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ABSTRACT: The objective of the article is to estimate the impact of energy commodity prices, particularly
oil, coal, and natural gas, on disaggregated inflation in Poland. The empirical part was based
on multiple regression models constructed using simple OLS methods, providing short-run
analysis. The study focused on inflation in the areas of food, housing, transportation, and core
inflation. The study revealed that energy commodity prices have a significant impact on three
out of four considered inflation categories, with the nature of this interaction varying across
sectors. Coal and natural gas prices had a substantial effect on housing sector inflation (ECPI),
while oil prices exerted the most significant influence on transportation sector inflation (TCPI).
None of the variables affected inflation in the food area. This type of differentiation underscores
the importance of disaggregated inflation analysis. Macroeconomic control variables, such as the
output gap, exchange rate, and interest rates, also played a crucial role in the model. A positive
output gap increases inflationary pressure, and exchange rates, particularly the real effective
exchange rate (REER), can suppress price growth, especially in import-dependent sectors like
transportation. Interest rates also had a pronounced impact on inflation, highlighting their role
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as a monetary policy tool. The study contributes to the development of knowledge on the impact
of energy commodity prices, particularly oil, coal, and natural gas, on disaggregated inflation in
Poland.

KEeyworps: disaggregated inflation, energy sector, energy commodity prices, Poland

Introduction

Inflation is a key macroeconomic indicator that reflects the general rise in the price level
of goods and services in an economy over time. It directly affects the purchasing power of
households, the cost structure of businesses, and the overall financial stability of the economy.
The factors driving inflation can be both domestic and global, and understanding them is
essential for practical economic policy. In particular, energy prices have long been recognized as
a significant driver of inflationary pressures, as energy commodities such as oil, coal, and natural
gas play a crucial role in both production processes and consumption. Energy is an important
component of production processes, transportation systems, and household energy use, meaning
that changes in energy prices can quickly translate into cost-push inflation (Abosedra et al. 2015;
Girdzijauskas et al. 2022; Hansen 2016; Hein 2024; Husaini and Lean 2021; Odhiambo 2021;
Romaniello and Stirati 2024; Vestin 2006). In countries like Poland, which primarily rely on
the import of energy resources, fluctuations in energy prices can trigger both broad and sector-
specific inflationary effects, influencing food prices and housing costs (Bérawski et al. 2023;
Grodzicki et al. 2023).

Over the past few decades, energy markets have experienced significant volatility due to
geopolitical tensions, supply disruptions, and changing demand (Bernanke and Blanchard
2023; Shapiro 2024; Siksnelyte-Butkiene 2022, 2021; Umar et al. 2022; Wildauer et al. 2023).
For Poland, these fluctuations have had complex and far-reaching consequences for inflation
dynamics, particularly in the context of its integration with European and global markets
(Grodzicki et al. 2023). Despite this, most existing studies focus on aggregate inflation without
considering the distribution of effects across different subcategories of the Consumer Price
Index (CPI). Disaggregated inflation, which measures inflation in specific sectors such as
food, housing, and transportation, provides a more detailed view of how energy price changes
impact different parts of the economy. Understanding these sectoral inflation trends is crucial for
developing targeted fiscal and monetary policies aimed at mitigating the adverse effects of rising
energy prices (Ibrahim Anyars and Adabor 2023). Additionally, recent global crises such as the
COVID-19 pandemic and geopolitical conflicts, particularly the war in Ukraine, have introduced
new dynamics in energy markets, further emphasizing the importance of a detailed analysis of
the relationship between energy prices and inflation (Giovanni et al. 2023; Qiao et al. 2023;
Umar et al. 2022; Zakeri et al. 2022).
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The purpose of this study is to estimate the impact of energy commodity prices, particularly
oil, coal, and natural gas, on disaggregated inflation in Poland and to answer the following
research question: What role do energy commodity prices play in shaping disaggregated inflation
in Poland? The empirical analysis was based on multiple regression models constructed using
simple OLS methods. Oil, coal, and natural gas prices were chosen for the empirical analysis
because of their substantial influence on inflation across a range of economic sectors. Energy
plays a significant role in both production and consumption, making energy prices a major
contributor to inflation. Additionally, the Polish energy sector depends heavily on imports of
energy raw materials. Price changes for these raw materials have the potential to have both
sectoral and overall inflationary effects. Since the effects of energy commodity prices are most
noticeable in the transportation, housing, and food sectors, these sectors have been the focus of
the analysis.

This article is organized as follows: the next section focuses on the impact of energy
commodity prices on disaggregated inflation, with emphasis on oil, coal, and natural gas. The
third section presents the data and research methodology used to conduct the empirical analysis.
Next, the empirical analysis demonstrates the effect of energy commodity prices on disaggregated
inflation in Poland. The final section summarizes the main findings of the analysis and points out
directions for further research.

1. Literature review

The energy sector plays a crucial role in stimulating economic growth. The expansion of
the energy sector is linked to the overall economic dynamics, and the stability of the energy
supply affects inflation, especially in countries dependent on energy imports. Inflation is a key
economic indicator reflecting the rate of increase in the general price level of goods and services.
Energy commodity prices significantly influence inflation indicators. However, the relationship
between energy commodity prices and inflation remains complex and multifaceted. Increases in
energy commodity prices and energy price fluctuations can lead to changes in production costs
or consumer prices. This is particularly critical since energy commodities remain fundamental
factors across various sectors of the economy. Consequently, geopolitical events and unforeseen
situations, such as the COVID-19 pandemic and the war in Ukraine, have had a significant
impact on the energy sector (Borawski et al. 2019; Chen and Yang 2024; Karasek et al. 2023;
Kuzemko et al. 2022; Lucidi et al. 2024; Przekota and Szczepanska-Przekota 2022; Razzaqi et
al. 2022; Shitile and Usman 2020; Umar et al. 2022).

The energy crisis was directly associated with the COVID-19 pandemic, the war in Ukraine,
and tensions in the Middle East (Cheikh et al. 2023; Qiao et al. 2023; Umar et al. 2022). High
energy prices, along with the emergence and persistence of elevated inflation, have led to numerous
studies on the impact of the energy sector on inflation indicators (Cebotari and Paierele 2024).
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Neufeld (2022) linked higher energy prices to increased global inflation and slower economic
growth. Meanwhile, Markowski and Kotlinski (2023) demonstrated that the energy crisis in
2022 was directly correlated with rising energy prices and inflation, with a notable increase in the
Harmonized Index of Consumer Prices (HICP). Furthermore, Olasehinde-Williams et al. (2024)
highlighted the geopolitical factor and the sensitivity of energy prices in Europe to geopolitical
threats, which led to inflationary pressures during the energy crisis. Interestingly, Cheikh et al.
(2023) found that inflation in the Eurozone is more susceptible to geopolitical threats compared
to the United States.

Nevertheless, Munteanu and David (2023) argued that although the energy crisis contributed
to inflation, the direct impact of energy prices on inflation is minimal due to their relatively small
share in the consumer basket. This also suggests a limited influence on disaggregated inflation.
Thus, the literature presents mixed views regarding the impact of energy commodity prices on
inflation (Castro et al. 2017).

Despite the relatively low weight of energy commodities in the CP/ basket, they contribute to
approximately 30% of the monthly inflation fluctuations. This variability is particularly evident
in sectors of the economy reliant on energy inputs, such as manufacturing and transportation
(Chen and Yang 2024). It is important to note that the impact of energy prices on inflation can
vary in scope and timing depending on the economic sector. Energy commodity price shocks
lead to asymmetric transitional effects on disaggregated inflation, with varying time lags across
different CPI sub-indices (Shitile and Usman 2020). Additionally, Pallotti et al. (2024) and
Shitile and Usman (2020) indicated that energy commodity prices influence food and energy
costs. Disaggregated inflation reveals that the impact of energy prices is not uniform across all
economic sectors.

Energy commodity prices affect inflation, including disaggregated inflation, in Poland.
Fluctuations in the prices of primary energy commodities can lead to overall price level
changes. Energy commodities contribute to inflation through both direct price increases and
indirect effects on production and transportation costs (Przekota and Szczepanska-Przekota
2022). This is particularly significant for Poland, as its energy mix still heavily relies on
conventional energy sources. Consequently, even a minor increase in energy prices can lead
to substantial price hikes for final goods. Moreover, Bednar et al. (2022) show that countries
with a higher share of conventional energy sources in their energy mix tend to have higher
inflation rates.

Przekota and Szczepanska-Przekota (2022) indicates that energy commodities, especially
crude oil, have a direct relationship with inflation rates in Poland, impacting production costs
and the consumer basket. Additionally, the dominant share of conventional energy sources in
the energy mix and the dependence on imports pose further challenges for the economy, given
the price volatility of energy commodities on international markets (Elder and Serletis 2010;
Przekota and Szczepanska-Przekota 2022). Katarzynski and Przekota (2024) analyzed how
changes in energy commodity prices affect inflation levels in Poland. The research revealed that
while coal prices significantly predict inflation, especially with a two-month lag, the predicted
correlation between electricity prices and inflation indicators was statistically insignificant,
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indicating a complex relationship and market inefficiency in energy price dynamics in Poland.
Turan and Ozer (2022) noted that there is a positive relationship between oil prices and inflation
in Poland over the long term, highlighting the impact of global energy price fluctuations on
domestic prices. It is also worth adding that the output gap has a positive effect on inflation in
the long run.

Based on the literature review, it can be observed that energy price shocks are significant for
the Polish economy. However, inflationary processes in the context of energy market fluctuations
are characterized by complexity and require further research. The following section of the article
describes the materials and methods that should enable the replication of the research and the
utilization of its results.

2. Empirical setting and data

The aim of the study is to estimate the impact of energy commodity prices, particularly
oil, coal, and natural gas, on disaggregated inflation in Poland. Data used for the analysis of
this study is quarterly time series data ranging from Q1 2000 to Q3 2023 (except data for core
CPI, which is from Q1 2001) obtained from several sources (Table 1 briefly describes all the
variables and sources used for the analysis). Data on disaggregated inflation, oil, gas, and coal
prices are also presented in Figures 1 and 2. To get a deeper insight into the association between
energy commodity prices and disaggregated inflation, we used the econometric model to study
the impact of energy commodities price changes on the FCPI, ECPI, TCPI, and CCPI while
controlling for other variables that influence inflation. Although there are potentially numerous
factors that affect inflation, we use the output gap, exchange rate, and interest rate as our control
variables that are primarily used in economic literature to control for inflation (Ibrahim and Said
2012; Anwar et al. 2017; Bass 2019; Ibrahim Anyars and Adabor 2023; Palac and Tomala 2024).
It is worth noting that there is an ongoing debate about the relationship between oil, gas, and
coal prices. Many studies suggest that oil prices play a leading role in the energy market, while
gas and coal prices respond to changes in oil prices (Brown and Yttcel 2008; Oberndorfer 2009;
Mohammadi 2011). However, in this study, we also aim to examine whether the data for each
price contains the same information, meaning that oil prices capture the entire effect. To do this,
we analyze the relationship between inflation and energy commodity prices, both individually
and combined.

To examine the impact of energy commodity prices on disaggregated inflation, we follow
previous studies (Ibrahim and Said 2012; Ibrahim Anyars and Adabor 2023) and specify a general
model as:

CPIl = f(AOG,REER,IR,ECPj ) (1)
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where:
CPI; — represents disaggregated CPI (separate CPI sub-indexes),
AOG,REER,IR — represents output gap, exchange rate, and interest rate,
ECP — represents energy commodity prices, which will be added to the models
both separately (coal, gas, oil) and together.
TABLE 1. Variable description
TABLE 1. Opis zmiennych
Variable Description Source
F Pl i t th t h: in the price level of th ket
Food CPI ood CPI is computed a’s e percentage change in the price level of the average baske Statistics
(FCPI) of foodstuffs household’s purchase — including only food and non-alcoholic beverages Poland
(year-over-year quarterly inflation).
Housing and | Housing and energy utilities CP/ is computed as the percentage change in the price Statistics
energy utilities | level of the average basket of housing, water, electricity, gas and other fuels (year-over- Poland
CPI (ECPI) | year quarterly inflation).
Transport CPI is computed as the percentage change in the price level of the average
Transport CPI | basket of vehicle purchases, goods and services for the operation of personal transport | Statistics
(TCPI) equipment, passenger transport services, and transport services for goods (year-over- | Poland
year quarterly inflation).
As a core CPI indicator, we chose inflation excluding the most volatile prices. This .
. . . . . . Polish
Core CPI index is calculated by excluding the impact of prices for goods and services that are .
. . . e National
(ccpi particularly sensitive to various demand and supply shocks and/or exhibit significant Bank
and variable seasonality (year-over-year quarterly inflation).
Output gap is computed by finding the difference between the actual GDP and Projected
GDP adjusted for inflation (US dollars, quarterly). A positive output gap is where the
Output Gap . . . . .
(0G) actual GDP is greater than the projected or potential GDP. Similarly, a negative gap | OECD
is where the projected or potential GDP is greater than the actual GDP. The positive
output gap creates an inflationary shock and the negative creates a recessionary gap.
Real Effective | Exchange rate is the rate at which a domestic currency is traded against a particular
Exchange Rate | foreign currency. The inclusion of the exchange rate as an independent variable is due | OECD
(REER) to the openness of Poland to the international market.
Interest rate is the monetary policy rate set by National Bank of Poland with the main
Interest Rate | aim of stabilizing inflation, and, hence, a very essential tool in the money, capital, and | Statistics
(IR) goods market. In this study we use the reference rate — yield on money bills issued by | Poland
the National Bank of Poland during main open market operations
As a proxy for the oil price in this study, we chose the Brent oil price. Brent Crude is
Oil Price (OP) | well known as a benchmark for the oil market around the world (US dollars per Barrel, FRED
quarterly, not seasonally adjusted).
As a proxy for the coal price in this study, we chose the Australian Newcastle coal
Coal Price price (US dollars per Metric Ton, quarterly, not seasonally adjusted). Australia is one FRED
(CP) of the biggest exporters of coal in the world and the coal mined there is well known as
a benchmark for the global coal market.
Natural Gas | As a proxy, we chose the global price of the natural gas, as provided by FRED (US FRED

Price (GP)

dollars per Million Metric British Thermal Unit, quarterly, not seasonally adjusted).

Source: own elaboration; access to data 11 July 2024.
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Fig. 1. Headline CP/ and sub-indexes of CP/

Rys. 1. Gtéwny wskaznik CPI i jego subindeksy
Equation (1) is specified below in an estimable form:
InCPI! =By +BiAInOG, +PoInREER, +B3InIR, +B4InECF/ +¢, 2

where all the variables are explained earlier in Equation (1). B is intercept and ¢, is the error
term. The parameters B; (i = 1,2...,4) are the coefficient of the respective variables. /n represent
the natural log.

Equations (1) and (2) are the general form of the relationship between disaggregated CP/
variables and will be adapted in a further part. To estimate the parameters, it was necessary to
test the stationarity properties of the variables used in Equation (2). This is so because using
non-stationary time series data could generate biases in our estimates, which is associated with
drawing an invalid conclusion. Each variable was examined using the Augmented Dickey-Fuller
and KPSS tests (Fuller 1976; Kwiatkowski et al. 1992) for the presence of a unit root. The results
are presented in Table 2.
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Fig. 2. Energy commodity prices [USD]

Rys. 2. Ceny surowcow energetycznych [w USD]

We also investigated a potential long-run relationship using the Engle-Granger (1987)
cointegration test. However, we find no stationarity of residuals in conducted long-run equations
for each of the disaggregated CPI variables — at least, the ADF tests conducted were not
consistent, and thus, we could not assume the presence of a long-run relationship for any of the
models we ran. Although it is good to mention, there could be a presence of long-run relationship
using ARDL bound testing method (Pesaran and Shin 1999; Pesaran et al. 2001), which is more
reliable for a low amount of observations. Then, if there is a cointegration among variables,
we could perform a threshold cointegration approach (Enders and Granger 1998; Enders and
Siklos 2001) to investigate the asymmetric relationship between energy commodity prices and
disaggregated inflation variables, which are studied in many research papers (Mork 1989; Mork
et al. 1994; Leszkiewicz-Kedzior and Welfe 2014; Geise and Pitatowska 2015; Herrera et al.
2015). However, as we found no long-run relationship using the Engle-Granger method, we
assumed a more simplified linear relationship between variables.

Variables InIR, InOP, InCP, and InGP are non-stationary, or their stationarity is questionable.
Therefore, we classify them as I(1), as they become stationary after being transformed into first
differences. The remaining variables, based on the test results, can be considered 1(0). Even
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TaBLE 2. ADF and KPSS unit root tests

TABELA 2. Testy pierwiastka jednostkowego ADF i KPSS

Augmented Dickey-Fuller Kwiatkowski—Phillips—Schmidt—Shin
Variable
Levels 1t Diff. Levels 15t Diff.

InFCPI —4 434 —5.36%** 0.39 0.11
InECPI —3.70%%* —4.88*** 0.35 0.11
InTCPI —4.48%H* —8.25%** 0.20 0.07
InCCPI —4.07%%* —4.48%** 0.51 0.48

noG 5,73k —8.61%%* 0.09 0.03
InREER —4.12%%* .07 0.15 0.04

InIR -2.56 —7.43%%% 1.65 0.11

InOP -2.25 —6.99%** 1.19 0.08

InCP —2.57*% —5.53%** 1.77 0.05

InGP —2.82% —3.82%4% 0.79 0.05

Source: own elaboration.

**% *% and * denote significance at 1%, 5% and 10% respectively.

Critical values for KPSS test are 0.734, 0.462 and 0.349 for significance at 1%, 5% and 10% respectively. We also
applied the Zivot-Andrews unit root test to check for structural breaks in the variables. In most cases, the results align
with those from the ADF and KPSS tests, confirming that it is safely to use first differences.

though the model described by Equation (2) includes most variables in their levels, the results
of the ADF and KPSS tests indicate that using such variables could lead to spurious regression
due to existing unit roots among some of them. However, all variables are stationary after being
transformed into the first differences — the logarithmic rates of growth.

We investigated several problems with residual components after we ran the models. We
investigated the PACF functions and added necessary lagged values of growth rates of each
disaggregated CPI variable. We also added several dummy variables to ensure the residuals
follow a normal distribution. Therefore, the final models (for each disaggregated CPI variable)
used in the study are described as follows:

AInFCPI, =By +BAlnFCPI,_; +ByAInFCPI,_ +

; 3
+ B3AINOG, +B4InREER, +BsAInIR, +BcAInECP +¢, ®)
where most of the variables and parameters are similar to those used in Equation (2);
AInECPI, =B +B;AInECPI, | +B,AInECPI,_, +B3AlnOG, +B4InREER, + W

+ BsAlnIR; + [36AlnECPtj +Bydummy, , +Bgdummy, , +¢,
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where most of the variables and parameters are similar to those used in Equation (2);
dummy| — represents the Q1 2020, which is the first quarter of the presence of COVID-19
in Europe, particularly in Poland,
dummy, — represents the Q4 2022, which is the beginning of first heating season after
Russia’s aggression against Ukraine and the resulting trade restrictions.

AInTCPI, =By + Py AInTCPI, | +B>AInTCPI, 4 +B3AlnOG, +B4InREER, +

; )
+ BsAlnIR, +BeAIRECE, +Brdummys , +Bgdummyy ; +¢,
where most of the variables and parameters are similar to those used in Equation (2);
dummys — represents the Q2 2021, which is the first quarter of increased demand for

services and travel after the lifting of most restrictions after third wave of
COVID-19 in Poland;

dummy, — represents the Q2 2023, where it is difficult to pinpoint a single main factor
behind the change in TCPI during this period,;

AZI’ICCPII = BO +B1AlnCCPIt_1 + BzAli’lCCP[t_?, + B3AZI’ZOGI +

: (6)
+ B4InREER, +BsAlnIR, +BgAInECP/ +¢,

where most of the variables and parameters are similar to those used in Equation (2).

Multiple regression models were built using simple OLS to conduct the analysis. The
significance of individual parameters was verified using the Student’s t-test. The R? coefficient
was used to assess the model’s goodness of fit with the data. The properties of the residuals were
verified using several statistical tests. To check the compliance of the residuals with the normal
distribution, we used Doornik Hansen, Shapiro-Wilk, and Jarque-Bera tests. White and Breusch-
Pagan tests were used to check the homogeneity of the variance. Ljung-Box test was used to
check for the autocorrelation between the residuals. Additionally, we investigated for any ARCH
effect in the residuals.

The choice of research methods and the verified data sources used to conduct the analysis
allowed the validity and reliability criteria to be met. Thus, the research carried out can be
replicated.
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3. Results and discussion

This section presents the study’s results in chronological order. First, we present the results of
the models we ran and the results of the tests performed. Second, we discuss the consistency
of our model results with other studies on inflation, especially from the CEE region.

Table 3 contains the results of diagnostics tests of the residuals, specifically the p-values
for tests performed. Results of the White test for most of the models indicate that the variance
is homogeneous. However, for several models, the p-value is too low to meet even a 1% level
of significance. Therefore, we also use the Breusch-Pagan test, which is more relevant if the
number of observations is relatively low. Results of the Breusch-Pagan test indicate that the
residual component of all models is characterized by homogeneity of variance at each of the
conventional levels of significance. There is no ARCH effect for models where the dependent
variables are FCPI, ECPI, and CCPI. However, for models with TCPI as a dependent variable,
ARCH-LM test results reject the null hypothesis. The presence of ARCH effects can lead to

TABLE 3. Diagnostic tests results

TABELA 3. Wyniki testow diagnostycznych

Diagnostic tests estimates (p-value)

Model White B;e’;;ﬁl- AEE/[H ?:g;ﬁ S_}iiglill;o Jarque-Bera Ljung-Box
(€))] 0.36 0.36 0.99 0.49 0.49 0.60 0.61
?2) 0.58 0.49 0.99 0.49 0.68 0.53 0.43
3) 0.60 0.23 0.98 0.45 0.71 0.56 0.59
“) 0.91 0.77 0.97 0.55 0.78 0.70 0.38
(5) 0.37 0.81 0.81 0.54 0.82 0.59 0.06
6) 0.34 0.78 0.86 0.48 0.64 0.55 0.04
(@] 0.32 0.31 0.77 0.16 0.15 0.13 0.10
®) 0.13 0.37 0.79 0.12 0.31 0.10 0.04
(O] 0.00 0.02 0.00 0.03 0.16 0.02 0.30
(10) 0.00 0.10 0.00 0.14 0.37 0.29 0.54
(11) 0.01 0.08 0.00 0.38 0.55 0.42 0.36
(12) 0.01 0.01 0.00 0.04 0.23 0.03 0.43
(13) 0.01 0.21 0.47 0.93 0.35 0.76 0.92
(14) 0.01 0.09 0.45 0.88 0.63 0.96 0.75
(15) 0.00 0.41 0.48 0.92 0.49 0.75 0.86
(16) 0.04 0.14 0.49 0.86 0.34 0.87 0.82

Source: own elaboration.
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inefficient OLS estimation while still being unbiased (Engle 1982; Hamilton 1994; Greene 2012).
Doornik-Hansen, Shapiro-Wilk, and Jarque-Bera indicate compliance of the residual component
with the normal distribution — mostly — at all conventional levels of significance. Some of the
results are below 0.10, even below 0.05, although they are higher than 0.01. Therefore, assuming
the significance level of 1%, it was concluded that the residual component of each model was
consistent with a normal distribution. According to Ljung-Box test results for each model,
there is a symptom of autocorrelation of the residual components. However, assuming level of
significance at 1%, we cannot reject the null hypothesis, which states that the residual component
does not have an auto correlation of order 5.

Based on the above-described results of the model analysis, it should be concluded that at the
significance level of 1%, the residual components meet most of the desired statistical properties.
This proves the good specification of the model and its high power in explaining the dynamics
of Poland’s disaggregated inflation in the adopted time period. This should allow for a correct
inference regarding the results of the estimation of structural parameters for individual variables
and their interpretation.

Tables 4. and 5. reports results obtained from the models of all considered energy commodity
growth of prices. The results of the estimated models indicate that it was possible to explain
a high degree of variance in the observed phenomenon, which is confirmed by the relatively high
values of the R? coefficient for each model

In every model, the first lag of each disaggregated CPI variable growth rate can be related
positively to the current growth rate of the disaggregated CPI variable. Specifically, a 1%
increase in the lagged growth rate of FCPI, ECPI, and CCPI is associated with a 0.406-0.791%
(depending on which model) increase in the growth rate of the disaggregated CPI variable in
the current period. However, for models with a growth rate of 7CPI as a dependent variable,
the first lag turned out to be statistically insignificant. The third lag of the CCPI growth rate
can be related negatively — a 1% increase in the third lag of the CCPI growth rate is associated
with a 0.129-0.179% decrease in the growth rate of CCPI in the current period. Fourth, lagged
growth rates of FCPI, ECPI, and TCPI are also related negatively to current growth rates. The
relationship is significant, and a 1% increase in the fourth lagged growth rate of FCPI, ECPI, and
TCPI is associated with a 0.303-0.331%, 0.280-0.330%, and 0.184-0.216% decrease in current
growth rates of FCPI, ECPI, and TCPI respectively.

The growth rate of the output gap turned out to be statistically insignificant in half of the
models we built. However, the relationship is positive, and the results are statistically significant.
A 1% increase in the growth rate of the output gap can be related to a 0.031-0.038% increase in
the growth rate of FCPI or a 0.012—0.014% increase in the growth rate of CCPI. The positive
relationship between the output gap and inflation could be attributed to the fact that an increase in
the output gap reflects an increase in economic activities. This could lead to a significant increase
in the demand for goods and services that may outweigh the supply on the market. A higher
output gap could lead to demand-pull inflation (Machlup 1960).

The real effective exchange rate exerts a negative impact and, in half of the models,
a significant impact on disaggregated inflation. An increase of 1% in real effective exchange
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TaBLE 4. Models estimation results

TABELA 4. Wyniki estymacji modeli

FCPI ECPI
Variable
(1) (2) (3) (4) (%) (6) @) (3)
const 0.328*** 0.318*** 0.327%*** 0.314%%* 0.019 0.012 0.028 0.019
’ (0.115) (0.115) (0.116) (0.115) (0.071) (0.070) (0.069) (0.069)
0.458%*%** 0.441%%** 0.446%** 0.406%***
AlnFCPIy (0.087) (0.087) (0.089) (0.092)
—0.330%** | —0.310%%* | —0.33]1%%* | —(.303%%*
AlnFCPI 4 (0.087) (0.088) (0.087) (0.088)
0.668*** | 0.650%** | 0.643%** | (.624***
AlECPI, (0.063) (0.063) (0.062) (0.064)
—0.330%*** | —0.298%** | —0.30]*** | —0.280%**
AInECPI,
InECPI,4 (0.068) (0.069) (0.067) (0.069)
AINOG 0.038** 0.034%* 0.035%** 0.031* 0.004 0.003 0.008 0.004
(0.016) (0.015) (0.016) (0.016) (0.010) (0.010) (0.010) (0.010)
IMREER —0.071**% | —0.069*** | —0.071*** | —0.068%%** -0.004 —-0.003 -0.006 —0.004
(0.025) (0.025) (0.025) (0.025) (0.015) (0.015) (0.015) (0.015)
AIniR 0.006* 0.006* 0.008** 0.008** 0.012%** | 0.010*** | 0.009%** | 0.010***
(0.004) (0.004) (0.004) (0.004) (0.002) (0.002) (0.002) (0.002)
0.010 0.002 —-0.001 -0.007
AlnOP (0.009) (0.011) (0.006) (0.007)
0.012 0.017 0.010* 0.010
AlnCP (0.009) (0.011) (0.005) (0.007)
-0.004 -0.010 0.010%* 0.007
AlnGP (0.007) (0.008) (0.005) (0.005)
dumm 0.047*%% | 0.047*** | 0.050%** | (0.048***
V1 (0.008) (0.008) (0.008) (0.008)
dumm —0.034*** | —(,033%** | —0,027*%* | —0.028%**
V2 (0.009) (0.009) (0.010) (0.010)
R? 0.49 0.49 0.48 0.51 0.75 0.76 0.76 0.77

Source: own elaboration.

**x ** and * denote significance at 1, 5 and 10% respectively.

rates can be related to a decrease in the FCPI growth rate by 0.068-0.071% and a decrease in
the CCPI growth rate by 0.018-0.019. The real effective exchange rate is a stimulus responsible
for inflation, especially among countries that are heavily dependent on oil imports (Sek et al.
2015). Additionally, the real effective exchange rate is not only a measure of marginal costs but
is closely related to the internal demand pressure. As the real effective exchange rate rises above
the trend, the domestic price level falls below the price level of trading partners, which will cause
demand pressure and should bring the domestic price level in line with foreign prices (Celasun

et al. 2004).
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TABLE 5. Models estimation results — continued

TABELA 5. Wyniki estymacji modeli — ciag dalszy

TCPI CCPI
Variable
©) (10) (11) (12) (13) (14) (15) (16)
const 0.333 0316 0.352 0.352 0.089% 0.086%* 0.088%* | 0.084%*
' (0.247) (0.272) (0.291) (0.251) (0.039) (0.039) (0.040) (0.040)
0.066 -0.013 0.020 0.028
AlnTCPI,.y (0.074) (0.085) (0.096) (0.084)
—0.206** | —0.209%* —0.184* —0.216**
AlnTCPli 4 (0.085) (0.094) (0.100) (0.086)
0.791%%*% | 0.741%%% | (.779%%% | (.74]%**
AlnCCPI,-y (0.085) (0.085) (0.086) (0.085)
—0.175%** -0.129 | —0.179** | -0.134
AlnCCPI 5 (0.084) (0.087) (0.085) (0.089)
AInOG 0.024 -0.027 —-0.028 0.005 0.014%** | 0,012%* 0.013%* | 0.012%*
(0.035) (0.039) (0.009) (0.038) (0.005) (0.005) (0.005) (0.005)
MREER -0.073 —-0.069 -0.076 -0.077 —0.019** | —0.019%* | —0.019** | —0.018%**
(0.053) (0.059) (0.063) (0.054) (0.009) (0.008) (0.009) (0.009)
AlniR 0.019%% | 0.024%%:* 0.028%%* 0.017* 0.004%** | 0.004*** | 0.004%%* | 0.004%**
(0.008) (0.008) (0.009) (0.008) (0.001) (0.001) (0.001) (0.001)
0.110%** 0.100%%** 0.004 0.001
AlnOP (0.020) (0.023) (0.003) (0.004)
0.071%* 0.017 0.005* 0.006
AlnCP (0.022) (0.024) (0.003) (0.004)
0.019 0.009 0.000 -0.002
AlnGP
InG (0.019) (0.018) (0.002) (0.003)
dumm 0.120%%* | (,129%** 0.1347%%* 0.116%***
3 (0.031) (0.034) (0.036) (0.032)
dumm —0.132%*% | _0.100%*** | —0.132%** | —0,120%%**
V4 (0.029) (0.035) (0.035) (0.032)
R, 0.60 0.52 0.46 0.61 0.66 0.67 0.65 0.67

Source: own elaboration.

**x %% and * denote significance at 1%, 5% and 10% respectively.

The interest rate has a significant positive relationship with disaggregated inflation.
A 1% increase in AIR is associated with a 0.004—0.028% increase in disaggregated inflation.
The significant positive linkage between the interest rate and disaggregated CPI shows the
importance of the interest rate as a monetary policy instrument for controlling inflation. These
findings are consistent with other studies about the linkage between interest rates and inflation
(see e.g., Kollmann 2021).

A 1% increase in the oil price growth led to a 0.100-0.110% increase in TCPI growth rate,
but it is good to remember that these results come from models where the presence of the ARCH
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effect is spotted. The relationship is statistically significant. However, for other disaggregated
CPI variables, the relationship is statistically insignificant but mostly positive. Even if the
relationship turned out to be significant and negative, it would only be a spurious linkage. There
is no reason why Poland, as a so-called small open economy, would have an opposite relationship
between global oil prices and inflation. These outcomes are consistent with other studies, where
oil prices significantly affect inflation due to the transport sector (Alvarez et al. 2011; Misztal
2011; Ibrahim Anyars and Adabor 2023).

Global prices of coal turned out to be positive and statistically significant in half of the
models conducted. A 1% increase in the coal price growth can be related to an increase in the
FCPI growth rate by 0.012—0.017%, but this relationship is insignificant. The same impact can
be related to an increase in the ECPI growth rate by 0.10%, an increase in the TCPI growth
rate by 0.017-0.071%, and an increase in the CCPI growth rate by 0.005-0.006%. Suppose the
relationship between coal prices and food inflation was significant. In that case, it might mainly
be due to coal usage in various stages of the growing, storage, transportation, and distribution of
agricultural products. Higher coal prices may lead to higher agricultural prices (Du et al. 2022).
Coal is an important factor for domestic inflation in Poland due to (1) the structure of the energy
supply system and (2) its importance for household heating. In 2021, approximately 33% of
households in Poland were using solid fuel as a heating source, and approximately 52% were
using a heating network (Kapica et al. 2023). However, in 2021, the share of coal-type fuels in
energy production within the heating network was 69.5% (URE 2022). Electricity production
in Poland also relies mainly on coal — in 2023, coal accounted for 60.5% of production (Forum
Energii 2024). In the case of a significant relationship between coal prices and TCPI, we believe
that this is due to a large correlation between coal and oil prices. It is also notable when we look at
the results of model (12), where only oil prices turn out to be statistically significant. Therefore,
we can assume that oil prices are crucial for inflation in the transport sector. In the case of CCPI,
we believe that this relationship is due to the relatively small volatility of coal prices.

Only models with ECPI growth rate as a dependent variable turned out to be significantly
related to natural gas price growth. Particularly, a 1% increase can be related to a 0.010%
increase in the ECPI growth rate. In other models, there is no statistically significant relationship.
It is good to note that in the model (8), where all energy commodity variables are present, the
significance of natural gas prices drops really low and becomes insignificant. The reason why
this relationship is insignificant is due to a relatively low (compared to coal) usage of natural
gas in production and household heating. In fact, when the global price of natural gas increased,
the Polish government temporarily cut taxes to lower inflation pressure (Grodzicki et al. 2023).
Another explanation is the problem of an excessive number of variables, which made significant
relationships observed in models with commodity prices added separately insignificant.

Models also have several dummy variables. As we have argued, their presence results only
from the need to achieve the normal distribution of residuals.
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4. Concluding remarks

The conducted study achieved the research objective, which was to estimate the impact of
energy commodity prices, particularly oil, coal, and natural gas, on disaggregated inflation in
Poland and to answer the following research question: What role do energy commodity prices
play in shaping disaggregated inflation in Poland? The study covered the period from QI
2000 to Q3 2023 (except for data on core CPI, which starts from Q1 2001). The application of
econometric models allowed for a detailed analysis of the relationship between energy prices and
various inflation indicators, considering sectoral price changes. The study focused on inflation in
the areas of food, housing, transportation, and core inflation.

The research showed that energy commodity prices have a significant impact on three out
of four considered inflation categories, with the nature of this interaction varying depending on
the sector. Coal and natural gas prices had a significant effect on inflation in the housing sector
(ECPI), while oil prices had the most significant impact on inflation in the transportation sector
(TCPI). None of the considered variables affected the inflation of food, at least not in the short
run. This type of differentiation highlights the importance of a disaggregated analysis of inflation.

Macroeconomic control variables, such as the output gap, exchange rate, and interest rate,
also played a key role in the model. The results suggest that a positive output gap increases
inflationary pressure, and exchange rates, especially the real effective exchange rate (REER), can
suppress price increases, particularly in import-dependent sectors such as transportation. Interest
rates also had a clear impact on inflation, emphasizing their role as a monetary policy tool.

The study took into account the impact of global crises, such as the COVID-19 pandemic
and the war in Ukraine, which affected energy commodity prices. The analysis showed that these
crises had a significant impact on inflation in sectors most sensitive to energy price changes,
such as housing and transportation. In particular, the introduction of dummy variables for crisis
periods allowed for precise capture of these effects.

The findings offer a solid understanding of the dynamics between energy commodity prices
and disaggregated inflation in Poland, providing valuable insights for policymakers in their
efforts to manage inflationary pressures effectively. This is particularly important as studying the
behavior of energy commodities and the direct and indirect impacts of energy prices is crucial
from the perspective of consumers, other mineral commodities, and the economy as a whole
(Sharma and Escobari 2018).

Like any scientific article, this one is not without limitations. The presented research provides
only short-run analysis and does not take into account asymmetry in the inflation response under
the influence of energy commodity prices. The lack of information about the causality and
impulse responses of inflation, which can show the formation of inflation in response to impulses
from the energy commodity market, is also not considered here. A multi-equation approach,
perhaps a VECM model or a VECM threshold, which will give the opportunity to investigate
both the long-run relationship and asymmetry in the inflation response, could be useful. Also,
it is a good idea to extend the models presented in this paper by adding money supply variables
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or the FAO food price index. In the context presented, further research is recommended. Also,
the growing importance of renewable energy sources may alter the structure of the relationship
between energy prices and inflation, which requires further research. Moreover, some non-
financial factors, such as legal regulations and climate policy, were not included in the analysis.
The perspective for future research should include a more detailed analysis of the impact of
the energy transition on inflation, especially in the context of renewable energy sources (Coenen
et al. 2024). It is also important to examine the effects of regulatory changes, such as climate
policy, on energy costs and inflation in different sectors of the economy. Comparative studies
between Poland and other Central and Eastern European countries could provide valuable
insights into regional differences in the relationship between energy prices and inflation.

The publication was co-financed/financed from the subsidy granted to the Krakow University of Economics —
Project nr 084/EED/2024/POT.
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Piotr PALAC, Justyna ToOMALA

Wptyw globalnych cen surowcéw energetycznych na
zdezagregowany wskaznik inflacji w Polsce

Streszczenie

Celem artykutu jest oszacowanie wptywu cen surowcoéw energetycznych, w szczegolnosci ropy naf-
towej, wegla i gazu ziemnego, na zdezagregowany wskaznik inflacji w Polsce. Czg$¢ empiryczna zostata
oparta na modelach regresji wielorakiej skonstruowanych przy uzyciu prostych metod OLS, zapewnia-
jacych analize krotkookresowa. Badanie koncentrowato si¢ na inflacji w obszarach zywnosci, mieszkan,
transportu i inflacji bazowej. Badanie wykazato, ze ceny surowcoéw energetycznych majg znaczacy wptyw
na trzy z czterech rozpatrywanych kategorii inflacji, przy czym charakter tej interakcji rézni si¢ w zalezno-
$ci od sektora. Ceny wegla i gazu ziemnego miaty znaczacy wplyw na inflacje w sektorze mieszkaniowym
(ECPI), podczas gdy ceny ropy naftowej wywarly najwigkszy wptyw na inflacje w sektorze transportu
(TCPI). Zadna ze zmiennych nie wptyneta na inflacje w obszarze zywnosci. Ten rodzaj zréznicowania pod-
kresla znaczenie zdezagregowanej analizy inflacji. Makroekonomiczne zmienne kontrolne, takie jak luka
produktowa, kurs walutowy i stopy procentowe, rowniez odegraty kluczowa role¢ w modelu. Dodatnia luka
produktowa zwigksza presje inflacyjna, a kursy walutowe, w szczegolnosci realny efektywny kurs walu-
towy (REER), moga thumi¢ wzrost cen, zwlaszcza w sektorach zaleznych od importu, takich jak transport.
Stopy procentowe rowniez mialy wyrazny wplyw na inflacje, podkreslajac ich rol¢ jako narzedzia polityki
pieni¢znej. Badanie przyczynia si¢ do rozwoju wiedzy na temat wptywu cen surowcoéw energetycznych,
w szczegodlnosci ropy naftowej, wegla i gazu ziemnego, na zdezagregowany wskaznik inflacji w Polsce.

SLowa KLUCZOWE: zdezagregowany wskaznik inflacji, sektor energetyczny,
ceny surowcow energetycznych, Polska
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