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1. INTRODUCTION 

In the recent years the new open economy macro models 
(NOEM) have spread in the economic literature and have been 
widely used not only by academic researchers but also by policy 
makers. The traditional Mundell-Flemming model (referred as 
the MF model) has been used mostly in the economic theory for 
teaching purposes. Yet, as argued in Huang (2010): “up to now, 
the main conclusions obtained from NOEM shows no radical dif-
ference from those of the Mundell-Flemming model or Dornub-
sch model.” Furthermore, so far it has been considered to be a 
traditional approach to apply basic MF model on conditions of 
the Slovak economy (Luptáčik et al., 2005; Luptáčik et al., 2006; 
Ivaničová, 2006).

We would like to contribute to this branch of economic literature 
by taking the standard model used in Luptáčik et al. (2005) and 
Huang (2010) and adjust it for conditions of a common monetary 
union. As the Slovakia has become a member of the Eurozone in 
2009 the process of upgrading the traditional models on specific 
conditions of the common monetary union is a necessary step 
to be taken by economic researches. Our new version of the MF 
model resembles some features of the model proposed and 
tested by Páleník et al. (2011) but we decided to go deeper into 
problems of fiscal and monetary policy as done before.

In particular, the main focus of this paper is to assess the em-
pirical predictions of MF model in explaining economic develop-
ment of new member countries of the Eurozone, in our case the 
Slovakia. 

2. THEORETICAL BACKGROUND

The MF model is an extension of the basic IS-LM model suitable 
for small open economies with inclusion of international finan-
cial capital flows accounted in the balance of payment statistics. 
The model used in this paper is designed for the analysis of mac-
roeconomic policy, in particular fiscal and monetary policy, in a 
small open economy that is a price taker in import markets and 
in specific cases as well as in export prices.

Contrary to the standard model we assume that the domestic 
price is a tool that enables economy to achieve its equilibrium, 
not the short-term interest rate. Thus we place ourselves into the 
environment of fully flexible domestic prices.2 The short-term 
interest rate is fully under control of the monetary authority as 
well as the domestic credit. Transmission mechanism between 
short-term interest rate and the long-term interest rate that 
affects investment decisions in the IS curve is modelled as a 
single equation. 
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2.1. Extended Mundell-Fleming model

The basic setup of the MF model used in our analysis is described by a system of three following equations:

where C(Y,T) stands for consumption, I(IRS, IRL*, P, Y) 
for investments, G(Y, T) for government expenditures, X 
(Y*, P, P*)  for domestic export, M (Y, P, P*) for domestic 
import, Y for domestic output, MD(Y,IR) for domestic de-
mand for real money balances, m(DC + FC) for domestic 
money supply, CFA IRD(IRS, IRS*) for capital and finan-
cial account of the domestic balance of payments.

The IS curve represents set of equilibriums in the market 
for goods and services depending on different combina-
tions of interest rate and output. The LM curve represents 
set of equilibriums in the money market depending again 
on different combinations of interest rate and output. The 
standard IS-LM model for closed economy is extended by 
BP curve that represents set of equilibriums in the foreign 
trade and capital markets and is modeled by basic domes-
tic balance of payments equation. 

Contrary to the standard model that takes government spend-
ing as an exogenous variable we would like to take a closer 
look on the impact of the changes in fiscal policy on different 
economic variables. Therefore we model government expen-
diture as a function of taxes, exogenous government expen-
diture and total domestic product. We assume that there is a 
positive relationship between taxes and total domestic prod-
uct, thus in case of higher product the total amount of taxes 
collected from the economic agents should rise.

Additionally, the level of taxes should have an influence on 
the level of private consumption, thus the total domestic 
consumption depends negatively on the taxes and posi-
tively on the level of domestic product. The higher domes-
tic tax rate decreases real income of domestic households, 
thus the total consumption goes down.

Based on the reasoning above, the concrete form of the equa-
tions included into the IS-LM-BP model is described as follows:

where c0 stands for autonomous consumption, Y for do-
mestic product, T for taxes, g0 for autonomous govern-
ment expenditure, i0  for autonomous investments, IRS 
for short-term nominal interest rate, Q for import, X for 
export, P for price level, md0 for autonomous real money 
demand, CFA for capital and financial account of the bal-
ance of payments, RP for risk premium. Asterisks indicate 
foreign variables.

The coefficients associated with the variables included 
into the model may be interpreted as elasticity of those 
economic variables with respect to the change in the other 
specific variables. For example, the coefficients c1 and c2 
thus represent elasticity of consumption with respect to 
the domestic product or taxes, respectively. All of the coef-
ficients may turn out to be of positive or negative values. 
However, according to the economic theory we generally 
assume the following:

IS curve:
0 = C(Y,T) + I(IRS, IRL*, P, Y) + G(Y, T) + X (Y*, P, P*) − M (Y, P, P*) − Y

LM curve:
0 = MD(Y,IRS) − m(DC + FC)

BP curve:
0 = X(Y*,P, P*) − M (Y, P, P*) + CFA IRD(IRS, IRS*)

[1]

[3]

[2]

[4]

IS curve:

C = c0 + c0Y + c2T
C = g0 + g1T + g2Y
I = i0 + i1IR

S + i2Y
Q = q0 + q1Y + q2P

* + q3P
X = x0 + x1Y

* + x2P
* + x3P

LM curve:

MD = md0 + φY + λIRS

MS = m(DC + FC)
MS = MD

BP curve:

Q = q0 + q1Y + q2P
* + q3P

X = x0 + x1Y
* + x2P

* + x3P

CFA = cf0 + cf1 [ IRS − IRS*]           IRD

c1 > 0,c2 < 0,g1 < 0,g2 > 0,i1 < 0,i2 > 0,q1 > 0,q2 < 0,q3 > 0,
x1 > 0,x2 > 0,x3 < 0,φ > 0,λ < 0,m > 0,cf > 01

[5]
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In accordance with the standard economic theory we 
should use long-term interest rate as a variable that 
influences investment decisions of the companies. Yet, 
we would like to analyze impact of changes in the mon-
etary policy not only from the perspective of changes in 
money supply (as done in the standard models) but also 
from the perspective of changes in the nominal interest 
rate as it currently serves as the main monetary tool in 
the environment of inflation targeting. 

From this reason the use of the short-term nominal in-
terest rate in the LM curve seems to us to be more ap-
propriate. At this point we explicitly assume that there 
exists a strong link between the short-term and long-
term interest rate that may be formulated as in equation 
for long-term interest rate.3 Moreover we assume that 
the international capital flows are mostly determined 
by interest rate differential in the short-term, thus the 
short-term domestic and world interest rate enters the 
balance of payments equation. 

The LM curve in our model has its specific characteris-
tics. As we would like to examine the impact of changes 
in monetary policy on the domestic economy in the 
open economy environment we model domestic mon-
ey supply as a product of domestic and foreign credit. 
While the total amount of the domestic credit may be 
influenced by the monetary policy decisions the amount 
of the foreign credit is determined by the interaction 
of the domestic economic agents with foreign environ-
ment. From this reason the domestic credit will serve 
as a tool for monetary policy in case of the monetarist 
transmission mechanism. 

For the specification of the real exchange rate we use 
standard purchasing power parity theory that states the 
following:

RER = ER −

where ER stands for nominal exchange rate which is 
defined as amount of units of domestic currency in ex-
change for one unit of foreign currency. 

In case of countries that are not members of the com-
mon currency area the Eurozone the real exchange rate 
will be computed as stated in [6]. Yet, since the acces-
sion of the domestic country to the Eurozone the evolu-
tion of the common currency euro will not affect the 
evolution of the foreign trade or international capital 
flows in the full scale. For our purposes we assume that 
by adoption of the euro the domestic country does not 
face exchange rate risk and the nominal exchange rate, 
thus ER is fixed to unity for all time periods.4 The evolu-
tion of the external trade is therefore affected by the 
changes in relative prices of the tradable goods. The 
influence of domestic and foreign price level on the ex-
port and import is modeled separately without loss of 
generality.

The flows of capital recorded in the capital and finan-
cial account are not any more under the influence of 
the changes in nominal exchange rate. Moreover we as-
sume that the relative prices of domestic and foreign 
goods do not influence the evolution of the capital and 
financial account. Only the interest rate differentials in 
short term interest rates may have an influence on the 
capital flows between domestic and foreign country. 

In the system of equations described in [1], [2] and 
[3] we work with the set of dependent,  independent 
and policy variables. As there are three basic equa-
tions that describe the full system of linear equations 
in order to achieve full identification of the system we 
specify three dependent variables: Y as the domestic 
output, P as the price of domestic tradable goods and 
FC as the foreign credit. In addition to this we have 
set of policy variables that serve as an economic tool 
of fiscal or monetary policy: T as the taxes, DC as the 
domestic credit and IRS as the short-term interest rate. 
All other variables represent independent variables 
and are exogenously specified. 
In the theoretical part of this paper we briefly discuss 
implications of IS-LM-BP model. For this part the basic 
concepts of the derivation of the implicit function are 
used.

[6]
P*

P

4 Based on the data on international bilateral trade published by the Eurostat, the majority of export and import of goods from or to Slo-
vakia, Slovenia and Estonia flows comes from the member states of the Eurozone. As the bilateral data on capital and financial account 
are not available we are not able to confirm or reject the hypothesis that the majority of international capital flows for countries such as 
Slovakia, Slovenia or Estonia also comes from the member states of the Eurozone. For our purposes we will assume that this is the case. 
rate, foreign long-term interest rate, changes in government deficit and inflation rate. The equation for the long-term interest rate is used 
instead of the LM curve. According to the authors: “The standard Mundell-Fleming model contains an LM-curve which is replaced by a 
long-term interest rate equation in our model, since during the 1980s the major monetary policy pursued in the various countries was 
an interest rate policy.” As in our model we would like to investigate the effect of using the monetary transmission mechanism as well as 
interest rate policy we do keep LM curve in the model and we do not use the link between short term and long term interest rate described 
in the model of Douven and Plasmans (1996). The one possible extension of the model would be to consider long-term interest rate in the 
IS curve which is specified by the equation used in Douven and Plasmans (1996).
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2.2. Implicit function theorem

Let us assume that there is vector of dependent variables y and vector of independent variables x where y = y1, y2,... ym   
and x = x1, x2,... xn. If  is an implicit function of many variables then  may be written in the following form:

g(x1, x2,... xn, y) = 0

Let us first examine the case when there is only one dependent variable y and n independent variables x = x1, x2,... xn� In 
this case we may write differential form of the implicit function in the form of g(x1, x2,... xn, y) = 0 as following:

—dx1 + —dx2 + ... + —dxn + —dy = 0

In case we would like to examine change in y for specific xi ,  where i = 1, 2,..., n  we set  dxj = 0  for  j = 1, 2,..., n  where 
i ≠ j . Thus the partial derivative with respect to the xi is expressed as following:

——= −—  —=−—

Let us now proceed to the case when there are m dependent variables y = y1, y2,... ym and n independent variables x = 
x1, x2,... xn. In order to be able to solve for a unique solution for dependent variables y = y1, y2,... ym it will take m equa-
tions to describe system of y variables:

g1 (x1, x2,... xn, y1, y2,... ym) = 0  

g2 (x1, x2,... xn, y1, y2,... ym) = 0  

...
gm (x1, x2,... xn, y1, y2,... ym) = 0  

If we write this system of m equations in differential form in matrix notation, we get that: 

Dx g(x, y)m×n dxn×1 + [ Dy g(x, y) ] m×n  dym×1 = 0

The system of m equations in matrix form may be further elaborated as following:

[ Dy g(x, y) ] m×m  dym×1 = Dx g(x, y)m×n dxn×1

dym×1 = − [ Dy g(x, y) ]−1
m×m   Dx g(x, y)m×n dxn×1

Let us assume that we would like to investigate effect of changes in x on y, thus finding the partial derivatives of x with 
respect to y. To find this out, we reformulate [] as following:

In order to be able to solve for a unique solution of the system of m equations the matrix of first derivatives Dy g(x, y)  
must be invertible.5 

Matrix filled with derivations of first order as in [] is called Jacobian, thus Dy g(x, y) = J . We may rewrite the solution to 
the system as described in [] in the following way:

4 As the data for the money market rate were not available for France we used data on short-term government bond yields published by 
International Monetary Fund.
5 There are two basic conditions that must be satisfied in order to Dy g(x, y) to be invertible: (1) matrix Dy g(x, y) is a square matrix and 
(2) det Dy g(x, y) ≠ 0 . The first condition in always satisfied in a case when there are exactly m equations for m dependent variables. For the second 
condition to be satisfied we need to check the value of the determinant analytically.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

∂g
∂y

∂g
∂x1

∂g
∂x2

∂g
∂xn

∂g
∂y

∂g
∂xi

∂g/∂xi
∂g/∂y

dy
dxi

dy
dxi

= −
−1

−1
= −
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In order to find inverse of the Jacobian matrix we may proceed in different ways. Based on the basic mathematical alge-
bra the inverse of the Jacobian matrix may be expressed in following way:

   where

In order to be able to compute adjugate matrix in general form we firstly compute matrix Cij called cofactor 
Cij = (−1)i+j Mij , where Mij = det(M)(n−1)×(−1) while M  is created from J  by deleting i − th row and j = th column. Then 
adj(A) = CT  <==>  adj(A)ij  = Cji �

As we will mostly deal with a system of m = 3 equations we describe algorithm for computing adjugate matrix 3 × 3 
Jacobian matrix.

where

The final solution to the system of implicit functions for   dependent variables is presented in the following form:

2.3. Application of the implicit function theorem on the Mundell-Fleming model

Determinant of the Jacobian that is used later on in the [] is of the following form:

Finally, the adjugate matrix to the Jacobian matrix is of the following form:

[16]

[15]

[17]

[18]− = −

= =−1

[19]− −
−−

+ =

−

−

+     +      −       −              −+

−

− = = = 

A = (ek − fh)
B = (fg − dk)
C = (dh − eg)

D = (ch − bk)
E = (ak − cg)
F = (gb − ah)

G = (bf − ce)
H = (cd − af)
K = (ac − bd)

(     )

(     )

DJ = m  XP − MP   MY −  −m  XP − MP (CY  + IY  + GY  − MY  −1)  = mY  XP − MP  (CY  + IY  + GY  −1)  ?
< 0

adj(J) =  mMY −m(CY  + IY  + GY  − MY  −1)
MDY  XP − MP − (XP − MP  )MDY 3×1

m  XP − MP  m  XP − MP  
0

− (XP − MP  )(CY  + IY  + GY  −1) 

0

+ + ++ ++ ++− − −
−

[20]

[21]

In order to be able to analyze impact of changes in policy 
variables on endogenous variables in our model we use 
concept of derivation of the implicit function as described 
in the previous section. The first step is to compute de-
terminant of the matrix of the first derivation or of, more 

precisely, Jacobian matrix. 

The system of equation as described in the [1], [2] and [3] 
may be rewritten in the following form by using the con-
cept of total derivation.
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[22]

∂Y
∂T
∂P
∂T

∂FC
∂T

mMY −m(CY  + IY  + GY  − MY  −1)0
MDY  (XP − MP) − (XP − MP )MDY− (XP − MP  )(CY  + IY  + GY  −1) 

m  XP − MP  − m  XP − MP  0
= −1

m    XP   − MP  (CY  + IY  + GY −1)
+ + +−

0
(CT  + GT) 

0

∂Y
∂T
∂P
∂T

∂FC
∂T

= −1

m  (XP   − MP) (CY  + IY  + GY −1)
+ + +−

(CT  + GT )m (XP − MP ) − (CT  + GT )/[(CY  + IY  + GY −1)] 
(CT  + GT )mMY − (CT  + GT )MY /[(XP − MP ) (CY  + IY  + GY −1)] 
(CT  + GT )MDY (XP − MP ) (−(CT  + GT )MDY)/ m [(CY  + IY  + GY −1)]

=

CY  + IY  + GY  −1 > 0 CY  + IY  + GY  −1 < 0

 

|CT| > |GT|
|CT| < |GT|

dY/dT > 0

dY/dT > 0dY/dT < 0

dY/dT < 0

We analyze impact of changes in taxes on exogenous 
variable separately in each case. As a first case we con-

sider change in domestic product due to the changes in 
tax policy.

Ad case 1 (∂Y/∂T):

Ad case 2 (∂P/∂T):

As there are many variables that may have a significant in-
fluence on the final result we need to distinguish between 
four different cases. Which one is able to describe what 

will happen in real economy depends on the empirical es-
timations of each single economy.

As there are many variables that may have a significant in-
fluence on the final result we need to distinguish between 
four different cases. Which one is able to describe what 

will happen in real economy depends on the empirical es-
timations of each single economy.

In case that the elasticity of consumption with respect 
to the taxes is higher than the elasticity of government 
spending, increase in taxes should decrease total product 
if we assume that total multiplicative effect of increase in 

product is lower than one (standard case). In other cases 
the change in fiscal policy may have even positive effect on 
the total product if specific conditions are satisfied. 

In the following section we would like to analyze impact of 
changes in policy variables on the endogenous variables in 

domestic economy, such as domestic product, price level 
or foreign credit.

2.3.1. Change in taxes as a fiscal policy tool

In order to describe how the changes in fiscal policy affect 
endogenous variables in our model we will proceed as de-
scribed in the previous section. Firstly, we use relationship 
between Jacobian matrix as in [15] and adjugate matrix to 
Jacobian matrix as in [16] in order to specify signs of the 
vector v described in [18]. 

In the following theoretical analysis while we do not com-
pute exact values of the elements of the vector v we are 
interested in the direction of the change, thus in the signs 
of the elements of the vector v. For our purposes the sub-
script of the vector v represent exogenous variable which 
is subject to the derivation. Thus, vector vt consists of the 
elements that describe the impact of changes in taxes on 
our endogenous variables. 
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CY  + IY  + GY  −1 > 0 CY  + IY  + GY  −1 < 0

 

|CT| > |GT|
|CT| < |GT|

dP/dT > 0

dP/dT > 0dP/dT < 0

dP/dT < 0

CY  + IY  + GY  −1 > 0 CY  + IY  + GY  −1 < 0

 

|CT| > |GT|
|CT| < |GT|

dFC/dT > 0

dFC/dT > 0dFC/dT < 0

dFC/dT < 0

[23]

∂Y
∂DC
∂P

∂DC
∂FC
∂DC

mMY −m(CY  + IY  + GY  − MY  −1)0
MDY  (XP − MP) − (XP − MP )MDY− (XP − MP  )(CY  + IY  + GY  −1) 

m  XP − MP  − m  XP − MP  0
= −1

m    XP   − MP  (CY  + IY  + GY −1)
+ + +−

−m
0

0

∂Y
∂DC
∂P

∂DC
∂FC
∂DC

= −1

m  (XP  − MP)  (CY  + IY  + GY −1)
+ + +−

0 0
0 0
m (XP − MP )(CY  + IY  + GY  −1) −1

=

Ad case 3 (∂FC/∂T):

As there are many variables that may have a significant in-
fluence on the final result we need to distinguish between 
four different cases. Which one is able to describe what 

will happen in real economy depends on the empirical es-
timations of each single economy.

In the case that the elasticity of consumption with respect to 
taxes is higher than the elasticity of government spending, in-

crease in taxes should decrease foreign credit – more money 
are needed to be spent home not abroad (standard case).

There is no impact of changes in domestic monetary policy 
through increase in domestic credit (monetary transmis-
sion mechanism) except on foreign demand. This is a di-
rect consequence of the model setup when there is one to 
one relationship between domestic and foreign credit in 
order to achieve equilibrium. 

This feature of the model may be considered as a prob-

lematic due to ineffectiveness of the monetary transmis-
sion mechanism and should be further analyzed when 
using the model in the field of monetary policy. Contrary 
to the standard IS-LM-BP model where the interest rate is 
not used as a policy variable, in our model the role of the 
money supply as a monetary used is replaced by the short-
term interest rate. Thus, the money supply in this model is 
almost fully neutral.

In the case that the elasticity of consumption with respect 
to taxes is higher than the elasticity of government spend-
ing, increase in taxes should lead to decrease of relative 
price levels due to increasing domestic prices (we do not 

distinguish between different types of taxes). In other 
words, increase in taxes causes relative loss of competi-
tiveness in international environment, thus decrease in 
real exchange rate (standard case).

2.3.1. Change in taxes as a fiscal policy tool

Again as in the previous section while we do not compute 
exact values of the elements of the vector   we are inter-
ested in the direction of the change, thus in the signs of 
the elements of the vector v. Thus, vector vDC consists of 

the elements that describe the impact of changes in do-
mestic credit (money expansion or contraction) on our en-
dogenous variables. 
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Ad case 1 (∂Y/∂IR):

Ad case 2 (∂P/∂IR):

As there are many variables that may have a significant in-
fluence on the final result we need to distinguish between 
two different cases. Which one is able to describe what 

will happen in real economy depends on the empirical es-
timations of each single economy.

Direct effect of the change in nominal interest rate is am-
biguous. We need to distinguish among many possible 
combinations of values of total multiplicative effect in 

economy in relationship to other variables. Hence, there 
are following eight combinations possible:

The impact of increase of interest rate depends on the 
value of total multiplicative effect in the economy. If there 
is total multiplicative effect lower than one the increase of 
interest rate leads to decrease of total domestic product 

(which is in line with the basic macroeconomic theory). 
Yet, in case of higher multiplicative effect increase in inter-
est rate may lead to increase of total product due to inflow 
of capital through financial account.

We analyze impact of changes in domestic interest rate 
on exogenous variable separately in each case. As the first 

case we consider change in domestic product due to the 
changes in interest rate. 

∂Y
∂IR
∂P
∂IR
∂FC
∂IR

mMY −m(CY  + IY  + GY  − MY  −1)0

m(MY IIRs − cf1CFAIRs (CY  + IY  + GY  − MY −1))

MDY  (XP − MP) − (XP − MP )MDY− (XP − MP  )(CY  + IY  + GY  −1) 

(XP − MP) (MDY IIRs − MDIRs (CY  + IY  + GY  −1) − cf1 MDY CFAIRs)

m  XP − MP  − m  XP − MP  0

m (XP − MP) (IIRs − cf1CFAIRs)

= −1

m    XP   − MP  (CY  + IY  + GY −1)
+ + +−

IIRs

∂Y
∂IR
∂P
∂IR
∂FC
∂IR

= −1

m  (XP   − MP) (CY  + IY  + GY −1)
+ + +−

MDIRs

cf1CFAIRs

− (cf1CFAIRs + IIRs )/(CY  + IY  + GY −1) (cf1CFAIRs + IIRs )/(CY  + IY  + GY −1)
− (MY IIRs − cf1CFAIRs (CY  + IY  + GY  − MY −1))/ (XP − MP) (CY  + IY  + GY −1) (/(XP − MP))[cf1CFAIRs]+(MY( IIRs +cf1CFAIRs)/(CY+IY+GY−1)
−(MDY IIRs − MDIRs (CY  + IY  + GY  −1) − cf1 MDY CFAIRs)/ m (CY  + IY  + GY −1) −1/m[(MDY ( IIRs +cf1CFAIRs)/ (CY + IY + GY −1))−MDIRs]

= =

=

[24]

2.3.2. Change in short-term interest rate as a monetary policy tool

Again as in the previous section while we do not compute 
exact values of the elements of the vector   we are inter-
ested in the direction of the change, thus in the signs of 
the elements of the vector  . Thus, vector   consists of the 

elements that describe the impact of changes in domestic 
interest rate (monetary expansion or contraction) on our 
endogenous variables. 

CY  + IY  + GY  −1 > 0 CY  + IY  + GY  −1 < 0

cf1CFAIRs − IIRs > 0 dY/dIR > 0 dY/dIR < 0

CY  + IY  + GY  −1 > 0 CY  + IY  + GY  −1 < 0

MY  IIRs + cf1CFAIRs
> cf1CFAIRsCY  + IY  + GY  −1 

MY  IIRs + cf1CFAIRs
< cf1CFAIRsCY  + IY  + GY  −1

dP/dIR < 0
dP/dIR > 0
dP/dIR > 0
dP/dIR > 0

dP/dIR > 0
dP/dIR < 0
dP/dIR > 0
dP/dIR > 0

|IIRs| > |cf1CFAIRs|

|IIRs| > |cf1CFAIRs|
|IIRs| < |cf1CFAIRs|

|IIRs| < |cf1CFAIRs|
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In most of the cases increase in interest rate should be 
compensated with higher domestic price level in order 
the domestic economy to achieve equilibrium. Increase in 
domestic interest rate is transmitted into higher domestic 
price level and loss of competitiveness. However, there are 
specific cases where increase in interest rate should be ac-
companied with lowering domestic prices (with increasing 
real exchange rate, respectively). 

Unfortunately, there is no simple rule available when first 

or second case can be applied. Once again, the result of 
change in short-term interest rate not only strongly de-
pends on the value of total multiplicative effect, the re-
lationship between elasticity of capital flows to the inter-
est rates and elasticity of investments to interest rates is 
equally important. According to this analysis, the openness 
of the economy measured by the elasticity of capital and 
financial flows with respect to changes in short-term inter-
est rate may be a key factor thanks to which the economy 
will converge to the equilibrium.

Ad case 3 (∂FC/∂IR):

As in the previous case the direct effect of the change in 
nominal interest rate is ambiguous. We need to distinguish 
among many possible combinations of values of total mul-

tiplicative effect in economy in relationship to other vari-
ables. Hence, there are following four combinations pos-
sible:

In most of the cases increase in interest rate should be 
compensated with lower level of foreign credit in order 
to economy stay in equilibrium. However, in one specific 
case when total multiplicative effect in domestic economic 
is higher than one and high income elasticity in money 
demand along with high interest rate elasticity in CFA and 
investments makes total impact of change in interest rate 
on foreign credit positive.

The economic logic behind the analytical analysis of the 
model is not so straightforward. Increase in domestic in-
terest rate should trigger increase in capital flow which 
will be apparent in positive change of capital and financial 
account. As the domestic assets become more attractive 
and bought by foreign investors, net foreign stock should 
decrease due to increase of foreign liabilities. 

CY  + IY  + GY  −1 > 0 CY  + IY  + GY  −1 < 0

MDY  IIRs − cf1CFAIRs
> MDIRsCY  + IY  + GY  −1 

MDY  IIRs − cf1CFAIRs
< MDIRsCY  + IY  + GY  −1

dFC/dIR < 0

dFC/dIR < 0

dFC/dIR > 0

dFC/dIR < 0

3. DATA DESCRIPTION AND METHODOLOGY

For the econometric estimation of parameters entering the 
system of equations described in [2], [3] and [4] we use a 
three stage least square method (later 3SLS). As the instru-
mental variables entering the estimation procedure we use 
all exogenous variables as defined in the section 2 of this pa-
per (T, IRS, Y*, DC, P*, IRS*). Three endogenous variables 
(Y, P, FC ) are later used in the process of estimation.

 The 3SLS appears to be more efficient to use than the 2SLS 
if the correlations between residuals of single equations are 

high. In this case the estimation results provided by 3SLS are 
asymptotically efficient in the entire system of equations 
not only in the single equation as in the 2SLS (Cipra, 2008, 
p. 218). We decided to use 3SLS as some of the correlations 
in the correlation table appears to be high, thus the 3SLS 
should provide us with asymptotically efficient results (Ta-
ble 1). The residuals were computed by using OLS method 
on each of the eight equations as in [4] separately.

 

Table 1 Correlation table of residuals from single equations 
estimated by the OLS
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There were various sources used for collecting the neces-
sary data. All data were calculated on a quarterly basis and 
used in nominal terms if not stated otherwise. Data for 
nominal GDP and its components and balance of financial 
and capital account were expressed in nominal terms, in 
millions of EUR and not seasonally adjusted. Those data 
were taken from the Eurostat database.

Data for M3 money supply were taken from the database 
of the National Bank of Slovakia, expressed in nominal 
terms and in millions of EUR. As a proxy variable for the 
domestic price level of tradable goods the consumer price 
index was used with year 2005 as a base year available in 
the Eurostat database. 

Data related to tax income were downloaded from the of-
ficial database of the Ministry of Finance of Slovak republic 
and were expressed in mil. of EUR in nominal terms. Short-
term interest rates were downloaded from the OECD da-
tabase for Slovak republic as well as main foreign trade 
partners of the Slovakia.

World short-term interest rate was computed as a weight-

ed average of short-term interest rates of ten main for-
eign trade partners and their respective weights on total 
foreign import and export. The data for the structure of 
export and import on bilateral basis for the Slovakia were 
available up to year 2009, thus the data for the year 2009 
were used for all other consecutive years. 

The same principle as in case of world short-term interest 
rate was used for the calculation of the foreign demand 
Y* of the Slovakia. We used data on total import of top 10 
trade partners of Slovakia and weighted them by share of 
export and import of each single trade partner on total ex-
port and import from and to Slovakia. Data on total import 
of each trade partner were taken from the GDP statistics 
available in the Eurostat database. In case of the USA the 
data on total import of goods and services available in bal-
ance of payments statistics in the Eurostat database were 
taken. As in the previous case, the index of foreign prices 
was computed as a weighted average of consumer price in-
dices of top 10 trade partners of Slovakia and their weights 
on total export and import of those trade partners. Data 
on domestic credit and foreign credit were taken from the 
balance sheet of the National Bank of Slovakia. 

4. ESTIMATION AND RESULTS

All the results from the 3SLS estimation of the model as de-
scribed in [4] are provided in the Appendix II. Let us discuss 
results for the Slovak economy. 

Firstly we would like to test statistical significance of the re-
sults for the coefficients in each single equation. We con-
sider variable to be statistically significant if the p-value as-
sociated with it is higher than 0.05, or 0.10 in specific cases. 
Contrary to our assumption we observe that the taxes do 
not affect domestic consumption, only the government ex-
penditures are affected. According to our results, increase 
in taxes in times of the current crisis should have a negative 
influence on the consumption, thus the direction of change 
is correct but the statistical significance is not present in 
the data. The increase in taxes does go along with increase 
of government expenditure, thus, positive change in taxes 
does not bring negative change in government expenditure, 
however, the statistical significance is again a little question-
able. 

As the possible explanation of this phenomenon we con-
sider two factors: (1) burst of the current crisis in the 2008, 
(2) reign of the left-wing party during the period of 2006-
2010. While the tax income has been decreasing since the 
last quarter of the 2008, the government expenditures have 
risen up to their peak in the second quarter of the 2010. 
Thus the increasing government expenditures had been ac-
companied by the decreasing tax income during the some 
specific time that has been included into our observations.

Second interesting observation may be attributed to the 
fact that the role of prices, either domestic or foreign, con-

tradicts our economic assumptions. Both of the variables 
are statistically significant, yet the results suggest that in-
crease (decrease) in domestic prices and decrease (increase) 
of foreign prices triggers increase (decrease) in total value of 
import (export). Our results may suggest that the role of the 
nominal exchange rate was likely to be more influential dur-
ing the analyzed period. The contradictory behavior of im-
port and export with respect to foreign and domestic prices 
could be neutralized by a opposite behavior of the nominal 
exchange rates.

From this perspective our model should be applied on the 
conditions of the Slovak economy since its adoption of euro, 
thus for the period of 2009-2012. Unfortunately, the lack of 
data does not make this kind of analysis possible. On top 
of that, the use of consumer price indices as a proxy vari-
able for the price of tradable goods in domestic and foreign 
economy is likely not to be sufficient. Interestingly, world in-
terest rates as well as the domestic short-term interest rates 
do not play a significant role in determining the capital flows 
in or out of the Slovak economy. Again, this result may point 
out to the important role of nominal exchange rate in finan-
cial flows which was not accounted for in our model. Other 
plausible explanation would point out to the structure of 
the capital and financial account. The more the capital flows 
are of a long-term character with a strong focus on the di-
rect foreign investments the less likely are those investment 
decisions affected by the short-term interest rate that has 
been used in our case.

Let us now analyze possible effects of fiscal and monetary 
policy on our three endogenous variables as stated in [4].
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According to estimations for the Slovak republic, positive 
change in taxes goes hand with hand with decrease in do-
mestic product, domestic price level and foreign credit. 

When we eliminate coefficients that are not statistically 
significant we see that the impact of positive changes in 
tax income on domestic product is still negative. Thus, 
even though the domestic consumption seems not to be 
affected by the change in taxes the total domestic prod-
uct will be affected negatively. 

The impact of changes in taxes on domestic price level 
is very ambiguous. Before adjustment for the non-signif-

icant coefficients increase in taxes should be accompa-
nied with decreasing domestic price level. After the re-
duction we observe that the domestic price level should 
again decrease due to higher tax income. However, from 
economic perspective, the change in taxes does not rep-
resent an important factor that influences behavior of 
prices, based on the results of our analysis.

Lastly, the increasing tax income causes negative change 
in foreign credit. As more money is spend in domestic 
economy covering the increase in tax income the foreign 
credit declines. 

Yet, looking at the evolution of investments and short-term 
interest rates in Slovakia we see strong co-movement in both 
series. Again, this causes of this phenomenon links back to 
the current economic crisis. With burst of the economic crisis 
in third quarter of the 2008 we observe decline in both invest-
ments and short-term interest rate as the latter one has been 
used as a tool for fighting against the crisis. After the second 
quarter of 2010 the very slow recovery of domestic economy 
in terms of increase in investment stock has been and has 
been accompanied by increasing short-term interest rates. 
Thus, our model correctly predicts that increase in short-term 

interest rates should lead to rise in investment stocks.

Secondly, restrictive monetary policy in terms of increasing 
short-term interest rate does only have a minor influence 
over the domestic prices. From this perspective, the mone-
tary policy is neutral with respect to the domestic price level. 
Finally and not surprisingly, increase in short-term interest 
rate should be mirrored in decreasing level of foreign assets. 
As the domestic financial assets become more attractive the 
investors change their preferences and switch from foreign to 
domestic assets. 

4.1. Fiscal policy

4.2. Monetary policy

The coefficients in the Appendix I provide us with exact 
values of the partial derivations with respect to taxes and 
total product needed to estimate direct effect of change 
in taxes on the domestic product, domestic price level 

and foreign credit. We used them to estimate full effect of 
changes in fiscal and monetary policy on endogenous vari-
ables. Numbers in equations are adjusted for statistically 
non-significant variables.

Empirical results for the effect of monetary policy are 
mostly in line with our assumptions. Increase in short-
term interest rate triggers decrease in domestic product. 
However, as apparent from the Appendix I, there is strong 

positive relationship between domestic investments and 
short term interest rate in Slovakia which may be seen as a 
contradiction to the standard economic theory. 

— = − CT + GT /  [ CY + IY + GY −1 ] = −12.3571       (−25.2112*)

— = − CT + GT   MY /  [ XP − MP    CY + IY + GY −1 ] = −0.0095       (−0.0194*)

— = − CT + GT   MDY   /  m [ CY + IY + GY −1 ] = −2.6694       (−5.4462*)

∂Y
∂T
∂P
∂T
∂FC
∂T

— = cf1CFAIRs  − IIRs  /   CY + IY + GY −1  = −14055.62       (−20793.17*)

— = −1/  XP − MP   [ cf1CFAIRs  + MY (IIRs + cf1CFAIRs )/  CY + IY + GY −1  ] ~ −0.0000       (−0.0000*)

— = −1/ m [ MDY  IIRs − cf1CFAIRs / (CY + IY + GY −1) − MDIRs] = −3036.31       (−4491.76*)

∂Y
∂T
∂P
∂T
∂FC
∂T
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5. CONCLUSION

LITERATURE

This paper proposes a new extension of the traditional 
Mundell-Flemming model for conditions of the common 
monetary union. Contrary to the standard MF model we use 
short-term interest rate as main policy tool for expansion-
ary or restrictive monetary policy. Secondly, we incorporate 
taxes as a main tool for the fiscal policy that may have an 
influence on the total domestic product. The new version 
of the MF model is analyzed firstly analytically providing a 
general solution to the model. Afterwards, we test predic-
tions of the MF model in economic conditions of the Slovak 
republic during the period of 2006-2011.

With respect to the structure of our model we show that 
in the presence of the inflation targeting where short-term 
interest rate serves as a tool of monetary policy the mon-
etary transmission mechanism is ineffective. Secondly, the 
change in short-term interest rate leads to decreasing total 
domestic product, increasing price level and decreasing for-
eign credit. The restrictive fiscal policy resulting in increas-

ing tax income leads to decreasing total domestic product, 
increasing domestic prices and decreasing foreign credit.

Empirical results for Slovak republic suggest that increase 
in tax revenues goes hand in hand with decrease of total 
domestic product. According to the model, the monetary 
policy as well as the fiscal policy should both leave the 
domestic price level unchanged. Finally, the effect of the 
changes in short-term interest rate on the total domestic 
product is in line with a standard economic theory, where 
increase in domestic interest rates should lead to decrease 
in total product.

As the model is calibrated on the data that incorporates 
birth of the current crisis and its slow vanishing the results 
only resembles this fact. Furthermore, as a suggestion for a 
future research we would recommend testing the model on 
the countries that have been involved in the common mon-
etary union for a longer time than a Slovakia has been. 
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