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MODEL SIMULATIONS AND MONEY DEMAND ESTIMATION
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Abstract

This paper aims to reassess and analyze the dynamic interactions between money, prices and economic
activity in the case of the Republic of Macedonia. The first part of the paper simulates the property of the
superneutrality of money, based on Sidrauski’s (1967) framework. The second part presents the money de-
mand estimations on the monetary aggregate M2 for the period from 2002 to 2012, using the cointegration
approach. Following Czirdky and Gillman (2006), we examine the validity of the Fisher equation in the case
of Macedonia. The Fisher equation does not hold in the case of Macedonia, so the inflation rate must be
included in the money demand specification. The estimated cointegration equation is in line with economic
theory. The cointegration equation shows income elasticity less than unity (0,81), small and negative interest
rate semi-elasticity (-0.17) and negative elasticity with respect to inflation. The short-run dynamics reveal
that only 2,70% of the disequilibrium is corrected in a single quarter. The properties of stability imply that the
M2 aggregate may serve as a proper policy indicator.
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INTRODUCTION

During the last two decades, the role of monetary
aggregates in monetary policy research has been
strongly reduced. This paper aims to reassess and ana-
lyze the dynamic interactions between money, prices
and economic activity in the case of the Republic of
Macedonia. The stability of money demand has sig-
nificant implications on the actual conduct of mone-
tary policy. If the relationship between the money and
prices is stable, monetary aggregate targeting can
be appropriate monetary strategy. At the same time,
the unstable demand for money reduces the ability
of monetary authorities to control inflation, which is
the main goal of monetary policy in the Republic of
Macedonia. The monetary authorities in the Republic
of Macedonia targeted the growth rate of the mon-
etary aggregate M1 during the period from 1992 to
1995. During this period, the relationship between
the growth rate of the money supply and aggregate
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demand was very strong (Fetai 2008). However, the
results regarding the main goal of the monetary
policy were unsatisfactory: the inflation rate was still

* Mile Ivanov, MSc

Faculty of Economics, Ss Cyril and Methodius
University in Skopje
ivanov.mile89@gmail.com

Mihail Petkovski, PhD

Faculty of Economics, Ss Cyril and Methodius
University in Skopje
mihail.petkovski@eccf.ukim.edu.mk

Elena Naumovska, PhD

Faculty of Economics, Ss Cyril and Methodius
University in Skopje
elenan@eccf.ukim.edu.mk



Money-in-the-utility-function: Model simulations and money demand estimation in the case of the Republic of Macedonia

relatively high. During the period of monetary target-
ing, the demand for money was very unstable mainly
due to high dollarization (Fetai, 2008). The Republic
of Macedonia abandoned the monetary targeting re-
gime in 1995 and implemented an exchange rate tar-
geting regime. Under this regime, money became an
endogenous variable, subordinated to the stability of
the exchange rate. Following the process of financial
development and deepening monetization, monetary
authorities in Macedonia optimized liquidity in the
banking sector in order to stabilize interest rate fluctu-
ations. A properly estimated money demand function
should help monetary authorities to determine the
required bank reserves in line with future economic
expectations (Tillers 2004).

The Money-in-the-utility-function (MIUF) model is
derived in study1 of this paper. One of the main re-
sults of the model is the property of superneutrality,
implying that “the long-run capital stock of the econo-
my is independent of the rate of monetary expansion”
(Sidrauski 1967, p.544). Given the fact that the patterns
of real output and consumption are dependent of the
capital stock, their values are independent of the rate
of growth of nominal money (Walsh 2010). The prop-
erty of superneutrality is derived under the assumption
that consumption and money are separable in the util-
ity function. In the case where the utility function is
non-separable, the steady-state values of the variables
depend on the nominal money growth through its ef-
fects on inflation. In the case of non-separability, the
household’s decisions are affected by money balances,
and nominal variables have real effects on the econo-
my (Schabert and Stoltenberg 2005).

In the study 2, we derive the basic money de-
mand equation and use the cointegration approach
to test the long-run income and interest rate elastic-
ity of the money demand in the case of the Republic
of Macedonia. The majority of empirical works on the
money demand functions were conducted on the
case of developed countries (see for example Sriram
1999). Most of the empirical literature on developed
countries represents the demand for money as a func-
tion of only two variables: aggregate income, usually
represented by the real GDP, and interest rates as an
approximation of the opportunity cost of holding
money. It is very important to point out that this ap-
proach assumes the Fisher equation holds, and the
rate of inflation is included in the money demand
equation through the interest rates. However, this
may not be the case with Macedonia, given the fact
that the financial market is still underdeveloped and
the capital mobility is limited. In order to address this
issue, we followed the approach developed by Czirdky
and Gillman (2006). First, we test whether the Fisher

relationship holds in the case of Macedonia. If this re-
lationship holds, the inflation rate is already included
in the money demand equation through the oppor-
tunity cost variable. If the relationship doesn’t hold,
we must include the rate of inflation in the money
demand estimation. Next, we estimate the money de-
mand equation represented by the M2 aggregate us-
ing the cointegration approach. The money demand
estimation is presented in the study 2 of this paper.

STUDY 1: THEMONEY-IN-THE-UTILITY-FUNCTION

Literature review

The MIUF model presented in the next section de-
rives two popular properties: the conditions of the
long-run neutrality and superneutrality of money. The
conditions of the long-run neutrality (LRN) and long-
run superneutrality (LRSN) of money were empirically
challenged in recent decades. Some of the earlier tests
include Geweke (1986) and Stock and Watson (1989).
Fisher and Seater (1993) analyzed these conditions
in the bivariate ARIMA framework. This framework is
highly sensitive to the order of integration: if the real
variables are integrated of order 1, monetary variables
should be integrated of order 2. Using this framework,
some studies reported evidence in favor of the LRN
conditions: Weber (1994) for the G-7 countries and
Wallace (1999; 2005) for Mexico and Guatemala. Telatar
and Cavusoglu (2005) analyzed the LRN condition in
the case of five high-inflation countries. The results
show that the LRN condition cannot be rejected in the
cases of Brazil, Mexico and Turkey. The LRN condition is
rejected in the cases of Argentina and Uruguay.

King and Watson (1992) provided another general
framework to test the LRN condition, based on the VAR
model. King and Watson (1992) criticized the Fisher-
Seater framework and argued that it is subject to the
Colley and LeRoy critique. Chen (2007) examined the
LRN using a methodology developed by King and
Watson (1992) for South Korea and Taiwan. Their results
suggest strong support for the LRN condition in South
Korea and only little evidence in the case of Taiwan.

The model: derivation and simulations

In the first section we derive the money in the util-
ity function, a model introduced by Sidrauski (1967).
Sidrauski (1967) assumed that real money holdings
increase the welfare of economic agents and there-
fore that money can be incorporated directly into the
household’s utility functions. Derivations of the model
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are similar to Walsh (2010) and Wong (2013). In the MIUF model, households optimize their holdings or real
money balances (m;) and their consumptions paths (c;) in order to maximize the present value of their utility
function:

W = X520 Brulcr,my) (1)

Where 8 represents the discount rate and 0<f<1, and c¢; and m; are consumption and real money holdings in
per-capita terms. The household’s optimization problem is subject to the following budget constraints (Walsh
2010, p.36):

B“ Mt'1=Ct+Kt+—+— 2)

rtNt + (1 - 6)Kt 1 + (1 + lt 1) P, P P

Where r; represents the per-capita real lump-sum transfers from the government, B; denotes bond holdings, i;
denotes the interest rate and K; denotes the stock of capital. If we divide by N; (population), we can rewrite the
equation (2) in per-capita terms:

(1+ip_1)bp_1+my
f(1+ )+ +( )kt 1t (1+n)(1+7¢) =cetke+ me+ b (3)

- where m; represents the inflation rate. Equation (3) can be formulated as a “Bellman equation,” where the
household’s problem is to maximize the value function V by choosing optimal paths of ¢;, k;, m; and b;.

V(W) = max {u(cr,me) + BV (Wei1)} (4)

s.t:
1- 5) (1+ it)bt+mt
1+n (A+n)(1+7e41)

k
Wiy = f( - ) + T4 t+ ( = Cep1 + Kepr + Mpyq + beyyq (5)

From Equation (5) we can rewrite for the capital (k;) in per-capita terms as:
ke = Wy — ¢ — my — by (6)

Now, we can put equation (6) and equation (5) into equation (4):

V(W) = max [u(ct: me) + BVisr [f (Wt_%mt_bt) t T4 + ( ) Wy —ce— my — t)] (At Lo)betm } (7)

n (14+n)(1+me41)

The representative agent has three control variables: real money balances, consumption and bond holdings.
The three FOCs for the maximization problem are:

vy _ (®)
aCt
wvw _ 9)
V(W) (10)
-~ v = 0
6mt
And the transversality condition is:
limg_q, B* Aexe = 0, for x, € {c,, my, by} (11)
The FOC with respect to consumption are:
VW) _ 1 1-8] _
e = e + BV Wea) [ (—117) =157 = 0
V(W) B_
a1V W) (i +1-6) = 0 (12)

The FOC with respect to bond holdings are:
av (W, 1 1-6 1+
M—ﬁV (We41) (fk/( ) —(_)"‘&) =0

1+n 1+n (1+n)(1+me41)
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aV(Wt) _ _ (1+ lt) _
e R e (13)
The FOC with respect to real money holdings holdings are:
wvwy _ oy, 1 o
omg U + ﬁV (W“'l) (fk' ( 1+n) (1+n) + (1+n)(1+nt+1)) o
oV (W) _ e 1 _
amt - Ym 1+n (Wt+1) (fk, + 1 6 1+Tl.'t+1) - 0 (14)
Taking partial derivative with respect to Wt yields to:
V(W ' )0
TR = BV 141 (W) (15)
and
OWiyq 1-6
ow, fk’ 1+n (m) (16)
Now, equation (15) can be rewritten as:
OVe(We) 1-6
2 = BV s Wesd) [fio i + (550
V' (W) = 1% (fio + 1=V 11 (Weyy) (17)
' ) B -1
Vi1 (W) = Ve (Wp) [m (fio +1— 5)] (18)
Making use of the equation (18), equation (12) can be written as:
uc =V'W) (19)
And equation (14) :
Um — _V WD) (fpr +1-68) + —— V(W) =0 (20)

1+n 1+

B 1
1+n 1+meyq

U — Uc(cp, my) + Uc(Cryr,Meyr) =0

B 1
Uy, + UCryq, M =u.(c,m
T T e Mess) = el me)
um(cemy) | B 1 uc(CernMets) _ 1
uc(ee,me) 14n 14mer uclceme)
Umlceme) _ 4 _ 1 Uc(CrarMess) _ 1 21)
uc(ce,me) (1+n)(1+7e41) uc(ce, me)

Assuming that 1, = f,» — § and making use of equation (17):

uc(c,me) = % (1 +r)uc(cerr, Meyr)

Uc(CrryMers) _ _14n (22)
uc(ce,me) p(1+7)

Finally, we can rewrite equation (21) by plugging equation (22) into it:

umlceme) _ 4 1 1+n
uc(ceme) (1+n)(L+mesq) © BQA+T)
um(cemy) _ 1 _
uclcomy . a+n 0 (23)
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Here, we assumethat (1+ i) = (1 + 1)1+ myq),
or that the Fisher relationship holds. (Walsh 2010).
Equation (23) is the key relation in the MIUF model:
the intertemporal substitution between consumption
today and tomorrow is a function of the interest rate.
Finally, we have to assume the production function to
be able to solve the model:

Ve = e?tki’ (24)

- where the productivity can be defined as an au-
toregressive (AR1) process:

Zy = PgZe—1 t+ &5 (25)

And €zt is a white noise technology shock. The
steady state values of the variables and the set of log-
linearized equations are presented in appendices 1
and 2.

Calibration

In order to simulate the main properties of the
model, we use the “calibration” technique developed
by Kydland and Prescott (1982). Following this tech-
nique, the values of the parameters are based on
the averages of the aggregate data or on the previ-
ous microeconomic studies. In this paper, the values
of the parameters are chosen to represent the char-
acteristics of the Republic of Macedonia. We use the
value of the gross capital formation as a percentage
of GDP as approximation of the capital ratio (a). The
computed average share of gross capital formation in
the real GDP in Macedonia for the period from 2002
to 2012 is 23,87% (table 1), so the value of the param-
eter a is set to 0,2387. Following Petkovska (2008),
the parameter for the rate of depreciation is set ac-
cording to the amortization data for the Republic of
Macedonia. The value of the rate of depreciation is

set to 0,025 (quarterly) or 10% on annual basis, which
is in accordance with the amortization data from
the State Statistical Office of Macedonia (Petkovska
2008). Parameter B (subjective rate of discount) is
based on the data for the average real interest rates in
Macedonia. The real interest rates are estimated as the
bank’s lending rates adjusted for the inflation rate. The
subjective discount rate is set to 0,979 to match the
average real interest rate of 8,25% (table 2). The value
for parameter Pz (autoregressive parameter) is based
on our estimations on the monetary aggregate M2,
as an autoregressive process. The value of the autore-
gressive parameter Pz in the money growth process
is set to 0,52 and the standard deviation is set to 0,046
based on our estimations for the M2 nominal money
growth as an AR(1) process on a quarterly data from
2002 to 2012.

ALM2 = 0,52 ALM2(—1) + &

The remaining parameters are set according to
Walsh (2010) and Brzoza-Brzezina (2011). We proceed
with simulations of the MIUF model, estimated and
simulated using the DYNARE platform developed by
Michael Julliard.

Simulations

In this section, we analyze the simulated responses
of the output, inflation and interest rate on productiv-
ity and money growth shocks. The simulated impulse
responses reveal the main property of the money-in-
the-utility function - the superneutrality of money. The
responses of the variables to 1% positive innovation
shocks in technology and nominal money supply are
presented in the pictures 1 and 2, respectively.

Immediately after the shock in productivity, prices
fall and output increases (picture 1). The simulations
imply that the real variables (consumption, output
and capital stock) are largely driven by productivity

Table 1: Gross Capital formation in Macedonia as a share of GDP for the period 2002-2012.

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Average
20,6 19,1 22 21,3 21,5 24,6 26,8 26,2 24,9 26,2 29,4 23,87
Source: NBRM.
Table 2: Real interest rates (%) for the period 2002-2012
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
14,81 12,84 11,64 8,06 7.9 1,39 10,87 7,88 4,96 517 5,25
Average real interest rate 8,25

Source: NBRM, International Financial Statistics and author’s calculations.
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Picture 1: IRFs to a productivity shock
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Picture 2: IRFs to a money supply shock
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shocks. On the other hand, the real variables (except
real money balances) are unaffected by the growth
rate in the nominal money supply and the inflation
rate (Picture 2). The inflation and nominal interest
rates rise immediately after the shock in the nomi-
nal money supply, but the patterns of consumption
are unaffected by the changes in the rate of inflation
(Picture 2). However, the positive correlation between
the inflation and the nominal interest rates is incon-
sistent with the empirical findings of the “liquidity
effect” of money on the interest rates: in the short-
run there is a negative response in the interest rates
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on the shocks to monetary supply (Friedman 1968;
Cagan 1972). Here, the simulations imply that the ef-
fects of “anticipated inflation” dominate the “liquid-
ity effects” The nominal interest rates rise following a
positive money supply shock because of the higher
anticipated inflation.

The property of superneutrality is derived under the
assumption that consumption and money are sepa-
rable in the utility function. In the case of non-sepa-
rability, the steady-state values of the variables will
depend on the nominal money growth through its ef-
fects on the rate of inflation. The issue of separability
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has been empirically tested by some authors. Andrés,
Lépez-Salido and Vallés (2006) confirm the separabil-
ity between the real balances and consumption in
the case of the Euro Zone data. The results show that
fluctuations in production and prices are largely driv-
en by shocks in the real variables. Similar to Andrés,
Lépez-Salido and Vallés (2006), Ireland (2004) found
only a limited effect from money on the fluctuations
of output and prices in the case of the United States.
The basic MIUF model has been extended to intro-
duce the property of non-supernautrality- the growth
rate of the nominal money and the inflation rate have
real effects on the steady state values of real variables
(Walsh 2010). One way to generate this property is to
add a labor-leisure choice, while the other is to add
non-separable preferences (see for example Heer
2004; Schabert and Stoltenberg 2005).

STUDY 2: MONEY DEMAND ESTIMATION

During the last two decades, the role of the mon-
etary aggregates in the monetary policy research
has been strongly reduced. Many studies, particu-
larly those made in the case of developed coun-
tries, focused on interest rates as the main channel
of the transmission mechanism of monetary policy.
However, long-run aggregate economic activity and
inflation dynamics are affected by the disequilibrium
in the demand for money. The disequilibrium in the
demand for money may affect the efficiency of the
interest rates as the most important channel of mon-
etary policy in developed countries (Valadkhani and
Alludin 2003). This implies that interest rates can be in-
directly affected by money demand through its effect
on the output gap.

This paper applies the Vector error-correction
model to identify both short-run and long run-equi-
librium dynamics between the M2 aggregate and
its determinants. In this stage, a properly specified
money demand function is of critical importance for
the validity of the estimation process. In specifying
the money demand function, we follow the approach
developed by Czirdky and Gillman (2006). Following
Czirdky and Gillman (2006), we test whether the
Fisher equation holds in the case of the Republic of
Macedonia. If the Fisher relation holds, the inflation
rate is already included in the money demand equa-
tion through the interest rates. If the Fisher relation
doesn’t hold, we must include inflation in the money
demand specification.

South East European Journal of Economics and Business, Volume 9 (2) 2014

Literature review

The majority of empirical works on money demand
functions use cases of developed countries. However,
during the last two decades the money demand
function was also estimated for Central and Eastern
European countries.

Siliverstovs (2007; 2008) estimated the money
demand in Estonia and Latvia using the VEC model.
Slavova (2003) analyzed the demand for money in
Bulgaria for the period of hyperinflation and for the
period of macroeconomic stabilization. The empirical
research on the demand for money in Croatia includes
Babic (2000), Payne (2003), Czirdky and Gillman (2006)
and Skrabic and Tomic-Plazibat (2009). The procedure
for estimating demand for money in Macedonia used
in this paper will be similar to the procedure devel-
oped by Czirdky and Gillman (2006). There is also a
vast literature investigating money demand in the
case of Central Europe. These include Buch (2001)
for Hungary and Poland, Hsing (2007) for Poland,
Kollarova and Carsky (2007) for Slovakia, and Komarek
and Melecky (2001) for the Czech Republic. Dreger,
Reimers and Roffia (2007) estimated the money de-
mand function in ten EU Member States using panel
cointegration. Dreger, Reimers and Roffia (2007) in-
cluded the exchange rate in the money demand equa-
tion as a part of opportunity costs. Similar to Dreger
et.al (2007), Fidrmuc (2009) employed a panel cointe-
gration method for the case of six CEE countries.

There have been studies of money demand func-
tions in the case of Macedonia, mainly focused on the
monetary aggregate M1. Petrevski and Jovanovski
(2010) analyzed the long-run and short-run dynam-
ics of the money demand function in the case of
Macedonia using the VEC model. They use the M1
monetary aggregate as an approximation of mon-
ey, and a quarterly frequency over the period from
1994 to 2008. The results suggest a stable demand
for money over the analyzed period. The estimated
long-run income elasticity is lower than unity (0.64)
and high semi-elasticity with respect to the interest
rate. Kjosevski (2013) used a VEC model and month-
ly data over the period from 2005 to 2012. Similar to
Petrevski and Jovanovski (2010), Kjosevski finds a sta-
ble demand for M1, long-run income elasticity lower
than unity, and slow adjustment to the equilibrium.
However, Kjosevski (2013) finds a significantly lower
interest elasticity (-0.25), but we should note that the
authors estimated the demand for money over two
different periods.

In this paper, we will examine the demand for
money on the case of Macedonia as represented by
the broader monetary aggregate M2.
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Data and modelling
Variable selection and data transformations

The selection of appropriate variables to be in-
cluded in the money demand estimation is of critical
importance. Sriram (1999) points out that the selec-
tion of opportunity cost variables is the main factor
for the differences of the estimated money demand
functions.

To estimate the money demand function in the
case of Macedonia, we use quarterly data over the pe-
riod from 2002 to 2012, taken from the International
Financial Statistics database. The quarterly time series
are: the M2 monetary aggregate (nominal); the con-
sumer price index (CPI); deposit interest rates and real
GDP. The series for the rate of inflation are constructed
as a first difference of the consumer price index.

The time series for the real GDP, M2 and CPI were
seasonally adjusted using the Census X12 filter avail-
able in eViews7 software. All data except the deposit
interest rates were transformed as a natural logarithm.
In order to properly estimate the money demand
function, we must transform the nominal M2 into real
M2. The consumer price index (CPI) is used to trans-
form the nominal money balances (M2 aggregate)
into real money balances (M2 adjusted for the infla-
tion - M2/CPI). Contrary to the previous studies in the
case of Macedonia, here we use a broader measure
of money (M2). According to Valadkhani and Alludin
(2003), the M2 monetary aggregate is less distorted
by the process of financial innovation and has a closer
relationship with the measures of economic activity.
The M2 monetary aggregate “includes the monetary
aggregate M1 and short-term deposits” (NBRM 2013,
p.18). Deposit interest rates represent the interest
rates paid by commercial banks on demand, time, or
savings deposits. Using the long-term interest rates
seems appropriate for the broader monetary aggre-
gates, in order to capture financial asset substitutions
(Valadkhani and Alludin 2003). Real GDP series are
used to represent the aggregate income (Y) and de-
posit interest rates and the rates of inflation are used
as proxies for the opportunity cost of holding money
(i). The Real GDP variable represents the transaction or
wealth effects and economic theory predicts a posi-
tive relationship between money and output (Sriram
1999). At the same time, economic theory predicts a
negative relationship between money and the vari-
ables representing the opportunity costs of holding
money. As we mentioned earlier, we included the
rate of inflation after testing the validity of the Fisher
equation.

Some authors also use the exchange rate in the
money demand specification to capture the effects

from the substitution between domestic and foreign
money (Dobnik 2011). However, we excluded the ex-
change rate from the money demand specification
given the fact that the denar-euro exchange rate re-
mained fixed for the analyzed period.

The Augmented Dickey-Fuller (1979) test was car-
ried out to test for unit root. The ADF test shows that
all variables except the inflation rate are integrated of
order (1) (Table 3).

Table 3: ADF: Unit Root Test

Variable Symbol (Ifs\{:l) E_r::a(:)'ff result
real money balances| m-p | -2,2228 | -52708 @ 1(1)
cpi P 1,1090  -3,4622 1(1)
deposit interest rate R -2,3592 | -4,6022 | 1(1)
inflation II -2,6671 -4,1273 1(1)
real GDP Y -0,9222 | -9,0900 1(1)
The Fisher equation

In order to specify the money demand equation,
we follow the approach developed by Cziraky and
Gillman (2006). First, we need to test the validity of the
Fisher equation in the case of Macedonia. If the Fisher
equation holds, the inflation rate is included in the
money demand equation through the nominal inter-
est rate (Dreger, Reimers and Roffia 2007). In this case,
the inflation rate should be excluded from the mon-
ey demand equation. If the Fisher equation does not
hold, we need to include the inflation rate in the mon-
ey demand function. The Fisher equation represents
the relationship between nominal and real interest
rates, and it was derived in the money-in-the-utility
function model (Study 1). The fisher equation can be
written as: (Cziraky and Gillman 2006)

Tt == ,Dt + T[t (34)

where r represents the nominal interest rate, p rep-
resents the real interest rate and 7 represents the infla-
tion rate. We assume that the real interest rate equals:
Where a term is a constant and &; is a white noise

process. Following Cziraky and Gillman (2006) the
Fisher equation can be rewritten as:

n=a+m+& (36)
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The empirical estimation of the validity of Fisher ef-
fect can be presented as:

In(r,) = By + B;In(m,) + &, (37)

where T¢ is represented by the deposit interest rates
and T¢ is represented by the rate of inflation. To test
for cointegration, here we apply the Engle-Granger
two-step procedure. First, we need to estimate the
Fisher effect and then we will perform an Augmented
Dickey-Fuller (ADF) test on the residuals from the esti-
mated Fisher equation. The estimated Fisher equation
can be presented as:

1n(rt) = 6,68 - 0,13lT[t + ét

The ADF test on the residuals from the estimated
Fisher equation suggests that the residuals are inte-
grated of order 1 (Table 4). Since the residuals are non-
stationary, the results imply that the Fisher equation
does not hold in the Republic of Macedonia. Based on
the results, following Cziraky and Gillman (2006), we
will include the inflation rate in the specification of the
long-run money demand function.

Table 4: Engle-Granger test for cointegration

ADF test on residuals

Augmented Dickey-Fuller test statistic -2,3777
Critical value at 5% level -2,9331
p-value 0,1540

Money demand estimation:
results and discussion

We employ a VEC model to capture the long-run
and short-run interactions between M2 and its deter-
minants. The long-run money demand equation can
be specified as:

(m—p)=ay+pr+yn (38)

where « represents income elasticity and S repre-
sents the semi-elasticity of money demand with re-
spect to deposit interest rate.

To determine the appropriate lag length to be
included in the test for the rank of cointegration, we
carried out a lag length test on the unrestricted VAR
model (Enders 2009). Here, we choose the two lags
based on the Final prediction error (FPE) criteria (Table
5).
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Table 5: VAR Lag Order Selection Criteria

Lag Order Selection Criteria (Unrestricted VAR)
Lag FPE LR AIC SC

0 0.000460 3,667747 3,836635 3,728811
1 4.28e-07 -3,318222 | -2,473782* -3,012899*
2 3.65e-07* -3,504455 -1,984463 -2,954874
3 3.69e-07  -3,559580* -1,364036 -2,765741
4 4.28e-07 -3,543851 -0,672756 -2,505754

The cointegration approach requires all variables
to be integrated in the same order (Hafer and Jansen
1991, Enders 2009, Brooks 2002). In our case, all of the
variables included in the money demand specification
are integrated of order 1. The Johansen test rejects
the hypothesis of no cointegration. The results from
the Johansen test indicate two cointegration vectors
based on the Trace test and one cointegration vector
based on the Maximum Eigenvalue test (Table 6). We
proceed with the estimation of Vector Error Correction
model based on one cointegration equation.

Table 6: Johansen Cointegration test

Johansen Cointegration test

number
of lags 2
test Trace Maximum Eigenvalue
No. of Trace C?i.t(i]csal Prob. E\:‘;:n C(r)i.t(i)csal Prob.
CE) il Value i) Statistic | Value )
None * 53,685 | 40,175 | 0,001 | 28465 @ 24,159 0,012
Atmost1 | 25219 | 24,276 = 0,038 | 14444 17,797 0,149
Atmost2 | 10,776 | 12,321 = 0,090 | 10,099 = 11225 0,078

The estimated long-run relationship (cointegration
equation) can be presented as:

(m—p)=081y —0,17r — 0,387

s.e (0,074)
[0.000]

(0,117)
[0.110]

(0,077)
p-value. [0.000]

The estimated long-run coefficients are in line
with economic theory. The income elasticity is less
than unity (0,81) and highly significant. The estimated
elasticity is slightly lower than the value reported by
Kjosevski (0,92) and higher than the value estimated
by Petrevski and Jovanovski (2010) (0,60). However,
the results are sensitive to the choice of sample pe-
riod, the frequencies of the data, the variables chosen
to represent the opportunity costs of holding money
and to the number of lags (Mulligan and Sala-I-Martin
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1992). Also, we use a broader measure of money de-
mand (M2 aggregate) which we believe is a better
definition of money. According to the quantity the-
ory of money, an income elasticity lower than unity
implies the increasing velocity of money. However,
these findings are inconsistent with the data for the
Republic of Macedonia, which suggests a declining
velocity of money (Appendix 4). As Judd and Motley
(1984) suggest, as economic agents become more re-
sponsive to interest rates, money demand reacts more
aggressively to the changes in the interest rates, lead-
ing to the declining velocity of money. The trend of
declining velocity is also consistent with the process
of financial and economic development (Chowdhury
1994). As Chowdhury (1994) pointed out, the veloc-
ity should decline at a slower rate at higher levels of
economic development. This implies that estimated
income elasticity should decline in the future. The es-
timated semi-elasticity with respect to deposit inter-
est rates is small and negative (-0,17), indicating that
economic agents are willing to decrease their money
holdings when opportunity costs rise. Although the
estimated coefficient carries the expected sign, it is
statistically insignificant at 5%, and almost signifi-
cant at 10% (p=0,11). Compared to previous studies
(Petrevski and Jovanovski 2010, Kjosevski 2013), the
estimated interest elasticity for M2 is lower. According
to Nell (1999), interest elasticity for the broader mon-
etary aggregates is likely to be much smaller than
those for narrow money. The results indicate negative
elasticity with respect to inflation rate (-0,38), implying
that economic agents decrease their money holdings
less than proportionally as the inflation rises. The coef-
ficient before the inflation rate is significant at 1%.

The short-run dynamics reveal that only 2,70% of
the disequilibrium is corrected in a single quarter. The
expected negative sign on the error-correction term
is highly significant. This relatively slow adjustment
to the equilibrium level is consistent with the previ-
ous findings based on M1. The short-run dynamics are
presented in the Appendix 3.

Finally, we perform diagnostic tests on the residu-
als from the estimated model. The results are present-
ed in Appendix 5 and show that the model is correctly
specified.

CONCLUSION

The main purpose of this paper was to reassess and
analyze the dynamic interactions between money,
prices and output in the case of Macedonia. In the
first study, we derived and simulated Sidrauski’s MIUF
model, calibrated to match the data for the Republic
of Macedonia. The simulated impulse responses re-
veal the main property of this model - the superneu-
trality of money. The real variables were mostly driv-
en by productivity shocks, whereas the monetary
shocks didn't have any real effects. Sidrauski’s (1967)
model is mostly used to analyze the determinants of
the money demand function. In the second study, we
estimated the money demand function in the case
of the Republic of Macedonia using VECM on quar-
terly data from 2002 to 2012. Following Czirdky and
Gillman (2006) we tested the validity of the Fisher ef-
fect to decide whether to include the inflation rate in
the money demand equation. The Fisher effect does
not hold in the case of Macedonia, so we included
the inflation rate in the money demand equation.
We found one cointegrating vector between the real
money balances, deposit interest rates, rate of infla-
tion and the scale variable using Johansen’s multi-
variate approach. The money demand equation was
estimated using a vector error-correction framework.
The results of the cointegration equation (normalized
to real money balances) are in line with economic the-
ory. The estimated income elasticity is less than unity
(0,81) and consistent with previous studies in the case
of Macedonia. However, we must note that previous
studies were focused on the monetary aggregate M1
rather than M2. Also, previous studies covered differ-
ent periods. The estimated semi-elasticity of money
demand with respect to the interest rate is small and
negative (-0,17), suggesting that economic agents are
willing to decrease their real money holdings when
opportunity costs rise. The estimated interest rate of
semi-elasticity reported here is smaller compared to
the coefficient reported by Petrevski and Jovanovski
(2013) and Kjosevski (2013). However, as Nell (1999)
argued, interest rate elasticities for broader monetary
aggregates are likely to be much smaller than those
for narrow money. Finally, the results indicate nega-
tive elasticity with respect to the inflation rate (-0,38)
implying that economic agents decrease their money
holdings less than proportionally as inflation rises. The
short-run dynamics reveal that only 2,70% of the dise-
quilibrium is corrected in a single quarter. The proper-
ties of stability imply that the M2 aggregate may serve
as a proper policy indicator. The estimated money de-
mand function should help monetary authorities to
optimize liquidity in the banking sector, in accordance
with economic expectations.
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APPENDIX

1. Steady state

In this section, we define the steady state values of
the variables in the model. The steady state values are
the values of consumption, inflation, interest rate,
money balances and capital stock to which the
economy converges in the absence of shocks (Walsh
2010; Brzoza-Brzezina 2011). There are two important
assumptions in the MIUF model:
- 0% population growth (n=0), and
- 0% productivity growth.

The nominal money supply can be expressed as a
simple stochastic process:

Mt = thMt—l (26)

And the real money supply in per-capita terms can be
written as:

me_q
my =

eft (27)
Tt

O = pebi-1+ gt
- where gy ; represents the money supply shock.

Also, the MUIF model assumes zero net supply of
government bonds b; =0, and the government
budget is balanced every year (Brzoza-Brzezina 2011).
This relation implies that monetary policy is not
independent of fiscal policy.

T'tPt + N = Mt - Mt—l (28)

or in per-capita terms:

me—q

T‘t = mt - (29)

Tt

If we use equation (29), we can rewrite the budget
constraints as:

Ye+ (L —=08)ke 1 =cc + ke (30)

The assumption of no productivity and polulation
growth leads to the following steady state equations:

a(k55)1- = 1 i+s (31)
‘8 1
ss\l—a _ ap a-a)
G (1 T B = 1))) (32)
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Equation (32) implies that steady state capital
depends only on the discount rate, the rate of
depreciation and on the production function (Walsh
2010). Putting equation (30) into production function
(24) yields:

CSS — f(kSS)a — 5kSS

Now, we can use equation (32) to rewrite the
previous equation as:

1
a 1-a a 1-a

c® = (1+ B((Sﬁ—l)))( - (1+ B((Sﬁ—l)))( ) 63
- where f (k) = k%. Again, steady state consumption
is independent of the rate of inflation and the rate of
growth of the nominal money supply. Since the
steady states of output, consumption and catital per-
capita are all independent of the growth rate of the
nominal money supply and thus in the rate of
inflation, this condition is commonly known as the
superneutrality of money (Walsh 2010).

2. Log-linearization around the steady state
and the money demand function

The model we derived in the previous section is
non-linear, and non-linear models are difficult to
solve. In order to be able to solve the model, we will
use first-order Taylor approximations around the
steady state (Uhlig 1995). The variables are described
as percentage deviations around the steady state,
and the model can be solved and simulated using the
DYNARE platform developed by Michael Julliard.
Log-linearizing around the steady state leads to the
following system of equations (Walsh, 2010)1:

J’}t = aEt_l + (1 - a)ﬁ,t + Zt

SS SS
yo.o_yc

= T e+ ke + (1 — k4

Et[ﬂl(ét—l - 6t) - -Qz(mt—l - mt)] -7t =0

nSS
[ — 216 + Qo] = (1 + Um) iy

! Full derivation of the log-linearized equations can be found
in Walsh (2010). In this paper, we simplify the model and the
dynamics of employment are excluded from the model.
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SS

. y o P
= aﬁ(EthH - kt)

Ve = akiq +z;
fr\lt =T/ﬁ.t_1 +.{2 _ﬁt‘l‘ut
¢ = Ee(Cryq +711)

N

Ip =Tp + Etfleyq

AN A 1 ~
my = C¢ — s _ 1 Lt

SS
SS 4

y R ~
rUte = aﬁEt(YtH — k)

SS SSs

yo.oooyer

ke =1 —8)ke4 Ve G G

Zy = PyZt 1t &

2 =poeq+ 1

The parameters r°%;i% and m5%are defined in the
following way:

3. VECM: Short Run Dynamics

Table 7: VECM: Short-run dynamics
Short-run dynamics (VECM)

regressor coefficient p-value
ECM(-1) -0,0269 0,0018
Arealm2(-1) 0,1578 0,3599
Arealm?2(-2) 0,3487 0,055
Aincome(-1) -0,3756 0,1708
Aincome(-2) -0,2917 0,2915
Adeposit(-1) 0,0012 0,9523
Adeposit(-2) 0,0391 0,0419
ADinflation(-1) 0,0014 0,8014
ADinflation(-2) 0,0113 0,0514
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4. M2 money stock velocity in the Republic of
Macedonia:

Graph 1: M2 money stock velocity

M2 money stock velocity

003 004 2005 2006 2000 2008 2009 2010 2001 2012 2013

Source: Author’s calculations based on IFS data.

5. VECM Diagnostic tests:

Table 8:VEC Residual Portmanteau Tests for Autocorrelations

Lags Q-Stat Prob
3 18,34313 09172
4 42,06867 0,5547
5 55,18934 0,6518
6 64,18571 0,8310
7 78,18226 0,8473
8 104,4223 0,5795
9 113,4382 0.7415
10 124,7172 0,8182
1 136,4046 0,8689
12 142,8652 0,9488

Table 9: VEC Residual Heteroskedasticity Tests: No Cross
Terms (only levels and squares):

Joint test:
Chi-sq df Prob.
211,91 180 0,519
Table 10: VEC Residual Normality Tests
Compo- Jarque-Bera df Prob.
nent
1 1,791174 2 0,4084
2 0,528712 2 0,7677
3 1,913792 2 0,3841
4 0,688563 2 0,7087
Joint 4,922242 8 0,7659
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