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ABSTRACT

This paper studies the relationship between inflation and economic slack in Latvia
with a particular focus on its time variation. The results suggest that the Phillips
curve for Latvia had been steepening before the crisis against the backdrop of rising
inflation. In the more recent years, there has been tentative evidence of the Phillips
curve flattening as Latvia's economy entered a period of very low inflation. If the
current trend of an even weaker response of inflation to economic activity in Latvia
persists and proves to be statistically significant, unconventional monetary policy
instruments may be of limited effectiveness to control inflation in Latvia. This calls
for structural reforms aimed at increasing competition and reducing price stickiness.
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1. INTRODUCTION

Persistently low inflation in euro area countries has sparked discussions about main
drivers of inflation and inflation-economic activity trade-off. The absence of
disinflation in the euro area in the aftermath of the financial crisis in 2009 was
followed by strong disinflation later in 2012, accompanied by persistent
overprediction of inflation. In a similar way, in Latvia inflation was recently
overprojected by leading professional forecasters. One explanation of low inflation
is related to developments in global commodity markets. Prices of energy and food
fell sharply and put a considerable drag on price developments over the recent
period. At the same time, output gap in Latvia turned positive and should have
positively contributed to price growth.

Recently, some attempts to explain low inflation in Latvia have been made (see
Bessonovs and Tkacevs (2015a, 2015b), reporting that both external factors and
domestic economic activity related factors have been driving low inflation. This
evidence raises a few questions, particularly with respect to the role of economic
activity in driving inflation. Is this role smaller or larger than it used to be in the
past? More generally, is it changing or remaining constant over time? As economic
growth in Latvia eventually starts to accelerate, would it bring about an increase in
inflation and to what extent? To answer these questions, this paper studies the
relationship between inflation and economic activity and its variation over time in
Latvia.

The classical relationship between inflation and economic activity and its variation
over time have long been in the research focus in advanced economies. If the effect
of economic activity on inflation gets smaller (i.e. the Phillips curve flattens), a
larger increase in employment and economic activity is necessary to move inflation
upwards. Therefore, flattening of the Phillips curve implies a greater effort from a
central bank to achieve the given inflation target. However, structural economic
policies aimed at promoting competition in the product market or reducing nominal
rigidities in the labour market may contribute to the effectiveness of monetary
policy, as they result in the steepening of the Phillips curve. For a proper design of
structural policies, it is important to know what is behind a change in the slope of the
Phillips curve.

Evidence has so far been quite mixed, with some studies suggesting flattening of the
Phillips curve (IMF (2013), Blanchard et al. (2015), Stock and Watson (2010)),
while others pointing at its steepening (Alvarez and Urtasun (2013), Riggi and
Venditti (2014), Oinonen and Paloviita (2014)) depending on the country under
investigation and the time sample employed in the study.

Various explanations of the changes in Phillips curve slope have been given in the
empirical literature. Thus, Ball et al. (1988) were among the first to show that high
inflation (or higher inflation volatility) may lead to more frequent price adjustments,
and in countries with high (more volatile) inflation, the Phillips curve may indeed
appear steeper. On the contrary, disinflation in advanced economies, observed from
the 1980s onwards, may have reduced the impact of economic activity on inflation
(as prices are adjusted less often in the presence of menu costs). The IMF (2013)
also claims the declining slope of the Phillips curve throughout the advanced
economies since the mid-70s to be related to the rate of inflation. As inflation trends
downwards, the costs associated with adjusting/changing prices rise. In contrast,
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Musso et al. (2009) conclude that an abrupt decline in the slope of the Phillips curve
in the euro area took place at the beginning of the 1980s well before the decline in
inflation rates coinciding with a shift in monetary policy regimes in euro area
countries. Thus, shifts in monetary policy regimes and the increased globalisation
have recently received more attention when explaining both low inflation and lower
slope of the Phillips curve. The IMF (2013) shows that the declining cyclical
sensitivity of inflation throughout the advanced economies can also partly be related
to better anchoring of long-term inflation expectations, owing to growing credibility
of central banks and adoption of inflation targeting. Blanchard et al. (2015) confirm
increased monetary policy credibility to be the main reason of muted relationship.
Moreover, they argue that the effect of economic slack on inflation has lately
become statistically insignificant in most advanced countries. Similarly, Roberts
(2006) attributes the reduction in the slope to changes in the parameters of monetary
policy reaction function. The slope of the Phillips curve may also depend on the size
of economic slack due to the presence/absence of capacity constraints as well as
nominal wage/price rigidities as wages/prices approach zero growth levels. For
instance, Laxton et al. (1995) show that the curve becomes steeper when economic
activity approaches capacity constraints. De Veirman (2009) documents a shift in
the slope of the Phillips curve in Japan, attributing the reduction in the slope to the
declining trend inflation that prompted price stickiness. Similarly, Stock and Watson
(2010) explain the flattening of the Phillips curve, pointing at sticky wages and
prices at low levels of inflation. As regards the impact of globalisation on the
relationship between inflation and economic activity, this explanation gained
importance in Borio and Filardo (2007) who posit that an increase in foreign
competition has raised price rigidity and lowered frequency with which firms change
their prices.

Another recent stream of literature points at strengthening rather than weakening
relationship between inflation and economic activity, particularly in some individual
euro area countries. For example, Alvarez and Urtasun (2013) find that the
coefficient linking Spanish inflation to domestic slack has recently become
significant and its absolute value has increased, presumably in line with a decrease
in the degree of nominal rigidity in the economy leading to higher frequency of price
revisions. Likewise, Riggi and Venditti (2014) analyse changes in the slope of the
Phillips curve in the euro area and its four largest economies. They identify an
increase in inflation's cyclical sensitivity since the second half of 2013 in Italy,
France, Spain, and the euro area as a whole. The authors also attribute increased
sensitivity to lowering nominal rigidities as well as to a smaller degree of strategic
complementarities in price setting due to significant drop in the number of firms in
the economy. Similarly, Oinonen and Paloviita (2014) show that the sensitivity of
euro area inflation had been declining until 2005 against the backdrop of rising
credibility of monetary policy and growing role of inflation expectations. At the
same time, the authors find evidence of an increase in the slope since 2012 while
providing no explanation. Stevens (2013) arrives at similar conclusions, at the same
time pointing to uncertainties surrounding estimation of the recent increase in the
slope. These uncertainties are to a large extent related to difficulties in estimating
slack measures at the end of the available sample. Overall, these findings of the
Phillips curve steepening primarily in stressed economies may be a result of
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structural reforms in product and labour markets, implemented in these countries
over the period of recent years with the aim to reduce nominal rigidities®.

Some papers show heterogeneous developments in cyclical sensitivity of inflation
across various countries and over different time periods. For instance, one of the
most recent studies of US inflation by Stella and Stock (2012) shows that in the US
the slope of the Phillips curve has largely varied over different time spans. Cyclical
sensitivity of inflation was moderate in the 1960s, higher in the 1970s, again lower
in the period that followed until very recently when it returned to the levels seen in
the 1970s. This uncertainty regarding the slope of the Phillips curve may represent a
challenge for inflation targeting and central bank's ability to control inflation using
traditional monetary policy tools.

In this study, we estimate a range of Phillips curve specifications for Latvia using
ten different economic slack measures. Unemployment rate, unemployment gap
and output gap (estimated using the production function approach) exhibit a better
fit with inflation than other slack measures. The paper shows that the economic
slack coefficients tend to vary over time. More specifically, it indicates that the
Phillips curve had been steepening over the period before the crisis and flattening in
the wake of it. We show clear indications of the latter finding, which, although, is
not strongly supported by formal statistical tests. There is tentative evidence that the
Phillips curve tends to be steeper when the absolute magnitude of price changes and
frequency of price revisions are higher. This might be consistent with previous
findings in the empirical literature, attributing the steepening of the Phillips curve to
the adjustment or menu costs. At the same time, we have not found any evidence in
favour of the nominal wage/price rigidities to play a significant role, because the
impact of slack measure on slack coefficient is not confirmed. It is in line with most
findings of high labour market flexibility in Latvia.

The remainder of the paper is structured as follows. Section 2 describes the
methodology and data used in the estimation of the Phillips curve. Section 3
provides the main stylised facts regarding the connection between inflation and
economic slack in Latvia. Section 4 presents and interprets the results of the Phillips
curve estimation, with a focus on time variation of inflation sensitivity to economic
slack. Section 5 concludes.

! See also ECB (2014).




RELATIONSHIP BETWEEN INFLATION AND ECONOMIC ACTIVITY AND ITS VARIATION OVER TIME IN LATVIA

2. METHODOLOGY AND DATA

The Phillips curve has long been a major element of macroeconomic research and a
useful framework for inflation analysis and forecasting. The idea of inflation-
unemployment trade-off dates back to the 1950s and was originally laid out in the
study by Phillips (1958) who revealed the negative relationship between wage
inflation and unemployment in the United Kingdom. For its disregard of
expectations, it was later criticised by Friedman (1968) who suggested an
expectations augmented specification of the Phillips curve. It was not until Taylor
and Calvo, however, that the Phillips curve received its micro foundation (i.e. was
derived from basic microeconomic concepts and relationships and shown as based
on a completely new pricing mechanism). They incorporated rational (forward-
looking) expectations and provided a detailed micro derivation of the Phillips curve
(see, e.g. Calvo 1983). This so-called New Keynesian Phillips curve shows that
inflation is a function of future expected inflation and real marginal costs, where the
latter are not observable and are usually proxied by a measure of economic slack?.
Lately, however, a variant of Phillips relationship, the hybrid New Keynesian
Phillips curve (Gali and Gertler (1999)), incorporating both rational and adaptive
expectations (proxied by lagged inflation), has received recognition and been widely
used in empirical estimations. Nevertheless, the functional form of the Phillips curve
and its specification in terms of variables, (non)linearity and lag structure remains
subject to endless discussions. Borio and Filardo (2007), for instance, have shown
evidence of an increasing role of globalisation for domestic inflation, hence pressure
stemming from imported prices has also been recently captured in some of the
studies cited in the introduction herein.

Taking into account the aforementioned considerations, we estimate the following
specification of the hybrid New Keynesian Phillips curve:

imp

My = C+ ame_q + PXe—q + pTE +YT,_; + & 1)

where T, denotes domestic inflation, x, stands for a slack measure, nf is the term

capturing inflation expectations, and nimp is the proxy for imported inflation. One
period lag of explanatory variables is chosen to maximise bivariate cross-
correlations with the dependent variable.

The specification in equation (1) suggests that the estimated coefficients are constant
over estimation sample. However, as the main focus of this study is to investigate
the trade-off between time variation of inflation and economic activity, we estimate
equation (1) over different data samples. First, we estimate equation (1) over the
whole available sample, i.e. from the first quarter of 1998 to the fourth quarter of
2014, and then add two different sub-samples from the first quarter of 2004 to the
fourth quarter of 2014, and from the first quarter of 1998 to the second quarter of
2011. The comparison of estimation results for the whole sample and the first sub-
sample allows gauging the change in the slope from the beginning of 2004 that may
have occurred against the backdrop of rising inflation rates. The comparison with the
second sub-sample displays the most recent change in inflation's cyclical sensitivity

2 Melihovs and Zasova (2007) provided a more extensive theoretical background of the New
Keynesian Phillips curve with a thorough explanation of why output gap is considered to be the most
appropriate proxy for real marginal costs.
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that captures the period of disinflation and low inflation in Latvia. The second
quarter of 2011 is chosen as a breakpoint to cover the recent period of low inflation,
and it reflects a start of disinflation of headline HICP®. We estimate equation (1)
with ordinary least squares.

A somewhat more flexible approach is to allow coefficients in equation (1) and log-
volatility of errors to vary every quarter over the full sample. In technical terms, this
assumes the following specification:

i ht
T = C¢ + ATy + BeXeoq + Py + Ytﬂglf tezg 2),
he=he1 + Ugl (3)

where ¢, is i.i.d. N(0,1), v, is i.i.d. N(O, 67), & and v, are independent of one
another for all s and t, s #t. Subscript t implies the time dependence of
coefficients, including the one linking inflation and economic slack.

The model is estimated using the Bayesian technique and Gibbs sampler similar to
that of Primiceri (2005). Coefficients in equation (2) and log-volatility of errors h;
are assumed to follow random walk (see Appendix Al for details).

The dataset in the study comprises data on domestic inflation, economic slack,
imported inflation and a proxy for inflation expectations. This study exploits various
variants of each variable as reported in Table 1. We estimate a large set of Phillips
curve specifications, employing all possible permutations of these four types of
variables, which accounts for 200 equations per each inflation measure. The data are
at quarterly frequency, seasonally adjusted, and collected from the Eurostat, the EC,
Latvijas Banka and the ECB (for more details on data, their source and
transformation see Table A.1 in Appendix). As mentioned above, the sample period
of the study extends from the first quarter of 1998 to the fourth quarter of 2014,
which corresponds to 68 quarters®.

Three measures of domestic price inflation based on HICP are used in the study:
headline HICP inflation, core HICP inflation (i.e. HICP excluding energy and food),
and core HICP inflation at constant tax rates (which excludes the impact of indirect
taxes). As an alternative to HICP-based measures of inflation, also private
consumption deflator is used in estimations. Finally, two measures of domestic wage
inflation are employed: compensation per employee and compensation per hour.

¥ We also estimate equation (1) using a different breakpoint of the second quarter of 2010 for the
second sub-sample and report the difference in estimation results.

4 The following indicators are exceptions: core HICP at constant tax rates, compensation per employee
(both are available starting with the first quarter of 2000), compensation per hour (first quarter of
2002), total employment (first quarter of 2000), short-term unemployment rate (first quarter of 2002),
and unemployment recession gap (fourth quarter of 2000).
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Table 1
List of variables

Domestic inflation Headline HICP

HICP, excluding food and energy (core HICP)

Private consumption deflator

HICP, excluding food and energy, at constant tax rates
Compensation per employee

Compensation per hour

Economic slack GDP at constant prices

Private investments at constant prices

Output gap (PF)

Output gap (HP)

Capacity utilisation

Total employment

Unemployment rate

Short-term unemployment rate

Unemployment gap

Unemployment recession gap (Stock and Watson (2010))
Imported inflation Import deflator

Competitors' import prices

Euro area output gap (estimated by the ECB)

Euro area output gap (1st estimate, estimated by Jarocinski and Lenza
(2016))

Euro area output gap (2nd estimate, estimated by Jarocinski and
Lenza (2016))

Inflation expectations | Past inflation

Consumer survey-based inflation expectations

Consumer survey-based price trends over last 12 months
Consumer survey-based price trends over next 12 months

Notes: PF denotes estimate based on production function, HP denotes estimate based on Hodrick—Prescott filter. The
euro area output gap, euro area output gaps estimated by Jarocinski and Lenza (2016), and competitors' import prices
are obtained from the ECB.

We employ a large set of economic slack measures. They include actual indicators
of economic activity (GDP, private investments at constant prices, and the degree of
capacity utilisation) and labour market related indicators (total employment,
unemployment rate, and short-term unemployment to capture the part of the
unemployed participating in the wage determination process more accurately, since
the long-term unemployed are less relevant in this context due to skill losses they
incur during unemployment periods). In addition, we use four indicators of
economic slack, calculated as deviations from the assessed potential level of both
unemployment (unemployment gap) and output (output gap). Two variants of
domestic output gaps are used: one is estimated on the basis of the production
function approach®, and the other is assessed using the statistical de-trending

5 See Havik et al. (2014) for details.
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technique, i.e. the Hodrick—Prescott or HP filter®. Similarly, two alternative
unemployment gaps are used. One is estimated as the difference between the actual
rate of unemployment and NAIRU’, and the other is conceptually borrowed from
Stock and Watson (2010) and calculated as a deviation of unemployment rate from
its minimum rate over the current quarter and the previous 11 quarters.

As regards imported inflation, it is proxied both directly by incorporating import
deflator and import price index of Latvia's competitors (weighted average of export
prices of Latvia's 50 most important trade partners according to their share in
Latvia's foreign trade®) and indirectly by including three different estimates of the
euro area output gap in the model. The first variant of the euro area output gap is
estimated by the ECB, making use also of the abovementioned standard production
function approach. The other two estimates of the euro area output gap are borrowed
from Jarocinski and Lenza (2016) who employed several specifications of the
Bayesian dynamic factor model in their output gap estimation. One of the
specifications is based on a version of "secular stagnation” hypothesis (Gordon
(2014)), assuming a very low rate of potential output growth in the wake of the
crisis. The other one suggests merely a moderation in potential growth. It should be
noted that the exchange rate does not enter equation (1) as an explanatory variable,
but the impact of it is implicitly accounted for by means of imported inflation.

With regard to inflation expectations, there are two standard measures, which are
normally used in the literature. First, they are market-based inflation expectations,
which use financial instruments to price in inflation developments. The other widely
used measure of inflation expectations is based on surveys of professional
forecasters. Unfortunately, market-based inflation expectations are not available for
Latvia due to the lack of relevant financial instruments and its small financial
market, while surveys by professional forecasters are not conducted in Latvia;
however, there are several commercial banks that provide their projections on an
irregular basis. Nonetheless, we exploit three other measures based on the results of
consumer surveys conducted by the EC every month and covering also Latvia.
These are estimates of consumer perception of price trends over last 12 months, of
price trends over next 12 months, and of quantified consumer inflation expectations
using a variant of the probability method (Carlson and Parkin (1975) as modified by
Batchelor and Orr (1988))°. Consumer expectations have proved to be better proxies
of expected inflation developments for small and medium enterprises in comparison
with professional forecasts (Coibion and Gorodnichenko (2015)). Meanwhile, it
should be noted that these inflation expectations are of medium-term nature and
cover one year. This is a potential drawback of our study, since we are unable to
account for long-term expectations.

¢ See Hodrick and Prescott (1997) for details on the HP filter. Estimation is implemented using the
standard value of lambda 1600.

" NAIRU estimation is a part of the output gap estimation according to the production function
approach as laid out in Havik et al. (2014).

® For details of the computation of competitors' import prices, see Hubrich and Karlsson (2010).

® The latter approach has previously been applied to Latvia by Benkovskis (2008) who studied the role
of inflation expectations for inflation formation process in the new EU Member States.
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3. INFLATION AND ECONOMIC SLACK IN LATVIA: STYLISED FACTS

This section looks at the developments of price and wage inflation in Latvia in
relation to the measures of economic slack and provides tentative evidence of
variation in the relationship between the two over time.

The recent domestic inflation developments in Latvia can be roughly split into three
distinct periods: first, the period of low and stable inflation until Latvia's accession
to the EU in May 2004; second, the period characterised by large swings in inflation
rates against the backdrop of boom, bust and recovery of economic activity (first
quarter of 2004 to second quarter of 2011); third, the period of inflation moderation
and a very low inflation rate in the aftermath of the crisis until the most recent
period (third quarter of 2011 to fourth quarter of 2014). As mentioned above, break-
points are chosen against the backdrop of annual growth rates of headline HICP'.

These three periods are distinguishable whichever inflation measure is analysed.
However, when different price inflation indicators are compared, the deflator-based
indicators appear more volatile than the HICP-based ones, as they include few
highly volatile components, e.g. investment deflator in the case of GDP deflator (see
Figure 1(a)). The least volatile and more closely related to the economic activity is
the core HICP inflation measure. This indicator does not include prices of energy
and food, which are very volatile in international markets due to supply shocks,
geopolitical developments or other highly unpredictable events. For example, since
2014, dropping energy and food prices have imposed a considerable drag on
headline inflation in Latvia and the euro area.

Figure 1
Developments in measures of Latvia's domestic inflation (year-on-year; %)
(a) Price inflation (1998Q1-2014Q4)* (b) Wage inflation (2001Q1-2014Q4)
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Source: Eurostat.

Note: Annual growth rates of unit labour costs and compensation per employee are available since 2001Q1 but
compensation per hour since 2003Q1.

* Throughout this publication, Q1 is the first quarter (January to March), Q2 is the second quarter (April to June), Q3
is the third quarter (July to September), and Q4 is the fourth quarter (October to December). In writing dates and time
periods in tables and figures, the authors' original style has been preserved.

In general, wages and prices have followed a similar path. However, from 2012
onwards, wages have been growing faster than prices (see Figure 1(b)). During the

10 The average headline HICP inflation rate in these three periods was 2.8%, 6.6% and 1.3% respectively.
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crisis, wages in Latvia underwent deep cuts resulting in a positive productivity-wage
gap. Hence, these developments in the aftermath of the crisis can be partly seen as
compensating for this positive gap. Another possible explanation of why rising
wages do not translate into price increases is related to high indebtedness of Latvian
households and the need to repay large debts incurred before the crisis. Finally, a
large drop in commodity prices enables firms to raise remuneration of their
employees without cost pressures.

When discussing the relationship between inflation and economic slack, a broad set
of slack measures is usually considered in different studies. They differ not only in
terms of magnitude but also in the paths they follow. Output gap and unemployment
gap, the most widely used economic slack measures, are well-known for being
surrounded by a high degree of uncertainty, particularly in real time (see, for
instance, Orphanides and van Norden (2002)). Their values also depend on the
particular methodology chosen and are subject to frequent and large revisions ex-
post. Therefore, in what follows we use these two unobservable measures of
economic slack whose estimation involves employing different statistical de-
trending or modelling techniques, and also readily available actual macroeconomic
indicators. Two panels of Figure 2 accordingly display both unemployment and
output related measures of slack and macroeconomic indicators. Speaking about two
different output gap measures (one based on the HP filter, the other on the
production function approach), they broadly follow a similar path. Largest
discrepancy between the two was recorded at the outset of economic contraction in
2008. The production-function-based output gap was more prompt in signalling the
looming crisis than the HP-based output gap. With regard to unemployment related
slack measures, one should bear in mind that developments in unemployment rate
may be of either structural or cyclical nature. Figure 2 shows that a steady decline in
unemployment rate from the end-1990s until 2005 was of structural nature, as the
unemployment gap fluctuated around zero. The gap turned negative, as the economy
was booming, and changed the sign during the crisis on the back of worsening
labour market conditions. Unemployment gap reached its peak in mid-2009, as the
rate of unemployment jumped above 20%. Labour market appears to have been at its
equilibrium at the end of 2014.

Figure 2
Developments in measures of Latvia's economic slack (year-on-year; %)
(a) Output-based (b) Unemployment-based
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Unemployment gap (right-hand scale)




RELATIONSHIP BETWEEN INFLATION AND ECONOMIC ACTIVITY AND ITS VARIATION OVER TIME IN LATVIA

Figure 3 examines the relationship between several measures of both price and wage
inflation and economic slack, displaying fitted regression lines and R?. We depict
four measures of inflation, namely, headline and core HICP inflation, private
consumption deflator and compensation per employee vis-a-vis economic slack
measures represented by unemployment rate, unemployment gap and output gap
(based on the PF approach).

Figure 3
Relationship between measures of inflation and economic activity

Headline HICP HICP excl. food and energy Private consumption deflator Compensation per employee
(a) Unemployment rate

20 4 12 20 20

5

. o o8 R?=0.53
. 10 - R=0.43

Sources: Eurostat and authors' calculations.

Notes: Scatter plots are based on quarterly data for the period 1999Q1-2014Q4 (2001Q1-2014Q4 for compensation
per employee). Unemployment rate is seasonally adjusted, headline and core HICP inflation as well as compensation
per employee are given in terms of annual rates of change, and unemployment gap and output gap are given in
percentages of the potential. All slack measures are taken with one lag period.

Figure 3 reveals that over the period from the first quarter of 1999 throughout the
fourth quarter of 2014 on average, there seems to have been a relatively strong
connection between inflation and economic slack. Economic slack measures may
explain up to 70% of variation in inflation measures in this simplified framework
depending on a measure chosen. A better fit is observed between unemployment rate
and core inflation with R? = 0.74. In turn, output gap exhibits weaker correlation
with inflation compared to unemployment-based measures. Since time variation of
inflation sensitivity to business cycles is the primary focus of this study, we also
distinguish between the three sub-periods identified above, i.e. first quarter of 1999
to fourth quarter of 2003, first quarter of 2004 to second quarter of 2011, and third
quarter of 2011 to fourth quarter of 2014. Figure 4 represents a changing
responsiveness of core HICP inflation to unemployment rate and output gap (see
also Figure A.1 in Appendix for other inflation measures).
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Figure 4
Relationship between core HICP inflation and economic slack
(a) Unemployment rate (b) PF-based output gap
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Sources: Eurostat, ECB and authors' calculations.
Notes: HICP inflation is on Y-axis, and economic slack is on X-axis. Slack measure is taken with one lag period.

It can be seen that during the second sub-period from the first quarter of 2004 to the
second quarter of 2011, which is characterised by high magnitude of price changes,
inflation appeared more pro-cyclical than in the rest of the sample. At the same time,
in the period starting from the third quarter of 2011, larger output and lower
unemployment rate did not translate into higher core inflation. Moreover, the
coefficient linking core inflation and output gap is negative in this sub-period (but
the fit is poor). Thus, preliminary evidence suggests that cyclical sensitivity of
inflation may change over time. Pronounced positive (negative) relationship
between inflation and output gap (unemployment rate) was observed during the
period with large price movements recorded, while in the rest of the period it
appears flat.

These simple scatter plots do not account for the impact of other factors that may
have severely affected inflation. A more thorough investigation of the change in the
relationship between inflation and slack is conducted in the following section,
properly accounting for the effect of imported inflation and inflation expectations.
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4. EMPIRICAL RESULTS

To investigate the variation of trade-off between inflation and economic slack, we
conduct two exercises. In the first exercise, we estimate a large set of Phillips curves
with time-invariant coefficients over two different samples and provide comparison
of slack coefficients. In the second exercise, we allow the coefficients to vary over
time by employing a more sophisticated estimation technique. The latter's advantage
over the first approach is related to using the Bayesian estimation technique, which
is particularly suitable for small samples. It also allows evaluation of the slack
coefficient for each point of time throughout the sample employed in the study.
Hence, the second exercise adds to greater robustness of the results of the first
exercise. Finally, we bring more evidence on determinants of time variation of the
slack coefficient.

4.1 Phillips curve with time-invariant (fixed) coefficients

We estimate 200 equations per each domestic inflation measure, accounting for all
the variants of slack measures, imported inflation and inflation expectation
indicators as described in Table 1 above. We discuss coefficients of other
explanatory variables only slightly, as in the context of the current study they are of
minor importance.

In the models with core HICP!' inflation as dependent variable estimated for all
three samples (whole sample from the first quarter of 1998 to the fourth quarter of
2014 and two sub-samples from the first quarter of 1998 to the second quarter of
2011, and from the first quarter of 2004 to the fourth quarter of 2014), economic
slack measures appear to be statistically significant in the majority of cases when
unemployment gap, output gap (estimated using PF approach) or unemployment rate
are used (see Table 2). In turn, the capacity utilisation and unemployment recession
gap appear insignificant in more than half of the specifications across these three
time spans. The statistical fit of the HP filter-based output gap is weaker in
comparison with the PF-based one'>. The magnitude of inflation sensitivity with
respect to economic slack varies significantly across different slack measures'®, with
the largest reaction estimated with respect to unemployment gap and unemployment
rate.

The inflation expectations coefficient is significant in the majority of specifications,
particularly in the long sample and especially when the inflation expectations
measure is calculated using the Carlson and Parkin's approach (1975). Surprisingly,
imported inflation appears insignificant in many cases, although it does not mean
that Latvia's domestic inflation is not affected by global inflationary pressures.
Global inflation might have an impact on Latvia's inflation over an extended period
of time, which is not captured by the single lag we account for in this study'*.

""" We consider core HICP inflation as a benchmark inflation measure in our regressions due to its
closer proximity to the real domestic activity.

12 The poor result for HP-filtered output gap may reflect several drawbacks of using the HP filter to
derive the potential level of output, including the end-point problem and uncertainty in choosing the
appropriate value of lambda.

13 Since the measures of economic slack have been standardised and homogenised in terms of their
sign before entering the regression, we can compare the magnitude of slack coefficients.

14 Detailed modelling results are available upon request.
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Table 2
Estimates of core HICP inflation sensitivity to economic slack over two samples
Slack measure 1998Q1-2014Q4 | 2004Q1-2014Q4 | 1998Q1-2011Q2 Indication

Coeffi- Fraction | Coeffi- Fraction | Coeffi- Fraction | Slope after  Slope after

cient cient cient 2003Q4 2011Q2

Real GDP 0.62  12/20 NA 0/20 077  12/20 NA  flattening
Real investment 0.55  16/20 NA 0/20 0.60  14/20 NA  flattening
Output gap (PF) 0.82 16/20 .12 15/20 1.28 19/20 | steepening flattening
Output gap (HP) 0.71 8/20 1.21 18/20 1.14 7/20 | steepening flattening
Capacity utilisation -0.07 6/20 1.05 820 0.01 6/20 | steepening  steepening
Total employment 0.40 6/20 NA 0/20 0.60  10/20 NA  flattening
Unemployment rate 097  20/20 1.27  20/20 1.59 11/20 | steepening flattening
Short-term unemployment rate 1.05  11/20 1.34  10/20 2.17 5/20 | steepening  flattening
Unemployment gap 1.11 20/20 1.45 14/20 1.63 19/20 | steepening flattening
Unemployment recession gap 0.52 8/20 0.95 4/20 0.56 5/20 | steepening  flattening

Notes: Only significant coefficients at each slack measure are averaged over equation specifications. NA indicates that
statistically significant coefficients were not found at the respective slack measure. Fraction indicates number of
significant coefficients among all equations (significance level is a = 0.1). Measures of economic slack are standardised,
but unemployment-based measures are also with reversed sign. The slope after 2003Q4 compares coefficients in the sample
1998Q1-2014Q4 to 2004Q-2014Q4, but the slope after 2011Q2 compares coefficients in the sample 1998Q1-2011Q2
to 1998Q1-2014Q4.

Sources: Eurostat, ECB and authors' calculations.

Looking at how the relationship between core HICP inflation and various measures
of economic slack changed over the three periods, we can derive the following
conclusions. First, it seems that the Phillips curve had steepened since the year 2004,
presumable because the magnitude of price changes was high. Second, in the recent
period of very low inflation, the slack coefficient dropped and the Phillips curve
flattened. Figure 5a shows that more than 75% of specifications estimated for two
samples (first quarter of 1998 to fourth quarter of 2014, and first quarter of 1998 to
second quarter of 2011) point to the decline in sensitivity of core inflation to
changes in economic activity after the second quarter of 2011'5. The flattening is
particularly evident (in 95% of cases) when considering the economic slack
coefficients that are statistically significant in both periods (see Figure 5(b)).

These estimation results are in line with the stylised facts displayed in the previous
section and are robust to estimating equation (1) for alternative measures of
domestic inflation defined in Table 1 (see estimation results in Table A2 and Figure
A2 in Appendix'®). However, particularly when using headline HICP inflation and a
change in private consumption deflator, the number of significant slack coefficients
shrinks. This finding is attributable to the fact that both inflation measures contain
several volatile components, e.g. energy and food prices, which heavily hinge on the

5 We have also run a model with a third period breakpoint of second quarter of 2010 instead of
second quarter of 2011 (see Table A3 in Appendix). The estimation results are similar, although the
number of equations that indicate flattening of the Phillips curve is marginally smaller (83 vs 87).
Hence, these results support the flattening of the Phillips curve in the wake of the crisis, although the
exact timing of when the flattening might have started cannot be precisely identified. Nonetheless, this
is not a major issue to be investigated in the current study.

16 We have also tested HICP, excluding food, energy and administered prices, and the conclusions do
not differ qualitatively.
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developments in international commodity markets and are vaguely connected to the
developments in domestic real activity. Also, the explanatory power as measured by
adjusted R?is considerably higher in the cases of both core HICP inflation and core
HICP at constant tax rates (R? exceeds 0.8 on average across all 200 specifications)
as compared to other measures of inflation. The lowest explanatory power is
recorded for private consumption deflator (R? = 0.40 on average) and wage related
inflation measures (R*is around 0.3-0.4).

Figure 5
Change in sensitivity of core HICP inflation to various economic slack measures after 2011Q2
(a) All cases (b) Significant cases only
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Sources: Eurostat, ECB and authors' calculations.

Notes: Blue dots reflect coefficients of various slack measures in two samples of data. Clusters of dots below 45° line
indicate that coefficients are lower in the full sample compared to the short sample and point at the flattening of the
Phillips curve.

In a nutshell, the models estimated for core HICP inflation perform better than those
estimated for other domestic inflation measures. Among economic slack indicators,
in terms of fit, the best ones seem to be unemployment rate, unemployment gap and
output gap (PF).

Despite our estimation results being overwhelmingly supportive for the Phillips
curve flattening in the recent period, which is of ultimate interest for us, there might
be legitimate concerns whether this decline in the slope is statistically significant. In
order to address this concern, we have implemented two tests.

First, we employ the standard slope dummy approach allowing for different slopes
of the Phillips curve in two different periods in equation (4). Thus we plug the
dummy which is equal to 1 into equation (4) for all quarters after the second quarter
of 2011, so that the slack coefficient in the third period is equal to B + . For the
period prior to and until the second quarter of 2011, we plug the dummy which is
equal to 0, implying that the slack coefficient in both (first and second) periods is 3.
If B is negative and statistically significant, we find evidence of statistical
significance of the Phillips curve flattening:

T = ¢+ am_; + (B + B dummy)x,_; + prf + ym, ¥ + g, (4).
The results indicate that the change in the slope is statistically significant in 34
specifications; hence, the evidence in favour of the significance of previously
identified flattening of the Phillips curve is not unambiguous. Nonetheless, the sign
of the slope dummy, as expected, is negative in almost all cases, and, if there has
been a change in the slack coefficient, it has indeed been in the direction of the

17
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Phillips curve flattening'’. Moreover, the third period consists of a relatively small
number of observations, which may be responsible for low statistical significance of
a negative change in the slope.

Second, we perform a test for structural break developed by Hansen (1992).
Hansen's Lagrange Multiplier (LM) test statistics is used for checking the parameter
joint stability (see Table A4 in Appendix). There are 36 Phillips curve
specifications, for which we are able to reject null hypothesis of the stability of all
the parameters jointly at 10% level, implying there is a structural break in one or
more parameters'®. Importantly, these specifications include herein best-performing
measures of economic slack, i.e. output and unemployment gaps and unemployment
rate.

Overall, the analysis in this section indicates the Phillips curve flattening after the
crisis, and these results are robust across different inflation and slack measures.
Unfortunately, they are not strongly supported by formal statistical tests. The
weakness of statistical tests may also stem from a relatively short span, over which
the Phillips curve has been flattening, thus reducing the power of conventional tests.
Moreover, when a slope coefficient is found to be statistically significant, it is
indeed found smaller when more recent observations are added. All in all, we may
unambiguously conclude that, if there has been a change in the slope recently, it has
been in the downward direction. No evidence in favour of steepening Phillips curve
is uncovered.

4.2 Phillips curve with time-varying coefficients

In the second exercise, we estimate a hybrid Phillips curve with time-varying
sensitivity of core HICP inflation with respect to three measures of economic slack
that have exhibited better statistical fit in the framework presented in the previous
section. More specifically we estimate equation (2) using the approach described in
Section 2 and employ output gap (PF), unemployment rate, and unemployment gap
as measures of economic slack.

The estimation results confirm the variation in inflation's cyclical sensitivity over
time. They indicate that cyclical sensitivity had been steadily increasing before the
crisis, pointing to the Phillips curve steepening. This trend halted at the beginning of
2010 after the Latvian economy reached a trough and price developments touched a
low. Thereafter, the slope started to decline if the slack is measured by output gap
and unemployment rate, while the coefficient linking inflation and unemployment
gap has been broadly stable.

A similar path of time variation in the economic slack coefficient can be also
observed in the case of other domestic inflation measures (see Figure A3 in
Appendix).

17 Results are similar when employing a breakpoint of the third quarter of 2010.

18 Readers must not interpret the frequency of statistically significant cases as a probability of the
Phillips curve having a structural break. The number of Phillips curve specifications shall be regarded
as an additional robustness check.
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Figure 6
Time-varying sensitivity of core HICP inflation to three measures of economic slack

(a) Slope of the Phillips curve: output gap (PF) (b) Slope of the Phillips curve: unemployment gap
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Sources: Eurostat, ECB and authors' calculations.
Note: The figure shows median estimates of the slack coefficient for different slack measures together with 50% and
68% confidence intervals.

Our estimations suggest that slack coefficients may get higher as inflation rate grows
and, on the contrary, as inflation becomes muted, slack coefficients shrink. This
relationship between cyclical sensitivity of inflation and its average rate was actually
suggested long ago. The seminal paper by Ball et al. (1988) attributed this
relationship to the concept of "menu costs" of price adjustment, comprising both
physical costs associated with printing new menus and price stickers as well as
psychological costs of learning to think in "real" rather than "nominal" terms. As the
general price level grows, menu costs decrease vis-a-vis losses incurred by sticking
to the unchanged price level which starts deviating considerably from the profit
maximising one. This leads to more frequent price revisions, implying that
fluctuations in the economic activity are reflected in the price level more promptly.
As inflation moderates and, in particular, as it enters a period of low levels, menu
costs appear higher than possible losses from not reviewing prices. Therefore, firms
may change prices less frequently when inflation is very low, particularly in the
environment of weak competition. Ideally, we should look at the average frequency
of price revision in the economy vis-a-vis the estimated slack coefficients, but there
is no series on the frequency of price adjustment in Latvia long enough to
incorporate it explicitly in a regression framework. Therefore, we start by testing
whether slack coefficients and inflation estimated herein are interrelated and then
examine the relationship between the slack coefficient and the frequency over a
shorter time sample for which data are at our disposal.
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4.3 Non-linearity of the Phillips curve and the role of price revision frequency

As mentioned above, an increase in the average inflation rate may cause firms to
revise prices more frequently in order to meet rising costs, bringing about larger
price flexibility and steeper Phillips curve. This explanation has been tested in the
literature by authors employing either one-step approach (whereby an interaction
term is included directly in the Phillips curve; see, for example, De Veirman
(2009)), or two-step approach where the estimated slope of the Phillips curve (over
time or across different countries) is regressed on average inflation or its standard
deviation'® in a second-stage regression framework (as, for instance, in Ball et al.
(1988) or Hess and Shin (1999)). There have also been attempts to explain variation
in the slope of the Phillips curve by the measure of economic slack itself (see Laxton
et al. (1995) and De Veirman (2009)) to account for the possible impact of capacity
constraints or nominal rigidities on the inflation-economic slack trade-off. As the
economy approaches its potential, further reduction in unemployment is difficult to
achieve and that leads to accelerating inflation. Similarly, when unemployment gap
widens considerably, deteriorating labour market conditions should result in nominal
wage cuts and price reductions, which is highly unlikely if downward nominal
rigidities are present. In other words, the presence of nominal rigidities/capacity
constraints results in inflation growing faster when economic activity increases and
declining at a slower pace during recessions.

In this study, we apply both the one-step approach for the Phillips curve with time-
invariant coefficients (estimated in Subsection 4.1) and the two-step approach for
the Phillips curve with time-varying coefficients (estimated in Subsection 4.2).

In the former case, we re-estimate equation (1) with the slack coefficient depending
on the value of average inflation as reflected in equation (5) and depending on a
slack measure as in equation (6).

imp

T = c+oam_y + (B+ B)X_y + pT +YmMTh + & (5)

where the value of average inflation T, is estimated as an 8-quarter moving average

of actual inflation®. If B/ is positive and statistically significant, the inflation-
economic activity trade-off depends on inflation itself in a fashion explained above.

T =Cc+ame_; + (B + P Xe—1)Xe—q + P15 + YT[in + & (6).

If B” is positive?' and statistically significant, there might be reasons to suggest the
presence of downward nominal rigidities.

19 As Ball et al. (1988) explains, inflation volatility may have an effect on the inflation-output trade-off
similar to that of the average inflation. Increasing volatility of inflation raises uncertainty regarding the
future path of optimal price level, leading to a more flexible approach to price setting and a steeper
Phillips curve. However, in our study we already account for inflation volatility when estimating the
Phillips curve by allowing the variance of the error to change over time.

2 De Veirman (2009) uses geometric average of 70 quarters of past inflation in a quarterly setting;
Defina (1991) and Hess and Shin (1999) use 5-year moving average of current and past inflation in an
annual setting.

2 Since the measures of economic slack have been homogenised in terms of their sign before entering
the regression, both slack coefficient B and coefficient " are expected to be positive across all
measures of economic slack.
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Table 3 shows that the number of statistically significant interactive dummies B'
with a correct positive sign is 70 for the value of average inflation and is
considerably smaller (28 cases) for B” when interaction with a measure of economic
slack is included. Hence, the evidence in favour of average inflation and frequency
of price revisions playing a role in driving the inflation-economic activity trade-off
is stronger than in favour of the role of downward nominal rigidities.

Table 3
Estimates of core HICP inflation sensitivity to economic slack using average inflation and slack as
determinants of slack coefficient

Slack measure Equation (4) Equation (5)
Slack Coefficient Fraction Slack Coefficient Fraction

coefficient B coefficient ®B"
Real GDP 0.22 0.08 0/0/20 0.45 0.07 0/9/20
Real investment 0.00 0.18 18/0/20 0.59 0.17 12/16/20
Output gap (PF) 0.81 0.06 1/13/20 0.72 0.13 0/15/20
Output gap (HP) 0.71 0.03 0/12/20 0.49 0.06 0/7/20
Capacity utilisation 0.37 0.18 4/0/20 0.42 0.15 0/3/20
Total employment 0.06 0.12 4/0/20 0.12 0.00 0/0/20
Unemployment rate 1.08 0.11  10/20/20 0.97 0.17 3/20/20
Short-term unemployment rate 0.61 0.18 10/6/20 1.00 0.23 4/11/20
Unemployment gap 0.80 0.11  12/15/20 1.17 0.11 1/20/20
Unemployment recession gap 0.62 0.21 11/8/20 1.15 0.49 8/8/20

Notes: Coefficients at each slack measure are averaged over 20 different equation specifications. Fraction indicates
number of significant interactive coefficients/number of significant slack coefficients/total number of equations
(a=0.1). Measures of economic slack are standardised, but unemployment-based measures are also with reversed sign.

Next, we turn to the framework of second-stage regression analysis. Using ordinary
least squares, we regress time-varying slack coefficients f; estimated in Subsection
4.2 on average inflation Tt:

Pr=06+ym + & (.

Again, we compute average inflation (7T;) as an 8-quarter moving average of current
and past core HICP inflation rates. It is likely, however, that the frequency of price
revisions is not adjusted contemporaneously when the average inflation rate
changes, as firms are not certain if this change in inflation is permanent or
temporary. Hence, we also account for a lagged response of firms by estimating
second-stage equations using the ARDL model methodology, which allows
capturing the long-run effect of lagged values of inflation. We start with 4 lags
(bearing in mind data availability constraints) and let the appropriate number of lags
be chosen based on Akaike info criterion:

Br =06+ Vo + ViTl—1 + Voll—z + V3Tle3 + VaTle—s + & (8).

Hence, an advantage of the two-step approach is that it allows for the effect of trend
inflation volatility to pass on to the slack coefficient through a gradual change in the
price setting behaviour. The relationships we are testing below might also be non-
linear, hence we include the squared values of trend inflation to test for non-
linearity:

B =08 +ym + 0T + & 9).

21
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Finally, we estimate second-stage regressions where the slack coefficient is
regressed on the slack measure itself to account for possible capacity constraints
or/and downward nominal wage rigidities also using the ARDL model:

Br=06+yX + & (10),
Br =06+ VoX¢ + V1Xp—1 + VaXe—z + V3Xp—3 + VaXe_s + & (11).

Table 4 shows the estimation results of these five second-stage regressions for three
time-varying slack coefficients estimated in the previous section. The second-stage
regression estimates suggest that average inflation is a statistically significant
determinant of the Phillips curve slope, but its non-linear effect (represented by
squared inflation) is not significant. These estimates are robust to employing all
three slack coefficients. The results also suggest that the timing of the estimated
effect matters as well. The pricing decision seems to respond gradually, as the
estimated elasticity is higher when lagged values of average inflation are included
and equation is estimated using the ARDL model. All in all, an increase in the
average rate of core inflation by 1 percentage point brings about an increase in the
slack coefficient by 0.01-0.06 percentage point in the long run. At the same time,
the impact of a slack measure on the slack coefficient appears insignificant across
the estimated regressions. Thus, we are not able to report robust results in favour of
the nominal wage/price rigidities playing a significant role. This is in line with
recent evidence provided by Fadejeva and Krasnopjorovs (2015), which, drawing on
a firm-level survey, shows that wages are flexible in Latvia, as they had undergone
considerable downward adjustment during the period of economic crisis. Besides
that, in the recent global competitiveness report, Latvia was ranked second among
world countries in terms of flexibility of wage determination (World Economic

Forum (2015)).
Table 4
Estimation results for second-stage regressions of time-varying slack coefficients
Slack measure Equation Average Square of Average | Slack, OLS | Slack, ARDL
inflation, OLS | average inflation | inflation, ARDL
Unemployment rate (7) 0.002%**
®) 0.000 0.000
) 0.022%*
(10) 0.001
(11) 0.010
Unemployment gap 7 0.001***
®) 0.002%** 0.000
) 0.058**
(10) 0.000
(11) -0.132
Output gap (PF) 7 0.001***
8) 0.001*** 0.000
) 0.012%**
(10) 0.000
(11) 0.002

Sources: Eurostat, ECB and authors' calculations.
Notes: ***  ** and * denote statistical significance at 1%, 5% and 10% levels respectively. For ARDL, a long-term
coefficient is reported.
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As mentioned above, ideally we should have looked at the estimated slack
coefficients vis-a-vis the average frequency of price revisions in the economy.
However, the available data on price revision frequency cover the period of 2003—
2012 and thus do not capture latest developments in the cyclical sensitivity of
inflation?”. Data over that period are depicted in Figure 7 and clearly show a positive
correlation between the slack coefficients estimated for core HICP inflation” and
the frequency of price adjustment. Therefore, an increase in cyclical sensitivity of
inflation in Latvia indeed took place against the background of steadily rising
frequency of price revisions. Unfortunately, recent data on price adjustment
frequency are not available to bring more evidence, although the estimates at the end
of 2012 point to somewhat diminishing frequency.

Figure 7
Relationship between time-varying slack coefficients estimated for core HICP inflation and frequency
of price revisions (2003Q1-2012Q4)
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Sources: Eurostat, ECB, CSB, authors' calculations, and Benkovskis and Fadejeva (2014).

Notes: Frequency of price revisions is on X-axis and slack coefficient on Y-axis. Frequency of price revisions shows
the average share of prices that are changed during one quarter (%). To eliminate erratic spikes in the frequency
mainly related to changes in indirect taxation, we calculate the four-quarter moving average of this indicator.

Empirical findings in this paper have certain policy implications. Flattening of the
Phillips curve implies that monetary stimulus, currently provided by the ECB in the
form of unconventional monetary policy measures, may not result in higher inflation
in Latvia immediately but is likely to take longer time. This amplifies the
importance of structural economic reforms that may increase the frequency at which
prices are revised in the economy. For example, there is some evidence that these

22 See Benkovskis and Fadejeva (2014) for the analysis of price adjustment frequency in Latvia.
2 The fit is similarly good when time-varying slack coefficients for other inflation measures
(including core HICP at constant taxe rates) are used.
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reforms may appear particularly efficient in Latvia's services sector. Mark-ups in
this sector are among the highest in the EU (see Table 1 in Varga and in 't Veld
(2014)), especially in retail trade and the inland transport sector (see Table 2a in
Thum-Thysen and Canton (2015)). It was also shown by Fadejeva and
Krasnopjorovs (2015) that firms in the trade and business services sectors, where the
frequency of price adjustment has recently declined, claim weaker competition to be
the most important factor behind this development. Furthermore, Latvia got a
relatively low score for the extent of market dominance in the latest global
competitiveness report (World Economic Forum (2015)). This score has worsened
over few recent years, with Latvia falling from the 51st position in 2011 to the 64th
in 2014, and to the 61st in 2015 in the total ranking. All in all, some of the indicators
presented above point towards a possible lack of competition in the domestic goods
and services market. Hence, structural reforms aimed at strengthening competition
and price flexibility in the services market, inter alia making it easier for foreign
companies to operate in Latvia, could trigger more frequent adjustment of prices to
changing economic environment, with prices responding to economic slack more
rapidly.
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CONCLUSIONS

This paper studies the relationship between Latvia's domestic inflation measures and
economic slack, with a focus on time variation in this relationship employing two
different but complementary approaches.

The evidence suggests that Phillips curve in Latvia might have been flattening in the
wake of the crisis. The estimation results of the fixed coefficient approach indicate
that the Phillips curve flattened after 2011; they are robust across different inflation
and slack measures, albeit not strongly supported by formal statistical tests. The
time-varying coefficient approach also points to a flattening Phillips curve, though
the evidence is weak for some of the slack measures. All in all, we may
unambiguously conclude that if there has been a change in the slope recently, it has
been in the downward direction. No evidence in favour of steepening Phillips curve
has been uncovered in this study.

Time variation in the economic slack coefficient could be associated with a change
in price revision frequency. We show that steepening of the Phillips curve in Latvia
had indeed been concomitant with an increase in the frequency of price changes.
However, we have no data on the frequency of price revisions after 2012. Therefore,
the connection between the slope and the frequency of price revisions remains
somewhat uncertain and should be further investigated. This in turn requires the use
of a richer dataset of consumer price micro data.

From the economic policy point of view, reduced inflation-economic slack trade-off
implies that more remarkable improvements in economic activity are needed to
bring inflation upwards, which requires a greater effort from the monetary policy of
central banks. This amplifies the importance of structural economic reforms aimed
at boosting competition and price flexibility. However, there is an important caveat
when interpreting the results provided in the study. Even though the direct effect of a
large drop in energy and other commodity prices is excluded when analysing the
core HICP inflation, it may exert a negative indirect effect on core inflation. If this
effect turns significant, it may partly explain low inflation amid positive economic
slack. Further investigation of the indirect effect of energy prices on inflation is
needed. To enhance our understanding of price setting strategies of firms, it is also
important to gain insights into microeconomic consumer price data, including across
different sectors and modes of trade. These may constitute the agenda of further
research on inflation in Latvia.
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APPENDIX
Estimation of the Phillips curve with time-varying parameters

The Phillips curve model with time-varying parameters is given in equations (A1-A7):

Ty = C¢ + AT + PeXe—1 + peT; + YtT[itTf + e¥€t (AD),
€t = Cpq + OLVf (A2),
A = Ar—q + O Vf (A3),
Bt = Be-1 + Uﬁvz:ﬂ (A4),
Pt = Pt-1 T Upvtp (AS),
Ve =Ve-1t+ vaty (A6),
he = he_y + o0} (AT)

where m; is inflation, x; is slack measure, mf{ is the term capturing inflation

expectations, ﬂtimp is the proxy for imported inflation; ¢;, &, B¢, ps, ¥ and h; are

time-varying parameters of the model and follow a random walk; vf, vf, vf , vl

v} and v} are unobserved shocks.

The model is estimated using the Bayesian technique. Since the model is quite
complicated and there is no analytical solution, the Gibbs sampler similar to that of
Primiceri (2005) is employed to draw posterior distribution of parameters. We run
20 000 iterations and burn-in 30% of them for posterior inference.

The Bayesian methods require specifying prior distributions on the parameters of the
model. We use inverse-gamma distribution for priors, where parameters are
0?2, 02, ag, oz, 0p~1G (5; 0.005), 07~IG (5; 0.5). This parametrisation assumes
that coefficients barely move over time, but log-volatility is expected to capture
more variation.

Figure A1
Responsiveness of various domestic inflation measures to unemployment rate and output gap

Panel A. Relationship between headline HICP inflation and economic slack

(a) Unemployment rate (b) PF-based output gap
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Sources: Eurostat, ECB and authors' calculations.

Notes: Headline HICP inflation is on Y-axis and economic slack is on X-axis. Slack measure is taken with one lag
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Panel B. Relationship between private consumption deflator and economic slack

(a) Unemployment rate
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(b) PF-based output gap
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Sources: Eurostat, ECB and authors' calculations.
Notes: Private consumption deflator is on Y-axis and economic slack is on X-axis. Slack measure is taken with one lag
period.

Panel C. Relationship between compensation per employee and economic slack

(a) Unemployment rate (b) PF-based output gap
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period. Data on compensation per employee start with 2001Q1, therefore the first period lasts 2001Q1-2003Q4.
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Table Al

List of variables

Variable Source Time period Transformation
Headline HICP (index: 2005 = 100; seasonally | Eurostat 1998Q1-2014Q4 | Annualised g-o-q
adjusted) growth rate
HICP excluding food and energy (index: Eurostat 1998Q1-2014Q4 | Annualised g-0-q
2005 = 100; seasonally adjusted) growth rate
HICP excluding food and energy at constant tax | Eurostat 2000Q1-2014Q4 | Annualised g-o-q
rates (index: 2005 = 100; seasonally adjusted) growth rate
Private consumption deflator (index: Eurostat 1998Q1-2014Q4 | Annualised g-o-q

2010 = 100, seasonally adjusted)

growth rate

Compensation per employee (thousands of
EUR; seasonally adjusted)

Eurostat, Latvijas Banka
calculations

2000Q1-2014Q4

Annualised g-o0-q
growth rate

Compensation per hour (thousands of EUR;
seasonally adjusted)

Eurostat, Latvijas Banka
calculations

2002Q1-2014Q4

Annualised g-o0-q
growth rate

GDP at market prices (millions of EUR; chain- | Eurostat 1998Q1-2014Q4 | Annualised g-o-q
linked volumes (2010); seasonally and calendar growth rate
adjusted)

Private investments at market prices (millions of | Eurostat 1998Q1-2014Q4 | Annualised g-o-q

EUR; chain-linked volumes (2010); seasonally
and calendar adjusted)

growth rate

Output gap (PF-based); deviation from potential | Latvijas Banka calculations |1998Q1-2014Q4 |No

output; %)

Output gap (HP filter-based); deviation from Authors' calculations 1998Q1-2014Q4 |No
potential output; %)

Capacity utilisation (% of total capacity) EC 1998Q1-2014Q4 |No

Total employment (national accounts concept; | Eurostat 2000Q1-2014Q4 | Annualised g-o-q
thousands of persons) growth rate
Short-term unemployment rate (LFS data; % of | Eurostat 2002Q1-2014Q4 |No
economically active population (15-74)

unemployed for up to one year)

Unemployment rate (LFS data; % of Eurostat 1998Q1-2014Q4 |No
economically active population, 15-74)

Unemployment gap (deviation from NAIRU; %) | Latvijas Banka calculations | 1998Q1-2014Q4 |No
Unemployment recession gap (the difference Authors' calculations based |2000Q4—2014Q4 |No

between the current unemployment rate and the
minimum rate in the current and past 11
quarters)

on Stock and Watson (2010)

Import deflator (index: 2010 = 100; seasonally | Eurostat 1998Q1-2014Q4 | Annual growth
adjusted) rate
Competitors' import prices (index: 2010 = 100; |ECB 1998Q1-2014Q4 | Annual growth

seasonally adjusted)

rate

Euro area output gap (deviation from potential | ECB calculations 1998Q1-2014Q4 | No
output; %)
Euro area output gap (Jarocinski and Lenza ECB calculations based on | 1998Q1-2014Q4 |No

(2016); deviation from potential output; %)

Jarocinski and Lenza (2016)

Past inflation (headline HICP; index:
2005 = 100; not seasonally adjusted)

Eurostat

1998Q1-2014Q4

Average of past
four quarters of
HICP annual rate
of change

Consumer survey-based inflation expectations
(annual inflation rate)

Authors' calculations based
on Carlson and Parkin
(1975)

1998Q1-2014Q4

No
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Variable Source Time period Transformation
Consumer survey-based price trends over last 12 | EC 1998Q1-2014Q4 |No

months (balances; %)

Consumer survey-based price trends over next |EC 1998Q1-2014Q4 |No

12 months (balances; %)

Note: Prior to running the exercise with time-invariant coefficients slack measures are standardised, but
unemployment-based measures are taken with a reversed sign.

Table A2
Estimates of domestic inflation sensitivity to economic slack over three samples

Panel A. Headline HICP inflation

Slack measure 1998Q1-2014Q4 | 2004Q1-2014Q4 | 1998Q1-2011Q2 Indication
Coeffi- Fraction | Coeffi- Fraction | Coeffi- Fraction | Slope after  Slope after
cient cient cient 2003Q4 2011Q2
Real GDP 0.69  10/20 0.82 1/20 0.89  10/20 | steepening  flattening
Real investment NA 0/20 NA 0/20 NA 0/20 NA NA
Output gap (PF) 1.03 5/20 1.29 2/20 1.74  10/20 | steepening flattening
Output gap (HP) 0.91 3/20 1.60 2/20 1.42 9/20 | steepening flattening
Capacity utilisation -0.33 4/20| -1.33 4/20 1.05 1/20 | steepening  flattening
Total employment NA 0/20 NA 0/20 NA 0/20 NA NA
Unemployment rate 1.02 5/20 1.40 1/20 1.37 6/20 | steepening  flattening
Short-term unemployment rate| —1.17 220 -1.61 220 -0.12 4/20 | steepening  steepening
Unemployment gap 1.05 4/20 1.15 2/20 1.70 4/20 | steepening flattening
Unemployment recession gap -0.77 6/20 —-1.08 2/20 —-1.96 9/20 | steepening flattening

Notes: Only significant coefficients at each slack measure are averaged over equation specifications. NA indicates that
statistically significant coefficients were not found at the respective slack measure. Fraction indicates number of
significant coefficients among all equations (significance level is a = 0.1). Measures of economic slack are
standardised, but unemployment-based measures are also with reversed sign. The slope after 2003Q4 compares
coefficients in the sample 1998Q1-2014Q4 to 2004Q1-2014Q4, but the slope after 2011Q2 compares coefficients in
the sample 1998Q1-2011Q2 to 1998Q1-2014Q4.

Panel B. Core HICP inflation (at constant tax rates)

Slack measure 1998Q1-2014Q4 | 2004Q1-2014Q4 | 1998Q1-2011Q2 Indication
Coeffi- Fraction | Coeffi- Fraction | Coeffi- Fraction | Slope after  Slope after
cient cient cient 2003Q4 2011Q2
Real GDP 0.69  13/20 0.85 7/20 0.94  11/20| steepening  flattening
Real investment NA 0/20 NA 0/20 NA 0/20 NA NA
Output gap (PF) 1.21 20/20 1.52  19/20 1.74  19/20 | steepening flattening
Output gap (HP) 0.79 14/20 1.15 13/20 1.49  10/20 | steepening flattening
Capacity utilisation 0.87 15720 1.26  12/20 1.29  10/20 | steepening flattening
Total employment NA 0/20 -0.79  10/20 NA 0/20 NA NA
Unemployment rate 1.16  13/20 1.48 820 2.02 9/20 | steepening  flattening
Short-term unemployment rate 1.16  10/20 .52 12/20 2.05 7/20 | steepening flattening
Unemployment gap 1.13 15/20 1.38 13/20 1.62 13/20 | steepening flattening
Unemployment recession gap 0.72 7120 1.15 10/20 NA 0/20 | steepening NA

Notes: Only significant coefficients at each slack measure are averaged over equation specifications. NA indicates that
statistically significant coefficients were not found at the respective slack measure. Fraction indicates number of
significant coefficients among all equations (significance level is a = 0.1). Measures of economic slack are
standardised, but unemployment-based measures are also with reversed sign. The slope after 2003Q4 compares
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coefficients in the sample 1998Q1-2014Q4 to 2004Q1-2014Q4, but the slope after 2011Q2 compares coefficients in
the sample 1998Q1-2011Q2 to 1998Q1-2014Q4.

Panel C. Private consumption deflator

Slack measure 1998Q1-2014Q4 | 2004Q1-2014Q4 | 1998Q1-2011Q2 Indication
Coeffi- Fraction | Coeffi- Fraction | Coeffi- Fraction | Slope after ~ Slope after
cient cient cient 2003Q4 2011Q2
Real GDP 1.84 3/20 0.82 1720 2.31 1/20 | flattening flattening
Real investment 1.63 3/20 NA 0/20 1.94 2/20 NA  flattening
Output gap (PF) 2.44 5/20 1.29 2/20 4.65 5/20 | flattening flattening
Output gap (HP) 2.31 3/20 1.60 2/20 4.30 3/20 | flattening flattening
Capacity utilisation 1.51 7/20 —-1.33 4/20 4.37 5/20 | flattening flattening
Total employment NA 0/20 NA 0/20 NA 0/20 NA NA
Unemployment rate 2.84 5/20 1.40 1/20 2.57 8/20 | flattening  steepening
Short-term unemployment rate 243 4/20 | -1.61 2/20 3.00 5/20 | flattening  flattening
Unemployment gap 2.54 6/20 1.15 2/20 3.95 7/20 | flattening flattening
Unemployment recession gap NA 0/20 -1.08 2/20 0.04 4/20 NA NA

Notes: Only significant coefficients at each slack measure are averaged over equation specifications. NA indicates that
statistically significant coefficients were not found at the respective slack measure. Fraction indicates number of
significant coefficients among all equations (significance level is a = 0.1). Measures of economic slack are
standardised, but unemployment-based measures are also with reversed sign. The slope after 2003Q4 compares
coefficients in the sample 1998Q1-2014Q4 to 2004Q1-2014Q4, but the slope after 2011Q2 compares coefficients in
the sample 1998Q1-2011Q2 to 1998Q1-2014Q4.

Panel D. Compensation per employee

Slack measure 1998Q1-2014Q4 | 2004Q1-2014Q4 | 1998Q1-2011Q2 Indication
Coeffi- Fraction | Coeffi- Fraction | Coeffi- Fraction | Slope after  Slope after
cient cient cient 2003Q4 2011Q2
Real GDP 6.10  20/20 6.59  20/20 7.09  20/20 | steepening flattening
Real investment 2.96 1/20 NA 0/20 NA 0/20 NA NA
Output gap (PF) 6.11 7/20 7.03 4/20 9.52 6/20 | steepening flattening
Output gap (HP) 4.34 4/20 6.14 2/20 8.04 4/20 | steepening flattening
Capacity utilisation 480  12/20 7.13 8/20 6.27 7/20 | steepening flattening
Total employment 3.29 8/20 4.24 6/20 4.40 4/20 | steepening flattening
Unemployment rate 7.82 5/20 8.68 5720 15.41 5/20 | steepening  flattening
Short-term unemployment rate 5.39 5/20 6.51 4/20 13.47 2/20 | steepening  flattening
Unemployment gap 5.28 5/20 6.16 3/20 8.46 5/20 | steepening flattening
Unemployment recession gap 3.74 2/20 6.40 4/20 5.75 2/20 | steepening flattening

Notes: Only significant coefficients at each slack measure are averaged over equation specifications. NA indicates that
statistically significant coefficients were not found at the respective slack measure. Fraction indicates number of
significant coefficients among all equations (significance level is a = 0.1). Measures of economic slack are
standardised, but unemployment-based measures are also with reversed sign. The slope after 2003Q4 compares
coefficients in the sample 1998Q1-2014Q4 to 2004Q1-2014Q4, but the slope after 2011Q2 compares coefficients in
the sample 1998Q1-2011Q2 to 1998Q1-2014Q4.
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Panel E. Compensation per hour

Slack measure 1998Q1-2014Q4 | 2004Q1-2014Q4 | 1998Q1-2011Q2 Indication
Coeffi- Fraction | Coeffi- Fraction | Coeffi- Fraction | Slope after  Slope after
cient cient cient 2003Q4 2011Q2
Real GDP 7.57  20/20 877 1520 9.79  20/20| steepening  flattening
Real investment NA 0/20 NA 0/20 NA 0/20 NA NA
Output gap (PF) 5.74 2/20 7.28 1720 9.15 2/20 | steepening flattening
Output gap (HP) NA 0/20 NA 0/20 | —13.86 1/20 NA NA
Capacity utilisation 591 3/20 6.18 1/20 10.90 1/20 | steepening  flattening
Total employment 543 7/20 6.26 6/20 8.59 7/20 | steepening flattening
Unemployment rate 8.06 5/20 9.10 4/20 17.88 4/20 | steepening  flattening
Short-term unemployment rate 6.33 3/20 7.05 2/20 14.03 4/20 | steepening  flattening
Unemployment gap 5.58 1/20 6.59 1/20 NA 0/20 | steepening NA
Unemployment recession gap 5.82 4/20 7.56 3/20 10.63 4/20 | steepening flattening

Notes: Only significant coefficients at each slack measure are averaged over equation specifications. NA indicates that
statistically significant coefficients were not found at the respective slack measure. Fraction indicates number of
significant coefficients among all equations (significance level is a = 0.1). Measures of economic slack are
standardised, but unemployment-based measures are also with reversed sign. The slope after 2003Q4 compares
coefficients in the sample 1998Q1-2014Q4 to 2004Q1-2014Q4, but the slope after 2011Q2 compares coefficients in
the sample 1998Q1-2011Q2 to 1998Q1-2014Q4.

Table A3
Estimates of domestic inflation sensitivity to economic slack

Slack measure Sample: 1998Q1-2010Q2 1998Q1-2014Q4 Indication
Coefficient Fraction Coefficient Fraction
Real GDP 0.84 11/20 0.62 12/20 flattening
Real investment 0.61 14/20 0.55 16/20 flattening
Output gap (PF) 1.26 17/20 0.82 16/20 flattening
Output gap (HP) 1.06 7/20 0.71 8/20 flattening
Capacity utilisation -0.17 5/20 -0.07 6/20 flattening
Total employment 0.63 7/20 0.40 6/20 flattening
Unemployment rate 1.73 10720 0.97 20/20 flattening
Short-term unemployment rate 2.35 7/20 1.05 11/20 flattening
Unemployment gap 1.80 19/20 1.11 20/20 flattening
Unemployment recession gap -0.07 4/20 0.52 8/20 steepening

Notes: Only significant coefficients at each slack measure are averaged over equations specifications. Fraction
indicates number of significant coefficients in the equations (o = 0.1). Measures of economic slack are standardised,
but unemployment-based measures are also with reversed sign.
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Changes in sensitivity of five domestic inflation measures to various economic slack measures after

Figure A2
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Headline HICP inflation (all coefficients) Headline HICP inflation (significant coefficients only)
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Notes: Blue dots reflect coefficients of various slack measures in two samples of data. Clusters of dots below the 45°
line indicate that coefficients are lower in the full sample compared with the short sample and point at flattening of the
Phillips curve.

Table A4
Results of Hansen's LM test for parameter instability

1% crit 5% crit 10% crit
Real GDP 0/20 0/20 0/20
Real investment 0/20 0/20 0/20
Output gap (PF) 3/20 2/20 1/20
Output gap (HP) 0/20 4/20 2/20
Capacity utilisation 0/20 1/20 2/20
Total employment 0/20 0/20 1/20
Unemployment rate 1/20 5/20 0/20
Short-term unemployment rate 0/20 2/20 1/20
Unemployment gap 1/20 3/20 2/20
Unemployment recession gap 0/20 3/20 2/20

Note: Null hypothesis tests for joint time invariance of all parameters in a model. Table shows
fraction of equations at each slack measure where null hypotheses were rejected with specified
level of statistical significance (denoted by crif).
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Figure A3
Time-varying sensitivity of various domestic inflation measures to three measures of economic slack

Panel A. Headline HICP inflation
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Panel C. Private consumption deflator
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