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Abstract: This study examines the influence of inflation uncertainty on output growth in selected transition econo-
mies namely, Serbia, North Macedonia, Montenegro, Bosnia and Herzegovina which are also called Southeast Euro-
pean countries. The study uses multivariate GARCH—-in—-mean model (MGARCH-M) the nonlinear autoregressive
distributed lag (NARDL) models to examine the inflation uncertainty with long-run and short-run asymmetric ef-
fects on output under concern. We found that, the conditional standard deviation of inflation uncertainty has a sig-
nificant negative impacts on output growth of the the all selected transition economies. Firstly, as a result, relying on
multivariate GARCH-in—mean model estimation, the conditional standard deviation of inflation uncertainty has a
significant negative impacts on output growth of the the selected transition economies, except Montenegro.
However, the inflation uncertainty has significant positive impact on output growth in Montenegro. Moreover, the
results of non-causality tests was revealed the bi-directional variance transmissions inflation uncertainty and the
conditional variations of output growth for Serbia and Montenegro’s economies, while uni-directional variance
transmissions North Macedonia and Bosnia and Herzegovina’s inflation uncertainty to output growth, respectively.
Secondly, the results of NARDL model estimation reveal that the effects of the inflation uncertainty on output
growth in all selected transition economies have been negatively asymmetric in the long run, except Montenegro, the
coefficients of the inflation uncertainty's impact on output growth in Montenegro are significantly asymmetric nega-
tive effect in the short-run. Finally, the we found from Generalized impulse response function analysis, the innova-
tion shocks of inflation uncertainty have negative steady-state effects on output growth in the Serbia, North Macedo-
nia, Bosnia and Herzegovina’s economies, except Montenegro. Though inflation uncertainty has a ambiguous effect

on output growth in pandemic and post-pandemic periods in Montenegro.

Keywords: Inflation, inflation uncertainty, economic growth, transition economies, asymmetric analysis, MGARCH-M model,
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1. INTRODUCTION

The significance of inflation, inflation uncertainty coupled
with the effect it exerts on an economy has been acknowl-
edged by policy-makers for a long time. Dating from the
1980s, this recognition has reinforced the increasing curiosi-
ty of investigations into economic uncertainty which results
from variability in growth output or business cycles and the
impacts it has on macroeconomic variables (Easterly, Islam,
& Stiglitz, 2001; Blackburn & Pelloni, 2005; Fountas &
Karnasos, 2007; etc).

The stagflation of the 1970s, stemming mainly from increas-
es in prices, debunked the ideas and casted doubts on the
existence of a positive relationship between inflation and
economic growth. Theoretical studies took a different trajec-
tory, with studies from Okun (1971), Friedman (1977),
Stockman (1981) and Ball (1992), explaining that price
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instability inhibits economic growth. The debate spills over
to empirical studies which have contrasting conclusions. For
instance, among others, Judson and Orphanides (1999), Grier
and Perry (2000), Grier, Henry, Olekalns and Shields (2004),
Apergis (2005) as well as lyke and Ho (2019) documented a
negative relationship between either inflation, or inflation
uncertainty or both, and economic growth. In contrast, Coul-
son and Robins (1985), Jansen (1989) and Fountas (2010)
reported a positive relationship among the variables. The
debate also extends to empirical results between and within
industrialised countries and emerging economies.

In some countries which are in transition, the problem of
inflation has been persistent. The probable effects of infla-
tion on the capability of the economies of these countries to
grow has piqued interest, seeing that the attainment of great-
er levels of economic growth is a common objective. Strong
evidence exists, from panel and time-series data, which
shows that inflation produces a damaging effect on economic
growth in developing countries (Gillman, et al., 2004,
Fountas, Karanasos, and Kim 2006); however, there is not
much clarity regarding the effects which inflation has on
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transition countries. In comparison with more developed
countries, transition countries may still be liberalising its
economy, and organising its market institutions; however,
none of these factors has been proven to nullify the impact
which inflation exerts on the return to capital. Moreover,
there may be difficulties when attempting to ascertain the
influence inflation has on growth, particularly in periods
when the stationary rate of inflation experiences shock.

The fact that the processes involved in inflation encompass
all sectors of the economy, food, products manufacturing and
sales inclusive, is one the most hard-hitting challenges which
transition economies have encountered over past decades.
From common knowledge, inflation is an umbrella term
which encompasses a general rise in the level of prices with-
in a country, not just the increase in prices which occurs
within specific sectors of the economy; the general price
level is dictated by steady and lasting imbalance which exists
between the aggregate supply and demand (Suslova et al,
2015).

Although the relationships among inflation, inflation uncer-
tainty and output growth have been investigated extensively
in the empirical literature for developed countries (e.g., Grier
and Perry 1998; Davis and Kanago, 2000; Fountas et al.
2006; Fountas and Karanasos 2007), a limited research was
done done for transition economies Europe. Few exceptions
are Gillman and Nakov (2004), Dibooglu and Kutan (2005),
Gillman and Harris (2008), Mladenovic (2007), Thornton
(2007), Erkam and Cavusoglu (2008), and Susjan and Redek
(2008). Gillman and Nakov (2004) examined the relationship
between inflation and output growth in Hungary and Poland,
and found that inflation affects growth negatively in both
countries. Gillman and Harris (2008) also found a robust
negative effect of inflation on growth in a panel of 13 transi-
tion countries. Dibooglu and Kutan (2015) studied the
sources of inflation and output movements in Poland and
Hungary, and found that monetary shocks affect output in
Hungary, while supply shocks dominate output movements
in Poland. Mladenovic (2019) examined the relationship
between inflation and inflation uncertainty in Serbia, and
concluded that high inflation invokes high uncertainty, while
high uncertainty negatively affects average level of inflation
in the long run. Thornton (2010) studied the inflation and
inflation uncertainty relationship for 12 emerging economies
including Hungary, and found that there is positive bidirec-
tional causality between inflation and inflation uncertainty in
the case of Hungary.

It should be noted that, Dejan Zivkov et al. (2022) explored
the influence of inflation and its attendant uncertainty on the
growth of GDP in eight countries in Central and Eastern Eu-
rope. The results ratified the Friedman hypothesis as they
indicated that the impeding impact of inflation on the growth
of GDP is much less than that exerted by inflation uncertain-
ty. What this means is that in the countries under review,
inflation indirectly influences the growth of GDP by way of
inflation uncertainty. Also, it proves that the negative influ-
ence due to inflation uncertainty which occurs in upturn and
downturn circumstances, is more keenly felt in countries
where the economy is smaller, among which are Latvia and
Estonia, and this is possibly the result of their vulnerability
to external inflationary shocks.
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Moreover, Sasa Obradovi¢ et al (2022) investigated the Rate
Of inflation in Western Balkan Countries: Evidence from
Panel Time Series. The panel data was used from 2006 to
2020. The objectives of the their research is to look at the
unit root features of inflation in Western Balkan nations. The
findings indicate that inflation in Albania and Montenegro is
a nonstationary process with structural interruptions. If the
inflation rate is nonstationary, macroeconomic shocks will
have a longer lasting influence on it. Serbia's and Bosnia and
Herzegovina's inflation rates exhibit nonlinear mean rever-
sion behavior. This suggests that the declared monetary plan
will be implemented at a lower cost.

The using nonlinear autoregressive distributed lag (NARDL)
approach Tugay (2021) investigated the impact of inflation
volatility on economic development from 1970 to 2018 in
Turkiye. The findings reveal that inflation volatility has both
symmetric and asymmetric effects on economic growth in
the long and short run. To put it another way, the link be-
tween inflation volatility and economic growth is non-linear.
As a result, in both negative and positive shocks, the long-
term direction of the connection between inflation volatility
and economic growth is negative. Similarly, Nadabo et al.
(2021) studied the asymmetric impact of inflation on eco-
nomic development in Nigeria using the Nonlinear Auto-
regressive Distributed Lag (NARDL) technique. In the long
run, the consequences of inflation on economic growth are
negative and unbalanced, according to the findings. In the
long run, the consequences of inflation on economic growth
are negative and unbalanced, according to the findings. The
study also provides empirical information for policymakers
to use in planning monetary policies and controlling inflation
rates in order to achieve long-term economic growth and
development.

On other hand, Gurkan Bozma et. al (2021) investigated the
links between economic growth, inflation, and oil prices us-
ing a multivariate GARCH-in-mean with asymmetric BEKK
approach. Authors achieved that economic growth uncertain-
ty is significantly impacted by inflation uncertainty rather
than its own. Furthermore, they demonstrate that the Holland
hypothesis holds true for Turkiye. Hoang at. el (2022) exam-
ined the inflation-to-GDP growth threshold in Vietnam. It is
expected that inflation has a nonlinear connection with GDP
growth. The findings demonstrated that the existence of the
6% inflation point, as well as the detrimental effects on GDP
growth of hyperinflation over the threshold and too low in-
flation beyond the threshold. When the whole impact of in-
flation on GDP growth is considered, the impacts are nega-
tive. This research shows that Vietnam's policymakers
should aim towards 6% inflation to boost GDP growth.

In addition, other empirical studies investigated the nexus
between inflation uncertainty and output growth (Sa-
dorsky,1999; Choi and Hammoudeh, 2010; Salisu and Olo-
ko, 2015), while other researchers examined the influence of
inflation on economic growth (Wang et al., 2013; Aloui et
al., 2018; Avazkhodjaev et. al., 2022, Bekiros et al., 2016;
Perez-Liston et al., 2016; Dash and Maitra, 2017; Hasanov
and Avazkhodjaev, 2022; Shakhabiddinovich et.al., 2022;
Avazkhodjaev et. al., 2022).
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This present research was conducted to investigate the influ-
ence of inflation and inflation uncertainty on output growth
in selected transition economies namely, Serbia, North Mac-
edonia, Montenegro, Bosnia and Herzegovina which are also
called Southeast European countries.

This paper generally differs from the other studies in several
ways. Firstly, despite the fact of necessity, a limited number
of empirical studies seem to have focused on inflation, infla-
tion uncertainty and economic growth in transition econo-
mies from Southeast European countries. Indeed, a methodo-
logical approach adopted in this paper relies on advances in
the field of financial modeling and empirical finance. Espe-
cially, we apply the MGARCH-M model suggested by Bau-
wens et al. (2006) to assess effects of Inflation and inflation
uncertainty on economic growth. As suggested by Grier et al.
(2004) this research identifies and projects a particularly
universal model of inflation uncertainty on output growth. In
comparison with previous investigations carried out within
this context, this present model gives room for the likelihood
of spillover effects and asymmetries in the variance-
covariance structure of output and inflation growth series.
Secondly, we applied mean non—causality tests developed by
Hafner and Herwartz (2008) among the selected variables,
which is achieved by estimating parameters for variance-
covariance matrix specifications (BEKK) proposed by Engle
and Kroner (1995). Thirdly, we argue that analyses of the
relationship between the variables in a nonlinear setting have
at least two important reasons: (1) a time series can have
hidden cointegration if positive and negative components of
a series are cointegrated (Granger and Yoon, 2002) and (2)
asymmetry is types of nonlinearities that affect the indicator
dynamic. To achieve these purposes, we employ the Nonlin-
ear Autoregressive Distributed Lag (NARDL) approach pro-
posed by Shin et al. (2014) which allows testing the long-run
and short-run asymmetries. Moreover, unlike the standard
cointegration techniques, this method permits time series to
have different orders of integration (Shin et al., 2014). Last-
ly, we examine the time mode of the effects of iflation uncer-
tainty shocks on future behavior of economic growth, we
employ the Generalized impulses response function analysis
(GIRF) proposed by Koop et al. (1996). This type of analysis
has the potential to support future policy recommendations.

The remainder of this paper is structured as follows. Section
2 describes of economic and monetary policy developments
of transition economies, Section 3 discusses a brief review of
the literature, Section 4 describes the data and the descriptive
statistics. Section 5 introduces the empirical methodology,
including model specifications. In section 6, we report and
analyze the empirical results and discussion. Finally, section
7 provides conclusions and policy implications.

2. AN OVERVIEW OF ECONOMIC AND MONE-
TARY POLICY DEVELOPMENTS OF TRANSITION
ECONOMIES IN THE SAMPLE COUNTRIES

In the areas of macroeconomics and monetary policy model-
ling, there exists substantial curiosity regarding the correla-
tion which exists between inflation and economic growth.
The precise correlation that exists between the inflation rate
and economic growth is not distinct, even though it has been
examined in-depth. The outcomes of assessments of the di-
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rect correlation reported in literature as regards the subject
lack uniformity. Various countries and country groups have
been studied by different investigations which have applied a
plethora of proxy variables and procedures in determining
the association between inflation and economic growth. Var-
iations and, in some cases, conflicts exist in the experimental
outcomes and policy recommendations. Investigations con-
ducted in the past have not been convincing in the provision
of policy recommendation which can be effectively imple-
mented in different countries. These variations may be at-
tributed to factors such as dissimilarity in data sets, condi-
tions which are country-specific, and the application of vary-
ing research approaches.

Serbia

In the consideration of money policy and its decisions, infla-
tion expectations are quite essential. The projections of eco-
nomic agents of movement of inflation rate in the mid- and
long-term are mirrored by the inflation expectations, espe-
cially in countries where inflation targeting is implemented.
The efficacy of the inflation targeting strategy is highlighted
by the anchored inflation expectations together with their
movements inside the target tolerance band. The evolution of
the importance of certain influential factors occurs in the
course of transition, such that the dominance of the output
gap, the fiscal deficit and political cycles in the preliminary
stages are successively replaced by the influence which the
prices of food and oil, the exchange rate regime and the cur-
rent account exert in the latter stages (Petrovi¢, Mladenovié¢
& Nojkovi¢, 2020). In Serbia, consumer prices increased
1.10% in April 2020, rapidly rising above the 0.50% figure
recorded over the preceding month of March. The steepest
increment in prices in the period from January 2017 was that
recorded in April. The increases in the prices of food and
non-alcoholic beverages, along with housing and utilities
were the influencing factors of the values. The inflation in
March was 1.8% and this increased to 2.8% in April. In the
period from April 2019, the value recorded in April was the
largest inflation rate recorded. There was a slight upward
movement in the trend, also, with the annual average infla-
tion rising to 1.7% in April as against 1.5% in March. More-
over, there was an increase in the harmonized inflation rate
from 1.7% in the previous month to 2.6% in April (Petrovic,
Mladenovi¢ & Nojkovic, 2020).

North Macedonia

In every country around the world, the achievement of price
stability is a priority, more so in the countries which are part
of the European Union and prospective members, as detailed
via the political agenda of the European Union and the
Maastricht convergence criteria (Golinelli and Orsi, 2018).
In times past, the pursuit of a policy of targeting inflation by
the European Union has been fruitful and there had been no
high inflationary developments; however, high inflation due
to a plethora of deciding factors was a characteristic of the
Western Balkans countries which had ambitions of joining
the European Union. There exists various foreign exchange
systems which are utilised by the Western Balkans countries.
While, the economy of Montenegro makes use of the dollar
(euro), those of Serbia and Macedonia make use of their own
currencies. A recovery in the economy is expected in 2021,
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given the anticipated contraction which is a consequence of
the coronavirus shock. Fiscal stimulus measures have rein-
forced the rebounding of household and capital spending. In
the meantime, the external sector is expected to be enhanced
by an increase in global demand. On the other hand, a
lengthening of the health crisis makes the forecast unclear.
An increase of 5.4% in the GDP in 2021 is predicted by pan-
elists, which represents a 0.1 percentage point drop from the
estimate made in the preceding month, and an increase of
4.0% is forecast for 2023.

Montenegro

Montenegro went through a period of instability in the eco-
nomic, political and social sectors, coupled with highly un-
predictable price dynamics characterised by a high degree of
inflation during the 1990s. Despite not being a member of
Eurozone, the Montenegrin economy makes use of the euro
as the country does not possess its own currency; the impli-
cation of this is that the power of the monetary policy is re-
stricted in Montenegro, making the economy a specific one.
The government has repudiated the principal mechanism of
the monetary policy by way of the introduction of the Deutch
Mark as the national currency in 1999 and then the Euro in
2004. Nevertheless, structural reforms have brought about
the attainment of improvements in price stability with peri-
odic oscillations (Lipovina-Bozovic, 2013). The significance
of inflation in Montenegro is not limited to economic causes
but also extends into politics. The process of incorporating
Montenegro into the European Union has begun and being a
candidate state for EU membership, the country is expected
to maintain a specified level of inflation. For that reason, it is
essential that the Central Bank of Montenegro regulates in-
flation and lessens the effects it has on the economy in Mon-
tenegro. The existing pointers indicated that, in the third
quarter, the condition of the economy was still precarious,
especially after the procedures aimed at containing the
Covid-19 pandemic buffeted local and external activity and
resulted in a sharp contraction of the GDP during the second
quarter. In the third quarter, the rate at which retail sales
plummeted were more prominent than they did in the second
quarter, and together with the increasing rate of unemploy-
ment, this points to an appalling level of household spend-
ing. In addition, contractions in industrial production were
evident in Q3, although it was less pronounced than that rec-
orded in Q2; on the other hand, even though the reduction in
merchandise export was lessened from Q2, it was still signif-
icant and was not promising for private sector activity.

Bosnia and Herzegovina

At present time, Bosnia and Herzegovina is also in a state of
transition. The collapse of the former Yugoslavia led to the
formation of the country. In Bosnia and Herzegovina, the
currency board model is used in the management of its mon-
etary policy (Coats, 2007). The lack of a development com-
ponent in this system has been a major sticking point in it.
Bosnia and Herzegovina records a particularly high rate of
unemployment (between 30 and 35% over the past decade),
the growth rates are not enough to cater for the employment
needs of the future generations. The overvaluation of the
local currency through the currency board system is one of
the reasons for the high foreign trade balance which epito-
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mizes a perpetual source of crisis (Tomas, 2012). The data
available indicates a slow but steady recovery in Q3, before
which, in Q2, the economy was seriously affected by the
procedures aimed at containing the Covid-19 pandemic lo-
cally and globally. However, better outcomes in all subsec-
tors allowed for a remarkable lessening of the pace of con-
traction in industrial production. In the meantime, in Sep-
tember, as per annual terms, there was a slight increment in
retail sales, despite a significant drop in the two months pre-
ceding.

There is proof that the effects of the economic and financial
slumps which have occurred in recent times have been expe-
rienced in other economies around the world, including the
Asian financial crisis which occurred from 1997 to 1998, the
global financial crisis that occurred between 2008 and 2012
(this was the greatest decline which happened after the Great
Depression that happened between 1929 and 1933), and also
current COVID-19 ongoing pandemic crisis. These financial
collapses have sufficiently affected the transition economies
under study, namely Serbia, North Macedonia, Montenegro,
Bosnia and Herzegovina. A consequence of the structural
revolutions which these countries, with a shift from second-
ary to tertiary industry, is the improved stability of their eco-
nomic performance. Still, this stable growth has been
prompted by the economic openness and strengths in the
financial markets which these countries have shown. A suc-
cinct examination of the individual characteristics of the re-
actions of the economies of concern in light of the economic
and financial recessions will be given in the subsection
which comes hereafter.

Considering two aspects: first, a main source of risk seems to
be originated from inflation uncertainty; and second, a eco-
nomic growth has been becoming more significant, an effect
of inflation uncertainty on economic growth should be as-
sessed in transition economies from Europe. It is important
to emphasize that the inflation fluctuations are the only
source of countries under investigation. In should be noted
that, we found out more about the study, Fig. (1). illustrates
visual inspections that Serbia produced a strong performance
in inflation uncertainty dynamics and that the conditional
standard deviation was highly volatile for the first half of
2007’s, reaching the highest level in 2008 and 2012 during
the global financial crisis period, then again collapsed over
time from around 0.6 during the pandemic period. The infla-
tion uncertainty performances of North Macedonia’s display
exceedingly frequent fluctuations over the sample period,
including the 2008 to 2012 and also highest volatiles are
during the pandemic periods. Similarly, inflation fluctuations
also seem in the during the Russia-Ukraine conflict period
respectively.

Likewise, Montenegro’s economies also exhibit highly
volatile performances of inflation uncertainty in 2008 and
2022, but estimated standard deviations are quite high
compared to other selected economies for the whole sample
period. Similar observations have also smarted in iflation
uncertainty performances of Bosnia and Herzegovina econ-
omy. Finally, Bosnia and Herzegovina’s inflation variability
trend gradually increased and grasped it’s the highest level
after global financial crisis; the inflation uncertainty
performances are more abnormal compared to the other se-
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Fig. (1). Estimated conditional variances of growth for the sample periods.

lected countries under study. Bosnia and Herzegovina’s in-
flation uncertainty consequently, its impact on the economy
for the sample periods, 2014, 2018, 2020, and 2022°s during
the Russia-Ukraine conflict period. respectively.

3. LITERATURE REVIEW

Literature shows that the debate on the relationship between
inflation and growth dates back from the classical school of
thought through to the new classical school of thought. The
classical school reasons that competition for labor by capital-
ists increases the cost of labor as well as the costs of produc-
tion which exert pressure on prices in the economy. The in-
crease in costs of production erodes the capitalists’ profits,
discouraging them from production. Accordingly, this im-
plies a negative relationship between inflation and economic
growth in both the short and the long run (Tinbergen, 1935;
and Haberler, 1946). In contrast, the Keynesians argue that
demand for labor reduces unemployment while increasing
economic growth, and it results in higher nominal wages and
inflation as its by-products, hence a positive relationship in
the long run (Aaron, 1967). Monetarists offer a distinguished
view: They deduce that workers suffer from money illusion
temporarily in that any increase in nominal wages (and infla-
tion) induces workers to increase their supply of labor (and
economic growth) temporarily before reverting to the origi-
nal supply of labor — hence, inflation has no relationship
with economic growth in the long run, but a positive one in
the short run (Leeson, 1967). The new classicals, whose the-
ory rests on the tenet of rational expectations, stress that in-
flation is not related to economic growth in both the short
and the long run (Lucas, 1996). The bone of contention ex-
tends to different scholars and bodies of theory. The debate

surrounding the theory is still ongoing and inconclusive.
Although these economic schools of thought explain the re-
lationship between inflation and economic growth, they do
not explain the role of inflation uncertainty in the determina-
tion of economic growth.

The influence of inflation uncertainty on inflation has been
tested using data retrieved from the United States (Grier &
Perry, 2000; Grier, Henry, Olekalns & Shields, 2004; Ka-
ransos, Karanassou & Fountas, 2004) as well as data for oth-
er first world economies (Baillie, Chung, & Tiesau, 1996;
Grier & Perry, 1998; Fountas et al., 2004a; Wilson, 2006;
Fountas & Karansos, 2007). The deductions from these sur-
vey are mixed. Some countries singled out for this study
provide evidence to uphold the Holland hypothesis (Grier et
al., 2004); while others reinforce the Cukierman—Meltzer
hypothesis (Karansos et al., 2004). However, the results of
others show that no statistically significant correlation exists
between inflation uncertainty and inflation (Grier & Perry,
2000). Mixed conclusions have also been arrived at by multi-
country studies such as those carried out for the G7 nations
by Grier and Perry (1998) and Fountas and Karansos (2007);
and for some countries, their results reinforced the Holland
hypothesis, while for other countries, it reinforced the
Cukierman—Meltzer hypothesis.

Siti Hamizah Mohd at al. (2019) have investigated inflation,
inflation uncertainty and economic output for five emerging
ASEAN nations such as Philippines, Thailand, Singapore,
Malaysia and Indonesia. In order to explore the causal corre-
lations among the three variables involved, the authors ap-
plied the Exponential GARCH (EGARCH) model. The gen-
eral findings in the paper reveal that firstly, the presence of
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inflation enhances inflation uncertainty in the five countries
studied; and also that inflation is a negative determinant of
growth output, both directly and indirectly (through the im-
pact it has on inflation uncertainty) for the countries under
study. Secondly, they found no indication that inflation un-
certainty has a significant effect on inflation. Therefore, the
Cukierman—Meltzer or the Holland hypothesis lacked sup-
port. Thirdly, the effects of positive shocks to inflation on
inflation uncertainty are greater than the effects of negative
shocks, in all the five countries studied, thereby rendering
support for the asymmetric GARCH specification. Also
fourthly, inflation acts as a negative determinant of growth
output, both directly and indirectly (through the impact it
exerts on inflation uncertainty). Nevertheless, the indirect
effect appears greater than the direct effect, for all the coun-
tries that they studied.

Furthermore, Ndiaye and Konte (2017) have examined an
assessment of the role of uncertainty arising from the volatil-
ity of inflation on the economic output of WAEMU member
nations over the period (1970-2015). The results suggest the
persistence of inflation volatility and a significant degree of
inflation uncertainty for some countries such as Guinea-
Bissau. They also reveal differences in the mechanisms of
transmission of uncertain inflation on economic output be-
tween countries. The negative impact of uncertain inflation
on economic output only Guinea Bissau and Togo, while
non-significant effects have been found in the majority of
countries (Burkina Faso, Benin, Mali, Céte d'lvoire, Senegal,
Niger). Indeed, Ananzeh (2021) investigated the correlation
between the rate of inflation and inflation uncertainty in Jor-
dan covering the years, 1976-2019. For the research, the au-
thor used two different approaches to examine this relation,
namely the GARCH process, and granger causality tech-
nique. His findings reveal a positive correlation between
inflation and inflation uncertainty, thereby lending credence
to the Friedman-Ball hypothesis. His study also expressed
that in the face of increasing levels of inflation, the response
of the Central Bank not predictable and also not reliable; and
this in turn produces future inflation uncertainty because the
growth of money supply cannot be predicted. For the second
hypothesis that inflation uncertainty Granger-causes infla-
tion, he rejected the null hypotheses at level of significance
1%, and suggesting a positive causal relation from inflation
uncertainty to inflation. Our finding support the hypothesis
of Cukierman and Meltzer (1986).

On other hand, Heidari at al. (2021) studied the nature of the
link between the conditional means and conditional variance
of inflation and economic output in Iran covering the years
1988-2019. The VAR-GARCH-M model was the model
employed in explaining the conditional means of the two
series. The results indicated that inflation produces inflation
uncertainty, thereby lending credence to the Friedman-Ball
hypothesis. This reveals that a change in inflation reduces
the certainty of future expectations for inflation, as in the
case of the economy of Iran. Furthermore, inflation uncer-
tainty influences economic output, thereby lending credence
to the Friedman (1977) hypothesis. This reveals that actual
economic output rates have no statistically relationship with
uncertainties about future economic output rates. Also, this
vital revelation implies uncertainties regarding the anticipat-
ed levels of economic activity and growth rate in Iran, would
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affect the rate of inflation (producing a growth in inflation)
in the economy.

Moreover, Khalil et al. (2022) investigates the inflation un-
certainty and growth output over the period 1972-2020, in
Pakistan. Also, the estimates of EGARCH estimates showed
that negative shocks to the error term cast produce greater
effects on the conditional variance in comparison with posi-
tive shocks. Having calculated the inflation volatility, their
study carried out a Granger Causality test to verify the pres-
ence of causal relations among inflation, growth output and
uncertainty of inflation. The results of Granger Causality test
showed that inflation positively influenced inflation uncer-
tainty while negatively influencing growth output in Paki-
stan. No evidence has been found in favor of the causal ef-
fect running from growth to inflation, from inflation uncer-
tainty to growth, from growth to inflation uncertainty or
from inflation uncertainty to inflation in Pakistan. Similarly,
Mesbah Fathy Sharaf (2015) has studied the causal correla-
tion between inflation and inflation uncertainty in Egypt
covering the years (1974-2015). The estimated conditional
variance from an ARMA-GARCH model was employed as a
measure of inflation uncertainty, and a Granger-causality test
was carried out to ascertain the causal correlation between
the two variables. The results showed that a due to infation-
ary shocks, a high level of inflation volatility persisted. The
Granger-causality test along with symmetric and asymmetric
GARCH-M models revealed a statistically significant bi-
directional positive correlation between inflation and infla-
tion uncertainty, thereby lending credence to both the Fried-
man-Ball and the Cukierman—-Meltzer hypotheses respec-
tively. Results of the EGARCH and TGARCH models are
that the previous levels of inflation have an effect on infla-
tion uncertainty that is both positive and statistically signifi-
cant, and again this lends credence to the Friedman-Ball
hypothesis. Also, inflation uncertainty has a statistically sig-
nificant positive influence on the levels of inflation, which is
in tandem with the Cukierman—Meltzer hypothesis. These
results obtained, are in agreement with the earlier results
obtained from the Granger causality test, which show that a
two-way positive causal correlation exists between inflation
and its uncertainty in Egypt during the period under investi-
gation.

Using Nigeria as a case study, Muhammad (2022) used the
GARCH model to reveal the correlation between inflation
uncertainty and inflation. The data utilized was the monthly
data covering the period of 1960-2021. Furthermore, the
framework utilized for the inflation uncertainty was the
EGARCH; and as a complement, the seasonal ARIMA was
utilized for model of inflation uncertainty. Also, performing
the Bivariate Granger on inflation and inflation uncertainty,
it was revealed that inflation umcertainty was caused by in-
flation in Nigeria. Furthermore, using Pakistan as a case
study, the correlation between inflation and inflation uncer-
tainty was underscored by Javed et al., (2012). For their
study, they retrieved from the International Financial Statis-
tics, the monthly data of the consumer price index covering
the period from 1957-2007. In a bid to estimate the condi-
tional volatility of inflation, the ARMAGARCH framework
was employed. The outcomes gave credence to the Friedman
ball hypothesis by showing that inflation influenced inflation
uncertainty in Pakistan.
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Table 1. Descriptive Statistics for Selected Variables.
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Variable Mean Max. Min. St. Dev. Skewness Kurtosis J-B
SERBIA
Repit 4.772 5.151 4.254 0.236 -0.740 2.340 21.94%**
Ripi.t 4.693 4.884 4,515 0.081 0.123 2.239 5.330*
NORTH MACEDONIA
Repit 4,671 4,928 4.483 0.087 -0.204 3.287 2.079
Ripit 4.687 4.969 4.318 0.103 0.078 4.355 15.52%**
MONTENEGRO
Repit 4671 4921 4.425 0.105 -0.611 3.079 12.51**
Ripit 4561 5.025 4117 0.176 0.326 2.840 3.764
BOSNIA AND HERZEGOVINA
Repit 4.625 4.815 4.494 0.056 -2.642 4.816 29.81***
Ripit 4.820 5.773 4.366 0.409 1.109 2.541 42.78***

Notes: ***, ** * indicate 1%, 5% and 10% significance level, respectively. The data are presented as seasonally adjusted. Here, R and Rii; denote log

changes of inflation and output growth, respectively.

Likewise, Adaramola and Dada (2020) examined the effects
that inflation produces on the prospects of growth for the
economy of Nigeria. Their study utilized the autoregressive
distributed lag on the selected variables, i.e. real gross do-
mestic product (GDP), interest rate, inflation rate, exchange
rate, money supply, degree of economy's openness, and gov-
ernment consumption expenditures covering the years 1980—
2018. As a result, they recommended that more functional
efforts are required by the monetary authorities to vigorously
tackle inflation in order to mitigate its negative effects by
ensuring a bearable inflation rate, which would serve as a
catalyst for growth in the Nigerian economy. Using specifi-
cations are estimated to provide the measure for inflation
uncertainty, Zorica Mladenovic (2009) utilized the GARCH
technique in their investigation of the links between inflation
and its uncertainty. Their study was adapted to the economy
of Serbia, which was particularly susceptible to shocks in the
rate of inflation, during the transition period that spanned
2001-2007. The variables derived were incorporated into the
VAR process to test for Granger-causality between inflation
and inflation uncertainty. The main result the study shows
that high inflation stimulates high inflation uncertainty;
while high inflation uncertainty adversely influences the
level of inflation at long horizon. Erkam and Cavusoglu
(2020) have investigated the relationship between inflation
and its uncertainty in seven transition economies such as
Georgia, Kyrgyz republic, Armenia, Azerbaijan, Ukraine,
Kazakhstan and Russia in their post-hyperinflation periods
The result they obtained which were centered on conditional-
variance estimates show proof that inflation itself gives rise
to its uncertainty in Ukraine, Russia and Azerbaijan; while
over the same period higher inflation was preceded by infla-
tion uncertainty the Kyrgyz Republic and in the Russian
Federation. Moreover, for Azerbaijan, causality running
from inflation uncertainty towards lower inflation rates was
found.

4. DATA AND DESCRIPTIVE STATISTICS

The data utilized was retrieved from the International
Monetary Fund’s (IMF) International Financial Statistics
databases. The monthly sample periods for all three variables
from 2006MO01 to 2022M08. Monthly inflation and output
growth volumes of selected transitions countries are
available in IMF. The selected research methods is not ac-
ceptable for high-frequency data like weekly, daily, etc. We
use the index of industrial production for the proxy of output
growth and CPI for proxy of inflation. Table 1 reports the
descriptive statistics for inflation and output growth in over
the entire period. The monthly series have structured as the
first differences of the natural logarithm, where denotes In-
flation (Repiy) and output growth (Ripit), respectively.
According to the table entries, the averages of monthly series
are smaller than their computed standard deviations in all
cases.

In addition, we observed the standard deviation of inflation
is less than the standard deviation of output growth. The kur-
tosis and skewness of the selected variables are significant.
The series was negative for all selected variables by skew-
ness. Jarque-Bera statistics confirmed nor normality series in
selected variables. Finally, for the sample size eloborated in
the study, the variables seem to be conditionally
heteroskedastic. Therefore, MGARCH-M model emerges to
be appropriate in empirical estimation.

In Table 2, the Ljung—Box Q test statistics of Ljung and Box
(1978) for serial correlation of the return series and the
squared returns series of R.p; ¢ and Ry,; . are thoroughly
detailed. In sum, the all tests reject the null hypothesis of the
existence of unit root at one percent significance level, and
thus the returns follow a stationary process regardless of
whether a trend variable or/and incorporated in the model.
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Table 2. Serial correlation, ARCH and unit root tests.
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Variable Q-Stat(4) Q-Stat(8) Q*-Stat(4) Q?-Stat(8) BDS(8) ARCH(4) No. obs
SERBIA
Repi 104.37%%% 128.72%%% 107.10%** 132.64%** 0.6360%** 12.614%** 200
Ripis 16.985%* 17.097* 17.000%** 17.129%*% 0.3412%** 13.906%** 200
NORTH MACEDONIA
Repis 105.04%** 140.32%** 102.05%** 136.51%** 0.5944%** 15.448%** 200
Ripit 22.687%** 39.191%** 23.100%** 39.787%*+ 0.2546%** 4.056%* 200
MONTENEGRO
Repis 83.778%** 106.07%** 81.496%** 103.90%** 0.6057%** 9.258%** 200
Ripit 14.147%* 20.289%* 14.291%** 20.668%** 0.2677%** 3.315* 200
BOSNIA AND HERZEGOVINA
Repi 252.03%** 306.20%** 250.31%** 303.89%** 0.5652%** 34.787%*% 200
Ripis 16.033** 16.442% 15.758%** 16.144%%% 0.5154%** 0.024 200

Notes: ***, **, * indicate 1%, 5% and 10% significance level, respectively. The data are presented as seasonally adjusted. Here, R, and Ry, . denote log

changes of inflation and output growth, respectively.

5. EMPIRICAL METHODOLOGY

The main prupose of the paper was to investigate the uncer-
tainty effects of inflation on output growth employing the
contemporary single-step procedure. Using the multivariate
GARCH-in-mean model with the single-step approach for
time series properties of the series under study. With this
regards, the paper follows to Grier et al., (2004, 2013), and
VAR-MGARCH-M-BEKK econometric approaches will be
jointly employed in model estimation. Model measurements
rely on various BEKK specifications proposed by Engle and
Kroner (1995) to achieve most robust results. The next ob-
jective was to examine the non-causality between the infla-
tion uncertainty and output growth. With third objective, we
employ the nonlinear autoregressive distributed lag
(NARDL) model to examine the long-run and short-run
asymmetric effects. The nonlinear ARDL (hereafter,
NARDL) approach proposed by Shin et al. (2014) allows
testing the long-run and short-run asymmetries. NARDL
approach provides robust empirical results even for the small
sample sizes (Chatak and Siddiki, 2001; Narayan and Nara-
yan, 2007; Pesaran et.al, 2001) and can be applied regardless
of the order of integration with the exception that the series
is integrated with the maximum order of one. The order of
integration can be verified using unit root tests. Indeed, when
the time series are noted to have cointegration using their
positive and negative components (Granger and Yoon,
2002), the case of nonlinear cointegration is implied. Finally,
we used generalized impulse response function analysis
among variables, and vice versa.

5.1. Multivariate GARCH-in-Mean Model

It is obvious that the assessing of MGARCH-M model of
Bollerslev et al. (1988) with Vector Autoregression
framework of Sims (1980) has become one of the empirical

generality in macroeconomic variability and uncertainty
related research works (Elder, 2004). As mentioned in above
context, Engle and Kroner (1995) have provided some
theoretical and comceptual frameworks related to generating
MGARCH-M and the recent empirical works which are
based on them (see, Grier & Perry, 1998; Grier & Perry,
2000). It seems to works that the exploitation of MGARCH—

M model which is jointly with ,Uth orders structural Vector

Autoregression depends on the dynamic interactions between
the selected variables. Based on this context, the general
equation of the study is detailed as follows

P

Y,= M+ ZI‘""Fr_,_+‘-¥Hr+Ur (1)

=1

Uln,_, ~N(0.H)

where, ¥, isn x 1 dimensional matrix of dependent variable,
and M iS nx1 dimensional matrix that denotes the
coefficient of constant in the equation. I'V(i =1,...,p) is
n ¥xn dimensional matrix that presented the slope
coefficients of the lagged form for dependent variables, ¥;_j.
¥ presented a polynomial matrix. H, (t =1,...,T) is an
asymmetric conditional BEKK specification. Noted that H,

was assumed as a diagonal that the structural errors were
serially not correlated. In turn, U, is stochastic error terms of

the main equation and it is normally distributed with all t.
1,_, is the available set of information at the time t — 1, and
H, is explained through the asymmetric BEKK approach. In

below, the dependent and explanatory variables as well as
other coefficients of the model in order to explain clearly are
expressed in matrix form.
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In Eq. (1), the ¥ matrix of uncertainty parameter is also

incorporate to analysis the uncertainty effects of inflation on
the conditional variations of output growth.

(0 :
c?”r] [“cpz 7’11 iz | [epic- z]
ipi, .u'zpz iil til ipi;_;

Y1, %Iblz] [hn r] epi, z
+
Va1 Yo haze FH—‘” t

from Eq. (3), the equations can be draw as follows:
: @ oy
cpiy = ps+¥yy CPle—s + V43 iPle—y
+P11hy1e F Yi2ho0 + Ugpie
Pl = Hg +7’2§. Pl +7’222 P
H21hy1e +YP22h00, + Uipie ©)

In Eq. 3, the independent variable cpi. denotes inlation,
while cpi,_;, are lagged forms of it (i = 1,..., ). iy, 1s the

and }fn,yf;' specify the slope

, 11). 1145 is denoted the

coefficient of interest that indicates the volatility impact of
inflation in frequent fluctuations of output growth series.
Furthermore, k., is denoted the output growth on inflation

uncertainty.

coefficient of intercept,
coefficients of the equation (i = 1,...

5.2. Asymmetric BEKK Variance-covariance Structure

As aforementioned, this paper attempts to estimate inflation
and output growth equations jointly by exploiting VAR-
MGARCH-M-BEKK (see. section 5.3) econometric ap-
proaches, and it included the asymmetric, and non-
diagonality in the conditional BEKK specification. The ad-
vantage of asymmetric BEKK approach is that the condi-
tional variance—covariance process makes sure about the
positivity of parameters. Here, an overview of the structure
for the study is specified as follows:

Hy=C'C+Au 1 A+B'H_B+D'¢ (1D (g)
In below, the cubic form of asymmetric BEKK approach is

given to confirm the positive definiteness of the variance-
covariance process.

h2,.
H = [ cpi.t cpzzpz t] [Cll ] [Cll ]
.=
hz’pi.cpi.t zpzt €21 Cz2 C21 C22
[“ll “12]( [ut—l} Hr—l]( [“11 ‘112}
1 GOzl LUp g J LU g ] LGy Aaz
+[b11 blz] [ cpi,r—1 cpz ipic— 1] [bll blz
by1 bz zpchzr 1 zpzr -1 bay bzz

dy; dlz]' [ Ce-1 ] [ Ce- 1] [bn blz]
+ 5
dgl dzz é'r 1 ‘:r— bzl b22 ()
Eq. (5) is the conditional BEKK appoach with the absolute

form that contains asymmetry and non—diagonality. Besides,
it considers lagged conditional variances and co-variances,
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H._,, as well as lagged form of u,_; ui_; and {,_y {;_y, In
joint estimations of inflation uncertainty on the conditional
variations of output growth.

5.3. Non-causality Test

Regarding the one of the objective of the paper, we employ
non—causality test of Hafner and Herwartz (2008), which is
attin by estimating parameters for BEKK approach of Engle
and Kroner (1995). We bare two conditionally heteroskedas-

Vi;and ¥, ,

tic and stationary series such as for

Y =cpiand ipl \yhere we indicate the series of Inflation
uncertainty and output growth, respectively. Here, we con-

sider that '2c and Y, doesn’t Granger cause Yit in vari-

ance, designated by Yo ® N if,
Var(V, |F_,) =Var(V,|F_,)IVtEZ (6)

Eqg. (6) outlines any causality relationships; if ¥, does
Granger cause ¥, in variance, the conditional variance of
¥; . can be predicted more accurate by dimention the infor-
mation set of ¥; ;. Here, the null hypothesis of Granger cau-
sality from the inflation uncertainty (cpi) on output growth
(ipi) in the second moment equation of the economies under
concern is stated as follows

=by,=0(7)

To test these hypotheses, following to the provided approach
by Hafner and Herwartz (2008), the standard Wald-test sta-
tistics are proposed as follows

W, =T(Q9)'(Q£:Q)7(Q9 (8)

where

HU . le

B B vech (C)', ! B ,
=[0.¢.Ql. 9= (vech (A)', vech [B)’) » Zg = Elug] < oo

and asymptotic chi-square (x?) distribution has a degree of

freedom that equal to the number of limited parameters of
the statistic, as given by

M"!E‘ - XE(';\'_L-:, (9)

In sum by this section, we employ Wald test statistics to car-
ry out non—causality test on estimated model of the paper.

5.4. Nonlinear Autoregressive Distributed Lag (NARDL)
Model

The NARDL approach allows modelling asymmetric cointe-
gration using positive and negative partial sum decomposi-
tions and detecting the asymmetric effects both in the short-
and long-run. It also allows the joint analysis of the issues of
non-stationarity and nonlinearity in the context of an unre-
stricted error correction model. The nonlinear cointegration
regression (Shin et al., 2014) is specified as follows:

Ve = Btxf+ BTx; +u, (10)
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were $* and - are long-term parameters of kx1 vector of
regressors x, , decomposed as:

X = X+ xf + a7 (1)

where x}and x; are the partial sums of positive or negative
changes in x, as follows:

Ax Z max(Ax; 0)
1 = (12)

II
INgE

i

Axy Z min(Ax; 0)
1 A (13)

Nl

.
1

5.5. Nonlinear ARDL-ECM Model

The NARDL (p,q) from Eq.(11), in the form of an asymmet-
ric error correction model (ECM) (Raza et. al, 2016) can be
presented as follows:
Ay, = pYe1 + 07x + 6071 +
-1

@; Ay,_; +Z[n+ﬂ\x+ + ;A ,) + &
' (14)
where 8% = — pfi* and 8~ = — pf~. In a nonlinear frame-
work, the first two steps to ascertain cointegration between
the variables are the same as in linear ARDL bound testing
procedure i.e. estimation Eq. (14) using OLS and conduction
of the joint null (p =8+ =68"=0) hypothesis test of no
asymmetric relationship. However, in NARDL, the Wald test
is used to examine the long-run (8% = 8~) and short-run

(m* = w~) asymmetries in the relationship.

'U

[
1

Finally, the asymmetric cumulative dynamic multiplier ef-
fects of a unit change in x;}and x; on y, can be calculated
as follows:

=
=0 j=0 (15)

whereas h = o, the v = 8% and v;, — B~. A mentioned

above 8+ and 8~ are the asymmetric long-run coefficients

and here can be examined as pg*=-6%/pand

B~ =—87 /p, respectively.

5.6. Generalized Impulses Response Function Analysis
(GIRF)

To examine the time mode of the effects of inflation uncer-
tainty on future behavior of output growth, we employ the
GIRF proposed by Koop et al. (1996). We created an
analytical framework of impulse responses of inflation un-
certainty to one unit of output growth under the VAR
process. As given in Grier et al. (2004) the GIRF of the pa-
per is detailed as follows:

GIRFg(n,0,w;_1) = E[K; 1|0, 0 1] — E[Kppnlor_4]

Mamasobirov et al.

where n = 0,1,2,3..., thus the GIRF is conditional on g, and
w,_, and constructed the responses by average future shocks
given in the previous and present. Giving it, a natural
reference point for GIRF is the conditional expectation of
K, given only the history w,_,, and in this shock response,
the current shock is also averaged out.

6. EMPIRICAL RESULTS AND DISCUSSION

In this section, the empirical results from model estimation is
detailed discussed. A mentioned above in introduction sec-
tion, our main purpose was to investigate uncertainty effects
of inflation on output growth. We employed test of non-
causality between series under concern. With third objective,
we employ the nonlinear autoregressive distributed lag
(NARDL) model to examine the long-run and short-run
asymmetric effects. Finally, we conducted the generalized
impulse response function analysis for inflation uncertainty
to a one unit of output growth of the respective transition
economies under the VAR process.

6.1. Estimation Results of VAR-MGARCH-M-BEKK
Model

As mentioned earlier, we exploit five widely—used criteria
which are given in Liitkepohl (2005) namely Akaike
information criterion of Akaike (1973) (hereinafter, AIC),
the Schwarz Bayesian criterion (henceforth, SBC), the
Hannan—Quinn criterion (henceforward, HQC), the final
prediction error (hereafter, FPE), and the log—likelihood
(henceforth, LL) value. These criteria are used to select the
optimal lag length in employed model, and they include a
vector autoregression process in a single equation.

As far as the multivariate model is concerned, the used
selection criteria show a vector autoregression order of lag
three for Serbia, lag four for North Macedonia, lag one for
Montenegro and lastly lag three for Bosnia and Herzegovina
as the most favored estimated models. To select the most
preferred model, we further relied on LL values and residual
diagnostic checks. In terms of selection criteria and robust-
ness tests as well as with the distribution of the explanatory
variables (inflation and output growth) for the available
sample sizes, the maximum vector autoregression order is set
to ensure sufficient degrees of freedom and to avoid
numerical convergence problems.

In Table 3, the results for estimated mean equations of Infla-
tion and output growth for the selected transition economies
are reported.. Here, Hpy,; and iy, are the coefficient of
intercept that carry the positive values Serbia’s inflation
(Panel A), North Macedonia’s inflation and output
growth(Panel B), Montenegro’s inflation (Panel C), and
Bosnia and Herzegovina’s inflation and output growth (Panel
D) equations and indicates the negative values for the other
remaining intercepts of the equations.

Moreover, we consider matrices T'™ (i = 1,2,3) for Serbia
and Bosnia and Herzegovina, T™ (i = 1,2,3,4) for North
Macedonia, T (i = 1) for Montenegro, which are used in
the mean equations and captured by the parameters jf

realize the relationship across the selected series of the study
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Table 3. Parameter estimates for VAR (p)-MGARCH-M-BEKK Model.

PANEL A: SERBIA

cpi, ipi,

Mean specification
Hepi 0.3347 Hipi -3.4072
(1) - (1) .

Yepiipi 0.4999 Y ipi.cpi 0.9990
(1) (1)

]'rrpi.['pi 0.0009 Tipi.ipi -0.4059
(2) . (2) .

yf}lf.fpf 0.0882 ]"ipi.f},i -0.3319
(2) (2) .

yfpf.f}lf 0.0038 yi},i.ipi -0.1473
(3) - (3)

Y epiipi 0.2263 Yipi,cpi -0.3672
(3) (3) .
cpi.cpi -0.0191 ipi.ipi -0.1066

W cpi.ipi -1.0824* ¥ ini.cpi -9.123g%*

¥ cpicpi 0.0695 Wi ipi 2.4419*
Shape 5.3714** AIC 6.513
LogL -604.25 SBC 7.082
HQC 6.743 FPE 6.516

Variance-covariance specification
Ci11 0.2354*** C12 -
Caq 1.4325* Czo 1.3395**
a4 0.5463*** aj > -0.3916
asq 0.0042 as > -0.1949*
b;, 0.6110%%* b;- 1.7124%*
by, -0.0344* b, ., 0.6334%%
dqq 0.0173 dy> 1.7906*
ds 0.0248* d,» 0.2827

Notes: *** ** * indicate 1%, 5% and 10% significance level, respectively. AIC, SBC, HQC and FPE are acronyms for the Akaike information criterion,
Schwarz Bayesian criterion, Hannan-Quinn criterion and Final prediction errors, respectively. LogL stands for log-likelihood value.

PANEL B: NORTH MACEDONIA

piy

ipi,

Mean specification

Aurpi

0.0175

Hipi

0.9470
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(1) . (1) .
Y epiipi 0.2420 Yipi.cpi 0.1082
(1) (L m
¥ epicpi -0.0006 Yipt.ipi -0.3281
(2} . (2) .
yrpi.i‘pi 0.2712 yi},i.fpi -0.4281
() @) m
yf},i.fpi -0.000 yipi.i‘pi -0.2518
(3) . (3)
Y cpiipi 0.0826 Yipi.cpi 0.6512
(3) (3) -
Yepicpi 0.0011 Yipiipi -0.1791
) (4) .
Y epiipi -0.028 Yipi.cpi 1.0329
(4) (4)
cpi.cpi -0.003 ipiipi 0.0121
Y epiipi -0.225* Wipi.cpi -3.1001
‘Pr‘pi.rpi 0.0238 lFipi.ipi 0.0975
Shape 3.4524% %% AIC 7.213
LogL -665.23 SBC 7.851
HQC 7471 FPE 7.218
Variance-covariance specification
€11 0.2760%** Ci2 ;
Czq -0.9240 Caz 0.8232
ayq 0.9343%** a2 -1.4741
a;q -0.0272%* a; 2 0.1264*
b4 -0.1207 by, 0.2168
b; 4 0.0065 b, 0.9255
dyq -0.2778 dy- -4.5173*
d,, -0.0074* ds > 0.3538

Notes: *** ** * indicate 1%, 5% and 10% significance level, respectively. AIC, SBC, HQC and FPE are acronyms for the Akaike information criterion,
Schwarz Bayesian criterion, Hannan-Quinn criterion and Final prediction errors, respectively. LogL stands for log-likelihood value.

PANEL C: MONTENEGRO

cpi, ipi;

Mean specification

Hepi 21.486%** Mipi -575.05%**
(1) (1)

Y cpi.ipi 0.0184* Yipi.cpi -14.546%*
1 1

l’( ] -0.0041 ]’( : 59.726***

cpi.cpi ipi.ipi
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Pepiipi 1.0264%** ¥ipi.cpi -14.546%*

Y epicpi -2.2355 W¥ipiipi 59.726%**
Shape 6.1002%** AlC 8.603
LogL -825.65 SBC 9.034
HQC 8.777 FPE 8.604

Variance-covariance specification

€11 0.1131%** Ci2 )
€21 3.7702** €22 -4.7341609%**
a1 0.6273*** [ 1.2198224%**
a1 0.0097*** az 0.0531635%**
by 0.7240%** b, 0.5358815*
bz 0.0130* b, -0.7750417%+*
dy, 0.0201* d;- -1.9496346%%*
dzq 0.0018* d;, 0.0730201%**

Notes: ***, ** * indicate 1%, 5% and 10% significance level, respectively. AIC, SBC, HQC and FPE are acronyms for the Akaike information criterion,
Schwarz Bayesian criterion, Hannan-Quinn criterion and Final prediction errors, respectively. LogL stands for log-likelihood value.

PANEL D: BOSNIA AND HERZEGOVINA

cpi; ipt,
Mean specification
Hepi 0.1614* Mipi 05513
(1) (1)
Y cpiipi -0.3259 Yipi,cpi -0.3259
(1) (1)
yf},i.fpi -0.1873 yipi.i‘pi -0.1873
(2) (2)
Y epiipi -0.9223 Yipi.cpi -0.9223
(2) (2)
Y cpicpi -0.0264 Vipiipi -0.0264
(3) (3)
Y epi.ipi 0.6545 Yipi.epi 0.6545
(3) (3)
cpi.cpi -0.0116 ipi.ipi -0.0116
l‘prpi.ipi -0.6439* ‘pi'pi opi 1.2938
W cpt.cpi -0.0018 ¥ iniipi -0.1002
Shape 3.4222% AlC 6.892
LogL -641.37 SBC 7.460
HQC 7.122 FPE 6.895

Variance-covariance specification
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C11 0.2555%** €12 -
C21 0.1402 Caz 4.5016%**
a1 0.7413** a;, -3.7139
azq 0.0113** ;- 1.0186**
by 0.3393* b, > 1.0540%
bz, -0.0038* b;» 0.0736*
dyy 0.0301 d;- 0.0013*
dzy -0.0200* ds; - -0.0401

Notes: *** ** * indicate 1%, 5% and 10% significance level, respectively. AIC, SBC, HQC and FPE are acronyms for the Akaike information criterion,
Schwarz Bayesian criterion, Hannan-Quinn criterion and Final prediction errors, respectively. LogL stands for log-likelihood value.

i)
and Yiip;'.z'pz'
for all selected economies except Bosnia and Herzogovina
are statistically significant, the diagonal parameters for Bos-
nia and Herzogovina (Panel D) are statistically insignificant.
These equations depend on their first order lag and up to
three lag for Serbia, up to four lag for North Macedonia, up
to one lag for Montenegro, likewise up to three lag for Bos-
nia and Herzegovina, respectively. It should be noted that the
cross variable logarithmic change links between the variables
under concern and it can be examined by the off-diagonal
elements, and the results are noteworthy.

In Table 3, all the diagonal parameters of Y;Ef. epi

and %g;’l.cpi
for the all selected transition economies are statistically sig-
nificant, except Bosnia and Herzegovina. Indeed, all off-
diagonal parameters for Bosnia and Herzegovina are statisti-
cally insignificant, respectively. As mentioned above, the
main objectives of the paper was to determine the impact of
inflation and inflation uncertainty on output growth, it can be

concluded from the sign and significance of ¥, ;,; that the

point estimates of these inflation and output growth series
are equal to -1.0824 in Serbia (Panel A), -0.225 in North
Macedonia (Panel B), 1.0264 in Montenegro (Panel C), and -
0.6439 in Bosnia and Herzegovina (Panel D), respectively.
As a result, relying on model estimation, the conditional
standard deviation of inflation uncertainty has a significant
negative impacts on output growth of the the selected transi-
tion economies, except Montenegro. However, the inflation
uncertainty has significant positive impact on output growth
in Montenegro. Additionally, the tail parameters (i.e., shape)
of all models show that these results are statistically sig-
nificant..

Panels A,B,C and D in Table 3, further inform the estimated
parameters of matrices C,A,B, and D which are detailed in
the conditional second moment equation. In the equation, the
diagonal elements of matrix A, a;x and az capture own
ARCH effects, while the off-diagonal elements ai» and ax:
evaluate the effects of shock to inflation lagged uncertainty
on the contemporaneous output growth of the transition

Moreover, the off-diagonal parameters of yjp'z.jm.

economies under concern. Referring on the table entries, a
set of results are worth mentioning. Firstly, the statistical
significant coefficient of a1; and a,; for all selected transition
economies imply that the inflation uncertainty and output
growth of these economies are affected by the shocks from
their own returns, respectively. Secondly, we found an
evidence of bi-directional shock transmissions between the
inflation uncertainty and output growth of Monetegro’s
economies, other countries have a uni-directional.

Similar to the interpretation of the elements of matrix 4, the
diagonal elements, b1, and in matrix B, capture own GARCH
effects, while off-diagonal elements, b1, and by; measure the
effects of lagged inflation uncertainty on output growth for
the respective transition economies under study. Since the
diagonal elements of the matrix B, by and by, generally ex-
press a strong GARCH(1,1) process, which drives from the
conditional standard deviations, all these statistical elements
(except North Macedonia) for the respective transition
economies showing the highly heteroscedasticity in residual
terms of the employed model. Moreover, we found the bi-
directional adverse uncertainty spillover effect from the in-
flation to output growth of all transition economies, except
North Macedonia. Indeed, all off-diagonal elements for
North Macedonia’s economy bi, and by are statistically in-
significant. It should be noted that, the inflation uncertainty
does have an impact on the current instability of output
growth of Serbia, Montenegro and Bosnia and Herze-
govina’s economies. However, the inflation uncertainty does
not have an impact on the current instability of output
growth of North Macedonia.

In addition, as far as asymmetric parameter matrix D is
concerned, there is evidence of an asymmetric response to
positive shocks for returns, as a diagonal parameters di1 and
d, are statistically significant of the Montenegro’s economy.
For Serbia, North Macedonia, Bosnia and Herzegovina’s
series are statistically insignificant. Based on model assess-
ment, the significance of di; and dy, implies that inflation
uncertainty and output growth display their own variance
asymmetry to positive shocks. Therefore, a positive growth
shock leads to more uncertainty on growth series, but
negative shock of a similar magnitude does not. The statis-
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Table 4. Results of Univariate and Multivariate Tests.
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Univariate Zepit Zipit Multivariate Statistic

SERBIA Ljung-Box Q(8) 6.7083 4.2478 Multivariate Q(8) X% (72) = 16.917
Mc-Leod-Li (8) 16.910 5.0025 Multivariate ARCH(288) 80.57
ARCH LM (8) 0.0687 0.8378

NORTH MACEDONIA Ljung-Box Q(8) 3.5988 7.8635 Multivariate Q(8) X2 (72) = 21.855
Mc-Leod-Li (8) 1.6397 20.586 Multivariate ARCH(288) 58.21
ARCH LM (8) 0.9937 0.0189

MONTENEGRO Ljung-Box Q(8) 19.554 15.416 Multivariate Q(8) X2 (72) = 58.310
Mc-Leod-Li (8) 4.2234 8.0702 Multivariate ARCH(288) 52.88
ARCH LM (8) 0.8704 0.6035

BOSNIA AND HERZEGOVINA Ljung-Box Q(8) 8.8485 5.3355 Multivariate Q(8) X2 (72) = 21.758
Mc-Leod-Li (8) 7.0637 0.1203 Multivariate ARCH(288) 36.41
ARCH LM (8) 0.6230 1.0000

Notes: ***, ** * indicate 1%, 5% and 10% significance level, respectively. Here, zepit and zipit denote log changes for inflation and output growth, respective-

ly.

tically significant off-diagonal elements of the matrix D,
specially di3 and di» for all transition economies,
respectively. In sum, the inflation uncertainty of them
responses asymmetrically towards to the shocks of output
growth of the selected transition economies under concern.

6.2. Robustness Checks and Model Specification Tests

The entries of Table 4, present the results for robustness
checks: Univariate and multivariate tests for the standardized
residuals of Inflation (Zepir) and output growth (Zipiy)
equations for the respective transition economies. In addi-
tion, the results of the diversity test show that there are no
inconsistencies in the standard errors, as well as many other
cases and other studies. The tests’ statistics with null
hypotheses are reported in Table 4 and Table 5, they are
noteworthy. First, relying on preliminary data analysis, there
is significant conditional heteroscedasticity in the series un-
der study. It can be also confirmed that the parameter
matrices A, B and D provide the jointly statistically sig-
nificant parameter estimates. As given in Table 5, all the

Table 5. Specification tests of Multivariate GARCH-in-Mean Model.

entries of the elements of parameter matrices are jointly sig-
nificant, and express well-specified second moment
equation. Second, the jointly statistical significant off—
diagonal elements of these parameter matrices express that
the lagged conditional variances in inflation uncertainty have
an impact on output growth.

As stated, the asymmetric responses are detected for the
specified model on the linkage between inflation uncertainty
and output growth of the selected transition economies.
Moreover, the significance of ai; and di; shows evidence of
variance asymmetry in inflation, and it expresses that the
negative innovations in inflation for the respective
economies lead to more inflation uncertainty than positive
shocks. Likewise, the significance of az and dz; also dis-
plays the response of own variance asymmetry in output
growth, and it implies that negative output growth shocks on
based under estimation M-GARCH-M-BEKK model. Final-
ly, the estimated models of the respective transition
economies under investgiation are found with sound
specification.

Specification Tests

SERBIA

Diaganal VAR H,: }'1:2 = }!z':i:: =0,i=123

X (6) = 19.025%**

Diaganal GARCH Hy:= a;; = b;

=d;=0ifi+j;ij=12 X2 (6) = 3.7757%%*

No GARCH Ho:= a;; = b;-j = d!-j =0,forall i,j =12 *2 (12) = 128.50%**

No GARCH-M Hp:= ¥;; =0, foralli,j =12 X2 (4) = 17.582%%*

No Asymmetry Ho:= d;; = 0.foralli,j =12 X2 (4) = 2.6536***

NORTH MACEDONIA Diaganal VAR Hy: = }'1(;] = }'2(? =0,i=1234 X2 (6) = 15.059***
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Diaganal GARCH Hor= a;=b;=d;=0,if i+ 1,j=12 X2 (8) = 2.3650%**
No GARCH Ho:= a;;= b;; = d;; =0, forall i,j =12 X2 (12) = 187.13%*+
No GARCH-M Ho:= ¥;; =0, foralli,j =12 X2 (4) =5.1961%**
No Asymmetry Hy:= d;; = 0,foralli,j = 1,2 X2 (4) = 2.1184%**
MONTENEGRO Diaganal VAR Hye= 1S =) =0i=1 X2 (2) = 6.2104%%
Diaganal GARCH | Hoi= a;;= bj; =d; =0,if i=j;i,j=12 X2 (6) = 29.202%**
No GARCH Ho:= a;; = by = d;; =0, forall i,j =12 X2 (12) = 39651.16%**
No GARCH-M Ho:= ¥;; =0 foralli,j=12 X2 (4) = 3681.82%**
No Asymmetry Ho:= d;; =0.foralli,j =12 X2 (4) = 10.249***
BOSNIA AND HERZEGOVINA |  Diaganal VAR Ho= 1y =1, =0,i=123 X2 (6) = 11.270%*
Diaganal GARCH Ho:=a;= b =d;=0if i#j; ,j=12 X2 (6) = 2.8162%*
No GARCH Ho:= a;;= b= d; =0, forall i,j =12 X2 (12) = 6.6477***
No GARCH-M Ho:= ¥;;=0forallij=12 X2 (4) = 6.0905%**
No Asymmetry Hp:= d;; =0,foralli,j =12 X2 (4) = 1.6998***
Notes: *** ** * indicate 1%, 5% and 10% significance level, respectively.
Table 6. Wald Test Statistics: Non-causality Test Results.
Countries Series cpiy 4 ipi, | Result
SERBIA cpi— 100.49*** 5.8306** bi-directional
ipi— 1.4429* 14.955%** bi-directional
MACEDONIA cpi— 16.144*** 0.9676 uni-directional
ipi— 3.7000* 267.94%** uni-directional
MONTENEGRO cpi— 227.01%%* 51.511%%* bi-directional
ipi— 17.722%** 60.474%** bi-directional
BOSNIA AND HERZEGOVINA cpi— 15.212%** 1.5187 uni-directional
ipi— 0.3299 5.9553** uni-directional

Notes: Significance level *, **, *** indicated 10%, 5% and 1%, respectively, The sign — and | denote causative in the derection of the arrows.

6.5. Results of Non-causality Test

As mentioned in section 5, we apply Wald test statistics pro-
posed by Hafner and Herwartz (2008) to carry out non-
causality analysis on estimated model. Table 6 presents non—
causality test results in conditional variances, and they fol-
low the asymptotic chi-squared (X?) distribution with a de-
gree of freedom that is unrestricted in parameter estimation.

Referring to the table entries, there are a bi-directional vari-
ance transmissions inflation uncertainty and the conditional
variations of output growth for Serbia and Montenegro’s
economies, while uni-directional variance transmissions
North Macedonia and Bosnia and Herzegovina’s inflation
uncertainty to output growth, respectively.

6.6. Results of Nonlinear ARDL-ECM Model

We employ the NARDL model to examine the long-run and
short-run asymmetric effects of inflation uncertainty on out-
put growth in selected transition economies. After confirma-
tion of cointegration between the variables, we proceed with
the estimation results of the long-run and short-run asymmet-
ric impact of inflation uncertainty on output growth. In Table
7, the estimation results illustrated that inflation uncertainty
have a significant long-run negative effect on output growth
in the transition economies under study (except Montene-
gro). From a different point of view, it can be estimated that
the inflation uncertainty have an insignificant positive and
negative effect on the output growth of Montenegro for long-
run.
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Table 7. Long-Run Coefficient Estimates of the NARDL Model.

Countries Variable | Coefficient | Probability

SERBIA LIPI_POS -0.0030 0.6271
LIPI_NEG -0.0065 0.0059
C 0.0562 0.0370
NORTH MACEDONIA LIPI_POS -0.0009 0.7541
LIPI_NEG -0.0034 0.0871
C 0.1314 0.0107
MONTENEGRO LIPI_POS 0.0380 0.1300
LIPI_NEG 0.0155 0.1100
C 0.0155 0.7670

BOSNIA AND HERZE-
GOVINA LIPI_POS -0.0014 0.0191
LIPI_NEG 0.0053 0.0000
C 0.0096 0.7301

Notes: Here, LIPI represent output growth, respectively.

The short-run dynamics are provided in the following Table
8. empirical estimation results summarized that the short-run
coefficients of inflation uncertainty have a significant posi-
tive effect on output growth in Montenegro. Changes in the
inflation uncertainty have a positive and negative insignifi-
cant effect on output growth in Serbia, North Macedonia,
Bosnia and Herzegovina’s economies.

In addition, we applied the Wald test to verify the suitability
of a nonlinear model. The Wald tests reject the null hypothe-
sis of long-run and short-run symmetry of positive and nega-
tive components of all examined variables. Findings demon-
strated that the adjustment to the inflation uncertainty is
moving in the direction of a constant increase both in the
long- and short-run, with respect to a considerably positive
and significantly negative influence on output growth. These
show the unequal influence that long-term and short-term
factors have on output growth throughout a range of time
periods. According to what we know, the effects of the infla-
tion uncertainty on output growth in all transition economies
have been negatively asymmetric in the long run, except
Montenegro’s series; the coefficients of the inflation uncer-
tainty's impact on output growth in Montenegro are signifi-
cantly asymmetric negative effect in the short-run.

Table 8. Short-run Coefficient Estimates of the NARDL Model.

Countires Variable Coefficient | Probability
SERBIA C 0.0013 0.1690
DLIPI _POS 0.0148 0.4769
DLIPI _NEG -0.0196 0.2911
ECT(-1) -0.0190 0.0022
NORTH MACE-
DONIA Cc 0.0008 0.0937

Review of Economics and Finance, 2023, Vol. 21, No. 1 1263

DLIPI_POS 0.0169 0.1300

DLIPI_NEG -0.0159 0.0665

ECT (-1) -0.0243 0.0451

MONTENEGRO c 0.0035 0.0028
DLIPI_SA_POS | -0.0126 0.0786

DLIPI_POS (-1) | -0.0096 0.1377

DLIPI_POS (-2) | -0.0091 0.1589

DLIPI_POS(-3) |  0.0056 0.1779

DLIPI_NEG 0.0028 0.0754

ECT (-1) -0.0013 0.8979

omame, | o | o | o
DLIPI_SA_POS | -0.0061 0.1671

DLIPI_SA_NEG | 0.0024 0.5120

ECT(-1) -0.0071 0.1938

Notes: Here, DLIPI represent output growth, respectively. ECM (-1) is the
error correction term, that is, the residual with a one-period lag, respective-

ly.

6.7. Results of Generalized Impulse Response Function
Analysis (GIRF)

As mentioned above, we exploit in section of empirical
models that the analytical framework of the GIRF of infla-
tion uncertainty to one standard deviation shocks of output
growth under the vector autoregression process of the
respective transition economies under study are illustrated in
Fig. (1). We used GIRF analysis for monthly sample periods
for both variables to start on September 01, 2020, for the
proxy pandemic and post-pandemic periods. Referring to
Fig. 1, the dashed solid blueline is the response to a unit of
shock innovations, while the dashed redlines are the con-
fidence intervals; each unit time horizon denotes a monthly
series. The results in Fig. 1, suggests that the innovation
shocks of inflation uncertainty have negative steady-state
impact on output growth in the selected transition econo-
mies, except Montenegro. Though inflation uncertainty have
a ambiguous effect on output growth in pandemic and post-
pandemic periods.

The analytical framework of impulse responses for the peri-
ods starts from September 2020.

In Serbia, inflation uncertainty harms to output growth, full
recovery requires up to 24 months. After negative impacts,
inflation uncertainty has had a steady significant positive
impact on economic growth from July 2021 in Montenegro’s
economy. Furthermore, the innovation shocks of inflation
uncertainty have had a steady state negative impact on output
growth for North Macedonia’s economy. The negative
effects takes around 5 or 6 months for fully dissipate in the
sample periods. For the case of Bosnia and Herzegovina,
inflation uncertainty effects on output growth reached up to
.02 per cent point of the initial unit shock till last 19 months
of selected sample periods. However, innovation shocks of
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Fig. (1). GIRF of inflation uncertainty under VAR process to a unit shock of output growth.

inflation uncertainty have an unsteadily positive effect on
output growth in Bosnia and Herzegovina’s economy.

7. CONCLUSION AND POLICY RECOMMENDA-
TIONS

In last decasdes, the theoretical and empirical literatures on
the relationship between inflation, inflation uncertainty and
output growth is ambiguous. Therefore, the main impact of
one variable on another depends on relative importance of
direct and indirect causal effects as well as economic envi-
ronment and economic policies to a great extent. Although
the causal nexus between economic and various uncertainties
have been examined in the empirical literature extensively
for developed and developing countries, only a limited work
is done for transition economies.

In view of both the theoretical and empirical significance of
impact of inflation, inflation uncertainty on output growth,
and with the aim to fill a gap in the literature, in this paper
we examine such relationships for four selected Eastern Eu-
ropean transition countries. Based on our empirical analysis,
main findings can be summarized as follows.

Firstly, ss a result, relying on multivariate GARCH—in—mean
model estimation, the conditional standard deviation of infla-
tion uncertainty has a significant negative impacts on output
growth of the the selected transition economies, except Mon-
tenegro. However, the inflation uncertainty has significant
positive impact on output growth in Montenegro. Moreover,
the results of non-causality tests was revealed the bi-
directional variance transmissions inflation uncertainty and
the conditional variations of output growth for Serbia and
Montenegro’s economies, while uni-directional variance

transmissions North Macedonia and Bosnia and Herze-
govina’s inflation uncertainty to output growth, respectively.

Secondly, the results of NARDL model estimation reveal
that the effects of the inflation uncertainty on output growth
in all selected transition economies have been negatively
asymmetric in the long run, except Montenegro, the coeffi-
cients of the inflation uncertainty's impact on output growth
in Montenegro are significantly asymmetric negative effect
in the short-run. From a different point of view, it can be
estimated that the inflation uncertainty has an insignificant
positive and negative effect on the output growth of Monte-
negro for long-run.

Lastly, the computed Generalized impulse response function
analysis suggest that the innovation shocks of inflation un-
certainty have negative steady-state effects on output growth
in the Serbia, North Macedonia, Bosnia and Herzegovina’s
economies, except Montenegro. Though inflation uncertainty
has a ambiguous effect on output growth in pandemic and
post-pandemic periods in Montenegro.

In sum, we recommend as a future developments that poli-
cymakers should pursue economic and monetary policies
that ensure consumer price stagnation to create a conducive
environment for both short- and long term growth. Consum-
er rrice stability is a important condition for output growth
and economic development; however, it is not a adequate
factor for determining economic growth and development.
Consequently, we further recommend that policymakers
should pursue policies that stimulate economic development,
while allowing the responsible body for monetary and eco-
nomic policy to commit to fighting inflation and inflation
uncertainty.
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