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sian Phillips Curve (NKPC) model ofGalí and Gertler(1999) andGalí
et al. (2001). An open economy extension byLeith and Malley(2003)
and a NKPC model that explicitly incorporates energy into the average
real marginal cost measure are also considered. The primary focus of the
paper is to identify and compare the underlying structural parameters of
the NKPC model across the three Baltic economies.

Empirical NKPC model estimates point to a limited role of the cost
measure in determining inflation dynamics in the three Baltic countries.
It has been found that the inflation process in these countries primar-
ily depends on inflation expectations and past inflation rates. Price set-
ting rigidity, as measured by the price stickiness parameter, tends to be
lower than in the euro area but higher than in the US, while the share of
backward-looking price setters is found to be higher on average.
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Non-technical summary

The paper presents an empirical analysis of inflation in Estonia, Latvia and
Lithuania during the period 1995–2005. The theoretical framework of the
analysis is based on the New Keynesian Phillips Curve (NKPC) model ofGalí
and Gertler(1999) andGalí et al.(2001). The NKPC model is derived under
assumptions of monopolistic competition andCalvo(1983) pricing. The first
assumption enables one to treat the firms in an economy as having a degree
of price control, as opposed to perfect competition where firms do not have
any pricing power. The second assumption leads to nominal price stickiness:
prices that are set now must be maintained for a random interval of time before
they can be changed again according to theCalvo(1983) pricing model. As a
result, profit-maximizing firms choose prices not only on the basis of current
demand and marginal costs, but also on the basis of expected future marginal
costs over a period during which they do not expect to be able to change their
prices. In the context of the NKPC, this expected duration of prices can be
interpreted as a measure of price stickiness, and as such is one of the two key
structural parameters of the model.

The second key structural parameter in the NKPC is the share of so-called
“rule-of-thumb” firms. In contrast to the profit-maximizing firms described
above that set prices according to their expectations of future (real marginal)
costs, it is assumed that rule-of-thumb firms set their prices on the basis of an
indexation rule that relies on past inflation. The presence of such backward
looking price setters implies that at the aggregate level, inflation depends not
only on expected future inflation and current (real marginal) costs, but also on
past inflation rates.

In addition to theGalí and Gertler(1999) andGalí et al.(2001) version of
the NKPC model, which is derived for the case of a closed economy, the paper
considers two extensions of the baseline model suitable for an open economy.
The first open economy extension, borrowed fromLeith and Malley(2003)
generalizes the baseline framework, where goods are produced using domes-
tic labour and capital only, by allowing for imported intermediate goods as
a third input in domestic production. In addition to making the setup more
appropriate for the Baltic economies, the modification introduces a channel
through which the domestic production costs and inflation depend on the rela-
tive price of foreign goods. The second open economy extension of the NKPC
model treats the imported production factor as energy, thereby emphasizing
the contribution of world energy prices to domestic inflation. In the empirical
analysis, the cost of energy is approximated using the price of crude oil.

All versions of the NKPC model imply a reduced-form equation, which
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links current inflation to expected future inflation, past inflation and current
(average) real marginal costs. The coefficients of the reduced-form NKPC
model in turn depend on the structural parameters, which include the price
stickiness parameter and the share of the rule-of-thumb firms. The main em-
pirical goal of the paper is to estimate and compare these structural parame-
ters, along with the reduced-form coefficients, for the three Baltic countries.
A comparison of structural parameters is of interest because it may reveal
whether differences in inflation dynamics, if any, can be attributed to some
deeper, structural differences in the way individual prices are set. At the
same time, examination of the reduced form coefficients allows one to com-
pare other characteristics of inflation dynamics, such as its intrinsic persistence
(measured by the contribution of past inflation to current inflation) and its sen-
sitivity to the cyclical condition of the economy (i.e. the slope of the Phillips
curve as implied by the coefficient next to the marginal cost term). All such
insights have considerable policy relevance.

The empirical part of this study uses a range of advanced econometric tech-
niques to obtain statistical estimates of both the structural and reduced-form
parameters of the NKPC models for Estonia, Latvia and Lithuania. The period
chosen for the empirical implementation of the models covers the years 1995
to 2005. Among the structural parameters of the model, only the coefficient of
price stickiness, that is the probability of a price change within the framework
of the Calvo (1983) model, and the share of backward-looking price setting
firms are estimated. Because of the limited number of observations, other
structural parameters are either preset to their theoretical values or the sample
average.

Empirical results suggest the real marginal cost measure plays a limited
role in determining inflation dynamics in the three Baltic economies, even
though the open economy version of the NKPC model yields statistically sig-
nificant estimates of the corresponding parameter for all three countries. It was
found that the inflation process is primarily driven by inflation expectations,
while the lagged inflation only feeds about 30% to 50% back into the current
inflation dynamics. Price setting flexibility, as measured by the stickiness coef-
ficient, implies an average price duration of around 4 quarters, which is lower
than in the euro area but higher than in the US, seeGalí et al.(2001). This
result applies to all three Baltic countries, corroborating earlier price setting
survey evidence for Estonia inDabusinskas and Randveer(2006). Estimates
of the share of backward-looking price setting firms are less precise and vary
from 80% in Estonia to 20% in Lithuania.
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1. Introduction

This paper estimates and tests the New Keynesian Phillips Curve model,
henceforth abbreviated as NKPC, for Estonia, Latvia and Lithuania during the
period 1995 to 2005.1 The theoretical framework of the NKPC model is laid
down in Galí and Gertler(1999) and Galí et al.(2001), where the inflation
process is driven by the expected future inflation, a measure of real marginal
cost, and possibly lagged inflation, where the latter is referred to as the hybrid
NKPC model. As suggested inGalí and Gertler(1999) andGalí et al.(2001),
real marginal costs are proxied by the labour income share, equivalently real
unit labour cost, under the assumption of Cobb-Douglas technology. In addi-
tion, a modified real marginal cost measure for an open economy subject to
changes in relative input prices is considered, seeLeith and Malley(2003),
along with a marginal cost series implied by the energy augmented production
technology. These real marginal cost measures are used to estimate parameters
for three empirical NKPC models using Eurostat data on the Baltic economies.
A carefully implemented GMM estimator allows a statistical inference on both
the structural and reduced-form parameters of the NKPC model. Among the
structural parameters of the model, the coefficient of price stickiness2 and the
share of backward looking price adjustments are of particular interest. Owing
to the limited sizes of available series, other structural parameters, including
the discount rate, were either preset to their theoretical values or calibrated to
fit the sample average.

Empirical results suggest that the real marginal cost measure plays a rather
limited role in determining inflation dynamics in the three Baltic economies,
even though the open economy version of the NKPC model yielded statisti-
cally significant estimates for all three countries. The inflation process is found
to be driven by inflation expectations, with past inflation only feeding about
30% to 50% back into current inflation dynamics. Price setting flexibility, as
measured by the stickiness coefficient, is in line with the euro area results pre-
sented byGalí et al.(2001) and implies an average price duration of around 4
quarters. This result applies to all three Baltic countries, corroborating earlier
price setting survey evidence for Estonia. However, additional investigation is
required to determine the effect of rapid disinflation experienced by the three

1A recent study of inflation dynamics in the Baltics was conducted byMasso and Staehr
(2005), where they estimate reduced-form Phillips Curve models for Estonia, Latvia and
Lithuania using panel data methods. In contrast toMasso and Staehr(2005), the NKPC ap-
proach in this paper is centered around a structural relationship between inflation and cost
factors within the framework of nominal price stickiness. The empirical aim of this paper is
to estimate and compare underlying structural parameters governing the inflation process in
Estonia, Latvia and Lithuania.

2The probability of a price change within the framework of theCalvo(1983) model.
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Baltic countries in the mid–nineties on the specification and estimation of the
NKPC model.

The rest of the report is structured as follows. Section 2 introduces some
key elements of the NKPC theory in closed and open economy settings. Sec-
tion 3 describes empirical methodology and data, while Section 4 presents
the results of the estimation. These include structural NKPC estimates corre-
sponding to the closed economy as well as the open economy model. Section
5 concludes.

2. Theoretical framework

In this section, we lay out the theoretical foundations of the NKPC models
that form the basis for the empirical analysis of our paper. As mentioned in the
introduction, we consider a closed economy setup and two extensions of the
model for an open economy. Although the models have very much in com-
mon, to streamline the discussion, we present them as three separate cases,
emphasizing that the main differences between them arise from different as-
sumptions about production technology in order to model openness (trade).
Otherwise, the modelling frameworks are similar enough to be considered as
variations of the same model. For example, all of them assume monopolistic
competition in the goods market, iso-elastic demand curves for differentiated
goods, the same nature of price stickiness, etc. As a consequence, the resulting
closed and open economy Phillips curves have essentially the same structure
but differ in terms of the real marginal cost measure, the key driving variable
in the NKPC framework. Given a direct link between production technology
and the corresponding real marginal cost, open economy considerations matter
because, as discussed below, openness is modelled by introducing trade in in-
termediate goods. We begin by reviewing the characteristics that are common
for all the variants of the model. Since openness is not an issue at this point,
the description refers to a generic market without specifying what exactly that
market is. Then we consider the closed and open economy cases by focusing
on the effects that modelling openness has on the real marginal cost term.

Consider a monopolistically competitive goods market with a unit mass
of firms indexed byj ∈ [0, 1]. Each firm produces a differentiated good
Yt(j) and faces a downward-sloping constant-price-elasticity demand curve

Yt(j) =
(

Pt(j)
Pt

)−ε

Yt, wherePt(j) is the price firmj sets for its good,Yt is

aggregate output given byYt =
[∫ 1

0
Yt(j)

ε−1
ε dj

] ε
ε−1

andPt is the price level

Pt =
[∫ 1

0
Pt(j)

1−εdj
] 1

1−ε
. In this setup, parameterε is both the constant price
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elasticity of demand and the elasticity of substitution between the differenti-
ated goods.

We assume that the ability of firms to adjust prices in response to shocks
is constrained as inCalvo (1983). In particular, each firm faces a constant
probability1 − θ of adjusting its price in any given period. This probability
is independent of the history of previous price changes and implies that the
expected average duration of prices is1

1−θ
. Applying the law of large numbers

and log-linearizing the price index around a zero-inflation steady state, the
(log) price levelpt can be written as a weighted average of the (log of) newly
chosen pricep∗t and the (log) aggregate price level in the previous period:

pt = θpt−1 + (1− θ)p∗t .

FollowingGalí and Gertler(1999), we also assume that not all firms adjusting
prices in a given period choose new prices as fully rational profit maximizers.
Instead, only a fraction1−ω of the price-adjusting firms choose the new price
in a fully optimal way, while the remaining price-changing firms(ω) adopt the
following backward-looking rule of thumb:pb

t = p∗t−1 + πt−1, wherepb
t is the

(log) price that theω fraction of the backward-looking price setters choose in
periodt, p∗t−1 is the (log) average price chosen (across both fully rational and
“rule-of-thumb” price setters) int − 1 andπt−1 = ∆pt−1 is the inflation rate
in periodt− 1.

It can be shown that this setup implies the hybrid version of NKPC that
relates the current rate of inflation to past inflation, the current expectation of
future inflation and the present level of real marginal cost:

πt = γb πt−1 + γf Et πt+1 + λ̃ m̂cavg
t , (1)

γb ≡ ω

φ
, γf ≡

βθ

φ
,

λ̃ ≡ (1− ω)(1− θ)(1− βθ)ζ

φ
,

φ ≡ θ + ω[1− θ(1− β)].

Hereγb ≡ ω
φ

shows that the influence of past inflation on current inflation in-

creases with the share of backward-looking price setters (ω), while γf ≡ βθ
φ

indicates that the importance of expected inflation increases with the degree
of price stickiness, here measured byθ, the fraction of firms that do not adjust
prices in periodt. Finally, the relationship between current inflation and the
averagemarginal cost̂mcavg

t (in log-deviation from the steady state) is charac-
terized byλ̃ ≡ (1−ω)(1−θ)(1−βθ)ζ

φ
, whereφ ≡ θ+ω[1− θ(1−β)].3 Parameterζ

3Note that in the case of no backward-looking price setters, the hybrid NKPC reduces to
the purely forward-looking version of NKPC.
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in the expression for̃λ can be referred to as the aggregation factor that adjusts
the observedaveragemeasure of marginal costs for the fact that marginal costs
vary across firms when prices are sticky and some factors of production, say
capital, is fixed (Sbordone, 2002; Gagnon and Khan, 2001). If, on the other
hand, marginal costs are constant, no aggregation is required, andζ is equal to
one. Importantly, the aggregation factor is generally different for different pro-
duction technologies. As a result, it will also differ between closed and open
economy cases because the latter will allow for imported intermediate inputs.
Next, we introduce the three variants of the NKPC model one at a time.

2.1. Closed economy model

In a closed economy setup, firms are assumed to use labour and capital ac-
cording to the Cobb-Douglas technologyYt(j) = ÃtNt(j)

1−αK
α
. Assuming

that the stock of capital is predetermined, the production function can equiva-
lently be written asYt(j) = AtNt(j)

1−α, which is the production technology
considered byGalí et al.(2001). The aggregation factorζ that corresponds
to this closed economy case with the Cobb-Douglas production technology
and fixed capital is given byζ = 1−α

[1+α(ε−1)]
, whereε is the price elasticity of

demand as well as the elasticity of substitution between differentiated goods.
Sinceµ = ε

ε−1
is the steady state mark-up, the aggregation factor can alter-

natively be written asζ = 1−α
[1+ α

(µ−1)
]
. Finally, it can be shown that for this

economy, the average real marginal costMCavg
t is proportional to the average

labour income share or, equivalently, real unit labour cost:

MCavg
t =

1

1− α

WtNt

PtYt

=
St

1− α
,

whereWt is the nominal wage rate,Nt is the labour input,Pt andYt are the
aggregate price level and output, respectively, andSt ≡ WtNt

PtYt
is the labour

income share. Letting lower case letters denote log-deviations from the steady
state, we get:

m̂cavg
t = ŝt. (2)

Finally, sinceMC = 1
µ

in the steady state, the technology parameterα can be
calibrated by choosing the mark-up and utilizing the sample information on
the labour income share asα = 1− µS.

2.2. Open economy extensions

When considering the open economy case, we followLeith and Malley
(2003) who allow for trade in both intermediate inputs and final consumption
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goods. In particular, the final consumption basket is now a CES aggregate of
the bundles of domestically produced and imported varieties:

Ct =

[
χ

(
Cd

t

) η−1
η + (1− χ)

(
Cf

t

) η−1
η

] η
η−1

,

where

Cd
t =

[∫ 1

0

(
Cd

t (j)
) ε−1

ε dj

] ε
ε−1

is a CES index of domestically produced brands, andCd
t (j) refers to the con-

sumption of the good produced by domestic producerj. An analogous aggre-
gator is assumed for the bundleCf

t of foreign varietiesCf
t (j), wherej ∈ [0, 1]

indexes foreign producers. It follows that the corresponding price indexes are
now given by:

Pt =

[
χη

(
P d

t

)1−η
+ (1− χ)η

(
P f

t

)1−η
] 1

1−η

and

P i
t =

[∫ 1

0

P i
t (j)

1−εdj

] 1
1−ε

, i = d, f .

Trade in intermediate inputs is introduced in Leith and Malley (2003) by
assuming that imported intermediate goods are substitutes for the domestic
labour input as reflected in the production function:

Yt(j) =
(
αNNt(j)

ρ−1
ρ + αMM

f
t (j)

ρ−1
ρ

) ρ
ρ−1

(1−α)

K
α
, (3)

whereNt(j) is the amount of labour employed by firmj andM f
t (j) is the

input of imported intermediate goods (a composite analogous toCf
t above)

that domestic firmj uses in its production. Consequently, the total demand

for the output of domestic firmj is given byYt(j) =
(

P (j)t

P d
t

)−ε

(Cd
t +M f∗

t +

Cf∗
t ), whereM f∗

t andCf∗
t are the bundles of domestic varieties which are

used by foreigners as the imported intermediate input and consumption good,
respectively.

In terms of NKPC equation (1) that was considered in the closed econ-
omy context above, the open economy production function (3) introduces two
changes. Most importantly, it implies a new measure of marginal costs, which
now depend on the domestic wage rate relative to the price of imported inter-
mediate goods, the price of domestic intermediate goods relative to the price
of imported ones and the domestic output gap (equation5). The second dif-
ference concerns the aggregation parameterζ. It was shown that in the closed
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economy model,ζ depends on the labour share1− α, adjusted for the steady
state mark-upµ, that isζ = 1−α

1+ α
(µ−1)

. The fact that the open economy pro-

duction function (3) contains imported intermediate goods as an additional
variable input implies that the interpretation of the parameter1−α is now dif-
ferent. As a result, the aggregation parameterζ depends now not only on the
labour share but also on the share of imported intermediate goods in GDP, see
Leith and Malley(2003): 1 − α = µ s+is

1+is
, whereµ = ε

ε−1
is the steady state

mark-up,s = WN
PY

is the steady state labour share, andis = P f Mf

PY
is the steady

state share of intermediate inputs in GDP. Since this share has been constantly
rising in our sample, we allowed this steady state ratio to be time-varying.
This, in turn, has introduced time-variation in the aggregation parameterζ and
λ̃ (as well asα).

To present the resulting open economy NKPC model more succinctly, it is
useful to introduce a new parameterψt, defined asψt = 1

1−αt
.4 The NKPC

model for the open economy is then given by:

πt = γb πt−1 + γf Et πt+1 + λ̃t m̂c
avg
t , (4)

γb ≡ ω

φ
, γf ≡

βθ

φ
,

λ̃ ≡ (1− ω)(1− θ)(1− βθ)ζt
φ

,

φ ≡ θ + ω[1− θ(1− β)],

ζt ≡ 1− αt

1 + αt

µ−1

=
1

ψtµ− 1
,

where the real marginal cost term is:

m̂cavg
t = ŝt − (ψt − 1)

(
ist

1 + (1− ψt)ist

)
ŷt − (5)

−
(

(1− ρ)
ist

st + ist
+ ρ

(
ist

1 + (1− ψt)ist

)
st

st + ist

)
(ŵt − p̂f

t ) +

+

(
ist

1 + (1− ψt)ist

)
(p̂d

t − p̂f
t ),

and wherest = WtNt

P d
t Yt

is the (time-varying) steady state labour share, andist =

P f
t Mf

t

P d
t Yt

is the (time-varying) steady state share of intermediate goods in value
added. In accordance with its definition, the time-varying parameterψt is

4Here the subscriptt is meant to indicate that in the empirical implementation of the
model we allow these parameters to be time-varying.
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calibrated as5 ψt = 1
µ

(1+ist )

st+ist
, whereµ = ε

ε−1
is the steady state mark-up.

As before,x̂t denotes the log-deviation ofXt = Wt, P
f
t , P

d
t , Yt, whereYt =

Y d
t −

P f
t

P d
t
M f

t is real value added or GDP (difference between real output and
real intermediate good inputs).

2.3. Oil price and marginal cost

In order to model the supply channel of oil price shocks in the framework
of NKPC explicitly, we consider introducing oil (or energy more generally) as
a separate factor of production. In general, it seems to be customary to model
the contribution of energy to the process of production by bundling energy
with capital (ECB, 2006). In our case, this approach can be adopted easily by
altering the production function for differentiated goodsYt(j). For example,
using a CES aggregator to combine energy and capital, we get:

Yt(j) = Nt(j)
1−αZt(j)

α, (6)

Zt(j) =
(
αKKt(j)

ρ−1
ρ + αEEt(j)

ρ−1
ρ

) ρ
ρ−1

,

whereEt denotes the energy input, entering the CES capital-energy bundleZt.

Naturally, in such a setup, marginal costs become a function of energy
prices. However, if real marginal costs are to be expressed in terms of the
labour share, as is common in the NKPC literature, then it can be shown that
m̂cavg

t = ŝt still holds, i.e., (log-deviations of) average real marginal costs
can still be measured by (log-deviations of) the labour share. Since this result
follows from the fact that the Cobb-Douglas specification is used to combine
labour and the capital-energy bundle in (6), we might want to relax the unitary
elasticity between the two inputs by assuming a CES aggregator instead. How-
ever, since capital is usually assumed to be given in the NKPC literature, we
prefer to consider a simpler setup and assume that goodsYt(j) are produced
by a CES technology in two variable inputs, labour and energy:

Yt(j) =
(
αNNt(j)

ρ−1
ρ + αEEt(j)

ρ−1
ρ

) ρ
ρ−1

. (7)

Under these assumptions, log-deviations in real marginal costs can be ex-
pressed as:

m̂cavg
t = ŝt − (1− µs)(ρ− 1)(p̂E

t − ŵt), (8)

5Note that this expression inLeith and Malley(2003) contains an error: the mark-up
parameterµ is in the nominator ofψt.
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whereµ = ε
ε−1

is the steady state mark-up,s is the steady state labour share,
and(p̂E

t − ŵt) is the log-deviation of the price of energy relative to wages.6

Given the assumption that bothNt(j) andEt(j) are variable inputs in (7),
all producers face the same marginal costs. Since that impliesmct(j) =
mcavg

t , the aggregator factorζ in (1) is unity, and the NKPC becomes:

πt = γb πt−1 + γf Et πt+1 + λ m̂cavg
t , (9)

γb ≡ ω

φ
, γf ≡

βθ

φ
,

λ ≡ (1− ω)(1− θ)(1− βθ)

φ
,

φ ≡ θ + ω[1− θ(1− β)],

wherem̂cavg
t is given by (8). In the discussion below, we will refer to this setup

as the energy augmented NKPC, and it will be the last variant of the structural
NKPC we investigate in the empirical section of the paper.

2.4. Some concerns

Having introduced the theoretical background of the paper, it is natural to
ask whether this framework is appropriate for modelling inflation in the Baltic
states in 1995–2005. One particularly relevant aspect of our analysis is the fact
that we are dealing with transition economies, and thus the structural changes
that they experienced during the sample period may raise additional difficul-
ties for the application of the above NKPC models. Specifically, we would
like to draw attention to the following three potential concerns. First, our
sample partly includes the period of disinflation, a one-off event which may
be qualitatively different from the usual, business-cycle-related fluctuations in
inflation that the NKPC theory is meant to tackle. Another potential problem
is related to the presumption that the structural price setting parameters can be
treated as constants throughout the estimation period. In fact, there are quite
substantial differences between inflation rates at the beginning and the end of
all three country samples (see Figure2 in Section 3), hence the stability of
structural parameters, for example that of the Calvo price setting parameterθ,
may be questionable. The third potential drawback of the analysis is related
to the dynamics of the labour income share that in the present context serves

6In its structure, this setup is essentially equivalent to that employed byGalí and López-
Salido (2001) andBalakrishnan and López-Salido(2002). In particular, they consider two
factors of production, labour(N) and imported intermediate goods(M), and a CES technol-
ogy to extend the closed economy NKPC model for the open economy case. Hence, the only
difference between their model and the one we consider is different labeling of the non-labour
input.
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the role of a proxy for real marginal cost and is meant to capture the cyclical
fluctuation in mark-ups. In contrast to this interpretation, the observed be-
haviour of the labour income share could largely be reflecting the structural
changes that took place in the labour markets and production sectors of the
Baltic economies during their transition.

As will be explained in greater detail in the next section, we estimate the
NKPC models using demeaned inflation series. This implies that we assume
a constant steady state inflation rate, which is equal to the sample average in-
flation rate. In addition, no particular adjustment is made to account for disin-
flation in the beginning of the sample, and as a result, high inflation episodes
are treated as periods of significant deviations of inflation from its constant
steady state.7 At first glance, the nature of the inflation series we work with
(see Figure2 in Section 3) might seem to suggest that detrending would be
preferable. Admittedly, given that the theoretical model is very stylized and
its derivation involves linearization around a zero-inflation steady state, some
ad-hoc empirical fixes may seem necessary. We decided not to do so, however,
on the grounds that such an empirical fix would be quite arbitrary and not easy
to square with the underlying model. First, the fact that the model is intrinsi-
cally forward looking renders detrending less attractive. Second, independent
detrending of inflation and the labour share (as a proxy for real marginal cost)
is hardly acceptable in the context of a model that deals specifically with the
structural relationship between these two variables. Finally, detrending the
inflation and labour share series would have eliminated the medium-term co-
movement between these variables that is clearly noticeable in the data for
Estonia and, to a lesser extent, Latvia. However, it is this tendency for the two
variables to co-move that has been emphasized byGalí and Gertler(1999) and
Galí et al.(2001) as evidence supporting NKPC theory. For these reasons,
we have decided to work with demeaned rather than detrended inflation and
labour share series in this paper.8

The second rather related issue is whether it is reasonable to assume, as we
do in the next section, that structural price setting parametersθ andω were sta-
ble during the entire sample period 1995–2005. Indeed, if some characteristics
of price setting behaviour, such as the frequency of price changes for example,
are not independent of the level of inflation, then parameter constancy might
not be a sound assumption because in our samples inflation varies quite con-
siderably. Whether this creates stability problems for our estimation depends

7We treat the dynamics of the forcing variable, the labour income share, in the same way,
see the discussion below.

8Only the relative wage and price series (ŵt− p̂f
t , p̂d

t − p̂
f
t , andp̂E

t − ŵt) entering expres-
sions for real marginal costs in the open economy models were quadratically detrended. See
equations (5) and (8) and Section 3 for details.
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on the sensitivity of the underlying price setting parameters to the inflation
rate. Unfortunately, the shortness of our data series prevents us from testing
the stability of structural parameters directly. As an alternative, we can obtain
some indirect insights into the nature of the link between inflation and the fre-
quency of price changes from a calibration exercise reported byGolosov and
Lucas(2003). According to their Figure 6, 22 percent of firms change prices
every month when the quarterly inflation is 0.9 percent.9 When quarterly in-
flation rate is 8 percent, which is about the level of inflation that prevailed in
the Baltics in 1995, the share of firms changing prices is about 30 percent.
According to these figures, quarterlyθ declines from 0.47 to 0.34 as quarterly
inflation increases from 0.9 to 8 percent. If correct, such sensitivity ofθ to in-
flation is sufficiently high to cast doubt on our assumption that the Calvo price
setting parameters have been constant throughout the estimation period.10 We
acknowledge the potential seriousness of this problem but leave its more care-
ful statistical and economic assessment for future research, when more data
become available.

Finally, concerns can also be raised in relation to our use of the labour
share of income as a proxy (or a constituent of it in the case of open econ-
omy specifications) for real marginal costs. In the context of the above NKPC
models, fluctuations in real marginal costs imply deviations of actual price
mark-ups from the desired ones, prompting firms to adjust prices to restore
the desired mark-ups. Consequently, the use of the labour income share as a
proxy for real marginal costs must be supported by a belief that the observed
variation in the labour income share indeed reflects deviations in mark-ups and
not something else, for example, structural changes in the economy. Although
the latter possibility cannot be excluded in the case of the Baltic states in the
period 1995–2005, our present empirical implementation of the NKPC mod-
els leaves it out.11 As in the case of inflation series, we use demeaned labour
income shares, implicitly assuming that a constant steady state labour income
share is equal to the sample average share. This implies that all deviations of
the labour share of income from its sample mean are interpreted as temporary
discrepancies between the desired and actual mark-ups. Although we do not
investigate the possibility that the dynamics of labour income shares mirror

9This particular combination of data points corresponds to the evidence provided byBils
and Klenow(2004). Note that 0.9 percent quarterly (or about 3.6 percent annual) inflation is
approximately the rate of inflation characteristic to the Baltics at the end of the sample period.

10Assume, for a moment, that the point estimate ofθ is “neutral” 0.5. For this point
estimate to be statistically significant at conventional significance levels, its standard error
must be about 0.25 or lower. Judging from this point of view, the variation inθ implied by the
Golosov and Lucas(2003) results constitutes at least half of the above standard error and thus
is quite substantial.

11The Baltic labour income share series are plotted in Figure2 in Section 3.
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developments other than those accounted for by the NKPC framework, we
deem the issue relevant and plan to address it in future research.

Interestingly, in a recent paper,Lawless and Whelan(2006) raise doubts
about the way inflation is linked to the behaviour of the labour income share
in empirical implementations of the NKPC models ofGalí and Gertler(1999)
andGalí et al.(2001). In particular,Lawless and Whelan(2006) argue that
the model cannot explain the observed combination of declining inflation and
labour shares in the euro area. After examining the factors underlying the
decline in the labour shares using sectoral data, they conclude that the main
drivers of the labour share dynamics are related to technological and labour
market developments, which are not considered in the standard NKPC frame-
work. Hence, given that transition entails both massive changes in the sectoral
structure of the affected economies as well as rapid technological change, the
findings ofLawless and Whelan(2006) may apply in the case of the Baltic
economies as well. As mentioned above, we plan to investigate this possibil-
ity in the future.

We now turn to a description of the data and econometric methodology
employed in the current analysis.

3. Data and econometric methodology

Quarterly macroeconomic series for Estonia, Latvia and Lithuania have
been sourced from the Eurostat database. Prior to estimation, all series are
adjusted for seasonality using the filter(1 − L4), whereL denotes the lag
operator. All empirical results presented in Section 4 are based on seasonally
adjusted inflation and marginal costs series, since the theory of the NKPC is
not designed to explain seasonal variations in inflation rates.

Inflation is constructed by taking logarithmic differences of the GDP de-
flator series, where the latter is computed as the ratio of nominal to real GDP
series for each of the three Baltic economies.12

The average real marginal cost variablemcavg
t in the closed economy model

of Galí et al.(2001) is measured using the labour income share according to
equation (2). The labour income share is defined as a ratio of compensation
of employees to GDP excluding indirect taxes. Though it would be necessary
to additionally adjust the labour income share using data on the proportion of

12A number of other inflation measures is available for the three Baltic economies, includ-
ing the CPI based inflation and its various sub-aggregates. However, the NKPC theory in
Section 2 is explicitly based on the production side of the economy, making the GDP deflator
based inflation series most appropriate for an application of this theory.
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self-employed in total employment figures, the lack of appropriate series for
Latvia prevents us from doing so. In order to keep cross-country results com-
parable, this adjustment is not done for Estonia and Lithuania. However, it is
unlikely that empirical results will be substantially affected by this adjustment.

The output gap series needed in the open economy model ofLeith and
Malley (2003) are constructed from the real GDP series by means of the
Hodrick-Prescott filter. The latter is used to approximate potential output of
the target economies, after which a logarithmic difference of the actual and
estimated potential output is computed. Results fromVahter(2006) suggest
that differences between a variety of methodologies for estimating the out-
put gap are likely to be minor in the Estonian case. The study byJakaitiene
(2006) shows a relatively large variation of the output gap estimates in Lithua-
nia across different statistical methodologies in mid-1990s, but the differences
become minor during the later periods. While there are no similar studies for
Latvia, there is a high degree of confidence that the adopted method of estimat-
ing the output gap produces reasonable results for all three Baltic countries.

The empirical implementation of theLeith and Malley(2003) model also
requires data on wages and domestic prices relative to foreign prices, refer to
equation (5). These are calculated as quadratically de-trended logarithmic dif-
ferences of nominal wages and the import price deflator, and GDP deflator and
the import price deflator respectively for Estonia, Latvia and Lithuania. In ad-
dition, ist andst variables in equation (5) are an adjusted share of real imports
to real GDP and the labour income share respectively, both are quadratically
smoothed. Since detailed data on the imports of intermediate goods is not
available for the full length of our sample, a simple adjustment ofist is done
by assuming that 50% of total imports are used as intermediate factors in pro-
duction in each of the three Baltic economies.

In the energy augmented NKPC model of subsection 2.3 the proxy for an
energy pricep̂E

t is given by the international oil price in US dollars, which
is then converted into local currencies using the corresponding US dollar ex-
change rate.

Figure1 displays three average real marginal costs measures corresponding
to the closed economy model ofGalí et al.(2001), the open economy model of
Leith and Malley(2003) and the energy augmented NKPC model of subsec-
tion 2.3 for each of the three Baltic countries. All marginal costs series exhibit
similar long-run dynamics driven by the labour income share, but there are
noticeable differences in the short-run fluctuations that are explained by the
open economy and energy adjustments as detailed in equations (4) and (9).

Figure2 depicts the logarithm of labour income share and the inflation se-
ries for Estonia, Latvia and Lithuania. Note that the two series move together
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in Estonia and Latvia, whereas the long-term dynamics of the labour income
share in Lithuania is markedly different.Galí et al.(2001) find that the labour
income share and inflation in many OECD countries co-move over a period
of 30 years, including periods of high inflation during the oil price shocks
of 1970s. However, the underlying theory of the NKPC is about a short- to
medium-term response of inflation to the average real marginal costs in an en-
vironment of sticky prices; thus, it is important to focus on the effects of the
short- to medium-term response of the inflation to the labour income share.
Again, looking at Figure2, the dynamics of the labour income share and infla-
tion in Lithuania in the second half of the nineties appears to be the opposite.
However, during the last five years the labour income share and inflation in
Lithuania move together in accordance with the NKPC theory.

The estimation of the NKPC model (1) and its variants is carried out using
the GMM estimator. For an introductory exposition of the GMM estimator
refer toHamilton (1994). Let the column vectorxt consist of variables that
are assumed to be uncorrelated with the expectation errorεt := πt+1−Et πt+1.
Then the conditional expecation termEt πt+1 in equation (1) can be substituted
for πt+1 − εt, implying the following moment restriction:

Extγf πt+1 − πt + γb πt−1 + λ̃mcavg
t = 0 . (10)

This moment restriction is the basis for GMM estimation of model (1). De-
fine gt(γf , γb, λ̃) := (γf πt+1 − πt + γb πt−1 + λ̃mcavg

t )xt. Then the sample
counterpart of (10) is given bygT (γf , γb, λ̃) := 1

T

∑T
t=1 gt(γf , γb, λ̃), where

T is the sample size. LetST (γf , γb, λ̃) be a positive definite estimate of the
variance-covariance matrix ofgt(γ0f , γ0b, λ̃0), whereγ0f , γ0b andλ̃0 are pop-
ulation parameters of the NKPC model. GMM estimation of the NKPC model
proceeds by minimizing the following criterion function with respect toγf , γb

andλ̃:

QT (γf , γb, λ̃) = gt
T (γf , γb, λ̃) S−1

T (γf , γb, λ̃) gT (γf , γb, λ̃) .

In general, all elements of the criterion functionQT (γf , γb, λ̃) depend on
the parameters, and minimization is carried out by simultaneous updating of
gT (γf , γb, λ̃) andST (γf , γb, λ̃). This corresponds to the “continuous-updating
GMM estimator” in the terminology ofHansen et al.(1996). The weighting
matrixST (γf , γb, λ̃) in the empirical NKPC models of Section4. is estimated
using theNewey and West(1987) method and the Bartlett kernel, with the
bandwidth proportional to

√
T .

The coefficientsγf , γb and λ̃ in equation (1) are complicated non-linear
functions of the structural parametersθ, ω, β, α andε of the NKPC model.
Since the empirical aim of this paper is to estimate and compare structural
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parameters of the model in the three Baltic economies, minimization of the
GMM criterion functionQT (γf , γb, λ̃) is carried out in terms of the structural
parameters by mapping them into the reduced-form coefficientsγf , γb andλ̃
according to (1), (4) and (9). As noted inMa (2002), the GMM criterion func-
tion for the hybrid NKPC model might have several local minima in the space
of the structural parameters. In order to avoid corresponding identification is-
sues, in the empirical NKPC models of Section 4 the discount rateβ is set to
0.98, the demand elasticity parameterε to 6, leading to the assumed average
mark-up of20%, the CES elasticity of production factors substitutionρ to 0.5,
and the technology coefficientα is set to fit the sample average labour share
S̄T according toα̂T = 1 − ε

1−ε
S̄T , leaving only two freely varying structural

parametersθ andω. The latter are further restricted during the estimation to
lie in the unit interval, as required by the theory.

The selection of instrumentsxt for the GMM estimation of model (1) and
its variants has been influenced byNason and Smith(2005). Apart from the
usual rank and order conditions for instrumentation in the GMM estimator of
the NKPC model, they present results about the minimal sets of instruments
needed to identify parameters of the model under a set of plausible assump-
tions on the average real marginal cost process{mcavg

t : 1 ≤ t ≤ T}. These
results are taken into account when selecting instrumentation for empirical
NKPC models in Section 4.

Nason and Smith(2005) have remarked that the identification ofγf , γb and
λ̃ in the NKPC model hinges on sufficient dynamics being present in{mcavg

t :
1 ≤ t ≤ T}, and is not dependent on large instrument sets. According to their
results, only two out of three reduced-form parameters of the NKPC model are
identified by the GMM estimator when the average real marginal cost process
{mcavg

t : 1 ≤ t ≤ T} follows a simple random walk. Hence,Nason and
Smith (2005) recommend reducing the number of estimated parameters to a
minimum in empirical applications of the NKPC model.

In addition, by removing seasonality in the data as mentioned at the start
of this section, there is no need for a long augmentation inxt to account for
possible seasonal dynamics in the model residuals. Hence the choice of in-
struments is guided by parsimony and results inNason and Smith(2005). A
limited sensitivity analysis of the estimated models with respect to instrument
selection has also been conducted — the results are available from the authors
on request.
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4. Empirical results

The GMM estimation of the NKPC models is based on equations (1), (4)
and (9), where the average marginal cost measures are computed according to
Gali, Gertler and Lopez-Salido (2001) for the closed economy case, Leith and
Malley (2003) for the open economy case and equation (8) for the energy aug-
mented NKPC model. The empirical aim of this study is to identify and com-
pare structural parameters of the NKPC model in the three Baltic economies;
that is, the coefficient of price stickinessθ, the proportion of the backward-
looking price settersω, the discount rateβ, the technology parametersα and
ρ and the demand parameterε. As discussed in Section 3, onlyθ andω are
estimated, other structural parameters are kept fixed at theoretically plausible
levels or fitted to sample averages. These fixed parameters are reported in the
tables below, their corresponding standard errors are missing. Reduced-form
parameter estimates ofγb, γf andλ̃ are also reported in the tables, their stan-
dard errors are computed using the delta method.

All empirical NKPC models are estimated using the data series described
in Section 3. Sample sizes vary from44 observations for Estonia, to38 for
Latvia and Lithuania. Sample start and end dates are reported in the headers,
GMM estimator instrumentation for each country is described in the notes
below each table.

The estimated parameters of the three NKPC models, together with their
standard errors and some test statistics, are shown in Tables1 to 3. TheJ-
test of overidentifying restriction shows an adequate fit of all models to the
data. There is a remarkable degree of similarity in estimatedθ coefficients
across the three Baltic countries. For the closed and open economy NKPC
models, the estimated price rigidity parameter is around0.75, implying that
the expected price duration is around one year. This is lower than the average
euro area coefficient, but higher than the US parameter as reported inGalí
et al. (2003) for the closed economy case. On the other hand, there is larger
degree of uncertainty about parameterω, as evident from its relatively wide
confidence intervals and variation acrross models in Tables1 to 3. In general,
the estimated proportion of backward lookers is highest in Estonia, amounting
to 50–80%, whereas in Lithuania it falls into the interval20–40%. Galí et al.
(2003) report an estimatedω of around30% for the euro area and the US.

A common result across almost all estimated models in Tables1 to 3 is that
coefficientγf corresponding to the expected inflation in the NKPC model is
larger thanγb. The estimated range ofγf is 0.5 to 0.6, while for γb it is about
0.3 to 0.5. This result suggests that the inflation process in the Baltic area is
driven primarily by inflation expectations. The relative importance of forward
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Table 1: Empirical NKPC models for Estonia, 1994.4 to 2005.3

Model (1) Model (4) Model (9)
Structural parameters

θ 0.6830 (0.1716) 0.7498 (0.0516) 0.8632 (0.1251)
ω 0.7916 (0.2456) 0.5252 (0.2027) 0.7996 (0.1995)
α 0.3399 0.1661 0.3399

Reduced–form parameters
γb 0.5408 (0.0625) 0.4145 (0.1077) 0.4849 (0.0833)
γf 0.4573 (0.0608) 0.5799 (0.1043) 0.5130 (0.0810)
λ̃ 0.0037 (0.0083) 0.0113 (0.0044) 0.0026 (0.0045)

J-test 1.3514 1.4061 1.1141
Skewness -0.2230 -0.1765 -0.0717
Kurtosis 4.2761∗ 4.3286∗ 4.2088

Notes:Instruments include three lags of inflation, and the current and lagged value of
marginal costs series.Newey and West(1987) asymptotic standard errors are shown
in the parentheses next to the estimated coefficients. Structural parametersβ, µ and
ρ are fixed at0.98, 1.2 and0.5 respectively during the estimation,α is calibrated to
fit the sample average. The asterisks next to the test statistics indicate significance at
the 5% level. Skewness and kurtosis statistics and their standard errors are computed
as inJarque and Bera(1987).

Table 2: Empirical NKPC models for Latvia, 1996.2 to 2005.3

Model (1) Model (4) Model (9)
Structural parameters

θ 0.7404 (0.0910) 0.7670 (0.0403) 0.8780 (0.0401)
ω 0.5943 (0.1935) 0.4010 (0.1443) 0.3856 (0.1580)
α 0.4304 0.2941 0.4304

Reduced–form parameters
γb 0.4483 (0.0957) 0.3452 (0.0932) 0.3068 (0.0911)
γf 0.5472 (0.0929) 0.6469 (0.0902) 0.6846 (0.0878)
λ̃ 0.0039 (0.0032) 0.0085 (0.0011) 0.0083 (0.0054)

J-test 2.0675 0.9532 1.1072
Skewness -0.3311 0.0777 0.2859
Kurtosis 3.9291 3.7271 3.7812

Notes:Instruments include three lags of inflation, and the current and lagged value of
marginal costs series.Newey and West(1987) asymptotic standard errors are shown
in the parentheses next to the estimated coefficients. Structural parametersβ, µ and
ρ are fixed at0.98, 1.2 and0.5 respectively during the estimation,α is calibrated to
fit the sample average. The asterisks next to the test statistics indicate significance at
the 5% level. Skewness and kurtosis statistics and their standard errors are computed
as inJarque and Bera(1987).
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Table 3: Empirical NKPC models for Lithuania, 1996.3 to 2005.4

Model (1) Model (4) Model (9)
Structural parameters

θ 0.7038 (0.0705) 0.7541 (0.0320) 0.8429 (0.0443)
ω 0.2104 (0.0937) 0.3846 (0.0964) 0.3153 (0.1371)
α 0.4655 0.2671 0.4655

Reduced–form parameters
γb 0.2309 (0.0751) 0.3395 (0.0613) 0.2735 (0.0933)
γf 0.7569 (0.0726) 0.6523 (0.0593) 0.7165 (0.0901)
λ̃ 0.0128 (0.0083) 0.0109 (0.0031) 0.0162 (0.0076)

J-test 1.9739 3.1145 3.1139
Skewness 0.3985 0.2755 0.5548
Kurtosis 3.4564 3.2535 3.5036

Notes: Instruments include two lags of inflation, the current and lagged values of
marginal costs, and a current value of the output gap series.Newey and West(1987)
asymptotic standard errors are shown in the parentheses next to the estimated coef-
ficients. Structural parametersβ, µ andρ are fixed at0.98, 1.2 and0.5 respectively
during the estimation,α is calibrated to fit the sample average. The asterisks next
to the test statistics indicate significance at the 5% level. Skewness and kurtosis
statistics and their standard errors are computed as inJarque and Bera(1987).

inflation relative to its lag is a rather common result in the empirical NKPC
literature, see discussion inWalsh(2003) on page 243.

The importance of the cost factor in determining the inflation process in the
three Baltic economies is reflected by parameterλ̃. It is found to be relative
large and statistically significant in the open economy NKPC model (4) for
all three countries, whereas in the baseline closed economy model (1) and the
energy augmented model (9) the estimated̃λ is not significant, see Tables1
to 3. Therefore, the overall role of marginal costs in driving inflation in the
three Baltic economies remains unclear. Likewise,Galí et al.(2003) report
mixed evidence on the statistical significance ofλ̃ for both the euro area and
the US13.

13In order to assess the degree to which the statistical significance of estimatedλ̃ depends
on the choice of estimator and mathematical properties of the model, a limited Monte Carlo
study has been conducted as described below.300 samples of1 ≤ t ≤ 100 were generated
using the following system of equations:

πt = δ1 πt−1 + λ̃
γf (δ2−1)mc

avg
t + u1t , mcavg

t = mcavg
t−1 + u2t ,

where(u1t, u2t)t are standard independent Gaussian errors,δ1 and δ2 are the roots of the
forward solution of equation (1), seeNason and Smith(2005). The structural parametersβ,
θ, ω, µ andα were chosen as estimated byGalí et al.(2003) for the euro area. It was found
that both Monte Carlo and GMM estimated standard errors ofλ̃ were too large relative to the
point value of̃λ implied by the structural parameters. Therefore, conditioned on this particular
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Graphical model diagnostics, available from the authors on request, show
that the models fail to account for the full dynamics of the inflation process, as
there is some unexplained autocorrelation in the residuals. This, however,
is not entirely unexpected because the NKPC models are strongly theory-
driven. The standard errors reported in Tables1 to 3 are autocorrelation and
heteroscedasticity consistent, seeNewey and West(1987). Despite some re-
maining autocorrelation, an overall fit of the estimated inflation process to the
actual data is generally good.

Empirical energy augmented NKPC model estimates for Estonia, Latvia
and Lithuania are displayed in the last column of Tables1 to 3. Compared
to the benchmark closed economy models, both the estimated price stickiness
parameterθ and the share of backward looking price settersω are higher across
the three Baltic countries. As before, inflation dynamics in Estonia, Latvia and
Lithuania is found to be dominated by inflation expectations rather than the
cost factor.

5. Conclusions

The paper presents an empirical analysis of the inflation process in Estonia,
Latvia and Lithuania within the framework of the NKPC model ofGalí and
Gertler(1999) andGalí et al.(2001). The open economy extension ofLeith
and Malley(2003) and a NKPC model that explicitly incorporates energy into
the average marginal cost measure are also considered. The primary focus of
the paper is to identify the underlying structural parameters of the model for
the three Baltic countries.

Empirical NKPC model estimates point to a limited role of the cost mea-
sure in determining inflation dynamics in Estonia, Latvia and Lithuania, even
though statistically significant results are reported for the open economy ver-
sion of the model. The inflation process is found to depend mainly on inflation
expectations and lagged inflation. The latter feeds about 30% to 50% to the
current inflation dynamics. Price setting flexibility, as measured by the stick-
iness coefficient, is in line with the euro area results ofGalí et al.(2001) and
implies an average price duration of around 4 quarters. This result applies to
all three Baltic countries. The estimates of the share of backward-looking price
setters are less precise and vary from 80% in Estonia to 20% in Lithuania.

Additional investigation is required to determine the effects of rapid dis-
inflation experienced by the three Baltic countries in the mid-nineties on the
specification and estimation of the NKPC model.

Monte Carlo setup, statistical insignificance of estimatedλ̃ in Tables1 to 3 may not imply that
the cost factor has no impact on inflation in the empirical NKPC models.
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