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INTRODUCTION

After the global financial crisis of 2007-2009 and the subsequent recession, the deepest sinee
1929, an economic puzzle of unexpectedly low inflation emerged. This baffling phenomenon
consisted in inflation evolving ubiquitously in highly developed countries as well as in a
number of emerging economies at an exceptionally and unpredictably low level despite
rebounding real economic activity, systematically improving labour market conditions
and unconventional monetary policy stimulating economy via quantitative casing. One
of the symptoms of this conundrum consists in that low inflation prevailed to develop
at a lower level than most traditional economic and econometric models describing past
macroeconomic regularities between price developments and economic slack would indicate
during a protracted period of time.

One of the natural consequences of the ocomrrence of low inflation was that hoth
inflation foreeasts — generated with traditional quantitative models and methods — as
well as inflation expectations formulated by market participants and refleeting their beliel
i the capacity of central banks to successfully stabilize inflation around inflation targets
hecame systematically biased. Against this hackground, the credibility of central banks
exploiting forward guidance policy the main purpose of which was to inform econonic
agents at which level of wnemploviment and cconomic growth central hank will eventnally
start 1o raise interest rates — quickly eroded. It turned out repeatedly that with very low
or even historically low unemplovinent and a relatively high GDP growth rate with respect
to the potential growth rate, inllation in many highly developed countries and a munber of
crierging cconomies, including Poland. would evolve well below oflicial inflation targets lor
a prolonged period of time.

One of the symptoms of how atypical the situation was which central banks started to
erapple with alongside low inflation. was that the Federal Reserve and the Bank of Japan
introdueed official inflation targets at that time not to lower inflation expectations. as it
was frequently done in the 1990s. but to raise the level of expected inflation. which turned
out to be also quite unpredictably  severely ineflicient. Facing difficulties not only
in explaining the price developments on an atypically low level — both on the ground of
theoretical as well as empirical approach — but also in accounting for the influence of the
central bank on current and expected inflation. major central banks and their economists
labelled the ocenrrence of low inflation a puzzle.

In this particular macroeconomic environment economists faced a daunting challenge.
It hecame essential to explain the reasons for the unexpected behavionr of inflation and to
improve forceasting models in order for them to cease to systematically overpredict price
developments in the economy. My PhD thesis — submitted as a collection of thematically
consistent articles published in scientific joirmals — concerns both these problems with
recard to the small open economy of Poland.

The baffling phenomenon of exceptionally low inflation materialized with a similar
intensity in Poland as in highly developed countries. Disentangling the sources of atypical
inflation development became essential for the adequacy and effectiveness of future monetary

policy conducted by Narodowy Bank Polski. Therefore, the principal aim of my research
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was to: (1) identify the sources of protracted and unexpected period of low inflation in an
cuerging, small open cconomy during 2012-2016 and (2) develop a new inflation forecasting
model that minimizes or even eliminates the systematic overprediction in the short-term
horizo.

Due to the fact that the results of my research are mainly of methodological nature
and reduce, among others, the extent to which short-term inflation forecasts are biased,
their significance is universal. Therefore, the conclusions from the conducted studies should
prove useful not only for conducting monetary policy in Poland but also in a munber of

other small open cconomics.

THE OCCURRENCE OF LOW INFLATION

After 2011 headline inflation in many highly developed and emerging cconomies first
considerably weakened and then evolved at a surprisingly low (and often negative) level.
Due to the simultancous occurrence of these two phenomena in many countries, economic
literature started to distinguish between ercessive disinflation (European Central Bank,
2017) and low inflation (Bobeica and Jarocinski, 2019), i.c. a period ol unexpectedly low
inflation persisting despite the ongoing gradual economic recovery since 2009 and a steady
improvement in labour market conditions (Bank for International Settlements, 2017). This
situation inherently generated the necessity to identify the canses of unusual inflation
developments and urged the improvement of inflation forecasting methods.

The protracted period of exceptionally low inflation is particularly clearly exemplified
in the small, open. emerging cconomy of Poland. Since the beginning of 2012, despite a
sound recovery in economic conditions, CPT inflation followed a clear downward trend.
declining from 4.1% in the first quarter of 2012 to -1.54 y-o-y in the first quarter of 2015
andd remaining negative until the fourth quarter of 2006, Sinmltancously, economic growth
in Poland weakened only temporarily in the first quarter of 2013 and evolved otherwise
at the level exceeding 3% v-o-y. Morcover, the unewmployiment rate was systematically
diminishing and reaching historically lowest levels. The persistence of this phenomenon was
mwanifested in the fact that the inflation forecasts prepared by lnancial analysts, external
institutions as well as Narodowy Bank Polski repeatedly turned out to bhe overestimated.,

i particular in the medinm term.

RESEARCH OBJECTIVES AND HYPOTHESES

In the publications submitted as my PhD thesis I explain the causes for the occurrence
ol unexpectedly low inflation period in Poland and develop a new method of forecasting
inflation in the short-term. The submitted doctoral dissertation consists of four thematically
consistent articles written alone or in co-authorship. All these manuscripts have already
been published or are accepted for publication in scientific journals with impact factor and
indexed in the Journal Citation Reports database.

In the content of the said articles I identily the sources of persistently and unexpectedly

low inflation in Poland. I also put special cmphasis on the uncertainty related to the
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selection of variables enfering the econometric model explaining price developiments in the
ceonowmy and the difliculties stemming from the choice of its correct specification. These
challenges are particularly iiportant, because the results of analyses — and hence the
decisions of monetary authorities — should not be allected by challenges related to the
process ol modelling economic phenomena in an uncertain environment .

The proposed model approaches congist in formulating recommendations hased on the
svnthesis of results from many competing models. In my research, 1 estimate a significant
munber of cconometric models with specifications justified on the basis of economic theory,
[ analvse the complementarity of results obtained on aggregated and disaggregated data,
and also average thonsands of foreeasts from non-linear models generated in o specilic
manner. Among the rich spectrm of cconometric and statistical models nsed in the conrse
of research for cognitive and [orecasting purposes, it is worth distingnishing, among others:
1) structural veetor antoregression models identilied using novel methods (combinations of
zero and sign restrictions), 2) wodels with constant and time-varving parametoers estimatoed
using Bayesian methods as well as the generalized method of moments and ) bagged
artificial nenral networks with specifications depending on the realization of random
variables generated [rom a given distribution. In the course of the analyvses, 1 also cany
oul a nmumber of statistical tests to check the relevance of the conclusions.

In my rescarch. T focused on four selected issues related to the onset and development
of the period of exceptionally low inflation. The starting point for my research was the
analysis of svstematically declining inflation in many Enropean conntries after 2011 (Halka
aned Szafranck, 2016, To this end. T used selected quantitative methods — often applied in
the context of evaluating the dependence of asset prices on financial warkets (Dicbold and
Yiliaz, 2012} — to measure the so-called inflation spillovers. I analysed this phenomenon
manifesting its nature in the inereasing interdependence hetween price developients — in
the national and international dimension. The prineipal aim of the study was to show that
the decline in inflation in different conntries does not result solely from the influence of a
dircet and simultancous connmon treid — in this particular instance related to the decline
in global commodity prices — but is a more complex phenomenon. The analysis revealed
the iimportance of interdependencies between different components of consumer goods and
services within a given consmmption basket in a given country, as well as between the
saie components of inflation in cconomies characterized by diflerent levels ol openness
and economic development. This study was a complementary approach to similar analyses
presented in the empirical literature (Osorio and Unsal, 2013 lossilov and Podpiera, 20141).
The final goal of measuring the contagion effect connected with the spread ol low inflation
between countries was to emiphasize the growing importance ol global factors in shaping
inflation on the aggregated (Borio and Filardo, 2007: Ciccarelli and Mojon, 2010a) as well
as the disaggregated level (Monacelli and Sala, 2009).

The results of this vescarch — pointing to the growing importance of global conditions
shaping domestic inflation — prompted me to enhance the analysis of inllation seusitivity
to domestic cconomic luctuations, and thus to examine the factors affecting the Phillips
curve over time in the Polish cconomy (Szafranck, 2017). The objective of this study was

to determine whether in the period of low inflation the flattening of the Phillips curve
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took place, which would result in diminishing inflation sensitivity to the adjustiment of
domestic real economic activity and rising sensitivity to global demand and supply factors.
The analysis was intended to complement the voluminous literature on the subjeet for
highly developed countries (Musso, Stracea, and Dijk, 2009: Kuttner and Robinson, 2010:
Abbas and Sgro, 2011: IMFE. 2014; Coibion and Gorodnichenko, 2015; Blanchard, Cerutti,
awd Sumners, 2015) with an application for a small, open economy. Due to considerable
uncertainty inherently accompanying the estimation process of the hybrid new-Kevnesian
Phillips curves (Mavroeidis, Plaghorg-Moller, and Stock, 2014), in the study I use several
competitive econometric methods to estimate equivalent specifications ol this equation, all
ol them well-justified on the basis of economic theory. The conclusions were formulated
based on a detailed analysis of a wide cross-section of estimated parameters. The main
outcome of the study is that in the period of low inflation the sensitivity of inflation to
changes in domestic economic slack significantly declined, which in some circumstances
may impede the conduct of monetary policy.

My third research problem concerned disentangling the sources of unexpectedly low
inflation by establishing the character and origin of economic shocks affecting price deve-
lopments (Szafranek and Halka, 2018). It became an important issue. complementing the
literature of the subject (Globan, Arcabi¢, and Sori¢, 2016; Halka and Kotlowski, 2017:
Bobeica and Jarocinski, 2019:; Conti. Neri, and Nobili, 2017) as well as the previons work
on the slope of the Phillips curve based on the reduced-form model (Szafranek, 2017), to
decompose persistently low inflation into the contributions of demand and supply domestic
and foreign shocks with the use of a structural model. One of the tools facilitating answering
such research questions was the Bavesian structural vector autoregression model identified
with the novel method of combining zero and sign restrictions (Arias, Rubio-Ramirez,
and Wageoner, 2018). Thanks to it, I was able to grant the identified shocks economic
interpretation by distinguishing between a domestic demand and supply shock, a global
(foreign) demand shock, a global oil supply shock. a monetary poliey shock and an exchange
rate shock. I could also assess their relative strength in affecting price changes in the Polish
cconomy. Moreover, repeating the test on disaggregated data allowed me to check whether
the conclusions obtained in the course of the conducted research on the aggregated data
are correct and in line with the outcomes obtained for disaggregated price indices. The
results indicated that in the period of low inflation, the importance of external shocks
increased sharply, with the contribution of the global demand shock to inflation development
turning out to be greater than the contribution of the global oil supply shock. Still, the
domestic demand shock continued to be important for inflation developments in a small
oper economy.

The fourth and last research problem I raised was the issue of preparing accurate
short-term (i.e. up to twelve months) inflation forecasts during the low inflation period
(Szalranck, 2019). Preparing accurate short-term and medinm-terin inflation forecasts in the
cenvironment of incercased uncertainty became more challenging than usual and forecasting
models traditionally used for [orecasting purposes lailed extensively (European Central
Bank, 2017). This motivated me to conduet additional analyses. In this context, 1 proposed

a new forecasting model, which in its structure combines the use of i) rich databases
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of macrocconomic indicators deseribing the national and global cconomic enviromment
(Baranowski, Leszezviiska, and Szalranski, 2010), ) machine learning methods using,
bageed artificial neural networks (Brehman, 1996: Zhang, Patuwo, and Hua, 199%) with
specifications gencrated according to a realization of a random variable and i) selected
methods of combining forecasts (Tinunermann. 2006). In a pseudo real-time forecasting
exercise, I checked whether the use ol a combination of thousands of strictly non-linear
models leads to statistically better predictions than many traditional benchmark models in
the period of low inflation. The obtained results enabled me to formulate a recommendation
to supplement the forecasting process in central banks with the use ol non-linear models
to predict inflation. I argued that accurate forecasts of price developments are crucial for
determining the monetary policy parameters of the central bank (Kotlowski. 2016). even
at the expense of losing direct interpretability of relationships between variables within the
model.

In swmmary, to (Wil the principal objective of the doctoral thesis I set out three

intermediate goals:

Goal 1: Analysis of inflation sensitivity in Poland to the price dynamies in the vicinity

of the domestic cconomy:

Research hypothesis 1 Inflation processes in the Polish economy are
strongly dependent on the evolution of inflation

processes in the external environment.
Goal 2: Determining the sources of imexpectedly low inflation in Poland in 2012-2016:

Research hypothesis 2.A: The influence of domestic economic activity on
inflation weakened., leading to the flattening of
the Phillips curve,

Research hypothesis 2.13: Although disinflation in Poland resulted prima-
rilyv from the changes in domestic real activity,
the deflation period was predominantly cansed
by external factors.

Research hypothesis 2.C: Prices of particular goods and services react in a
diversified manner to the occurrence of domestic

or global demand or supply shocks.

Goal 3: Constructing an inflation forecasting model that takes into account the

uncertainty of model specification and the problem of variable selection:

Research hypothesis 3.A: The use of an extensive database and avera-
ging forecasts generated by machine learning
methods increases the accuracy of short-tern
inflation forecasts.

Research hypothesis 3.3: Combining selected linear and non-linear fo-
recasting frameworks leads to more accurate

predictions.
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SYNTHESIS OF MAIN RESULTS AND CONTRIBUTIONS

In the collection of thematically consistent articles that form my doctoral dissertation, I
verified the stated research hypotheses. To the best of the anthor’s knowledge, this is the
first work presenting a detailed explanation for inflation development on an unexpectedly
low level in a small, open developing economy. The contribution to the international
economic literature is as follows.

Firstly, the results of the conducted research indicate that price developments in the
Polish economy during the period of low inflation were predominantly shaped by global
factors. Analyses carried out using the proposed discrepancy index measuring inflationary
pressures in the economy and results of the forecast error variance decomposition from the
generalized vector autoregression model (Koop, Pesaran, and Potter, 1996: Pesaran and
Shin. 1998: Diebold and Yilmaz, 2012) revealed that the systematic decline in headline
inflation was accompanied by the increase in the so-called inflation spillovers. This process
intensified both in its domestic dimension — which was indicated by the steadily growing
share of components in the consumption basket showing deflationary tendencies — as well
as in its international dimension, reflected by the growing dependence of domestic inflation
on the price changes in the environment of the Polish economy, primarily in the large
cconomy of the euro area (ITalka and Szafranck, 2016). The strong infliuence of external
conditions on the domestic consumer price index was reflected in the flattening of the
Phillips curve, manifested by the weakening sensitivity of inflation to the finctuations of
domestic real activity (Szafranck. 2017) and similar to that observed in developed countries
(Musso, Stracea, and Dijk, 2009: Kuttner and Robinson, 2010: Abbas and Sero, 2011; IMF,
2014 Coibion and Goroduichenko, 2015: Blanchard, Cerntti, and Sunimers, 2015; Bank for
International Settlements. 2017).

In the research conducted with the use of the reduced-form of the stylized hybrid
new-Keynesian Phillips curve. it was documented that in the period of low inflation global
factors began to play an increasingly important role in shaping not only CPI inflation,
but also core inflation (measured as inflation net of food and energy prices as well as the
impact of indirect taxation). This confirmed the significance of the influence of indirect
factors on the price-setting processes and the occurrence of the contagion effect between
individual components of the CPI. Further analysis on the domestic and external sources of
inflation based on the structural vector autoregression model (Szafranek and Halka, 2018)
highlighted the decisive impact of weakening global demand and plummeting oil prices
on price developments in Poland throughout the deflation period. thus corroborating that
global demand and supply factors strongly affected inflation in a small, open economy.
Simultaneously, the obtained results reflecting the contribution of the global shocks to the
observed price changes were consistent with the conclusions provided for other countries for
both aggregated data (inter alia Ciccarelli and Mojon, 2010a; Mumtaz and Surico, 2012;
Aastveit, Bjgrnland. and Thorsrud, 2016) as well as disaggregated data (Monacelli and
Sala, 2009).

Sccondly, despite the significant importance of global factors, the domestic economic

slack continued to exert impact on price development in Poland to a certain extent. Although
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the Phillips curve flattened considerably — which was accompanied by stronger mpact
of imported inflation on the domestic inflation as well as underutilization of labour in
the Polish cconomy (Wyszyiiski, 2016 the relationship between inflation and domestic
evelical factors remained statistically significant (Szalvanck. 2017). Further results obtained
with the use of a structural model validated the claim that changes in the level of economic
activity contributed primarily to a strong decline in inflation — i.e. excessive disinflation
in the Polish economy after 2011 while in the deflation period lower capacity wtilization
alfected inflation relatively less (Szalranek and Halka, 2018).

Thirdlv. the conducted analyses pointed to a broad spectrum of macrocconomic factors
temporarily strongly affecting inflation developments. which has important implications for
the construction of foreeasting models. Throughout the period of low inflation, forecasts
from most traditional models — that take into account only key macroeconomic variables

systematically overestimated the level of inflation and became heavily biased (European
Central Bank. 2017). This stylized fact was also indicated by counterfactual analyses
using hybrid new-Keynesian Phillips curves (Szafranck. 2017). Therefore, the obtained
results validated the earlier conclusions from the literature, according to which despite a
significant development of econometrie tools and the growing munber of analyses on inflation
determinants. forecasting price dynamics still remains a daunting challenge (Atkeson and
Ohanian, 2001; Stock and Watson. 2007: Faust and Wright. 2013). In my conducted
research I indicated that the alternative approach to inflation forecasting (Szafranck. 2019).
so far used sporadically (Chakraborty and Joseph. 2017). can effectively complement
the forecasting toolboxes in central banks. The model T proposed takes into acconnt the
sienificant uncertainty associated with the selection of appropriate explanatory variables.
as well as the problem of correct model specification by averaging thousands of randomly
generated specifications of non-linear models using selected machine learning methods
(Breiman. 1996: Zhang. Patuwo. and Hu, 1998; Timmermann. 2006). The results of the
pseudo-real time experiment indicated that this model was characterized by a significantly
lower bias and higher forecast quality. Moreover. the obtained results of conducted statistical
tests (Giacomini and White, 2006; Hansen, 2005) showed that the accuracy of forecasts
from the proposed framework is much higher in the period of low inflation with respect
to predictions from considered benchmarks, The analyses also documented the benefits of
further averaging short-term inflation forecasts from a range of univariate and multivariate
linear and non-linear models.

Fourthly, the conduet of rescarch with the use of both aggregated and disaggregated data,
many competitive models, as welll as methods of estimation and inference, is motivated in
my doctoral dissertation by a significant level of incertainty which inherently accompanies
{he modelling and forecasting ol inflation (Fanst and Wright, 2013: Mavrocidis, Plaghorg-
Moller. and Stock, 2011 Abbas, Bhattacharva. and Sgro, 2016) and proved to be partienlarly
uscful in the period of its unexpected and bafiling development. In this context, three issues
need to be addressed. First, due to the problems with proper variable selection and the
chioice of estimation methods proposed in the literature, the analysis of the behaviour of
the Phillips curve using various measures of economic activity, imported inflation, inflation

expectations as well as estimation methods makes it possible to provide more reliable and
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robust results, than one selected model can offer. Sccond, the use of disaggregated data
in analyses conducted using the structural vector autoregression model also facilitates a
more accurate consideration ol reactions of price changes of individual CPI components,
complementing and validating the analyses conducted for aggregated data. Third, the
analysis carried out on disaggregated price indices enabled us to create monthly price
indices that respond to domestic and global demand and supply factors. These measures
can be a valuable supplement to the proxies tracking price developments in the domestic
and global economy, quickly signalling mounting inflationary and deflationary pressures
from various sources. In turn, the approach to inflation forecasting based on the use of
an extensive macroeconomic variable database (Baranowski, Leszezyiska, and Szalranski.
2010). machine learning methods (Breiman, 1996: Zhang. Patuwo. and Hu, 1998) and the
averaging of tens ol thousands of forecasts (Granger and Jeon, 2004; Timmermann, 20006)
from individual models made it possible to take into account the significant uncertainty
associated with correct selection of variables and the selection of proper specification of a
purely non-linear model. and led to a much higher accuracy ol forecasts in the period of
low inflation.

Determining the reasons for the persistently low inflation in a small. open economy
was crucial for conducting an adequate macroeconomic policy, in particular by monetary
authorities. Studying the mechanism and importance of external conditions in shaping
price development in Poland, inflation spillovers between economies, the persistence of low
inflation and its determinants, as well as the development of modern methods of forecasting
price changes is important for conducting and communicating monetary policy and the
results of these analyses contain valuable information that monetary anthorities may apply
while reaching policy decisions (Blinder, Ehrmann. Fratzscher, aan, and Jansen, 2008;
Orphanides and Wicland, 2008; Kotlowski, 2016). Sinmltancously, the presented evidence
indicates that passive monetary policy thronghont the low inflation period in Poland was
justificd and the impact of interest rates on inflation remained neutral (Szafranck and
Malka, 2018), although the flattening of the Phillips curve posed a non-negligible risk
that the cconowic cost of stabilizing inflation would rise (Szalranck, 2017). Finally, the
strictly non-lincar forecasting model proposed by Szafranck (2019) can be ineluded in the
range ol models used to create short-term inflation forecasts that play an important role
in the decision-making process with regard to determining the future shape of monetary
policy. However, the inclusion of a purely non-lincar model comes at a price of losing direct
interpretability of the relationships between variables within the model, a considerably
high hurdle [or practitioners interested in the analysis of causal relationships.

In the collection of publications I analyse four interconnected issues aimed at explaining
the causes for unexpectedly low inflation and providing implications resulting from its
occurrence for forecasting purposes. The proposed order of the discussion:

1. inflation spillovers,

2. flattening of the Phillips curve,
3. sources of low inflation,
4. forecasting in low inflation environment

reseibles the succession of the considered research problems, discussed in more detail in
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scection Rescarch objectives and hypotheses. In the remaining part of this summary ol the

doctoral dissertation, I present how these issues were treated in the submitted publications.

INFLATION SPILLOVERS

The collection of thematically consistent publications begins with the article entitled Whose
Inflation Is It Anyway? Inflation Spillovers Between The Euro Arvea and Small Open
Economies. which was published in Eastern Furopean Economics (Hatka and Szafvanck,
2016).

The starting point for this article is the observation that headline and core inflation hegan
to decline steadily since the beginning of 2012 across economies. This process intensified
further as monnting deflationary pressures emerged coinciding with a gradual albeit
anaemic at first economic recovery, The simultancous occurrence ol a rare combination
ol disinflation and an increase in economic activity motivated me and my co-author to
perform an in-depth analysis of this phenomenon [rom a domestic and international point
ol view.

The theory of economics predicts that an increase in ageregate ontput is fypically
accompanicd by rising prices. Naturallyv, prices may also [all as a result ol a supply shock
connected with declining conmnodity prices, among others. To this end, in the cconomice
literature the influence of external factors on inflation is usually determined by analvsing
the Phillips curve, which takes into account the foreign output gap. the impact of supply
factors (Borio and Filardo, 2007) or the impact of unobservable factors (Cicearelli and
Majou, 2010a). Hakkio (2009) formulates the hivpothesis that the conunonality of inflation
in different countries reflects the commonality of the Tactors that cause it. It should also
be taken into account that inflation in small, open economies may be influenced by the
inflation developments in the geographic proximity of their large trading partners (lossifov
and Podpiera. 201 1 Osorio and Unsal., 2013; Auer and Sauré, 2013).

Looking throngh the prism of the statistical decomposition of CPT inflation. among
factors condneive to lowering inflation after 2011, economists usnally mentioned declining
energy and food prices. In a study carried out together with my co-anthor. we analyvse the
simultancous spreading (the so-called spillovers) of inflation on an international seale (in
different countries at the same time). We also examine the relative changes in the particular
components of the harmonised index of consmmer prices (henceforth TICT ) when affected
by deflation. The aim of the analysis is to show that, contrary to the general belief at that
time. the slowdown in price changes during excessive disinflation was not solely due to
direct effeets caused by a common factor — a strong drop in commodity prices — but is
a more complex phenonenon, i the case of which indivect effects and their spreading
spillovers or even contagion — ave iiportant. For this purpose, we use a disaggregated
price indices of consumer goods and services to determine the extent of the contagion of low
inflation between the various components of the cousumption basket. For this purpose, we
create the discrepancy index measuring inflationary pressures reflecting the development
of price pressure in the cconomy. Morcover, in order to quantify the inflation spillover

between cconowmies, we use a generalized veetor antoregression model and a methodology
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for caleulating spillover cffects developed by Diebold and Yilinaz (2012) based on the KPS
decomposition (Koop, Pesaran, and Potter, 1996: Pesaran and Shin, 1998).

The results of the conducted research indicate that the diserepancy index measuring
inflationary pressures signalled a decline in inflation in the analysed cconomies since the
beginning of 2012, The ubiquity of low inflation in selected countries motivated further
analysis of the contagion effect of low inflation between small, open economies and the
large, developed cconomy of the curo area. Analysing inflation spillovers between cconomies
in the fmll sample, we recorded the largest spillover effects for HICP inflation and the
weakest for HICTP core inflation (incasured here as inflation net of energy and nnprocessed
food prices). This conclusion is consistent with cconomic intuition, as HICT inflation is
more broadly shaped by factors common to various cconomies — including global output
gap or counnodity prices (Cicearelli and Mojon, 20101) — while core inflation shonld be
more allected by dowestic factors (which was later docmmented by Szafranck and Halka.
2018). In turn, the spillover effects of goods and services inflation twrned out to be similar
and moderate.

Obtaining more detailed results of the described tendencies over time and emphasising
the role of international spillovers was possible thanks to the analysis performed in the
rolling window of estimation. The spillovers of HICT inflation and HICT core inflation were
stable after the outbreak of the global financial erisis, showing only a slightly growing trend
in the period of Tow inflation — the penetration of price impulses between cconomies was
moderate. However, since the beginning of 2012, the spillovers of non-energy industrial goods
and services inflation grew steadily, which indicated the inereasing impact of globalization
on prices of these commponents. A thorongh analysis of the directions of mutual influence
of inflation in various countries, enabled by the use of the generalized VAR model and
structural decomposition of KPPS, emphasized the strong dependence of inflation in small,
open cconoties, including in Poland, on inflation in the large, developed cconomy of the
curo arca. The conclusions warranted in the paper proved to be in line with those of
other studies that analysed similar relationships regarding the interaction of price impulses
spilling over between economies with different characteristics but remaining in geographical
vicinity (lossifov and Podpicra, 2011: Osorio and Unsal, 2013).

Irom the monetary policy point of view, the study contains two important findings.
First of all. inflation in Poland was inercasingly inflnenced by inflation in the large developed
cconomy of the curo area. This means that the price-setting mechanism in the Polish
cconomy is becoming more and more dependent on regional and global factors. Additional
analysis of disaggregated data indicate simultancously an inereasing dependence of service
inflation in Poland on services price dynamics in the curo area, which can be interpreted
as a progressive process ol their globalization. Secondly, the study proposed a methodology
for calculating a siiple measure which proxies the intensity of inflationary pressure in the
cconomy based on disaggregated data. Iimportantly, the presented index is not subject
to revision and it is of monthly frequency. This scems to be an interesting and simple
alternative to more complex measures of cconomic activity reflecting the level of price
pressure — c.g. the output gap, which typically is unobscrved, of lower [requency and subject

to revision. The introduced index enables monetary authorities to monitor inflationary
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pressures in the cconomy on an ongoing basis.

FLATTENING OF THE PHILLIPS CURVE

The conclusion of the first publication emphasising the role of external developments in
shaping domestic inflation (Hatka and Szafranek. 2016) motivated me to check whether
the inflation sensitivity to adjustments in the real economic activity in Poland diminished
in the period of low inflation.

In order to achieve this objective, in the second article T analysed the stability of
the relationship between inflation and domestic real economic activity by examining the
flattening of the Phillips curve in a small open economy in the period of low inflation. To
this end, I used the data for Poland. The article entitled Flattening of the New Keynesian
Phillips curve: Evidence for an emerging. small open economy was published in Eeonomic
Modelling (Szalranels, 2017).

Fanpirical studies discussing the changing sensitivity of inflation to domestic economic
slack are conducted predominantly for highly developed economies. Their results indicate
that the Phillips curve is flattening (Musso. Stracea. and Dijk. 2009: Kuttner and Robinson,
2010: Abbas and Sgro. 2011; Blanchard, Cerntti. and Swimners, 2015) as a consequence of
rising nominal rigidities (Baranowski and Kuclita, 2015), asvunnetric wage rigidities (Daly
and Hobijn, 2001, the increased importance of the global product, capital and labour
market and of the global value chains (Auer, Borio, and Filardo, 2017) as well as the
increasing credibility of central banles institutions effectively stabilizing inflation by
firmly anchoring inflation expectations (Bernanke, 2007). However, empirical analysis on
this subject for small, open cimerging economies remains relatively scarce. In the published
article I investigate the issue of the flattening Phillips curve in a small. open economy.

The landmark specification of the Phillips curve (Phillips, 1958: Sammnelson and Solow,
1960} is subject to a heated discussion in the economic literature. In a comprehensive review,
Mavroeidis. Plaghore-Meoller, and Stock (20141} as well as Abbas. Bhattacharva, and Sgro
(2016) indicate that there are many equivalent and economically reasonable specifications
for the equation hetween price or wage developments and the Tevel of economic activity,
However, selecting appropriate measures and estimation methods remains a contentions
isste. As part of the neoclassical synthesis (Goodfriend and King, 1997), a commonly
used hybrid new-Kevuesian Phillips curve is proposed to deseribe the relationship between
inflation in the cconomy and firms’ marginal costs, inflation expectations of cconomic agents
and the persistence of inflation (Gali and Gertler, 1999). From the cipirical point of view,
expanding the theoretical specification of the Phillips carve by adding proxies reflecting
the influence of foreign factors inducing cost-push inflation (Gordon, 1990) and playing
an important role in the transmission of inflation and deflation shocks between economies
(Borio and Filardo, 2007; Ciccarelli and Mojou, 2010a; Auer, Borio, and Filardo, 2017).
as well as estimating the reduced-forin paramncters (Nason aud Smith, 2008) can provide
a more complete picture of the process of price formation in the studied cconomy. The
evaluation of Phillips curve parameters provides also important insight for the monctary

yoliey conduct by allowing the rescarcher to determine the extent to which inflation
1 ; : 2
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responds to adjustinents in cyclical factors, cconomic agents” expectations, the influence of
external enviromment and its own inertia.

Considering the vast uncertainty of the Phillips eurve specification demonstrated in
the literature (Mavroeidis, Plaghorg-Moller, and Stock, 2011), in the first step I estimate
the parameters of many stylized hybrid new Keynesian Phillips curves for a small, open
econouty. For this purpose, I make use of lixed parameter models estimated by the use
of generalized method of moments (henceforth GMAI) estimators (Hansen, 1982; Hansen,
Heaton, and Yaron, 1996) as well as time-varying parameter with stochastic volatility
models estimated in a Bayesian manner (Carter and Kohn, 1994; Primiceri, 2005). In the
second step, I compare the distributions of parameters obtained for the two considered
real-time samples and two different measures of inflation (the research is conducted for
harmonized measures of consumer prices: HICP inflation and HICP inflation net of the
impact of food, energy. alcohol and tobacco prices, the two inflation measures being adjusted
for the impact of indirect taxation). I also conduct counterfactual analyses in the period of
low inflation in order to determine whether conditional forecasts [rom estimated Phillips
curves reflect effectively the inflation processes occurring in the Polish economy in the
period of low inflation.

The results of my research indicate that the Phillips curve in the small. open economy of
Poland in the period of low inflation flattened. Simultancously, the importance of external
factors in shaping inflation increased as did indirect effects related to the impact of external
macrocconomic conditions. However, it should be emphasized that the macroeconomic
relationship between price dynamies in the economy and domestic evelical factors remained
statistically significant. This indicated that the period of excessive disinflation was at least
partly due to the temporary weakening of domestic economic activity. though inflation
in Poland — core inflation in particular began to fall under a stronger influence of
imported inflation and external factors (which was also indicated by the rising inflation
spillovers between countries). Detailed analyses highlighted that one of the reasons for
the weakening of the studied dependence was the underutilization of labour (Wyszyniski.
2016}, However. the counterfactual analysis documented that at least ex post some of the
models reflect inflation accurately in the period of its steady decline. although in most
cases conditional estimates consistently overestimated the level of inflation in the analysed
period. The obtained results indicate that the forecasts from traditional models proved
to be heavily biased during the period of low inflation, which motivated me to conduct
further research on the use of the machine learning approach to forecasting inflation in the
period of its unexpected developments.

The drop in the sensitivity of inflation to the adjustment of the domestic economic
situation may raise concerns for the central bank. On the one hand, the fattening of the
Phillips curve means that only significant fluctuations in domestic economic activity may
lead to a slowdown or acceleration of inflation. As a result, the economic cost of stabilizing
inflation around the inflation target may turn out to be significant. On the other hand, low
sensitivity of inflation to changes in domestic economic slack may facilitate central bank’s

policy to keep inflation close to its target.
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SOURCES OF LOW INFLATION

The outcome of the conducted research on the Phillips curve in Poland (Szafranek, 2017).
indicating its flattening, justified the necessity to establish the character and origin of
cconomic shocks contributing to the unexpectedly low level of domestic inflation. Analysing
the sources of low inflation with the means of structural vector autoregression model
became an important addition to the previous analysis of the reduced-form parameters of
the Phillips curve.

The article disenssing the results of these analyvses, entitled Determinants of low inflation
in an emerging. small open cconomy through the lens of aggregated and disaggregated
approach, was co-authored and is accepted for publication in Kmerging Markets Finance
and Trade (Szafranek and Halka, 2018).

As I pointed out carlier, the persistence of exceptionally low inflation, despite the gradual
ceonomic recovery and steadily improving labow: market conditions, was an ubiquitous
phenomenon unexpected by economists, central banks and external institutions in 2012-
2016, (European Central Bank. 2017; Bank for International Settlements. 2017). In the
economic literature attempts have been made to explain the reasons for the persistently
low price growth in the US economy. the euro area, as well as other developed economies
(among others Coibion and Gorodnichenko. 2015: Christiano, Eichenbaum, and Trabandt,
2015: Friedrich, 2016: International Monetary Fund, 2016; Conti. Neri, and Nobili, 2017;
Bobeica and Jarocinski. 2019). In the article of my co-anthorship (Szafranck and Halka.
2018). I conduct a complementary study on available analyses, identifyving the reasons lor
this phenomenon in the small, open Polish economy.

Analysis of the sources of low inflation aimed at establishing the character and origin
of the shocks shaping inflation in the economy is an important extension of the research
on the relative impact of domestic and foreign conditions influencing inflation with the
nse of stvlized new Keyvnesian Phillips curves. In the study we make use of a structural
veetor autoregression model identified using a combination of zero and sign restrictions
(Arias. Rubio-Ramirez, and Waggoner, 2018). The chosen direction of research as well as
the selection of the particular research method is justified for several reasons. The use of
stuch framework enables us to determine the significance of the impact of domestic and
global factors on price developments. Moreover. thanks to the adopted specific model
approach. it is possible to decompose the impact of shocks on demand (caused by a change
in the domestic or global economie situation, the effects of which are nsually spread over
time and often lead to changes in monetary policy) and supply (usually resulting from
technological changes. the changing availability of commodities or, for example. transient
weather factors). The proposed model approach makes it also possible to consider indirect
effects connected with the oceurrence of economic shocks, a clear advantage with respect
to simple statistical decompositions.

We analyse factors influencing inflation in a small, open cconomy using both ageregated
and disageregated data. The study is concerned mainly with the period of low inflation,
{hroughout which we distinguish the period of excessive disinflation (2012Q1-2011Q2) and

persistent deflation (2014Q3-2016Q4). In the manuscript we undertake a polemic with
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previously published scientific articles on inflation determinants, proposing an alternative
cconometric approach. In particular, in comparison to carlier works using two-stage methods
and VAR models identified on the basis of zero restrictions (Globan, Arcabié, and Sorid, 2016;
Halka and Kotlowski, 2017) in our frainework we rely on the Bayesian vector autoregression
model & la (Sims and Zha, 1998) and identification based on a combination of zero and
sign restrictions (Rubio-Ramirez, Waggoner, and Zha, 2010; Arias, Rubio-Ramirez, and
Waggoner, 2018) which is insensitive to the order of variables in the model. The identification
scheme adopted by us is inspired by the works by Corsetti, Dedola, and Leduce (2011)
and Bobeica and Jarocinski (2019}, although in the course of the analyses we introduced
minor changes due to the characteristics of the Polish economy and the manner in which
monetary policy is conducted by Narodowy Bank Polski. The proposed approach enables
us to identify disturbances in the model with economic interpretation of demand and
supply shocks. including domestic and foreign shocks. We repeat the analysis conducted
for headline and core inflation for individual components of inflation, using disaggregation
according to the Classification of Individual Consumption by Purpose (COICOP) at the
three-digit level, On the basis of such disageregated analyses, we classily those goods and
services which are sensitive to identified shocks and subsequently use this assignment to
calculate theoretical inflation measures which are responsive to adjustments in global and
domestic supply and demand shocks.

The obtained results are compared with the analyses carried out for the selected highly
developed economies (Conti. Neri, and Nobili, 2017; Bobeica and Jarocinski, 2019). In a
broader discussion on inflation determinants, we define their demand and supply as well as
domestic and global sonrces, complementing the cuurent economic literature (Cicearelli
and Mojon, 2010a; Petrovié, Mladenovié¢, and Nojkovid¢, 2011; Mumtaz and Surico, 2012;
Ferroni and Mojon, 2016) with conclusions for a developing economy. We also analyse the
consistency and robustness of our results, confronting them with the outcomes of analyses
on ageregated and disaggregated data (Monacelli and Sala, 2009).

The results of the conducted research reveal that in the period of excessive disinflation
the main factor contributing to the decline in headline inflation was the slowdown in
domestic economic activity, Therefore, the outcomes confirm the importance of domestic
cyclical factors in shaping inflation, although the role of global factors — foreign demand
shocks and oil supply shocks in shaping inflation in a small, open economy can be
occasionally dominant. This conclusion is consistent with the results of previous studies
(Szafranck, 2017) indicating that to some extent domestic real economic activity influences
price growth in the Polish economy (in other words, the Phillips curve is not entirely flat). In
turn, the subsequent prolonged period of deflation was cansed primarily by the convolution
of global demand and supply shocks. As counterfactual analyses indicate, deflation in Poland
was a phenomenon imported from the global economy. This was previously indicated by
the increase in the importance of global inflation, the spillovers of low inflation between
countries (Halka and Szalrauck, 2016) and the importance of the external enviromment in
shaping price developments in a small open cconomy (Szafranck, 2017). Throughout the
period of unexpectedly low inflation, global shocks explain over 50% of deviations in CP1

inflation and core inflation from their long-term averages.
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The main conclusions obtained in the study are also consistent with the analyses carried
out in relation to other countries (Cicearelli and Mojon, 2010a: Aastveit, Bjornland, and
Thorsrud, 2016: Ferroui and Mojon, 2016). In addition, the analysis for the disageregated
data conlirms the results obtained for ageregated data. At the saimne time, as in the case
of results for other countries obtained in studies for disaggregated data (Monacelli and
Sala, 2000), also in the case of our analyses we notice a significant heterogeneity ol the
response ol inllation components to the impact of various shocks. In addition, using the
models for disaggregated data, one can observe a significant impact ol globalization on
prices ol selected goods and services in accordance with the hypotheses presented in the
analysis ol inllation spillovers (Halka and Szafranck, 2016). In the last step, we indicate
the additional value resulting [rom the indexes of prices sensitive and resilient to changes
in domestic and global economic conditions calculated on the basis of disageregated data.
On their basis we draw conclusions regarding the extent of the price pressure in the Polish
cconomy resulting from the impact of domestic and global factors.

From the monetary policy point of view, the main advantage of the discussed analyses
resides within the quantification of the impact of demand and supply shocks on inflation
in Poland. Tt should be pointed out that the monetary policy parameters are not usnually
adjusted wnder the inflnence of supply shocks, although in the case of very strong indirect
cffects and a non-negligible visk of second-ronnd effects, the central bank may feel compelled
to combat inllationary or deflationary pressures (Stawinski, 2011 Holtemdller and Mallick,
2016). The conducted rescarch proved that deflation in Poland had predominantly global
causes, while the influence of domestic demand factors was strongest in the period of
disinflation. As a result, it can be stated that Narodowy Bank Polski was justificd in
conducting a passive wonetary policy in the face ol a positive global supply shock and a

negative global demand shock.

FORECASTING IN LOW INFLATION ENVIRONMENT

The onset of a period of persistent. unexpectedly low inflation had serious implications
for the accuracy of forecasts. Apart from explaining its causes, an hmportant issue was
to prepare credible inflation forecasts in the environment of high uncertainty since the
predictions generated from traditional approaches bhecame severely biased (Szafranck, 2017;
European Central Bank, 2017).

The last publication in the collection of thematically consistent articles is devoted to
forecasting exceptionally low inflation. The manuscript is entitled Bagged newral networks
Jor forecasting Polish (low) inflation. I am the sole anthor of this article which was accepted
for publication in Infernational Journal of Forecasting (Szalfranck, 2019).

I the article, I andertake the research problem of providing acenrate inflation forecasts,
which are — by their very nature — crueial [or conducting effective monctary policy by the
central bank. Due to the fact that the trausmission mechanisms of monctary policy take
time to induce macrocconowic effects, decisions regarding changes in interest rates must he
made in advance. However, this means that accurate and reliable inflation forecasts need

to be prepared (Orphanides and Wicland, 2008; Kotlowski, 2016), with one of their crucial

Unexpectedly low inflation in a small open economy... Warsaw School of Economics



SUMMARY OF THE DOCTORAL DISSERTATION 17

features consisting in effective communication with cconomic agents (Blinder, Elrman,
Fratzscher, Haan, and Jansen. 2008: Slawinski, 2011).

The constantly emerging challenges for monetary policy, such as the period of excep-
tionally low inflation, are an important factor stimulating the development of inflation
forecasting models. Traditional approaches used to forecast price changes commonly use
large macrocconomic data sets (Stock and Watson, 1999: Forni, Hallin, Lippi. and Reichlin,
2003) or disaggregated data (Duarte and Rua, 2007; Tallman and Zaman, 2017). Phillips
curve models (Koop and Korobilis, 2012: Dotsey, Fujita, and Stark, 2017), vector antore-
gression models (Berg and Henzel, 2015: Behnonte, Koop, and Korobilis, 2014; Stehmasiak
and Szafranski, 2016), structural models (Rumler and Valderrama, 2010: Edge and Gur-
kaynak. 2010) and judgemental forecasts (Faust and Wright, 2013). However, despite the
development of many advanced econometric methods. forecasting inflation remains a very
demanding test for most models and obtaining statistically better forecasts than from both
siiple and complex naive methods is often impossible (Atkeson and Ohanian, 2001; Stock
and Watson, 2007).

In the period of exceptionally low inflation, the traditionally used methods of inflation
forecasting failed (European Clentral Bank, 2017). The results of analyses obtained for the
small, open economy of Poland also indicated that the forecasts generated on the basis of
the Phillips curve model were characterized by a consistent bias (Szafranck, 2017). This
observation motivated me to investigate the gquality of inflation forecasts obtained from
combining thousands of forecasts from specific artificial neural networks (Zhang, Patuwo,
and T, 1998: Ahmed, Ativa, Gavar, and El-Shishiny., 2010), scarcely used so far in central
banks (Chakraborty and Joseph, 2017) due to the limited possibility of their interpretation.
The cconomic literature indicates, however, that forecasts generated by artificial newral
networks may be competitive when stacked against those obtained from traditional linear
models (Moshiri and Cameron, 2000: Chen, Racine, and Swanson, 2001: Nakaura, 2005:
Binner, Bissoondecal, Elger, Gazely, and Mullineux, 2005; Crone, Hibon, and Nikolopoulos,
2011) especially in the period of structural changes (MceAdam and MeNelis, 2005), and in
particular after taking into carcful consideration their specific properties at the modelling
stage (Nakamura, 2005: Alhaned, Ativa, Gayar, and El-Shishiny, 2010).

Due to the significant uncertainty accompanying the modelling of inflation (starting
from the selection of explanatory variables, through the choice of the proper model and
ending with the selection of its optimal specification), in my psendo real-time forecasting
experiment T use extensive databases of macroeconomic indicators for Poland (Baranowski,
Leszezyniska, and Szafranski, 2010) to forecast price developments in the period of low
inflation using a combination of generated artificial nenral networks, Due to the considerable
uncertainty regarding the specification of the artificial nenral network (Zhang, Patuwo. and
. 1998), in my framework its strueture depends on the realization of a random variable
with a given distribution, and the final inflation forecast is a result of the estimation of tens
of thousands of individual models (Granger and Jeon, 2004) and of averaging their forecasts
using several methods of forecast combination (Stock and Watson, 2004; Tinunerimani,
2006). Due to the risk of model overfitting, I use a specifie algorithim (bagging) to divide

the observation set (Breiman, 1996) into the generated pseudo-learning, validation and
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test sets. Einpirical studies indicate that the use of these methods leads to a reduction
in the variance of unstable decision rules and a general improvement in the quality of
forecasts (Inoue and Kilian, 2008; Rapach and Strauss, 2010: Khwaja, Nacem, Anpalagan,
Venetsanopoulos, and Venkatesh, 2015: Bergieir, Hyndman, aud Beniter, 2016}, T compare
the forecasts from the proposed model with predictions from nine popularly used models for
forecasting inflation, using standard statistics ol forecast accuracy, measures aggregating
information on the distribution of forecasts (Gueiting and Raftery, 2007) and statistical
tests of significance to determine the relative accuracy of inflation predictions (Giacomini
and White, 2006: Hansen, 2005).

The results of the analyses carried out indicate that in the period of exceptionally low
inflation. the proposed model predicts inflation in the Polish economy more accurately. In
particular, the model pins down the slowly changing local inflation mean more precisely.
while remaining less biased. Forecasts from the model are statistically more accurate than
some of the benehmark models studied at different analysed horizons. In the article, I point
out that the key to achieving high accuracy forecasts is proper data processing and the
use of methods aimed at the reduction of variance of chosen estimators, Moreover, urther
increase in the accuracy of these forecasts is possible by averaging forecasts generated [rom
linear and non-linear models with different assiunptions about the functional form of the
model, which makes it possible to obtain statistically significant differences in selected
forecast horizons against rigorous benchimarks proposed in the economic literature (Atkeson
and Ohanian. 2001; Stock and Watson, 2007).

The article emphasizes the trade-ofl between higher accuracy of the proposed model
and lack of its direct interpretability. On the one hand, it poses a considerable hurdle
for the entities conducting monetary policy interested in determining the reasons for the
observed phenomena as well as forecasts. On the other hand, the analysis of the relatively
long period of exceptionally low inflation reveals that the inclusion of acenrate forecasts
from non-linear models may lead to overall higher accuracy of inflation forecasts, which
are an important element of the decision-making process for determining the shape of

monetary policy (Kotlowski. 2016).

CONCLUDING REMARKS

In the collection of thematically consistent articles disenssed above, T have achieved the

following rescarch objectives:

. T have identified the sources of the low inflation period in a small. open economy:,
by analysing the impact of domestic and foreign factors on price dynamices. The
conclusions from the rescarch liave a cognitive nature, are consistent ad completent
cach other, T have also constructed a forecasting model, which is characterized by
higher aceuracy than some traditional models used to predict inflation and which
takes into acconut the uneertainty of inflation modelling in the period of its nnsnal
chianges.

2. An cxceptionally low price growth in Poland was accompanicd by the growing

importance of inflation spillovers. This means that domestic inflation is becoming
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wore and more dependent on the evolution ol price growth abroad. In disaggregated
terms, this phenomenon mainly involves the prices of non-cnergy industrial goods
and services, and is characterized by the growing influence of globalization on price-
setting processes, especially in these inflation components. Therelore, one should
conclude that inflation in a small, open economy is strongly dependent on price-setting
mechanisims in large economies which constitute their important trading partners.
The increase in the significance of foreign [actors on domestic inflation may limit the
eflectiveness ol domestic monetary policy.

3. In the period of unexpectedly low inflation and a subsequent period of persistent
deflation, the Phillips curve in Poland [lattened inflation sensitivity to changes in
domestic real economic activity diminished. Simultaneously, a statistically significant
increase in the impact of foreign factors on price developments in Poland can be
observed, while the impact ol indirect effects of changes in the economic environment
turned out to be stronger than the impact of direct effects. This conelusion confirms
the growing importance of external [actors in shaping the price-setting process in
Poland, which predominantly involves the components of core inflation.

1. Despite the changes in the parameters of the estimated Phillips curve in the period
of low inflation. this equation can still adequately describe the prices growth. This
indicates its suitability for modelling inflation in Poland. On the other hand, a clear
decline in the sensitivity ol inllation to changes in the domestic economic slack may
raise concerns ol the central bank, as the impact of domestic monetary policy on
inflation decreases — especially when inflation deviates significantly {rom the oflicial
inflation target for a prolonged period of time. Nevertheless. in the case when the
inflation rate oscillates around the inflation target, the flat Phillips curve potentially
facilitates the conduct of monetary policy by the central bank.

5. Despite the observed flattening of the Phillips curve, there is still a statistically
significant relationship between aggregated price dynamics and domestic cyelical
factors in Poland. This is corroborates by the results obtained from the structural
vector antoregression model which indicates that domestic eyclical factors were an
important source for the nnusual decline in inflation labelled in the economice literature
as a period of excessive disinflation. On the other hand. the impact of global demand
and supply shocks was exceptionally strong in Poland during the deflation period,
which was validated by several counterfactual analyses. In disaggregated ferms, prices
of goods and services react in a diversified way to the occurrence of domestic and
foreign demand and supply shocks.

G. The occurrence of the period of exceptionally low inflation was a demanding test for
econometric models used for inflation forecasting. In my research, I show that forecasts
from a non-linear model that averages predictions from thousands of individual models
in the period of low inflation forecasts inflation more accurately than some of the
currently used methods. The results of my analyses also indicate that averaging
forecasts from linear and non-linear models with different assumptions results in a

further increase in the accuracy of forecasts,
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In further rescarch I intend to extend the analyses, whose results 1 presented in
my previous publications. Inomy cwrrently conducted rescarch 1 locus on explaining the
phenomenon of inflation svuchronization in developed and developing countries. The
principal aim is to measure the impact ol synchronization of business eveles and moncetary
policies between cconomies as well as the volatility of oil prices and exchange rates on
inflation synchronization. Therelore, in this strand of research 1 aim to [l an important
niche in the literature on the sources of synchronization ol inflation on the international scale.
I expect the research results to broaden our knowledge about global, regional. national and
idiosvineratic sources of inflation to a certain extent. I also hope that analvses conducted lor
a large number of economies will help to identifv the causes of specific inflation developments
in individual countries, which is important for the course of monetary policy pursued by
central hanks.

An interesting direction of research is the analysis of the impact of digital technological
progress on inflation. Currently, various studies concerning this relationship have sprung
up. My approach based on extending the hybrid new-Kevnesian Phillips curve by a proxy
rellecting the impact of modern digital technologies seemns inferesting and may provide

additional conclusions on pricing processes.
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BIBLIOGRAPHY OF ARTICLES CONSTITUTING
A THEMATICALLY CONSISTENT COLLECTION

Articles published and accepted for publication in scientific journals with impact factor:

1. Halka A., K. Szafranek, 2016, Whose inflation is it anyway? Inflation spillovers
between the euro area and small open economies, Eastern European Economics, vol.
54(2): 109-132.

My contribution lo this article is estimated al 50%. 1t consists in proposing using the
Dichold and Yilmaz (2012) methodology Lo measure inflation spillovers, performing
litcrature search, programming and estimaling the models and interpreting as well
as discussing the resulls in the manuseript. 1 am the corresponding author for this

publication.

2. Szafranck K., 2017, Flattening of the New Keynesian Phillips curve: Evidence for an

cmerging. small open cconomy, Economic Modelling, vol. 63(C): 334-318.

3. Szafranck I<.. A. Halka., Determinants of low inflation in an emerging, small open
cconomy through the lens of aggregated and disageregated approach, Emerging
Markets Finance and Trade, in press.

My contribution to this article is estimated at 75%. It consists in proposing using
the novel approach to SVAR models identification based on the combination on zero
and sign restrictions (Arias et al.. 2018). performing literature search. programming
and estitnating the models on aggregate and disaggregate data as well as interpreting
and discussing the results in the manuseript. I am the corresponding author for this

publication.

4. Szafranek K., Bagged neural networks for forecasting Polish (low) inflation, Interna-

tional Journal of Forecasting, accepted for publication.
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