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This paper studies the adjustment patterns of Finnish Consumer Price Index (CPI)
from the following perspectives. First, we examine how the adjustment patterns
have changed from late 1990s to mid 2000s. We find significant differences in the
price adjustment patterns both over time and between item subgroups. Second, we
examine the relative importance of time and state dependent pricing elements
found in the Finnish CPI data. Our empirical findings are consistent with a time
dependent pricing model, although we find some signs of state dependent pricing
behaviour as well. (JEL: C40, C81, D21, D39, E31, E37, R32)

1. Introduction and motivation

This paper studies the adjustment patterns of
Finnish Consumer Price index (CPi) from the
following perspectives. First, in a broader scope
of view, we study the changes in the adjustment
patterns from late 1990s to mid 2000s, and – if
we can detect major changes – their policy im-
plications. Second, from a narrower point of
view, we examine how the pricing pattern
should be modelled. in particular, what is the
relative importance of time and state dependent
elements found in the Finnish CPi1 data?

* This study was originally written in the context of the
Eurosystem Inflation Persistence Network at the research
unit of Bank of Finland. The author would like to thank FEP
referees, FEP co-editor, and IPN referees for their valuable
comments, participants of the IPN network for useful dis-
cussions and suggestions, and the participants of the work-
shops at the Bank of Finland, especially Patrick Crowley,
Juha Kilponen, Jouko Vilmunen and Matti Virén. The views

The motivation to the first question is related
to the degree of price stickiness and its possible
change over time. in the standard New Keyne-
sian macromodels (see eg. Walsh 2003, Gali
2008) non-neutrality of money in the short-term

expressed in this study are solely the responsibility of the
author and should not be interpreted as reflecting the views
of the ECB or Bank of Finland. Any remaining errors are
the author’s responsibility.

1 One of the drawbacks of this study is that as we have
only CPI data we cannot easily connect the price changes
of final goods and services to input prices to study more
carefully the possibly state dependent features. For example
Hoffmann and Kurz-Kim (2006) are able to match part of
their CPI items with micro level producer and import pric-
es. As summarization of the characteristics of producer
prices in the euro area, see Vermeulen et al. (2007), and for
the US Nakamura and Steisson (2007). However, as in most
cases the price stability definitions used by central banks
do refer to some form of CPI (or consumption deflator)
index, we think that the properties of the consumer price
data per se are more interesting from the central bank’s
point of view.
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is due to the assumption on short-run price
stickiness. On the other hand, should prices be
fully flexible and economic agents have perfect
foresight, monetary policy would not have any
impact at all on the real economy, not even in
the short-run. However, if the price stickiness is
prevalent feature of the price adjustment pat-
tern, and in addition, price stickiness differed
between items and item groups, monetary poli-
cy could feed into the economy by altering
relative prices. This would imply that the mon-
etary policy could affect the real economy even
in a somewhat longer time frame.

The second question, modelling of price
stickiness in the New Keynesian framework, is
usually based on either state or time dependent
modelling approaches. in both frameworks,
firms set their prices to optimise their expected
income and profit. in the time dependent model,
firms can reoptimise their prices only when they
have an exogenous permission to do so. in Tay-
lor’s (1980) framework this possibility occurs
in every n:th period, while in Calvo’s (1983)
model the permission is stochastic and based on
a Poisson process. according to Goodfriend and
King (1998), an important difference between
Taylor and Calvo prices is in the additional flex-
ibility in distributed lead and lag mechanisms
that the latter has due to its stochastic nature. in
the state dependent model the price change fre-
quency is determined directly by dynamic opti-
misation, resulting from menu costs or some
other trigger variable. Probably the most cited
example of a state dependent price model is
Dotsey, King and Wolman (1999), which can be
interpreted as a generalisation of Calvo’s ap-
proach.

in the real life it is of course difficult to jus-
tify why firms would follow time dependent
pricing model. Hence, the reason for the use of
excessively simplified time dependent price as-
sumption in the standard New Keynesian mod-
els is primarily due to convenience as the use of
more realistic state dependent modelling easily
leads to extensively complicated models that are
not solvable by the standard methods. However,
it is tempting to believe that actual pricing deci-
sions made by firms contain some elements on
both time and state dependent pricing. For ex-
ample seasonality in the data could be inter-

preted as a sign of time dependent elements,
while a reaction to shocks (eg. a VaT change or
the euro change over) should be interpreted as
a sign of state dependent elements.

The recent availability of microdata has ena-
bled researchers to study more carefully price
adjustment patterns2. in many European coun-
tries as well as in the united States the price
data shows signs of both time and state depend-
ent pricing3. These results are based on a wide
range of different methods from graphical and
correlation analysis to time series and panel
logit econometrics, and mainly based on study-
ing the changes in the reprising frequency. The
idea is that if the reprising frequency is stable
and changes in inflation occur mainly from
changes in the size of the price changes, that
gives support for the use of time dependent
modelling. However, if the reprising frequency
is more volatile, and especially if the changes
in it can be explained with exogenous shocks,
changes in the input prices, or behavioural
changes, the result supports state dependent fea-
tures. another methods used in the literature are
the Fisher and Konieczny (2000) index for price
change synchronisation and the variance de-
composition suggested by Klenow and Kryvtsov
(2008). in the first case the idea is to estimate
how synchronised the price changes are, and in
the latter how large share of the total variance
in inflation can be explained with the variance
in frequency and size of the price changes.

2 While cross-sectional data has been used at least
since the 1970s (see eg. Parks 1978 and Fisher et al. 1981)
to study the relationship between inflation and relative price
variability, it has only been on the item level and thus al-
lowed the study of inter-market prices. The recent microda-
ta-based branch of research was initiated by Bills and Kle-
now (2002), who used microdata on US consumer prices.
In Europe, the ECB and the national central banks of the
euro area established a study network (Inflation Persistence
Network, hereafter IPN) in 2003 with the objective of form-
ing a deeper understanding of consumer price mechanisms
in the euro area with the help of eg. microdata on consumer
prices. Data on Finnish consumer prices has already been
applied by Vilmunen and Laakkonen (2004) and Vilmunen
(2005).

3 See eg. Aucremanne and Dhyne (2004, 2005) for Bel-
gium, Alvarez and Hernando (2004) for Spain, Baumgartner
et al. (2005) for Austria, Deas et al. (2005) for Portugal,
Hoffmann and Kurz-Kim (2006) for Germany, and Verones
et al. (2005) for Italy. For the US, see Klenov-Krustev
(2005) and Nakamura and Steinsson (2008).
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in this paper we mainly follow the methods
developed by Klenov and Kryvtsov (2008) but
in addition we take into account the criticism to
their approach given by eg. Hoffmann and Kurz-
Kim (2005) and Dias et al. (2006). With our
contribution to Vilmunen (2005) and Vilmunen
and Laakkonen (2004), we improve their analy-
sis in the following way. as they mainly con-
centrated on the basic characteristics of the
Finnish micro CPi data over the whole data pe-
riod, we focus on the time series properties of
the data, ie. on monthly price changes in various
product groups, and on possible differences in
the patterns of price adjustment in the 1990s
and today. We also attempt to discover whether
Finnish data gives support to a state or time de-
pendent pricing theory.

The rest of the paper is organised as follows.
in the next section we present the data used in
this study. in section three we study the charac-
teristics of monthly log changes of the data,
with distributional information for the whole
period and extend the analysis to those monthly
distributions over time. in section four we de-
compose monthly inflation to the fraction of the
weighted price changes and to the weighted
price changes. Based on this decomposition and
on correlation and variance analysis, we study
the relative importance of the time and/or state
dependent theories. Section five concludes.

2. The data and definitions

Our data contains a major part of the actual con-
sumer price index (CPi) data collected and used
by Statistics Finland from January 1997 to De-
cember 2004. With the CPi weights, it com-
prises approximately 55% of the items in the
CPi basket; the most important items that are
available only at the index level are alcohol
prices (with the exception of beer prices), pric-
es related to housing (rents, house prices, heat-
ing, interest rates, etc.), telephone calls, and
some healthcare-related fees. However, as wine
and spirits are sold by a government monopoly,
and as health and childcare prices are governed
and priced at least partially by central and local
government, the available microdata should give
us a relatively fair picture of market-based CPi

price changes in Finland4. in addition, instead
of the national CPi index we focus on the har-
monised index consumer prices (HiCP), which
further excludes some of the non-microdata, eg.
owner-occupied housing.

as our aim is to analyse pricing behaviour
and possible changes therein, we focus on
monthly price changes. We are interested in
both their size and their occurrence in the data.
The definitions for those features are:

The size of the monthly price changes is de-
fined as a log difference between two monthly
price quotas of an identical item.

The frequency of price changes is measured
at the item group level as the amount of chang-
ing monthly price quotas of identical items di-
vided by the total amount of price quotas of
identical items.

The identicality of the items is ensured with
the iD and quality information in the metadata.
With respect to quality control, our method dif-
fers from that used by Statistics Finland, since
we include only those items in which the qual-
ity is unchanged. The reason for this is that
quality correction issues can be very problem-
atic, especially in this data period (eg. the meas-
urement of quality change of a cell phone), and
because the methods5 used officially are prob-
ably not as good as they should be (Kinnunen-
Lehtinen 1998). Our decision to exclude price
changes occurring with product replacements
can be criticised because it leaves out an impor-
tant portion of price changes.

Due to the large differences in the number of
monthly price change quotas, the analysis is
based on weighted information. By employing
the HiCP weights at the item level we avoid the
possibility that the variation in the number of

4 The most problematic sub-series are energy, which in
this study lacks heating oil, gas, and electricity, and serv-
ices, where the declining price trend of cell phone calls has
been the driver behind the moderation of service inflation.
Also the lack of micro data on rents is a drawback in serv-
ices.

5 Statistics Finland does not use any formal method –
such as an hedonic method – for quality control. The qual-
ity change is assessed by the price collectors with the help
of the sales staff. The consistency of these estimates is dou-
ble-checked centrally at the compilation stage. This method
probably leads to somewhat biased estimates, but neither
the size nor the direction of the bias is known.
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monthly price observations could distort the
analysis. in the weighting, the objective is not
to build a 100% blueprint of the official HiCP
but to approximate it closely enough that the
results can be interpreted as if they were derived
from the official index.

3. Distributions of weighted price
changes and their evolvement over
time

in order to get an overview of the variation in
harmonised consumer price changes between
1997 and 2004, we start by examining the dis-
tribution information derived from the whole
data set. The distribution of price changes based
on the whole HiCP basket is shown in Figure
1a. as can be seen, most of the monthly price
changes (78%) are zeros. The rest of the visible
price changes are in the ±40% range. When the
prices do change, the mode price change is
+1%, of which the share of all non-zero price
changes is 5.6% in the HiCP basket. The fre-
quency distribution of price changes in Figure
1b is skewed to the right, indicating that posi-
tive price changes are more common than nega-
tive ones. Cumulatively, 44% of non-zero price
changes are located in the interval [+1, +15],
while only 27% of them are in the interval [–1,
–15]. This large difference arises mainly from
very small price changes, as 24% of non-zero
price changes are located in the interval [+1,
+5] and only 12% in the interval [–1, –5]. Sim-
ilar phenomena – a small amount of very small
price decreases – can also be found in the Ger-
man data (Hoffmann and Kurtz-Kim, 2006) and
in the French data (Baudry et al., 2006).

To get a rough idea whether the euro change-
over affected the size of the price changes, in
Figure 1c we have erased the price changes be-
tween June 2001 and June 2002. Comparing
figures 1b and 1c it looks like the euro change-
over did not much change the size of the price
changes, as the shapes of the two price change
distributions are almost identical. The one ex-
cluding the euro changeover period is margin-
ally wider (roughly 1 percentage points more
mass is located outside the ±50 range) than for

the whole data set. With regard to skewness the
situation is almost unchanged: both within and
outside the euro changeover period roughly 4/5
of those price changes whose absolute value is
a maximum 5% are positive.

We next describe the evolvement of the price
change distributions by the time series of their
first four moments: the mean, the variance, the
skewness and the kurtosis. This enables us to
detect the possible changes in the Finnish CPi
price adjustment pattern over our time period.
The advantage of this approach is that we can
conveniently describe 94 monthly price change
distributions in four separate figures. The mo-
ments for the whole basket are shown in Figures
2a–2d. Due to the changes in our data set be-
tween 1999 and 2000, we have calculated aver-
ages of each moment for years 1997–1999 and
2000–2004 separately.

as a conclusion for the HiCP basket as a
whole, the price change distributions for the
entire time period seem to describe the data
from 1997 up to the years 2000–2001. There-
after, the price adjustment pattern has changed,
since both the average and skewness differ
from the earlier period. in the last two or three
years of our sample, the monthly price change
frequency distributions are leftward skewed.
moreover, the number of zero price changes
has also decreased. However, throughout our
time period the price change distributions are
highly non-normal, mainly because of kurtosis
which averages around 6 (1997–1999) and 9
(2000–2004).

as regards the major sub series of the HiCP
basket6, we can shortly note that the differences
between different item groups are substantial.
The narrowest price change distributions are
those for services and energy, while the flattest
weighted log price change distribution belongs
to unprocessed food. Non-energy industrial
goods and processed food are located some-
where in between these extremes. The changes
in the HiCP price change distribution over time

6 The major sub series are energy, non-energy indus-
trial goods, processed food, non-processed food, and serv-
ices. A more detailed description on the sub group distribu-
tions and their change over time can be found in Kurri
(2007).
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Figure 1. The Distribution of Price Changes
HiCP basket (1a), HiCP basket excluding zero changes (1b), HiCP basket excluding zero price changes and Euro change-
over (1c).
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Figure 2a–2d. moments of cross-section distribution of HiCP basket price changes over 1997m2-2004m12 (%)
Source: Statistics Finland and author’s calculations
The time period is 1997–2004

are mainly driven by non-energy industrial
goods, processed food, and to some extent serv-
ices.

4. State vs. time dependent pricing

after this descriptive examination of the data
we study whether it is appropriate to mimic the
Finnish CPi price adjustment pattern with the
simplistic time dependent modelling – as cur-
rently is done in the aino model of the Bank of
Finland and most other New-Keynesian macro
models used in central banks and other research
institutions – or should one use more complex
methods. in this chapter we follow Cecchetti’s
(1985) terminology, also used in Dias et al.
(2006), where the Taylor (1980) models’ out-
come – that the share of prices changing in each
period is constant – is termed as the uniform

nonsynchronisation hypothesis (uNS). Calvo’s
(1983) model can be seen as a more flexible
version of that, in which the share of prices
changing in each period fluctuates stochasti-
cally around its time-dependent mean. We are
mainly interested in the frequency of price
changes. if the frequency is relatively stable
over time, the time dependent pricing model
should fit the data reasonably well, while large
changes in frequency would point to use state
dependent modelling for the pattern of price
adjustments.

4.1 The Klenow-Kryvtsov decomposition

To receive more detailed results on the possible
changes in the price adjustment pattern we start
with the method proposed by Klenow and Kry-
vtsov (2008) and decompose the monthly price
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changes into two components7: the fraction of
products with price changes (fr) in the weighted
index and the weighted average of price chang-
es (dp):

(1)

in formula (1) ωit represents the weight of
each product i at the moment t, while pit is the
log price of item i at moment t and pit-1 its log
price one period earlier. Iit is a binary variable
of the price change occurrence: Iit =1, if pit ≠
pit-1, and 0, if pit = pit-1. inflation thus equals the
product of the weighted averages of the fraction
of items changing price in month t (frt), and the
weighted average of the size of price changes
(dpt). The first term (frt) can also be referred to
as the extent of price changes (extensive mar-
gin) and the latter (dpt) as the size of price
changes (intensive margin).

To analyse the relative importance of time
and state dependent pricing theories, Klenow
and Kryvtsov (2008) derive the following vari-
ance decomposition from formula (1) with the
Taylor approximation around the sample means
JdJp and JfJ r:

(2)

.

The most important terms in (2) are the two
first ones on the right hand side. if the total
variance is driven mainly by the 1st term
var(frt) JdJp

2
, ie the variance of the extent of price

changes, the data can be interpreted as support-
ing the state dependent pricing (SDP) theory. if,
on the other hand, inflation variance is domi-
nated by the 2nd term var(dpt) JfJ r2

, the variance
of the size of price changes, the result would
support the time dependent pricing (TDP) the-
ory. The 3rd term in equation 2 includes the co-
variance term, and the 4th is the higher order

7 The same approach has been applied to French data
by Baudry et al. (2006) and to German data by Hoffmann
and Kurz-Kim (2006).

term8. Hence, an estimator for the relative im-
portance of the TDP can be shown as the share
of the 2nd component of the total variance:

(3)

Both the decomposition and its interpretation
have attracted criticism. as Hoffmann and
Kurtz-Kim (2006) state, definition (1) holds
without ambiguity in a situation where the bas-
ket composition remains unchanged. according
to them this is not true in a dynamic universe
– where products and outlets in the basket do
change over time. Dias et al. (2006) note that
Klenov and Kryvtsov’s assumption of (3) meas-
uring the variation in intensive margin should
lead to a more strict interpretation: instead of a
more general TDP rule à la Calvo (1983) (3)
implies a stricter uniform nonsyncronisation
hypothesis (uNS) à la Taylor (1980). according
to them, however, aKK is dependent on charac-
teristics which are only indirectly related to the
uNS process, like the fluctuations in the frac-
tion of items changing price (dpt). in addition,
when (3) includes the covariance term in (2) it
is not bounded in the range [0, 1] and hence
cannot be seen as a proportion.

Based on their criticism, Dias et al. (2006)
present two alternative estimators for measur-
ing the importance of the uNS hypothesis, in
which they estimate the proportion of prices in
the economy that are set an uNS implying TDP
rule instead of estimating its contribution to the
inflation variance like Klenow and Kryvtsov
(2008) do. The starting point for both of their
estimators, aFK and aU, is that the share of
firms changing prices at time t (frt) is a weight-
ed average of the firms following an uNS rule
and the firms following some other, unknown
rule:

(4) frt = afr1 + (1–a)st.

8 Klenow and Kryvtsov (2008) include the covariance
and higher order term to the extensive margin. However, as
with the Finnish data the 3rd and 4th components are small,
we drop both them in our analysis in paragraph 4.3.
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in (4) a is the share of type 1 firms charac-
terised by uNS reprising rule and fr1 is their
constant price change fraction at each moment
t. Similarly, (1–a) and st are the share and time
varying fraction of type 2 firms following some
unknown reprising rule. according to Dias et al.
(2005, 2006), assuming that firms of type 2
have perfect price synchronisation as defined by
Fisher and Konieczny (2000) implies that st is
Bernoulli random variable with E(st) = fr2, so
that the expectation value and variance for the
reprising frequency are

(5) E(frt) = afr1 + (1–a)fr2

(6) var(frt) = fr2 (1–fr2) (1–a)2.

Solving (6) for a and assuming for simplic-
ity that fr1 = fr2 = fr gives us aFK:

(7) .

although aFK solves some of the problems
related to aKK, such that its value is bounded
between [0,1] and it is independent of the prop-
erties of dpt, according to Dias et al. (2006) the
assumption of the perfect synchronisation of
type 2 firms might be too demanding. Should
this assumption not to hold, aFK would be up-
ward biased.

Based on these inadequates they develop
from (4) a further nonparametric estimator for
the upper bound for firms adopting TDP pricing
strategies. Whatever the distribution for st is, the
share of type 2 firms changing their prices at
time t must be between 0 and 1. Therefore the
minimum total share of firms changing their
prices equals those type 1 firms following an
uNS rule, while the maximum share is the sum
of type 1 firms plus that all type 2 firms would
change their prices at t:

(8) min{frt} = afr1 ; max{frt} = afr1 + (1–a)

as the range for price changes must be
bounded by these minimum and maximum val-
ues, an estimator for the upper bound can be
derived from (8)

(9) max{frt} – min{frt} ≤ afr1 + (1–a) – afr1 =
(1–a).

rearranging (9) gives us an estimator for the
upper bound for firms adopting TDP pricing:
(10) aU = 1 – max{frt} + min{frt}.

4.2 The decomposed inflation data

The visual examination of the harmonised con-
sumer price inflation and its components (Fig-
ure 3) shows that the average size of price
changes correlate closely with inflation chang-
es, whereas the fraction of products with month-
ly price changes remains fairly stable, except
during sales periods. The correlation between
the average size of price changes and inflation
looks very clear.

On average, 20% of HiCP weighted prices
change monthly (Table 2). in other words, an
average of 80%, ie. 4/5 of prices in the HiCP
basket remain unchanged in two consecutive
months. The fraction of products with price
changes differs considerably across the main
sub components, from 11% in non-energy in-
dustrial goods to 78% in energy prices. The av-
erage size of those price changes is zero (Table
2). However, as this average disguises the fact
that both upward and downward changes are
common, a more informative measure is the
size of upside and downside weighted price
changes. For the HiCP basket as a whole, they
are both 11%. as is the case with the frequency,
also the size of upward and downward weighted
price changes differ substantially between sub-
groups.

During our time period the reprising frequen-
cy has declined slightly. it stood between 2002
and 2004 at 18.5%, which was approximately
1½ pp. below its 1997–2004 average. This re-
flects mainly the downward changes in non-
energy industrial goods9 and services, although
at the same time it has increased for unproc-

9 One should be careful when interpreting the changes
in non-energy industrial goods, as the difference between
pre and post 2000 frequency reflects more the technical
changes in the data collection than a true change in the
firms’ behaviour.
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Figure 3: The inflation Decompositions (%; share; see footnote)
Source: Statistics Finland and author’s calculations.
in figure 10, the Y-scale for inflation should be interpreted as percent, for fraction (fr) as a share (1=100%), and for price
changes (dp) as 10 x percent (π = fr x dp).
HiCP = Harmonised Consumer Price index, NEiG=Non-Energy industrial Goods, PF=Processed Food, uNPF=unprocessed
Food.

essed food. For the whole HiCP, this change is
fairly equally divided between the positive and
negative repricing frequencies (Figure 4). Some-
what surprisingly the euro changeover does not
notably show up in the repricing frequency with
the exception of unprocessed food and services;
in the other sub groups the repricing frequen-
cies in January 2002 are not notably different
from January in other years. However, service
prices seem to have become more rigid after the
euro changeover.

The size of upward and downward weighted
price changes have remained rather stable at the
HiCP level (Figure 5). The range of price
changes has increased in 2002–2004 only in
non-energy industrial goods10, and in 2004 in
processed food. as was the case with the frac-
tions, in price changes there are no detectable

10 The difference between 1997 and the rest of the years
in non-energy industrial goods and, more subduedly, in the
HICP as a whole are related to the changes in the basket.
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Figure 4: The Frequency of upward and downward price adjustments (share, 1=100%)
Source: Statistics Finland and author’s calculations.
HiCP = Harmonised Consumer Price index, NEiG=Non-Energy industrial Goods, PF=Processed Food, uNPF=unprocessed
Food.

dramatic changes with respect to the euro
changeover.

Overall, the five subgroups can be divided
into three different bands: the smallest price
changes occur in services and energy, and the
largest in unprocessed food. On average, both
upward and downward price changes in energy
are only 3%, while in unprocessed food they are
around 20%. in the other groups – non energy

industrial goods and processed food – as in the
HiCP basket as a whole, the size of both up-
ward and downward price changes is closer to
10%. in contrast to the repricing frequencies,
the price changes are fairly symmetrical. Hence,
the positive inflation is the result of a higher
number of price increases compared to decreas-
es.
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Figure 5: The average size of upward and downward price adjustments (%)
Source: Statistics Finland and author’s calculations.
HiCP = Harmonised Consumer Price index, NEiG=Non-Energy industrial Goods, PF=Processed Food, uNPF=unprocessed
Food.

4.3 The correlation analysis and variance
decomposition

Both the correlation analysis and the variance
decomposition shown in formula (2) support the
view that changes in the monthly HiCP infla-
tion are mainly due to the changes in the size of
price changes (dp), not in the repricing frequen-
cy (fr). The correlation between the size of price

changes and the change in inflation is 0.97 on
the level of the HiCP as a whole (Table 3a),
while the correlation between the frequency of
price changes and inflation is much smaller and
negative (–0.34).11 interestingly, the correlation

11 The negative correlation is due to the fact that the
proportion of price changes is highest during sales periods
when price changes are negative.
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between reprising frequency and price changes
is also negative: the more often the prices
change, the smaller they are. However, this cor-
relation is rather weak.

in the entire data, approximately 99% of in-
flation variance is due to the variance in the size
of price changes (Table 4). This result is strong-
ly in favour of the time-dependent pricing mod-
el being suitable for the description of Finnish
inflation data. it is also rather similar to the re-
sults that Klenow and Kryvtsov (2008) derived
from uS data. according to them, the variance
decomposition in the united States is 94–6 in
favour of the TDP term.

Both of these results hold surprisingly well
through the subcomponents. The correlation be-
tween average price changes and inflation is
close to 0.9 even in the weakest case (services,
Table 3a), while according the variance decom-
positions 99% to 100% of the variance at the
subgroup level us due the variance in the size of
price changes.

if, however, we look separately the correla-
tions with up- and downward price change fre-
quencies and sizes vis-à-vis inflation (Table 3b),
we see that in most cases – including the whole
HiCP basket – the reprising frequency has a
larger correlation coefficient than the size of the
price change. in fact, this is the case in all but
unprocessed food and upward changes in non-
energy industrial goods. Based on these results,
the data also seems to support the state-depend-
ent pricing theory. it is interesting to compare
these results with those of Hoffmann and Kurz-
Kim (2006). in Germany, the highest correlation
with inflation is found with the upward price
change frequency, while in the Finnish data the
opposite is the case. This is, however, in accord-
ance with the downward inflation trend during
the first half of the 2000s in Finland.

as a last step in our correlation analysis, at
the HiCP level the movements in the size of
upward and downward price changes are nega-
tively correlated with each other (price changes
are large in both directions at the same time),
while the correlation between the changes in the
upward and downward reprising frequencies is
close to zero (Table 3a). at the subgroup level,
the situation is rather different. Somewhat con-
fusingly, the correlation between upward and

downward repricing frequencies is negative for
most of the subgroups: non-energy industrial
goods, processed food, unprocessed food and
services. The changes in the size of price adjust-
ments of energy and unprocessed food are prob-
ably more directly driven by the changes in sup-
ply, ie. world market prices. This seems to be
the case especially in energy, where the correla-
tion between upward and downward price
changes is close to zero and the correlation be-
tween repricing frequencies is positive: when
the amount of positive price changes increases
the amount of negative price changes decreas-
es.

On the basis of Klenow-Kryvtsov decomposi-
tion, the data seems to support the use of a time-
dependent pricing hypothesis. However, as was
discussed in subsection 4.1, there exist several
drawbacks if we try to interpret as an estimator
for the strict uNS hypothesis. Therefore, we
also calculate the suggested alternative estima-
tors aFK and aU. The first thing that stands out
in the results (Table 4) is that the results from
the alternative estimators differ considerably
from the Klenow-Kryvtsov estimator: in all
cases the alternative estimators give smaller es-
timates for the uNS term than aKK. in addition,
in all cases aU yields smaller estimates than
aFK. This result suggests that the role of strict
uNS type TDP component is weaker than at
first glance looks, hinting that a simple Taylor
(1980) type reprising model is too simple for
mimicking the Finnish price adjustment proc-
ess.

When we compare these results with those
reported by Dias et al. (2006) for Portuguese
and uS CPi data, they are qualitatively in line
with both. The only major difference is that
with the Portuguese data aKK yields the smallest
estimate. in the Finnish case the estimated re-
sults for aKK – aFK – aU (including the covari-
ance term) are 0.99 – 0.87 – 0.70, for Portugal
(1998–2000 data) 0.69 – 0.88 – 0.78 and for the
united States 0.96 – 0.94 – 0.80.

5. Conclusion

in this paper we have waded through the month-
ly Finnish HiCP microdata between 1997 and
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2004 to study how the Finnish CPi price adjust-
ment pattern has changed and how to model it.
These questions are interesting both on a broad-
er scope of view – the general policy implica-
tions – but also on a modeller’s point of view:
can we use the simplistic time dependent ap-
proach in a macro model when mimicking the
Finnish economy.

Over the whole time period most of the price
changes are zero, but when the prices do change,
the changes can be very large. although more
than 1/3 of the non-zero price changes – only
about 20% price do change month-on-month –
have an absolute value of 5 or less, and more
than 7/10 have an absolute value of 15 or less,
it is not unusual to find as large as ±50% month-
on-month changes from the data. another inter-
esting finding is that price changes are skewed
to the right, not because of a widespread lack of
negative price changes, but because of the lack
of small negative price changes. This finding is
in line with the German data (Hoffmann and
Kurtz-Kim, 2006) and with the French data
(Baudry et al., 2006). a third interesting finding
is that there are clear differences in the frequen-
cy and size of price changes vis-à-vis the sub-
groups. as the reprising frequency is smallest
in services, processed food, and industrial
goods, it looks likely that also at the HiCP lev-
el the reprising frequency could become small-
er as the relative importance of these groups is
likely to increase.

The distributions for the entire time period
seem to mainly describe the data from 1997 up
to the years 2000–2001. Thereafter, the price
adjustment pattern has changed, since both the
average and skewness differ from the earlier
period. in the last two or three years of our sam-
ple, the monthly price change frequency distri-
butions are skewed to the left. as a result the
mean of month-on-month price changes is
smaller than in the earlier years.

Finally, our results gives support – or at least
allows – to the use of a time dependent pricing
model, although there are also some signs on
state dependent behaviour. also this finding is
in line with the existing literature, where eg.
Hoffman and Kurtz-Kim (2006) reports similar
findings from the German data. at the HiCP
level the fraction of products with monthly price

changes remains fairly stable while the changes
in inflation correlate closely with the changes
in average size of price changes. The stability
in the reprising fraction is a result of both stable
positive and negative repricing frequencies.
Somewhat surprisingly even the euro changeo-
ver does not notably change the repricing fre-
quency at the HiCP level.

more formal support for the suitability of
time dependent modelling was found by using
the Klenov-Kryvtsov variance decomposition
showing that 99% of variance in the data is due
to variance of price changes. Taking into ac-
count the criticism to this approach given by eg.
Hoffman and Kurtz-Kim (2005) and Dias et al.
(2005), we use also alternative methods derived
by Dias et al. Their estimators suggest that the
share of the strict uNS implying TDP rule in
Finnish price adjustment process is much small-
er than the 99% implied by the Klenow-Krystov
(2008) decomposition, maybe only 70% – a re-
sult which is qualitatively in line with the Por-
tuguese and uS data. This result, and the fact
that the correlation analysis based separately on
the up- and downward reprising frequencies
price change magnitudes vis-à-vis inflation re-
veal some elements of state dependent pricing
theory, hints that a Taylor (1980) type reprising
model is too simple for mimicking the Finnish
price adjustment process, and one should use
instead the more flexible Calvo (1983) model.
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Appendix

Table 1: Summary information on the used data sets + metadata

Sample

1997–1999 2000–2004

Number of months
1) Number of items12

Number of prices (appr.)
Number of rows in the data set
Number of observations (appr.)
Number of outlets (appr.)

36
434

34 000
62 000

1.2 x 106

2000

60
475

49 000
130 000
2.9 x 106

3000

Sources: Kinnunen-Lehtinen (1998), Statistics Finland (2005), Vilmunen-Laakkonen (2005) and author’s calculations.

Table 2: inflation component means

dp dp↑ dp↓ fr fr↑ fr↓
HiCP 0.00 0.11 -0.11 0.20 0.11 0.09

Energy 0.00 0.03 -0.03 0.78 0.38 0.40

Non-energy industrial goods 0.00 0.14 -0.13 0.11 0.06 0.06

Processed food 0.00 0.12 -0.13 0.12 0.07 0.05

unprocessed food 0.00 0.20 -0.21 0.48 0.26 0.22

Services 0.00 0.05 -0.04 0.16 0.10 0.06

π refers to monthly inflation, dp to the average size of price changes, fr to the average fraction of price changes. dp↑ and
dp↓ refer to upward and downward price changes and fr↑ and fr↓ to upward and downward price fractions.

Table 3a: inflation component correlations

Correlation
(dp, π)

Correlation
(fr, π)

Correlation
(fr, dp)

Correlation
(dp↑, dp↓)

Correlation
(fr↑, fr↓)

HiCP 0.97 –0.34 –0.18 –0.63 –0.06

Energy 0.89 0.02 –0.23 0.09 0.84

Non-energy industrial goods 0.97 –0.32 –0.18 –0.65 –0.69

Processed food 0.89 0.19 0.09 –0.39 –0.36

unprocessed food 0.95 –0.12 –0.23 0.09 –0.35

Services 0.87 0.07 –0.13 –0.55 –0.34

π refers to monthly inflation, dp to the average size of price changes, fr to the average fraction of price changes. dp↑ and
dp↓ refer to upward and downward price changes and fr↑ and fr↓ to upward and downward price fractions.

Table 3b: inflation component correlations

Correlation
(dp↑, π)

Correlation
(dp↓, π)

Correlation
(fr↑, π)

Correlation
(fr↓, π)

HiCP 0.08 0.32 0.15 0.67

Energy 0.72 0.55 0.90 0.91

Non-energy industrial goods 0.34 0.33 –0.11 0.46

Processed food –0.24 0.13 0.55 0.49

unprocessed food 0.52 0.60 0.33 0.48

Services 0.10 0.28 0.41 0.40

π refers to monthly inflation, dp to the average size of price changes, fr to the average fraction of price changes. dp↑ and
dp↓ refer to upward and downward price changes and fr↑ and fr↓ to upward and downward price fractions.

12 The numbers exclude the CPI items which are not included in the HICP. At the first period (CPI 1995=100), the
number dropped items is 8 and in the latter period (CPI 2000=100) 17.
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Table 4: The estimators for the uNS hypothesis

TDP SDP aKK aFK aU

HiCP 0.99 0.01 0.99 0.87 0.70

Energy 1.00 0.00 1 0.61 0.06

Non-energy industrial products 0.99 0.01 0.99 0.81 0.63

Processed food 1.00 0.00 1 0.78 0.69

unprocessed food 0.99 0.01 0.99 0.81 0.69

Services 1.00 0.14 1 0.81 0.51

TDP is the proportion of the variance of price changes of the total variance of inflation in the Klenow-Kryvtsov variance
decompostion, and SDP is the proportion of the variance in the fraction of items with price changes of the total variance
of inflation. aKK, aFK and aU are estimators for the uNS hypothesis.


