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ABSTRACT

Defl ation in Poland, similarly as low infl ation in the advanced economies, 
particularly in the euro area, seems surprisingly and unexpectedly persistent. This 
study attempts to verify to what extent traditional and hybrid versions of the New 
Keynesian Phillips Curve (NKPC, HNKPC) are useful in analyzing recent 
infl ation developments in Poland. To make our analysis comprehensive and the 
conclusions robust, estimating the New Keynesian Phillips curves we take into 
account different variables representing inflation, inflation expectations, 
economic slack and imported infl ation.

Our results suggest that the recent disinfl ation in Poland – that started in 
2012 and resulted in a prolonged defl ation period – has been driven not only 
by a fall in commodity prices, but also by demand factors and by a reduced 
level of infl ation expectations. We show that in order to make the HNKPC 
models able to replicate the recent disinfl ation, a specifi c set of proxies for 
explanatory variables should be used. It should include survey-based 
measures of economic agents’ infl ation expectations (particularly, infl ation 
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expectations of enterprises), the transformed measure of the output gap that 
allows for a  stronger impact of economic activity on infl ation when the 
output gap is high or GDP growth rate relative to its mean as well as the real 
exchange rate gap.

Analyzing stability of the Phillips curve estimated in terms of core infl ation 
we fi nd some signs of its fl attening in recent years. At the same time HNKPC 
models with CPI infl ation as explanatory variable suggest rather a steepening of 
the Phillips curve. Both types of models indicate, however, that the link between 
infl ation expectations and actual infl ation has weakened recently.

Keywords: infl ation, defl ation, hybrid new Keynesian Phillips curve, Poland.
JEL Classifi cation: E31, E37

INTRODUCTION

Before the collapse of the Lehman Brothers, many advanced and emerging 
economies experienced a prolonged period of low and stable infl ation. Reduc-
tion of the level and volatility of infl ation was perceived as a sign of success of 
central banks, whose credibility contributed signifi cantly to the Great Modera-
tion period. Since the beginning of the Great Recession infl ation has become 
more volatile and its path in advanced economies has displayed a twin puzzle 
(Constâncio, 2015), i.e. fi rst, a missing disinfl ation in 2009–2011, and second, 
excessive disinfl ation after 2012, particularly in Europe (Figure 1). Even if infl a-
tion during both of these episodes was driven by changes in commodity prices, 
its level seems not fully consistent with developments in the real economy, i.e. 
with negative growth rates of the real GDP in the U.S. and the euro area after 
the beginning of the sharp phase of the fi nancial crisis and, more recently, with 
a gradual economic expansion. A twin puzzle has provoked numerous analyses 
aimed at assessing to what extent observed infl ation developments are consi-
stent with existing models of infl ation, particularly with those based on the Phil-
lips curve specifi cations.

In recent years, infl ation in Poland has followed similar developments as in 
advanced economies (Figure 1, Figure 2). Affected by high energy and food 
prices it signifi cantly exceeded the infl ation target of the National Bank of 
Poland (2.5% with a range of tolerable deviations ±1 pp.) in the aftermath of 
the fi nancial crisis (years 2008–2009 and 2010–2012). Then, in 2014–2015 a very 
fast disinfl ation took place – CPI infl ation was reduced from 4.6% in 2011Q4 
to –1.5% in 2015Q1. Since then it has remained in the negative territory till 
now (2016Q2). It should be noted that the depth of disinfl ation in Poland has 
been bigger than in the U.S. and the euro area. It is probably mainly due to 
a different composition of consumer baskets – the share of foodstuffs and 
energy in Poland is signifi cantly bigger than in the U.S. and in the euro area 
(Table 1).
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 Table 1. Composition of consumer baskets 
in Poland, U.S. and the euro area

Poland U.S. Euro area

Food and non-alcoholic beverages 24.4 15.6 8.4

Energy 17.6 10.7 7.0

All items less food less energy 58.1 73.7 84.6

Notes: Energy items contain two categories of items, i.e.: electricity, gas and other fuels 
(COICOP 04.5) and fuels and lubricants for personal transport (COICOP 07.2.2). 

Source: OECD.

Figure 1. Infl ation developments in the U.S., euro area and Poland 
and their selected determinants
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The defl ation in Poland has been broad-based – at its early stage, in late 2014, 
the weight of CPI basket components, whose prices displayed reductions on annual 
basis was approaching as much as 45% (NBP, 2014, p. 22). Moreover, not only CPI 
infl ation was subject to signifi cant reductions but also core infl ation measures. 
Since 2014 the latter ones either have been negative (infl ation net of administrative 
prices) or have oscillated around the levels close to zero (infl ation net of the most 
volatile prices, infl ation net of food and energy prices and 15% trimmed mean).

F igure 2. CPI infl ation and different measures of core infl ation in Poland 
(year-on-year changes, %)
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Two aspects of Polish disinfl ation should be emphasized. First, both the mag-
nitude of disinfl ation and the persistence of negative infl ation rates were expected 
neither by professional forecasters (see Figure 3), nor by monetary authorities.1 
Second, contrary to the most common explanation of low infl ation in Poland, 
treating it as a global phenomenon, resulting mainly from a sharp fall in com-
modity prices in the global markets, very low levels of core infl ation measures 
indicate that the reasons of defl ation are more complex.

1 See macroeconomic projections presented in NBP Infl ation Reports (NBP, 2014).
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The above circumstances lead to the question whether the period of low and 
negative infl ation in Poland should be considered puzzling from the point of view 
of our understanding of the nature of infl ation processes in Poland. To what 
extent are the Phillips curve models alive, able not only to describe recent infl a-
tion performance, but also to forecast infl ation in advance? What are determi-
nants of defl ation in Poland?

The present study aims at answering the above questions. Referring to 
selected studies that analyze infl ation puzzles in the U.S. and euro area econo-
mies, we perform similar analysis using Polish data. The main focus is to verify 
if the recent disinfl ation can be explained ex post and if it could have been pre-
dicted ex ante with the use of the hybrid New Keynesian Phillips curve. Estimating 
it we use different measures of the economic slack and infl ation expectations, 
trying to fi nd the most accurate specifi cation. In addition, we analyze changes in 
the estimation results of the Phillips curve during the recent disinfl ation in 
Poland.

The second section provides a brief review of the literature, focusing on 
selected studies being the most relevant for our analysis. The third section dis-
cusses methods and data used in the empirical part of the article. The fourth 
section presents the results. The fi nal section concludes the study. 

Figure 3. CPI infl ation (year-on-year changes, %) 
and the forecasts of professional experts (NBP SPF)
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Notes: Thin lines show the paths of forecasts by the experts of the NBP Survey of 
Professional Forecasters. They were interpolated based on forecast of infl ation 4- and 
8-quarters ahead. The line that starts in a given quarter is the interpolated forecast from 
the survey conducted one quarter later.   

Source: GUS and NBP.
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1. LITERATURE REVIEW

The Phillips curve can be broadly described as the relationship between infl ation 
and economic slack, extended with additional factors affecting price changes. In 
the New Keynesian framework they include in particular infl ation expectations. 
Such a  relationship is known as the New Keynesian Phillips Curve, NKPC 
(Goodfriend and King, 1997). It assumes that in every period only a fraction of 
prices (1 – a, 0 < a < 1) are adjusted, while the remaining ones (a) stay unchan-
ged. As a result, the current infl ation rate (rt) is a function of currently expected 
price changes (Etrt + 1), treated usually as rational, and of cyclical component of 
economic activity (ŷt), i.e. the deviation of output or real marginal costs from 
their trends2:

 rt = bEtrt + 1 + lŷt + ft. (1)
For open economies, the above relationship is extended to include terms of 

trade, real exchange rate or import prices (e.g. Galí and Monacelli, 2005; Abbas 
et al., 2016).

From the empirical point of view, there were some doubts concerning the 
NKPC. Such a relationship neither explains the phenomenon of persistently high 
infl ation nor predicts costs of disinfl ation that in real economy seem substantial 
(e.g. Ball, 1993; Fuhrer and Moore, 1995). This empirical inconsistency led to an 
alternative specifi cation of the above relationship, i.e. to the Hybrid New 
Keynesian Phillips Curve, HNKPC, in which explanatory variables additionally 
contain lagged infl ation :

 rt = ~Etrt + 1 + (1 – ~)rt – 1 + lŷt + ft. (2)
The role of lagged infl ation is explained in various ways. It can result from 

the wage contracting model (Fuhrer and Moore, 1995), in which agents aim at 
maintaining a given level of the real wage during the time of the contract. It can 
also refl ect heterogeneity of economic agents and the hybrid model of formation 
of their expectations (Lovell, 1986; Roberts, 1997; Galí and Gertler, 1999). In 
this case parameter ~ can be interpreted as the share of economic agents whose 
expectations are consistent with the unbiasedness property of the rational expec-
tations hypothesis, while the remaining share of agents, 1 – ~, form expectations 
in the backward-looking (static) manner. Finally, lagged infl ation in the HNKPC 
can be independent of the heterogeneity of expectations’ formation, refl ecting 
rather indexation of wages and prices (Christiano et al., 2005) 

Both versions of the New Keynesian Phillips Curve have become the work-
horses of empirical modeling of infl ation. They have also provoked intense aca-
demic debates. It is not the aim of this study to provide the overview of this dis-

2 In the original version of the NKPC the real marginal cost is the measure of economic 
slack. Under particular assumptions real marginal costs can be substituted with the output gap 
(Rotemberg and Woodford, 1999; Sbordone, 2002). In empirical applications, there are, however, 
different variables that proxy the excess demand in the economy. 
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cussion, especially given that comprehensive literature reviews exist (e.g. Nason 
and Smith, 2008; Mavroeidis et al., 2014; Abbas et al., 2016). Instead in this section 
we are going to present the studies that constitute the most important benchmarks 
for our analysis. However, it should be mentioned that a large part of the debate 
concerning the NKPC has been focused on the ways of measuring key variables 
included in this relationship, especially the real marginal costs and infl ation expec-
tations. Being aware of pros and cons of different choices in this respect, in this 
study we apply the agnostic approach, estimating the NKPC with the use of dif-
ferent measures of excess demand and infl ation expectations. In the area of meas-
uring infl ation expectations we relax the assumption of rational expectations and 
make use of survey measures of infl ation expectations. Although this approach is 
not micro-founded, it has been applied successfully in many empirical studies (e.g. 
Henzel and Wollmershäuser, 2006; Paloviita, 2008; Forsells and Kenny, 2010). 

As mentioned in the introduction, price developments following the collapse 
of the Lehman Brothers have displayed two puzzles that are analyzed in empir-
ical literature. The fi rst one is the missing disinfl ation puzzle in 2009–2011. 
Despite large increases in unemployment during the Great Recession, infl ation 
in advanced economies did not fall as much as past experiences would have 
predicted. This puzzle in part can be caused by the fl attening of the Phillips curve 
– the phenomenon resulting both from the globalization, i.e. increased role of 
foreign output gap and decreased role of domestic output gap in infl uencing 
prices (Borio and Filardo, 2007), as well as from a more credible monetary pol-
icy, leading to more fi rmly anchored infl ation expectations (Bernanke, 2010; 
Kuttner and Robinson, 2010). There are also other explanations of the missing 
disinfl ation puzzle, including the observation that the rise in unemployment dur-
ing the Great Recession was structural, i.e. it translated to wages and prices less 
than in the past (IMF, 2013) and the fi ndings of increased downward wage rigid-
ities in the recession (Daly and Hobijn, 2014).

It is worth focusing on one of the studies analyzing in detail the missing dis-
infl ation in the U.S. economy, i.e. on the infl uential article by Coibion and 
Gorodnichenko (2015) that noticeably inspired the research presented in this 
study. The authors analyze the phenomenon of missing disinfl ation in 2009–2011 
with the use of expectations-augmented Phillips curve. They show that none of 
the traditional explanations appear suffi cient to describe infl ation developments 
during the Great Recession. The anchored expectations hypothesis (Bernanke, 
2010) can explain only a part of the missing disinfl ation. Explanations based on 
the labor market performance mentioned above imply that the missing disinfl a-
tion in prices should have been accompanied by the missing disinfl ation in wages, 
which is not confi rmed by the data. Also, the effects of the fl attening of the 
Phillips curve seem insuffi cient to explain much of the missing disinfl ation. 
Instead of concluding that from this perspective the Phillips curve is useless for 
explaining infl ation performance during the period under consideration, Coibion 
and Gorodnichenko (2015) propose another explanation. They show that the 
expectations-augmented Phillips curve, in which Michigan survey measures of 
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households’ infl ation expectations are used, can account for the absence of strong 
disinfl ationary pressures in 2009–2011. It is due to the fact that contrary to infl a-
tion forecasts of professional forecasters, whose expectations were relatively sta-
ble, household infl ation expectations experienced a sharp rise, going from 2.5% 
in 2009 to 4% in 2013. This increase was caused by developments in oil prices, 
rising sharply since 2009. This explanation, quantitatively the most successful in 
capturing the absence of disinfl ation within the Phillips curve framework, goes 
in the opposite direction to Bernanke’s anchored expectations hypothesis. 
Coibion and Gorodnichenko (2015) argue that unanchored household infl ation 
expectations, treated as the adequate proxy for fi rms’ infl ation expectations, pre-
vented the U.S. economy from defl ation.3 The authors conclude that while 
anchored infl ation expectations remain desirable in most circumstances, the 
experience since 2009 presents a cautionary example of the potential downside 
of fully anchored expectations.

The second study that infl uenced the direction of research presented in this 
study is the analysis by Constâncio (2015), based on the results of the ESCB Low 
Infl ation Task Force.4 It aims at explaining excessive disinfl ation puzzle in the 
euro area economy after 2012. Even if low infl ation rates in recent years can be 
driven by a decline in oil prices, it is not the complete explanation given that core 
infl ation measures have also been below average in the euro area and in other 
developed economies. A part of research is based on the hybrid New Keynesian 
Phillips Curve, estimated with different proxies for the economic slack and infl a-
tion expectations. Constâncio (2015) shows that several specifi cations of the 
HNKPC are able to track recent disinfl ation. These models tend to be those that 
use the unemployment rate or unemployment gap and short- to medium-term 
measures of infl ation expectations. In addition the study discusses stability of the 
Phillips curve, supporting evidence on the steepening of the Phillips curve in 
recent years.5 This effect seems especially marked in the economies that experi-
enced deeper and longer recessions and made greater efforts to reform their 
product and labor markets, with an impact on nominal rigidities. The natural 
question that arises in this respect is to what extent the steepening of the Phillips 
curve can signal infl ation expectations becoming unanchored. Empirical studies 
indicate subtle signs of de-anchoring of infl ation expectations in the euro area 
(e.g. Łyziak and Paloviita, 2016).

However, there are other explanations of the recent steepening of the Phillips 
curve in the euro area. Riggi and Venditti (2015) claim that it can result either 

3 This assumption seems debatable. Bryan et al. (2015) indicate that US fi rms’ infl ation 
expectations are very similar to the predictions of professional forecasters, despite a somewhat 
greater heterogeneity of expectations. Similar conclusions apply also in the case of Poland (e.g. 
Łyziak, 2013).

4 The results collected by the Low Infl ation Task Force will be presented in detail in the 
report forthcoming in the ECB Occasional Papers. 

5 Oinonen and Paloviita (2014) estimate time-varying parameters for the hybrid New 
Keynesian Phillips Curve In the euro area, using different proxies for the output gap. They show 
that the slope of the Phillips curve has become steeper after 2012. 
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from lower nominal rigidities due to structural reforms in stressed countries or 
from a decrease in strategic complementarities in price setting, related to a fall 
in the number of fi rms in the economy after the Great Recession. Another pos-
sibility taken into account is the increase of the frequency of price adjustments, 
but empirical studies on this issue has provided mixed results so far. 

This study aims at contributing to empirical literature using the Phillips curve to 
explain price developments in the Polish economy. Kokoszczyński et al. (2010) show 
that survey-based measures of consumer infl ation expectations are useful in estimat-
ing the hybrid New Keynesian Phillips Curve in Poland and in the Czech Republic. 
However, according to their estimates, the backward-looking component in this rela-
tionship is stronger than the forward-looking one, independently of the measure of 
infl ation expectations used. Hałka and Kotłowski (2014) estimate the Phillips curves 
in the disaggregated manner, i.e. for individual price indexes. They fi nd that more 
than 55% of the categories react to the output gap (mainly services and nondurable 
goods), while more than one-third of prices respond to exchange rate movements 
(mainly durable and semi-durable goods). At the same time globalization process 
makes only a  small share of prices of durable and semi-durable goods react to 
domestic demand.6 Even if the specifi cation of the Phillips curves used by Hałka and 
Kotłowski (2014) does not include forward-looking elements, the results of their 
analysis suggest that the concept of the open-economy NKPC can be useful in ana-
lyzing price developments in Poland. Łyziak (2016) uses rational expectations and 
survey-based measures of infl ation expectations of various groups of economic 
agents in estimating the small stylized New Keynesian model of monetary policy with 
Polish data. Estimation results show that with survey-based measures the expectation 
term in the NKPC becomes signifi cantly larger than in the model with rational expec-
tations, although in all the cases the role of lagged infl ation is somewhat stronger 
than the role of expected infl ation. Survey-based measures of infl ation expectations 
of Polish consumers, fi nancial sector analysts and, particularly, enterprises, contain 
forward-looking information that improves forecasting properties of the New 
Keynesian model relative to its type with rational (model-consistent) expectations. 
Infl ation expectations of enterprises seem the most powerful in this respect.

2. METHODS AND DATA

Before analyzing recent infl ationary developments in Poland with the use of the New 
Keynesian Phillips Curve we consider the drivers of defl ationary episodes in different 
economies to answer the question whether the Polish defl ation is surprising taking 
them into account. In this respect, we use the Defl ation Vulnerability Index (DVI) 

6 In their recent paper Hałka and Kotłowski (2016) deepen the analysis of the global 
determinants of domestic infl ation in Sweden, Poland and Czech Republic. They fi nd that the 
low infl ation in those countries results not only from favourable shock to commodity prices, but 
is also due to weak demand, both internal and external. Moreover, they show that since the 
beginning of fi nancial crisis the role of demand shocks affecting infl ation was more pronounced 
than the role of supply shocks. 
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proposed by Kumar et al. (2003), that combines determinants found to lead defl a-
tionary episodes in different economies. The index refl ects developments in aggre-
gate prices, economic activity, asset markets, and credit and fi nancial markets. In the 
above groups there are 11 specifi c indices considered, each of them of binary nature, 
with a value 1 refl ecting possible defl ationary pressure from a given source and 
otherwise the value of zero. Subsequent components of the index equal 1 if: (1) 
annual infl ation, measured as a change in the CPI, is less than 0.5%; (2) annual 
infl ation, measured as a change in the GDP defl ator, is less than 0.5%; (3) annual 
infl ation, measured as a change in the core CPI, is less than 0.5%; (4) the output gap 
has widened by more than 2 percentage points over the last 4 quarters; (5) the out-
put gap is less than –2%; (6) the real GDP growth over the last 3 years is less than 
annual average growth over the preceding decade; (7) the broad measure of the 
stock market over the last 3 years has fallen by more than 30%; (8) the real effective 
exchange rate has appreciated by more than 4% over the last 4 quarters; (9) the 
private nominal credit growth is less than nominal GDP growth over the last 4 quar-
ters; (10) the cumulative private nominal credit growth over the past 3 years is less 
than 10%; (11) the broad money (M3) growth on a y/y basis has grown slower than 
base money by 2 percentage points (or less) over the last 8 quarters.

To estimate the hybrid New Keynesian Phillips curve models for Poland we 
take into consideration different variables that proxy infl ation developments, 
infl ation expectations, economic slack and imported infl ation. According to the 
notation applied, the model i_k_m_h denotes the HNKPC specifi cation, in which 
we use the i-th measure of infl ation as the dependent variable and among expla-
natory variables there are: the k-th measure of the economic slack, the m-th 
measure of infl ation expectations and the h-th measure of imported infl ation.

We use two measures of consumer price changes in Poland (r(i)), i.e. the 
annualized rate of growth of the overall Consumer Price Index, CPI (i = 1) or 
annualized the core infl ation that excludes foodstuffs and energy items (i = 2).

There are six measures of the economic slack (y(k)) considered in this study. The 
fi rst one is given by the output gap estimated with the use of the Hodrick-Prescott 
(HP) fi lter (k = 1). The second measure of the economic slack (k = 2) is a trans-
formed version of the HP-fi lter output gap, capturing potential non-linear effects 
of the excess demand on infl ation in the periods, when the output gap is positive. 
This transformation, proposed by Alichi et al. (2009), has the following form:
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The remaining measures of the economic slack comprise the output gap 
obtained with Christiano-Fitzgerald (CF) fi lter (k = 3), asymmetric CF-fi lter 
output gap transformed in the way proposed by Alichi et al. (2009) (k = 4), 
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a deviation of the real GDP growth rate from its mean (k = 5) and the inverse 
of the unemployment rate gap, estimated with the HP fi lter (k = 6).7 

Infl ation expectations (re(m)) are proxied with the following measures: cumu-
lative mean of CPI infl ation (m = 1), NBP infl ation target (m = 2) as well as 
with survey-based measures of short-term (12 months ahead) infl ation expecta-
tions of enterprises (m = 3), fi nancial sector analysts (m = 4) and consumers 
(m = 5).8

Finally, we use two proxies refl ecting imported infl ation (rf(h)), i.e. annualized 
growth rate of import prices (h = 1) and the real effective exchange rate gap, 
calculated with the HP fi lter (h = 2).

The general form of the estimated hybrid version of the NKPC in the case of 
the model i_k_m_h is the following:

 c c c y ct
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t
i

t
e m

t l
k

t l

f h
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t^ ^ ^ ^ ^h h h h h  (4)

where the lags of the output gap (l y) and of the foreign component (l f) are selec-
ted on the basis of statistical fi t (in the estimated equations they equal 0 or 1). 

We estimate the Phillips curves using two sample periods. Both of them start 
in 2003Q1, while they end either in 2015Q3 (full sample period) or in 2011Q4, 
i.e. before the recent disinfl ation started (short sample period). Checking stabil-
ity of the Phillips curve during the period of recent disinfl ation we compare the 
estimated short-run coeffi cients as well as the long-run impact of infl ation expec-
tations, economic slack and foreign prices on domestic infl ation, given by the 

respective coeffi cients: c
c

1 1

2
-

, c
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-
 and 
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. We also pay attention to long-

-run intercepts, given by the following expression: 
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+
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^ ^h h, 

where t
e mr ^ h denotes the average value of the m-th measure of infl ation expecta-

tions, while t
f hr ^ h  denotes the average value of the h-th measure of imported 

infl ation in a given sample period.
Estimating the equations we do not impose dynamic homogeneity – the prop-

erty that makes the Phillips curve vertical in the long run. This condition is, 
however, verifi ed empirically with the Wald test. If the openness of the economy 
is represented by the real exchange rate gap, the dynamic homogeneity property 
is given by the condition: c1 + c2 = 1, while in the case of using annualized rate 
of growth of import prices – by the condition: c1 + c2 + c4 = 1.

The HNKPC models contain unobservable variables – infl ation expectations 
and economic slack – that can be subject to measurement errors. In such circum-
stances the overall error of the equation becomes a combination of an exogenous 

7 In the cases of both measures of the output gap based on Alichi et al. (2009) concept, 
different values of ŷ max were tested. Finally, the best statistical fi t of HNKPC models was 
obtained for ŷ max equal 0.05. 

8 Survey-based measures of infl ation expectations are the same as used in Łyziak (2016).
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shock and the measurement error of explanatory variables. For this reason we 
estimate Phillips curves using the Generalized Method of Moments (GMM). We 
use lagged values of explanatory variables as instruments, which seems a com-
mon choice in the literature (Nason and Smith, 2008).

3. RESULTS

Recent disinfl ation and ongoing defl ation in Poland were largely unexpected and 
are perceived mainly as the result of a fall in commodity prices. The Defl ation 
Vulnerability Index (DVI) introduced by Kumar et al. (2003) and used by IMF 
in assessing defl ationary risks in different economies9, allows analysing a range 
of potential causes of defl ation, in particular the demand factors. 

Figure 4 presents DVI calculated for Poland compared with CPI infl ation. 
Both series are fairly correlated with each other – the Pearson correlation coef-
fi cient equals –0.65, while the Spearman rank correlation coeffi cient approaches 
–0.54.10 It seems, therefore, that the index contains some information about price 
developments. Analyzing its sub-components we can observe that recently defl a-
tionary risks have been caused not by a single factor, i.e. positive supply shock 
exerting downward pressure on prices but also by other factors, i.e. by develop-
ments in the real economy and in credit and money aggregates. During the latest 
disinfl ation that started in 2012 Defl ation Vulnerability Index increased consid-
erably and recently it has been close to 0.5, signaling – according to classifi cation 
introduced by Kumar et al. (2003) – moderate or almost high defl ationary risks.11 

Given its high correlation with actual infl ation, it seems that DVI can be 
a useful tool in analyzing infl ation perspectives in Poland. It also indirectly sug-
gests that the Hybrid New Keynesian Phillips Curve, putting emphasis on the 
role of economic slack in determining infl ation, can be an adequate theoretical 
concept in explaining recent price developments. In addition, it considers infl a-
tion expectations that are not used in calculation of the Defl ation Vulnerability 
Index.

With the diversity of variables used in the estimation of the HNKPC models, 
in each of the sample periods under consideration there are 120 equations esti-
mated – half of them in terms of the CPI infl ation and another half of them in 
terms of core infl ation. Detailed estimation results are presented in the Annex 
(Table 3, Table 4). Summarizing them, it should be noted fi rstly that, in general, 
the theoretical specifi cation of the HNKPC is supported empirically. In a domi-
nant part of estimated equations, both past infl ation and infl ation expectations 
are needed to explain current infl ation. Taking into account the full sample 

9 E.g. IMF (2014), p. 14.
10 In the period after the collapse of Lehman Brothers, correlation of CPI infl ation and DVI 

is even larger – Pearson and Spearman correlation coeffi cients equal –0.78 and –0.83, respectively.
11 According to Kumar et al. (2003), minimal defl ation risk appear when DVI is smaller than 

0.2; small defl ation risk – if it is between 0.2 and 0.3, moderate – for DVI between 0.3 and 0.5, 
while high – for DVI above 0.5.
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period (2003–2015), past infl ation is statistically insignifi cant only in 20% of mod-
els estimated in terms of CPI infl ation and in 13% of models estimated in terms 
of core infl ation. For shorter period of estimation (2003–2011) that excludes the 
recent disinfl ation, respective shares are 45% and 8%. It would suggests that 
recently CPI infl ation has become more persistent, which does not apply for core 
infl ation. We will analyze this issue in the fi nal part of this section, comparing 
estimated coeffi cients in both sample periods. Here we can conclude that the 
hybrid version of the NKPC is confi rmed empirically in Poland more often than 

Figure 4. Defl ation Vulnerability Index (DVI) and its subcomponents 
vs. CPI infl ation in Poland (year-on-year changes, %)
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the traditional NKPC. It is in line with the results for European economies 
reported in the literature.12

Analyzing estimation results we observe that the problems with incorrect signs 
of different coeffi cients or statistical insignifi cance of explanatory variables are 
not very frequent (Table 2). The share of HNKPC models that display inconsist-
encies of this kind amounts approximately to 28% in the full sample and to 17% 
in the shorter sample period. This share is larger for core infl ation than for CPI 
infl ation. Insignifi cant output gap while explaining core infl ation or insignifi cant 
foreign infl ation constitute the major sources of these problems.

 Table 2. Share of HNKPC models whose estimation results are inconsistent 
(in %)

CPI infl ation Core infl ation

2003–2015 2003–2012 2003–2015 2003–2012

c1 negative and signifi cant 0.0 1.7 0.0 0.0

c2 negative or insignifi cant 1.7 1.7 11.7 5.0

c3 negative or insignifi cant 5.0 6.7 20.0 10.0

c4 negative or insignifi cant 11.7 10.0 10.0 5.0

Share of inconsistent HNKPCs 16.7 15.0 40.0 18.3

Source: own calculations.

The results of the Hansen J-test show that for all the estimated models, the 
null hypothesis of valid overidentifying restrictions cannot be rejected. 

Dynamic homogeneity property, making the Phillips curve vertical in the long 
run, is displayed more often in the short sample period than in the long one, and 
more frequently for CPI infl ation than core infl ation. Using the sample period 
2003–2012, approximately 78% of estimated equations specifi ed in terms of CPI 
infl ation compared to 32% of those specifi ed in terms of core infl ation met 
dynamic homogeneity condition. For the full sample period, 2003–2015, respec-
tive numbers reach 80% and 12%. The fact that Phillips curves specifi ed in terms 
of CPI infl ation are vertical in the long run more frequently than those specifi ed 
in terms of core infl ation can be explained by the fact that empirical proxies of 
infl ation expectations used in this study are not consistent with core infl ation – 
both survey-based measures of infl ation expectations as well as the NBP infl ation 
target refer to headline infl ation, not to core infl ation. 

Detailed analysis of estimated HNKPC models conducted in the subsequent 
part of this section takes into consideration only those specifi cations that do not 

12 E.g. Paloviita (2008), using pooled European data, shows that the purely forward-looking 
NKPC is clearly outperformed by the New Classical and Hybrid New Keynesian Phillips curves. 
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display inconsistencies described in Table 2. We aim at assessing, fi rst, what com-
bination of proxies for infl ation expectations, economic slack and imported infl a-
tion guarantee the best statistical fi t of the estimated HNKPC, second, which 
specifi cations are the most successful in modeling the recent disinfl ation, third, 
what changes in estimated coeffi cients occur during the recent disinfl ation period. 

Taking into account the results based on the full sample period (2003–2015) 
we observe that Phillips curves estimated in terms of core infl ation display lower 
Root Mean Squared Errors, RMSE (0.80), than Phillips curves estimated with 
CPI infl ation as the explanatory variable (1.42). The same applies to analogous 
measures of errors calculated for the period of recent disinfl ation (2012–2015) 
which equal 0.66 and 1.42, respectively.

The selection of the price index and particular proxies for determinants of 
infl ation in the Phillips curve have a signifi cant infl uence on statistical fi t of esti-
mated models, especially those in which headline infl ation is the explanatory 
variable. Figure 5 presents errors of the estimation (differences between fi tted 
and actual values) in the form of Root Mean Squared Errors – both for the whole 
sample used in the estimation (2003–2015) and during the recent disinfl ation 
(2012–015). It can be seen that minimal RMSE corresponds to models in which 
survey-based measures of infl ation expectations of enterprises are used. This 
conclusion is consistent with previous fi ndings, based on the small structural New 
Keynesian (NK) model, showing that enterprises’ infl ation expectations are the 
most relevant from the macroeconomic perspective and used in the NK model 
improve signifi cantly its forecasting accuracy (Łyziak, 2016). In the present results 
there is only one exception from this observation, i.e. analyzing errors in the 
recent period (2012–2015) of the Phillips curve estimated in terms of core infl a-
tion. In this case, using survey-based measures of fi nancial analysts’ infl ation 
expectations minimizes the forecasting errors during the disinfl ation period, how-
ever models with enterprises’ infl ation expectations produce only slightly less 
favorable outcomes.

The best-performing measure of the economic slack is given by the Alichi et 
al. (2009) transformed version of the HP-fi lter output gap that captures non-lin-
ear effects of the excess demand on infl ation in the periods, when the output gap 
is positive. It suggests that the Phillips curve in Poland displays some asymmetry 
and that prices are more responsive to the output gap when it is highly positive. 
It corresponds to fi ndings by Sznajderska (2014), who shows stronger responses 
of quarter on quarter CPI infl ation to output gap when it is positive. However, 
it should be noted that the differences in statistical fi t between HNKPC models 
using standard version of the HP-fi lter output gap and the measure proposed by 
Alichi et al. (2009) are very small, especially for models in which core infl ation is 
explanatory variable.

Finally, it seems that both during the whole sample period and during the 
recent disinfl ation the real exchange rate gap is a better proxy for foreign com-
ponent of domestic CPI and core infl ation than the rate of growth of import 
prices.
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The above exercise was based on the HNKPC models estimated on the full 
sample. However, from the empirical point of view it is more relevant to assess 
out-of-sample properties of those models. To do this we estimate Phillips curves 
on the shorter sample period, that fi nishes before the beginning of the recent 
disinfl ation. Then we generate forecasts of infl ation for the disinfl ation period 

Figure 5. Root Mean Squared Errors (RMSE) of HNKPC models estimated 
on the sample 2003–2015
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Figure 6. CPI infl ation (year-on-year) forecasts for 2012–2015 based on 
HNKPC models estimated on the sample 2003–2011
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Figure 7. Core infl ation (year-on-year) forecasts for 2012–2015 based on 
HNKPC models estimated on the sample 2003–2011
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(2012–2015) and assess out-of-sample forecasting properties of different Phillips 
curves.

Paths of infl ation forecasts generated on the basis of HNKPC models esti-
mated on the sample 2003–2011 (Figure 6, Figure 7) suggest that those models 
do not replicate adequately the recent disinfl ation period, especially in the case 
of models explaining CPI infl ation. Firstly, even if those models seem to antici-
pate a fall in CPI infl ation, they are not able to predict the scale of defl ation in 
2015 – all the CPI forecasts remain above the actual CPI infl ation in 2015. 
Secondly, in the case of core infl ation, paths of its forecasts surround the actual 
fi gures – there are some specifi cations that refl ect the actual developments of 
core infl ation and some that predict even deeper defl ation. However, majority of 
forecasts is above the actual core infl ation. Thirdly, independently of the infl ation 
measure used a large number of specifi cations predict increase of infl ation in the 
most recent period (i.e. in 2015), while actual price developments are clearly at 
odds with this prediction. 

What is the model specifi cation that makes the paths of infl ation forecasts 
closest to actual fi gures? Analysis of Root Mean Squared Errors (RMSE) of 
infl ation forecasts confi rms that for both headline and core infl ation this spec-
ifi cation should use asymmetrical measure of the HP-fi lter output gap and the 
real exchange rate gap. It should be emphasized that the deviation of real GDP 
growth rate from its mean represents another proxy for the economic slack 
improving infl ation forecasts. As far as the measure of infl ation expectations is 

Figure 8. Root Mean Squared Errors (RMSE) 
of infl ation out-of-sample forecasts for 2012-2015 

based on HNKPC models estimated using the sample 2003-2011
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concerned, the models that generate relatively accurate CPI infl ation forecasts 
are those that use enterprises’ infl ation expectations, while in the case of core 
infl ation forecasts consumer infl ation expectations seem more adequate.

Limited ability of the Phillips curve models to predict the recent disinfl ation 
leads to the question to what extent the estimated coeffi cients are different 
between the models estimated on the full sample (2003–2015) and on the short 
sample (2003–2011). The results of such inspection depend on the measure of 
infl ation used as explanatory variable. 

Analyzing directly estimated, short-run coeffi cients (Figure 9, Figure 10) we 
observe that in the case of HNKPC models specifi ed in terms of CPI infl ation in 
a dominant part of models infl ation persistence becomes larger in the longer 

Figure 9. Stability of the HNKPC, CPI infl ation, short-run coeffi cients
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sample, covering the recent disinfl ation. At the same time the impact of other 
factors, i.e. infl ation expectations, economic slack and foreign infl ation, is 
reduced. The results based on core infl ation models are more mixed. Majority of 
them suggest that infl ation persistence and the role of infl ation expectations have 
been reduced recently, similarly as the impact of the economic slack on price 
developments. All at once the impact of foreign infl ation on the domestic one 
has become stronger. However, in the case of each of those coeffi cients there are 
also models indicating opposite changes .

Analyzing long-run coeffi cients (Figure 11, Figure 12), it can be noted that 
independently of the measure of infl ation, the role of infl ation expectations has 

Figure 10. Stability of the HNKPC, core infl ation, short-run coeffi cients
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been reduced in the recent period. In addition, the intercepts in all the specifi -
cation have diminished, indicating de-anchoring of infl ation expectations, which 
have recently reached their historical lowest levels. A dominant part of CPI infl a-
tion models indicate steepening of the Phillips curve and increased role of for-
eign infl ation in determining domestic price changes, while in the case of core 
infl ation models we rather observe a reduced impact of economic slack and for-
eign price changes on domestic infl ation . 

Being aware of the fact that changes in the coeffi cients of HNKPC models 
estimated in terms of headline infl ation can be biased due to the fact that this 
measure of infl ation has been strongly infl uenced by food and energy prices in 

Figure 11. Stability of the HNKPC, CPI infl ation, long-run coeffi cients
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the recent period, it seems that analyzing stability of the Phillips curve we should 
rely rather on core infl ation models. In addition, conclusions based on those 
models are comparable with results of similar tests performed using euro area 
data that are based also on similar measures of core infl ation. From this perspec-
tive, our analysis suggests some fl attening of the Phillips curve in recent years, 
combined with a smaller impact of infl ation expectations on actual infl ation and 
the reduced long-run intercept. Flattening of the Phillips curve can be either 
perceived as a typical phenomenon in the downward stage of the business cycle 
or explained with increasing openness of the Polish economy, making foreign 
demand an important determinant of domestic price developments. 

Figure 12. Stability of the HNKPC, core infl ation, long-run coeffi cients
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To sum up, it seems that the recent disinfl ation and a prolonged period of 
defl ation in the Polish economy resulted from a  combination of global and 
domestic factors. The HNKPC seems a useful concept capable of explaining 
recent price developments, especially in the case of core infl ation. Our analysis 
suggest that to fi t the actual data survey-based measures of enterprises infl ation 
expectations should be used, however, in some tests consumer infl ation expecta-
tions perform even better than enterprises’ expectations. In addition, capturing 
asymmetric effects of output gap on infl ation – stronger when the output gap is 
positive – improves statistical fi t of HNKPC models. 

On the other hand, we show that the Phillips curve relationship has not been 
stable recently. In particular, it seems that core infl ation has become less sensi-
tive to economic slack and to infl ation expectations, while the long-run intercept 
has been reduced. The latter factor, combined with the fl attening of the Phillips 
curve, suggests that the return of infl ation to levels consistent with the NBP 
infl ation target can take more time than it would based on models estimated with 
pre–2012 data. 

4. CONCLUSIONS

The prolonged period of defl ation in Poland was not expected, however, it does 
not seem entirely puzzling. Firstly, standard factors signaling defl ation risks, 
embodied in the Defl ation Vulnerability Index – especially those related to infl a-
tion performance, economic activity and credit and monetary aggregates – seem 
informative in the context of Polish defl ation. Secondly, the concept of the 
Hybrid New Keynesian Phillips Curve seems useful in analyzing price develop-
ments in Poland, however, the degree of this usefulness is conditional on proxies 
for explanatory variables applied. In line with previous studies, based both on 
Polish and external experiences, survey-based measures of infl ation expectations 
– particularly enterprises’ infl ation expectations – seem to be an important factor 
needed to understand recent price developments. Thirdly, to adequately refl ect 
cyclical component of infl ation one should take into account either the transfor-
med output gap measure, making infl ation more responsive to output gap when 
it is highly positive, or the growth rate of real GDP relative to its mean. The 
recent disinfl ation, analyzed through the lenses of the HNKPC models, was cau-
sed by a combination of different factors, including: lowering of commodity pri-
ces and import prices, reduced level of infl ation expectations and infl ation as well 
as a negative output gap. 

Analyzing stability of the Phillips curve we fi nd signs of its fl attening in recent 
years. It applies to the models estimated in terms of core infl ation, while CPI 
infl ation models suggest rather a steepening of the Phillips curve. Both types of 
models agree on the weakening of the link between infl ation expectations and 
actual infl ation as well as on the reduction of the long-run intercept.

The Phillips curve in Poland is alive. We can use it to explain past infl ationary 
performance and to predict its changes, at least to some extent.
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UŻYTECZNOŚĆ KRZYWEJ PHILLIPSA W INTERPRETACJI 
OKRESU NISKIEJ INFLACJI W POLSCE

STRESZCZENIE

Defl acja w Polsce, podobnie jak niska infl acja w gospodarkach rozwiniętych, 
zwłaszcza w strefi e euro, wydaje się zaskakująco długotrwała. W niniejszym arty-
kule podjęto próbę sprawdzenia, na ile wersje tradycyjna i hybrydowa nowokey-
nesistowskiej krzywej Phillipsa (NKPC, HNKPC) są użyteczne w analizie prze-
biegu procesów infl acyjnych w Polsce, zwłaszcza w ostatnim okresie. W  celu 
uodpornienia wniosków z przeprowadzanego badania, estymując nowokeynesi-
stowską krzywą Phillipsa, wzięto pod uwagę różne zmienne reprezentujące: infl a-
cję, oczekiwania infl acyjne, presję popytową oraz infl ację importowaną.

Z  wyników analizy wynika, że ostatnia dezinfl acja w  Polsce, rozpoczęta 
w 2012 r. i skutkująca przedłużającym się okresem defl acji, była spowodowana 
nie tylko spadkiem cen surowców, ale również czynnikami popytowymi i obniżo-
nymi oczekiwaniami infl acyjnymi. Pokazano, że w  celu dobrego wyjaśnienia 
okresu dezinfl acji z wykorzystaniem HNKPC w estymacji tej zależności należy 
wykorzystać specyfi czny zestaw zmiennych objaśniających. Powinien on zawierać 
ankietowe miary oczekiwań infl acyjnych podmiotów gospodarczych (przede 
wszystkim przedsiębiorstw), przekształconą miarę luki popytowej uwzględniającą 
jej silniejszy wpływ na infl ację w okresach dobrej koniunktury lub odchylenie 
tempa wzrostu realnego PKB od swej średniej, jak również lukę realnego efek-
tywnego kursu walutowego. 

Analizując stabilność krzywej Phillipsa estymowanej w kategoriach infl acji 
bazowej, dostrzegamy przesłanki świadczące o jej spłaszczeniu w ostatnich latach. 
Jednocześnie modele, w których zmienną objaśnianą jest infl acja CPI, pokazują 
raczej wypiętrzenie krzywej Phillipsa. Obie grupy modeli wskazują jednak zgod-
nie, że w ostatnich latach wpływ oczekiwań infl acyjnych na infl ację uległ osłabie-
niu.

Słowa kluczowe: infl acja, defl acja, hybrydowa nowokeynesistowska krzywa Phil-
lipsa, Polska.
JEL Classifi cation: E31, E37




