
Journal of Diplomatic and Social Studies / vol. 1 / No. 1 / 2018  •  16

JOURNAL of Diplomatic and Social Studies

Keywords: 
dynamic model, tax assignment, 
revenues from the shared taxes

klíčová slova:
dynamický model, rozpočtové určení daní, 
příjem ze sdílených daní

Dynamic model as a tool to 
anticipate the percentage 
of shared taxes in potential 
municipalities´ revenues
Dynamický model jako nástroj určení procentního podílu 
obcí na výnosech ze sdílených daní

INTrodUCTIoN
The system defined as a set of interrelated elements 
that together form a whole, ensuring the fulfilment of 
the overall purpose. Modeling in terms of research tech-
niques is the replacement of the analysis of its system 
that it models in order to obtain by experiments with 
a model of the information about the original analysis of 
the system.

The term “model” in system science considered as a re-
presentative or real object. A dynamic model is a model 
that includes time factors and time effects.

The dynamic system understood as a set of interrelated  
elements whose values evolve over time and influence 
each other. It is a system where all variables are in time t, 
which is an element of a given set of time moments deno-
ted by T. (Sterman 2000), (Vlachos 2007)

Dynamic model is an appropriate instrument for under- 
stand the relations and links between elements. It can si-
mulate the functioning of the system, to influence the 
behavior of the model interactively, to propose improve-
ments to the model. 

Before the creation of dynamic model, you must first 
define and describe important elements and processes of 
the analysis system. These elements and processes are 
determined from the results of the investigation or ob-
servation, or is man created and derives because of his 
perception of the system. The result is a graphic display 
that contains a causal loop diagrams, or charts of stocks 
and flows. (Křivý 2001), (Sterman 2000), (Vlachos 2007)

To ensure that the model could be regarded as dyna-
mic, you must record the individual elements and bin-
ding by using formulas (or equations), which can then 
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abstrakt:
V současné době představitelé (zástupci) obcí nemají nástroj, který 
by jim pomohl v předvídání očekávaného výnosu ze sdílených daní, 
který jim je alokován z hrubého národního výnosu. V případě existence 
daného nástroje, představitelé obcí by nemuseli čekat na vyhlášku od 
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očekávaných národních příjmů/výnosů ze sdílených daní. Navrhovaný 
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a některé další motivační oblasti. Tento článek se zabývá sestaveným 
modelem, který respektuje metodiku výpočtu procenta z rozpočtového 
určení daní. Funkčnost modelu je ověřena na simulacích. Dynamický 
model byl vytvořen v SW VENSIM PLE a simulace probíhala za podmínky 
„ceteris paribus“. V případě, že výsledky modelu jsou pozitivní (procentní 
podíl roste), zvýší se šance obcí na realizaci projektů ve veřejném zájmu 
místních občanů. 
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be subjected to a given model simulation. The equations that express 
the dependence between the different elements of the modeled system, 
they are differential equations.

1 MatHEMatIcal basIs oF sYstEM DYNaMIcs oF accUMUlatIoN aND 
FloW-DIaGraM
Basic building elements of these diagrams are flows, stocks (levels), va-
riables, constants, external sources or consumers and, of course, the 
links between them. Professor Forrester Precise notation introduced in-
dividual building elements and flow diagrams. These elements give us 
strong enough and generic language that used to describe any system. 
(Forrester 1989), (Forrester 1968), (Vlachos 2007)

In the diagram of stocks and flows must already be the individual  
elements of the model describes the mathematical equation. Constants  
expressed as a freely adjustable value. The variables expressed as a func- 
tion of other elements of the model on which they depend. Next vari- 
able is flow. Flow is a special case of a variable with respect to the same 
rules. The most important element called condition. The condition is 
a variable that is dependent on the flow to it and connected to its pre-
vious state. For a mathematical expression uses the form of differential 
equations. Software working with the formation of dynamic models do 
not distinguish between differential and difference equations, when dif- 
ference equations for differential equations numerically addressed Eu-
ler´s method. (Sterman 2000), (Vlachos 2007) 

Let us have an m-dimensional vector X fixed variables mk –dimensio-
nal vector constant k, then m- dimensional system of differential equa-
tions is in the form (1)
 x′ = f (t, x, k)  (1)

where f = (f1 ,..., fm)´ are functions defined on set G ⸦ R m+mk+1.

Let there be i-the and j-the fixed variable, then their equations are of 
the form (2)
 x′i = f i (t, x1,..., xi , x j ,..., xm , k1 ,..., kmk

) , (2)
 x′j = f j (t, x1,..., xi , x j ,..., xm , k1 ,..., kmk

) 

where dependence on the individual variables need not necessarily be 
non-constant. Function fi where dependence on the individual variables 
need not necessarily be non-constant xi and called as the "flow".

In the model, that contains the elemental. The base of the loop (see 
fig. 1) is a set of tops 
 x′ = f (x),  (3)

where f … flow, x … fixed variable. It forms a loop, where there is x′ = f (x) .

a) b)

Figure 1: Basic loop Source: (Eberlein 1992), (Forrester 1968)

If 
 ∂f  
∂x

  
> 0 , then occurs to the elemental loop with positive polarity, i.e.,

that the loop is reinforcing loop in the model. Otherwise, talks about 
the loop with a negative polarity, loop buffer.

The reinforcing loop 
It is assumed loop with positive polarity, ie. reinforcing loop with one 
fixed variable x (t) with single flow x′ = f (x) a inequalities 

 ∂f  
> 0 ∂x  . If

 

(4)

Let us have x′ > 0 , respectively f > 0 , then x (t) is increasing. 

From the term 
 ∂f  

> 0 ∂x  implies, that x″ = f (x) ‧ 
∂f 

 > 0
 

∂x  . 

Then x (t) for x′ > 0 is an increasing convex function.
Conversely, if x′ < 0 , respectively f < 0 , then x (t) is degreacing. 

From the term 
 ∂f  

> 0 ∂x  implies, that x″ = f (x) ‧ 
∂f 

 < 0
 

∂x  . 

Then x (t) pro x′ < 0 is degrecing concave function.

Buffer loop
It is believed the same case, a fixed variable x (t) with single flow 

x′ = f (x) inequalities 
 ∂f  

< 0 ∂x  . If

                               
x′ = f (x)

x″ = f ′(x) ‧ x′ = f (x) ‧ f ′(x) = f (x) ‧ 
∂f 

 
∂x

 (5)

Let us have x′ > 0 , respectively f > 0 , then x (t) is increasing. 

From the term 
 ∂f  

< 0 ∂x  implies, that x″ = f (x) ‧ 
∂f 

 < 0
 

∂x  . 

Than for x′ > 0 is increasing concave function. And conversely.

1.1 DYNaMIc MoDEl
Models in system dynamics divided into physical and abstract models. 
Under the physical model, it is possible to imagine a material, subject 
or realization model. Abstract models are formal or ideological and  
are further subdivided into mathematical and simulation models.  
Abstract mathematical models based on mathematical relationships  
and equations. Abstract simulation models expressed by means of 
programming.
A dynamic model is a useful tool to understand the relationships and 
links between elements in the real world as it is possible to simulate  
the functioning of the system, interactively affect the behavior of the 
model, and suggest improvements to the model. (Forrester 1968), 
(Sterman 2000)

The simulation is a research technique which essentially substitu-
tes the investigated dynamical system with a simulator which is experi-
mented on to obtain information about the originally analyzed dynamic 
system. (Kindler 1980), (Křivý 2001)

1.1.1 vENsIM PlE
Vensim simulation software is produced by the company is Ventana 
Systems, Inc. (Harvard, mass.). The aim of the simulation software is 

xf
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x″ = f ′(x) ‧ x′ = f (x) ‧ f ′(x) = f (x) ‧ 
∂f 
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to find efficient solutions for different situations, which require a more 
detailed analysis, and it is necessary to cover all the possible outcomes 
of future implementation or decision. (Eberlein 1992)

It is an integrated environment for the creation, analysis of dynamic 
models that support the development of the feedback system-dynamic 
models that use when the modelling of dynamic functions. 

The individual elements in the model linked using the-oriented 
arrow keys (called binding). Arrow direction determined by the 
correlation between the variable affecting and influenced. The 
shadow variable within the model acts as auxiliary variable that 
enters the model from the model of another. To interconnect two 
or more models. A constant is a constant quantity marking and 
symbolizes the parameter model. To calculate the constants only 
occurs in the first steps of the simulation. Then they are already fixed. 
(Eberlein 1992)

2 taX assIGNMENt aND DYNaMIc MoDEls oF YIElD oF sHarED taXEs 
Dynamic model consists of four dynamic sub-models were compiled 
using the simulation program Vensim PLE, which are interconnected 
through causal relationships and characterize the proposed model of 
tax assignment (next as TA).

Total dynamic models include three sub-models: model depicting the 
methodology for calculating yield from taxes on personal income from 
dependent activities, model depicting the methodology for calculating 
yield from taxes on personal income from independent business acti-
vities and model depicting the methodology for calculating yield from 
value added tax (next as VAT). These sub-models including two sub-
models: model of the population in the municipality (focusing on the 
observation of changes in population due to the natural increase of po-
pulation in the municipality); model of population in the Czech Repub-
lic (focused on observation of changes in population due to the natural 
increase of the population in the Czech Republic). (Jílek 2008), (Koťát-
ková Stránská 2012)

The simulation examined the behavior of the model with a fixed time 
horizon of one year. The simulation was performing in the simulation 
program Vensim PLE, which yielded outputs: 
• predicted behavior of the model from a situation of constant baseline  

parameters; 
• examining model behavior due to changes in baseline parameters 

(change in the values of the weights criterion of pupils from 7 % to 
10 % with current value adjustment criterion of multiples of gradual 
transitions from 80 % to 77 %); 

• examining model behavior due to changes percentage share of yield 
from VAT (from 20,83 % to 21,4 %).

Performed simulation will be dale accompanied by simulations in SW 
MS Excel. The change monitored in the selected parameter and the 
change in the percentage share of yield from the VAT depending on the 
behavior of the total tax yield. The output will be table of median va-
lues in % in the size category of each municipality.

The default values of input parameters of the selected municipality  
were data derived from national and regional statistics for the years 
2016 with simulation for the following year.

2.1 GraPHIcal vIsUalIZatIoN oF DYNaMIc MoDEl taX assIGNMENt 
The amount of the tax revenue accruing to the specific municipality  
affected by three criteria, where the most important criterion is the 
number of inhabitants. 

The following figure (see fig. 2) the calculation methodology captures 
total tax revenue of shared taxes in graphical form. 

Each of the sub-models have the same basic structure is based on. The 
following figure presents one of the sub models is, and that revenue 
from the tax on income of individuals out of business. 

The issue of the revenue from this tax is not only from the point of 
view of the budget of the municipality, but also for the state budget. Tax 
revenue from tax on the yield rate personal income from independent 
business activities particularly affects the tax rate, then the possibility of 
tax deductions and tax rebates. 
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Figure 2: total tax revenue of shared taxes
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Figure 3: Model methodology for calculating shared tax revenue from yield from value added tax - vat1
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1 Note: criterion I. – criterion of the 
population of the municipality adjusted 
by a size category coefficient; criterion 
II. – criterion of share of the number of 
inhabitants of the municipality in the 
total population; criterion III. – criterion 
of share of the cadastral area of 
municipality in total cadastral area of 
Czech Republic; criterion IV. – criterion of 
the number of pupils and students in the 
municipality (The Act no. 243/2000)

2 Note: change in the values of the 
weights criterion of pupils - from 7 % 
to 10 % and concurrently change in 
the values of the weights criterion of 
number inhabitants of municipality … – 
from 80 % to 77 %

2.2 sIMUlatIoN – EFFEct oF tWo cHaNGEs 
For the simulation has been selected a municipality 
with a population of 362 (for year 2016) with the exis-
tence of a school facility. The simulation is performed 
two effects, a to changes the value of the weights of the 
criteria on the overall shared tax revenue of the muni-
cipality (change in the values of the weights criterion of 
pupils – from 7 % to 10 %. Concurrently change in the 
values of the weights criterion of number inhabitants 
of municipality … – from 10 % to 7 %) and changes per-
centage share of yield from VAT (from 20,83 % to 21,4 
%). The simulation shown in the figure below. Conditi-
on “ceteris paribus”. The increasing trend has remained 
essentially unchanged. 

From the above figure (see fig. 4), it is evident that the 
municipality draws positive effects from the existence of 
the school facility. 

In the case that would result in a change in the percen-
tage of the national revenue. There would be again to the 
positive effect. All municipalities can expect this change. 
The resulting impact shows below in table 1. 

CoNCLUsIoN
Tax revenues, which are redistributed to municipalities 
from the public budget, constitute the largest share of 
budget revenues, and should  therefore respect their indi- 
vidual needs and preferences. Due to the low fiscal auto- 
nomy of municipalities, tax revenues represent an unstable  
income and municipalities often do not know what finan-
cial means from taxes they allocated. They can only sur-
mise about the amount of tax revenue. Base their planning 
is on previous years. Municipality´s expenditures have 
predominantly character/nature of current expenditures  
and in contrast to income the volume of expenditures 
known, especially if  they are of mandatory character. 

The key legislation that governs the allocation of re-
sources within the system of public budgets is Act No. 
243/2000 Coll. on the budgetary allocation of taxes (called 
also Tax assignment). Tax assignment in the Czech Re-
public has developed since 1993.

The result of the simulation is made to the fact that the 
criterion of the number of pupils and students to help the 
municipality to get to the budget funds from the proceeds 
of the taxes due to the increase in the value of the percen- 
tage. The effect of change is growing with the increasing  
number of inhabitants in the municipality. The biggest chan- 
ge is for municipalities in the size category 2 001–30 000. 
The second effect (change of percentage share of the yield 
from VAT) brings the growth of tax revenue of municipali-
ties. Percentage change in growth of tax revenue for each 
size category is approximately the same in around 1,7 %.

Assembled model is a adequate tool for future amend- 
ment or editing for the Tax assignment. Municipality can 
take advantage this model for budget planning the next 
year. On a simulation model future development of tax 
revenues can be anticipated.

1,502M

1,986M

1,376E-3

1

1,377E-3

0

I.

Tax revenue of municipality [in mil. CZK]
% shared of municipality [in %]

Time (Year)

II.

Tax revenue of municipality [in mil. CZK]:
after the change
before the change

Figure 4: Effect of changing the value of the weights of the criteria on the overall shared tax reve-
nue of the municipality (I.) and percentage share of yield from vat from 20,83 % to 21,4 % (II.)

Total tax  
revenue of  

shared taxes

change in the 
values of the 

weights criterion 
of pupils (from 
7 % to 10 %)*

change in the 
percentage 
share of the 
yield from 

VAT

0 – 50 0,00 % 1,80 %

51 – 2 000 1,25 % 1,76 %

2001 – 30 000 4,20 % 1,83 %

30 001 and more 4,34 % 1,85 %

table 1: Effect of changing the values – weights of the criteria of pupil … and percentage share 
of the yield from vat2
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