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Introduction Générale

Les économistes ont de trés longue date, pamténtérét prononcé a I'étude de la relation
existante entre le inflation et le croissance économique. Au cowesdiernieres décennies, cet
intérét s’est sembleil intensifi€, en témoigne le nombre important de débats, tant daphéae
académique que politique, autour des effets de I'inflation sur la anoessddne des premieres
préoccupations a ainsi été de caractériser la nature datiarresntre croissance et inflation, et
vérifier la stabilité de celle-ci das temps. En particulier, on s’ed¢émaneé si l'inflation avait
des effets transitoires ou bien permanents sur la croissance éconofigsie cela a amené a
des discussions sur les canaux de diffusion de l'inflation a la croéssaes débats au sede
cette littérature ont également porté sur d’autres dimensions et conddi@aederd’une part,

si la relation demeurait identiguerdale temps et dans I'espace, d’autre prtes conditions
macroéconomique’&aient susceptibles 'thtensifier ou au contraire de limiter les effets sur la
croissance d'un niveadonné d'inflation, mais encore, quelles étaient les conséqualeces
I’ expansion monétaire sur le biétre d’'un agent représentatés décisions de prodtion d’'une

firme ou encordefficience allocative globale d'un pays.

Ces interrogationsur les effets de l'inflation sur la croissance économiquédonné lieu a un
grand nombre de travaux de recherche. L'attention toute particuliere pogtie problématique
remonte au début du 2% siécle période a laquelle certains économistes ont fait valoir qu'il
existait de fortes relations entre croissance économique etdnfldiarmi ces économistes,
Keynes affirme notamment : « As the inflation proceeds and thevadat of the currency
fluctuates widely from month to month, all permanent relations betdebtors and creditors,
which form the ultimate foundations of capitalism, become so utiestydered as to be almost
meaningless; and the process of wealth-getting degenaraiesgamble and a lottery (Keynes,
1920 p.220) ».

L'exposé @& Keynes, etintuition que l'inflation aurait des effets adkses sur la croissance, ne
put toutefois étre empiriguement établie ; en cause la relatibditst macroéconomique de la
période. Lindice des prix a la consommation en 1943 était ainsi inférieur a celli8ti@ (voir

Haslag, 1997, note 1). La situation évolua toutefois tres significativementi@agexonde guerre



















































de linflation sont visibles dans la mesure ou nos résultats morgréan taux
d’inflation positif est nécessairpour la minimisation de la variabilité relative des prixdet
I'output. Il est a noter que le choix du régime de change s’avére enpastirtout pour les pays
eémergentsNos résultats offrent dans ce cadre un véritable arbit@igla variabilité des prix
nominaux est suffisamment contrélée par un régime de change sp&cifiouariabilité de la

croissance de l'output peut I'étre davantage par un autre régime de change.

En définitive nos recherches sur le taux d’inflation optimal ont conduit areneth
évidence aussi bien a un niveau microéconomique que macroeconpiiigpertance d’'un
taux d'inflation positif modéré. Le niveau particulier de ce seuitfidition est certainement
déterminé par le niveau du revenu du paypagtd’autres facteuréconomiques et politiques.
Pour le cas spécifique des pays émergents, le niveau d’andlyge€aeonomique, qui soutient
I'hypothése d’une faiblesse des seuils d’inflation, aide a comprdmadéticence des décideurs

envers un taux de croissance monétaire excessif.



General Introduction

Economists have a long history of interest in the investigatioreafeflationship between
inflation and output growth. One of the main objectives was to get robdsihee on the sign of
this relationship and its stability overtime. The later tedtstier inflation has transitory effects
on output growth or it is also relevant for the long-run growth of a cgifthe existence of any
types of relationship would make it necessary to investig@temain channels (mechanisms)
behind this nexus. Some other important issues include: Does the oftinis relationship
remain same always and everywhere? Which macroeconomic conditemsifinbr appease the
growth effects of any particular level of inflation? And, what tire consequences of money
growth on the welfare of a representative agent, on the productiorodsai$ a firm and on the

overall allocative efficiency of a country?

Among the earliest investigations of the relationship betweertiofflaates and output
growth, is the one by Keynes (1920As the inflation proceeds and the real value of the
currency fluctuates widely from month to month, all permanent relati@tween debtors and
creditors, which form the ultimate foundations of capitalism, becsonutterly disordered as to
be almost meaningless; and the process of wealth-getting degesmento a gamble and a
lottery (Keynes, 1920 p.220)". These early views of Keynes on the adwdlagon—growth
relationship, however, did not trigger a lot of empirical research; ynaetause the overall
macroeconomic environment at that time was comparatively stBbleinstance, the U.S
producer price index in 1943 was slightly below its 1810 value (selad]d®997, endnote 1).
The situation changed after World War Il and particularly after the oil phoeks of 1973 when

severe inflation rates were observed along with low output growth.

On the theoretical fronts, some important developments were masleebethe 1960s
and1980s.This theoretical literature can be divided into three caefased on their views of
the inflation-growth relationship. In the first group, Mundell (1963) and Tobin (1965) pessent
models indicating a positive effect of inflation on the output growth. Isetmeodels, inflation
reduces the real interest rate and makes a substitution of carSassets from real bahces to
capital accumulation. A higher capital accumulation subsequémtens the output growth.

Second important views came from SidraisKil967) model, indicating a super-neutrality of

*The temporal evolution of this literature is praseinin Chapters 1 and 2.
















































Chapter 1 Review of Literature

1. Evolution of inflation over time

It has been mentioned by several authors (e.g., Reid et al., 20129 He7) that until
few decades back inflation was not considered a serious threabfmmeic growth. In contrast,
several countries were experiencing deflation before the beginnind"afe2fiury. Though the
use of paper money for the transactional purposes has a lony,hitst@xcessive creation was
only confined to periods of wars and uncertain times. In normal timesasfomic activity,
currency creation had been fully backed by Gold and U.S dollars andwhsreo incident of
persistent inflation. After the collapse of Bretton Woods systemsjtries started to inflate for
their fiscal requirements. Reid et al. (2012) describe the journey afianflover the last several
centuries. In the following graphs, the authors show a slow evolution esprittil the start of

last century and one could notice only a few episodes of high inflation in the worl

Figure 1-1Evolution of prices over time (Source Reid et al., 2012)









2. On the optimality of the inflation rate: Friedman v  ersus New-Keynesians

2.1.  Friedman Rule

Friedman rule (1969) suggests a negative inflation rate for a zero naniaraist rate.
As marginal cost of producing money is almost zero, any positieeest rate decreases the
transaction demand of mon&pgents prefer to keep lower amount of liquid assets in monetary
form to benefit from this positive interest rate. This consequentisesses transaction demand
for money and raises the price of consumption services from its Igoomimal level and

therefore causes a welfare loss in the economy. Therefore the optim@bimfate is found to be

® Lacker (1996) calculates manufacturing and opegativsts for coin and currency of approximately 0@tace
value.



2.1.1. Friedman rule under first best taxation

In fact, the negative inflation propositions of Friedman rule do not denghe role of
inflation to finance public expenditures. A basic reason behindigngis that all types of taxes
are assumed to be non-distortionary, and a representative goverdogsninot depend on
seigniorage revenues fats public expenditures. This assumption is denoted as ‘first be
taxation’ in thesubsequent literature. Various studies have tried to probe intexisience of
first best taxation and the robustnes$nédman’s optimal inflation rate propositionaeder the
rejection of this assumption. To support the presence and fegsifilihe first best taxation,
Friedman (1971) states that although a positive inflation rates maa lgglvernment to meet its
expenditures by taxing the cash balances yet they repeesshier tax collection; resulting in no
additional resources for the economy. To get these results Friedmarmeigeloiving money

demand function:









2.1.2. Friedman rule under second best taxation

As can be drawn from the above discussion, Friedman supports a zdrionrtfia in the
presence of lump-sum taxes. This is at odds with the fact ltinastall of the central banks
around the world generate revenues from seigniorage taxdtideed, the optimal inflation rate
propositions of Friedman (1969) have also been criticized on several grolimelsmost
important criticism has been raised by Phelps (1973) who arguestteatlump-sum taxes are
not available and a government is forced to raise a specific amourdvefues through
distortionary taxes (such as income tax), the optimal inflatiodégomes non-negative. Phelps
uses Ramsey (1927) taxation framework where consumption taxes asednp such a way
that tax rate on a particular commodity is inversely proportiomat®ite elasticity of demand
for that good. Phelps further notices that Friedman rule does not irmdandamption and labor
supply functions in the analysis. Therefore, the role of taxesfioiencing consumption and
labor supply decisions is missing. Using a differential taraapproach (e.g., by keeping the
total tax constant and replacing one type of tax with anothe@gutie®r shows that the optimal

inflation tax is positive. To illustrate, Phelps takes following money demandduanct









2.2.  Nominal Rigidities: the New-Keynesian Perspective

The above discussion shows that monetarists do not believe in then groldncing
effects of a positive inflation rate. However, this is not a consensusiwi the literature. The
New-Keynesian economists support a positive long-run Phillips cutegioreship between
inflation and growth for a moderate level of inflation. Several empistadlies report these
desirable effects of inflation on the long-run growth. Based on this robust suppothBtd and
Fischer (1989) notedMost economists who came to accept the view that there was roulong
trade-off between inflation and unemployment were more affectacphbgri argument than by
empirical evidence Graham and Snower (2008) present a large survey of empirealtlite

that supports a positive long-run Phillips curve relationship for the post-warltl data set.

The New-Keynesian models focus on providing micro foundations for th&dgyesian
concepts e.g., inefficiency of aggregate fluctuations and martelities — price and wage
rigidities — and their implications for the conduct of monetary policy. Thealitee on the
nominal rigidities cannot be strictly restricted to the Keymestconomics since some early
analysis of Hume (1752) also note that due to slow adjustment esit increase in money
stock influences real output growth after some lags. This is betteuseal effects of changes in
the money supply are not immediately dispersed in the economyickschanges are sluggish
in the short-run, any changes in the money supply entail realefieabutput and employment
(see also Lucas, 1996). Given this long historical belief on the inmpertaf real rigidities, a
general consensus exists that in the presence of the realngatities, a sluggish response to
monetary policy changes will provide a policy space for tl@etary authorities for increasing

output growth in the short-run.

Hume explains this phenomenon in the following way/hen any quantity of money is imported
into a nation, it is not at first dispersed into many hands but i§ireeh to the coffers of a few
persons, who immediately seek to employ it to advantage. Hera set of manufacturers or
merchants, we shall suppose, who have received returns of gokilaerdor goods which they






2.2.1. Price rigidity and the optimal inflation rate

Theoretical Literature

As mentioned earlier, the negative inflation rate of Friedman (1969) didjetoany
practical support since in policy debates of central bantsnd the world it is widely believed
that a complete price stability obstructs the efficiencyrmepsystem when the economy is open
to supply shocks (see, for example, Edey, 1995). Moreover, the opponeats offlation rates
argue that sectoral shocks call for price adjustment and aletngtability will cause price or
wage reduction for some firms and increase them for the others to adgusément. In other
words, downward price and wage rigidities inhibit the adjustment ofkshioc stable price
environment while in high inflation regimes, by contrast, this adjustredkes place even if all

nominal prices (wages) are increasing (Andersen, 2002).

In the theoretical literature, the nominal price rigidities haeen generated by a variety
of models. Mostly, nominal rigidities come from information prokderpricing points, fair
pricing, implicit coordination and adjustment costs, among otheorfacto illustrate, models
with information problems get motivation from Lucas (1972) mispeimeptheory where
individual firms are less informed about the aggregate shocks and dbamgectheir prices
immediately to respond these shocks. Mankiw and Reis (2002) deaetogtly information
model where firms are not always updated about the factors that #féer optimal prices
because doing so requires permanent expenditures on information gatAeangjven point in
time, a fraction of firms update their information about the newingistrategy while the others

use previous knowledge to set the next period prices.

Pricing points theory, propounded by Kashyap (1995), states thatdetprices equal to
specific values even if the optimal price differ from these remnbThe author names them as
pricing points and note that they usually end up in a nine. Forg@&athe firm will charge 5.49
when the optimal price is 5.51 or 5.47. The impact of this stratethat pricing points have a
larger duration than the other prices. Some time-specific aeksraee also influential in the price
setting. For instance, the frequency of price changes isrhilghe the average in the beginning

of calendar year than in December. All of these aspectsad pgidity have been observed by















Alvarez et al. (2005) argue that the main
advantage of this data set is that it underscaertain aspects of firms’ policies which are
important totest the price rigidity. For instance, firms’ respotseost versus demand shocks
can inform about the relative strength of real versus nominal rggddt the time of price
revision. The empirical survey based studies include Blinder et al.)(1&@9%e U.S and Hall et
al. (2000) for the U.K. To illustrate, Hall et al. (2000) take the survelamk of England in
order to analyze price stickiness in 654 U.K companies. The authasetbon testing the time
versus state dependence of price movements. Briefly, the fphtiex the effects of menu cost
and expected inflation whereas the second explains the relesfintenetary and real shocks.
The results show that in most of the cases prices changestimer dependent. Blinder et al.
(1998) complement these results by findihgt most of the firms make ‘periodic price reviews’
for their price changes. The authors also observed a considergoée aé¢ downward price
rigidity that varied with the degree of competition in the markéis Tdegree of downward
rigidity makes the positive inflation rate an optimal choice. Mooenpetitive markets have
undergone frequent price changes compared with the less compatiéigse This also explains
how the optimal inflation rate depends upon the degree of market towepess. Fabiani et al.

(2005) present a summary of the previous empirical work based on the firms’ survey data






2.2.2. Wage rigidity and the optimal inflation rate

Theoretical Literature

A second and perhaps more important source of nominal rigidity is mgidiy. In one
stream of literature both price and wage rigidities are joidiscussed. As wages are an
important element of the cost of production, part of the price ngidiassumed to be coming
from wage rigidity. This view is strengthened by the fact Hsavices sectors which are more
labor intensive face higher price rigidity. Moreover, as shown bys@mp et al. (2005) for his
theoretical analysis of the inertial behavior of inflation and persi® in aggregate quantities, it
is wage rigidity that mainly causes inflation inertia and oufpernsistence in response to a
monetary shock. The author shows that though wage rigidity is natosg stnd lasts only two
to three quarter; its influence to exacerbate the effect of myn&tacks on the U.S output is

substantial.

Before we go into a detail discussion of wage rigidity andnitsraction with inflation,
we present a basic framework for wage adjustment, propoundedybyr T1979). The author
takes a situation where wage contract lasts for one year withevenly staggered decision
dates: half in January and the rest in July. A one year wage coady@ation for period t and

t+1, set at the start of period t takes the following form:
























3. Dynamic Stochastic General equilibrium (DSGE) model s

3.1.  Evolution of the DSGE

The above-mentioned literature evidences nominal price and wadiies in real world
markets. Both these frictions justify the role of money growth foratipg the output growth.
The existence of these nominal rigidities led macroeconomistsvisitréghe conventional
guantitative macroeconomic models of the Keynesian economics. Frquulityemakers’ point
of view, it implies that the effect of monetary policy interiien or any other type of shocks will
depend upon how it affects the behavior of agents (both consumers and plododetiseir
response to these shocks. This issue questioned appropriateneskafrtégian models for the
conduct of monetary policy. This structural invariance of the Kegneaodels was underscored
by several economists during the late 1970s and early 1980s (see 1@ sSargent, 1981).

The famous Lucas critique puts this issue in the following words,

“. .. [T]he ability to forecast the consequences of “arbitrary”, unannounced sequenpesiayf
decisions, currently claimed (at least implicitly) by thedry of economic policy, appears to be
beyond the capability not only of the current-generation models, bubrafewvable future
models as well'{Lucas, 1976, p. 41).

The econometric implication of Lucas critique is further stredged study of Sargent
(1981) which showsiow agents’ behavior will change when their constraiters following
different policy actions. The author argues that changes in constralinggfect the way they
make their choices based on the existing information. Since macroecomaaeéls only focus
on the overall response of any policy intervention, leaving asgdlémpact on the agents
expectations, the behavior of agents can determine the succasg pdliey intervention. To
address this deficiency and to develop a macroeconomic framework eddabrecasting and
policy analysis, the real business cycle (RBC, from here onward) mededautilized. The main
advantage of the RBC models is that they allow a direct coropaos utility gains or losses
from different possible policy actions. Moreover, they incorporatatheal effect of policy and

other shocks in a well specified set up (Goodfriend and King, 1997).

The RBC models are based on a general equilibrium frameworkwat(simultaneous)
optimization programs for consumers and producers respectively. Them@msptimization
includes ingredients of consumption and labor supply while produ@ers to decide about

investment and labor demand for the objectives of profit maxtmizarhe general equilibrium


















3.2.  The basic structure of the New-Keynesian DSGE model

A graphical representation

To better understand the basic building blocks of the DSGE framemdrkhe channels
through which monetary policy can influence output growth, Sbordone et al. (28&0a
graphical method which has been reproduced in Figure 1-3. Therauivide the model
economy into three blocks; the demand block resulting from the optehalvior of households,
the supply block explaining the optimal behavior of a firm antbaetary policy block showing
policy organs. In each block basic structure of the model is repeesentelevant equations. As
mentioned in the above cited benchmark New-Keynesian models, tpes#gors are based on
some explicit assumptions about the behavior of households, firmsgmeament; three key
elements of the New-Keynesian models. The interaction of #tleske actors makes it a general

equilibrium model; as mentioned by Sbordone et al (2010).

In Figure 1-3 the demand block explains that the actual oufpdépends upon the

expected output
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3.2.1. Empirical Evaluation

The empirical literature on the real effects of monetary shocks has evolgadherines as
the above-mentioned theoretical models. The earlier real busimedsls did not consider
money as a source of output fluctuations and a major part of output kyriabihe actual data
was assigned to real factors like productivity shocks. Pre@f6), for example, suggests that
around 75% of fluctuations in the U.S data can be explained by réaistathese findings and
the others results in the RBC theory were also doubted since sguodant fluctuations in the
actual data were left unexplained. For instance, on the labd&etdynamics, the RBC theory
could not explain why the magnitude of fluctuations in these marketarger than the

productivity shocks. Besides, the literature could not identify amgledion between these two
























3.2.2. Welfare cost of inflation

Theoretical literature

Our discussion so far focuses on the presence of real world rigidities aod ma@etary
policy in bringing macroeconomic stability. This is in spiritleé popular view which posits that
inflation induced output fluctuations entail huge welfare cost and dppaiigy is the one that
minimizes these fluctuations. There are two relevant questions thainremanswered in the
above analysis. First, what if a central bank deviates fronrite ptability objective; does it
have to pay a huge welfare cost in case of deviation from cangtability? And second, do
central banks face a stability tradeoff between inflation vaitialaind output growth variability
or a unique optimal monetary policy rule is sufficient to contadhliypes of fluctuations. These
two questions are equally important to take the above discussiotogical conclusion about
the optimal inflation rate. However, here we address the firstignestegarding the welfare
cost of inflation— and leave the second one, concerning the threshold level of inflatidhefor
next chapter.

On the welfare cost of inflation, Bailey (1956) is the first study énapirically estimates
these effects by assuming that the welfare cost can beiradakrough the area under liquidity
preference curve. The liquidity demand curve, in their model, is aasthdwnward sloping
convex curve where demand for liquidity goes down with interest naflation increases the
cost of holding money and reduces its demand by forcing thesaigestvitch to any other way
of transaction including barter system. Since barter transactionosttg and demand exact
match between buyer and seller, inflation exerts a wdlbasefor an economy. This welfare cost
is quantified by taking into account the differences in demand &oresnunder low and high
inflationary periods. Friedman (1969) makes some important contribution te vmss by
estimating losses in consumption and real money holdings caused bgnnfldis definition of
welfare cost of inflation which measures the welfare cost as wardar the inverse demand
function— or consumers’ surplus which could be gained by reduttiagnflation rate to zere

has been used by the subsequent literature (see Fischer, 1981).

Both Fischer and Lucas, nevertheless, find some negligible gainsns ¢¢ GNP (e.qg.,
0.3% and 0.45% respectively) when inflation moves from 10% rate to plewnstability. In
Lucas (2000), the welfare cost of inflation is estimated through the fraction oferttatpeople

would require as compensation in order to make them indifferent &etiveng in a steady state


















Chapter 2 On the Nonlinear Relationship between
Inflation and Economic Growth

1. Introduction

The relationship between inflation and economic growth has longabdebhatable issue
between policy makers and researchers. The idea that inflatiomicdsigrowth- in either way
— had not been taken seriously in the early postwar growth literatureof@me main reasons is
the fact that most studies at that time were based on tines skatia of both preand post ‘Great
Depression’ periods. The great depression resulted istructural transformation of the
developed countriéseconomiesfrom classical market based economiespre-crisis — to
Keynesian Governmesitmixed economies post crisis— and this made it hard to interpret the
results of these studies. At that time, almost all politicel monetary institutions underwent
some major changes; complicating the distinction betweeeftbets of prices on output growth
from the effects of these structural changes. As a result, graseges and output growth were
either considered to be determined independently from one another antieelationship (if
any) was taken on a country-specific basis and could takeignydepending on &t country’s
other macroeconomic developments (see for example Bhatia, 1960). Iguwemse the cross

sectional studies until 1970s found this effect insignificant in most of the casds 19969.

Nevertheless, the early 1970s faced a new phenomenon of stagflation. higiese
inflation episodes were driven by severe oil price shocks thetred aggregate demand and
caused macroeconomic instability as well as balance of pdayernises. Regression analyses of
these inflationary episodes were different from the previous onemféaitbn started appearing
a significant variable in the growth regression with a negatgre Jihis led macroeconomists to
guestion the conventional independence of output growth and inflation rate. Moreowe
exceptionally good performance of the East Asian economiestdintieawas also accompanied
by price stability in these countries. Consequently, consensu®dsttb emerge among
macroeconomists that accelerating inflation inhibits long-run growthh®mther hand, due to
the aforementioned nominal rigidities in real world markets, Friedman’s ivegaflation rate

suggestions were also considered non-applicable by policymakers ofisvaréntral banks












2. Review of the literature

2.1.  Theoretical developments

The existing theoretical literature has come to conflicting emmmhs both about the
determinants of inflation and the effects of inflation on growth. On thei$§sse— the role of
different factors in determining the level of inflatientwo opposing views persisted in the
literature. One view stated that inflation is mainly a cytlp@nomenon. It increases during the
boom periods of economic activity and reduces during the recessionagspeAccording to
this view, inflation is influenced by the degree of slack in goodketsrservices markets and
factors’ markets. In the recessionary periods of a business cycle, when ateersufficient
supplies of all these resources, price pressure remains logontinast, when employment
conditions ameliorate and demand of all of these factors rises, firmpetiom for scarce

resources offer more prices and high inflation occurs.



























2.2.  Empirical advancements

2.2.1. The linear inflation —growth models

The above-mentioned theoretical literature triggered a large ealpiterature on testing
the direct relationship between inflation and output growth. Interestittgdyempirical work has
faced an evolution over time similar to its theoretical counterpar instance, until the mid
1970s the empirical work did not provide guidance to policy makers iagédftee nature and the
sign of the inflatiorgrowth relationship. One underlying factor was that, as mentiorrédrea
there was no evidence of systematic high inflation rate beforeaithe H70s except some
country-specific hyperinflation outbursts such as the one in Gerohaimyg the interwar years.
However, this reason was not valid for all countries since sevemigery economies were
facing a high inflation rate e.g., Latin American economies with lgodigit inflation at that
time. Despite this, the empirical work for these countries also did not prowdgiaance about
the nature of interaction between inflation and growth. To illust@sgbis (1979) tested the
effect of inflation and real interest rate changes on incomenaedtment behavior of 19 Latin
American countries over the period of 1961-73. The main findings of the siagy absence of
any significant relationship between inflation and capital foienadr income growth in most of
the countries. The same type of ambiguity in the inflagoowth relationship can be found in
other contemporaneous studies such as Dorrance (1966) for IMF member cowerigse
period of 1953-61.

These studies were based on relatively short periods of pre-og ghiocks. The
occurrence of supply shocks has had very strong effects on monetary pobeyidy around the
world. Moreover, a lack of robustness also resulted from the fact thaedifigudies during this
era were using different functional forms (see Levine and Renelt, 1898)ively, for the same
variable of interest, changing the theoretical functional form or tiondig set of information
can yield completely different resuftsIndeed, this was the case for the empirical inflation
growth relationship. For instance, Levine and Renelt (1992) and Hineline) (28§&d the
robustness of this relationship and found that the inflagjoswth nexus is brittle; it changes
with the model specification. To get these results, Levine and tR@88R) use extreme-bound
analysis for a cross-sectional data over an average of 30 yeamstewthe robustness of the
coefficient estimates under alternative sets of control variabilefjdied in different linear

models. Their main results show that the inflatgnowth relationship is specification and

4 See Levine and Renelt (1992; footnote 3).






2.2.2. The nonlinear inflation —growth models

The asymmetric Phillips curve relationship of the theoreti¢ataiure could be well
captured by using nonlinear functional forms. Therefore the empiricarobsstarting from the
early 1990s has mostly used nonlinear models. Levine and Zervos (1993)arg the first
studies separating the effects of low and high inflation on output groetind.and Zervos use
cross-sectional data of 102 countries over the period of 1960-89. The authdwgofintportant
relations between inflation and growth; first, for countries working at nadelénflation rates,
rapid inflation changes limit growth and second, high-inflation countries bgstematically
lower growth than low inflation regimes; ceteris paribus. In otherds, the authors show that
only high inflation values could explain cross-section correlationsdsgtvinflation and output
growth. The correlation loses its significance with the omissiothe@$e high inflation cross-

sections.

Fischer (1993) is considered as the first paper testing the inflgtmnth relationship for
both cross country and panel data sets. Fischer argues that as/ mifeets of inflation on
growth appear through investment uncertainty, investment should be loweghi uncertainty
environments and it can only be noticed in the time series dataesfimate the nonlinear
relationship the author estimates a spline function with breaks aah8%40% inflation rates.
The estimated results confirm the nonlinear relationship as interiditye negative relationship
between inflation and growth decreases at the higher inflation Tétese results helped
subsequent researchers on the exact functional form of the relatianshggveral papers in the

following years could be found estimating the nonlinear relationship.

The above results are also supported by Barro (1995) for a largesfdatae than 100
countries. The frequently cited paper of Barro takes five yearsgevefathe annual data over
the period of 1960-90 and uses Instrumental Variable (IV) estima&obmigue. The author tests
different specifications including three sub-samples with regpeatne (1960-70; 1970-80 and
1980-90) and the other three sub-sample with respect to inflation sefomeinflation up to 15

percent, moderate inflation between 15-40 percent and high inflatowe &0 percentage point).












2.3.  Country-specific characteristics and the inflation =~ —growth nonlinearity

Inflation-growth literature shows systematically different resubr developed and
emerging countries. The optimal inflation rate is lower for thet firoup compared to the later.
Certainly, thelevel of income in a country determines agents’ asset congositid therefore
their sensitivity to inflation changes. This consequently translates sttorag inflation effect for
high income economies. However, some other variables can also detémmidiéferences of
effects of inflation on growth from one country to another. A majorofaekplaining this
systematic difference is the level of institutional and otherroe@monomic developments. As
emerging economies are working at a lower level of develommenth respect to these
variables, harmful effects of inflation unfold only at its higher lge¥er these countries making
their optimal inflation rate higher than that of developed ecormriiieis implies that effects of
inflation can be different between two relatively comparable ec@swmith different levels of

macroeconomic environments. In other words, economies with heterogeneslusf lienancial






2.3.1. Trade openness and the inflation —growth relationship

In the literature on trade and economic growth, openness is catsidesource of
macroeconomic stability and a high growth for an economy. Open economéea krong level
of economic interaction with the outside world forcing them to folloscigliined monetary and
fiscal policies. Imprudent macroeconomic policies of the open edesaran cause fluctuations
in financial markets making them more fragile to different shockss implies that in open
economies policy makers tend to have more concerns for macroecaostaiilty and lower
inflation than their closed counterparts. On the other hand, closed ecomoriiespportunistic
behavior of the policymakers where they can exploit short-run advanmégesgniorage and
employment by generating inflation. Similarly, the cost of inflairothese economies is not so
high since it does not pose a threat for their international criégibloreover, it does not make
them vulnerable to terms of trade shocks. All this makes arg) td the inflation rate more
costly in the open economies than in their closed counterparts issneelverse effects are

stronger in the first group compared to the second one.

This robust theoretical connection between trade openness and macroecstaditity
has invited lots of papers to model this relationship theoreti@ally then to conduct the
empirical tests accordingly. For instance, on the direct relatiostipeen trade openness and
inflation, Dexter et al. (2005) argue that for a monopolistically petitive closed economy, an
excess demand affects the level of inflation. As the degree of dapsteess increases for that
country, the excess demand gap is filled by the imported substiftitées not only breaks the
relationship between the excess demand and inflation but alsoepetaféation and capacity
utilization of firms. On the other hand, trade openness is also an@atnfactor behind the
'‘Goldilocks' situation - with both low inflation and low unemploymenf the U.S economy in
1990s (Gordon, 1998). Hence trade openness resulted into lower cyasbgainents and a
higher output growth despite inflation. Putting differently, the dirdetese effects of inflation
on output growth can be attenuated with higher degrees of trade openfiestsvahf, higher
degree of trade openness increases the cost of inflation uncedathyiminishes the average

desirable inflation for the long-run output growth (Granato et al., 2007).

Similarly, the undesirable effects of inflation on capital accatmh also vary with the
degree of trade openness in a country. Cohen et al. (1997) sharei¢wesevhere the authors
report that in a closed economy environment, inflation tax equally erodesrfierate profits of

producers and interest earning of representative agents. Nevertimekls®pen economy case,






2.3.2. Government expenditures and the inflation —growth relationship

Consistent with the above discussion, the level of government expesdidan also
condition the sensitivity of effects of inflation on growth. In therétare, the relationship
between inflation and public finance appears mainly through seignitaagton. A large and
unsustainable long-term public deficit forces central banks taenfta the purpose of deficit
financing (Sargent and Wallace, 1981). This is especially reldeargémerging economies
where conventional tax revenues to finance government expenditures veiatila because of
the fluctuations in economic activity. Thenerging markets’ governments also face some
borrowing constraints as they require a substantial amount of restugelop infrastructure
and to invest in the public projects such as health and educatios. ificreases their
dependence on seigniorage for financing the budgetary déficitsnsequently, their money
growth rate remains high and also exhibit volatility over time (seedBr and Malik, 2005).
The magnitude of seigniorage revenues depends upon the extent tayadechments want to

smooth these revenue fluctuations and their external borrowing corsstraatdng with the

' See Pehnelt (2007), for a brief literature on ibssie.

"1t is important to mention that seigniorage is abtays strongly correlated with inflation; as dissed by Aisen
and Veiga (2008). Their results show a very weaketation between the two variables at high infatrates. The
authors argue that factors determining the botialkiles may differ and a unique level of seignioragght result
two different levels of inflation in a well-definddaffer curve.






2.3.3. Investment and the inflation —growth relationship

The most prominent channel through which inflation affects the output grevegpital
accumulation. High inflation mars the signaling channel which iponant for long-term
investment decisions of agents. Inflation has also been considerech asdieator of
macroeconomic instability (see Heylen and Pozzi, 2007) which mageca delay in the
actualization of potential investment projects. Similar [@is can arise for agents who are net
savers as they may opt for a portfolio adjustment of their saveeyding a lower capital
accumulation. In the presence of free international capital iyollis macroeconomic
instability may also lead to an outflow of capital from high-itifla countries to the stable ones.
A counter argument to this states that inflation raises the stexte and provokes an outflow of

capital from low to high inflation economies.

These and many other channels explain the widely discussedomfiatd investment
relationship. These theoretical connections are represented by sewedals and also
investigated in the empirical literature. However, we will poesent a summary of these
discussions here as they have been comprehensively addressed irt tieapex. As effects of
inflation appear mainly through allocative efficiency and investptbetactual degree of capital
accumulation can also determine the magnitude of effects ofianflan growth. In countries
with a high degree of capital accumulation, the effects of inoflabn growth can be very

different from those with a low investment to GDP ratio. In the previresearch, Li (2006)

'® Direct effect of public expenditures on growth Iheen widely addressed by the previous researchBB891,
and Barro and Sala-i-Martin, 1992).






3. Empirical methodology

3.1. PSTR model specification

To investigate the nonlinear relationship between inflation and ecorgrowth, we use
the Panel Smooth Threshold Regression (PSTR) model proposed by Gpieasvirta and
van Dijk (2005) and Fok, van Dijk and Franses (2005). To illustrate the amfgtiowth
relationship, let us suppose the simplest case of a PSTRwuathxtreme regimes and a single

transition function:



gamma=1
gamma=2
gamma=10







3.1.1. Estimation and specification tests

The PSTR model estimation begins with elimination of individualdfieffects



3.2. Robustness tests

For a robustness test, we follow Yilmazkuday (2011) and estimatanresital variable
two stage least square (IV- 2SLS) model. In all the specificatibosr IV-2SLS, initial values
of each five year period observations are used as instruments. In otlerthe five years GDP
per capita growth is regressed on the initial value of inflatrorestment, trade openness and so
on. In this way, for all 5-years observations, the values of thaligéar serve as instruments in
the first stage. We also estimate fixed effect model afietralling for time and country fixed
effects. Wooldridge (2001) shows that the fixed effect model with timecanadtry-specific
effects removes all possible types of endogeneity in thelmhata. Our linear model for the

fixed effect model becomes:



4. Data and estimation process

For our empirical analysis, we use annual data from 100 countries heveretiod of
1963-20122 As shown by the previous studies, a variety of factors can influemcerun
growth of a country. Therefore, the previous research on growth determilzastsiot provide
any precise direction regarding the set of covariates. However, seynmacroeconomic and
institutional variables have been frequently used in the previouatliter Lopez-Villavicencio
and Mignon (2011) show that all of these variables significantly affatgut growth of the
developed and emerging economies. We follow the same tradition regéndirsglection of

covariates in our econometric analysis.

Our selected control variables include initial level of GDP ppitaan order to account
for the conditional convergence in spirit of the neoclassical growthytt{8otow, 1956; Barro
and Sala-i-Martin, 1995). Following the development on endogenous growth,the®nyse
additional control variables: (i) trade openness, measured asofatigports plus exports to
GDP, (ii) government expenditure to GDP ratio as an indicator ddlfalicy or public size,
(i) investment, measured as ratio of gross fixed capital formaboGDP, (iv) population
growth to incorporate the impact of population dynamics, and themaiar variable of interest,
the inflation rate, defined as growth rate of the consumer price {{@fR) to measure effect of
price instability on the output growth. Our endogenous variable igrdveth of GDP per capita
in constant 2000 USD prices. Following Levine et al. (2000), Beck. €2@D0) and Lopez-

* Selected countries and their respective descrigtafistics are presented in Table 1.



4.1. Descriptive Statistics

Table 2-1 shows the descriptive statistics of the data seta(ma over 5-year periods
from 1963-2012). As is evident from Table 2-1, the annual per capita éengmwth rate varies
between -9% to 18% while the initial per capita income variesdsetv$98 to $36,458 for the
selected economies. Similarly, population growth range betweerf6Q®B11%, trade openness
range between 0.33% to 421%, capital formation range between 2% tg@&&mment finance
range between 3% to 46%, and the average annual inflation rangemefws to 7% over the
selected time period. These huge differences between the miramdimmaximum values cause
high standard deviation of the variables. The results justify thefB8STR model in our study.
As the PSTR estimation takes into account country heterogeoeitgstimated results are not
affected by the large standard deviations of the included variablescoftelation across these
variables is reported in lower part of Table 2-1. The values of twselation coefficients are
time-averaged across all individuals (within) and are therefore atdcuin the following way
(x(it) — x(i)). This transformation of the variables is required keeping in Wmnfact that our
PSTR parameters are based on time and country-fixed effects.

The signs of the correlation coefficients are in line with our poipeetations. The high
values of explanatory variables such as inflation, and population gravdthgavernment
expenditure adversely affect the dependent variable; economic graWvéneas more trade
openness and capital formation are growth enhancing. Initial GDivésly correlated with
the actual GDP growth showing the convergence hypothesis. Intelgsting correlation

between inflation and our main conditional variables e.g., trade opeandsgovernment









5. Results and discussion

Here we present the main findings of our inflatigrowth relationship that have been
obtained by the PSTR and IV- 2SLS models. As the PSTR staltsdefining the degree of
nonlinearity and number of thresholds (no remaining heterogeneity), elimipary findings
guide us to select the number of transition functions. The sfiéltistics of the nonlinearity test
reject the hypothesis of linearity in all specifications. Ogults, based on the residual sum of
squares and the criteria of information show that in the presenbotiséhe threshold level and
the number of transition functions is one for all c&3€Ehis signifies that a weak number of
transition functions are sufficient to characterize the nonlinearity leettree inflation rate and
the economic growth, using various threshold variables. For the IV-2SLS snadalll of the
below mentioned specifications, initial values of each 5-year peobtle respective variables

have been used as instrument in the first stage.

Table 2-2 presents the results for all of these specificatmnthe global sample. Our
first specification is based on linear fixed effects estimatimticating an overall effect of
inflation on the income growth. This linear model is used as a benchmartheoother
specifications, and it shows that the overall effects of inflatien reegative and significant.
Generally speaking, all of the variables are significant whigirtsigns consistent with the
economic theory. We can also notice that the sign of control variat#esiso very robust with
respect to the selected models (PSTR, Fixed Effects or IV-28lL8)main variable of interest,
inflation rate, appears with a negative sign showing the overalrsaleffect of inflation on
economic growth. As inflation generates uncertainty and halts the pimddecisions of firms,
it diminishes average long-run growth. These overall negative effenots been widely
acknowledged by the previous empirical literature. With respebetother variables of interest,
initial GDP growth is significant with negative sign. This negatsign supports conditional
convergence hypothesis of the neoclassical growth theory. Kgefhie other growth
determinants constant, countries with high initial GDP tend to growesltan their low-
income counterparts. The difference between the initial income aadysstate growth is

therefore an important determinant of current growth of a country.

The population growth variable also assumes a negative sign, irgfléicé burden of

overpopulation on the long-run growth of countries. Although it is not significattie first

% Details are provided in Table 2-6



































































































































































































































































































































































































































































































