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Abstract

Empirical studies have provided conflicting findings about the relationship between
inflation and inflation uncertainty. Thus, the direction of the causality is still question-
able. The present paper is aimed to extend the existing literature using non-linearity
models and asymmetric causality tests. For this purpose, the data for 33 developed and
developing countries during 1988Q4-2016Q3 is used. The results showed an asym-
metry in the inflation behavior which is specified by smooth transition process, as well
as separating positive and negative shocks observed in causality test. The asymmetric
causality between inflation and inflation uncertainty is confirmed in most countries,
although the empirical evidence in favor of Cukierman-Meltzer hypothesis is found to
be weaker than Friedman-Ball hypothesis.

Keywords Inflation - Inflation uncertainty - Smooth transition autoregressive -
Asymmetric causality

JEL classification C22 - C32 - E31

Introduction

The relationship between inflation and inflation uncertainty has been attracted a lot of
attention among economists due to its importance for policy analysis. Theoretically,
two opposite hypotheses are suggested to explain the relationship between inflation
and inflation uncertainty. Okun (1971), Friedman (1977) and Ball (1992) demonstrated
that some policy-makers might not be interested in implementing anti-inflationary
policies due to the fear of the recession. Thus, the public faces greater uncertainty
about future money supply growth and accordingly about future inflation following
the increased inflation. It is known as “Friedman-Ball Hypothesis”. Then, the opposite
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type of causation between inflation and its uncertainty has been shown in the theoretical
macroeconomics literature. Cuikerman and Meltzer (1986) argued that policy-makers
usually follow a discretionary policy instead of the policy rule and try to stimulate the
economic growth by inflation surprises. Therefore, an increase in inflation uncertainty
leads to a rise in the average inflation rate by increasing the incentive of the policy-
maker to produce inflation surprises. It is called “Cukierman-Meltzer Hypothesis” .

In this regard, clear consensus on the relationship between inflation and its uncer-
tainty has not yet observed in empirical studies. Numerous studies concluded that,
there is a positive bidirectional causality relationship between inflation and inflation
uncertainty, while many studies confirmed only one of the Friedman-Ball or Cukier-
man-Meltzer Hypothesis. In addition, in some countries, no evidence could support
the above hypotheses. These conflicting findings can be usually attributed to the dif-
ferences in indicators, countries and time periods.

However, a review on previous empirical studies showed that, most of the stud-
ies employed linear autoregressive model and symmetric causality test, and so they
ignored non-linear relations that might occur. While some studies found evidences
about asymmetric and non-linear dynamics of inflation (Fischer et al. 2002; Cogley
and Sargent 2002; Amano 2007; Surico 2007; Doyle and Falk 2010; Zhang 2011,
Tsong and Lee 2011; Meller and Nautz 2012; Chang 2012; Qin et al. 2013; Gian-
nellis 2013; Komlan 2013; Falahi and Hajamini 2015; Chesang and Naraidoo 2016;
and Falahi and Hajamini 2017). It is evident that when these non-linear dynamics
are ignored, the uncertainty measure will be incorrect and resulting in an incorrect
analysis of the inflation-uncertainty relationship. Thus, there is a strong motivation to
employ regime switching models in order to better understand the relationship between
inflation and its uncertainty.

Based on the above, the present paper is aimed to investigate the relationship
between inflation and uncertainty among 33 developed and developing countries by
addressing the misspecification problems. A two-step procedure was first employed.
During the first step, the conditional variance of inflation is estimated by STAR-
GARCH model for each country so that the process can confidently capture non-linear
dynamic of inflation. In second step, the asymmetric causality test is performed
between positive and negative shocks of generated conditional variance and inflation.

The present paper is different from the previous studies in two ways. First, while
previous studies have focused on a limited number of countries, especially devel-
oped ones, this study used a large number of developed and emerging countries and
therefore, it is expected that more reliable results would be provided. Second, STAR-
GARCH model and asymmetric causality method are used in this study to estimate
potential asymmetric behavior of inflation and its uncertainty. This may contribute to
a better understanding with respect to the previous conflicting findings, or providing at
least one further explanation for the differences in the results. Moreover, understand-
ing this asymmetry will be helpful to determine the objective function of the central
bank, and also to calculate the welfare costs caused by the inflation and uncertainty.

The present paper is organized as follows. “Literature Review” section gives a
brief overview of previous studies. “Econometric Methodology” section introduces the
econometric methodology. “Empirical Findings” section demonstrates the empirical
findings, and the concluding remarks are elaborated in “Conclusion” section.
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Literature Review

Economists believe that high inflation because of welfare cost of inflation rises as
the rate of inflation increases is not acceptable. This welfare cost will be higher,
regardless of how much inflation is, when the future inflation is unpredictable. In
fact, since expected inflation is one of the factors involving in economic decision-
making, uncertainty about future inflation will also negatively influence both business
investment decisions and consumer saving decisions. This ex ante effect influences
the economy through various channels.! In addition, there is an ex post effect that
occurs when the decisions have been made and economic agent understands that the
inflation differs from what had been expected (Golob 1994; Yellen 2017). Therefore,
the inflation-uncertainty relationship is important for determining the welfare cost and
monetary and fiscal policies.

However, explanation of inflation uncertainty related to the inflation is relatively dif-
ficult. At first, Okun (1971) argued that there is a positive relationship between inflation
and its fluctuations. When monetary authorities accept high inflation to accommodate
a shock, the public fears that inflation will rise again in case of another shock. There-
fore, high inflation creates uncertainty about whether inflation will return to a low
level, or whether inflation will rise further.

Friedman (1977) argues that inflation and its unpredictability are positively related
to each other. High inflation causes political pressure to reduce it, but the monetary
authority may or may not be reluctant to reduce the inflation. In fact, an increase
in average rate of inflation may induce an erratic policy response and hence more
nominal uncertainty creates about the future inflation. Friedman (1977) contends the
effect of uncertainty on real economic performance. This hypothesis assumes that the
uncertainty would distort the effectiveness of the price mechanism in allocation of
resources. Furthermore, inflation uncertainty may influence the intertemporal alloca-
tion of resources through interest rates. Therefore, the inflation uncertainty creates
economic inefficiency and a lower rate of economic growth.”

Ball (1992) designed a repeated asymmetric information game indicating a formal
derivation of Friedman’s first hypothesis, which more inflation will lead to a higher
uncertainty. Ball’s game model includes monetary authority (liberal and conservative
policy-makers) and public. Liberal policy-makers contrary to conservative policy-
makers are willing to bear the economic costs of disinflation policies. When inflation
is low, there is a consensus between both types of policy-makers. Thus, if the inflation
remains low and stable, the uncertainty concerning future inflation will be also main-
tained at low level. But, when the inflation is high, the public does not know whether
the monetary authority will follow a tight monetary policy to reduce inflation, or not.

! First, when inflation is more unpredictable, investors will require higher expected returns, subsequently
interest rates will be expected to be higher. Therefore, businesses and consumers will invest less in equipment
and durable goods, respectively. Second, one occurs when the uncertainty is transmitted to other economic
variables influencing economic decisions of consumers and businesses. For example, uncertainty about
interest rates, wages, tax rates, and profits may induce businesses to delay investment and production
decisions. Third, one occurs when businesses spend resources to improve their forecast of inflation, and
also try to hedge against unexpected inflation using derivative instruments. Thus resources are diverted from
other more productive activates.

2 Thus, Friedman’s theory includes two hypotheses, which only the first one is studied in the present paper.
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Also it is very complex for public to predict how much and how quickly prices will
respond to monetary policy. Indeed the disinflation policy causes inflation uncertainty,
even if the stance of monetary policy is known with certainty.

In addition, high inflation destabilizes the relation between the money stock and pol-
icy instruments of central bank, and hence magnifying monetary control errors. Also
Dmitriev and Kersting (2016) indicated that there is a positive relationship between
the steady state level of inflation and business cycle inflation volatility. Okun (1971),
Friedman (1977), and Ball (1992) believe that monetary policy and its effectiveness
becomes more unpredictable during the periods of high inflation. It means that high
inflation causes uncertainty about future inflation which is known as “Friedman-Ball
Hypothesis”.

Conversely, inflation uncertainty may produce higher average rate of inflation due
to opportunistic behavior of monetary authority. Cuikerman and Meltzer (1986) and
Cukierman (1992) proposed a theoretical model showing that monetary authority
is willing to keep the inflation at low level, but also seeking to stimulate the real
output by monetary shock. Therefore, the policy-makers face a trade-off between a
desire to increase real output and a desire to keep the inflation at low level. Accord-
ingly, uncertainty about money growth and inflation will lead to a higher average rate
of inflation, since the incentive of monetary authority increases to create inflation
surprises. Moreover, as Grier and Perry (1996) mentioned, when aggregate nominal
shocks become more unpredictable, individual firms adjust less output in response to
all shocks. Instead, prices will be more dispersed and hence inflation uncertainty will
increase the relative price dispersion. This positive effect of uncertainty on inflation
is called “Cukierman-Meltzer Hypothesis”.

A summary of empirical studies is presented in Table 1. The reviewed studies inves-
tigated the inflation-uncertainty relationship in limited number of countries, especially
developed countries, nonetheless clear consensus has not yet been reached. While
some studies showed a positive bidirectional causality relationship between inflation
and inflation uncertainty, others confirmed only one of the Friedman-Ball Hypothesis
or Cukierman-Meltzer Hypothesis. In addition, no evidence could support the above
hypotheses in some countries.

Most of empirical studies showed the relationship between inflation and uncer-
tainty based on the linear autoregressive and symmetric Granger-causality test. Since,
the inflation is in a permanent interaction with decisions of economic agents (con-
sumers, producers, and government), and so it is complicated to explain it by linear
approach. There is evidence in favor of the non-linear and asymmetric dynamics of
inflation. It was found that there are some relationships between inflation level, infla-
tion persistence, and inflation variability. So, it is expectable that inflation behaves
asymmetrically. In the following, these evidences are reviewed.

First, inflation persistence depends on the size and sign of shocks. Cogley and Sar-
gent (2002), Amano (2007), Zhang (2011), and Falahi and Hajamini (2017) indicated
that there is a strong and positive relationship between inflation variability and its
persistence. Also Fischer et al. (2002) demonstrated that inflation persistence arises
in high inflation regime, although it may gradually disappear in full-blown hyperin-
flations. Tsong and Lee (2011), showed that large negative shocks despite of large
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Table 1 Empirical studies

Study

Method

Country

Friedman-Ball Hypothesis (inflation — inflation uncertainty)

Evans (1991)

Ungar and Zilberfarb (1993)
Baillie et al. (1996)

Grier and Perry (1998)

Kontonikas (2004)
Berument and Dincer (2005)

Daal et al. (2005)

Conrad and Karanasos (2005a)
Conrad and Karanasos (2005b)

Fountas and Karanasos (2007)

Thorton (2007)

Ozdemir and Fisunoglu (2008)
Fountas (2010)

Jiranyakul and Opiela (2010)

Balcilar et al. (2011)

Karahan (2012)

Hartmann and Herwartz (2014)
Daniela et al. (2014)

Nasr et al. (2015)

Buth et al. (2015)

Falahi and Hajamini (2015)
Su et al. (2017)

Jiang (2016)

Balaji et al. (2016)
Albulescu et al. (2019)

GARCH
LS/WLS
GARCH
GARCH

GARCH-M
GARCH

PGARCH

FIGARCH
FIGARCH

GARCH

GARCH

GARCH
GARCH-M

EGARCH

GARCH
GARCH
GARCH
GARCH-M

GARCH
GARCH
GARCH
GJR-GARCH
GARCH
GARCH/SV
CWT

us
Israel (in high-inflation periods)
Argentina, Brazil, Israel

Canada, France, Germany, Italy, Japan, UK,
UsS

UK

Canada, France, Germany, Italy, Japan, UK,
(0N

Argentina, Bahrain, Canada, Colombia,
Egypt, France, India, Indonesia, Italy,
Japan, Korea, Mexico, Morocco, Pakistan,
Sri Lanka, Thailand, Turkey, UK, US,
Venezuela

Japan, UK, US

Belgium, Finland, France, Germany, Italy,
Netherlands, Portugal, Spain, Sweden, UK

Canada, France, Germany, Italy, Japan, UK,
UsS

Colombia, Hungary, Jordan, India,
Indonesia, Israel, Korea, Malaysia,
Mexico, South Africa, Thailand, Turkey

Jordan, Philippines, Turkey

Australia, Germany, Italy, New Zealand,
Sweden, US

Indonesia, Malaysia, Philippines, Singapore,
Thailand

Japan, UK, US
Turkey
22 developed economies

Czech Republic, Poland, Hungary, Romania,
Turkey

South Africa

Cambodia, Lao PDR, Vietnam
Iran

China

China

India

Us

Cukierman-Meltzer Hypothesis (inflation uncertainty — inflation)

Baillie et al. (1996)

Grier and Perry (1998)
Grier and Perry (2000)
Berument and Dincer (2005)

GARCH
GARCH
GARCH-M
GARCH

Argentina, Brazil, Israel
Japan, France

UsS

Canada, France, UK, US
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Table 1 continued

Study Method Country

Daal et al. (2005) PGARCH Bahrain, Egypt, Indonesia, Italy, Germany,
UK

Conrad and Karanasos (2005a) FIGARCH Japan, UK

Conrad and Karanasos (2005b) FIGARCH France, Spain, Netherlands

Wilson (2006) EGARCH-M Japan

Thorton (2007) GARCH Hungary, Indonesia, South Korea

Fountas and Karanasos (2007) GARCH Germany, Italy, Japan

Fountas (2010) GARCH-M In most 22 industrial countries

Jiranyakul and Opiela (2010) EGARCH Indonesia, Malaysia, Philippines, Singapore,
Thailand

Bhar and Mallik (2010) EGARCH-M us

Balcilar et al. (2011) GARCH Japan, UK, US

Karahan (2012) GARCH Turkey

Neanidis and Savva (2013) EGARCH-M Germany, Japan, UK, US, Canada, Italy,
France

Daniela et al. (2014) GARCH-M Czech Republic, Romania, Turkey

Buth et al. (2015) GARCH Lao PDR

Chowdhury et al. (2018) GARCH UK, US

Albulescu et al. (2019) CWT US

None of the above Hypotheses

Baillie et al. (1996) GARCH Canada, France, Germany, Italy, Japan, US

Daal et al. (2005) PGARCH Peru

Fountas (2010) GARCH-M Switzerland

Chang (2012) GARCH-M US (during periods of low inflation volatility)

Varlik et al. (2017) SV Turkey

Nonejad (2018) GARCH European Monetary Union

positive shocks may induce strong mean reversion. Giannellis (2013) contended that
inflation is persistent and transitory when it is low and high, respectively.

Moreover, Zhang (2011) and Meller and Nautz (2012) described that inflation
persistence is sensitive to changes in the monetary policy regime. They found that
less persistency and less responsive to inflationary shocks are attributed mainly to a
better monetary policy. Qin et al. (2013) also demonstrated that inflation persistence is
positively related to the preferences of policy-makers. They argued that the monetary
authority should gauge a relatively high degree of inflation persistence when designing
and implementing monetary policy under uncertain model. This evidence implies that
inflation persistence is influenced by inflation and its variability. Therefore, inflation
process is naturally a non-linear autoregressive model and it should be modeled using
the regime switching models.

3 Process persistence is calculated by mean or median lag in an autoregressive model (see Fischer et al.
(2002), and Falahi and Hajamini (2017), for more detail).
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Second, low and high inflations have different effects on the economic agent’s
behavior, especially monetary and fiscal authorities, thus triggering different reactions.
Surico (2007), Doyle and Falk (2010), Komlan (2013), and Chesang and Naraidoo
(2016) argued that monetary authority may react asymmetrically to disinflation and
inflation shocks, and accordingly inflation shocks have different effect on uncertainty.
Chesang and Naraidoo (2016) found that asymmetric preferences have a significant
role in explaining inflation movement. Generally, reaction of monetary authority to
high inflation may be very intense and rapid, while moderate inflation usually faces
no significant reaction and continues slowly.

Furthermore, Hasbrouck (1979) argued that increasing trend of inflation raises the
fluctuations of inflation by increasing responsiveness of money demand to shocks.
Ball (1992) indicated that high inflation reduces nominal rigidity and thus it steepens
the short-run Phillips curve; a steeper Phillips curve implies that inflation varies more
when the demand fluctuates. Civelli and Zaniboni (2014) and Chen and Hsu (2016)
concluded that the responses of inflation to monetary shocks are hump-shaped. Ungar
and Zilberfarb (1993) indicated that the relationship between inflation and uncertainty
is significant only during the high inflation. In this regard, Chang (2012) and Falahi and
Hajamini (2015) reported that inflation influences uncertainty in the presence of high-
inflation variability, while the effect is insignificant in the presence of low-inflation
variability.

As explained above, it is concluded that the relationship between inflation and
uncertainty depends on the size and sign of shocks, thus the use of regime switching
model and asymmetric causality test is preferred.

Econometric Methodology
STAR Model

Bacon and Watts (1971) pioneered to introduce smooth transition autoregressive
(STAR) models. Then, Chan and Tong (1986) added these models to the econometrics,
and accordingly Granger and Terdsvirta (1993), Terdsvirta (1994, 1998), Eitrheim and
Terdsvirta (1996), and Terdsvirta et al. (2005) expanded these models. A STAR model
is written as a general form as follows:

i =Y o1+ Y 02G(yi—aq;v.c)+&, d>0,y>0. (1)

where ¥; = (yi—1, ..., yi— p)/ and ¢; represents the coefficient vector, y,_, indicates
the transition variable in which d is known as delay parameter, c is regarded as a
constant and y describes the transition parameter which can be standardized by the
standard deviation y;. An increase in y;_ is leads to an increase in the transition func-
tion G(y;—4; ¥, ¢) which this function is increasing from zero to unit and accordingly
displays a non-linear behavior.

The transition function can often be defined as 1/(1 + exp(—y (y1—q — ¢))) or 1 —
exp (—y(y,_d — c)z), which are called logistic and exponential smooth transition
autoregressive (LSTAR and ESTAR), respectively. According to Chan (1993), the

@ Springer



294 Journal of Quantitative Economics (2019) 17:287-309

transition parameter and the constant value are consistently calculated by minimizing
the sum of squared residuals:

(7.€) = argmin &(y,c)'é(y,c). )

—1
The coefficients vector is estimated by ¢(7, ¢) :( Zthl Y, (;9, E) Y/ ()7, é)) Zthl Y,

()7, ¢)y:. The STAR model varies according to the size of this parameter since the
transition parameter can be any positive value. As the transition parameter in ESTAR
model converges to zero or positive infinity, the value of the transition function
approaches one and hence the model reduces to linear autoregressive (LAR) process.
Similarly, the model degenerate to LAR if the transition parameter in LSTAR model
approaches zero. Therefore, Luukkonen et al. (1988) suggest that the hypothesis
Hy : y = 0is tested to choice STAR versus LAR.

However, the LSTAR model approximately degenerates into the self-exciting
threshold autoregressive (SETAR) process if the transition parameter converges to
positive infinity. SETAR model was first introduced by Tong (1978) and developed by
Tsay (1989, 1998), Chan (1993), and Hansen (1996, 1997, 1999, 2000). This model
is written as follows:

yi =Y/o1 - I[yi—a —c < 0]+ Y/p2 - I[yi—g — c = 0] + &, 3)

where /[-] represents an indicator function in which y;_; and c are regarded as the
threshold variable and threshold parameter, respectively. Based on the ¢; and ¢, the
behavior is described in low and high regimes.

Further, Granger and Terdsvirta (1993) and Terdsvirta (1994) introduced a LM test
for the choice between LSTAR and ESTAR. Based on the first-order Taylor approxi-
mation, auxiliary regression of LSTAR is written as follows:

B =+ Y[ Yo+ v 1 Y[y + y2 Y[+ 3 YU + vy 4)

The rejection of Y3 = 0 implies that the LSTAR model should be selected. If 13 = Ois
not rejected and subsequently ¥ = 0]y¥3 = 0 is not rejected, the ESTAR model
is selected accordingly. Finally, not rejecting the second hypothesis and rejecting
Y1 = 0]y, = Y3 = 0 leads to an LSTAR model.

Uncertainty

Various criteria are available for measuring uncertainty. Kline (1977) suggested that
the uncertainty can be measured by moving standard deviation. Ungar and Zilber-
farb (1993) used the mean squared error of prediction. However, Baillie et al. (1996)
and Berument and Dincer (2005) argued that the above criteria are biased, and they
measured variability not uncertainty. Alternatively, Ball (1992) and Cuikerman and
Meltzer (1986) emphasized that inflation uncertainty can be measured through the
variance of the unpredictable component of an inflation forecast.
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In fact, it is the conditional variance which can be used well to measure uncertainty.
Assume that the series ¢; in Eq. (1) is conditionally heteroscedastic, it can be generally
defined as &, (y, ¢) = «/h;(y, c)€; where € is independent and identically distributed
with zero mean and unit variance. According to Engle (1982) and Bollerslev (1986),
generalized autoregressive conditionally heteroscedastic (GARCH) model is written
as follows:

ht ZE19+HZ0+Ut. (5)
where E;, = (1, 8[2_1, e, stz_ q) is represents the vector of squared error terms and
H; = (hy_1, ..., hy—y) is regarded as the vector of conditional variances.

Asymmetric Causality

The conditional variance series can be used to determine whether there is an asym-
metric causality between inflation and its uncertainty or not. Assume that the inflation
(yr) is a non-stationary process, and the positive and negative shocks are separated as
the following ¢"* = max (¢, 0) and ¢"~ = min(¢/, 0). Hence, the random walk
process y; is written as follows:

t t
ye=yo+ ) ity o), (6)
=1

=1

Similarly, the conditional variance is as follows:

13 1
he=ho+ Y ¢+ ol )
=1 =1

In this case, each positive and negative shock plays a permanent effect on the under-
lying variable. Thus, the positive and negative shock vectors are defined based on
Hatemi-J (2012) in cumulative forms as W," = (thzl o, thzl ;rh*) and W, =

(Zi:l &Y ;T””), respectively.

In order to test causality relationship, Toda and Phillips (1993a) and Toda and
Yamamoto (1995) suggested the maximal order of integration (dy,x) and optimum
lags (k) are specified. Then a (k + dmax)™ order VAR model for positive shocks is
estimated as follows*:

W= 0o+ QW+ + W+t P W g,y F U1 (8)

max

4 Toda and Phillips (1993a) argue that Granger causality test may not be reliable for non-stationary vari-
ables. Furthermore, regarding Johnson-type ECM model as alternative approach, some such as Rahbek and
Mosconi (1999), Toda and Yamamoto (1995), Toda and Phillips (1993b), and Reimers (1992) indicated
that the robustness of the hypothesis tests significantly decreases if the variables are not integrated in order
one.
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_ qDS,ll q)s,u .
(DS B |:CDS,21 q)s,22 » 5= 1’ e (k+dmax).

Similarly, we have the following equation for negative shocks:

W =0+ W, +...+ O W, +... 4+ Ppig,,, Wt:(k+dm) +uy. (9)
According to Granger (1969), the null hypothesis of non-causality is defined as
H({ﬁgl @y = ... =P,;j =0wherei, j =1, 2and i # j. The significance
of optimum lags coefficients is tested by Wald statistic including standard Chi square
distribution with k degree of freedom. If the estimated statistics is larger than the crit-
ical value, the null hypothesis is rejected and it is concluded that there is a Granger
causality from variable i to variable j. However, as Hatemi-J (2012) demonstrates,
the data do not usually follow a normal distribution and the existence of conditional
heteroskedasticity effects is regarded as a rule rather than an exception. Thus distri-
bution of Wald statistic is non-standard and it is better to compute critical values of
Wald statistic by the bootstrapping simulation technique.

Of course, over-fit VAR leads to a decrease in the test robustness. Toda and
Yamamoto (1995) emphasized that the inefficiency caused by additional lags is small
when the number of variables is few and lag length is large. In addition, according
to Hatemi-J (2012), the positive or negative shocks should be replaced by cumulative
shocks if stationary variables are stationary. In this case, the VAR model is separately
estimated based on the vectors ZF = (7%, ¢/*) and Z;7 = ("7, ¢ 7)', and k-
order VAR model are similarly estimated (d,,,» = 0) and accordingly the mentioned
null hypotheses are tested.

Empirical Findings

In this study, the inflation rate was calculated using the quarterly collected data on
Consumer Price Index (CPI) during 1988Q4-2016Q3 for 33 developed and developing
countries. First, the stationary of variables was checked by the method proposed by
Hylleberg et al. (1990). The results showed that both the inflation rates and their
uncertainty have one unit root at frequency annual in the most countries, therefore,
they are considered as non-stationary processes. These variables are stationary at
frequencies zero, 7 /2 and 1/2 in all the studied countries (Table 2).

Second, non-linear models were estimated for inflation process in each country. A
summary of the results is shown in Table 3. The optimal lag order (p*) was selected
based on the minimization of the Akaike information criterion. In addition, the delay
parameters (d) was determined based on the smallest p value of LM statistic suggested
by Terdsvirta (1998).

Luukkonen et al. (1988), Granger and Terdsvirta (1993) and Terdsvirta (1994)
represented the LM tests for the selection of the type of model. The results showed

5 Quarterly adjusted data were used in this study, as the inflation rate displays some forms of seasonal
variation.
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Table 2 Unit root test

Country Inflation Inflation uncertainty
0 /2 172 Annual 0 /2 172 Annual
Australia ~ — 4.08%%% — 43]%k 4 63%F% 135 - 349%x 415k —410%%F  —(0.86
Austria —293**  —1.01 —6.05%** —058 —4.68%** — 186 — 5.99%** 0.52
Belgium — 4 44xxx 3 5TRRE 7 36%FF — (037 —3.84%FF 3 4%k _ 6. ]9%F* 0.74
Brazil —2.18 — 5.53%%%  —1.24 — 6.17%%% — 2,53 —3.63%**  —1.18 — 6.26%%*
Canada — 3.62%%% 3 J4¥¥%k _3J0%xkx ]38  —3.60%FF —3.09%kk —389%k (9]
China —2.56 — 3.60%**  — 53]*** 277%  —2.90%kk 4 2Q%kkk 6 40%H* 0.10
Chile — 4.06%%%  — 455%%F 4 5]*FFF — 258  —4.80%FFF  _3RTHEE  _528%xx  — (.74
Finland — 4.05%%*% —2.67*% —6.21%%*% —1.16  —4.86%**F —299%k  — (03%** 1.03
France —2.56 —0.74 —2.92% —0.63  — 382k _D54%x 461 —0.37
Germany — — 2.62* — 4 41HEE 5420k — (040  — 407 — 338%EFF 57wk 135
India — 247 — 4.19%%%  — 549%kk (3] —3.34%xx  —408%k — 521%%F  — (046
Indonesia ~ — 3.26%%* —2.46 — 3.81%%* 3.89%#% — 3.83% kK — 2 66% —3.53%**x  —0.35
Iran — 3.20%%  —322%kk _ 628%FF  — 243 — 382k 3 4RFkE  _ 6.8]*H* 1.37
Ttaly —2.09 — 3.56%%*  —2.40 —234 388k 344wk 4 ]2%FF 1,04
Japan —344%x D R4HE 4 71%E (013 —4.93%Fk D04k 4.04%k 0.65
Malaysia ~ — 3.40%%  —2.99%%  —49]**¥* — 135  —3.63%%* 301" —5]19% —(0.08
Mexico —2.07 — 4.56%FF 37k 140 —323%k 4 .64%%% 3 p0%EE 3 (5%
Netherlands — 2.30 — 4.18%*%  —1.26 —0.24 =339k 4 [4%wk 3 44%E% 130
Norway — 3.68%%%  — 2.74% — 3.63%%* 1.17 = 3.92%%k 2 64% — 348k 1.10
New — 4. 18%H% 428wk 5TEEE 148 — 426%FF  —43]%k — 6,00%FF —0.23
Zealand
Peru — 424 %% — BOBIHHE — Q [THHE 92k — 6.28%*F  — 4, ]9%Hk — 40.27* %k — ]33
Philippines — 4.12%%* — 227 —541%*% — 241 — 6.76%%*  — 241 —5.76%%  —0.32
Saudi —1.89 — 3.84%H% 44k (052 —320%kk  —395%kF  _366%  — (9]
Arabia
South — 2.59% — 3.99%#% 4 54%kk 168  —291%* — 3.24%%% 3 gRik 1.40
Africa
South —2.95%%  —433%F% _ 635%%* 0.41 — S5.A3%¥*x  —427*¥¥% — 639%¥*  —(.300
Korea
Singapore  — 2.51 —-2.12 —427%%%  — 189  —430%%* —238 — 4.3k 0.01
Spain —2.07 —0.62 —3.52%¥%  — 142 —4.00%%*  —4.60%k  —519%  — (.25
Sweden — 5.68%¥%  — 4 5]%x — 6.86%FF — 1.36  — 6.11%FF 447wk 6 5]%F* 0.97
Switzerland — 3.23*** — 1.01 —548%F%  — 164  —516%FF —2.664 — 6.46%**  —0.21
Thailand ~ — 2.66* — 3.62%%%  — 450%kk  — 158  — 3.3k FT0%kF — 5,00%%* 0.36
Turkey —0.63 — 3.06%HE — 552k (.14 — 417k 3 55%EE _ 560%k  —(.3]
UK — 3.88%*%*% — 208 —6.01*** — 157  —3.00%* —2.92%%  — 5]3%** 1.32
Us — 3.06%%%  — 355%kk 3 AS5FEE D15 —4.00%FF 3 ]2%kE 4 63%%* 1.42

soksk, o, and * represents the significance level of 1%, 5%, and 10%, respectively
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that the linearity hypotheses (Hp : y = 0) are not rejected in the eight countries
including Canada, Finland, Italy, Japan, New Zealand, South Africa, Sweden, and
Thailand while the inflation rate followed a smooth transition process for the 25 other
countries.

Among these 25 courtiers with non-linear process, for the countries such as France,
Indonesia, Saudi Arabia, and South Korea, the inflation rates were found to be well-
modelled by the exponential STAR model, while for other countries, they were
modelled by the logistic STAR model. The standardized transition parameters of STAR
models are less than two (except Austria, Switzerland, Spain, and US), which display
the slow speed of transition between inflationary regimes. In fact, the non-linear pro-
cess of inflation for the 21 countries followed a monotonic smooth transition from one
regime to another, which is against SETAR or Markov switching models where one
sudden switch occurs between the regimes. In contrast, the US inflation rate process
reduced to self-excited TAR (SETAR) model since transition parameter converged to
positive infinity (y — +00).

In the following, GARCH model is estimated to generate the conditional variance
series of inflation as a measure of its uncertainty. Based on the Akaike information
criterion, the optimum lags of squared error terms (¢*) and conditional variances (s*)
are selected for GARCH models (Table 3).

The inflation-uncertainty curves are reported in Fig. 1. This Figure demonstrates
that, there is a strong and positive relationship between inflation and its uncertainty in
most countries. However, two variables may be strongly correlated with each other, but
there are no statistical causal relations, either one-way or bi-directional. In this regard,
Hatemi-J (2012) test was employed to evaluate the asymmetric causality between
inflation and inflation uncertainty shocks (Table 4). The optimum lag (k*) was deter-
mined based on the Hatemi-J information criterion. According to Hatemi-J (2008),
this information criterion is robust to conditional heteroskedasticity, and it performs
well when the vector autoregressive model is used for prediction.

The inflation rates can be considered as a non-stationary process at the frequency
annual. Thus, the causality relationship should be tested by cumulative shocks and an
additional unrestricted lag based on the framework introduced by Hatemi-J (2012) and
Toda and Yamamoto (1995). However, the inflation rates were found to be stationary
processes at the frequencies zero, 7 /2 and 1/2, so the causality relationship was tested
using shocks in the framework introduced by Hatemi-J (2012) and Granger (1969).

The null hypothesis stating “positive inflation shock does not cause inflation uncer-
tainty” was rejected for 11 studied countries including Canada, China, Germany, India,
Iran, Japan, Mexico, Peru, Saudi Arabia, South Africa, Thailand, and Turkey. Thus,
an increase in the inflation rate of these countries leads to higher inflation uncer-
tainty. Furthermore, the results indicated that the negative inflation shock is related to
lower uncertainty for 12 studied countries such as Austria, China, Finland, Germany,
Mexico, Netherlands, New Zealand, Peru, Singapore, Switzerland, Turkey, and UK.
Therefore, Friedman-Ball Hypothesis was confirmed for at least one of positive or
negative shocks among 21 studied countries.

This result is complementary to the recent findings in the studies by Fountas (2010),
Jiranyakul and Opiela (2010), Balcilar et al. (2011), Karahan (2012), Hartmann and
Herwartz (2014), Daniela et al. (2014), Nasr et al. (2015), Falahi and Hajamini (2015),
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Fig. 1 Inflation and inflation uncertainty for 33 countries during 1988Q4-2016Q3. The x- and y-axes repre-
sent the inflation and its uncertainty, respectively
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Su et al. (2017), Jiang (2016), Balaji et al. (2016), and Albulescu et al. (2019), where
inflation was found to significantly raises inflation uncertainty in the most countries.
However, it should be noted that this result is often confirmed only for one positive
or negative shock. In addition, while this study found no significant causality, the
result did not match the evidence from Italy, Sweden, US, Indonesia, Malaysia, and
Philippines found in the studies by Fountas (2010), Jiranyakul and Opiela (2010),
Balcilar et al. (2011), and Albulescu et al. (2019) showing supporting evidence in
favor of Friedman-Ball Hypothesis.

According to Cukierman-Meltzer hypothesis, the inflation uncertainty influences
inflation rate directly, because the central bank plays the incentive role for stimu-
lating output by creating monetary policy surprises. Table 4 shows that the positive
shocks of uncertainty result in increasing inflation for 8 countries including Aus-
tralia, Brazil, China, Germany, Italy, Malaysia, Netherlands, and Philippines. Also the
negative shocks of uncertainty lead to lower inflation for 7 countries such as Austria,
India, Indonesia, Netherlands, Spain, Turkey, and UK. As a result, Cukierman-Meltzer
hypothesis was confirmed only for 11 countries, and the empirical findings failed to
support this hypothesis for most countries.

In general, the results are similar to those of the studies by Fountas (2010),
Jiranyakul and Opiela (2010), Balcilar et al. (2011), Karahan (2012), Hartmann and
Herwartz (2014), Daniela et al. (2014), Nasr et al. (2015), Falahi and Hajamini (2015),
Chowdhury et al. (2018), and Albulescu et al. (2019), where inflation uncertainty leads
to higher rate of inflation. However, the result did not match the evidence from Canada,
France Singapore, Thailand, and US found in the studies by Jiranyakul and Opiela
(2010), Bhar and Mallik (2010), Neanidis and Savva (2013), and Chowdhury et al.
(2018), and Albulescu et al. (2019).

Briefly, the causality between inflation and its uncertainty was confirmed for 27
countries, while no causal relationship was observed for 6 countries including Bel-
gium, France, Norway, South Korea, Sweden, and US. Furthermore, the causality
between inflation and its uncertainty was found to be bi-directional for countries of
China and Germany among the cases in which shocks were positive, while negative
shocks occurred for Austria, Netherlands, Turkey, and UK. The empirical evidence in
favor of Cukierman-Meltzer hypothesis was found to be weaker than Friedman-Ball
hypothesis. This finding is consistent with those of the previous studies (Table 1),
which they often showed strong support for the Friedman-ball hypothesis, but they
found mixed results for the Cukierman—Meltzer hypothesis.

Conclusion

Economists have studied the relationship between inflation and inflation uncertainty
for a long period of time, because it is regarded as an important factor in determining
monetary policy for the central banks. Most of empirical studies investigated this rela-
tion using a linear model and symmetric causality test. However, there are evidences
regarding the asymmetric and non-linear dynamics which provide a strong incen-
tive to employ more sophisticated models for better understanding of the relationship
between inflation and uncertainty.
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In this regard, this study attempted to extend the existing literature by testing the
non-linearity of inflation process and asymmetric causality between inflation and its
uncertainty. For this purpose, the quarterly collected data sets related to 33 developed
and developing countries during 1988Q4-2016Q3 were used. In general, the results
confirmed that there is an asymmetry in the inflation behavior, which can be specified
by the inflationary regimes of STAR models and separating positive and negative
shocks in causality test.

According to the prediction of Friedman-Ball hypothesis, the evidences of asym-
metric causality test showed that inflation significantly raises inflation uncertainty
for at least one of the positive or negative shocks among 21 countries. Although the
countries experience different monetary policies at the disposal of different central
banking institutions, the findings have shown that inflation increases inflation uncer-
tainty. When an inflationary shock occurs, public does not know whether the monetary
authority will follow a tight monetary policy to reduce inflation or not. Also public
cannot predict how much and how quickly prices will respond to monetary policy.
Therefore, policy-making faces positive shocks with respect to stabilization of infla-
tion especially in developing countries, where it should be more emphasized.

Conversely, uncertainty about future inflation has positive predictive power for infla-
tion only for 11 countries, supporting the Cukierman-Meltzer hypothesis. This can be
characterized as an opportunistic behavior of monetary authority in these countries.
The opportunistic behavior may originate from the less independence and poor gover-
nance, so that it causes the monetary authority not to pursue anti-inflationary policies.
In addition, the opportunistic response may be as a result of the presence of mixed
types of policy-makers monetary and fiscal authorities. Indeed the high inflation may
be originated from erratic government policies. The public is well anticipating that
fiscal policy response influences both demand and supply shocks as well monetary
policy and so may contribute to rising inflation in the economy. Therefore, monetary
and fiscal policies need to be coordinated to reduce uncertainty about future inflation
effectively and subsequently, so that the actual rate of inflation is determined.

This study was aimed to investigate only the inflation-uncertainty relationship;
however, both the inflation and its uncertainty lead to uncertainty about other variables,
retardation of economic growth, and also misallocation of resources in the economy.
Therefore, the incentive for reducing the inflation is clear, and monetary and fiscal
authorities should attempt to keep the inflation stable and at low level, and thus helping
to boost investment, employment and growth.

The results showed important implications for macroeconomic modelling and
policy-making. First, since the empirical evidence in favor of Friedman-Ball hypoth-
esis was found to be stronger than Cukierman-Meltzer hypothesis, the monetary
authorities must have a quick, effective and efficient policy in response to inflation.
So that it helps to reduce the inflation and minimizing its marginal effect on inflation
uncertainty. If all policy-makers prefer toward inflation stabilization and adjusting the
money growth rate differently with respect to the level of inflation uncertainty, infla-
tion uncertainty may have no predictive power for inflation. It will help to stabilize
expectations of inflation and then helping to control inflationary shocks.

Second, when inflationary shocks occur, even if public knows that the monetary
and fiscal authority will follow tight policies to reduce inflation, they cannot predict
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how much and how quickly prices will respond to these policies. In fact, uncertainty-
inflation relation is observed because the timing and short-run effect of policy on
inflation are uncertain. Therefore, in order to rationalize as well as anchoring the pub-
lic’s inflation expectations, it is suggested to inform people regularly and adequately
regarding the information on inflation shocks as well.

Third, although the true relationship between inflation and its uncertainty is yet
unclear, and it is considered as a potential research question to be pursued, but non-
linear and asymmetric models were found to be more successful for investigation of
the inflation-uncertainty relationship. Therefore, it is suggested to conduct future stud-
ies on the type of inflation targeting, monetary policy rules and stabilization policies
which can be consistent with these asymmetric behaviors. Furthermore, the inflation-
uncertainty relationship was found to be significantly different for positive and negative
shocks. These results provide new insights for estimation of the welfare costs of
inflationary and deflationary policies. Also since inflation can be detrimental to eco-
nomic growth through uncertainty about future inflation, it would be interesting to
find whether positive and negative shocks may influence economic growth.
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