the state of the 
economy. This means that there are no 
quantitative estimates of tax parameters 
adequate for any economic system, but the 
analysis conducted provides some rules for 
finding them.  

In this study, the proposed modification 
has limitations beyond those of the IS-LM 
model, whether theoretical or applied. The tax 
coefficient is assumed to be constant, whereas 
in the real economy, it changes, especially over 
the long term. This assumption limits the 
practical significance of the results to the short 
term, during which the tax rate can be 
relatively stable. 

6. Conclusions. 

This study explores the implementation 
of tax parameters within the classical IS-LM 
market equilibrium model. In general, the 
analysis confirms the extensive potential of the 
IS-LM model for interpreting the dynamics of 
economic systems.  

Taxation is one of the most important 
instruments of countercyclical policy, and its 
inclusion in the model shows that, using its 
parameters, one can influence the equilibrium 
and the type of dynamics, bringing the 
economy out of the oscillation zone and vice 
versa. The results can be used to conclude the 
possibilities and limitations of tax policy based 
on actual parameter estimates.  

The theoretical analysis of the modified 
IS-LM model consists of two stages: a 
mathematical analysis of the limitations of the 
tax variable (tax coefficient) and a simulation 
analysis of feedback loops and types of 
dynamic behaviour.  

Consequently, mathematically justified 
double-sided bounds on the tax coefficient 
were obtained. They depend on all the model 
parameters (seven in total), resulting in a wide 
variety of combinations that reflect the 
diversity of economic systems.  

The simulation model developed using 
the System Dynamics concept demonstrates the 
possibility of 1) analysing the feedback loops 
that include key variables of the model, 
revealing reinforcing or balancing mechanisms 
and closed chains of endogenous variables; and 
2) multivariate calculations and analysis of the 
impact of various combinations of exogenous 
parameter values on selected response 
functions, with the subsequent development of 
regression meta-models. 

The results are used to conclude the 
possibilities and limitations of tax policy based 
on the actual parameter estimates. The 
theoretical results should be further tested in 
real-world scenarios. In addition, the System 
Dynamics concept used to construct the 
simulation model represents an effective and 
promising methodology and offers a 
perspective for developing the IS-LM model 
with additional factors. 
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