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Abstract

Hungary was one of the most promising countries in the Eastern European area after the regime
change in 1989. As a post-communist country that was already making approaches to western
economies and introduced normative regulations since 1968 [24], it had one of the best precon-
ditions in its peer group to make a smooth transition into a market economy and not to leave too
big of a gap to the western Europe. Despite the seemingly promising preconditions, Hungary
fell into a recession in the early 1990s [20]. The country had to fight a rising national debt, high
inflation and a growing unemployment rate that still persists. This thesis elaborates the theo-
retical aspects for a general understanding of macroeconomic models and discusses the various
aspects of a critical economic policy. To estimate the key indicators of the Hungarian economy,
a macroeconomic model is used that describes the monetary flows between agents in a closed
economy. The adapted model is analyzed and discussed and a dynamic simulation is run to
forecast the macroeconomic key indicators for the next five years.
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Kurzfassung

Ungarn war eine der vielversprechendsten Länder in Osteeuropa nach dem Regimewechsel in
1989. Als ein postkommunistisches Land, das sich bereits dem Westen annäherte und seit 1968
eine normative Regulierung einführte, hatte es die besten Voraussetzungen in seiner Vergleichs-
gruppe für einen geschmeidigen Übergang zur Marktwirtschaft, ohne dabei den Abstand zu
den westlichen Ökonomien zu groß werden zu lassen [24]. Trotz der günstigen Ausgangslage
fiel Ungarn Anfang der 90er Jahre in eine Rezession [20]. Das Land kämpfte mit steigenden
Schulden, hoher Inflation und mit einer wachsenden Arbeitslosigkeit, die bis heute besteht. Die-
se Diplomarbeit erörtert die theoretischen Grundlagen für ein generelles Verständnis von ma-
kroökonomischen Modellen und diskutiert die verschiedenen Aspekte einer kritischen Volks-
wirtschaftspolitik. Um die Schlüsselindikatoren der Ungarischen Volkswirtschaft zu evaluieren,
wird ein makroökonomisches Modell angewendet, das die monetären Flüsse zwischen Agenten
einer geschlossenen Ökonomie beschreibt. Das angepasste Modell wird analysiert und disku-
tiert. Anschließend wird eine dynamische Simulation ausgeführt, um die volkswirtschaftlichen
Indikatoren für die nächsten fünf Jahre zu berechnen.
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CHAPTER 1
Introduction

The aim of this work is to take a closer look on certain key indicators of the Hungarian economy
and to provide an overview of the evolution of these indicators that led to the current economic
situation. The interdependencies between these key indicators and the interaction between the
various actors of the state are the core components in the used model.

The methodological approach of this thesis consisted of literature review about general
econometric modeling and the Hungarian economy. Further, the used model was analyzed.
As a second step, data was collected on the Hungarian economy from reliable sources. As a
third step, the model was adapted and adjusted for the Hungarian economy. As a fourth step, the
calibrated model was back tested and a forecast was calculated.

This thesis is organized as follows: the second chapter is a review of selected literature. It
elaborates general aspects of econometric modeling and creates the base for the following two
chapters. In the first part of the second chapter, the general econometric model is discussed by
taking a closer look at the different forms and the matrix of coefficients that has to be estimated.
Then, selected common econometric models are analyzed and discussed. The third part of the
second chapter reviews literature on Input-output analysis, while the fourth part elaborates liter-
ature on economic policy and evolutionary economics. The third chapter introduces the model,
discusses developments of the Hungarian economy and adapts the model to it. Further, the model
is back tested by reevaluating past years results. A simulation is run for the next five years and
the results are analyzed. Chapter four discusses the outcome and provides final remarks.
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CHAPTER 2
Econometric modeling

This chapter is divided into four parts. The first part is a summary of the second chapter of the
book Econometric Models, Techniques, and Applications [17, p. 14-51] by Michael D. Intrili-
gator. It describes a general approach for econometric model building and introduces methods
for transforming, analyzing and solving the models. The second part presents several macroeco-
nomic models of different scopes and sizes. It is a summary of chapter 12 from the same book by
Michael D. Intriligator [17, p. 430-460]. The third part treats input-output analysis by summa-
rizing the first three chapters of the book The Economics of Input-Output Analysis [29, p. 1-36]
by Thijs Ten Raa. The fourth part is an elaboration of the text Bridges to Babylon - Critical Eco-
nomic Policy: From Keynesian Macroeconomics to Evolutionary macroeconomic Simulation
Models [13] by Hardy Hanappi.

2.1 The general econometric model

An econometric model is designed in order for structural analysis, forecasting and policy evalu-
ation of an economic phenomenon. Depending on the builders intentions, the model can lay an
emphasis on one or more of these three purposes. The model can be described in a geometric
or algebraic or in a verbal/logical way. The last type of model was used by many considerable
economists, among them the founder of the discipline, Adam Smith. Algebraic models are the
most important ones, they allow an exact mathematical representation through a system of equa-
tions or inequalities, leaving no space for misinterpretations, which is in turn a disadvantage of
pure verbal models. Models can be designed as simple aggregated models or as more complex
representations of the real word with highly disaggregated information. It is the task of the model
builder to choose the right path between complexity and manageability. With the advances in
computer science it is now possible to design more and more complex models that could not
have been solved analytically some years ago. But manageability does not only mean the avail-
ability of computational power to solve a huge set of equations, it refers to the availability of
data and the collection of data at a reasonable cost too.
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The modeler has further to decide which components of ’the real world’ he wants to take
into the system and which ones have no influence or are insignificant to the outcome. Wrong
decisions in this part of model building can lead to unfeasible results or, even worse, to false
conclusions.

A typical equation of an economic model shows the interdependency between one or more
exogenous variables with an endogenous variable. Expanding the economic model to an econo-
metric model, the algebraic equations usually receive stochastic elements in the sense of one
or more random variables, hence an econometric model consists of a set of stochastic and de-
terministic equations [31, p. 20]. The stochastic element is needed since the pure economic
interdependencies between the endogenous and exogenous variables are disturbed by special
influences that are not observable directly [1, p. 4]. These disturbances can include exogenous
variables that have been omitted from the equation but have influences on the endogenous vari-
able, misspecification of the equation itself, measurement errors of the included variables and
there might be basic random behavior that influence the endogenous variable. The disturbances
are included into the model by adding disturbance terms in form of disturbance variables to
the correspondent equations. The exogenous variables are assumed to be independent of these
disturbance terms while the endogenous variables depend on them.

An economic model can be either linear in parameters or nonlinear. Many interdependencies
are in their nature linear, like most national income equilibrium conditions. Some interrelations
are assumed to be nonlinear, like the Cobb-Douglas production function, but these can often be
transformed into a linear model using the logarithmic transformation [17, p. 24].

Econometric models can include lagged variables due to the fact that time plays an impor-
tant role. These models are dynamic, while in opposite, models without lagged variables are
static. In fact most macroeconomic models are dynamic, since the values of a large amount
of endogenous variables can be partly explained by values of the variables from previous peri-
ods. The exogenous variables and the lagged endogenous variables are often referred together
as predetermined variables, since the value of this variables is given for the equations.

2.1.1 The structural form

A general econometric model is stochastic and consists of a certain number of algebraic equa-
tions that are linear in parameters. This system of equations determine the values of the endoge-
nous variables for the given values of the exogenous variables and the values of the disturbance
terms. The coefficients that multiply the variables of the model are explicit parameters. Parame-
ters that define the probability distributions of the error terms are implicit parameters. Together,
these explicit and implicit parameters are called the structural parameters. Each equation is
called a structural equation, and the set of all structural equations is called structural form. If
there are as many independent equations as endogenous variables, the system is called com-
plete [17, p. 29]. This system of equations can be expressed as

g∑
h′=1

yh′ · γh′h +

k∑
j=1

xj · βjh = εh (2.1)

4



where h′ is the index of endogenous variables, h is the index of equations and j is the index of the
exogenous variables. The range of indexes is h = 1, 2, ..., g and j = 1, 2, ..., k. The coefficient
of the endogenous variable yh′ is γh′h in equation h while the coefficient of the predetermined
variable xj is represented by βjh for equation h, and εh represents the disturbance term for
equation h.

In vector-matrix notation we have the structural form

y
1×g
· Γ
g×g

+ x
1×k
· B
k×g

= ε
1×g

(2.2)

where y, x and ε are row vectors of the correspondent variables and disturbance terms and Γ
and B are the matrices of the structural coefficients. In the matrix, some coefficients will have
a value of zero meaning that they have no influence in the corresponding equation. Also certain
disturbance terms will have a zero value, for example for equilibrium conditions, meaning that
the corresponding equation is a deterministic one.

As an example a part of the stock and flow model from Hanappi E2012 [12] will be taken.
The model will be discussed in Chapter 3 in detail. The two equations show the definition
of the aggregate capital of all firms and the aggregate investment of all firms within a closed
economy. The equations are extended by error terms assuming that these equations do not
describe identities or equilibrium conditions.

Capft = Capft−1 + β1 · Invft + εCapt (2.3)

Invft = β2 · Capft−1 + β3 ·∆Cont−1 + β4 · (Invft − Inv
f
t−1) + εInvt (2.4)

Capft and Invft are the two endogenous variables for firms capital and firms investment. Capft−1
and Invft−1 are the corresponding lagged variables and ∆Cont−1 is an exogenous variable in-
dicating the change in consumption from the last two periods, that is Cont−1 − Cont−2. εCapt

and εInvt are the error terms of capital and investment respectively.
According to Intriligator [17, p. 34-35], the flow of the model can be described graphically

in the way that the predetermined exogenous variables, the lagged endogenous variables and
the stochastic disturbance terms determine the values of the endogenous variables. For the next
period the endogenous variables of the actual period become the lagged endogenous variables.
The flow diagram for the two equations 2.3 and 2.4 can be seen in figure 2.1 where the dotted
lines represent the influence from previous, and on future periods of the lagged endogenous
variables.

To get the structural forms, the endogenous variables have to be factored out and only the
error terms should be on one side of the equation. Rearranging 2.3 and 2.4 leads to

Capft − β1 · Inv
f
t − Cap

f
t−1 = εCapt (2.5)

(1− β4) · Invft − β2 · Cap
f
t−1 − β3 ·∆Cont−1 + β4 · Invft−1 = εInvt (2.6)

5



Invft−2 Invft−1

Capft−2 Capft−1 Capft

Invft

Capft+1

Invft+1

εCapt

∆Cont−1

εInvt

Figure 2.1: Flow Diagram

Corresponding to equation 2.2 this leads to the coefficient matrix of the two endogenous vari-
ables Capft and Invft

Γ =

(
1 0
−β1 1− β4

)
(2.7)

and to the coefficient matrix of the exogenous and lagged endogenous variables

B =

−1 −β2
0 −β3
0 β4

 (2.8)

Putting this together we receive the structural form in matrix notation,

(
Capft Invft

)
·
(

1 0
−β1 1− β4

)

+
(
Capft−1 ∆Cont−1 Invft−1

)
·

−1 −β2
0 −β3
0 β4


=
(
εCapt εInvt

)
(2.9)
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The zero value in Γ indicates that the endogenous variable Capft is not part of equation 2.6 and
the two zero values in B show that the predetermined variables ∆Cont−1 and Invft−1 have no
influence in equation 2.5.

2.1.2 The reduced form

In the reduced form each of the endogenous variables is expressed as a linear function of the ex-
ogenous variables, lagged endogenous variables an disturbance terms. The probability distribu-
tions of the endogenous variables are defined through the exogenous variables and the probabil-
ity distribution of the disturbance terms [17, p.31]. The reduced form of the structural equations
2.5 and 2.6 can be obtained by dividing through the coefficients −γh′h of the endogenous vari-
ables for each equation h. After multiplying the two equations with the corresponding negative
coefficients −1 and −(1− β4) and substitution of equation 2.6 into 2.5 we get the reduced form

Capft =

(
1 +

β1 · β2
1− β4

)
·Capft−1+

β1 · β3
1− β4

·∆Cont−1−
β1 · β4
1− β4

·Invft−1+
β1

1− β4
·εCapt (2.10)

Invft =
β2

1− β4
· Capft−1 +

β3
1− β4

·∆Cont−1 −
β4

1− β4
· Invft−1 +

1

1− β4
· εInvt (2.11)

These two reduced form equations can be used for analyzing the effects of a ceteribus paribus
change of the exogenous variables. The partial derivatives of the predetermined variables are
called multipliers. These multipliers measure how an endogenous variable is affected if a certain
exogenous variable changes. Equation 2.12 shows the impact of a change in the consumption
difference on the investment of firms.

∂Invft
∂∆Cont−1

=
β3

1− β4
(2.12)

By determining the partial derivatives for all predetermined variables, the multipliers can be
summarized in a table of comparative statics. For equations 2.10 and 2.11 the multipliers are
shown in table 2.1.

The table of comparative statics is simply the reduced-form coefficient matrix for the prede-
termined variables. In matrix notation we get the reduced form as

(
Capft Invft

)
=
(
Capft−1 ∆Cont−1 Invft−1

)
·


1 +

β1 · β2
1− β4

β2
1− β4

β1 · β3
1− β4

β3
1− β4

−β1 · β4
1− β4

β4
1− β4


+
(
εCapt εInvt

)
·

 1 0
β1

1− β4
1

1− β4


(2.13)
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Endogenous variables

Capft Invft

Predetermined variables

Capft−1 1 +
β1 · β2
1− β4

β2
1− β4

∆Const−1
β1 · β3
1− β4

β3
1− β4

Invft−1 −β1 · β4
1− β4

β4
1− β4

Table 2.1: Comparative statics

In general, equation 2.2 can be directly transformed into the reduced form. The requirement
for this is that the matrix of coefficients of endogenous variables Γ must be nonsingular and
hence have an inverse. This concludes that the equation system can be solved. Multiplying
equation with Γ−1 and bringing the vector of endogenous variables to the left side we get

y = x · −B · Γ−1 + ε · Γ−1 (2.14)

According to Intriligator [17, p. 43] introducing the notaion

Π
k×g
≡ −B

k×g
· Γ−1
g×g

(2.15)

u
1×g
≡ ε

k×g
· Γ−1
g×g

(2.16)

equation 2.14 can be expressed as the reduced form

y
1×g

= x
1×k
· Π
k×g

+ u
1×g

(2.17)

Here every endogenous variable is expressed as a linear function of all predetermined variables
and stochastic disturbance terms [17, p.43]. In summation notation the reduced form is expressed
as

yh =

k∑
j=1

xj ·Πjh + uh (2.18)

for h = 1, 2, ..., g

2.1.3 The final form

In the reduced form analysis of the impact of the predetermined variables on the endogenous
variables can be done through looking at the comparative statics table which is nothing else than
the coefficient matrix of the predetermined variables. This matrix puts together the multipliers

8



of all exogenous and lagged endogenous variables. For analyzing the effects in greater detail it
could be useful to distinguish between the effects of the current exogenous variables, the lagged
exogenous and the lagged endogenous variables. This allows the researcher to take a separate
look at the short term and long term effects. For this purpose the vector of the predetermined
variables is ordered according to the three variable types and the matrix of the coefficients is
separated into three submatrices.

yt = yt−1 ·Π1 + zt ·Π2 + zt−1 ·Π3 + ut (2.19)

yt =
(
yt−1 zt zt−1

)
·

Π1

Π2

Π3

+ ut (2.20)

where yt−1 is the vector of lagged endogenous variables, zt is the vector of current exogenous
variables and zt−1 is the vector of lagged exogenous variables. Π1, Π2 and Π3 are the corre-
sponding coefficient submatrices of Π from equation 2.15. This reduced form can be solved
iteratively by continuously substituting for the lagged endogenous variables in equation 2.19.
Reaching the base period t = 0 we receive the final form. In this final form each of the endoge-
nous variables is expressed as a function of base period values, current and lagged exogenous
variables and the disturbance terms [17, p. 47]. Looking separately at the three types of variables
the influence of the lagged endogenous variables can be described for each period t− j as

∂yt
∂yt−j

= Πj
1 j = 0, ..., t (2.21)

Since we have current and lagged exogenous variables on the right side of equation 2.19, a
distinction has to be made for the base period t = 0 and the last period t = j. The influence of
the lagged exogenous variables can be described as

∂yt
∂zt−j

=


Π2 j = 0

(Π2 ·Π1 + Π3) ·Πj−1
1 j = 1, ..., t− 1

Π3 ·Πt−1
1 j = t

(2.22)

The influence of the disturbance terms is separately observable too, given by the partial deriva-
tion

∂yt
ut−j

= Πj
1 j = 0, ..., t (2.23)

2.1.4 Identification

The introduced structural form describes the model with a set of equations, where the depen-
dencies between the endogenous variables from the same period, the exogenous variables, the
lagged endogenous variables and the error terms are expressed directly. These equations can
be transformed into a flow diagram to get a better overview about the dependencies. In the re-
duced form the endogenous variables are solely expressed through lagged endogenous variables,

9



exogenous variables and the corresponding error terms. The dependencies between the endoge-
nous variables from the same period are eliminated. This reduced form allows the researcher to
analyze the multiplier effects that can be summarized in a comparative statics table. The reduced
form is used as well to estimate the equations resulting in the matrix of the estimated coefficients
Π̂. These estimators are then used to estimate the coefficients of the original structural form. As
described in equation 2.15, Π is the product of−B and Γ−1. Therefore knowing Π̂ is not enough
to determine −B̂ and Γ̂−1. A priori information is needed to be able to determine the structural
form coefficients. These informations are often zero coefficients like the zero values in equation
2.7, here expressing the assumption that the capital of firms does not depend directly on change
in consumption and on lagged investment of the firms.

If the structural parameters can be expressed as unique functions of the reduced form param-
eters, than the structural parameters can be identified uniquely. This is called the just identified
case. Having not enough information to determine all structural parameters is called the under-
identified case. In contrast the overidentified case appears when the structural form parameters
can be described in more than one way from the reduced form parameters. The typical case in
an econometric model, is that of overidentification [17, p. 47-49].

If we look at the system of the two equations 2.3 and 2.4 according to Auer [31, p. 588-589],
the type of identification case can be decided using a breakdown into the number of exogenous
and endogenous variables. We consider K̇ as the number of exogenous variables, including
lagged endogenous variables, in the whole system of equations. K∗ is the number of exogenous
variables and M∗ is the number of endogenous variables in the considered equation. With these
notations the type of identification can be decided using the following decision tree: An equation
is

• under identified, if K̇ −K∗ < M∗ − 1

• just identified, if K̇ −K∗ = M∗ − 1

• over identified, if K̇ −K∗ > M∗ − 1

K̇−K∗ expresses the number of missing exogenous variables in the considered equation, while
M∗ − 1 describes the number of endogenous variables on the right side of the considered equa-
tion. Using this definition for equations 2.3 and 2.4 where K̇ is consisting of Capft−1, Invft−1
and ∆Cont−1, we get K̇ − K∗ = 2 and M∗ − 1 = 1 for the first, and K̇ − K∗ = 0 and
M∗ − 1 = 0 for the second equation. It follows that equation 2.3 is over identified while
equation 2.4 is just identified.

To solve the system of these two equations certain issues have to be investigated. First in
equation 2.3 Capft−1 is correlated to Invft and therefore Capft is correlated to the error term
εInvt as well. Using OLS would deliver non consistent estimates. The reduced form of the
system of these two equations leads to over identification in equation 2.3. To overcome the
problem of over identification, the two stage least square method can be used to get consistent
estimates [31, p. 589]. As a first step, the reduced form of the just identified equation 2.11 will

be estimated using OLS and the estimated values Înv
f

will be calculated. As a second step, the

values Invf in equation 2.3, will be replaced with the newly calculated Înv
f

and OLS is used
again to estimate the coefficients of the adjusted equation, resulting in consistent estimates.
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2.2 Common macroeconometric models

Macroeconometric models are used for three purposes - structural analysis, forecasting and pol-
icy evaluation. Structural analysis includes the determination of multipliers as discussed in chap-
ter 2.1.2, where the model was transformed into the reduced form to build a table of comparative
statics. Forecasting tries to determine the future values of certain key indicators, like the GNP
and its components or the unemployment rate, while policy evaluation is used to find out what
impacts can be expected from certain policy measures, like changes in taxation or government
expenditure. [17, p. 430]

Usually, the typical macroeconometric model consists of a set of equations, that describe the
same basic elements like one or more consumption functions, investment functions and national
equilibrium conditions. The macroeconomic variables can be grouped into six highly aggregated
components:

• GNP and Its Components

• Income

• Prices, Wages, Interest Rates

• Employment and Unemployment

• Production

• Assets

Each of these components can be split up into more specific variables. Usually, GNP and its
components consists of the Gross National Product (GNP), consumption, investment, govern-
ment spending, and net foreign investment. The employment and unemployment indicators are
usually further disaggregated into labor force, unemployment rate and participation rate [17,
p. 430].

The extent to which these main macroeconomic variables are disaggregated and the amount
of equations that describe the endogenous variables, determine the size of the macroeconomic
model. Intriligator uses the classifications ’small’ for models that have less than ten stochastic
equations, ’middle’ for models that have between ten and 100 equations and ’large’ for models
that have more than 100 equations [17, p. 432]. The following sections describe seven macroe-
conomic models of different sizes and for different purposes, that have been developed for the
U.S. economy.

2.2.1 The Klein Interwar model

The Klein Interwar model is a ’small’ model, that was developed by Lawrence R. Klein in 1950,
to analyze the U.S. economy in the interwar period between 1921 and 1941. The model is
designed for short-run national income (output) determination. All of the models equations de-
scribe national income, or one of its components [17, p. 439]. The model consists of six endoge-
nous variables and four exogenous variables. The endogenous variables are Profits Π, Output
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Y , Capital Stock K, Consumption C, Private Wages WP and Net Investment I . Three of the
four exogenous variables are controlled by government decisions. These are Government Non-
wage Expenditure G, Public Wages WG and Business Taxes T . The fourth exogenous variable
is the System Time t. The six structural equations include lagged versions of the endogenous
variables Profits Π, Capital Stock K and Output Y . The stochastic structural equations of the
Klein Interwar Model are given as

C = 16.79 + 0.800 · (WP +WG) + 0.020 ·Π + 0.235 ·Π−1 (2.24)

I = 17.78 + 0.231 ·Π + 0.546 ·Π−1 − 0.146 ·K−1 (2.25)

WP = 1.60 + 0.420 · (Y + T −WG) + 0.164 · (Y + T −WG)−1 + 0.135 · t (2.26)

and the equlibrium conditions are given as

Y = C + I +G (2.27)

Π = Y −WP − T (2.28)

K = K−1 + I (2.29)

Equation 2.24 shows that, in the Klein Interwar model, consumption is depending on wages from
workers of the private and the government sector, and on profit income. While a rise in total
wages affects total consumptions by a multiplier of 0.8, profit income has much less effect on it,
and the lagged profit income has even more influence than the profit income of the current period.
Equation 2.25 includes profit income and lagged profit income to explain net investment, where
again, lagged profit income has more influence. Investment contains a depletion of capital stock
as well, meaning that about 14.6 % of capital stock has to be replaced every year [17, p. 433].
Equation 2.26 shows the private wages depending on current and lagged output, and on taxes
and wages paid by the government. This equation includes a time trend, too, that is interpreted
by Intriligator as increasing union strength during the interwar period [17, p. 435].

According to Intriligator, the reduced form of the model can be written as

y = yt−1 ·ΠΠΠ1 + z ·ΠΠΠ2 (2.30)

where yt−1 are the lagged endogenous variables, z are the exogenous variables and ΠΠΠ1 and ΠΠΠ2

are the corresponding coefficient matrices 1 [17, p. 435]. In matrix notation the variables are

y =
(
Π Y K C Wp I

)
(2.31)

y−1 =
(
Π Y K C WP I

)
−1 (2.32)

1The letter Π refers to profit income, while the expressions ΠΠΠ1 and ΠΠΠ2 refer to the corresponding coefficient
matrices from equation 2.30
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Π Y K C WP I
WG -0.224 0.614 -0.052 0.666 -0.162 -0.052
T -1.281 -1.484 -0.296 -0.188 -0.204 -0,296
G 1.119 1.930 0.259 0.671 0.811 0.259

Table 2.2: Reduced form multipliers of exogenous variables

z =
(
WG T G t WG−1 T−1

)
(2.33)

[17, p. 435]. From the estimated Klein Interwar Model, the first three rows of the estimated
coeffecient matrix Π̂̂Π̂Π2 of the exogenous variables are put into an overview of multipliers in table
2.2. This table can be used for analyzing the effects of government spending on the six different
endogenous variables. The highlighted third row from table 2.2 indicates, that a one billion raise
in U.S. dollars of government expenditure leads to 1.119 billion raise in profit income, a 1.930
billion raise in output, a 0.259 billion raise in capital stock, a 0.671 billion raise in consumption, a
0.811 billion raise in private wages and a 0.259 billion raise in investment. Assuming a balanced
budget, the taxes will have to be raised by one billion too, leading to an additional decrease
of output by -1.484 billion, that is highlighted in the second row of table 2.2. Adding the two
effects, the 1.930 billion raise in Output and the -1.484 billion decrease in Output, will result in
a raise of output by 0.446 billion U.S. dollars.

Since the Klein Interwar model is using highly aggregated variables, and it is omitting in-
formation about production, economic growth and finance, it can be used only for explanatory
researches [17, p.436]. To be able to take a deeper look into the effects of governmental policy
decisions, and to be able to use a model for forecasting, higher disaggregation and the use of
more macroeconomic indicators are needed.

2.2.2 The Morishima-Saito model

The Morishima-Saito model is a model of long-term growth for the years 1902 - 1952, excluding
the years of the second world war. The model used annual data for structural and policy analy-
sis of monetary and fiscal policy [17, p. 436]. The model consists of nine endogenous and six
exogenous variables, seven stochastic equations and two identities making it to a ’small’ model,
using the categorization of Intriligator [17, p. 432]. The stochastic functions are a consump-
tion function, a liquidity preference function, a production function, a relative-share equation, a
wage-determination equation, an hours-worked equation and a depreciation equation. In opposi-
tion to the Klein Interwar model, the consumption function determines per capita consumption,
through per capita income, per capita cash balances (adjusted to the price level of 1929) and
lagged per capita consumption. The liquidity preference function determines real cash balances,
depending on income, lagged real cash balances and the corporate bond yield. Equation 2.34
shows the production function, which is missing in the Klein Interwar model. It is a log-linear
Cobb Douglas production function, determining income Y through the total worked hours of
the employed population 2 h · L , lagged capital stock K−1 and technological progress, which

2Note: h is hours worked per person per year and L is the number of employed persons.
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is described through the multiplier of the system time variable t. The coefficient of the dummy
variable u represents a shift from the prewar to the postwar period.

log Y = 0.824 · log (h · L) + 0.176 · logK−1 + 0.00633 · t+ 0.052 · u− 0.242655 (2.34)

The relative-share equation describes the labor’s share of total income, that is the marginal prod-
uct of total labour hours from the production function, which is 0.824 from equation 2.34. The
wage-determination equation determines the hourly wages through the lagged hourly wages and
the current and lagged price changes, and the employment ratio. The hours-worked equation de-
termines the worked hours through the lagged real hourly earnings (again adjusted to the price
level of 1921) and the employment ratio. The depreciation equation simply shows the capital
stock depreciation, as a linear function of the lagged capital stock. The remaining two identities
describe the national income accounting identity, and the relation of capital stock change to net
investment.

The central element of the model is the production function. The relative-share equation,
the wage-determination equation and the hours-worked equation, all describe the labor com-
ponents of the production function, while the other equations determine the capital compo-
nents [17, p. 439]. Intriligator argues that there are three deficiencies of the Morishima-Saito
model [17, p. 439]. First, since in equation 2.34 the two multipliers of the logarithmized Cobb-
Douglas production function add up to one, constant returns to scale is assumed. Assuming
nonconstant returns to scale would significantly influence the long term outcome. Second, in
contrast to the Klein Interwar model, investment is not treated endogenously, which leads to
less analyzing possibilities of growth. Third, technical change is only represented by the coef-
ficient of the system time in the production function, whereas growth might be influenced by
qualitative changes of labor and capital input. Intriligator points out, that the structural analysis
of the Morishima-Saito model leads to various multipliers, that support the Keynesian concept,
that for fighting high unemployment, fiscal policy is relatively more effective than monetary
policy [17, p. 440].

2.2.3 The Klein-Goldberger model

The Klein-Goldberger model is a ’medium’ sized model consisting of 20 linear and nonlinear
equations and 34 variables. It uses annual observations from 1929 - 1952, excluding the war
years, similarly to the Morishima-Saito model. The model is greater disaggregated than the pre-
vious two models, splitting up income into five variables and introducing variables for corporate
savings, corporate surplus, and several variables for liquid assets, prices and interest rates.

The models performance was simulated over a time period of 100 years by Adelman and
Adelman. When including random shocks to the simulation, the results showed business cycles
that came very close in length and in amplitude to the real business cycles of the U.S. econ-
omy [17, p. 441]. The Klein-Goldberger model is most successful in predicting components of
demand in GNP. According to Intriligator, the potential of prediction of investment is limited,
because inventory and fixed business investment is treated all together, and the model is more
consumption driven due to its Keynesian origins. [17, p. 441].
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2.2.4 The Wharton model

The Wharton model consists of 118 variables and 76 equations, which makes it to a ’medium’
sized model. In contrast to the previous three models, it uses quarterly data instead of annual
data. The estimated model was built on 68 observations between 1948 and 1965. The models
main purpose was to develop forecasts of national income and unemployment. Although it is
based on the Klein-Goldberger model, giving the much larger amount of variables it shows a
much higher disaggregation. Particularly it is including the monetary sector in greater detail.
Consumption and investment anticipations, population and various variables on labour force are
treated exogenously. The model makes use of Cobb-Douglas production functions and nonlinear
relations. While the Morishima-Saito model used a dummy variable to represent pre- and post-
war period, this model uses dummy variables for representing war, strikes, supply-shortages and
credit conditions as well. Generally the Wharton model is used to make forecasts for the next
eight quarters by ’feeding’ the model with different assumptions about the exogenous variables,
like government policy. According to Intriligator the model gives one of the best short-term
forecasts for gross national product and its components [17, p. 443]. The Wharton model has
several versions as well. One uses higher disaggregation of certain parts, like the financial sec-
tor, the other uses annual, instead of quarterly data, and input-output information for long-term
forecasts.

2.2.5 The Brookings model

The Brookings model was constructed in the early 1960’s and was by that time one of the largest
macroeconomic models. It is much more disaggregated than the previously presented models
and involves sectors that were not treated previously. The model was used mostly for studying
business cycles and for growth and policy evaluation, but beside that, it was used for studies on
population growth and capital accumulation in the long-term as well. It uses seasonally adjusted
quarterly data from 1949 to 1960. The model covers sectors like the financial sector, residential
construction, agriculture and government, and makes use of input-output data form different pro-
ducing sectors. Similarly to the Wharton model, it includes anticipation variables, for example,
for business investment and consumer behavior. Lagged variables are used rather than exoge-
nous variables, leading to autoregressive explanations for many endogenous variables. Because
of its size, the Brookings model was built in different blocks of equations, that treated different
sectors. This made it possible for a large number of researchers to work on the model simulta-
neously. These blocks depend recursively on themselves and on other blocks. First the different
blocks were estimated separately and then the model as a whole was re-estimated again. As an
example, it was used to analyze the tax cut of 1964 [17, p. 447].

2.2.6 The MPS model

The MPS model, a public version of the FMP model, was developed by MIT, by the University
of Pennsylvania and by the Social Reserve Council for the U.S. economy, for the purpose of pol-
icy evaluation, but it was used for short-term forecasting as well. It is a ’large’ model consisting
of 171 equations, where among them, a greater number is nonlinear. Postwar quarterly data was
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used to estimate the model. The equations are divided into six major blocks: final demand, dis-
tribution of income, tax and transfer, labor market, prices, and the financial sectors. According
to Intriligator the finacial sector is the most detailed of all econometric models [17, p. 448]. It
includes aspects of the operation of commercial banks, commercial loan markets, savings, loans,
and mutual savings of banks. Similar to the Brookings model, this model makes strong use of
lagged endogenous variables.

2.2.7 The DRI model

Influenced by the Brookings and the Wharton model, the DRI model was published in 1976 and
is one of the largest models of the U.S. economy [17, p. 449]. It is used for structural analysis,
policy evaluation and for short-term forecasting. Consisting of 718 equations and the same
amount of endogenous variables, this large scale model is highly disaggregated, especially in
the industry sector, the financial system and the final GNP demands. An input-output model of
51 industries was used to estimate the industry sector, and it includes a completely endogenous
state and local government sector that responds to macro conditions, demographic factors, and
financial conditions of the sectors’s budget. The DRI model is re-estimated every year, where
new findings in research get involved into the model.

2.2.8 Overview and trends

The presented macroeconomic models show, that over the years since the first ’small’ sized mod-
els were published, the models got larger by consisting of more stochastic equations and they
increased in complexity as well. A greater disaggregation in variables took place. Quarterly data
was used rather than annual data, leading to more fine relationships between variables, especially
lagged variables. This lead to better short-run macroeconomic forecasts and the possibility to
investigate business cycles, that stayed hidden when annual data was used. An overview of the
discussed models can be found in table 2.3. The tradeoff between the complexity and the ben-
efits of the model, experienced a great shift after computational power became available. This
lead to even larger and more complex models, not only because the model itself could be cal-
culated within reasonable cost, but because the data that the models were based on, could be
stored and analyzed in data warehouses. Further, input-output models were included into exist-
ing macroeconomic models [17, p. 459]. Solving nonlinear systems in reasonable time became
possible, when iterative techniques like the Gauss-Seidel method, could be automatized. Com-
binations of multiple national models can be used to simulate international dependencies and
trade. Agent based simulation became possible, which was used, among other research areas, to
analyze macroeconomic phenomena that emerges from microeconomic behavior.
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Model Size Year Main purpose
Klein Interwar small 1950 structural analysis
Morishima-Saito small 1972 long-term structural analysis, policy

evaluation
Klein-Goldberger medium 1955 structural analysis, forecast
Wharton medium 1967 eight quarter forecast
Brookings large 1965 - 1975 structural analysis of cycles, short-run

policy evaluation
MPS large 1968 monetary policy evaluation
DRI large 1974 structural analysis, short run forecast,

policy evaluation

Table 2.3: Model overview

2.3 Input-output analysis

Input-output analysis allows deeper insight into the interdependencies within a national econ-
omy. It is a very useful tool to determine the performance of the economy in terms of efficiency
and productivity growth. Using the standardized European System of Accounts (ESA), that is
mandatory for the states of the European Union, several nations’ economies and their perfor-
mances can be compared to each other. It can also help to answer the question how the effects
of environmental conditions and government measures, like a taxation or an investment project,
can spread through the whole economy. Input-output analysis focuses on the economy as a
whole, but it is based on accurate microeconomic principles, like production and consumption.
It is primarily based on the input-output table, that includes the transactions from the producers
of commodities to the consumers of those. The main target is to determine different kind of
multipliers, to obtain the effects of certain economic measures and environmental constraints.

2.3.1 The input-output table

The quadratic input-output table displays the interdependencies between different production
areas, referred as sectors, and their contribution to the added value. The sectors can be either
sectors of activities or sectors of commodities. Further, there are two different assumptions
about the producing technologies, that are applied when data for quadratic input-output table
is collected. In the case of industry technology, it is assumed that every commodity, within an
activity, is produced with the same input structure. In the case of commodity technology, it
is assumed, that for the production of each commodity, the same input structure is needed, no
matter in which activity the commodity is produced. Both technology assumptions can deliver a
matrix of activities and a matrix of commodities. According to the European System of Accounts
(ESA), for creating the national input-output tables, the assumption of commodity technology
is used [2, p. 11]. Further, usually it is assumed, that every sector is producing exactly one kind
of good and for that, the economic sectors are transfered into sectors of commodities. Table 2.4,
based on Böhm [2, p. 6], shows an input-output table, where the highlighted part is referred as
the transaction table. The Mij elements denote the intermediate input from sector i to sector j.
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1 2 · · · k · · · n C I Ex B
1 M11 M12 · · · M1k · · · M1n C1 I1 Ex1 B1

2 M21 M22 · · · M2k · · · M2n C2 I2 Ex2 B2

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
k Mk1 Mk2 · · · Mkk · · · Mkn Ck Ik Exk Bk
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
n Mn1 Mn2 · · · Mnk · · · Mkn Cn In Exn Bn

Im Im1 Im2 · · · Imk · · · Imn

D D1 D2 · · · Dk · · · Dn

T T1 T2 · · · Tk · · · Tn
L L1 L2 · · · Lk · · · Ln
G G1 G2 · · · Gk · · · Gn
B B1 B2 · · · Bk · · · Bn

Table 2.4: Input-Output table

More specific, they denote the value of inputs purchased for the production of the commodity of
sector j from sector i. On the final demand side C refers to consumption, I to investment, Ex
to exports. On the side of value added Im refers to imports, D to depreciation, T to taxes less
subventions, L to labor income, and G to profit income. The row totals Bi represent the total
output of the production of each sector, while the column totals Bj represent the total value for
the corresponding sectors. Equation 2.35 shows the total output from sector k, while equation
2.36 shows the total value from sector k, based on table 2.4.

Bk =
n∑
j=1

Mkj + Ck + Ik + Exk (k = 1, · · · , n) (2.35)

Bk =

n∑
i=1

Mik + Imk +Dk + Tk + Lk +Gk (k = 1, · · · , n) (2.36)

The row totals equal the column totals, meaning that total output equals total value. According to
Böhm [2, p. 6-7], the connection to the national system of accounts can be derived by subtracting
the inputs and imports from the gross production, that leads to the Gross Domestic Product in
market prices from the output side.

n∑
k=1

Bk −
n∑
k=1

n∑
i=1

Mik − Im = D + T + L+G = GDP (M) (2.37)

Similarly, subtracting the imports from the final demand side, we receive the Gross Domestic
Product in market prices as well. Including the final demand side and the value added side
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into the transaction table, as a final column and final row, by assuming a closed economy, and
splitting up the value elements into quantity times price, we receive the matrix

m11 · p1 · · · m1n · p1
m21 · p2 · · · m2n · p2

...
. . .

...
mn1 · pn · · · mnn · pn

 (2.38)

The row totals and column totals can be written as a set of equations [2, p. 13]

mi1 · pi +mi2 · pi + · · ·+min · pi = xi · pi (i = 1, · · · , n) (2.39)

m1j · p1 +m2j · p2 + · · ·+mnj · pn = xj · pj (j = 1, · · · , n) (2.40)

Dividing equation 2.39 through the prices pi and using the notation

akj =
mkj

xj
(k = 1, · · · , n) (2.41)

leads to a coefficient matrix A, where element akj describes the amount of good k, that is
necessary to produce one unit of good j. Because the inputs from one sector cannot be negative,
the coefficients of the technology matrix A are all nonnegative. Taking this together, we receive
the quantity system of the closed Leontief model in matrix notation:

x = Ax (2.42)

where x is a column vector of quantities. Dividing the set of equations 2.40 through the quantity
totals xj , and again using notation 2.41, we receive the closed Leontief price system:

p = pA (2.43)

where p is a row vector of prices. Taking the two final sectors, the final demand and the value-
added, as exogenously given, and therefore excluding them from the transaction table, leads to
the open Leontief quantity and price systems, shown in equations 2.44 and 2.45:

x = Ax+ y or x−Ax = y (2.44)

p = pA+ v or p− pA = v (2.45)

where y is the column vector of final demand and v is the row vector of value-added. To receive
reasonable results for a positive final demand and a positive value-added, the described economic
system has to be ’viable’ [2, p. 16]. That means, that the system must produce at least a ’little’
more goods, than it needs in the production processes itself. For the quantity system this is
given by the condition x > Ax, while for the price system the requirement to receive a positive
value-added is to fulfill the condition p > pA.
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Solving equations 2.44 and 2.45 for the exogenously given vectors, leads to

x = (I −A)−1y (2.46)

p = v(I −A)−1 (2.47)

where (I −A)−1 is known as the Leontief inverse.
The open Leontief system describes an economic system of growth. Since the relationship

is fixed between the sector output and the sector input, given by the constant coefficients aij ,
input-output analysis assumes a linear limitational production function, with constant returns to
scale [2, p. 13]. To be able to solve the previous equations, the inverse of (I − A) must exist.
Equation 2.46 expresses the total amount of goods, that has to be produced to satisfy the final
demand given by vector y. That, of course, involves the intermediary use of those goods, too.
While the elements aij of matrixA express the direct input quantity of good i to produce a single
unit of good j, the elements of the Leontief inverse αij represent the input quantity of good i
to satisfy a single unit of final demand for good j. Summing up, the elements αij express the
total demand of goods that is needed to produce the final goods. The Leontief inverse can be
expressed as a geometric series (I−A)−1 = I+A+A2 + · · ·, where the terms of the geometric
series can be interpreted as consecutive production rounds [2, p. 17].

Price changes

The matrix of input-output coefficients is recalculated yearly. A change in the relative prices of
goods and services will lead to changes in the coefficients aij , even if there is no technological
change in the input-structure of the same goods. To exclude the two effects of changing prices
for the input and output commodities, the coefficients have to be obtained to base-year price
levels. The first price effect is that of the price change of the input commodity. That is

pi =
pbi
pci

(2.48)

where pbi is the base price of input good i and pci is the changed price of the same good [29, p. 18].
The second effect is created through the price change of the output commodity, that is

pj =
pbj
pcj

(2.49)

where pbj is the base price of output good j and pcj is the changed price of the same good [29,
p. 18]. Usually the changed price is bigger than the base price due inflation. The input-output
coefficients get deflated to the base year price, by multiplying the coefficients with the relative
price changes [29, p. 18].

pi

pj
· aij (2.50)
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2.3.2 Multiplier effects

The Leontief inverse is a matrix of multipliers and contains direct and indirect implications. It
can be used to calculate effects for the quantity and the price system, by assuming changes in
final demand or costs.

Cost-push multiplier

The cost-push multiplier effect is the price increase per unit of value-added increase [29, p. 26].
The value-added v from equation 2.45 consists of factor costs and profit. Material costs per unit
of output are the elements of the expression pA. If one of the factor costs u, that is part of the
value added vector v rises, by the amount ∆u 3 , prices have to change too, by the amount ∆p:

(∆p+ p)− (∆p+ p)A = v + ∆u (2.51)

Bringing ∆p on the left side, shows the price effect, expressed through the cost rise of factor u:

∆p = ∆u(I −A)−1 or ∆p = ∆u

∞∑
k=0

Ak (2.52)

The geometric series shows the direct effect of the change in factor cost, in the first term ∆u,
the cost increase of the direct material inputs are expressed through the second term ∆uA, and
all other terms show the cost increases of the indirect material inputs [29, p. 26]. This explains,
that a rise in factor costs for a certain sector, for example through a newly introduced taxation,
pushes up the price of the corresponding commodity directly. This again pushes up the material
costs in all other sectors where this commodity is used for production, and that leads to pushing
up the prices of the other commodities as well. Since ∆u is a row vector with all elements zero,
except, let’s say, column i, which is the change in costs for factor u, the cost-push multipliers are
given by the row i of the Leontief inverse. This shows, that the increase of a single factor cost
can spread through the whole economy, pushing up prices of different commodities [29, p. 26].

Demand-pull multiplier

The demand-pull multiplier effect is the increase of output, per unit of final demand increase. On
basis of equation 2.44, an increase of a certain commodity j in the final demand column vector
y, leads to a disproportional increase in output x. Since y is a column vector, the demand-pull
multipliers are given by the jth column of the Leontief inverse.

Production-income multiplier

If, for a certain commodity, final demand rises, there is additional economic activity expressed
through the corresponding demand-pull multiplier. The income generated by this additional
economic activity can be obtained by multiplying the value-added coefficients with the Leontief-
Inverse. The production-income multiplier of commodity j is the jth column of the calculated

3Raa [29, p. 25] shows the change of a factor cost through a taxation t on factor u. This is replaced in equations
2.51 and 2.52 with a more general ∆u.
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row vector of equation 2.47. On basis of the geometric series of the Leontief inverse, the columns
of term v refer to the direct income effects of individual commodity increases, term vA refers
to the income, that is generated by the direct material input requirements and the further terms
show the income generated through the production of the indirect requirements [29, p. 27]. The
indirect effects show that high production-income multipliers, for certain commodities, can have
a big effect on the whole economy, even if their value-added coefficients are relatively low.

Total-income multiplier

The feedback effect of income can be described through the basis final demand composition

Y = cY + I (2.53)

with aggregate income Y , propensity to consume c and investment I . Rewriting the equation to

Y = (1− c)−1I or Y =
∞∑
k=0

ckI (2.54)

leads to the Keynesian multiplier (1 − c)−1 (or to its geometric series equivalent in summation
notation) [29, p. 27]. The effect of this multiplier increases with the spending propensity of
households, when earning an additional Dollar, and decreases, if the propensity to save gets
higher. Raa points out, that if the propensity to consume is less than one, than the relationship
between the production income multiplier from equation 2.47 and the total income multiplier is
given through the Keynesian multiplier

vB

∞∑
k=0

ck (2.55)

whereB denotes the Leontief inverse. The ratio of the total income multipliers to the production-
income multipliers vB is the Keynesian multiplier and so the same for all commodities [29,
p. 30]. According to Raa, this leads to a practical implication: By choosing a sector for invest-
ment to boost income, the inclusion of household consumption effects into the decision process,
will not change the ranking of the investment sectors in terms of income effects [29, p. 30].

Employment multipliers

Analogous to the production-income multiplier, the production-employment multiplier can be
obtained by multiplying the labor inputs per unit of output with the Leontief inverse. It can be
interpreted as the requirements for employment, when final demand increases by one unit. The
total-employment multipliers are obtained by including consumption effects. Consumption ef-
fects can generate large employment implications, because even if a sector has a low production-
employment multiplier, the included consumption effect can lead to a large total-employment
multiplier. If a denotes the column vector, containing the quantities that the households con-
sume, when an additional Dollar was earned, and taking into account that the total-employment
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Multiplier Term Note

cost-push multiplier ∆uB

demand-pull multiplier B∆z

production-income multiplier vB

total-income multiplier vB
∑∞

k=0 c
k consumption effects included

production-employment multiplier lB

nominal total-employment multiplier lBa
∑∞

k=0 c
k consumption effects included

Table 2.5: Multiplier effects

multiplier, should be expressed in nominal value, than according to Raa [29, p. 33] the nominal
total-employment multiplier can be written as

lBa
∞∑
k=0

ck (2.56)

where l is the row vector of labor input. Here again, if the consumption effects are included,
the employment multipliers are raised by the same amount, and the ranking of commodities in
terms of the production-employment multiplier, does not change.

2.3.3 Summary

The terms of the multipliers are summarized in table 2.5, where ∆u denotes the row vector of
change in factor costs, ∆z the column vector of change in final demand, v is the row vector of
value added, l is the row vector of labor input, a is the column vector of household consumption,
B is the Leontief inverse and c the propensity to consume.

2.4 Critical economic policy

The social sciences, political science, economics and sociology, became, especially in the after
war development, three separated peaces of highly sophisticated knowledge areas. Scientists
got specialized in their own academic fields not to be able to participate in a mutual discussion
about a persistent crisis, even if none of them could provide a sufficient answer how to overcome
or to explain the emerging problems in contemporary global economy. These single islands of
research fields and their divided languages is referred by Hanappi [13] as a ’scientific Babylon’.
The given impulse to build connections between these islands, not only to achieve a mutual
understanding between the advocates of the different scientific fields of political economy, but to
transfer the information to the general public as well, can be seen as an invitation for scientists
to build the ’Bridges to Babylon’. The following sections will give a short overview of the
historical development of political economy based on the text by Hanappi [13].
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Figure 2.2: The entities of political economy

2.4.1 The entities of political economy

The large social entity ’nation’, can be seen as a system consisting of three levels. On the lowest
level, there are the human individuals who interact physically in a material environment and
have the ability to communicate with each other. The language communication, in terms of
economics, is money, that can be seen as the sign of social value of a product or of a procedure.
To be able to regulate the human individuals, a second level is necessary, that consists of the state
institutions, firms and households. On the top level of human society there are those entities who
drive the meta-rules of finance. In the sense of an open economy, the model has to interact with a
global environment as well. Figure 2.2, taken from Hanappi [13, p. 14], shows these three levels
of society, on the two material spheres, ’matter’ and ’monetary trace’ and on the communication
sphere ’expectations’. While the first level consists of the single human entities i, the entities of
the second level can be divided into smaller parts. The state institutions SIN can be seen as the
composition of the rule-set makers PLM, which are the legislative force of the ’parliament’, the
rule-set surveyors JUR, which are the jurisdiction and the rule executors, and the executive force
EXE. The production entities can be divided into state owned production units SOPU and into
private firms PF, that contains the two types of companies, the transnational corporations TNCs
and the small and medium sized enterprises SMEs. The households HH can be divided into three
types of dominant income: firm owners HHO, state employees HHS and bank employees HHB.
The household of workers HHW represents the part of society with lower income. The entities
of the third level, the financial institutions FI, can be split up into the national institutions BN
(banks) and in internationally acting entities BI. The history of economic theory often shows a
dramatical reduction of this picture, by building aggregates, omitting parts of it or by building
generalizations. The following sections will take a closer look at these reductions.
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2.4.2 Classical political economy and the marginalist revolution

Classical political economy, reached its height with the work of Karl Marx and the related ex-
ploitation theory [13, p. 4]. While earlier authors, like Adam Smith, investigated how one nation
can exploit other nations by advanced technological progress and the division of labor, the core
of the exploitation theory of classical political economy was the price-wage system, that consists
of the two core elements of profit maximization: total revenues and total costs. To achieve the
maximum possible profit, one of the core targets of the firm owners was cost reduction, including
the wages of workers. Low wages could be achieved by sustaining permanent unemployment
and hence profit was achieved through an exploitation of the working class by the ruling class.

The marginalist revolution, led by Leon Walras, Stanley Jevons and Carl Menger, started in
1874 as a response to classical political economy. To solve the paradox of value, that was al-
ready investigated, amongst others, by Adam Smith [27] by distinguishing the ’value in use’ and
the ’value in exchange’ of goods using the example of water and diamonds, a subjective theory
of value was introduced: the marginal utility, which is the gain that the consumption of an addi-
tional unit of a certain good provides. To describe the preferences of households, that were set
equal to human individuals, later, the utilization theory was constructed. The approach showed a
different idea how the price system works. Since each human individual has a preference order
of commodities to possess, but does not necessarily possess those commodities, an exchange
process takes place between those individuals. One of the main arguments for the superiority
of markets over planning was the automatic emergence of an exchange algorithm leading to a
point of Pareto optimum, where no further exchange process could improve the situation of any
individual. In this system, the meaning of price was no longer the physical value of money that
could be paid for a certain commodity, but rather the exchange rate between two commodities,
determined through the exchange rate algorithm. This price determination, through an abstract
exchange rate algorithm, is the idea of the market. The market mechanism of the Walrasien
framework can be seen as a process, where an invisible auctioneer figures out the successive
exchanges that lead to the Pareto optimum for both, the demand and the supply side. The algo-
rithm implicates that it will lead to a finally determined equilibrium vector of prices where no
exchanges take place anymore. Moreover, as a counteract to the theory of exploitation, labor
time was included in the same way as any other commodity into the model. This made unem-
ployment, taking the interpretation of John Maynard Keynes [18], to a ’frictional’ or ’voluntary’
decision of the human individual. The idea of ’voluntary’ unemployment and the abstract market
mechanism could, of course, not explain the disastrous situation in the Great Depression starting
in 1929. People desperately looked for work when unemployment skyrocketed and production
shrunk at the same time, followed by deflation. Because this abstract exchange algorithm was
the narrow center of the Walrasian framework, with no explanation of how households already
own those goods they want to exchange or how their income is determined, and why private
firms exist at all, it was impossible to argue about the origins and the mechanisms that led to the
economic downward spiral.

To give an answer to these questions and to find a solution that should lead to an economic
recovery, state influence and aggregates were added to the picture of economy. Keynes and his
like-minded contemporaries suggested to split up the demand side to three aggregate entities:
households, firms and state institutions. Hence, demand enfolded consumption, government
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expenditure and investment demand. These entities could be characterized through their behav-
ioral functions, like for households the monetary demand for consumption, for private firms the
monetary demand for investment, and for state institutions the monetary demand for goods and
services that are purchased by the state.

By that time banks were not considered as a single group of aggregate entities. This was
surely a drawback, since taking credit for investment has to be handled by banks, so financial
institutions could, as a fourth aggregate entity, enter the economic picture. In general, their
behavior can be described through their profit maximization rule, namely making the difference
between the interest rates on loans and savings as high as possible. The relative strength of
the two fractions of the ruling class, owners of financial institutions and owners of private firms,
could be compared by looking at the firms profit rate and the credit interest rate. Taking only one
interest rate into the model, this stays completely hidden [13, p. 20]. Looking at the exchange
algorithm, namely the market, the price-wage system does not play a crucial role, since the
system only deals with scenarios where prices and wages are in equilibrium.

According to Hanappi [13, p. 11], the Keynesian aggregate demand for the three entities,
households, firms and state institutions can be described through the following equations:

C = C(c, Y ),
∂C

∂Y
> 0 (2.57)

I = I(Y ∗, r),
∂I

∂Y ∗
> 0,

∂I

∂r
< 0 (2.58)

G = C(T ),
∂G

∂T
> 0 (2.59)

Consumption C depends on total output Y and on the propensity to consume c. Investment I
depends on the expected total Output Y ∗ and on the interest rate r. If the interest rate rises,
investment will be lower and firm owners will tend to buy bonds, and so becoming shareholders
of other firms, by assuming that these provide more interest than the profit rate. Government
expenditure G is a function of the tax T , it rises when taxes rise and since external debt is not
considered, the taxes will rise when output rises. Aggregate demand is the sum of the demand
components C, I , G, while total supply, that is determined by the production function, is only
consisting of the goods produced by the firms and the labor time provided by the households.
Money supply can be taken as a function of expected output and the exogenously given invest-
ment rate

MS = MD(Y ∗, r),
∂MD

∂Y ∗
> 0

∂MD

∂r
< 0 (2.60)

If total income Y , the interest rate r are taken exogenously, than the crisis itself can only
emerge as an exogenous shock and not from within the system.

2.4.3 Growth, cycles and dynamics

The drawbacks of the first models of neoclassical synthesis was their restriction to short-run
issues. Hence, slowly changing variables could be considered as constant and the long-run char-
acteristics of production, emerging from growth, were not captured. As a consequence, growth
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was involved shortly afterwards. Harrod [14] developed a model of growth, later known as the
Harrod-Domar model, where even for the long run the economic system is on a very narrow
equilibrium path. In this model even if one of the key parameters, saving ratio, capital-output
ratio, or the rate of increase of the labor-force, makes a small deviation from the center, leads ei-
ther to growing unemployment or to prolonged inflation. Robert Solows model from 1956 [28]
conceptualized the longer run as an equilibrium growth as well. In Solows opinion, it is the
production under condition of fixed-proportions, that leads to the unstable equilibrium of Har-
rod. He based his approach on the Harrod-Domar model but, contrary to it, he assumed that
production follows the standard neoclassical conditions, where it is possible to substitute labor
for capital in production [28, p. 66]. Due to this change, the instability of the equilibrium dis-
appeared. As a further development of the dynamic models, technical progress was introduced,
that lead to a permanent shift of the production function, and hence to a shift in the growth path.

Goodwins’ growth cycle model from 1967, based on the Lotka-Volterra predator-prey model,
combined cyclical behavior and economic growth in an environment of exogenous steadily
growing labor productivity. This behavior can be described as follows: High employment rate
leads to more bargaining power of workers, resulting in higher wages. This again leads to lower
profits of the firms and hence to dismissals, and decreasing employment. Low employment
weakens the bargaining power of the workers that leads to lower wages and therefore rising prof-
its of the firms again. Finally, higher profits lead to the incentive to employ more workers, and
so the cycle gets back to its starting point. This introduction of wage-bargaining leads to a feed-
back of unemployment on the real wage, but more importantly by including wage-bargaining, a
political process is introduced to the economic system. Goodwins’ and his followers’ non-linear
dynamic models, produced oscillations in the share of output of firm owners and in the share of
labor supply from the actually employed. The resulting dynamics lead to fluctuations in the firms
productions and therefore to fluctuations in consumption possibilities. Such a model impacts the
class of workers in respect to time and with respect to available physical goods [13, p. 15]. A
drawback of these models is that the steadily growing labor productivity is taken exogenously
and that the behavior of firm owners is only described by fully reinvesting the total amount of
profit again. Despite the drawbacks, these dynamic growth models point out very good how
natural oscillations emerge in an environment of steadily growing labor productivity.

Taking a small step back in time, Schumpeter already assumed cyclic movements, triggered
by innovations, that lead the whole economy in a continuous state of disequilibrium: Some
individual companies develop innovations that grants them a comparative advantage and higher
profit rates, giving the incentive for other companies to invest in innovations as well. That is the
starting point for a boom. An accumulation of innovations together with copycats evolve and fill
the market. This leads to greater competition and to sinking profit rates, therefore the firms start
lowering investment into innovations and a recession follows.

The process of innovation is in general welfare increasing, but the corresponding technolog-
ical progress can lead to unemployment as well. The second process that is secured by political
forces is the profit gain of the firms that is possible due the excess of total revenue over wages.
Low wages, as discussed above, are possible because of the little wage bargaining power of the
working class, resulting from the rate of unemployed workers. These two countervailing and dy-
namic forces, innovation driven business cycles and the class exploitation, can enhance welfare
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for a limited number of decades, but they lead to increasing instability resulting in a possible
system breakdown [13, p. 18].

2.4.4 Rational expectations and game theory

The theory of rational expectations was originally introduced by John F. Muth in his work ’Ra-
tional Expectations and the Theory of Price Movements’, where he proposes the hypothesis that
the formation of expectations are essentially the same as the predictions of the relevant economic
theory [22, p. 315]. When crises hit the world economy in the seventies, starting with the oil
embargo in 1973, that lead to a fourfold in oil prices, Keynesian theories were not able to explain
how unemployment and inflation can rise at the same time. In larger western economies there
was a shift in politics towards more conservative parties campaigning more for the free interplay
of market forces, that should lead to an increase in welfare [10, p. 19-20]. A new school of
economics called ’New Classical Macroeconomics’ including the theory about rational expec-
tations, lead by Robert Lucas and Thomas Sargent, emerged and argued against the Keynesian
perception of the importance of state interventions. The rational expectations hypothesis as-
sumes that micro agents use internal models that are all relying on a true model in equilibrium.
All micro agents possess, on average, a model that is equivalent to the actual working of the
economy. Additionally, the micro agents are aware of these characteristics. This can be seen
as a step towards game theory, but with the restrictions that the agents are all relying on the
same true model of actual economics, asymmetric information is not considered and no learn-
ing processes take place. Shocks are again only possible as exogenous occurrences and do not
emerge from within the system. Since the assumptions of the model implicate an equilibrium in
expectations and an equilibrium in exchange wishes as well, all participants will get the same
degree of satisfaction. This lack of class structure dynamics eliminates, on the one hand, the
possible evolution of institutions and, on the other hand, the process of accumulation that can
lead to crisis.

The origins of scientific research in game theory goes back to Émile Borel who proposed in
1921 a two-person symmetric game, in that Borel already pointed out the connection between
game theory and economic and financial speculation [21, p. 100]. Modern game theory was
co-founded by John von Neumann, who already studied the mixed-strategy equilibria in two-
person zero-sum games earlier, and by Oskar Morgenstern in their common book ’Theory of
Games and Economic Behavior’ from 1944. By that time, game theory made no mentionable
entry to mainstream economics and disappeared for some time. Rediscovery started in natural
sciences in the seventies and the eighties, more precisely in biology as evolutionary game theory,
when authors like John Maynard-Smith started analyzing Darwinian competition as strategies.
The joint work of Maynard and Price ’The Logic of Animal Conflict’ [23] in 1973 had also
three groundbreaking aspects: the marriage of game theory and population dynamics, the use
of agent based computer simulations and the general application of game-theory to non rational
players [26, p. 9]. They already pointed out the possibility of the adaption of new strategies, by
learning and by building anticipations about the opponents strategy [23, p. 17]. By that time,
game theory also experienced a great involvement in other natural sciences like chemistry [10,
p. 20].
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The approach of game theory includes the idea of inner heterogeneous models of the so-
cial entities. These models of each social entity include anticipations about the models of other
entities as well, bringing not trivial complexity into the system. After the crisis of 2008 a rein-
troduction of game-theory to economic models took place. Modeling of heterogeneous agents at
several levels of social institutions, with the help of computer simulations, could be carried out.
The core of this approach are the heterogeneous internal models of social agents, that should be
a part of further research of political economy as well.

2.4.5 Revolutionary dynamics, international finance and global entities

The early eighties can be seen as a start for modern evolutionary economics [11, p. 49]. This
field paid much attention to the interdependencies between the micro-,meso- and macro-levels
of the processes of political economy. The discipline was inspired by evolutionary biology, es-
pecially concerning self-similarity and fractal structure, but also by researches in other scientific
fields like network structure and game-theory. As pointed out by Hanappi [11, p. 49], each so-
ciety is a network of individual entities, where every single entity possesses an internal model
of its environment, and assumptions about the models of other entities as well. In such highly
connected networks, chaotic motions can easily rise. That makes complexity modeling an im-
portant part of evolutionary economics. But since the coordination of such a system is a main
task of societies, regulation theory and therefore politics becomes an important part as well.
Looking at economics from an evolutionary perspective, a picture of life dynamic appears. Dy-
namic systems with diverging essential variables, consist of fast economic processes, carried out
by a regime, approaching to a phase of instability and finally to a possible system breakdown.
Instability does not necessarily lead to a complete failure, but to a revolution, leading to creation
and destruction of short-run entities and reorganization of institutions, thus a regime change. If
this transformation proceeds successfully, the new form is often larger with respect to space and
to the number of its elements and tools. From a historical point of view this can be seen as the
development from social entities from small clans over nations to continental entities like the
European Union and finally to a global economic policy.

The deep crisis, triggered in 2008, spread rapidly worldwide, due to an globally entangled
economy, especially involving some of the falsely assumed ’too big to fail’ financial institutions.
Finance institutions who act globally base their decisions completely on certain internal models
and the forecasts they produce (see the level of expectations in figure 2.2). To enhance welfare
worldwide, a global policy is needed. The first step in this direction, not only by having the last
crisis in focus, could be done in the area of international finance.

Until the recent years, open-economy models introduced global environment by duplicat-
ing a national model and connecting them by a trade function. Usually these models either
concentrated on the ’theory of economic trade’ on the material side or on the ’balance of pay-
ment theory’ on the monetary side. The used economic formulations, did not include models
of international institutions and their instruments. Retuning to figure 2.2, the entity of global
environment on the right side, consisting of both, the economic and the monetary side, still has
to be introduced in the whole picture.

The two missing parts that represent the badly needed novelty, modeling international fi-
nance and global environment, will need a lot of theoretical work to be conceptualized, but are
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indispensable to understand the culminations and dynamics that can lead to global crisis and
hence are necessary to be able to give reliable advices to politics to enhance global welfare.
In addition, the separated islands of economic research fields have to come together, to find a
common language and to learn from each others highly sophisticated, but far too little connected
efforts.
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CHAPTER 3
An extended macroeconomic model of

the Hungarian economy

3.1 The model

Based on the model E2012 by Hanappi [12], a stock and flow model is used to estimate the
Hungarian economy. The model consists of four agents: the state (the general government),
firms (non-financial institutions), banks (financial institutions) and households. The agents are
described through their stocks that are the net debt for the state, firms and households and capital
stock for the state, firms and banks. The interaction between the agents are the flows mainly
consisting of wages, tax, investment, credits and saving. The final model in this thesis consists
of 33 variables, of which 25 are endogenous and 8 are exogenous. It has 23 equations, 14
stochastic and 9 deterministic. The equations also make use of 12 lagged endogenous variables.
According to Intriligator, the model can be classified as a medium-sized model [17, p. 432].

The sources of the equations are as follows: Equations 3.1, 3.2, 3.4, 3.5, 3.6, 3.9, 3.10, 3.22,
3.26 and 3.30 are taken from Hanappi [12]. Equations 3.7, 3.13, 3.14, 3.14, 3.17, 3.18, 3.20,
3.21, 3.23, 3.24, 3.27, 3.28 and 3.29 are taken from Hanappi and modified by the author of this
thesis or are based on the verbal description of the provided model by Hanappi. Equation 3.3 is
taken from Hall [9] and transformed to a stochastic equation. Equations 3.8, 3.11 and 3.12a are
built by the author of this thesis, based on the variables of the provided model.

3.1.1 State

The state collects taxes from wages provided by the households and taxes on profit from firms
and banks. The state’s expenditures are the wages for the state employees, investments that
have to be undertaken to replace loss of capital and to improve infrastructure, and the social
transfers to the households. The budget deficit, corresponding to Clement [4], of the actual year
is government expenditure without interests, plus interests that have to be paid for the previous
national debt, less taxes. If the receipts of the state do not surpass the outlays, additional credit
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is needed to finance the budget deficit. Government expenditure according to Hanappi [12]
is divided into investments of the state, wages for state employees and social transfers to the
households. Government receipts, consisting of taxes, are divided into taxes from the different
agents.

3.1.2 Firms

Future capital of the firms depends on their investment. The firms’ investment in turn depends
on total investment demand of the whole economy and on the expected consumption of all
households. The firms operating surplus is transfered to the part of the households, who are the
company owners. This surplus is used for reinvestment or consumption, or used as a reserve,
namely savings. Additional credit is used by companies not only to finance losses, but also to
finance future investment, if the expected profit is higher than the interests that have to be paid
for the credit.

3.1.3 Households

Households’ income are the wages after tax that is received by the subset of employees, the
profits from firms and banks received by the respective owners of these institutions, and the
social transfers from the state. The income is used either for consumption, or as reinvestment
into the firms by the owners of financial and non-financial institutions, or as savings.

3.1.4 Banks

Banks are lending money to firms and the state, and are taking savings from the households. The
theoretical profit (without costs) of the banks is the difference between the interests they receive
from the credits and the interest they have to pay for the savings. Besides the income, the bank
has outlays that consist of wages for the bank employees, taxes and investments.

3.2 Estimation technique and data

The stochastic equations were estimated by using the ordinary least squares method. Testing
for normality distribution of the error term was done with the Jarque-bera test, but the results
were treated only as additional information since the sample sizes were very small and allowed
no conclusive test results. Testing for autocorrelation was done with the Breusch-Godfrey test
up to three lags. Additionally if no lagged endogenous variables were used, the Durbin-Watson
test was used to test for autocorrelation as well. Testing for heteroscedasticity was done with
the White test. The estimation of the future values of the exogenous variables and some missing
values for the year 2013 was performed with the Holt-Winters no seasonal method of exponen-
tial smoothing. The credit and the saving interest rates were taken as fixed for future values.
Estimations were done with the software EViews [15].

Because of the structural changes during the transition process starting in 1989, that seemed
to be mainly overcome in 1993 [24], and because of the lack of reliable data in previous years,
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Figure 3.1: HUF/EUR exchange rate

only data from 1993 onwards were used. All numbers are calculated in Hungarian Forint (here-
after HUF) to exclude bias through the exchange rate, but graphs and numbers are showed in
Euro (hereafter EUR) as well to provide better comparability. The HUF experienced a fast de-
valuation until the year 2000 where the exchange rate became more stable until the financial
crisis in 2008. From 2008 until 2013 the HUF lost again about 18% of its value compared to the
EUR. Development of the exchange rate is displayed in figure 3.1.

3.3 Estimation

3.3.1 Debt and savings

Gross debt consists of all liabilities in governmental financial statistics except for shares and
other equity and financial derivatives [16]. In Hungary, debt of general government was rising
sharply starting in the year 2000 where it was still at the level of 52.7% of GDP and reached its
peak in the year 2011 arriving at 82.1% of GDP. Looking at the value in HUF, government debt
was in 2011 more than 7.6 times higher than in 1993. Debt of firms was continuously rising from
15.1 billion EUR (1621.7 billion HUF) in 1993 to 103.7 billion EUR (30783.3 billion HUF) in
2013 being 19 times higher measured in HUF than at the beginning of the period. The highest
rise in debt experienced the households where the value in the peak year in 2010 was more
than 22 times higher than in 1993. Taking into account that net wages for the households and the
consumer price index got about 5 times higher in the same period, it can be assumed that most of
the rise in welfare for the households was achieved through taking additional loans or by earning
additional money through jobs that are not captured by governmental statistics. The recent
struggle for the households repaying their foreign currency credits is also a strong indication
that consumption was strongly financed through loans. The decline in households’ debt, starting
in 2011 can be explained through less lending, as a result of more restricted conditions during
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Figure 3.2: Debt in Hungary in million EUR

the approval process. The development of debt for the different agents is shown in figure 3.2.
For savings, the currency and deposits were taken from the consolidated financial balance

sheet. Savings are, like in most European countries, highest for households followed by firms
(see figure 3.3). The impact of the financial crisis seemed to hit the deposits of firms one year
earlier, but in 2013 corporations still did not reach the deposit level of 2007. While the HUF
value of the firms’ savings stayed steady in the years 2008 and 2009, the drop in the EUR value
can be explained through the sharp devaluation of the HUF from 2008 to 2009 (see figure 3.1).
Households are the biggest savers but starting with 2007, debt got higher than savings until 2011
when debt started to fall and savings decreased slower. Banks’ savings show a drop in 2008 as
well and after a short recovery savings started to decline again. Since banks’ profit depend on
the interest they have to pay for savings as well, their own savings is not part of the introduced
model. For the development figures of debt and savings in HUF see Appendix A.

State

Looking at the components of the debt of the state, first the general government has to pay
interests for the debt of last year, which can be described through the following equation:

rCrt ·Dst
t−1 (3.1)

where rCrt is the average interest rate for credits of the actual year and Dt−1 is the national
debt of last year. If the receipts of the state do not surpass the outlays, the government will be
forced to take additional credit that will add to the existing debt. According to Hanappi [12] the
national debt of the current year can be described as

Dst
t = Dst

t−1 + Crstt (3.2)
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Figure 3.3: Savings in Hungary in million EUR

where Crstt is the additional credit that is needed and has to be estimated. If the receipts surpass
the outlays, the amount of the additional credit will be negative, so the model implicates the
assumption that a budget surplus is used to pay back debt, leading to a decline of Dst

t . This
fits the actual economic policy in Hungary where the government made an early repayment in
August 2013 of an outstanding 2.15 billion EUR credit from the International Monetary Fund.
The additional credit needed is determined through the receipts and expenses of the general
government. Using the relation between the deficit and debt accumulation according to Hall [9]
the additional credit needed by the state will be estimated as

Crstt = α10 + α11 · Invstt + α12 · Strstt + α13 ·W st
t + α14 · rCrt ·Dst

t−1 + α15 · Tt (3.3)

where Invstt are the investments of the government and Strstt are the social transfers that the
households are receiving from the state. Tt is total tax receipts received by the general govern-
ment for which the coefficient is expected to be negative. The government’s investments are
treated as endogenous, while the social transfers, wages and the taxes are taken exogenously.
The credit interest rate that is used to calculate the interest for last years debt in equation 3.1 is
taken exogenously as well. The results of the estimation are documented in table 3.1. While in-
vestment, wages and the interests paid have a reinforcing effect on the additional credits needed,
taxes, as expected, have a lowering effect. Since the social transfers are expenditures for the
government, the negative coefficient could not be explained directly. Looking at the source data
of the explanatory variables, social transfers were rising continuously until 2008, where the ex-
penditures in this area became steady until 2013. The need for additional credit starts to fall with
the year 2008, resulting from a slower rise in the general government’s debt. A possible expla-
nation for the smaller rate of grow of the debt could be governmental measures, which included
a nationalization of private pension insurance, using those assets for expenditures in the state
budget including the repayment of governmental debt. Omitting different combinations of the
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Variable Coefficient Std. Error t-Statistic Prob.
α10 -436256.6 607752.6 -0.717819 0.4856
α11 (Invstt ) 0.807155 1.124589 0.717733 0.4856
α12 (Strstt ) -0.443915 0.632500 -0.701842 0.4952
α13 (W st

t ) 1.647115 0.493700 3.336270 0.0054
α14 (rCrt ·Dst

t−1) 0.777707 0.534462 1.455121 0.1694
α15 (Tt) -0.285335 0.239568 -1.191037 0.2549
Observations 19
R-squared 0.682792 Mean dependent var 1145291
Adjusted R-squared 0.560788 S.D. dependent var 532128.3
S.E. of regression 352657.7
F-statistic 5.596502 Prob(F-statistic) 0.005748
Breusch-Godfrey stat. 0.366791 Prob(Br.-G.) χ2

(1) 0.5448

Table 3.1: Credit state - equation 3.3

explanatory variables investment, social transfers and wages, did not lead to better estimation
results.

Firms

It will be assumed that, opposed to the state, firms do not mainly take credits to finance a negative
balance, but they have the incentive to take a loan if the expected gain is higher than the interests
that have to be paid. Hence, for measuring firms overall performance, the net debt will be taken
into account. The net debt DNf

t is measured as the firms gross debt Df
t , less savings Sft .

DNf
t = Df

t − S
f
t (3.4)

Firms have to pay interests for the existing debt as well:

rCrt ·D
f
t−1 (3.5)

Additional loans will add to last years debt:

Df
t = Df

t−1 + Crft (3.6)

Since the credit needed is mainly used for investments, it is assumed to depend on the firms
investments Invft , the interests for last years debt and the profit gained Oft .

Crft = α20 + α21 · Invft + α22 · rCrt ·D
f
t−1 + α23 ·Oft (3.7)

The interests and the profits are taken exogenously. The estimation results, that delivered satis-
fying statistical test results, are documented in table 3.2. While the operating surplus is slowly
rising only with minor drops in 2008 and 2012, firms’ debt shows a huge drop in 2008 and 2012.
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Variable Coefficient Std. Error t-Statistic Prob.
α20 -3523243 1965993 0.010893 0.0933
α21 (Invft ) 6.656667 2.240075 2.971627 0.0095
α22 (rCrt ·D

f
t−1) -0.807810 1.089312 -0.741578 0.4698

α22 (Oft ) -2.474945 1.134700 -2.181144 0.0455
Observations 19
R-squared 0.411727 Mean dependent var 1510539
Adjusted R-squared 0.294073 S.D. dependent var 2469627
S.E. of regression 2074967
F-statistic 3.499462 Prob(F-statistic) 0.041960
Breusch-Godfrey stat. 2.804651 Prob(Br.-G.) χ2

(1) 0.0940

Table 3.2: Credit firms - equation 3.7

Variable Coefficient Std. Error t-Statistic Prob.
α30 615067.9 152888.4 4.022986 0.0010
α31 (Sft−1) 0.538426 0.136114 3.955694 0.0011
α32 (Oft − Inv

f
t ) 0.716268 0.205298 3.488925 0.0030

Observations 19
R-squared 0.981148 Mean dependent var 3255666
Adjusted R-squared 0.978792 S.D. dependent var 1680031
S.E. of regression 244662.4
F-statistic 416.3680 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 1.625835 Prob(Br.-G.) χ2

(1) 0.2023

Table 3.3: Saving firms - equation 3.8

Investment shows the same oscillating moves but with much smaller outliers than the firms’
credits, leading to the huge positive coefficient. The goodness-of-fit could not be improved by
omitting existing variables or using different lags of variables that were assumed to influence
firms’ credit-taking behavior, like consumption or existing capital.

Firms’ stock of savings is usually a liquidity reserve that is not used for actual investment
and is either kept for later investments or used to bridge difficult periods. Observed data shows
a sharp drop in the years 2008 and 2009 supporting the last statement. The saving stock Sft will
be assumed to depend on the already existing stock and the earned profit less investments. It is
surely based on the companies future expectations as well, but since no accurate measure could
be found on this, the firms savings will be estimated as

Sft = α30 + α31 · Sft−1 + α32 · (Oft − Inv
f
t ) (3.8)

The results are documented in table. 3.3. The autoregressive part and the difference between the
operating surplus and investment seem to have highly significant impacts on actual savings.

37



Households

Households net debt DNhh
t is also their existing debt Dhh

t in form of loans taken from banks,
less their savings Shht on their saving accounts:

DNhh
t = Dhh

t − Shht (3.9)

Additional credits add up to the existing debt:

Dhh
t = Dhh

t−1 + Crhht (3.10)

Households usually use credit for consumption. There was rapid credit growth between the years
2004 and 2008 before a sharp drop in the following years occurred. According to the ECB [5,
p. 161] there appears to be a strong link between the fast credit growth in the years before the
financial crisis and the lending in foreign currencies in non-euro area EU countries of the Central
and eastern European region. In Hungary, the loans in foreign currency were about 65 % of total
loans by the end of 2009 [5, p. 161]. The strong devaluation of the Hungarian Forint against the
Euro in the following years lead to higher financial burden of the households, even though the
smaller interest rates on EUR and SFR credits slightly mitigated the monthly repayment rates.
The ECB also points out that the strong presence of foreign financial corporations in non-euro
area EU countries, is an important factor in explaining the strength of foreign currency lending
in those countries [5, p. 162]. It is believed that high differentials between local and the foreign
currency interest rates are leading households to prefer foreign currency loans over domestic
loans [25]. For the year 2013, the ECB still saw a high vulnerability for the private sector of
Hungary due to foreign currency lending [6, p. 16]. In the model it will be assumed that the
amount of additional credit is influenced by the change in the households’ stock of savings, and
by the change in the interest that has to be paid for previous year’s debt, summing up the effect
of the credit interest rate and debt accumulation:

Crhht = α40 + α41 ·∆Shht + α42 ·∆(rCrt ·Dhh
t−1) (3.11)

The results can be found in table 3.4. The results indicate that while changes in the stock of
savings have a positive effect on the additional credit taken by the households, the burden of
last years debt has the opposite influence. Savings are expected to be influenced by two factors:
the already existing stock of savings and net disposable income. The following relationship is
assumed: if the households’ saving stock is high and the spendable part of the wages is low,
households are likely to save less. On the contrary, if households’ savings are low compared to
the yearly wages, households will tend to save more. Additionally, since in countries with higher
households’ wealth the propensity to save is likely to be higher, a non linear relationship for the
savings of the last period and the wages will be assumed. Other factors that may influence the
stock of savings, like retirement age, demography and intergenerational private transfers [19],
will be ignored here due to their assumed stability in the short observation period. The non-linear
and the log transformed equations are as follows:

Shht = eα50 · (Shht−1)α51 · (W hh
t )α52 (3.12a)
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Variable Coefficient Std. Error t-Statistic Prob.
α40 -499379.8 258947.4 -1.928499 0.0717
α41 (∆Shh) 2.163372 0.520868 4.153402 0.0007
α42 (∆(rCrt ·Dhh

t−1)) -2.038514 1.120455 -1.819363 0.0876
Observations 19
R-squared 0.554831 Mean dependent var 454474.6
Adjusted R-squared 0.499185 S.D. dependent var 814624.6
S.E. of regression 576495.8
F-statistic 9.970708 Prob(F-statistic) 0.001542
Breusch-Godfrey stat. 1.041649 Prob(Br.-G.) χ2

(1) 0.3074

Table 3.4: Credit households - equation 3.11

Variable Coefficient Std. Error t-Statistic Prob.
α50 0.533172 0.572004 0.932112 0.3651
α51 (log(Shht−1)) 0.717876 0.090006 7.975895 0.0000
α52 (log(W hh

t )) 0.244581 0.118984 2.055575 0.0565
Observations 19
R-squared 0.996705 Mean dependent var 15.58833
Adjusted R-squared 0.996294 S.D. dependent var 0.558876
S.E. of regression 0.034024
F-statistic 2420.287 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 0.030330 Prob(Br.-G.) χ2

(1) 0.8617

Table 3.5: Saving households - equation 3.12b

log(Shht ) = α50 + α51 · log(Shht−1) + α52 · log(W hh
t ) (3.12b)

The results can be found in table 3.5. The estimation fits the original data well and no auto-
correlation was detected for the autoregressive part of the equation. If the households would be
divided into different subsets depending on income as suggested by Hanappi [12], the accuracy
is expected to be even higher. Due the lack of data availability, the ’one type of household’
model will be kept.

Banks

Banks profit results from paying less interest for savings than the interest they receive for pro-
vided credits. Additionally, if banks take loans from the central bank, they pass the loan to a
third party - usually households and firms - for a higher interest rate. Only the first issue will be
modeled in the following identity, where banks’ theoretical profit πt results from receiving inter-
ests from the state, firms and the households, and paying interests for the firms’ and households’
savings.

πt = rCrt · (Dst
t +Df

t +Dhh
t )− rSt ∗ (Sft + Shh) (3.13)

39



The original equation was modified, where only the interests for the households’ net debt was
taken into account. Since the level of households debt in Hungary was about the same as savings
since 2008, the interests that households have to pay for their credits will be take into account, as
well. Because firms do not automatically make an early repayment of their credits if their stock
of savings increases, they are paying and receiving interests at the same time, so the equation
was extended with the firms saving interests, as well.

3.3.2 Investment

Investment of the general government was growing since 1995 from 67 million EUR (11 billion
HUF) nearly 60 times higher (96 times in HUF) until 2006, reaching 4 billion EUR (2920 billion
HUF). After a decline of two years, government investments started to rise again. For the firms
we get a different picture. Investment rose from 4.2 billion EUR (696 billion HUF) in 1995 to
its peak to 13.9 billion EUR (3496 billion HUF) shortly before the impact of the credit crisis in
2008. After a two year drop of about 25 % the firms’ investments are still stagnating. Investment
of the banks show a positive trend but with very high volatility not only in the two crisis years
2000 and 2008. They are much behind the investment of non-financial corporations with a peek
of 456 million EUR in 2008. On average bank investments rose only 150 % from 1995 until
2012. In general between 2007 and 2011 Hungary’s gross capital formation as % of the GDP
was below of its peer group and neighbor countries consisting of the Czech Republic, Poland,
Slovak Republic, Slovenia, Bulgaria and Romania [30].

The investments of the state will be estimated as

Invstt = v10 + v11 · Capstt−1 + v12 ·∆Cont−1 + v13 ·∆Invstt (3.14)

where Capstt−1 is the physical capital of the state from the previous period and denotes the need
for replacement investment. ∆Cont−1 indicates the need for investment due to a change in
demand from the households, while ∆Invstt represents the acceleration for investment from rise
of last years investment. Transformation into the reduced form leads to

Invstt = π10 + π11 · Capstt−1 + π12 ·∆Cont−1 + π13 · Invstt−1 (3.15)

with
π10 =

v10
1− v13

(3.16a)

π11 =
v11

1− v13
(3.16b)

π12 =
v12

1− v13
(3.16c)

π13 =
v13

v13 − 1
(3.16d)

For the firms and the banks investment is estimated in reduced form as well:

Invft = π20 + π21 · Capft−1 + π22 ·∆Cont−1 + π23 · Invft−1 (3.17)

40



Invstt Invft Invbt

Capxt−1 0.141761 0.055807 0.0323

∆Const−1 0.057759 0.453783 0.001719

∆Invxt−1 -1.177122 -1.150232 -0.005441

Table 3.6: Structural coefficients of investment equations

Invbt = π30 + π31 · Capbt−1 + π32 ·∆Cont−1 + π33 · Invbt−1 (3.18)

whereCapf andCapb is the physical capital owned by firms and banks respectively. Expressing
again the coefficients of the structural form through the reduced form coefficients is defined in
the equation set 3.19.

v10 =
π10

1− π13
(3.19a)

v11 =
π11

1− π13
(3.19b)

v12 =
π12

1− π13
(3.19c)

v13 =
π13

π13 − 1
(3.19d)

The results of the reduced form equations are documented in tables 3.7, 3.8, 3.9, while the
calculated structural form coefficients are in the table 3.6 1. The previous year’s capital stock
does not seem to have much impact neither on the state’s nor on firms’ or banks’ investments.
The change in consumption seems to have a much greater impact on firms’ investment while the
impact on the state’s or on the banks’ investment shows a rather minor significance indicated by
low t-statistics. This could be due to the reason, that the state does not react fast on changes in the
households’ expenditure. The investment behavior of the banks may also react only indirectly
and with a significant time lag (by households taking more or less new loans) to a change in
the consumption of the households. Change in investment shows better significance for the
state and the firms, while for the banks the influence is nearly zero. The negative values of the
structural forms are automatically given through equation 3.19d, if the πx3 value is restricted to
0 < πx3 < 1. If the πx3 value is further restricted to 0.5 < πx3 � 1, we get a slightly negative
acceleration in the case of state and firms.

3.3.3 Population and employment

Population in Hungary reached its peak in 1981 and started to decline in the following years.
This was 10 to 20 years earlier, than in countries in its pear group like Poland and Romania. In

1The superscript x denotes the three agents state, firms and banks for the corresponding columns.
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Variable Coefficient Std. Error t-Statistic Prob.
π10 62263.17 139889.2 0.445089 0.6631
π11 (Capstt−1) 0.065114 0.059302 1.098014 0.2907
π12 (∆Cont−1) 0.026530 0.094195 0.281648 0.7823
π13 (Invstt−1) 0.540678 0.289311 1.868843 0.0827
Observations 18
R-squared 0.869403 Mean dependent var 687178.1
Adjusted R-squared 0.841418 S.D. dependent var 292735.5
S.E. of regression 116574.1
F-statistic 31.06672 Prob(F-statistic) 0.000002
Breusch-Godfrey stat. 0.066501 Prob(Br.-G.) χ2

(1) 0.7965

Table 3.7: Investment state - equation 3.15

Variable Coefficient Std. Error t-Statistic Prob.
π20 335896.9 177608.8 1.891217 0.0795
π21 (Capft−1) 0.025954 0.015361 1.689617 0.1132
π22 (∆Cont−1) 0.211039 0.123559 1.708012 0.1097
π23 (Invft−1) 0.534934 0.224014 2.387943 0.0316
Observations 18
R-squared 0.954720 Mean dependent var 2449865
Adjusted R-squared 0.945017 S.D. dependent var 769323.1
S.E. of regression 180394.5
F-statistic 98.39536 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 0.238042 Prob(Br.-G.) χ2

(1) 0.6256

Table 3.8: Investment firms - equation 3.17

Variable Coefficient Std. Error t-Statistic Prob.
π30 40524.09 14839.33 2.730857 0.0162
π31 (Capbt−1) 0.032125 0.011466 2.801777 0.0141
π32 (∆Cont−1) 0.001710 0.009655 0.177075 0.8620
π33 (Invbt−1) 0.005412 0.256889 0.021068 0.9835
Observations 18
R-squared 0.690794 Mean dependent var 81719.92
Adjusted R-squared 0.624536 S.D. dependent var 22334.77
S.E. of regression 13685.66
F-statistic 10.42576 Prob(F-statistic) 0.000725
Breusch-Godfrey stat. 0.432622 Prob(Br.-G.) χ2

(1) 0.5107

Table 3.9: Investment banks - equation 3.18
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Variable Coefficient Std. Error t-Statistic Prob.
β10 -285915.2 152961.0 -1.869203 0.0771
β11 (Lt−1) 1.025923 0.015031 68.25394 0.0000
Observations 21
R-squared 0.995938 Mean dependent var 10153366
Adjusted R-squared 0.995724 S.D. dependent var 141674.8
S.E. of regression 9263.949
F-statistic 4658.601 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 1.096820 Prob(Br.-G.) χ2

(1) 0.2950

Table 3.10: Population growth - equation 3.20

the Tschech Republic and Slowenia there is still a slow growth. Looking at the population of
Hungary as a percentage of the EU-28 population, the share declined from 2.2 percent in 1993
to 1.9 percent in 2013 [7]. Population decrease in Hungary shows a break in 1990, when the
sudden opening of borders may had a huge impact on immigration and emigration as well. To
have a better estimate for the growth rate of the following years, only data from 1993 onwards
will be used where population decline is more steady. Population grow was estimated with an
autoregressive equation of one lag. The Breusch-Godfrey statistic with a value of 1.09682 was
below the critical value of the χ2

(1) distribution for a significance level of 0.05. The results for
equation 3.20, where L represents total population, is documented in table 3.10.

Lt = β10 + β11 · Lt−1 (3.20)

The coefficient of Lt−1, that is very close to one, indicates a very steady population decline that
can be confirmed through the visualization of Hungary’s population development. To determine
the overall size of the labor force cohort, which is the number of potential workers, the popu-
lation between the ages 15 and 64 will be used. Again an autoregressive model of one lag was
used to estimate the labor force cohort:

Lct = β20 + β21 · Lct−1 (3.21)

where Lct is the total number of people living in Hungary, who are between 15 and 64 years in
the corresponding year. The results are displayed in table 3.11 and showed no signs of autocor-
relation. The higher coefficient of Lct−1 compared to equation 3.20 can be explained through
the time shift of the working class cohort where there was still a slow growth until 1996. After
that, the labor force cohort started to decline, exactly 15 years after the decline start of the total
population.

The labor supply, the part of the population that is participating in the labor market, changes
over time and consists of the people who are employed and the people who are considered as
unemployed. The relationship is given through the following identity:

Lst = LDt + Ut (3.22)

where Lst is the labor supply, LDt the number of employed and Ut the number of unemployed
persons. The variables Ut and LDt are taken exogenously. The participation ratio Pt is is the
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Variable Coefficient Std. Error t-Statistic Prob.
β20 -1717607 373948.7 -4.593163 0.0002
β21 (Lct−1) 1.246380 0.053884 23.13065 0.0000
Observations 21
R-squared 0.965706 Mean dependent var 6931891
Adjusted R-squared 0.963901 S.D. dependent var 57973.49
S.E. of regression 11014.86
F-statistic 535.0270 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 1.048976 Prob(Br.-G.) χ2

(1) 0.3057

Table 3.11: Labor force cohort growth - equation 3.21

Variable Coefficient Std. Error t-Statistic Prob.
β30 -0.026141 0.042383 -0.616786 0.5466
β31 (Pt−1) 1.051393 0.071128 14.78176 0.0000
Observations 17
R-squared 0.935760 Mean dependent var 0.600049
Adjusted R-squared 0.931478 S.D. dependent var 0.020719
S.E. of regression 0.005423
F-statistic 218.5003 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 0.005669 Prob(Br.-G.) χ2

(1) 0.9400

Table 3.12: Participation rate - equation 3.24

relation between the labor supply and the population of the same cohort is given by the identity:

Pt =
Lst
Lct

(3.23)

and will be described through the autoregressive form

Pt = β30 + β31 · Pt−1 (3.24)

The estimation results are documented in table 3.12. The unemployment rate will be calculated
as the proportion between the number of unemployed and the work force cohort. This implicates
that the people known as discouraged workers are also included into the calculation 2. The reason
for this is that the variable Lct is endogenous and therefore contributes to the model’s dynamics.

Up =
Ut
Lct

(3.25)

2The common definition of the unemployment rate as the ratio of the number of unemployed to the labor supply
(or labor force) is used for example in Blanchard [3, p. 25]
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Variable Coefficient Std. Error t-Statistic Prob.
γ10 445607.5 80510.16 5.534798 0.0001
γ11 (Capstt−1) 0.667505 0.072006 9.270106 0.0000

γ12 (Înv
st

t ) 1.683223 0.434217 3.876456 0.0015
Observations 18
R-squared 0.994476 Mean dependent var 4322729
Adjusted R-squared 0.993739 S.D. dependent var 1551996
S.E. of regression 122801.3
F-statistic 1350.169 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 1.674345 Prob(Br.-G.) χ2

(1) 0.1957

Table 3.13: Capital stock state - equation 3.27

3.3.4 Capital stock, output and technical progress

The Capital is taken as the total non-financial resources from OECD’s non-financial accounts
by sectors. The historical development of the capital stocks of the agents state, firms and banks
show a continuous accumulation until 2008. Firm’s capital stock show a sharp drop of 9 % (in
HUF) in 2009 but start to rise again in the following years. The state’s and the banks’ stocks did
not fall, but stopped growing after 2009. This indicates a more sensitive reaction of the firms to
the 2008 credit crisis, but also a much faster recovery compared to the state and the banks. The
original estimation for the different capital stocks of the agents was defined as

Capxt = Capxt−1 + γ · Invxt (3.26)

where x is the placeholder for the index of the three agents, the state, firms and the banks. Ac-
cording to chapter 2.1.4, to overcome the problem of correlation between Capxt−1 and Invxt ,
the two stage least square method was used and Invxt was replaced with the previously cal-
culated Înv

x

t from the reduced form investment equations 3.15, 3.17 and 3.18. For the state
and the banks, the original equation showed high autocorrelation and were slightly transformed
by adding a coefficient to the capital stock variable resulting in no autocorrelation and better t
values. For the firms, the original equation showed no autocorrelation, but the results for the
adjusted equation were better as well. The results of the capital equations can be found in tables
3.13, 3.14 and 3.15.

Capstt = γ10 + γ11 · Capstt−1 + γ12 · Înv
st

t (3.27)

Capft = γ20 + γ21 · Capft−1 + γ22 · Înv
f

t (3.28)

Capbt = γ30 + γ31 · Capbt−1 + γ32 · Înv
b

t (3.29)

For the state and the banks, the investments seem to have a positive acceleration effect on
the capital stock, while for the firms, the coefficient is negative but shows a very low probability
to be different from zero.
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Variable Coefficient Std. Error t-Statistic Prob.
γ20 4953958 2534247 1.954805 0.0695
γ21 (Capft−1) 1.093585 0.175240 6.240507 0.0000

γ22 (Înv
f

t ) -2.178586 2.917867 -0.746637 0.4668
Observations 18
R-squared 0.982010 Mean dependent var 30361784
Adjusted R-squared 0.979611 S.D. dependent var 12195053
S.E. of regression 1741336
F-statistic 409.3898 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 0.755180 Prob(Br.-G.) χ2

(1) 0.3848

Table 3.14: Capital stock firms - equation 3.28

Variable Coefficient Std. Error t-Statistic Prob.
γ30 -1960420 1213733 -1.615199 0.1271
γ31 (Capbt−1) -0.632421 0.909058 -0.695688 0.4973

γ32 (Înv
b

t) 49.57911 28.53323 1.737592 0.1028
Observations 18
R-squared 0.985667 Mean dependent var 1312532
Adjusted R-squared 0.983756 S.D. dependent var 556190.8
S.E. of regression 70888.43
F-statistic 515.7581 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 0.949912 Prob(Br.-G.) χ2

(1) 0.3297

Table 3.15: Capital stock banks - equation 3.29

Output of Hungary shows a steady increase until 2008. After a drop by 3.45 % (HUF) in
2009, it shows again the same growth rate than in the years before the crisis. The picture gets
completely different, if the devaluation of the HUF is taken into account. Reaching its peak
value of 105.5 billion EUR in 2008, the GDP shows a drop of 13.4 % and no growth since 2010,
unable to surpass the 100 billion EUR mark again. Compared to its’ peer group, Hungary is
doing worst in catching up to the output level of 2008. While Bulgaria, Poland and Slovakia
already put the crisis behind them in terms of absolute volume in 2013, Hungary is still 7.19 %
below the output of 2008 3.

The output will be estimated using a Cobb-Douglas production function that uses the capital
of the agents and the number of employed people inside the working class cohort.

Xt = δ1 · (Capstt )δ2 · (Capft )δ3 · (Capbt)δ4 · (LDt )δ5 (3.30)

where Xt is output. Log transformation leads to

log(Xt) = log(δ1) + δ2 · log(Capstt ) + δ3 · log(Capft ) + δ4 · log(Capbt) + δ5 · log(LDt ) (3.31)
3Output differences between 2008 and 2013 in EUR: Bulgaria +12.73 %; Czech Republic -3.10 %; Hungary

-7.19 %; Poland +7.3 %; Romania +1.77 %; Slovenia -5.29 %; Slovakia +11.99 % [7]
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Variable Coefficient Std. Error t-Statistic Prob.
δ11 1.851748 3.185245 0.581352 0.5709
δ12 (Capstt ) 0.483726 0.104550 4.626764 0.0005
δ13 (Capft ) 0.452164 0.051544 8.772447 0.0000
δ14 (Capbt) 0.031251 0.072790 0.429330 0.6747
δ15 (LDt ) -0.044166 0.232551 -0.189919 0.8523
Observations 18
R-squared 0.999226 Mean dependent var 16.71892
Adjusted R-squared 0.998988 S.D. dependent var 0.443897
S.E. of regression 0.014119
F-statistic 4197.441 Prob(F-statistic) 0.000000
Breusch-Godfrey stat. 0.339219 Prob(Br.-G.) χ2

(1) 0.5603

Table 3.16: Output - equation 3.31

The parameter δ1 represents the technical progress that contributes each year to the output [12].
The results can be found in table 3.16. The capital stock of the state and the firms both seem to
have a nearly equal influence on the output and are highly significant. Banks’ influence is small
with a low significance as well, but omitting the variable did not lead to better results.

3.4 The adapted model

3.4.1 Identities

Dst
t = Dst

t−1 + Crstt

Df
t = Df

t−1 + Crft

Dhh
t = Dhh

t−1 + Crhht

Lst = Pt · Lct

LDt = Pt · Lct − Ut

Up =
Ut
Lct

DNf
t = Df

t − S
f
t

DNhh
t = Dhh

t − Shht
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πt = rCrt · (Dst
t +Df

t +Dhh
t )− rSt ∗ (Sft + Shh)

3.4.2 Stochastic equations

Sft = 615067.9 + 0.538426 · Sft−1 + 0.716268 · (Oft − Inv
f
t )

log(Shht ) = 0.533172 + 0.717876 · log(Shht−1) + 0.244581 · log(W hh
t )

Crstt = −436256.6 + 0.807155 · Invstt − 0.443915 · Strstt
+1.647115 ·W st

t + 0.777707 · rCrt ·Dst
t−1 − 0.285335 · Tt

Crft = −3523243 + 6.656667 · Invft − 0.807810 · rCrt ·D
f
t−1 − 2.474945 ·Oft

Crhht = −499379.8 + 2.163372 ·∆Shht − 2.038514 ·∆(rCrt ·Dhh
t−1)

Invstt = 62263.17 + 0.065114 · Capstt−1 + 0.026530 ·∆Cont−1 + 0.540678 · Invstt−1

Invft = 335896.9 + 0.025954 · Capft−1 + 0.211039 ·∆Cont−1 + 0.534934 · Invft−1

Invbt = 40524.09 + 0.032125 · Capbt−1 + 0.001710 ·∆Cont−1 + 0.005412 · Invbt−1

Capstt = 445607.5 + 0.667505 · Capstt−1 + 1.683223 · Invstt

Capft = 4953958 + 1.093585 · Capft−1 − 2.178586 · Invft

Capbt = −1960420− 0.632421 · Capbt−1 + 49.57911 · Invbt

Lct = −1717607 + 1.246380 · Lct−1

Pt = −0.026141 + 1.051393 · Pt−1

log(Xt) =1.851748 + 0.483726 · log(Capstt ) + 0.452164 · log(Capft )

+ 0.031251 · log(Capbt)− 0.044166 · log(LDt )
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3.5 Back testing

Back testing was done for all endogenous variables that are determined through the stochastic
equations. The time range for te test was from 2009 to 2013. All calculations were done in HUF
and the results were converted in EUR. The deterministic simulation was solved dynamically by
using the results of the previous periods. The calculation process for every year is consisting of
four steps. The calculation order of the equations is documented in table 3.17. The simulation
was performed with the reduced form equations. Due to the fact that the year 2008 showed
strong outliers in the data, the back testing was done with data after the start of the financial
crisis, starting with 2009. It is likely that the anomalies in the year 2009 had still an impact on
the quality of the test results, and it will be assumed that some of the not so satisfying results
can be explained of the impacts of the years 2008 and 2009. For an example, this is the case for
the additional credit needed by the firms in figure 3.4e, where volatility in the years after 2008
has risen sharply. On average the test results showed much lower volatility than the observed
data, resulting in over- and underestimation, but catching the trend seems satisfying in most of
the cases. For the savings and the additional credit needed, the drop in 2009 was simulated
correctly. The recovery was best simulated fo the savings of the firms. Additional credit needed
for the state was estimated well for the year 2013 but ignored volatility of the years before. Both
additional credit for the firms and households was overestimated. Observed data shows early
credit repayments for the firms in the years 2010 and 2012, while simulated data always stays in
the positive range. For the investments, results were again best for the firms, while for the state
and the banks the year 2013 was overestimated but still with acceptable results for the trend.
For the capital stock, the drop in 2009 was estimated well again, but with an underestimated
magnitude for the firms and an overestimated magnitude for the banks. The size of the working
class cohort could be estimated quite well, while the participation ratio was underestimated, but
with a correct trend. The movements of the output were estimated correctly but the drop in 2009
was underestimated, mostly resulting from the influence of the capital stock of the firms. The
omnipresent smoothing in the back testing results may be an indication for omitted exogenous
effects, that are responsible for the volatility of the observed data.
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Step no. Equation

1.

Shht = f(Shht−1,W
hh
t )

Invstt = f(Capstt−1,∆Cont−1, Inv
st
t−1)

Invft = f(Capft−1,∆Cont−1, Inv
f
t−1)

Invbt = f(Capbt−1,∆Cont−1, Inv
b
t−1)

Lct = f(Lct−1)

Pt = f(Pt−1)

2.

Sft = f(Sft−1, O
f
t , Inv

f
t )

Crstt = f(Invstt , Str
st
t ,W

st
t , r

Cr
t , Dst

t−1, Tt)

Crft = f(Invft , r
Cr
t , Df

t−1, O
f
t )

Crhht = f(Shh, Shht−1, r
Cr
t , rCrt−1, D

hh
t−1, D

hh
t−2)

Capstt = f(Capstt−1, Inv
st
t )

Capft = f(Capft−1, Inv
f
t )

Capbt = f(Capbt−1, Inv
b
t )

Lst = f(Pt, L
c
t)

LDt = f(Pt, L
c
t , Ut)

3.

Xt = f(Capstt , Cap
f
t , Cap

b
t , L

D
t )

Dst
t = f(Dst

t−1, Cr
st
t )

Df
t = f(Df

t−1, Cr
f
t )

Dhh
t = f(Dhh

t−1, Cr
hh
t )

Upt = f(Ut, L
c
t)

4.

DNf
t = f(Df

t , S
f
t )

DNhh
t = f(Dhh

t , Shht )

πt = f(Dst
t , D

f
t , D

hh, Sft , S
hh
t , rCrt , rSt )

Table 3.17: Order of equation calculations
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(a) saving firms (b) saving households

(c) additional credit needed by the state (d) additional credit needed by the firms

(e) additional credit needed by households

Figure 3.4: Savings and credit back testing
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(a) investment state (b) investment firms

(c) investment banks (d) capital stock state

(e) capital stock firms (f) capital stock banks

Figure 3.5: Investment and capital stock back testing
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(a) population between age 15 and 64 (b) participation ratio

(c) output

Figure 3.6: Population, employment and output back testing
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3.6 Simulation

The simulation was run for the years 2014 to 2018 and was solved dynamically by using the
results of the lagged periods. The correct order of the equations for the simulation, consisting of
four steps in each year, is documented in table 3.17. All calculations were done in HUF and the
results were converted in EUR for better comparability.

Labor supply in figure 3.10a is rising slowly, reaching its peak in 2016 and starts to fall
afterwards. This is the result of two opposing trends: an increasing decline of the work class
cohort (figure 3.10e) versus a steady growth of the participation ratio (figure 3.10f). In 2016
the predicted participation ratio is growing with 1.22 % while the work class cohort already
experiences a stronger fall by 1.41 %, leading to a decline in labor supply. Due to the fact that
the number of the employed persons in the work class cohort in figure 3.10b only differs from
the labor supply, through the number of unemployed, it shows a very similar picture. The rise of
the unemployment rate is mainly the result of the drop in the work class cohort in figure 3.10e
that is stronger than the drop of the exogenously determined number of unemployed people.

The difference between operational surplus and investments of the firms is growing con-
stantly, due to the fact that the exogenously estimated profit is growing faster than the endoge-
nously determined investment. Adding the effect of the autoregressive part leads to constantly
growing savings for firms. The growth rate seems very similar to that in the years before the
crisis. Saving of households shows a continuous growth as well, but is less steep than before
2008.

Investments of the state show a small drop in 2014 and a slow growth afterwards, that is
the result of the continuous increase of the capital stock and the constant positive change in
consumption. Investment for firms and banks are increasing constantly and for the banks the
general trend is similar to the previous years, but misses the volatility completely.

Capital stock is increasing for all three agents. While for the firms the coefficient of in-
vestments was estimated as negative (but with a low t-statistic) the autoregressive effect of the
previous year’s capital stock exceeds this effect. For the banks the opposite is the case. While
the contribution of the autoregressive part is negative (again with a low t-statistic), the effect of
investment is stronger, resulting of an increase of the capital stock.

For the state, the needed additional credit is decreasing and even turning negative after 2016.
This highly optimistic estimation can be explained by the influence of highly rising taxes, that
were estimated exogenously, counteracted only by constant investment and interests and falling
wages for the state employees. The effect of negative additional credits, starting from 2016, can
be interpreted as early credit repayments and lead to a decline in total debt as shown in figure
3.7a. Additional credit needed by the firms shows an increase in the first year, turning from
negative to positive, but stays constant in the following years showing a similar trend than before
the year 2005. For the firms’ credit the effects of investment, interests for accumulated debt and
profit cancel each other out. Credit needed by the households stays positive but decreases slowly
as well, and is mostly influenced by the relatively constant stock of savings.

Net debt is constantly increasing for the firms. This is a result of the higher slope of the debt
accumulation in opposite to the lower slope of the savings. Net debt of households was positive
between the years 2008 and 2011. The simulation shows a further but much slower decrease
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than between the years 2009 and 2013.
Output shows a continuous increase, that is somewhat stronger than between 2009 and 2013

and is mostly influenced by the growth of the firms’ and the state’s capital stocks. The theoretical
bank profit shows a clear break in the first simulation year, changing the downward trend of the
post crisis years to a slow increase. This is the result of the stronger increase of the accumulated
debt of the agents versus the slower increasing stock of savings.

(a) debt state (b) debt firms

(c) debt households (d) net debt firms

(e) net debt households

Figure 3.7: Debt and net debt forecast
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(a) saving firms (b) saving households

(c) additional credit needed by the state (d) additional credit needed by the firms

(e) additional credit needed by the households

Figure 3.8: Credit and savings forecast
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(a) investment state (b) investment firms

(c) investment banks (d) capital stock state

(e) capital stock firms (f) capital stock banks

Figure 3.9: Investment and capital stock forecast
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(a) labor supply (b) employed persons between age 15 and 64

(c) unemployment rate (d) population

(e) population between age 15 and 64 (f) participation ratio

Figure 3.10: Employment and population
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(a) bank profit (b) output

Figure 3.11: Bank profit and output
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3.7 Data

Data was mainly used from the Eurostat database. Average deposit and lending interest rates
were taken from the World Bank database. The source points out that since the terms and the
conditions attached to these rates differ by country, their comparability is limited [30]. Vari-
ables and their sources can be found in alphabetical order in tables 3.18 (endogenous) and 3.19
(exogenous).

Variable Name Source Source identifier or ba-
sis for calculation

Dst debt of the state Eurostat F_LI - F34 - F5
Df debt of firms Eurostat F_LI - F34 - F5
Dhh debt of households Eurostat F_LI - F34 - F5
DNf net debt of firms calculated Df , Sf

DNhh net debt of households calculated Dhh, Shh

Crst Additional credit needed by the state calculated ∆Dst

Crf Additional credit needed by firms calculated ∆Df

Crhh Additional credit needed by households calculated ∆Dhh

Invst investment state Eurostat P51
Invf investment firms Eurostat P51
Invb investment banks Eurostat P51
Of firms profit Eurostat B2G, B3G
π theoretical bank profit calculated Dst, Df , Dhh, Sf , Shh,

rCr, rS

Capst capital state Eurostat P1
Capf capital firms Eurostat P1
Capb capital banks Eurostat P1
Lc population between age 15 and 64 Eurostat Y15-64
LD employed persons between age 15 and 64 Eurostat EMP_15_64
Ls labor supply calculated LD, U
P participation ratio calculated Ls, Lc

Up unemployment rate calculated U , Lc

X GDP at market prices Eurostat B1GM
Shh saving households Eurostat F2
Sf saving firms Eurostat F2
Sb saving banks Eurostat F2

Table 3.18: Endogenous variables and their sources
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Variable Name Source Source identifier
W st compensation of employees Eurostat D1
W hh net disposable income of households Eurostat B6N
T total tax receipts Eurostat D2, D5, D91, D611,

D612
Con total consumption Eurostat P31 for S14 and S15
U unemployed persons Eurostat une_nb_a Total
Strst social transfers Eurostat D62, D6311, D63121,

D63131, PAY
rCr average credit interest rate World Bank FR.INR.LEND
rS average savings interest rate World Bank FR.INR.DPST

Table 3.19: Exogenous variables and their sources
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CHAPTER 4
Conclusion

The aim of this thesis was to adapt the stock and flow macroeconomic model of Hanappi [12]
to the Hungarian economy and to analyze the interdependencies between the agents and the key
indicators. In chapters 2.1 and 2.2 the theoretical aspects for a general understanding of macroe-
conomic models and of basic econometric techniques have been elaborated. Chapter 2.3 gave
an introduction to Input-output analysis, that could be involved into a future extended version of
the presented model. Chapter 2.4 introduces the different areas of economic research and gives a
short overview of their historical development, including areas like rational expectations, game
theory and revolutionary dynamics. It points out that modern economics need to include model-
ing international finance and global environment, to get a better understanding of the emergence
of global crisis. Furthermore the various highly sophisticated research areas need to learn more
from each other to find a common language.

Chapter 3 introduces the model and adapts it to the Hungarian economy. Hungary as a
post communist country was loosing ground on its’ peer group in the recent years. Starting as
a model pupil in 1990 the continuing transition process hit the economy harder as expected.
By being a country of the European Union, but struggling with the devaluation of the national
currency, Hungary, like other Eastern European countries, has to deal with additional effects
on its’ economy. The EUR credit repayments of the state, firms and households are highly
influenced by the volatility of the exchange rates. The development of the HUF compared to the
EUR had clearly a huge impact on the outcome of the model as well.

The underlying stock and flow model consists of four agents, with different objectives. The
flows between the agents’ stocks have feedback effects and are influenced by the outcome of
previous periods. The credits provided by the banks have a major role and a theoretical bank
profit is calculated as well, emphasizing the conflicting objectives between the agents.

The general outcome of the simulation is a slow but continuous recovery from the crisis.
With the exception of the firms’ net debt, the investment of the state and the unemployment
rate, all main indicators show a positive development. These results has to be treaded with great
caution. Some of the estimated coefficients showed low significance and the underlying variables
should therefore be further investigated or even replaced. The exogenously taken variables are,
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especially in the actual political environment, where the ruling party has a two-thirds majority,
highly exposed to the Lucas critique [3, p. 542]. Major changes in the budget, including the
introduction of a flat-tax rate, the nationalization of private pension insurances, and changes in
social transfers, are strongly influencing the corresponding estimations and therefore the whole
outcome of the model. Also for the possibility to compare the outcome with other models, the
results had to be presented in EUR that included fixed future exchange rates.

As suggested by Hanappi [12], to further investigate the emerging opposing forces, the
model could be extended by dividing the households into income groups. Even if it would
be difficult to obtain data on this, a more accurate split of households into firm owners, state
employees, bank employees, and workers, would provide interesting dynamics resulting out of
different income levels and contradictory objectives. Taking this idea further, game theoreti-
cal aspects could be introduced to the model as well. The presented model is restricted to a
closed economy. Splitting up debt into national and foreign liabilities and introducing trade re-
lations by defining exports and imports, could bring in more dynamics and may explain some
of the observed volatility. Replacing yearly data with quarterly observations should improve
accuracy even more. Furthermore the technical progress could be calculated out of the national
Input-output tables and included into the model as endogenous variables, and hence introduce
additional dynamics as well.
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APPENDIX A
Figures in HUF

(a) Debt in million HUF

(b) Savings in million HUF

Figure A.1: Debt and savings in Hungary
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APPENDIX B
Tests

B.1 Normally distribution of the error term

A normally distributed error term is not required directly for the OLS estimation, but it is a
requirement for the most hypotheses tests. If the error term is influenced by a large number
of events than the error term can be assumed to be approximately normally distributed and the
hypotheses based on the error term will be approximately valid in the same way. If the sample
is big enough the OLS estimators are converging against normal distribution. In the case of a
small sample, a test for the normal distribution of the error term is appropriate. [31, p. 458]

B.1.1 Jarque-Bera test

The skewness of a distribution is given by

âsym(et) =
1
T

∑
ê3t

( 1
T

∑
ê2t )

3/2
(B.1)

and the kurtosis of a distribution is given by

k̂ur(et) =
1
T

∑
ê4t

( 1
T

∑
ê2t )

2
(B.2)

where âsym(et) = 0 and k̂ur(et) = 3 for a perfectly normally distributed error term.
The Jarque-Bera statistic is defined as

JB = T ·
[

[âsym(et)]
2

6
+

[k̂ur(et)− 3]2

24

]
(B.3)

where JB is the bigger the âsym(et) is more far away from 0 and k̂ur(et) is more far away
from 3. The statistic JB is following a χ2

(2) distribution for large samples. [31, p. 463] If the
value of JB is larger than the corresponding value of χ2

(2) for a certain significance level, the null
hypothesis ’The error term is normally distributed’ will be rejected.
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B.2 Autocorrelation

B.2.1 Durbin-Watson test

The Durbin Watson test is used to test for first-order autocorrelation. The test statistic is

d =

∑T
t=2 (ût − ût−1)2∑T

t=1 û
2
t

(B.4)

where û is the residual [31, p. 442]. The statistic d has to be compared to the dL and the dU values
of the Durbin-Watson table for a certain confidence interval. [1, p. 21] For the test hypothesis
H0 that there is no autocorrelation the decision is based on table B.1.

value of d Test decision for H0 comment
d < dL reject positive autocorrelation
d > 4− dL reject negative autocorrelation
dU < d < 4− dU accept
dL < d < dU test is inconclusive
4− dU < d < 4− dL test is inconclusive

Table B.1: Durbin-Watson decisions

The Durbin-Watson test has some limitations [31, p. 442]:

1. The test is not feasible if the explanatory variable is described through lagged dependent
variables.

2. The test is for first-order autocorrelation only.

3. There are areas where the test is inconclusive. (see table B.1)

B.2.2 Breusch–Godfrey test

The Breusch-Godfrey test is valid in the presence of lagged dependent variables and can be used
to test for higher order serial correlation as well. If a linear regression is given of the type

Yt = α0 + α1Xt,1 + α2Xt,2 + ut (B.5)

as a first step it is fitted using OLS and the sample residuals ût are calculated. As a second step
the following model is fitted using OLS again:

ût = α0 + α1Xt,1 + α2Xt,2 + ϕ1ût−1 + ϕ2ût−2 + · · ·+ ϕpût−p + εt (B.6)

For this model the calculated R2 is the test statistic that follows the following asymptotic distri-
bution:

nR2 ∼ χ2
p (B.7)
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The null hypothesis H0 : {ϕi = 0 for all i} holds if there is no autocorrelation of any order up
to p. [8]. The multiplier n is defined as

n = T − p (B.8)

where T is the number of observations in the underlying series for equation B.5. Hence the value
of n is depending on the number of observations and on the order of autocorrelation that is tested
for. Tests often include only one lag if observations are based on yearly data but include up to
four lags if observations are based on quarterly data.

B.3 Heteroscedasticity

Homoscedasticity is the assumption that the variance of the disturbance variables is constant
over the sample. If this is not the case we are dealing with heteroscedasticity. That means
V ar(ui) 6= V ar(uj), i 6= j; i, j = 1, ...T or for one i is V ar(ui) =∞. Heteroscedasticity leads
not to biased OLS coefficients but they are not efficient. The OLS estimates of the variance can
be biased and therefore correct tests are not possible. [1, p. 19]

B.3.1 White test

The White test is used when the exact form of the heteroscedasticity is not known [31, p. 406].
The Null hypothesis claims that the disturbance variables are homoscedastic. Using the example
of the following equation

yt = α+ β1x1t + β2x2t + ut

as a first step, the coefficients are estimated using OLS and the residuals ût are calculated.
As a second step, another regression is done by using the squared residuals û2t to estimate the
following equation:

û2t = γ0 + γ1x1t + γ2x2t + γ3x
2
1t + γ4x

2
2t + γ5x1tx2t + vt

If the Null hypothesis is valid, than the R2T follows a χ2
(v) distribution, where R2 is the coef-

ficient of determination, T is the sample size and v is the amount of gradient parameters of the
adjoint equation, which is 5 in the example above. If the calculated value R2T is higher than
the value of the χ2

(v) distribution for a certain significance level α, the Null hypotheses will be
rejected [31, p. 406].
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