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Abstract

Following recent exceptional events in the world economy inflation increased remark-

ably across most countries, reinvigorating the prevalent discussion on the sources of

consumer price dynamics. We analyse this issue for the small open economy of Poland

by means of the Bayesian structural VAR. The model describes the evolution of eight

key macroeconomic variables and is identified with a set of zero and sign restrictions.

This framework, applicable also to other small open economies, provides sound eco-

nomic interpretation of three domestic and five external shocks, of which two are

country-specific and the remaining three are purely global. In a robust manner we

show that country-specific energy price and global supply shocks mostly determine

the recent inflation surge in Poland. We illustrate that inflation response to these two

shocks has become markedly more persistent after the outbreak of the Covid-19 pan-

demic. We also demonstrate that the choice of an inadequate energy prices proxy may

result in the understated importance of the energy price shock, whereas accounting

for recent geopolitical threats and other exogenous events does not alter our baseline

findings. For policy makers, we show that counterfactual inflation net of external

shocks is far lower, but has recently increased as well.

Keywords: Inflation decomposition, Bayesian SVAR model, energy prices, supply dis-

ruptions, domestic and external shocks.

JEL classification: C11, C32, C51, E31, Q43.
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1 Introduction

This paper offers a Bayesian structural VAR (henceforth Bayesian SVAR) framework to

analyse the recent developments in inflation from the perspective of a small open economy

(henceforth SOE) that imports energy. In a medium scale VAR model we propose an

identification scheme which accounts for several shocks that plausibly describe consumer

price dynamics. In this setup the set of zero and sign restrictions facilitates the separation

of external shocks – both global and country-specific – from domestic ones, and supply

shocks from those driven by demand and mark-up variability. Consequently, we are able to

disentangle various channels affecting inflation using only a handful of key macroeconomic

time series.

The necessity for new empirical frameworks describing inflation development emerged

in the aftermath of the Covid-19 pandemic that triggered a series of demand and supply

shocks severely hitting the world economy (Meyer et al., 2022; Bobeica and Hartwig, 2023).

Initially, at the outburst of the pandemic governments intervened by heavily restricting

social mobility in order to flatten the epidemic curve. These decisions contributed to a

series of negative demand shocks that markedly lowered economic activity and inflation

in 2020 (Christensen et al., 2020). These shocks turned out to be short-lived and soon

falling morbidity in subsequent pandemic waves together with quick monetary and fiscal

expansion led to the rebound in real economic activity in most countries. Others, however,

maintained a severe course in anti-pandemic policies, which led to massive disruptions in

the global supply chains (Cigna et al., 2022), that play an increasingly important role in

shaping consumer prices and their sensitiveness to global output gap (Auer et al., 2017).

Thus, the threat of deflation was quickly replaced by inflation fears while exceptional sup-

ply shortages passed through to inflation (LaBelle and Santacreu, 2022; Carrière-Swallow

et al., 2023). This situation was additionally exacerbated by the onset of the Russian

invasion of Ukraine in 2022, which has resulted in a major disequilibrium in commodity

markets, most notably in the world oil and European natural gas market. In the summer

of 2022 the prices of these two energy commodities were 6 and 44 times higher on the Eu-

ropean market in comparison to their lowest levels registered during the first wave of the

pandemic. This energy crisis is expected to have a protracted and significant impact on

inflation, as households in energy importing economies cannot substitute energy sources

in the short run. Simultaneously, a considerable increase in the cost of delivering goods

and services may have long-lasting indirect effects as well (Chen et al., 2020).

The consequences of such a series of shocks for inflation and the real economy sparked

a vivid discussion in the recent empirical literature. For instance, Shapiro (2022) disentan-

gles demand and supply drivers of inflation in the post-Covid period to claim that although

3
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initially inflation in the US was fuelled by demand factors, supply shocks contributed to

inflation developments since early 2022. In turn, Hall et al. (2023) investigate recent infla-

tion determinants by focusing on the spillover effects between 3 large economies, i.e. the

US, the UK and the euro area. They find that the US economy consistently transmitted

inflationary shocks to the studied regions, while the euro area and UK transmitted a far

smaller and a negligible portion of inflationary shocks, respectively.

Though the Covid-19 pandemic and the energy crisis are seemingly large one-off dis-

ruptions (Carrière-Swallow et al., 2023; Kilian and Zhou, 2022), their transmission to the

domestic economy is a multidimensional process which needs an appropriate econometric

treatment. First, one should quantify how far and how fast those external shocks trans-

mit into the domestic economy, which is potentially a country-specific question. Second,

energy prices and shipping costs also arise due to secondary demand effects, specific ei-

ther to the world energy markets or the global transportation network. Third, in any

SOE with freely floating exchange rate imported inflation is elevated due to depreciating

exchange rates in the presence of global risk aversion (e.g. Fratzscher, 2009; Kido, 2016;

Beckmann and Czudaj, 2017). Lastly, the prevailing approach in the literature to energy

shocks identification is based on innovations to oil prices (Kilian, 2008a, 2009; Baumeis-

ter and Peersman, 2013b; Elsayed et al., 2021). We argue that such approach might be

insufficient for SOEs that import a bundle of energy commodities, whose prices recently

display unique trends. Hence, we advocate for a country-specific approach to structural

identification of energy shocks.

In empirical studies SVAR models are frequently used as a econometric tool to spec-

ify macroeconomic determinants of inflation, including the evaluation of the energy price

pass-through (Bobeica and Jarociński, 2019; Szafranek and Ha�lka, 2019; Chen et al., 2020;

Boufateh and Saadaoui, 2021; De Santis and Van der Veken, 2022; Bobeica and Hartwig,

2023; Forbes et al., 2018, to name a few very recent papers). What are their advantages

over other modelling approaches such as reduced-form VARs, dynamic factor models or

DSGE models? First, contemporaneous Bayesian VAR models with Minnesota-type priors

are able to closely mimic the dynamics of many correlated observables in a very parsimo-

nious fashion. Second, the primary disadvantage of the VAR methodology – embodied in

the ’measurement without theory’ critics – may be overcome by a proper identification of

innovations based on economic reasoning.1 Third, SVAR literature is extensively used to

empirically investigate the transmission of oil shocks to consumer prices (e.g. Hamilton,

1983; Kilian, 2009; Baumeister and Peersman, 2013b). The roots of this approach stem

1A rich tradition of shock identification beyond simple Cholesky decomposition and triangular factor-
ization of the covariance matrix dates back to Blanchard and Quah (1988), Uhlig (2005), Fry and Pagan
(2011), Baumeister and Hamilton (2015).
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from the explanation of the macroeconomic effects of oil price shocks in 1970s (Hamil-

ton, 1983; Burbidge and Harrison, 1984; Kilian, 2008b). In turn, recent literature on oil

prices focuses on the time-varying macroeconomic relationships (Baumeister and Peers-

man, 2013b) and proper shock identification (Kilian, 2009; Kilian and Murphy, 2012;

Baumeister and Peersman, 2013a; Kilian and Murphy, 2014; Baumeister and Hamilton,

2019).2

Against this background, we contribute to the expanding literature on recent drivers

of inflation across several margins. First, we propose a new approach that builds on the

empirical works by Corsetti et al. (2014), Bobeica and Jarociński (2019), Szafranek and

Ha�lka (2019) and Forbes et al. (2018). To this end, we describe the dynamic intercon-

nectedness between eight key monthly economic variables with a state-of-the-art Bayesian

VAR model. In this model we impose a set of zero and sign restrictions on the responses

of economic variables to identify eight structural shocks. Coupled with block exogeneity

restrictions responsible for introducing two sectors into the model, we can disentangle

between various economic shocks affecting our endogenous variables. Consequently, the

beauty of this framework consists in the fact that each shock has clear economic interpreta-

tion based on textbook economic theory, whereas its novelty lies in the choice of suitable

observable proxies and the empirical strategy towards identifying unobservable shocks.

Therefore, we can answer questions pertaining to the origin of shocks affecting recent de-

velopments in consumer prices, differentiate between their demand and supply nature and

measure their relative importance in shaping recent inflationary pressure. Moreover, given

the fact that these assumptions are not country-specific, our model can be successfully ap-

plied to investigate recent drivers of consumer prices in other small open economies prone

to energy price shocks.

Second, we study the time variation of endogenous variable responses to structural

shocks. Recently, empirical works in this strand of literature rely on the use of time-

varying parameter models with stochastic volatility for the analysis of both the evolution

of key macroeconomic variables (e.g., Primiceri, 2005; Fu, 2020; Corsello and Nispi Landi,

2020) or the interplay in financial and commodity markets (e.g., Baumeister and Peersman,

2013b; Bjørnland et al., 2019; Lyu et al., 2021; Papiez et al., 2022). While appealing, in

our case this approach seems excessive given the obvious demarcation between the period

2There is also a vivid and current methodological discussion on the role of sign restrictions in this
framework. For instance, Baumeister and Hamilton (2021) criticize the use of the Haar prior for rotation
matrix as it may unintentionally impact the uncertainty of median posterior impulse response functions,
while Inoue and Kilian (2021) derive the correct Bayesian impulse response prior distribution that does
not depend on the data, and Inoue and Kilian (2022) point out that improper uncertainty in pointwise
estimators of posterior impulse response functions stems from neglecting mutual dependence of those
responses.
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of low and stable inflation and the recent strongly inflationary environment. Therefore,

in our study we assess the possible instability of variable responses to economic shocks

that originates due to substantial demand and supply disruptions observed in the global

economy after the outbreak of the Covid-19 pandemic. We do it by means of subsample

analysis. In this simple manner we can capture potential changes in the impulses of

shocks and the responses of macroeconomic variables in two very different inflationary

environments.

Third, given the recent unprecedented and broad-based increase in energy commodity

prices on the European market, we complement the literature studying the link between

energy prices and inflation. Specifically, we analyse whether the choice of energy prices

proxy might result in a mismeasured estimate for the contribution of energy price shocks to

inflation development. Most studies on the importance of energy shocks for inflation focus

on oil prices (e.g. Hamilton, 1983; Kilian, 2009; Kilian and Zhou, 2022). However, given

unprecedented increases in the prices of European natural gas and the swift rise in coal

prices, this approach may not be valid. We check whether this simplification introduces

bias into our results.

Lastly, we contribute to the blooming literature on the macroeconomic effects of geopo-

litical risk. Caldara and Iacoviello (2022) show that its changes can exert significant effects

for the real economic activity. In our paper we ask the question whether recent spikes in

geopolitical threats – which in our opinion is the most forward-looking component of the

geopolitical risk index – trigger also substantial price adjustments.

We employ the model for the Polish economy, which is an interesting example of energy-

importing SOE heavily affected by the recent shocks. First, after a very mild contraction

in 2020, the post-pandemic recovery in the real economic activity in Poland was very

swift. Simultaneously, consumer prices have risen remarkably, with stark prima facie

evidence of the importance of the energy price shock for inflation development. Second,

due to country’s proximity to the war, the Polish economy has been recently exposed to

geopolitical risks and additional demand boost related to the massive influx of Ukrainian

refugees. That said, to test the applicability of our model, we run it also for the Czech

economy.

We provide three sets of results. The first batch shows that external shocks play a

dominant role in shaping recent inflation increase in Poland. The historical decomposition

indicates that at the onset of the Russian invasion of Ukraine, i.e. in March 2022, external

shocks have accounted for as much as 66% of the deviation of our preferred inflation

measure from its long-term mean. In particular, we document the substantial impact

of two external shocks on inflation, i.e. the country-specific energy price shock and the

global supply shock. Moreover, while we signal overall moderate parameter instability

6
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following the outbreak of the Covid-19 pandemic, we show that inflation response to these

two shocks has changed to a major extent – it has become much more persistent and – in

the case of the energy price shock – the peak response occurs later which signifies more

substantial and prolonged indirect effects of rising energy prices for consumer inflation.

The rising importance of external shocks in shaping consumer prices is also well depicted

by the increase in the contribution of these two shocks to inflation variability over the long

horizon.

Our second strand of results concerns the sensitivity analysis with respect to recent

macroeconomic and geopolitical developments. First, we argue that due to recent broad-

based increase in energy commodity prices and the apparent short-term decoupling of

natural gas prices on the European market from crude oil prices, the inadequate choice of

energy prices proxy may result in misjudging the importance of the energy price shock in

a given economy. We show that by accounting for the development in prices of all major

energy commodities (i.e. oil, natural gas and coal) and their time-varying consumption

structure in a given economy, the response of inflation to the country-specific energy

price shock shifts upwards and peaks later. We interpret that it signifies the delayed

response of inflation to changes in natural gas and coal prices, for which the pass-through

is not as immediate as in the case of oil, partly due to additional market regulations. The

comparison of historical decompositions further validates our hypothesis. Second, we show

that if we consider shocks related to geopolitical threats in our model instead of global risk

aversion shocks, the posterior response of consumer prices to the country-specific energy

price shock becomes only slightly weaker. Our understanding of this result is that most

recent changes in energy prices are also influenced by geopolitical risk. Lastly, extending

the baseline model specification with dummy variables offers additional explanation of the

importance of recent events for inflation development.

Finally, we report that a sensible change in assumptions on prior distribution of model

parameters does not impact our posterior means and the economic interpretation of the

results.

The rest of the paper is organized as follows. In Section 2.1 we report the data used

for our study. In Section 2.2 we describe our modelling approach and in Section 2.3 we

discuss in detail our identification strategy based on a mixture of zero and sign restrictions.

Section 3 provides the description of our baseline results, whereas in Section 4 we assess

their stability and report the outcomes of several model extensions and comparisons. The

last section concludes and provides a short discussion.

7

9NBP Working Paper No. 357

Introduction



2 Data and model

2.1 Data

Our dataset consists of n = 8 endogenous variables forming the vector yt. In our view this

is a parsimonious set of variables that jointly describe the nominal and real developments

in the domestic SOE and the world economy. Below we discuss in detail our data, their

sources and transformations.

For the domestic (Polish) economy we use industrial production (IP ), domestic mar-

ket producer prices (PPI), and headline inflation (INF ) indices. IP and PPI represent

real and nominal developments in the broad-industry sector (sections B-D of the NACE

Rev. 2 classification). In turn, INF stands for the overall HICP inflation at constant tax

rate. The choice of this particular inflation measure is motivated by infrequent, though

significant, impact of indirect tax changes on consumer prices as illustrated on Figure 1.

Since it could disturb the proper identification of demand and supply shocks, we employ

an adjusted inflation measure as previously done in the empirical literature for the Pol-

ish economy (Szafranek, 2017). We source IP , PPI and INF variables from Eurostat.

Next, we take log differences of PPI and INF , which we additionally adjust for seasonal

patterns. From IP we extract a cyclical component by applying the Hodrick-Prescott

filter with the standard parameter λ on a series prolonged by its out-of-sample forecast to

mitigate against a possible bias at the end of the series.

The link between domestic and external prices is captured by the nominal effective

exchange rate, NEER. This variable is calculated as the monthly average of daily quo-

tations of the Polish zloty against a broad basket of currencies and is sourced from BIS.

We transform NEER into the stationary representation by calculating log differences (an

increase denotes the appreciation of the domestic currency).

Next, we include a proxy for energy prices, ENG. A vast literature dwells on the ways

to properly gauge the impact of energy price shocks on inflation and the real economy

(for an overview we refer to Kilian, 2008b). Most studies examine the impact of oil prices

on headline inflation (e.g. Kilian, 2008a, 2009; Baumeister and Peersman, 2013b; Elsayed

et al., 2021) as oil plays a key role as the energy commodity in most economies. However,

we advocate that the recent development in the prices of natural gas and coal should not

be disregarded and a more comprehensive, country-specific approach is needed.3

3Opposite to the U.S. natural gas prices, which evolve independently owing to shale gas revolution
(Wakamatsu and Aruga, 2013; Geng et al., 2016b; Jadidzadeh and Serletis, 2017; Zhang and Ji, 2018), the
EU natural gas prices have not decoupled from oil, though in the short-term they may deviate strongly
from oil prices (Siliverstovs et al., 2005; Erdos, 2012; Geng et al., 2016a; Zhang and Ji, 2018; Rubaszek and
Szafranek, 2022). This is well illustrated by recent price developments in oil and natural gas. Given the
gradual EU natural gas market deregulation (Bastianin et al., 2019) and recent unprecedented increases

8
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Therefore, in this paper, instead of employing a common, available measure of energy

prices we develop an index of energy prices which is specific to the Polish economy. We

start by taking nominal prices of Brent crude oil, South African coal and EU natural

gas from the World Bank commodity database. Since these commodities are quoted in

different units (i.e. USD/bbl, USD/mt and USD/MMBtu), we convert prices to a common

unit of measure, i.e. USD/boe. For each commodity we provide weights that reflect its

consumption share by Polish households. These weights are time-varying and calculated

using the data from the household budget survey conducted yearly by Statistics Poland.

Finally, we compute the index as the sum of the product of energy commodity prices and

their respective weights. Since the original series is not stationary, we transform it by

taking log differences.

Regarding the world economy, we employ the world industrial production index (WIP ),

a proxy for bottlenecks in the global supply chains (GSCPI), and the most common mea-

sure of global risk aversion (V IX).

Compiled by Baumeister and Hamilton (2019), WIP measures real industry output

in all OECD countries and six emerging market economies (i.e. Brazil, China, India,

Indonesia, the Russian Federation and South Africa) which altogether cover roughly 75%

of the global GDP. We source this variable from the Christiane Baumeister’s webpage.

To approximate global economic slack we extract a cyclical component from WIP in the

similar fashion as in the case of IP .

On the supply side, we include the novel global supply chains pressure index, GSCPI,

put forward by Benigno et al. (2022). It gauges conditions in global value chains by

tracking various transportation costs data and survey-based manufacturing indicators.

Thus, it provides a comprehensive summary of these developments. It should be noted that

after the outburst of the Covid-19 pandemic disruptions in supply chains erupted while

shipping costs revealed unprecedented increases, invalidating – as noticed by Carrière-

Swallow et al. (2023) – the pre-pandemic, scarce evidence on their low transmission to

consumer prices (Herriford et al., 2016). Since recently sky-rocketing index of the global

supply chain pressure signifies a non-stationary behaviour of the series, for modelling

purposes we calculate the twelve month difference of the GSCPI, which we source from

Bloomberg. This transformation resembles our assumption that after a substantial delay

firms should adapt to initial supply chain disruptions.

in the prices of natural gas (and coal) we would expect that the mainstream approach of using oil prices
as the energy prices proxy may be no longer valid and if pursued, could result in obtaining biased results.
Previewing our findings, in Section 4 we point to a non-negligible bias stemming from disregarding recent
evolution in the prices of coal and EU natural gas.

9
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(Poon and Granger, 2003; Caggiano et al., 2020; Kumar et al., 2021; Castelnuovo, 2022).

The index is derived as the monthly average of the daily financial market estimate of

expected volatility of the S&P 500 Index (data are sourced from Bloomberg). We do

not expect that our measure of uncertainty will exert considerable, direct price effects.

Instead, we follow ample literature which suggests that overall uncertainty negatively

affects the business cycle, trade, financial markets and exchange rates in most advanced

and emerging economies (for an excellent overview of this strand of literature we refer to

Bloom, 2014; Castelnuovo, 2022). Though for some large economies VIX could respond

to unanticipated changes in economic policy (e.g. monetary policy tightening, Rey, 2015;

Dedola et al., 2017), for a SOE with a freely floating exchange rate this measure reflects

well global risk aversion. Hence, we introduce it into the model as weakly exogenous.

Since V IX is already stationary, we do not transform the series.4

Our effective sample starts in January 2003 and ends in December 2022 (T = 240).

The start of the sample is limited by the availability of our inflation proxy, whereas its

end is restricted by the availability of WIP which is subject to a publication lag.

Figure 2 presents the transformed variables over the entire sample. In general, we

observe large variation in most of the series during the global financial crisis, following

the outbreak of the Covid-19 pandemic and after the outburst of the Russian invasion of

Ukraine. These events have resulted in major uncertainty spikes, protracted disruptions

in the global supply chains, exceptional swings in energy prices, substantial adjustments

in the global and domestic economic activity and considerable changes in the valuation

of the Polish exchange rate. In turn, until the end of 2020 the variability in domestic

producer and consumer prices was low but has increased markedly since.

We complement the visual description of the data presented in Figure 2 by summary

statistics and estimates of the Pearson correlation coefficient between variables. These

results are reported and discussed in the Supplementary Material (Section S1). We proceed

to the description of the Bayesian SVAR model.

2.2 Bayesian SVAR

We estimate the Bayesian SVAR model, which describes the joint dynamics of n = 8

endogenous variables yt = [y1,t, . . . , yn,t]
′
. We employ the SVAR model specified as in

Dieppe et al. (2016):

A0yt = c+

p∑

l=1

Alyt−l + ηt ηt ∼ N(0, I) t = 1, ..., T (1)

4In the sensitivity analysis we use an alternative proxy for uncertainty that focuses on geopolitical risk.
We discuss it in more detail in Section 4.

Lastly, we incorporate into the model V IX as a forward-looking measure of uncertainty

Narodowy Bank Polski12



where T describes the sample size, p is the lag order of the VAR, A0 denotes the invert-

ible matrix of contemporaneous relationships between variables, Al are n× n matrices of

structural parameters at lag l, c is the vector of n constant terms, and ηt is the n × 1

vector of orthonormal structural shocks.

After premultiplying equation (1) by A−1
0 , we obtain the reduced-form VAR model,

which is suitable for Bayesian inference:

yt = B0 +

p∑

l=1

Blyt−l + εt εt ∼ N (0,Σ) t = 1, ..., T (2)

where B0 = A−1
0 c, Bl = A−1

0 Al for l = 1, 2, . . . , p and εt = A−1
0 ηt. B0 denotes the constant

terms, Bl gathers autoregressive parameters at lag l and εt is the n× 1 vector of normally

distributed error terms with zero mean and positive-definite variance-covariance matrix

Σ, ε ∼ N (0,Σ).

Given the data, marginal (posterior) distributions of the parameters are subject to the

standard Bayesian inference. Therefore, we treat all model parameters, i.e. B0, B1, ..., Bp, εt,

as normal random variables and infer on them using Gibbs sampling. Due to the chal-

lenges in the number of parameters to be estimated in a VAR with p = 3 and n = 8 and

given a limited number of observations (T = 240), we apply the usual Minnesota prior

on the parameters of equation (2) that shrinks them towards zero mean as proposed by

Litterman (1986).5 The exception is made for the autoregressive parameters in B1 which

are assumed to be 0.8. The prior variance for the parameters in Bl relating endogenous

variables i to their own lags l is set to σ2
bli

= (λ1l
−λ3)2, and for cross-variable lag parameter

j (j �= i) to σ2
blij

= (σ2
i σ

−2
j )(λ1λ2λ5l

−λ3)2, with the stipulation that λ5 additionally scales

the prior variance for variables considered to be block exogenous. As regards exogenous

variables in equation i, the variance is given by σ2
b0i

= σ2
i (λ1λ4)

2. In line with the Bayesian

practice, we set the hyperparameters at their typical values, i.e. the overall tightness is set

at λ1 = 0.5, the cross-variable weighting at λ2 = 0.5, the lag decay at λ3 = 1, the exoge-

nous variable tightness at λ4 = 1000 and the block exogeneity shrinkage at λ5 = 0.001.6

We either assume that the variance-covariance matrix, Σ̄, is known, and proxied by the

variance-covariance matrix of VAR residuals obtained from OLS, or it is elicited from the

independent Normal-Wishart prior, which does not affect our results (c.f. Section 4 for

details).

5The choice of the number of lags is dictated by the deviance information criterion (DIC) which yields
lower readings for models with p = 3 than with p = 2 or p = 1. While DIC may decrease further with the
increase in p as it favours large models, estimated parameters are statistically insignificant at lags p > 3.

6In Section 4 we study how the choice of hyperparameter values affect our estimation. Previewing the
results, the estimation outcomes are strongly robust and we conclude that a sensible change in a priori
assumptions does not affect our findings.

11
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In identifying A0 from the posterior distribution of Σ, we go beyond simple Cholesky or

triangular factorization of Σ. We provide a set of restrictions on impulse response function,

which we base on economic reasoning and discuss in detail in the next subsection. Some

restrictions on the contemporaneous responses of variables to structural innovations ηt are

set to zero, which can be interpreted as either exclusion or timing restrictions. Others,

either positive or negative restrictions, are imposed using the framework of Arias et al.

(2018). The authors derive algorithms for drawing from a family of conjugate priors for

SVAR identified with these kind of restrictions that includes additional steps in the Gibbs

sampling procedure. It relies on drawing an orthogonal matrix from a uniform distribution

which satisfies zero restrictions. Next, the k-step posterior impulse response function is

transformed by this orthogonal matrix and kept as the draw from the proper posterior

impulse response function if it satisfies all sign conditions. While setting zero restrictions

we abide by the rule that the number of zero restrictions on a structural shock j must

equal at most to n − j.7 In this setup the ordering of the variables only matters for the

implementation of the algorithm but otherwise it is absolutely arbitrary.

In Gibbs sampling we set the total number of iteration to 2 · 104 and omit the initial

1 · 104 burn-in runs to guarantee convergence and replicability of all results. In all esti-

mations we use BEAR 5.1.4 routines developed by Dieppe et al. (2016) which we slightly

modify to obtain each time a mean of the posterior distribution and not a median. For the

detailed, technical description of Bayesian estimation and drawing from the correct pos-

terior distribution of the SVAR model we refer to the technical guide provided by Dieppe

et al. (2016).

2.3 Identification strategy

Here we discuss in detail our approach towards shock identification using a mixture of zero

and sign restrictions. The beauty of this framework consists in the fact that it provides

sound economic interpretation of the identified shocks with respect to their provenance and

character. Conversely, standard approaches towards identification – such as the Choleski

factorization relying purely on short-term zero restrictions – prevent from such distinction.

It should be noted, however, that due to the multifaceted nature of inflation in a SOE,

properly extracting shocks to real and nominal variables in a medium scale Bayesian SVAR

becomes challenging. Specifically, with the increase in the number of endogenous variables

it becomes more difficult to identify structural shocks that are not correlated a posteriori.8

7Rubio-Ramı́rez et al. (2010) establishes general conditions for global identification of the SVAR.
8Recently identification assumptions can become fully Bayesian by assuming prior distributions for

each parameter of the matrix of contemporaneous relations (Baumeister and Hamilton, 2015, 2018, 2019).
However, while feasible in small VAR models (Baumeister and Hamilton, 2019; Rubaszek et al., 2021), for
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We base our identification strategy on economic theory as well as previous empirical

frameworks proposed by Corsetti et al. (2014), Bobeica and Jarociński (2019), Szafranek

and Ha�lka (2019) and Forbes et al. (2018). However, we adapt it to disentangle recent

major shocks hitting the global economy. Table 1 presents our preferred strategy towards

shock identification within the model. All identifying restrictions are imposed upon A0.

In what follows, we motivate and discuss the economic interpretation of our approach.

Our primary identification assumption rests on the indisputable premise of Poland

being a SOE. This key country characteristics allows us to differentiate between external

and domestic shocks as we simply claim that domestic shocks do not affect the develop-

ments in the external variables, both contemporaneously, and with a lag. Consequently,

we place zero (exclusion) restrictions upon the lower block of the contemporaneous ma-

trix A0, as well as we additionally impose block exogeneity of external variables except

for the exchange rate (Table 2). Conversely, we allow external shocks to influence both

the domestic and external variables. In this respect our model can be interpreted as a

simplified two-sector economy, in which the first sector (i.e. the Polish economy) remains

under the influence of own shocks and the developments in the second sector (i.e. external

economy), and does not exert any impact on the global economy.

In differentiating between domestic and external disturbances we make one exception

that concerns the exchange rate shock, ER. We classify it as an external, country-specific

shock even though we exclude its impact on the remaining external variables. We argue

that exchange rate fluctuations in small and emerging economies – including Poland –

in the short-term are heavily determined by external factors (e.g. Forbes et al., 2018;

Chiappini and Lahet, 2020; Chmielewski et al., 2020), and by global risk aversion inducing

flow to safe havens during turbulent times (e.g. Fratzscher, 2009; Kido, 2016; Beckmann

and Czudaj, 2017). Moreover, given the evidence on the exchange rate pass-through

(Chmielewski et al., 2020; Przystupa and Wróbel, 2011), we exclude the possibility that

consumer prices adjust immediately to the exchange rate shock. In the model the ER

shock feeds immediately to producer prices and after a month consumer prices start to

adjust. Similarly, we expect that the real domestic economy accommodates exchange rate

changes with a delay of at least one period.

Following the discussion in Corsetti et al. (2014), our second key assumption allows us

to disentangle demand (DD and GD) from supply shocks (DS and GS) irrespective of

their origin. Since shifts in demand, interpreted as moving along the supply curve, result

in prices and quantities changing in the same direction, following a positive (negative)

demand shock we expect an increase (decrease) in both producer and consumer prices as

our medium scale VAR model informing the prior for the elements of the matrix A0 would be improbable.
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well as real economic activity. In turn, supply shocks result in unexpected shifts along

the demand curve, hence prices and economic slack should change in opposite directions,

which we implement accordingly in our identification strategy. Moreover, we assume that

global supply shocks lead to disruptions in the global supply chains while their response

to global demand shocks is left unrestricted. In turn, both these shocks should exert

a pressure on energy commodity prices, an assumption that hinges upon the empirical

observation following the outbreak of the Covid-19 pandemic.

This strategy has enabled us so far to identify five shocks, with three specific shocks

remaining to be disentangled from each other. In the domestic block we identify a shock

which increases (decreases) consumer prices at times when producer prices become lower

(higher). Given this identification we interpret it as a purely domestic mark-up shock,

DM , since – as we will illustrate later on in the text – it changes only consumer and

producer prices without significantly affecting any other domestic variable.9 We interpret

the next shock as the country-specific energy price shock, EN . It increases prices of

energy commodities which leads to higher producer and consumer prices on impact due

to quick pass-through effects (e.g. Chen, 2009; Choi et al., 2018). This is accompanied

by the appreciation of the exchange rate, in line with the strand of literature on the

negative correlation between the dollar and energy commodity prices (e.g. Reboredo et al.,

2014; Yang et al., 2018; Xu et al., 2019). Importantly, we intentionally label this shock

as a country-specific energy price shock and not a global energy price shock since we

use an index of energy prices with weights reflecting the consumption of energy carriers

that are specific to the Polish economy. The last shock pins down effects related to

unexpected changes in the global risk aversion, hence we label it GR shock. Following

the shock the nominal effective exchange rate in the emerging economy depreciates while

the reaction of the remaining variables is left unconstrained, in line with the already cited

literature on uncertainty in Section 2.1. We stress that in our identification scheme the

response of VIX to all shocks except for the global risk aversion shock is restricted to

zero. Hence, VIX is contemporaneously exogenous in our model, affected only by own-

shocks, an assumption depicting that market participants expectations are formed ahead

of incoming macroeconomic data. However, we allow past feedback effects to shape VIX

in the model.10

9Identifying this shock as a residual shock would not be sufficient. Such shock would be moderately
correlated with both domestic demand and domestic supply shocks.

10Lifting the zero restriction on the response of VIX to external shocks does not affect the results but
increases the correlation between the global risk aversion shock and the remaining global shocks. Moreover,
since under such identification the responses of global variables to the global risk aversion shock are centred
around zero and insignificant, we assume that imposing zero restrictions does not alter the dynamics of
the model significantly.
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3 Results

In this section we report the results obtained for the baseline model. We start with

discussing the posterior impulse responses. Next, we capture the sources of consumer

prices variability using forecast error variance decomposition (henceforth FEVD). We end

this section by quantifying the contribution of each shock to the recent increase in consumer

prices with the means of historical decomposition (henceforth HD).

Posterior impulse responses. Figure 3 presents the posterior impulse responses.

Throughout the text, we denote the posterior mean of the impulse response to a one stan-

dard deviation shock with a red solid line and the 68% credibility intervals with shaded

gray areas.

We first concentrate on the responses of endogenous variables to domestic shocks. A

positive DD and a negative DS shock immediately trigger an adjustment in domestic

economic activity. However, while the response to DS shocks is short-lived and already

insignificant in the next month after the shock, the effects of DD shocks are persistent and

visibly significant for almost half a year. This difference is also reflected in the responses

of producer and consumer prices. The effects of DS shocks on prices die out quickly.

In turn, DD shocks persistently and significantly elevate both producer and consumer

prices for twelve months. In quantitative terms, a DD shock that increases domestic

output gap by 1 pp rises producer and consumer prices cumulatively after a year by

0.39% and 0.24%, respectively. In turn, a negative DS shock that decreases domestic

output gap by 1 pp rises producer and consumer prices by 0.39% and 0.27% after twelve

months, respectively. Lastly, a positive DM shock increases consumer prices significantly

only on impact while producer prices fall. This change in DM is not accompanied by any

economically meaningful effects related to movements in economic activity or the exchange

rate.

We now turn our attention to the responses of the endogenous variables to the country-

specific external shocks and purely global shocks which in our opinion are of vital impor-

tance given recent developments in the global economy. Following the unexpected appre-

ciation of the domestic exchange rate, due to the ER shock, domestic activity declines

with a lag, while producer and consumer prices fall. While the peak effect for the former

is immediate, for the latter it occurs in the third month. Consumer prices fall by 2.1%

after a year and 2.3% in the long-term following a 10% increase in the exchange rate. In

absolute terms, there is a stronger exchange rate pass-through to consumer inflation than

in other models estimated for Poland on quarterly data (Przystupa and Wróbel, 2011;

Chmielewski et al., 2020). This discrepancy stems from both accounting for the interplay

15

17NBP Working Paper No. 357

Chapter 3



among nominal variables and the domestic output gap, different assumptions on the fac-

tors affecting exchange rate as well as using data of monthly frequency that do not account

for the post-Covid period.

Next, following the EN shock we observe a strong increase in energy prices. This

development is accompanied by rising economic activity. The economic expansion is sig-

nificant and – in cumulative terms – comparable in magnitude in the global and domestic

economy. We also observe a short-lived appreciation of the domestic currency in line with

the evidence on the inverse relationship between energy (mostly oil) prices and the dollar

(c.f. the discussion in Section 2.3). The EN shock does not exert significant pressures in

global supply chains. In turn, both producer and consumer prices pick up strongly. We

note that these effects are very persistent and remain significant for over twelve months

from the occurrence of the shock. A 10% rise in energy prices due to the EN shock triggers

an increase in producer and consumer prices after 12 months by 1.8% and 0.7%, respec-

tively, and in the long-term by roughly 2.3% and 1.0%. In the short-term the increase in

consumer prices is largely comparable to the estimates provided by Choi et al. (2018) on

a panel of 72 advanced and emerging economies.

A GS shock defined as an increase in disruptions in global value chains lasts for al-

most a year, with the maximum shortly after the shock. This is accompanied by energy

price increases and falling economic activity domestically as well as globally. The above

adjustments lead to a substantial movement in producer and consumer prices. Though

producer prices adjust rather quickly and more strongly, the statistically significant in-

crease in consumer prices lasts for almost two years. This evidence is in line with the

findings by Carrière-Swallow et al. (2023) who show based on local projections that in-

creases in shipping costs are very persistent, significant and strongly affect producer prices

and headline inflation. Quantitatively speaking, a GS shock that lowers the domestic out-

put gap by 1 pp leads to the accumulated output loss in the global economy of 1.2 pp

after twelve months, raises producer prices by 0.52%, consumer prices by 0.23% and global

energy prices by roughly 4%. This kind of result well summarizes the magnitude, the per-

sistence and the global nature of the supply shock hitting the economy mostly following

the Covid-19 pandemic.

The positive GD shock also induces an increase in economic activity in the global and

domestic economy. However, for the former these effects are slightly weaker at first but

this divergence disappears after twelve months.11 The immediate increase in energy prices

11This kind of result stands at odds with the line of reasoning provided e.g. by Bobeica and Jarociński
(2019) that follows the logic by Corsetti et al. (2014). Using restrictions imposed upon the co-movement
of domestic real GDP and its world share the authors assume that the GD shock should impact the global
economy (or global sectors) more strongly. However, in the working paper version of this article the authors
also suggest that some global shocks could propagate more strongly to the domestic economy.
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is of slightly larger magnitude as for previous shocks but the adjustment in producer and

consumer prices is short-lived and not accompanied by the movement in the exchange

rate. We also observe that GD shock does not induce pressure in the global supply chains.

Contrasting this response to effects related to the propagation of the supply shock lets us

interpret that disruptions to the global value chains are of supply nature. In quantitative

terms, a positive GD shock that raises domestic output gap by 1 pp increases producer

prices cumulatively by 0.06%, consumer prices by 0.02%, global energy prices by 1.23%

and the global output gap by 1.0 pp. after twelve months.

Lastly, the GR shock is strongly exogenous, persistent (as in Caggiano et al., 2020)

and slowly decaying. Rising uncertainty triggers a depreciation in the domestic currency

and is countercyclical, in line with the literature (e.g. Nilavongse et al., 2020; Caggiano

et al., 2020; Castelnuovo, 2022). Moreover, disruptions in the global value chains appear

for a short period of time. Simultaneously, energy prices shift downwards strongly on

impact leading to a decrease in producer prices. While Castelnuovo (2022) conclude that

the effect of uncertainty shocks on inflation are ambiguous, in our model consumer prices

increase with a peak effect more than six months after the GR shock.

Forecast error variance decomposition. To assess the relative importance of the

identified shocks for the endogenous variables in the model we use FEVD. Figure 4 quan-

tifies the posterior mean shock contribution to the forecast error variance for individual

variables at selected horizons. We focus on the FEVD for INF . The interpretation of

FEVD for other variables follows a similar logic.

The decomposition indicates that on impact domestic shocks explain consumer prices

variability, with DD, DS and DM shocks accounting for roughly 40%, 39% and 19%

of the overall error variance, respectively. Their importance falls markedly along the

horizon of analysis. This evidence is similar to Globan et al. (2016) who argue that for

several EU small open economies in the short-term domestic shocks drive inflation. After

a year the contribution of external shock to the forecast error variance increases to 43%

and stabilizes at 47% in the horizon of analysis. In the longer perspective EN , GD and

GS shocks become an important source of the variability in consumer prices dynamics,

a finding that connects well with the literature on the nature of inflation in advanced

and emerging economies, also after the outbreak of the Covid-19 pandemic (e.g. Ciccarelli

and Mojon, 2010; Neely and Rapach, 2011; Parker, 2018; Ha et al., 2019; Szafranek,

2021; Arango-Castillo et al., 2023). In turn, while DD shocks remain the most important

source of inflation variability, thus signalling the still present link between domestic slack
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and inflation, their contribution to the forecast error variance falls by 40%.12 In turn, the

importance of DS and DM shocks decreases by around half.

Historical decomposition. We end the analysis of our baseline results by inspecting

inflation sources through the lens of our model from the historical perspective. To this

end, we compute the contributions of the identified shocks to the log annual growth rate

in consumer prices and plot them on Figure 5.13 The left panel shows how each shock

contributes to the deviation of inflation from the long-term mean implied by the model.

On the right panel we take advantage of our identification strategy and aggregate these

shocks into domestic and external. Since we are interested in the most recent period of

swiftly rising consumer prices, we focus extensively on the last two years.

The left panel unambiguously shows the recent strong impact of the EN shock on

consumer prices. Until the end of 2020 the EN shock acted towards lower inflation which

well reflects the disinflationary impact of falling energy prices after the outbreak of the

Covid-19 pandemic. In turn, since early 2021 the EN shock has started to exert infla-

tionary pressure, with peak effect in August 2022 estimated at 3.2 pp. The GS shock

contributes heavily to inflation as well, but, conversely to the EN shock, its contribution

is positive since the outbreak of the Covid-19 pandemic and reaches its maximum in July

and August 2022 at 2.5 pp. We also show that since 2021, along the rebound in global

economic activity, the contribution of the GD shock has increased inflation by as much as

1.8 pp in September 2022. In turn, the ER shock plays a smaller role in explaining most

recent inflation development, while the contribution of the GR shock is recently negligi-

ble. As regards the domestic shocks, the left panel clearly shows recent strong cyclical

impact of the domestic demand. The DD shock lowered inflation in 2021 but has put

an upward pressure since early 2022, with contribution estimated at 3.7 pp in October

2022. The increase of the post-Covid domestic demand contribution to inflation is highly

country-specific. For instance, in the US it was stimulated by the American Rescue Plan

introduced in March 2021 (Shapiro, 2022), whereas in Poland this can be at least par-

tially attributed to the massive inflow of Ukrainian refugees after the Russian invasion of

Ukraine, which provided a demand stimulus.14 We also show that the DS shock picked

up inflation since the onset of the Covid-19 pandemic. Our understanding of this result –

supplemented by the analysis of the CPI basket conducted aside from the paper – is that

12For Poland, Szafranek (2017) indicates that the Phillips curve has flattened, but the link between
domestic real activity and prices is still significant. In a broader setting, Jašová et al. (2020) indicate the
significance of domestic output gaps as inflation drivers in both advanced and emerging economies.

13Specifically, we use mean contributions to monthly changes in consumer prices, which we next sum in
the rolling window over 12 months to obtain contributions to yearly changes in INF .

14In section 4 we discuss how the onset of the Russian invasion of Ukraine affected the estimated con-
tributions of shocks to the development in inflation.
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in the environment of falling economic activity firms were increasing prices due to unex-

pected rise in operating costs, among others, related to sanitary restrictions. Interestingly,

recently DM shocks become occasionally important, specifically in the first half of 2020

and in throughout 2022. This might exemplify that firms took advantage of exceptional

market events to increase their mark-ups.

Turning our attention to the right panel of Figure 5, we confirm that recent increase

in consumer prices in Poland is predominantly driven by external shocks, which validates

the global paradigm of inflation in a SOE. Nonetheless, domestic factors contributed to

higher inflation as well, especially in the second half of 2022. We also uncover that during

the initial period of the Covid-19 pandemic domestic factors exerted inflationary pressure,

while changes in the global economy were inducing disinflation.

Lastly, we calculate counterfactual estimates of the overall HICP inflation at constant

tax rate net of either external or domestic shocks and plot them on Figure 6. We show

that once we exclude the impact of external shocks at the end of the sample our counter-

factual inflation measure increases to around 10% after a swift rise since mid-2021. Still,

this measure remains lately under the marked influence of DS and DM shocks. This

counterfactual path also indicates that following a period of stable inflation in our SOE

inflationary pressure related to the development in domestic factors began to build up be-

fore the outburst of the Covid-19 pandemic. It is also interesting to note that the overall

HICP inflation at constant tax rate net of domestic shocks bottomed at 0.0% in April and

May 2020. We conclude that external factors lowered inflation strongly during the first

wave of the Covid-19 pandemic but in 2022 are responsible to the dominant extent for

high consumer price dynamics.
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4 Robustness check

In this section we extend our baseline analysis across several dimensions. We start by

investigating whether our outcomes are sensitive to changes in the assumptions on prior

distribution of model parameters. Second, we check whether model parameters display

instability in time by re-estimating the baseline model on a sample accounting only for

the low inflation period. Third, we study the extent to which disregarding the evolution

of natural gas and coal prices results in the underestimation of the contribution of the

energy price shock to inflation. Fourth, we evaluate the propagation mechanism of recent

expectations on the evolution of geopolitical risk and its impact on the nominal and real

economy. Fifth, we evaluate whether enriching the model specification with additional

exogenous variables, specific to the recent period, affects our assessment of the sources of

inflation variability. Finally, we comment on the applicability of our model for another

small open economy.

Alternative priors for the model. To assess the sensitivity of our results to changes

in assumptions on a priori distribution of model parameters we run four separate exercises.

Specifically, we: i) assume high (low) variable persistence by increasing (decreasing) the

hyperparameter for auto-regressive coefficient to 0.9 (0.2), ii) loosen the overall tightness

prior λ1 to 1.0 in order to allow for more uncertainty around a priori distribution means,

iii) change the prior distribution to independent Normal-Wishart, which allows us to retain

the block exogeneity assumption. For each run we keep the other hyperparameters fixed

at their baseline values and re-estimate the baseline model.

To save space and given the technical nature, we present the outcomes of all these

robustness checks altogether in the Supplementary Material (Figure S1). In most cases

the dispersion between the posterior mean responses from these alternative models is

negligible, with the range of the posterior responses closely following the baseline outcomes.

Hence, we conclude that a sensible change in assumptions on the a priori distribution of

model parameters does not impact the posterior and the economic interpretation of the

results.15

Parameter instability. Having checked that our posterior means do not hinge upon

the choice of priors for the model, we study the issue of possible parameter instability

stemming from the recent development in our endogenous variables. Thus, we compare

posterior impulse responses from the model estimated on the baseline sample and the

15Due to this evidence we do not provide further results pertaining to the FEVDs or HDs since they
solely depend on the posterior of impulse responses. These outcomes are available upon reasonable request.
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restricted sample that ends in December 2019, i.e. before the large adjustments in the

global economy due to the outbreak of the Covid-19 pandemic, subsequent economic re-

covery and the recent outbreak of the Russian invasion of Ukraine. In our view, given the

clear demarcation between the period of low and stable inflation and the period of strong

inflationary dynamics, this approach seems sufficient and relying on more sophisticated

models would be excessive.

Figure 7 presents the comparison of posterior impulse responses from the baseline

model and the alternative one estimated on the restricted sample. The red (black) solid

line represents the mean of posterior impulse responses from the baseline (alternative)

model, whereas the shaded grey areas and the dashed black lines denote the 68 percent

posterior credibility intervals for these estimates.

The correlation between the same structural shocks estimated on the short and full

sample ranges from 0.84 to 0.98, which lets us conclude that we identify the same shocks

on these two samples (c.f. also Figure S2 in the Supplementary Material). We observe

that the persistence of own shocks has not changed considerably between samples. Instead

we spot a marked quantitative difference in the propagation of the identified shocks within

our system. The response of our domestic variables to external shocks becomes in some

cases markedly more pronounced and very persistent once we account for the economic

developments since the onset of the Covid-19 pandemic. This is particularly visible for

the reaction of inflation to EN and GS shocks. Following both these shocks consumer

prices increase for much longer and – in the case of the EN shock – the peak response

is stronger and more delayed. This behaviour indicates more substantial indirect effects.

We also observe that the exchange rate pass-through increases as well. At the same time

the persistence of the response of domestic variables to domestic shocks also rises but to

a lesser extent.

Parameter instability is also well exemplified by the relative importance of domestic

and external shocks in shaping consumer prices in the long term. The evidence from the

FEVD indicates that through the lens of the model estimated on the restricted sample

domestic shocks explain a dominant fraction of consumer prices variability (roughly 65%)

while after accounting for three recent years of data this fraction decreases to 53%. This

further validates the pervasiveness of external shocks in the most recent period.16

Energy prices proxy bias. In this part we pick up our discussion introduced in Sec-

tion 2.1 on the importance of proper energy prices proxy. The increase in energy prices

after the Covid-19 constitutes a unique shock. Unlike in previous energy crises, the recent

16To save space, the outcomes of the FEVD and HD for the model estimated on the restricted sample
are available upon request.
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energy commodity price surge takes precedence as it is much more broad-based. Brent

crude oil prices increased from the trough of roughly 23 USD/bbl in April 2020 to around

120 USD/bbl in June 2022. Natural gas prices in Europe recorded an unprecedented level

of 70 USD/MMBtu in August 2022 (i.e. almost 400 USD/boe) from their trough of 1.6

USD/MMBtu (i.e. 9 USD/boe) in May 2020. The South African coal prices rose from

roughly 57 USD/mt in April 2020 to around 300 USD/mt in April 2022. Consequently,

as argued in Section 2.1, proxying energy prices with oil quotations and disregarding the

development in coal and natural gas prices in Europe may result in underestimating the

impact of the energy price shock to inflation.

We investigate this issue by re-estimating our baseline model using initial model as-

sumptions and prior information but we substitute our index of energy prices with either

the monthly average of daily Brent crude oil prices (in USD/bbl) or the world energy

commodity prices index (calculated by World Bank). We source both these variables

from Bloomberg. Both series enter the model in the stationary representation, i.e. in log

differences.

On Figure 8 we compare the posterior impulse response of consumer prices to the

identified shocks from the baseline and alternative model, whereas results for all variables

are illustrated on Figure S3 in Supplementary Material. The baseline results are illustrated

as earlier. In turn, the dashed blue and yellow lines depict the posterior mean of impulse

responses from specification with Brent crude oil prices and the world energy commodity

prices as energy prices proxy, respectively.

We note a vivid robustness of our results with the exception of the response of inflation

to the EN shock. In the alternative models the response of consumer prices is weaker,

the peak is observed more quickly and the shock dies out sooner. In turn, the response of

consumer prices to the GD shock becomes more persistent, which allows us to interpret

that part of the energy shock is picked up by the unexpected change in the overall demand.

A more scrupulous inspection indicates that these effects are even marginally weaker for

oil than for the energy index, presumably due to the quicker pass-through of oil prices to

consumer prices. Once we account for our preferred energy prices proxy that takes into

account all major energy commodities and the proper consumption structure, the posterior

mean of impulse response of inflation to the energy price shock shifts upwards and peaks

after four months. This is due to the indirect pass-through of higher coal and natural gas

prices used mainly for energy generation and the presence of the Energy Regulation Office

that sets natural gas and electricity prices for households in Poland.17
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responses are still small, we corroborate our argument by plotting the mean contribution

of the EN shock from the three models on Figure 9. The figure clearly shows that during

extreme market events – the surge in the energy prices before the onset of the global

financial crisis, during the deep recession as well as during the major, recent increase in

energy commodity prices – the contribution of this shock to inflation from the baseline

model varies quite substantially from the one obtained from the alternative models. The

maximum difference amounts around 1.9 pp. before the wake of the global financial crisis,

whereas during the recent energy crisis this gap stood at 0.9 pp. Thus, we conclude that

the importance of the EN shock might be understated due to the use of energy prices

proxy which is not specific to a given economy.

The effect of geopolitical risk on inflation. The recent unprovoked Russian invasion

of Ukraine resulted in a massive increase in the geopolitical risk. From the economic

perspective, this has urged the question on how it propagates across the global economy. To

investigate this issue within our framework, we exploit the measure of adverse geopolitical

events and associated risks constructed by Caldara and Iacoviello (2022) on a tally of

newspaper articles that cover geopolitical tensions. We make one stipulation. In our

view, the broad measure of geopolitical risk may be rather backward looking as we argue

that today’s news are yesterday’s events. Therefore, we exploit the subcategory of the

geopolitical risk index that focuses on the threats to peace, which according to our intuition

should display a forward-looking component. While Caldara and Iacoviello (2022) conclude

that higher geopolitical risk indicates large downside risks for the global economy and is

associated with lower investment and employment, we check whether it triggers substantial

price adjustments. In our view the Polish case is extremely interesting due to the country’s

proximity to the conflict.

We start with substituting the economic uncertainty measure V IX with the geopoliti-

cal threats index, GPRT , which we obtain from the website of Matteo Iacoviello. This sub-

stitution necessitates the introduction of minor adjustments in our identification scheme

which we indicate in parentheses in Table 1. First, we now allow for contemporaneous

relation between the uncertainty measure and the country-specific energy prices shock but

we do not impose any restriction on this relation. This is motivated by the fact that

geopolitics and energy prices can be connected in the very short term, though this relation

is ambiguous (Kollias et al., 2013; Antonakakis et al., 2017; Li et al., 2022; Bouoiyour

et al., 2019). Second, given the fact that Poland is a SOE we introduce a zero (timing)

restriction that prevents the domestic output gap from adjusting immediately to the evo-

lution in global geopolitical threats shocks. Finally, due to the strongly exogenous nature

While on inspection of Figure 8 it might seem that the differences in posterior impulse
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no feedback effects from any other lagged variable in the model (Table 2). Given this

identification, we re-estimate the model using the baseline set of model assumptions and

parameters.

Figure 10 illustrates the comparison between the baseline model using V IX as an un-

certainty proxy and the alternative specification, with GPRT as a measure of geopolitical

risk. Baseline results are again reported in a similar fashion as previously while the pos-

terior mean of impulse responses from the alternative model are depicted with black solid

lines. Dashed black lines denote the 68% credibility intervals.

Obviously, given that we no longer measure economic uncertainty, major differences

are visible for the response of the endogenous variables to risk associated with threats to

peace. The depreciation of the exchange rate is significant only on impact and weaker,

which signals the transitory effect of the shock. Moreover, the contraction in both domestic

and global economic activity is weaker. In the case of Poland, the initial positive reaction

of the output gap to this shock might capture effects of precautionary demand, which is

accompanied by a transitory increase in prices. The level of disruptions in global value

chains is marginally affected by shocks to geopolitical tensions. In turn, energy prices

do not change with respect to unanticipated changes in threats to peace in our sample.

We also note that the reaction of inflation to EN shocks is slightly weaker which could

be interpreted that a fraction of the original inflation response to this shock is picked

up by changes in geopolitical risk and the exchange rate. This is also reflected in small

quantitative changes in the contribution of these shocks to inflation dynamics in the long-

term, while for other shocks the contributions to FEVD of inflation are very similar. As

regards the HD, in the recent period the expected difference is observed for the higher

contribution of uncertainty shocks and marginally larger contribution of exchange rate

shocks at the expense of the contribution of the country-specific energy price shock to

inflation. Simultaneously, the contribution of the domestic demand shock recently falls

which leads us to conclude that some part of this shock in the baseline model could catch

increased demand due to uncertain geopolitical situation in the vicinity of Poland. Still,

in August 2022 the EN shock increases inflation by 3.2 pp while the GS shock adds 2.3

pp.18

Shock importance through the lens of additional exogenous variables. Here

we investigate whether our identification and our economic interpretation of structural

shocks hinges upon two recent events, with one being strongly exogenous. The first is

the record increase in tariffs on natural gas and electricity for Polish households that

of these developments we allow GPRT to be explained only by its past developments with
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19Indeed, this was the case in January 2022 – according to Eurostat electricity prices at constant taxes
rose by 15.4% on average, whereas the increase in natural gas prices amounted to 51.7%.

25

once they do, their adjustment – approved by the President of the Energy Regulation

Office – may be substantial as it is based on the justified costs put forward by the energy

suppliers. Consequently, tariffs should resemble to a large extent the development in

the energy markets with a substantial lag.19 The second event is the outburst of the

Russian invasion of Ukraine which propelled a series of strong adjustments in the global

and domestic economy (cf. again Figure 2). Consequently, this act of aggression could

trigger an additional increase in prices at each stage of the value added chain. We account

for these two events by including dummy variables in January and March 2022. These

two variables enter each equation in the model. However, we set tight priors around zero

for the parameters related to these variables in all equations except for the equation for

INF , where tightness is set as for the constant in the model. Next, we re-estimate the

model using our baseline assumptions and prior information.

We report the comparison of baseline and alternative posterior mean of impulse re-

sponses on Figure S4 in Supplementary Material. We observe that in the majority of cases

they closely follows each other. Having said that, some differences occur for the response

of inflation to the EN , GS, DD and DS shocks. In the first case, we note that the peak

response is almost twice as weak. In the second case, the initial response of consumer

prices to the shock is very similar, but the propagation in time smoother and weaker at

further horizons. As regards inflation response to the DD and DS shocks, we observe

that introducing dummy variables also results in downplaying the importance of these two

shocks. Hence, unexpected changes in energy prices, global supply conditions as well as

domestic demand and supply were to some extent driven by the outburst of the conflict.

These differences in impulse responses drive the fall in the contribution of these shocks

to inflation in the most recent period, with the contribution of the EN and DD shock

declining the most across 2022. Our interpretation of these findings is that in the baseline

model our identification correctly attributes most weight to the EN and DD shock from

the information observed in January 2022 and March 2022.

Can our model be applied for other small open economies? To answer this

question we estimate our baseline model using data for Czechia. In this exercise we

employ the same definitions of all endogenous variables, both domestic and external. This

particularly concerns also the country-specific energy price index for Czechia which we

calculate in the same manner as for Poland using time-varying weights reflecting the

occurred in January 2022. Since these prices are regulated, they change infrequently but
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20The correlation between external structural shocks identified in the two models (except for the exchange
rate shock) is very high. It ranges from 0.84 for the global demand shock to 0.95 for the global supply
shock and country-specific energy prices shock and 0.99 for the global risk aversion shock.

21The correlation of domestic structural shocks is lower than for external shocks as is amounts to around
0.5 for the identified DD and DS shocks and around 0.1 for the DM shock. This outcome should come
as no surprise since domestic shocks reflect idiosyncratic features of each economy.

22These effects translate to the marked contribution of the DS shocks to the recent inflation in Czechia.
Nevertheless, the impact of the EN and GS shock is also significant. Overall, external factors accounted
for 61% deviation of inflation from its long-term mean in Czechia in March 2022.
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we employ the same identifying restrictions, block exogeneity assumptions and a priori

distribution of model parameters.

Figure S5 in Supplementary Material presents the comparison of posterior impulse

responses from the baseline model for the Polish economy (red solid line), whereas the

shaded grey areas denote the 68% credibility intervals. In turn, posterior mean of impulse

responses from the model estimated for Czechia are denoted by black solid lines, whereas

68% credibility intervals are denoted with dashed black lines. Several conclusions follow.

The figure shows overall high similarity in the response of endogenous variables to

external shocks.20 Regarding our variable of interest, the response of inflation to the EN

shock is of slightly lower magnitude but also shows high persistence. The results indicate

that the effects of GS shock on consumer prices fade slowly, although the mean response

is accompanied by higher uncertainty. In turn, a more protracted effect on prices stems

from the GD shock but in this case this effect is significant only in the very short-term. In

terms of the GR shock the initial reaction is weaker and dies out sooner. The response of

inflation to ER shocks provides an exception to the overall high similarity of responses as

we do not observe a significant adjustment in consumer prices following the appreciation

of the effective exchange rate even though producer prices fall on impact. As regards the

response of endogenous variables to domestic shocks, naturally there are some differences

in the propagation mechanism.21 For instance, consumer prices response to DD is weaker

while the effects of DS shocks are more significant and persistent. In turn, the effects of

DM shock display high similarity between the two economies.22

consumption of main energy commodities by the Czech households. During estimation
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5 Conclusion and discussion

In the current environment of exceptional shocks affecting the world economy, inflation has

surged across most advanced and emerging economies to levels not seen for a long time.

This development has reinvigorated the important discussion on the sources of consumer

price dynamics.

In this paper we have proposed a Bayesian SVAR model to identify recent drivers of

exceptionally high inflation in a SOE. To this end, for our state-of-the-art Bayesian VAR

model describing the dynamic interconnectedness between eight key monthly economic

variables, we have proposed a set of identification assumptions based on zero and sign

restrictions imposed upon the contemporaneous responses of these variable to structural

shocks. This strategy towards shock identification is additionally complemented by block

exogeneity restrictions allowing to better disentangle domestic and external shocks that

affect a SOE. Thus, the advantage of this framework, which can be also applied for other

small open economies, consists in the fact that each shock has a clear economic interpreta-

tion based on textbook economic theory. In turn, its novelty lies in the choice of suitable

observable proxies and the empirical strategy towards identifying unobservable shocks.

This model helps to answer the questions on the demand and supply origin of shocks that

affect recent developments in consumer prices. Our findings are as follows.

First, we show that external shocks play a dominant role in shaping recent inflationary

environment in the modelled SOE. The historical decomposition indicates that at the onset

of the Russian invasion of Ukraine, i.e. in March 2022, external shocks have accounted

for as much as 66% of the deviation of our preferred inflation measure from its long-term

mean, with this fraction declining to 45% by December 2022, at the end of our sample.

We demonstrate that two external shocks, i.e. the country-specific energy price shock and

the global supply shock, have contributed heavily to this deviation, increasing headline

inflation by as much as 3.2 and 2.5 pp in August 2022, respectively. Absent external

shocks, headline inflation in the studied SOE would be much lower. Next, while we show

parameter instability since the outbreak of the Covid-19 pandemic, we document that

inflation response to these two shocks has changed to a major extent as it has become

much more persistent. Moreover, in the case of the country-specific energy price shock

the peak response occurs later which signifies more substantial indirect effects. The rising

importance of external developments in shaping consumer prices is also well depicted

by the increasing contribution of external shocks to the long-term inflation fluctuations,

once the sample restricted to the period before the outbreak of the Covid-19 pandemic is

prolonged to account for recent data.
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commodity prices and the apparent short-term decoupling of EU natural gas prices from

crude oil prices, the inadequate choice of energy prices proxy may result in downplaying

the importance of the energy price shocks. We show that after properly accounting for

energy consumption structure in a given economy, the response of inflation to the country-

specific energy price shock shifts upwards and peaks later. The comparison of historical

decompositions further validates our hypothesis – the posterior mean contribution of the

energy shock to inflation largely increases once we include the preferred energy commodity

prices proxy. We also show that if we consider shocks related to threats to peace in our

model instead of economic uncertainty shocks, the response in consumer prices to the

country-specific energy price shock becomes slightly weaker, but still in August 2022 this

shock elevates consumer prices by 3.2 pp. Our understanding of this result is that most

recent changes in energy prices are also influenced by geopolitical risk. Extending the

baseline model specification with dummy variables offers additional explanation of the

importance of recent events for inflation development. Finally, we note that a sensible

change in assumptions on prior distribution of model parameters does not impact either

our posterior means of the parameters or the economic interpretation of the results.

What conclusions does this study offer for policy makers? In the current inflationary

environment one of the most challenging task for monetary policy decision makers concerns

defining the optimal level of interest rates. From the SOE perspective, this decision is

extremely difficult since domestic monetary policy cannot counteract either external shocks

or even domestic supply ones, which currently determine the development in consumer

prices. It can to a limited extent accommodate the impact of these shocks on the domestic

variables, e.g. by properly managing inflation expectations. Therefore, on the one hand,

given their mandate policy makers must strive to bring inflation back to the target, on

the other hand inducing disinflation must be done responsibly in order not to trigger large

contractionary effects with potentially substantial social costs. Setting an optimal policy

response in the presence of large external disruptions exceeds the scope of this paper but

recent evidence provided by Górajski et al. (2023) suggests that in the environment of

large supply disruptions the welfare-improving monetary policy target switches from core

to broad inflation measure.

28

Second, we provide evidence that due to the recent broad-based increase in energy
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Tables and Figures

Table 1: Identification scheme for the Bayesian SVAR model.

Domestic External
DD DS DM ER EN GS GD GR

IP + − · 0 · − + · (0)
PPI + + − − + + + ·
INF + + + 0 + + + ·

NEER · · · + + · · −
ENG 0 0 0 0 + + + ·

GSCPI 0 0 0 0 · + · ·
WIP 0 0 0 0 · − + ·

VIX (GPRT) 0 0 0 0 0 (·) 0 0 +

Notes: The table presents the identification scheme employed to disentangle the shocks in the Bayesian SVAR model.
To identify shocks the combination of zero and sign restrictions is used. In the table, ’·’ denotes an unconstrained
reaction of a given variable following a specific shock, whereas ’+’ denotes an increase, ’−’ denotes a decrease and
’0’ denotes a zero restriction. All identifying restrictions are imposed upon the contemporaneous matrix A0. In the
parentheses we show changes with respect to the baseline identification strategy for the model employing geopolitical
risk index measuring threats to peace, GPRT , as a uncertainty measure instead of V IX. Shocks are labelled as
follows: DD – domestic demand shock, DS – domestic supply shock, DM – domestic mark-up shock, ER – exchange
rate shock, EN - country-specific energy price shock, GS – global supply shock, GD – global demand shock, GR –
global risk aversion shock.

Table 2: Block exogeneity assumptions.

IP PPI INF NEER ENG GSCPI WIP VIX (GPRT)

IP · · · · · · · ·
PPI · · · · · · · ·
INF · · · · · · · ·

NEER · · · · · · · ·
ENG 1 1 1 1 · · · ·

GSCPI 1 1 1 1 · · · ·
WIP 1 1 1 1 · · · ·

VIX (GPRT) 1 1 1 1 · (1) · (1) · (1) ·

Notes: The table presents the assumption for block exogeneity in the Bayesian SVAR model. All restrictions are
imposed upon matrices Bl, 1 ≤ l ≤ p. In the table ’1’ denotes that in the equation for the variable in row i the a
priori variance for the coefficient related to variable in column j is additionally shrunk by a factor of λ2

5 to center the
posterior distribution extremely tight at 0. In the parentheses we show changes with respect to the baseline block
exogeneity restrictions for the model employing geopolitical risk index measuring threats to peace, GPRT , as a risk
aversion measure instead of V IX.
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Figure 1: Overall HICP inflation and HICP inflation at constant tax rate (INF).
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Note: The figure illustrates the effects of indirect tax changes throughout the sample in Poland, including the Anti-
inflation Shield introduced in early 2022 by the government when indirect taxes for food and energy have been lowered
substantially, heavily affecting the development in consumer prices. It can be noted that previous changes in indirect
taxation exerted a far smaller impact on the HICP.

Figure 2: Time series for the endogenous variables in the baseline model.
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Notes: The figure presents the development in the endogenous variables that enter the baseline model. For variables
description, their transformation and sources the Reader is referred to Section 2.1.
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Figure 3: Posterior impulse responses for the baseline model.
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Notes: The figure presents the posterior impulse responses for the baseline model. The red solid lines represent the
posterior mean of impulse responses, whereas the shaded areas denote the 68 percent posterior credibility intervals.
For variables description, their transformation and sources the Reader is referred to Section 2.1. Shocks are labelled
as in the footnote to Table 1.
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Figure 4: FEVD for the endogenous variables in the baseline model.
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Notes: The figure presents the forecast error variance decomposition for the endogenous variables in the baseline
model. All contributions are reported at posterior mean. For variables description, their transformation and sources
the Reader is referred to Section 2.1. Shocks are labelled as in the footnote to Table 1.

Figure 5: Historical decomposition for the log annual growth rate in consumer prices.
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Notes: The figure presents the historical decomposition for the overall HICP inflation at constant taxes. The left panel
provides a detailed decomposition, whereas on the right one shocks are grouped into domestic and external according
to the classification presented in Table 1. In both instances the black solid line denotes the logarithmic annual rate
of change in consumer prices (in per cent), adjusted for the long-term mean implied by the model. All contributions
are reported at posterior mean. Shocks are labelled as in the footnote to Table 1.
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Figure 6: Actual and counterfactual inflation.
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Notes: The figure presents actual and counterfactual HICP inflation at constant tax rate (in per cent). Counterfactual
paths are calculated by subtracting the impact of either domestic or external shocks from the official measure. Shocks
are grouped into domestic and external according to the classification presented in Table 1.
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Figure 7: Posterior impulse responses from the baseline and alternative model estimated on the
short sample.
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Notes: The figure provides evidence of parameter instability by comparing the posterior impulse responses from the
baseline model and the model estimated on a sample of low and stable inflation, i.e. before the outbreak of the Covid-
19 pandemic. The red solid lines represent the posterior mean of impulse responses from the baseline model with the
shaded areas denoting the 68 percent posterior credibility intervals. The black solid lines indicate the posterior mean
of impulse responses from the alternative model, whereas the dashed lines denote the 68 percent posterior credibility
intervals. For variables description, their transformation and sources the Reader is referred to Section 2.1. Shocks are
labelled as in the footnote to Table 1.
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Figure 8: Inflation responses to shocks identified in models with different proxies for energy prices.
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Notes: The figure illustrates the sensitivity of the results by comparing posterior impulse responses from the baseline
model and from models where energy prices are proxied with Brent crude oil prices or the world energy commodity
prices index calculated by World Bank. To save space, only posterior mean of impulse responses in consumer prices
are reported here. The red solid lines represent the posterior mean impulse responses from the baseline model with
the shaded areas denoting the 68 percent posterior credibility intervals. The posterior mean of impulse responses
from alternative specifications are denoted by the dashed lines – blue and yellow for the specification with Brent
crude oil prices and the world energy commodity prices index as energy prices benchmarks, respectively. For variables
description, their transformation and sources the Reader is referred to Section 2.1. Shocks are labelled as in the
footnote to Table 1.

Figure 9: The contribution of the country-specific energy price shock to inflation under various
energy prices proxies.
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Notes: The figure presents the posterior mean contribution (in pp of the country-specific energy shock to the logarith-
mic annual rate of change in the overall HICP inflation at constant prices under alternative energy prices proxies. In
the baseline model energy prices are approximated by the energy commodity prices index specific to the Polish econ-
omy. In alternative approaches we use Brent crude oil prices or the world energy index calculated by the World Bank.
This figure shows that during key market events the contribution of this shock to our preferred inflation measure can
be understated when relying on common measures of energy commodity prices.
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Figure 10: Posterior impulse responses from models with a different proxy for uncertainty.
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Notes: The figure illustrates how the results differ when uncertainty proxied by V IX is substituted with the index of
geopolitical risk proxying the anticipated threats to peace, GPRT . The red solid lines represent the posterior mean
of impulse responses from the baseline model with the shaded areas denoting the 68 percent posterior credibility
intervals. The black solid lines indicate the posterior mean of impulse responses from the alternative model, whereas
the dashed lines denote the 68 percent posterior credibility intervals. For variables description, their transformation
and sources the Reader is referred to Section 2.1. Shocks are labelled as in the footnote to Table 1.
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Supplementary Material

This is a supplementary material for the article Inflation returns. Revisiting the role of

external and domestic shocks with Bayesian structural VAR. It is structured as follows.

Section S1 provides summary statistics for variables used in the baseline version of the

model along with their transformations and sources. Section S2 gathers graphical results

from robustness checks discussed but not presented in the main article.



S1 Description of data

We complement here the visual description of the data presented in Figure 2 in the main

article (Section 2.1). To this end, we report summary statistics in the upper part of

Table S1 and estimates of the Pearson correlation coefficient between variables in the lower

part of Table S1. Following transformations all variables are stationary as indicated by the

outcomes of the Augmented Dickey-Fuller (ADF) test. Most of the series are subject to

large volatility, with skewed and leptokurtic distributions due to major economic events

that occurred recently in the sample. The transformed variables display mostly high

persistence at first and second lag, with the exception of ENG and NEER. Still, in all

cases we reject the null in the Ljung-Box test for no autocorrelation for the first two lags.

We also note that the contemporaneous correlation between variables is only moderate in

most cases. However, this is a common finding for data that are de-trended. Finally, the

signs of correlation coefficient are in line with our economic intuition.

Table S1: Selected statistics for the endogenous variables in the baseline model.

IP PPI INF NEER ENG GSCPI WIP VIX
Source ESTAT ESTAT ESTAT BIS WB BLM BH BLM

Transformation HP Δlog Δlog Δlog Δlog Δ12 HP none

S
u
m
m
ar
y
st
at
is
ti
cs

Mean 0.031 0.348 0.238 -0.038 0.674 0.140 0.033 19.397
Std. dev. 3.517 0.891 0.405 1.882 8.223 0.951 2.783 8.406

Min. -32.032 -1.241 -0.417 -9.798 -43.383 -3.140 -15.894 10.125
Max. 8.432 8.033 2.873 4.784 30.216 3.760 5.948 62.639
Skew. -4.025 3.293 2.631 -1.028 -0.906 0.428 -2.126 2.287
Kurt. 35.570 26.118 14.820 6.484 7.255 6.149 11.443 10.261
ADF -5.515 -4.875 -4.11 -7.566 -8.11 -4.311 -3.808 -4.024

ACF(1) 0.752 0.519 0.658 0.292 0.311 0.824 0.907 0.840
ACF(2) 0.491 0.409 0.607 0.013 0.028 0.624 0.787 0.674

LB 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

P
ea
rs
on

’s
co
rr
el
at
io
n IP 1.000

PPI 0.325 1.000
INF 0.240 0.659 1.000

NEER 0.066 -0.168 -0.022 1.000
ENG 0.162 0.473 0.183 0.264 1.000

GSCPI -0.137 0.186 0.111 0.081 0.202 1.000
WIP 0.810 0.246 0.166 0.105 0.149 -0.154 1.000
VIX -0.301 0.031 0.214 -0.410 -0.292 0.021 -0.334 1.000

Notes: The table presents data sources, variables transformations, summary statistics for the endogenous
variables in the baseline model and the Pearson correlation coefficient for all variable pairs. For variables
description the Reader is referred to Section 2.1 in the article. Abbreviation used: ESTAT – Eurostat,
BIS – Bank for International Settlements, BLM – Bloomberg, WB – World Bank, BH – Baumeister and
Hamilton (2019). Transformation symbols: HP – cyclical component from the series extracted with the
Hodrick-Prescot filter with standard parameter value λ, Δlog – log difference of the series, Δ12 – 12-month
simple difference of the series. The specification of the Augmented Dickey-Fuller (ADF) test includes a
constant and two lags. The 1% and 5% critical values are -3.46 and -2.87, respectively. ACF stands for
autocorrelation coefficients and LB for the p-value of the Ljung-Box test with the null of no autocorrelation
for the first two lags.
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S2 Outcomes of the robustness checks

Figure S1: Posterior impulse responses for different priors in structural BVAR model.
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Notes: The figure illustrates the robustness of the results by comparing posterior impulse responses from
the baseline model and alternative model specifications. The red solid lines represent the posterior mean
of impulse responses from the baseline model with the shaded areas denoting the 68 percent posterior
credibility intervals. The ranges for the posterior mean of impulse responses from alternative specifications
are denoted by the dashed black lines. For variables description, their transformation and sources the
Reader is referred to Section 2.1 in the article. Shocks are labelled as in the footnote to Table 1 in the
article.
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Figure S2: Posterior mean structural shocks in the short and full sample.
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Notes: The figure depicts high similarity between posterior mean of structural shocks from the model
estimated on the short sample of stable and low inflation (ending in December 2019, i.e. before the
outbreak of the Covid-19 pandemic) and from the baseline model, accounting for the period of high
inflationary pressure in the sample (ending in December 2022). The red (black) solid lines represent the
posterior mean of structural shocks from the baseline (alternative) model. Shocks are labelled as in the
footnote to Table 1 in the article.
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Figure S3: Posterior impulse responses from models with various proxies for energy prices.
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Notes: The figure illustrates the sensitivity of the results by comparing posterior impulse responses from
the baseline model and from models where energy prices are proxied with Brent crude oil prices or the
world energy commodity prices index calculated by the World Bank. The red solid lines represent the
posterior mean of impulse responses from the baseline model with the shaded areas denoting the 68 percent
posterior credibility intervals. The posterior mean of impulse responses from the alternative specification
are denoted by the dashed lines – blue and yellow for the specification with Brent crude oil prices and the
world energy commodity prices index as energy prices benchmarks, respectively. For variables description,
their transformation and sources the Reader is referred to Section 2.1 in the article. Shocks are labelled
as in the footnote to Table 1 in the article.
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Figure S4: Posterior impulse responses from the model with dummy variables.
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Notes: The figure presents how posterior impulse responses change after including additional dummy
variables in the model. The red solid lines represent the posterior mean of impulse responses from the
baseline model with the shaded areas denoting the 68 percent posterior credibility intervals. The black
solid lines denote the posterior mean of impulse responses from the alternative specification accounting for
two dummy variables for January 2022 (record increase in regulated energy prices in Poland) and March
2022 (onset of the Russian invasion of Ukraine), whereas dashed black lines denote the 68% credibility
intervals. For variables description, their transformation and sources the Reader is referred to Section 2.1
in the article. Shocks are labelled as in the footnote to Table 1 in the article.
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Figure S5: Posterior impulse responses from baseline models for Poland and the Czech
Republic.
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Notes: The figure presents the comparison in shock propagation for the economies of Poland and the Czech
Republic. The red solid lines represent the posterior mean of impulse responses from the baseline model
for Poland with shaded areas denoting the 68 percent posterior credibility intervals. The black solid lines
denote the posterior mean of impulse responses from the same model estimated on the data for the Czech
Republic, whereas dashed black lines denote the 68% credibility intervals. For variables description, their
transformation and sources the Reader is referred to Section 2.1 in the article. Shocks are labelled as in
the footnote to Table 1 in the article.

49

51NBP Working Paper No. 357

Supplementary Material



nbp.pl


	Pusta strona


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /ExportSinglePagesPDF false
  /ExportSinglePagesSuffix (-)
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




