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Adam Szyszka*

Editorial

https://doi.org/10.2478/ijme-2018-0023

Welcome to the third issue of the International Journal of Management and Economics in 2018. This 
issue contains five empirical papers covering various areas in economics and one conceptual paper in 
management. 

Betul Yuce Dural, in the first paper entitled “Crude Oil, Natural Gas and Economic Growth: Impact and 
Causality Analysis in Caspian Sea Region,” investigates the impact and causality of crude oil and natural gas 
on economic growth. As one may expect, the ordinary least squares (OLS) regression confirms that crude oil 
and natural gas have a significant impact on economic growth of the Caspian Sea region. More surprising 
results come from the Granger tests: gross domestic product (GDP) can help to forecast crude oil price and 
export; however, crude oil price and export cannot help to forecast GDP (unidirectional relationship). On 
the other hand, natural gas price and export can help to forecast GDP; however, GDP cannot help to forecast 
crude oil price and export (this is also a unidirectional relationship but in a different direction). Based 
on these observations, the author makes interesting remarks and builds on various scenarios regarding 
economic conditions and future development of the Caspian Sea region. 

The second paper, entitled “Comparison of Chosen Aspects of Energy Security Index for the Natural Gas 
Sector in Poland and Ukraine,” is by Kornelia Osieczko. First, the author presents the essence of economic 
security as well as the structure and applications of the energy security index. Later, she focuses on natural 
gas supplies as the major issue in the energy security of national economies of Poland and Ukraine.

The third paper remains in the domain of natural resources; however, it takes a microeconomic 
perspective. Bartosz Łamasz, in his study entitled “Selected Methods of Securing the Refining Sector against 
Crude Oil Price Fluctuations,” presents a few ways in which enterprises in the refinery sector may reduce 
the risk of crude oil price fluctuations. The author concentrates on three popular option strategies targeted 
to hedge prices of commodities within a fixed range. Employing the real data of the West Texas Intermediate 
(WTI) crude oil prices from June 2014 to March 2018, he demonstrates the usefulness of selected strategies. 
He also analyzes the sensitivity of option strategies in different market conditions (namely high versus low 
volatility) and the relationship between the option’s exercise price and the overall mean return for a given 
strategy. The results of the study might be indicative for enterprises wishing to reduce the risk of crude oil 
price fluctuations. 

The next paper is dedicated to the theme of sustainable development. Aleksandra Augustyn, in her 
paper “Energy Efficiency Improvement and Building a Low-Emission Economy Based on Example of Lesser 
Poland Voivodeship,” describes the actions on energy efficiency improvement, air quality improvement, 
and increase in the use of renewable energy sources undertaken in Southern Poland. What is particularly 
interesting is that the paper also includes a qualitative assessment of the obtained effects as well as 
suggestions of further directions of activities in this field. The discussion is nicely wrapped up in the context 
of environmental legal acts at European, national, and local levels.

Maciej Wysocki in the fifth paper analyzes fiscal sustainability (in a strong sense) in Poland between 
2004 and 2017. Contrary to some previous studies, this paper estimates individual, not panel, fiscal reaction 
functions, and in this way it claims to provide a more accurate picture of fiscal policy outcomes. The analysis 
identifies and takes under scrutiny a series of structural breaks that occurred in Poland as a falloff of the 
global financial crisis. The author concludes that despite cyclical deterioration during the crisis, the fiscal 
policy in Poland has been sustainable in the strong sense up to 2017. 

Editorial 
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The final paper of this issue is a conceptual work in the area of management. Błażej Motyka provides 
an extensive literature review regarding the relationship between employee engagement and various 
performance categories. The review is very comprehensive and multidimensional, but synthetic at the 
same time. The author indicates a wide range of employee engagement implications on the functioning of 
companies and the possibility of modeling employee behavior to stimulate particularly valued attitudes.

The final position of this issue is a book review. Krzysztof Falkowski reviews the work by Chris Miller 
entitled “Putinomics. Power and Money in Resurgent Russia.” Although the title is rather self-explanatory, 
the review gives our readers a unique opportunity to learn more about the content of the book as seen by 
our Vice Editor who is an expert in post-Soviet geopolitics and economics. 

We hope you will find many interesting facts and a lot of inspiration in the current issue of the 
International Journal of Management and Economics. Please enjoy reading!
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Abstract: The main objective of this study was to investigate the impact and causality of crude oil and 
natural gas on economic growth in the Caspian Sea region. Here, the study applies ordinary least square 
(OLS) method and Granger causality test using time series data from 1997 to 2015 to ascertain the impact 
and causality of crude oil and natural gas on economic growth. The results, according to the OLS method, 
evince that crude oil and natural gas have a significant impact on economic growth of the region. 
Alongside, considering causality test, gross domestic product (GDP) does Granger cause (unidirectional) 
crude oil price and export which denotes that GDP can help to forecast crude oil price and export; 
however, crude oil price and export cannot help to forecast GDP. Surprisingly, this direction is unlikely 
for GDP and natural gas. GDP and natural gas have unidirectional, but opposite causal relationship, i.e., 
natural gas price and export do Granger cause GDP which signify that natural gas price and export can 
help to forecast GDP; however, GDP cannot help to forecast crude oil price and export.

Keywords: Caspian Sea Region, European Union, Crude Oil, Natural Gas, Economic Growth

1  Introduction
Energy acts as lifeblood of the global modern economy, whereas oil and natural gas capture most of its 
area [Trench and Miesner, 2006, p. 10]. It is a crucial input for most of the goods and services and has an 
enormous impact on people’s regular life. For these reasons, millions of people’s living standards oscillate 
when the price of energy becomes unstable and unreasonable. As with people, countries in which economy 
totally or partially depends on energy also experience economic hardship with the lackadaisical behavior 
of energy prices. Importantly, the sluggish energy price has an enormous impact on economic growth of 
a country [Bayraktar et al., 2016, p. 14]. Various kinds of energy denominations have in our world such as 
crude oil, natural gas, coal, electricity, solar, and so on. Among them, crude oil and natural gas are the 
main driving forces, especially crude oil that has been dominating the energy market as a major commercial 
energy factor since the downturn of the coil, and also numerous studies suggest that it will be continuing 
its realm over the twenty-first century. In 2002, around 40% of the world energy mix was possessed by oil, 
whereas around 25% of the commercial energy by natural gas. However, reportedly, it will turn to 36.9% and 
29.9% for oil and natural gas, respectively, in 2025 [Rahman, 2004, p. 8]. According to International Energy 
Agency (IEA), Key World Energy Statistics (KWES) 2016, on the one hand, crude oil accounted for 33.3% of 
the world1 total primary energy supply in 2014. On the other hand, natural gas accounted for 21.2% of the 

1  World includes international aviation and international marine bunkers.
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world total primary energy supply. Now considering consumption, oil contributed 39.9% in the world final 
consumption in 2014, whereas natural gas only 15.1%. This consumption and supply depend on how much 
production oil and natural gas have all over the world.

Crude oil and natural gas play an important role in the world economy. Most of the aspects of our lives 
are directly or indirectly related to the energy, especially, crude oil and natural gas. A study on China’s 
macroeconomic performance found that oil price affects the economic growth significantly [Du et al., 2010, 
p. 9]. Economically, the abundance of crude oil and natural gas is a strength for a country because of its 
necessity in our regular life, e.g., transportation fuel, petroleum products, and so on. Therefore, it is a 
blessing for a country in that sense. According to Henry Kissinger, the former national security advisor of 
the USA, “Control oil and you control nations; control food and you control the people.” Now, due to the 
ample demand for oil and gas, the reserve of these resources is declining day by day, although discovering 
new crude oil and natural gas field is continuing. Nonetheless, this demand for crude oil and natural 
gas leads the crude oil and natural gas affluent countries huge advantages for their economy; however, 
perhaps, it may no longer be same if there are no alternatives for it. Countries such as Kuwait, Saudi Arabia, 
Azerbaijan, Russia, and Kazakhstan are mostly depended on fuel economic growth [Hazarika, 2016, p. 
1]. Most of the countries around the world satisfy their oil and gas needs from some specific regions or 
countries such as Persian Gulf, Caspian Sea, North America, South America, North Africa, and so on. 
Needless to say, the Persian Gulf and Caspian Sea region are strategically and geopolitically most important 
for the world’s crude oil and natural gas demand because of their crude oil and natural gas cornucopia and 
geographical position. Historically, after the breaking up of the Soviet Union, the Caspian Sea region has 
been experiencing a substantial change; it is becoming internationalized to an extent not seen before, and 
a major reconfiguration of power and influence is taking place. Crumbling Russia’s role and weakening 
influence in the Caucasus and in Central Asia since 1991 have opened the doors for external actors to engage 
in the region. In that continuation, the possibility for the exploitation of crude oil and natural gas in the 
region has raised the stakes of external actors [Jonson, 2001, p. 1].

Verily, the Caspian Sea region has a significant contribution in the world crude oil and natural gas 
production and export. For that reason, considering the production and export of crude oil and natural gas 
in 2015, the study divides the world into seven import parts to redefine the Caspian Sea region (considering 
Iran out of the Middle East). The world proportion of crude oil and natural gas production and export is 
given in the following paragraphs.

Graph 1.1 shows different regions’ percentage of production of crude oil. Here, Caspian Sea region 
hold the second highest position among the regions. It exploited a significant amount (20%) of crude oil 
considering the world’s crude oil production in 2015. Alongside, in the meantime, Middle East (excluding 
Iran) produced 27%, Organization for Economic Co-operation and Development (OECD) Americas 19%, 
Africa 9%, European Union 2%, China (including Hong Kong) 6%, and the rest of others produced 17%, 
respectively.

Graph 1.1. Percentage of crude oil production by region in 2015. Source: IEA (authors’ computation)  
Abbreviation: IEA, International Energy Agency
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Graph 1.2. Percentage of natural gas production by region in 2015. Source: IEA (authors’ computation)  
Abbreviation: IEA, International Energy Agency

Graph 1.2 shows the proportion of producing natural gas of different regions in the world. As the graph 
shows, the Caspian Sea had the biggest part of the pie and became the topmost region which produced the 
highest amount of natural gas (around 27%) in 2015. In the meantime, OECD Americas became the second 
largest producer of natural gas. Importantly, the Middle East which is prominent for crude oil also produced 
a significant amount of natural gas that was around 11% of the total world production.

Graph 1.3. Percentage of crude oil export by region in 2015. Source: IEA (authors’ computation)  
Abbreviation: IEA, International Energy Agency

Graph 1.3 shows the percentage of the total export of crude oil by region in the world. It denotes that Middle 
East, the largest exporter of crude oil in the world, exported more than two-thirds of the world’s total crude 
oil export, around 39%, in 2015. Significantly, the Caspian Sea region became the second largest exporter in 
that time and exported around 19% of the world’s total crude oil. Here, it is noticeable that China (including 
Hong Kong) exported only 0.1364% which is nearly 0% of the world’s total export of crude oil.

Graph 1.4 shows the proportion of natural gas export by region in the world. As the highest producer 
of natural gas, the Caspian Sea region also exported the highest amount of natural gas in 2015 which was 
almost one-third of the world’s total natural gas export. Alongside, interestingly, most of the other regions 
exported proportionately similar amounts of natural gas (considering production) in the same year. Here, 
as with crude oil export, China (including Hong Kong) exported nearly zero amount of natural gas—around 
0.3073%—in 2015.
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Graph 1.4. Percentage of natural gas export by region in 2015. Source: IEA (authors’ computation)  
Abbreviation: IEA, International Energy Agency

The Caspian Sea is a landlocked body of water between Europe and Asia surrounded by five littoral 
(coastal) countries—the southwest by Azerbaijan, south by Iran, northeast by Kazakhstan, southeast 
by Turkmenistan, and the northwest by Russia—border inland sea. The region contains large volumes 
of crude oil and natural gas reserves in both offshore deposits in the Caspian Sea and onshore fields in 
Caspian basin. As with reserve, it exploits a significant volume of crude oil and natural gas. The US Energy 
Information Administration (EIA) estimated (2012) that the Caspian basin area contains approximately 48 
billion barrels of oil and 285 trillion cubic meters of gas in proven or probable reserves. Amid this reserve, 
75% of crude oil and 67% of natural gas situated within 100 miles of coastal area. In addition, the US 
Geological Survey (USGS) estimated that the Caspian Sea region has a mean of approximately 20 billion 
barrels of undiscovered2 oil resources and 243 trillion cubic feet of undiscovered natural gas resources. 
It is also estimated that around 61% of undiscovered oil and 81% of natural gas are located in the south 
of Caspian basin. On the other hand, the production of crude oil in Caspian basin area approximately 2.6 
million per day is accounted for 3.4% of the world supply. As with crude oil, it produced approximately 2.5 
billion cubic feet per year.

Due to the abundance of crude oil and natural gas reserve, their economy mostly depends on these 
two denominations. Simply put, they export a huge amount of crude oil and natural gas to other countries. 
In the region, Russia is the biggest exporter in European Union energy market. According to European 
Commission, in 2007, the European Union imported around 185 million tons of crude oil and 100.7 million 
tons of oil equivalents of natural gas which accounted for 32.6% and 38.7% of total oil and natural gas 
import of European Union, respectively.

On the other hand, China is also a large importer which imports a significant amount of crude oil and 
natural gas from the Caspian Sea region; it is mainly because of their domestic energy demand. According 
to Caspian report, China imports natural gas from Turkmenistan through Central Asia–China Gas Pipeline 
which started in 2006 and accounts for around 40 billion cubic meter natural gas per year. Recently, in 
2013, they signed a new agreement by which China imports 25 billion cubic meter natural gas, totally 65 
billion cubic meters, and it will continue until 2020. Along with European Union and China, Turkey is 
also an important importer for the Caspian Sea region. According to Central Intelligence Agency (CIA) 
Factbook, Turkey consumes more oil and natural gas than its production; its consumption is growing day 
by day. It already imports a significant amount of gas from Russia and has a good relationship with other 
Caspian region’s countries. Importantly, some significant Caspian region’s gas pipelines enter European 
Union markets through Turkey such as Trans-Anatolian Natural Gas Pipeline (TANAP), Baku–Tbilisi–
Ceyhan Pipeline, and so on. For that reason, Turkey becomes an important player for the energy market 
in the Caspian Sea region. Finally, Japan, India, and Pakistan also import from the Caspian region; their 

2  Undiscovered resources mean the resources technically recoverable
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demand is increasing day by day. In that continuation, the proposed Trans-Afghanistan Pipeline—which 
will transport natural gas from Caspian region’s Turkmenistan through Afghanistan to Pakistan and then 
India—will adjoin Caspian region with India and Pakistan. Now considering all the countries’ significant 
demand for crude oil and natural gas, Caspian Sea is becoming a more important player in the world energy 
market.

Although the Caspian Sea region has an enormous amount of crude oil and natural gas reserve and 
its contribution in the world energy market, there is no such study that explains the impact of crude oil 
and natural gas on economic growth in the Caspian Sea region. On the other hand, most of the studies 
about Caspian countries consider individual variable of crude oil and natural gas rather than using most 
prominent variables together which insinuates an ambiguity for accurate findings of the region. This study 
deals with these two conspicuous problems and evaluates, on the one hand, the impact and causality of 
crude oil and natural gas on economic growth in the region, and on the other hand, it considers most 
important variables of crude oil and natural gas—reserve, export, production, and price rather than using 
just one variable. For these reasons, the main objective of this study was to investigate the impact and 
causality of crude oil and natural gas on economic growth in the Caspian Sea region.

2  Literature review
Energy plays a key role in our regular life where crude oil and gas are the important energy resources which 
influence a country’s as well as region’s economy. This study analyzes the impact and causality of crude 
oil and natural gas on economic growth in the Caspian Sea region. Surprisingly, no studies in academia 
have ever investigated the region (considering five countries together) before. This absence of unanalyzed 
Caspian Sea region recognizes the research as a unique study in the academic arena. However, there are 
some studies conducted on the impact of crude oil and natural gas on economic growth in the Caspian 
Sea region’s countries individually as well as other countries and region. Now, to evince a conspicuous 
academic contribution on the region’s energy and economic relationship, some of the conducted studies 
are mentioned in the following paragraphs.

Balcilar et al. [2017, pp. 12–20] studied the impact of oil price on South African gross domestic product 
(GDP) growth. The study found that, under the low growth regime, the oil price has a predictive content for 
real GDP growth. Besides, it is also found that the higher growth regime will be long lived compared to the 
low growth regime.

Bayat et al. [2017, p. 823] examined whether energy consumption is an important factor for economic 
growth in Brazil, Russia, India, China, and South Africa (BRICS) countries or not. To do so, the study applied 
panel data analysis considering the period from 1990 to 2013 and found that conservation hypothesis in 
Russia, feedback hypothesis in Brazil, and neutrality hypothesis in other countries are valid. 

Bayraktar et al. [2016, pp. 33–43] analyzed the impact of oil prices on current account deficit and 
growth in the fragile-five countries (Brazil, Indonesia, South Africa, India, and Turkey). The results showed 
a significant relationship of oil prices with both GDP and current account deficit—a positive correlation 
between oil price and GDP and negative relationship between oil price and current account deficit.

Benedictow et al. [2013, pp. 400–410] analyzed the effects of fluctuations in oil price and economic 
policy factors in Russia. The study found that although a large variation in oil price is responsible for the 
vulnerability of Russian economy, its economic growth is significant when there is an absence of oil price 
growth.

Ftiti et al. [2016, p. 11] examined the linkage between crude oil prices and economic growth for four 
Organization of the Petroleum Exporting Countries (OPEC member countries; United Arab Emirates, 
Kuwait, Saudi Arabia, and Venezuela). The results evinced that the vacillation of crude oil prices in the 
global business cycle and/or financial crisis affects the relationship between oil and economic growth in 
OPEC member countries.

Hasan [2017, p. 393] studied the nature of the dissemination of international energy price shocks to 
diverse sectors in the Australian stock market. Here, he applied the multivariate generalized autoregressive 
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conditional heteroscedasticity (MGARCH) approach and found statistically significant dynamic movement 
of volatility in price returns of crude oil, coal, and natural gas and different Global Industry Classification 
Standard (GICS) sector indices on the Australian stock exchange. 

Idrisov et al. [2015, p. 257] analyzed the impact of the world oil price on economic growth (in terms 
of output) in Russia. They found that, considering the classical model, there is no impact of global oil 
prices on the long-term economic growth in Russia while the price increases constantly, but the price can 
predetermine the short-term transitional trends from one long-term equilibrium to another.

Jiménez-Rodríguez and Sánchez [2005, pp. 1, 5, 8] analyzed oil price shock and real GDP growth in 
some OECD countries. The results indicated that oil price has a negative impact on GDP growth considering 
oil-importing countries. In terms of exporting countries, oil price also negatively impacts on GDP growth 
except for UK and Norway where this relationship varied.

Kiani and Pourfakhraei [2010, p. 7764] illustrated a system dynamic model of Iranian oil and gas sector 
for production and consumption policy. The results showed that the export of gas will reach around 500 or 
620 million cubic meters per day considering various scenarios, and export revenue may touch up to 500 
billion USD by 2025.

Parvin Hosseini and Tang [2014, p. 427] examined the effects of oil and non-oil exports on economic 
growth in Iran. They found that oil export has an inverse effect on economic growth in Iranian economy.

Reynolds and Kolodziej [2008, p. 271] studied the relationship between oil production and GDP of 
former Soviet Union (FSU) during the transition period of 1987–1996. The econometric analysis found that 
the decline of GDP in Soviet and former Soviet during the 1980s to 1990s does not Granger cause the decline 
in oil production, but there is a Granger cause when the pair is opposite, in other words, the decline in oil 
production did Granger cause the fall of GDP.

Sama and Tah [2016, p. 510] determined the impact of energy consumption on economic growth in 
Cameroon. The study used generalized method of moment technique by applying secondary time series 
data. It is found, along with other findings, that GDP, population growth rate, and petroleum prices have a 
positive relationship with petroleum consumption. Furthermore, the empirical result revealed that the rate 
of inflation and economic growth are positively related. 

Tamba [2017, pp. 275, 277–281] investigated a causal relationship between crude oil production and 
economic growth in Cameroon. Here, the author found that there is no causal relationship between the 
production of crude oil and economic growth in Cameroon.

Umar and Kilishi [2010, pp. 29, 41–44] analyzed the volatility of crude oil price and its impact on the 
Nigerian economy. They found that crude oil price has a significant impact on GDP, money supply, and 
unemployment except for consumer price index (CPI).

Zarra-Nezhad et al. [2016] inspected and elucidated the long memory property in OPEC oil prices. To 
obtain the expected findings, they used daily oil price time series for the period from March 15, 2011, to 
April 22, 2014, by applying R/S, MRS, and Geweke and Porter-Hudak (GPH) tests to estimate the fractional 
differencing parameter. Here, the results affirmed the existence of long memory property in the time series 
of OPEC oil prices. 

3  Methodology

3.1  Data Collection and Calculation

The study considers secondary data sources for analyzing the Caspian Sea region. For analyzing the data, 
it uses time series data of 19 years from 1997 to 2015. Here, the research analyzes crude oil, natural gas, and 
GDP. The crude oil and natural gas each have been defined by four variables. Crude oil considers reserve, 
export, production, and price of crude oil; natural gas likewise considers reserve, export, production, and 
price of natural gas. In this study, GDP represents the economic growth. Here, the IEA, US EIA, and Index 
Mundi are the main sources for collecting crude oil and natural gas time series data, and the World Bank 
is for the GDP.
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The Caspian Sea is surrounded by five countries: Azerbaijan, Iran, Kazakhstan, Russia, and 
Turkmenistan. The time series data for each country are available, but the data for the Caspian Sea as a 
whole are absent which have influenced researchers to arrange the concrete data for the Caspian Sea region 
by accumulating five countries’ data. For constructing time series data for economic analysis, the study 
sums the five countries’ data by using Microsoft Excel Sum Function:

[ ]( )SUM 1, 2, nnumber number number…

3.2  Test for Stationarity: Unit Root Test

For time series data, especially for regression, it is vital to test whether the time series is stationary or 
not. In other words, it can be said that whether the data have a unit root or not. The use of nonstationary 
time series data may lead to spurious regression [Stock and Watson, 1989, p. 3]. In the spurious regression, 
the value of R2 could be high when two variables trending overtime even though they are not related. The 
result from the spurious regression may influence to take a wrong decision. On the other hand, the use of 
nonstationary data in a regression model may invalidate the standard assumptions for asymptotic analysis. 
According to Granger and Newbold [1974, para. 5], the use of nonstationary variables in a regression implies 
that R2 values and t-statistics no longer follow the usual distributions and they can be enthusiastically 
inflated. There are some varieties of powerful test tools to ensure stationarity—such as augmented Dickey–
Fuller (ADF) test, Phillips–Perron test, generalized least square (GLS)-detrended Dickey–Fuller (DF) test, 
and so on. Among these tests, the study considers the ADF test because of its clarity and robustness in 
adjusting the serial correlation between the error terms.

ADF
In the case of DF test, the time series may create autocorrelation problem; for that reason, DF have 

developed a new test called ADF test. ADF test is the most prominent unit root test tool to ensure stationarity 
of time series data. Considering the nature of the test, it is similar to DF test, except lag difference. ADF test 
considers a lag difference for explained variables to regulate the autocorrelation problems. This ADF test 
has three shapes: (i) only intercept, (ii) trend and intercept, and (iii) no trend, no intercept.

( )0 1
1

p

t t j t i t
i

Y Y Yβ γ δ ε− −
=

∆ = + + ∆ +∑ .........  (i)

( )0 1 1
1

p

t t t t i t
i

Y T Y Yβ β γ δ ε− −
=

∆ = + + + ∆ +∑ ..  (ii)

( )1
1

k

t t i t i t
i

Y Y Yγ α ε− −
=

∆ = + ∆ +∑ .............  (iii)

In the abovementioned equations, b0 represent intercept and t signifies a trend. Here, Yt-1 = Yt-1-Yt-2, Yt-2 = Yt-2-
Yt-3 and so on. Alongside, in the equation, ( )

1

p

j t j
j

Yδ −
=

∆∑  demonstrates the lag differences and εt is the pure white 
noise error term. The null hypothesis assumes that there is a unit root in the time series, in other words, 
the time series is nonstationary. Subsequently, the alternative hypothesis denotes that there is no unit root 
in the time series which means that it is stationary. The ADF test examines γ to ascertain whether the time 
series is stationary or not.

0 : 0   H γ =

1 : 0  H γ ≠

If p-value is >5%, then the study is failed to reject null hypothesis which means that there is a unit root in 
the time series data which denotes the data are nonstationary.



176   S M R. Jahangir, B.Y. Dural

3.3  Regression Analysis

Regression analysis is to ascertain the linear relationship between two or more variables. In other words, it 
is a method of predictive modeling statistical technique which inspects the relationship between dependent 
and independent (explanatory) variables. The study considers ordinary least square (OLS) regression 
method to analyze the impact between dependent and independent variables.

3.4  OLS

According to Pohlman and Leitner [2003, p. 119], OLS method is a statistical technique to ascertain the 
relationship between a dependent and an accumulation of explanatory variables, with an error or 
disturbance term. The error term and linear consolidation of independent variables explain the dependent 
variable. The important feature of OLS is it minimizes the sum of squared disturbance or error for all 
variables when calculating parameter values [Campbell and Campbell, 2008, p. 6].

0 1 1 2 2 3 3  n nY X X X Xα β β β β ε= + + + +…+ +     (iv)
where Y is an observed random variable, and it is also called dependent or response variables. Subsequently, 
X is the observed nonrandom variable (also named conditioning or predictor or explanatory or independent 
variable). Alongside, α is a slope parameter, which explains the status of an observed random variable in 
the absence of explanatory variables. On the other hand, β represents intercept parameter; it explains the 
magnitude and direction of a linear relationship. Finally, ε denotes unobserved random variable or error or 
disturbance term. It captures the amount of variation which is unpredicted by slope and intercept parameters.

Here, in this study, OLS regression method considers GDP as a dependent or predictor variable and 
crude oil and natural gas—reserve, export, production, and price—as independent or explanatory variables. 
The OLS methods are as follows:

( ) ( ) ( ) ( )0 1 2 3 4GDP COR COPRO COEX COP  α β β β β ε= + + + + +
  (v)

( ) ( ) ( ) ( )0 1 2 3 4GDP NGR NGPRO NGEX NGP  α β β β β ε= + + + + +
  (vi)

where COR is the crude oil reserve, COPRO is the crude oil production, COEX is the crude oil export, COP 
is the crude oil price, NGR is the natural gas reserve, NGPRO is the natural gas production, NGEX is the 
natural gas export, and NGP is the natural gas price. Alongside, β1, β2, β3, and β4 represent the sensitivity 
of GDP growth rate to crude oil and natural gas—reserve, production, export, and price, respectively. In 
the linear regression, the null hypothesis assumes that explanatory variables for crude oil and natural 
gas do not have an impact on the dependent variable. On the other hand, alternative hypothesis assumes 
an opposite relationship—explanatory variables for crude oil and natural gas do have an impact on the 
dependent variable. The hypothesis is as follows:

H0: b1 = b2 = b3 = b4 = 0

H1: b1 = b2 = b3 = b4 1 0

If p-value is >5%, then the study is failed to reject null hypothesis, in other words, there is no impact of 
explanatory variables on the dependent variable. On the other hand, if p-value is <5%, then the study rejects 
null hypothesis which means that the explanatory variables have an impact on the dependent variable.

3.5  Granger Causality Test

The study also applies the Granger causality test to ascertain the causal relationships between the variables. 
Through this test, it tests the causal relationship between GDP and each explanatory variable for crude 
oil—reserve, export, production, and price. Subsequently, it also examines the causality between GDP and 
each explanatory variable for natural gas—reserve, export, production, and price. The general formula for 
Granger causality is as follows:
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Xt 1 1  t t i t i tX X YÝ α β− −= + +   (xiii)

2 2  t t i t i tY Y X µα β− −= + +  (xiv)

In the equation, tÝ . and  tµ  are the serially correlated random vectors which have zero mean and finite 
covariance matrix. Here, a1 and a2 are the coefficients of X and Y, respectively. Alongside, b1 and b1 are the 
coefficients of Y and X, respectively. The (X, Y) is a pair for Granger causality test. Finally, (t-i) is the lag 
period which means the number of years of lag for the X and Y variables. For Granger causality test, the 
study considers eight pairs of variables.

Pairwise causality is as follows: (GDP, crude oil reserve), (GDP, crude oil export), (GDP, crude oil 
production), (GDP, crude oil price), (GDP, natural gas reserve), (GDP, natural gas export), (GDP, natural gas 
production), and (GDP, natural gas price)

Now, considering the hypothesis, the null hypothesis is X does not Granger cause Y and vice versa. On 
the other hand, the alternative hypothesis is X Granger causes Y and vice versa. The hypothesis is as follows:

H0: b1 = b2 = 0

H1: b1 = b2 1 0

If the p-value is >5%, then the study is failed to reject the null hypothesis. It means that X does not Granger 
cause Y and vice versa. On the other hand, if the p-value is <5%, then the study rejects null hypothesis 
which denotes that X Granger causes Y and vice versa.

4  Findings and analysis
In this chapter, the study illustrates the empirical results after conducting the tests and analyzing the 
results. Here, first, it analyzes the stationarity level of the time series data through ADF test. Second, the 
study discusses about regression analysis—the impact of crude oil and natural gas on economic growth in 
the Caspian Sea region. Finally, it analyzes the pairs of variables through Granger causality test.

4.1  Unit Root Test Results for Stationarity

The study tested the time series data by using ADF to ascertain the stationarity of the data. It found the 
stationarity of all variables, which is considered in the study, at first difference and considering three lag 
length except one variable, crude oil production, which is stationary at first difference, but it considered 
six lag length.

Table 1: ADF test results

Variables t-ADF statistic Critical (1%) Critical (5%) Con.

GDP -2.065634* -2.708094 -1.962813 S. (D1)
COR -3.567248* -3.920350 -3.065585 S. (D1)
COPRO -2.965859** -2.792154 -1.977738 S. (D1)
COP -3.245009* -3.886751 -3.052169 S. (D1)
COEX -1.976553* -2.708094 -1.962813 S. (D1)
NGR -4.768303** -3.886751 -3.052169 S. (D1)
NGPRO -3.965802** -3.886751 -3.052169 S. (D1)
NGP -5.384605** -3.886751 -3.052169 S. (D1)
NGEX -4.875451** -3.886751 -3.052169 S. (D1)

Source: Eviews (authors’ computation)
Note: *Stationarity at 5% level of significance; **indicating stationarity at 1% level of significance
Abbreviations: ADF, augmented Dickey–Fuller; COEX, crude oil export; COP, crude oil price; COPRO, crude oil production; COR, 
crude oil reserve; GDP, gross domestic product; NGEX, natural gas export; NGP, natural gas price; NGPRO, natural gas produc-
tion; NGR, natural gas reserve
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The results of unit root test (ADF) of the economic variables, ADF test statistics, critical values at 
different percentage, and the level of stationarity are summarized in Table 1. The null hypothesis of this 
test is nonstationary; for that reason, the notion of this test is to reject the null hypothesis. Actually, the 
null hypothesis is rejected when the p-value is £0.05 (5% level of significance). Another way of rejecting 
the null hypothesis is the t-value. In this case, the null hypothesis is rejected when the t-value is greater 
than critical values. It is important to say that the test considers only absolute value (no negative sign). 
Therefore, considering the values of the unit root test, the findings of stationarity assure that there is no 
variable used in this analysis which has unit root in its time series data, in other words, all the variables are 
stationary—some are at 1% level and others are at 5%.

4.2  Regression Analysis

The study conducted the OLS method considering crude oil, natural gas, and GDP. Its results are summarized 
in Table 2.

Table 2: Regression analysis of GDP and crude oil variables

Dependent variable: GDP
Method: Least squares
Included observations: 18 after adjustments
Variable Coefficient Standard error t-statistic Prob. 
C 4.60E+10 4.32E+10 1.064925 0.3063
COR 3.85E+09 2.87E+09 1.338145 0.2038
COPRO -92,240,264 1.12E+08 -0.824405 0.4246
COP 1.86E+10 2.31E+09 8.062539 0.0000
COEX 423,908.5 1,376,989 0.307852 0.7631

R2 0.893604
Adjusted R2 0.860867
F-statistic 27.29624
Prob(F-statistic) 0.000003

Source: Eviews (authors’ computation)
Abbreviations: COEX, crude oil export; COP, crude oil price; COPRO, crude oil production; COR, crude oil reserve; GDP, gross 
domestic product; Prob, probability

Table 2 summarizes different measurements for interpreting regression model of GDP and crude oil 
variables. Here, the coefficient of crude oil reserve 3,850,000,000 indicates that one unit increase in 
crude oil reserve leads to an increase in GDP by 3,850,000,000 units holding other variables fixed, but this 
interpretation is statistically insignificant because of p-value which is >5%. This same interpretation is 
suitable for other independent variables considering GDP which are also statistically insignificant except 
crude oil price. The coefficient value of crude oil price is significant—one-unit increase in crude oil price 
leads to an increase in GDP by 18,600,000,000 units holding everything else fixed. Now, considering 
probability value of F-statistics, it rejects the null hypothesis which means that independent variables 
jointly impact the dependent variable, GDP, because the p-value of the corresponding F-statistic is <5%. 
Finally, to measure how strong the data are to the fitted regression line, the R2 value of 89.36% means that 
89.36% variation in GDP can be explained by the independent variables—crude oil reserve, production, 
price, and export.
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Table 3: Regression analysis of GDP and natural gas variables

Dependent variable: GDP
Method: least squares
Included observations: 18 after adjustments
Variable Coefficient Standard error t-statistic Prob. 
C 9.00E+09 5.94E+10 0.151532 0.8819
NGR -9.10E+08 9.56E+08 -0.952607 0.3582
NGPRO 255,242.5 56,828.79 4.491430 0.0006
NGP -2.72E+10 4.06E+10 -0.668511 0.5155
NGEX -131,583.6 107,041.2 -1.229280 0.2408

R2 0.721312
Adjusted R2 0.635562
F-statistic 8.411799
Prob (F-statistic) 0.001407

Source: Eviews (authors’ computation)
Abbreviations: GDP, gross domestic product; NGEX, natural gas export; NGP, natural gas price; NGPRO, natural gas production; 
NGR, natural gas reserve; Prob, probability

The column of coefficient shows the value of each independent variable (Table 3) where, among four, three 
variables have a negative sign—natural gas reserve, price, and export. Here, the coefficient value of natural 
gas reserve is -910,000,000 which indicates that one-unit increase in natural gas reserve leads to a decrease in 
GDP by 910,000,000 units holding everything else fixed. The same interpretation goes for other variables which 
have a negative sign. However, natural gas production has a different interpretation: the coefficient value of the 
variable explains that one-unit increase in natural gas production leads to an increase in GDP by 255,242 units 
holding everything else fixed. It is important to say that only natural gas production is statistically significant 
whereas the others are insignificant. Now, considering F-statistics, all independent variables jointly influence 
GDP; it is because of the p-value which is <5%. Finally, R2 value of 72.13% indicates that approximately 72% 
variation in GDP can be explained by natural gas reserve, production, price, and export.

4.3  Granger Causality Analysis

In this finding and analysis part, the study illustrates and discusses Granger causality of paired variables 
of crude oil and natural gas in the Caspian Sea region. The findings and analysis are discussed in the 
following paragraphs.

Table 4: Granger causality test of GDP and crude oil price

Pairwise Granger causality tests
Sample: 1997–2015
Lags: 2
 Null hypothesis: Obs. F-statistic Prob. 
 COP does not Granger cause GDP  16  3.66813 0.06
 GDP does not Granger cause COP   4.06009 0.04

Source: Eviews (author’ computation)
Abbreviations: COP, crude oil price; GDP, gross domestic product; Prob, probability

As summarized in Table 4, crude oil price does not Granger cause GDP, but GDP does Granger cause crude 
oil price because the p-value is <5% which proves its statistical significance. This causality test shows 
a unidirectional causal relationship between GDP and crude oil price. However, the direction turned to 
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bilateral if the study would have considered 10% level of significance.

Table 5: Granger causality test of GDP and crude oil export

Pairwise Granger causality tests
Sample: 1997–2015
Lags: 2
 Null hypothesis: Obs. F-statistic Prob. 
 COEX does not Granger cause GDP  16  0.58534 0.573
 GDP does not Granger cause COEX    4.93429 0.029

Source: Eviews (author’ computation)
Abbreviations: COEX, crude oil export; GDP, gross domestic product; Prob, probability

As summarized in Table 5, a unidirectional causal relationship has been found between GDP and crude 
oil export which is significant at 2.9% probability, because the p-value is <5%. It indicates that GDP affects 
crude oil export, but crude oil export does not affect GDP. In other words, GDP Granger causes crude oil 
export; however, crude oil export does not Granger cause GDP.

Table 6: Granger causality test of GDP and natural gas price

Pairwise Granger causality tests

Sample: 1997–2015

Lags: 3

 Null hypothesis: Obs. F-statistic Prob. 

 NGP does not Granger cause GDP  15  4.47730 0.040

 GDP does not Granger cause NGP    0.19680 0.895

Source: Eviews (author’ computation)
Abbreviations: GDP, gross domestic product; NGP, natural gas price; Prob, probability

As summarized in Table 6, a unilateral causal relationship can be seen between natural gas price and GDP 
which is statistically significant at 5% level; it means that natural gas price does affect GDP, but GDP does 
not affect the natural gas price. By simply putting, the natural gas price can help to forecast GDP, but GDP 
cannot help to forecast natural gas price.

Table 7: Granger causality test of GDP and natural gas export

Pairwise Granger causality tests
Sample: 1997–2015
Lags: 5
 Null hypothesis: Obs. F-statistic Prob. 
 NGEX does not Granger cause GDP  13  38.1912 0.025
 GDP does not Granger cause NGEX    1.80252 0.394
Source: Eviews (author’ computation)
Abbreviations: GDP, gross domestic product; NGEX, natural gas export; Prob, probability

Examining the results of Table 7, the causality relationship has been found between natural gas export and 
GDP which is statistically significant. Noticeably, this is the single most interesting finding to emerge from 
the test which is similar to crude oil price and GDP pair—crude oil price does Granger cause GDP.
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5  Discussion
The findings of the study show a robust impact of the crude oil and natural gas on economic growth in 
the Caspian Sea region. It concludes that crude oil variables jointly have a significant impact on economic 
growth, GDP, in the Caspian Sea region; it rejects the null hypothesis. Surprisingly, among crude oil variables, 
only crude oil price has a significant individual impact on economic growth, and the rest of the variables do 
not have an individual impact, but jointly they have. Therefore, any change (increase or decrease) in crude 
oil variables—reserve, production, price, and export—jointly would affect the economic condition of the 
region. Therefore, individually, only crude oil price can affect the economic growth in the region. Likewise, 
natural gas variables also jointly have a significant impact on economic growth, GDP, in the Caspian Sea 
region; it also rejects the null hypothesis. Here, among natural gas variables, only natural gas production 
has a significant individual impact on economic growth where other variables do not have. Therefore, the 
takeaway of the findings is that any adjustment in natural gas variables—reserve, production, price, and 
export—will mutually affect the economic position of the region. But, considering individual variable, only 
natural gas production has an influence on the Caspian Sea region’s GDP.

Now, the findings of the Granger causality test have been illustrated above only those which have at 
least one unidirectional Granger cause. Here, Table 4 summarizes that GDP does Granger cause crude oil 
price; it rejects the null hypothesis because the probability value is statistically significant at 5% level of 
significance. Now, if the study had considered 10% level of significance, then the opposite direction—crude 
oil price does Granger cause GDP—could have been statistically significant. Alongside, the findings also 
mention that GDP does Granger cause crude oil export which explains how GDP affects crude oil export. 
It denotes that movements in GDP do affect the movements in crude oil export, but it is incompatible with 
the opposite direction.

On the other hand, considering natural gas and GDP, natural gas price and export do have Granger 
cause GDP; it is also statistically significant at 5% level because both models reject the null hypothesis. 
It is notable that the models are significant when they consider lag difference 3 and 5 for the natural gas 
price and natural gas export, respectively. Therefore, the findings of this study suggest that an oscillation in 
natural gas price and export affect the GDP in the Caspian Sea region which means that the fluctuation of 
natural gas price affects GDP in the region; the understanding is same for natural gas export.

It is noteworthy that the Granger causality test did not find any significant causality relationship 
between crude oil and natural gas reserve and GDP and crude oil and natural gas production and GDP. For 
that reason, these relationships have not been discussed in the study.

6  Conclusion and recommendation

6.1  Introduction

As discussed earlier, the Caspian Sea region is one of the oldest regions of oil production in the world. 
Alongside, it is an important strategic participant in the world energy market. Noticeably, due to the 
abundance of crude oil and natural gas reserve, it has got international attention and become a significant 
strategic partner in international politics [Yergin, 2012, p. 44]. According to EIA, the Caspian basin has 
(proved and probable reserves) approximately 48 billion barrels of oil and 292 trillion cubic feet of natural 
gas which illustrates how strategically important the region is to the world energy market. This reserve also 
shows how much strength the region has considering the other regions, e.g. Persian Gulf. In addition, the 
strategic location—between Asia and Europe—of the region possesses a crucial place on the world map. 
Therefore, the abundance of crude oil and natural gas has brought the region as a crucial and significant 
player to the world energy market, especially to the Eastern (China, India, Pakistan) and Western countries, 
especially the European Union. For that reason, the main objective of the study was to investigate the impact 
and causality of crude oil and natural gas on economic growth in the Caspian Sea region.
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6.2  Significance of the empirical results

Despite possessing the abundance of energy resources, there is no such research that has analyzed and 
evaluated the energy impact on economic growth in the Caspian Sea region., in other words, no study 
has been conducted which evinces the Caspian Sea region’s economic growth and its energy resources, 
especially crude oil and natural gas. However, there are some studies that have been taken place in the 
academic arena which evaluated specific country or countries of a region’s energy position instead of 
the whole region (Caspian Sea region). For example, Benedictow et al. [2013, pp. 400–410] analyzed the 
effects of fluctuations in oil price and economic policy factors in Russia. Ftiti et al. [2016, p. 11] examined 
the linkage between crude oil prices and economic growth for four OPEC member countries (United Arab 
Emirates, Kuwait, Saudi Arabia, and Venezuela). Idrisov et al. [2015, p. 257] analyzed the impact of world oil 
price on economic growth (in terms of output) in Russia. Parvin Hosseini and Tang [2014, p. 427] examined 
the effects of oil and non-oil exports on economic growth in Iran. Reynolds and Kolodziej [2008, p. 271] 
studied the relationship between oil production and GDP of the FSU during the transition period of 1987–
1996. Tamba [2017, pp. 275, 277–281] investigated a causal relationship between crude oil production and 
economic growth in Cameroon.

Currently, regarding impact analysis, this research’s empirical results comply with some previous 
studies’ results, simply put, the study has a similar result—crude oil price has a significant impact on 
economic growth—as with some previous studies [Umar and Kilishi, 2010; Benedictow et al., 2013; 
Bayraktar et al., 2016; Ftiti et al., 2016]. However, there is a study [Jiménez-Rodríguez and Sánchez, 2005] 
that found an opposite empirical result—oil price negatively impacts on GDP growth in OECD countries 
except for UK and Norway. On the other hand, considering causality analysis, two previously conducted 
studies’ [Reynolds and Kolodziej, 2008; Tamba, 2017] findings bolster the research findings, in other words, 
the study has found similar findings as other two studies found before—no causal relationship between 
crude oil production and economic growth.

In a nutshell, there are two noticeable observations that had never been conspicuously evaluated in 
any research: i) analyzing impact and causal relationship among crude oil, natural gas, and economic 
growth in the Caspian Sea region and ii) considering reserve, export, production denomination along with 
the price of crude oil and natural gas for the region. Here, deliberately, the research has considered both 
observations and found some vibrant findings that evince the significance of the empirical results of the 
study in both the academic and professional arena. 

6.3  Recommendations

Currently, considering the analysis and the takeaways from the study, the researchers endeavor to illustrate 
some effective potential ways that the countries can consider for the further economic development of the 
region.

First, the countries of the region should introduce a proportionately equal playground where everyone 
can exercise their economic right properly. To do so, Russia and Iran should begin the process by resolving 
the regional energy-related disputes—especially the legal status of Caspian Sea or Lake—among them, 
then they can gently patronize Azerbaijan, Kazakhstan, and Turkmenistan to come together and endeavor 
to develop the region in a most sophisticated way. Nevertheless, for the development of the region, the 
countries should start a negotiation by keeping the differences aside and develop a common platform such 
as the OPEC.

Second, due to the huge demand of crude oil and natural gas of Eastern and Western countries, they 
should develop a common energy market strategy and policy—for instance, setting reasonable crude oil 
and natural gas price standard, sharing developed technologies for energy drilling and refining among 
them, and establishing a mutual military base in the region for avoiding any unexpected critical situation—
for the region where five countries of the region can experience a win–win situation.

Finally, since the pipelines play an important role in supplying the crude oil and natural gas, all five 
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countries should prepare relatively an effective manifesto—i) any pipeline from Caspian basin should have 
mutual participation of all five countries in the order that they can enjoy proportionately equal benefit from 
the pipeline, ii) the amount of crude oil and natural gas of offshore drilling from the Caspian Sea should 
be divided proportionately among five countries, and iii) the cost of all offshore drilling should bear by five 
countries proportionately—for this pipeline policy by considering other internal disputes.

6.4  Final remarks

In summary, the study has endeavored to discuss the energy scenario of the region and ensure the research 
objectives through some empirical and descriptive analysis. Here, it found, on the one hand, some 
findings that evince the strong economic condition of the region. On the other hand, there are some other 
findings that ascertain some loopholes in the region where the countries of the region should concentrate 
rigorously. Finally, although the findings of the study have conspicuously fulfilled the research objective 
and the recommendations have elucidated the possible steps which the region should consider, nothing 
will be changed or developed if the countries of the region do not keep their differences aside and begin the 
negotiation process among them as soon as possible. Otherwise, the Caspian Sea region might experience 
severe economic impediments in the near future as the Middle East.
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Abstract: The energy security is a subject often picked by government representatives of current times, 
who take actions influencing geopolitical relationship of Europe and globe. It is an important aspect 
because of its economical, ecological and environmental nature. Tensions between countries of Eastern 
Europe, legislative changes made by European Union and rapidly increasing demand in the energy sector 
lead players to securing their resources and its supplies, along with infrastructure. Energy Security Index 
(WBE) proposed by A. Sokołowski (2010) and Kościuszko Institute is an effective tool for measurement, 
impartial assessment and classification of analyzed economies, checking their flexibility and possibilities 
in the international energy arena. The index is built as multidimensional comparison analysis, which 
gives the prospect of creating rankings. This article presents the essence of energy security in the context 
of an economic potentiality in the gas sector, with the chosen elements counting into WBE and its 
applications. The vast aggregate is created by calculations, using worked data, to summarize assessment 
of energy security status of examined country. The authors tried to compare chosen elements of WBE of 
neighboring Polish and Ukrainian economies. As an addition, based on data availability, information is 
enriched by appropriate commentary. Graphics shows the essence and summary of gas transportation 
infrastructure in both countries and gives the idea of possibilities of cooperation between them.

Keywords: energy security, energy security index, Poland, Ukraine, natural gas

1  Introduction
Energy security is often discussed by political representatives who shape the relations in the European and 
global geopolitical arena. This aspect is essential for economic, ecological and environmental reasons. The 
Energy Security Index, proposed by A. Sokołowski and the Kosciuszko Institute [2010], is an effective tool 
facilitating objective assessment and classification of analyzed economies in terms of their capabilities and 
flexibility in the international energy sector. This index constitutes a part of the so-called multidimensional 
comparative analysis, incorporated in the multidimensional data analysis, which allows to prepare a ranking.

This study presents the essence of economic security as well as the structure and applications of the 
Energy Security Index. The constituents of the described tool form a broad aggregate using the prepared 
data to provide an overall assessment of the energy security of a given country. The main purpose of his 
paper was to comparatively analyze individual components of the index for two national economies of 
Poland and Ukraine. Depending on the up-to-dateness and availability of data, appropriate comments are 
provided to supplement the information and indicate the possibilities of cooperation between the analyzed 
economies in the described field.
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The current geopolitical situation between the economies of Poland, being a member of the European 
Union (EU), and Ukraine involved in the conflict with Russia increases the significance of this study in 
the context of the possibility of cooperation between Poland and Ukraine in terms of connection and 
development of gas networks infrastructure, among others through the investments at the Hermanowice 
facility, including the design and construction of the pipeline in Ukraine and the construction of five line 
shut-off and relief valve stations.

2  The essence of energy security in the context of the elements of 
the Energy Security Index related to earth gas
The essence of free market and the possibilities of trading energy resources encourage the energy sector 
stakeholders to intensify competition. Energy requirement, and in particular the necessity of existence of 
power resources and the continuous growing demand for them, challenge the global economy to ensure 
stable access to these resources for the society, governmental organizations and enterprises. The loss of 
such access would be followed by a number of negative consequences, with direct impact on all users of 
electric and thermal energies.

The energy security of a country or an economy is widely and ambiguously defined in the subject 
literature. Despite the vitality of the issue, no consensus has been reached in terms of precise interpretation 
of the definition and no methodology applicable in every situation is available. It is impossible to create 
a universal model for all countries, since the values of possessed resources, economic growth, climatic 
conditions, demographic factors, geopolitical position, etc. are different in each one of them [Radovanović et 
al., 2017]. It can be accepted that a common part of many definitions is relating risk with the energy security 
[Månsson et al., 2014]; however, the problem is that the scale of the threats that needs to be considered is 
too broad [Franki and Viskovic, 2015], especially in terms of their varied intensity. The authors often attempt 
to describe this aspect beginning with national security [Jankowska, 2015] or state security [Świątkowska, 
2012], and also with a straightforward definition of security itself [Ruszel, 2016], as a starting point for 
further analyses of the problem essence. Among the authors who attempted to analyze the problem of 
providing a compact definition of energy security over the last few years were Ang et al. [2015], issuing 104 
publications concerning this particular issue. In addition, Månsson, Johansson and Nilsson referred to the 
studies conducted by Chester [2010] and Winzer [2012]. The definition and the range of energy security may 
be described as dynamic and evolving with the time, along with relevant circumstances, for instance, along 
with the technological advance, the awareness of climatic changes and sustainable development increases, 
which are reflected in proper economic transformations [Ang et al., 2015]. Defining energy security as an 
interdisciplinary issue unfortunately allows to justify certain instruments of the energy policy [Glynn et 
al., 2017]. Besides, many authors limit their definitions to the most important elements, not including a 
number of aspects, such as cultural, environmental or technological factors, which makes these definitions 
incomplete [Azzuni and Breyer, 2018]. Ruszel [2016] points out that energy security is a component of 
resources security of the economy and may also be perceived as a condition of economy or process. The 
proposed definition is based on the following six various aspects:
1. geopolitical;
2. economic;
3. legal;
4. ecological;
5. technical and
6. personal.

The history of development of the energy security concept dates back to the early 20th century, when it was 
related with the necessity to provide fuel for the army [Cherp and Jewell, 2014], and clarifies the further 
interest of specialists in economic sciences [Yergin, 1991, 2006; Goldthau, 2011; Hughes and Lipscy, 2013; 
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Hancock and Vlado, 2016]. Cherp and Jewell, following Baldwin’s assumptions, formulated three basic 
questions asked when defining the energy security: against whom? what values? against what threats? 
It implies considering the perception of energy security depending on the point of reference against a 
specific subject. Jankowska [2015] claimed that “the perception of energy security depends on their role 
in relation to the aspects of resources and energy”. This problem was also mentioned by Gryz et al. [2018], 
who emphasized that it was perceived differently in the countries possessing energy resources and those 
that need to import them. Additionally, Delgado [2011] defined a basic division of energy security in a 
market approach, i.e. in the character of security of supplies (quantity and price – importer) and demand 
sustainability security (revenue – exporter) and also divided energy risk into physical risk (partial or 
complete interference with physical flow of energy) and economic risk (significant change in energy prices). 
The author also introduced a more specific division of aggregates and relevant determining risks.

Therefore, energy security can be basically defined as ensuring the constant level of prices and 
continuity of supplies of energy resources along with proper infrastructure allowing for processing and 
distribution and maintaining its quality, from the perspective of the national economy or a macroeconomic 
organization (EU, V4, OPEC, etc.)

The level of energy security must be measured using an aggregate index, including all essential elements 
determining this security. Energy Security Indexes have three functions: normalization, determining the 
significance of normalized values and aggregation of these values [Ang et al.,2015]. Ang [2006] divided 
the factors that determine such indexes into groups defined by thermodynamic factors, physical factors 
and money (economic) factors. Both various types of fuels and various methods of production of electric 
or thermal energy imply the use of sets of values constituting a uniform and objective modeling tool. 
Having determined the aggregated values for specific energy sectors, it is possible to generate appropriate 
comparative rankings of selected economies. The authors of this study focus on comparing the aggregate of 
the earth gas sector of two national economies: Poland and Ukraine. The basis for the study is the Energy 
Security Index proposed in 2010 by A. Sokołowski and the Kosciuszko Institute, selected components of 
which have been compared for both countries. The following alternative indexes, mentioned by Prakash et 
al. [2011], IEA [2007], Scheepers et al. [2007], Bollen [2008], Le Coq and Paltsey [2009] and Quemada et al. 
[2012], refer to a similar issue:
1. indexes based on the Shannon Diversity Index [Energypolicyblog, 2018];
2. geopolitical energy security measure [Blyth and Lefevre, 2004];
3. Energy Security Indexes: ESIprice + ESIvolume [IEA, 2007];
4. Supply/demand index for the long-term security of supplies [Scheepers et al., 2007];
5. Willingness to pay function, for security of supplies [Bollen, 2008];
6. Security of external energy supply [Le Coq and Paltsey, 2009] and
7. Socio-economic Energy Risk Index [Marín, 2009].

The listed economic tools include various combinations of aggregated measurable values of sector elements, 
such as energy sources, energy supplies, political stability, energy reserves, market flexibility, energy 
intensification, energy distribution, GDP, energy dependence and replaceability of energy sources. At the 
beginning of the 21st century, this issue was roughly analyzed and only the digitalization and increased 
data availability allowed to develop the measuring models and computerize their function in a broader 
scale during the following decade.

The Energy Security Index described by the authors of this study in terms of earth gas sector encompasses 
the following components [Szlagowski, 2010]:

1. National earth gas production – coverage of the yearly demand by the national gas production 
output

2.  Import infrastructure
2.1.  Import infrastructure capacity – this criterion is used to assess the possibility of using the 

infrastructure of a given country in earth gas import:
2.1.1.  Pipelines – relation of pipeline capacity and the total import volume
2.1.2.  Terminals – relation of terminal capacity and the total import volume
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2.2.  Infrastructure capacity divided into directions of supplies – infrastructure diversification potential 
assessment, described using the Herfindahl–Hirschman Index (HHI) – the HHI indicates the 
level of competition on a given market and facilitates the assessment of potential consequences 
of enterprises’ concentration. The index is being used f.e. by antimonopolism organs, research 
agencies and variety of institutions, including US Justice Department. Its name comes after the 
surnames of creators of HHI, who did it in early years after World War II (WWII). It is described 
as expressed in percent sum of market shares square powers of each firm competing in a market. 
Literature also presents it in additive form or as valued in range of ∈ (0; 1)

3.  Import structure
3.1.  Import diversification
3.1.1.  Transfer directions – yearly transfer capacity in billions of cubic meters
3.1.2.  Producing countries – import diversification degree assessment in terms of supply directions and 

countries of origin
3.2.  Contracts (yearly approach) – purchase/sale volume in billions of cubic meters
3.2.1.  Diversification of supplies – supply directions and countries of origin
3.2.2.  Term structure of import contracts portfolio
4.  Capacity of gas storage facilities
4.1.  Working capacity – assessment of total working capacity of underground gas storage (UGS) facilities
4.2.  Maximum deliverability of UGS facilities – assessment of gas deliverability of storage facilities 

during peak demand periods
5.  Earth gas market structure – assessment of competitiveness of various earth gas market segments
Import structure
3.1.  Import diversification
3.1.1.  Transfer directions – yearly transfer capacity in billions of cubic meters
3.1.2.  Producing countries – import diversification degree assessment in terms of supply directions and 

countries of origin
3.2.  Contracts (yearly approach) – purchase/sale volume in billions of cubic meters
3.2.1.  Diversification of supplies – supply directions and countries of origin
3.2.2.  Term structure of import contracts portfolio
Capacity of gas storage facilities
4.1.  Working capacity – assessment of total working capacity of underground gas storage (UGS) facilities
4.2.  Maximum deliverability of UGS facilities – assessment of gas deliverability of storage facilities 

during peak demand periods
Earth gas market structure – assessment of competitiveness of various earth gas market segments
5.1.  Competitiveness on the importers’ market
5.2.  Competitiveness on the production market
5.3.  Competitiveness on the wholesale market
5.4.  Competitiveness on the retail market (end clients)

The data concerning some of the listed measures have been compiled and systematized in order to conduct 
a comparative analysis of selected components, which facilitated further considerations.

Energy security of EU, considered as the whole society of 28 countries, is seen as satisfactory. The 
so-called “energy mix” is highly diverse, which leads to uniform, even distribution of energy carriers such 
as fuels, electricity and heat [Dreyer and Stang, 2014, s. 81]. Despite this generally positive state of affairs, 
energy crises in 2006–2009 connected to Russian delivery breaks has shown weaknesses of some of the 
EU members, mainly in Central and Eastern Europe [Tylec, 2015]. Although there was enough supply of 
natural gas through internal sources, the solidarity rule was sometimes impossible to apply. Natural gas 
conflicts between Russia and Ukraine revealed the real problems anchored within the energy system of 
EU [Andoura, 2013], which was no real diversity in sources and strong dependence on Russian source fuel 
market. Moreover, it was underlined that there are no existing connections between systems that could 
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allow to transport natural gas from west of EU to the eastern countries, and even if these connections are 
there, they operate one way only. In addition, the essential issue that needs to be considered here is late, 
inappropriate reaction of EU toward Russian aggression on Ukraine (Crimea annexation).

3  Comparative analysis of selected aspects of aggregate gas 
Energy Security Index
Considering geographical aspects, the area of Ukraine (603628 sq. km) is almost twice as large as the area 
of Poland (312679 sq. km). Ukraine is situated between the EU (Poland is the western neighbor) and the 
Russian Federation, with access to the Black Sea and the Sea of Azov. According to the statistical data, in 
2017, the population of Ukraine was 42 million [Ukrastat, 2018], while Poland was inhabited by 38 million 
people [Demografia, 2018]. The population density determined on the basis of the obtained data is 123 
persons per sq. km in Poland and 75 persons per sq. km in Ukraine.

Fig. 1. Poland and Ukraine with transfer infrastructure, underground gas storage (UGS) facilities and earth gas reservoirs. 
Source: own elaboration based on www.naftogaz-europe.com and http://www.pgnig.pl/ (accessed on 30 April 2018)

Ukraine has a great potential in natural resources and capacity of UGS facilities; however, due to geopolitical 
conditions, a difference between certain determinants of national energy security is noticeable. Figure 1 
presents a map of Poland and Ukraine with marked earth gas reservoirs, UGS facilities and the blue fuel 
transmission network.

4  National production and usage of earth gas in Poland and 
Ukraine
In 2015, Poland extracted 4.33 billion cubic meters of gas; in the following year, it was 4.18 billion cubic 
meters [Polish Ministry of Energy, 2016, 2017]. In 2017, according to the outputs estimated by the Polskie 
Górnictwo Naftowe i Gazownictwo S.A. (PGNiG), earth gas production reached 4.5 billion cubic meters. 
According to the data provided by this institution, Poland had documented gas reservoirs with the capacity 
of 98 billion cubic meters [Polish Ministry of Energy, 2017; PGNiG, 2010]. Currently PGNiG has 21 licenses to 
search and identify crude oil and earth gas reservoirs and also 25 common licenses (search, identification 
and extraction).

http://www.pgnig.pl/
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Gas production in Ukraine in 2015 reached 19.2 billion cubic meters, while in the following year, it was 
20.1 billion cubic meters. Gas extraction output in 2017 increased by 0.45 billion cubic meters (2%) compared 
to that in 2016. Table 1 presents gas production volumes in 2015 and 2016. The Ukrainian reserves of earth 
gas amount to 1094 billion cubic meters, while the capacity of reservoirs is 4292 billion cubic meters. Gas 
reserves in the Black Sea and the Sea of Azov area reach 48 billion cubic meters, while the gas reservoirs 
have the capacity of 1751 billion cubic meters. Natural reserves of the country, if used properly, should 
ensure independence from foreign suppliers, increasing the energy security of the state.

Ukraine intends to increase earth gas production to the volume of 27–29 billion cubic meters. Over 
the past two years, the Ukrainian economy managed to increase gas production, thanks to optimized 
field development, increased production drilling and significant hydrocarbon production enhancement 
operations including hydraulic fractures and coil tubing. Meanwhile, delays in extending and granting 
licenses by the State Geology and Mineral Resources Service of Ukraine, the blocking of licensing processes 
by regional councils and the overregulated land allocation procedure have all hampered higher growth 
of gas output. All marketable gas produced by “Ukrgasdobycha” in 2017 was purchased by Naftogaz at a 
price of UAH 4849 per thousand cubic meters and sold at UAH 4942 per thousand cubic meters to cover 
household demand. Prices, conditions and supply procedures are set out in the regulations of the Cabinet 
of Ministers of Ukraine [Naftogaz, 2018a].

Table 1. Gas production in Poland and Ukraine from 2015 to 2016 (billions of cubic meters)

Poland Ukraine

2015 4.33 19.2
2016 4.18 20.1

Source: own elaboration based on http://www.naftogaz.com (accessed on 21 April 2018).

Consumption of earth gas in Ukraine in 2017 reached 31.9 billion cubic meters, while in the previous year 
(2016), it was 33.2 billion cubic meters. Comparing the gas consumption volumes, it can be concluded that 
this country is capable of covering approximately 48% of the demand [Naftogaz, 2018b]. Figure 2 presents 
gas consumption in Poland and Ukraine in the period from 2011 to 2016. Ukraine could cover 60% of earth 
gas demand by the national gas production.

Fig. 2. Gas usage in Poland and Ukraine from 2011 to 2016 (billions of cubic meters). Source: own elaboration based on 
https://www.osw.waw.pl/pl/publikacje/analizy/2016-02-03/ukraina-udana-dywersyfikacja-dostaw-gazu (accessed on 24 
April 2018).
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Since 2013, a decreasing trend in gas consumption has been observed in Ukraine. The reason of a 
significant drop in 2014 may be connected with the actual loss of the most industrialized part of the Donbas 
and the collapse in the Ukrainian economy (GDP of Ukraine decreased by approximately 10% in 2015). 
Furthermore, in spring of 2014, the government in Kiev implemented the first of the three planned stages 
of gas price increase for individual clients, which aimed at marketization and reducing the debt of the 
national corporation Naftogaz, Ukraine (7% of GDP in 2014). A gas market act was also enforced. One of 
its goals was the depoliticization of Naftogaz and transforming it into a transparently managed profitable 
corporation [Iwański, 2016].

In Poland, gas production in 2016 reached 4.46 billion cubic meters, while gas consumption reached 
15.99 billion cubic meters [Polish Ministry of Energy, 2017]. The level of consumption is rather stable, with a 
slight increasing trend. Considering the volume of extraction, Poland is capable of covering 28% of its earth 
gas demand individually, while the rest is covered by imported gas.

5  Earth gas import infrastructure in Poland and Ukraine
In 2017, gas was supplied to Ukraine only from the European market. In comparison with 2016, gas import 
increased by 27% – from 11.1 billion cubic meters to 14.1 billion cubic meters. A significant result was the 
increase in the import volume and contribution of private entrepreneurs and gas recipients. In 2017, these 
clients imported 1.8 of the quantity received in 2016, which was 5.4 billion cubic meters. Such activities allow 
to increase the flexibility of market operations performed by business entities and improve their capabilities. 
Table 2 presents the information concerning the parameters of earth gas transfer infrastructure in Ukraine 
and Poland. The input gas transfer efficiency in Ukraine is 287.7 billion cubic meters, while the output value 
is 178.5 billion cubic meters [Укртрансгаз, 2018]. It should be noted that due to geographical situation, Ukraine 
is a transit country, with estimated capabilities in yearly earth gas transfer to the EU reaching approximately 
140 billion cubic meters [European Commission,, 2010]. According to the data provided by the Gaz System, the 
transfer efficiency in Poland is 17.6 billion cubic meters [Gaz System, 2018a, b].

The total volume of earth gas imported to Poland in 2015 reached 11.45 billion cubic meters, 72.5% 
(8.3 billion cubic meters) of which was gas from the East (Yamal–Europe pipeline), 26.5% was imported 
from Germany (3.02 billion cubic meters), 0.13% (14.37 billion cubic meters) from the Czech Republic and 
119.63 million cubic meters from Qatar (1.04% of the total imported volume) [Polish Ministry of Energy, 
2016]. In 2016, gas import increased to 13.88 billion cubic meters. The volume imported from the Eastern 
countries increased to 10.3 billion cubic meters, which was 74.26% of the total volume of imported earth 
gas. The intra-community acquisition from Germany dropped in relation to the previous year to the volume 
of 2.5 billion cubic meters, constituting 18.20% of the total import. Similarly, smaller volume was imported 
from the Czech Republic, only 0.04% (4.94 billion cubic meters). The liquefied natural gas (LNG) terminal 
was used for importing earth gas from Qatar (increase to 963.57 million cubic meters, constituting 6.94%) 
and Norway (78.39 million cubic meters, which was 0.56% of the total import volume) [Polish Ministry of 
Energy, 2017].

Table 2. Gas transfer infrastructure in Ukraine and Poland

Parameters Measurement unit Ukraine Poland

Total length of pipelines Thousands of km 38.55 11.06

Gas transfer efficiency:
Input
In line

Billions m3/year
287.7
178.5

17.6

Gas pumping units pcs 702 14
Underground gas storage (UGS) facilities pcs 12 9
Total working capacity of UGS facilities Billions m3 31 3

Source: http://utg.ua/utg/gts/description.html http://www.gaz-system.pl/strefa-klienta/system-przesylowy/przesyl-w-
liczbach/(accessed on 21 April 2018).
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In 2017, gas was imported to Ukraine by 67 companies (in 2016 – 34 companies). In 2017, Naftogaz imported 
8.7 billion cubic meters of gas from the European market, which was 6% more than in the previous year. The 
number of European suppliers that sold earth gas to Naftogaz in 2017 was 13 (in 2016, it was 15 companies). 
None of them supplied more than 30% of the volume of imported gas. The changes in the Ukrainian gas 
market are possible on the grounds of the “Gas Market Act” (that came into force on 1 October 2015) and due 
to other measures taken with the aim to form an open and transparent earth gas market in Ukraine.

Considering long-term gas import, Ukraine’s aim to diversify the sources of supply is noticeable. Figure 
3 presents the volumes of gas imported from the EU and the Russian Federation from 2013 to 2017. At the 
end of November 2015, Ukraine ceased direct gas purchase from Gazprom. From that time, the fuel has been 
purchased from Poland, Slovakia and Hungary on a reverse supply basis. In Poland, Hermanowice gas 
pipeline that transfers gas eastwards is very important.

Fig. 3. Gas imported by Ukraine from 2013 to 2017 (billions of cubic meters). Source: own elaboration based on http://biznesa-
lert.pl/ukraina-zmniejsza-import-gazu-zle-wiesci-dla-korytarza-norweskiego/(accessed on 24 April 2018).

The drop in the volume of gas imported from the Russian Federation may result from the Kiev’s actions aiming 
at diversification of supply sources and limiting the dependence from the single supplier. Additionally, the 
prices of gas delivered by Gazprom, previously imported in volumes reaching 50–60 billion cubic meters 
yearly, have been constantly increasing, and Russia has not agreed to renegotiate the gas contract concluded 
in 2009, which was unfavorable for Ukraine. In this connection, the volumes of gas imported from the East 
have been decreasing. The growth in the import of gas from the EU countries was facilitated by the increase 
in the yearly capacity of the reverse connection with Slovakia (from 9.5 billion cubic meters to 14.5 billion 
cubic meters). It was the effect of cooperation with Bratislava and Brussels, along with the surplus of gas 
in the European markets.

6  UGS facilities in Poland and Ukraine
The Ukrainian gas transport system (GTS) is one of the largest gas transfer systems in the world. It has 
two major functions: supply of earth gas to domestic recipients and transit of earth gas through the area 
of Ukraine to the Western and Central Europe [Мухін, 2014]. The largest UGS facilities in the western part of 
Ukraine are of key importance due to their connection with the major transit gas pipelines. They balance 
the earth gas supplies from the Russian Federation to the EU countries, having a special role during the 
winter period. The great potential of the Ukrainian UGS facilities cannot be fully used for the purposes of 
the internal market [Ruszel, 2015].
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According to the data of 24 September 2017, Ukraine received daily gas supplies from Slovakia in the 
volume of 26.05 million cubic meters, from Hungary – 16.34 million cubic meters and from Poland – 2.62 
million cubic meters [Шрамко, 2017]. After the annexation of Crimea by the Russian Federation, Ukraine has 
12 UGS facilities with the total capacity of 31 billion cubic meters. Figure 1 presents UGS facilities, location 
of resources and pipelines in Poland and Ukraine. The four largest gas storage facilities have the following 
deliverability: Bilche-Volotysko-Uherske 90 million cubic meters/day, Bohorodchanske 46 million cubic 
meters/day, Dashavske 25 million cubic meters/day and Oparskie 20 million cubic meters/day [Europen 
Commission, 2010]. What must be emphasized is the great advantage of the Ukrainian gas transfer network. 
It results from the geographical location of the reserves. Table 3 presents the basic parameters of the 
Ukrainian UGS facilities.

Table 3. Underground gas storage (UGS) facilities in Ukraine

UGS Working capacity [millions m3] Total capacity [millions m3] Buffer capacity [millions m3]

Uhersky 1900 3850 1950

Bilche-Volytsko-Uhersky 17050 33450 16400

Oparske 3100 5800 2700

Dashavsky 2150 5265 3115

Bohorodchanske 2300 3420 1120

Olishivske 315 660 345

Krasnopartisanske 1200 2700 1500

Solohivsky 1200 2000 800

Kehychivsky 700 1315 615

Proletarske 2650 4800 2150

Glebovskoe 167.15 1507.15 1340

Krasnopopyskaya 420 800 380

Verhunske 400 920 520

Source: own elaboration based on: О.Т. Чернова, Аналіз розвитку мережі підземних сховищ газу України, Розробка 
родовищ: Зб. наук. пр. 2014. Т. 8. С. 261–276.

Currently, Poland has seven underground storage facilities of high-methane earth gas, including two in 
salt caverns (Mogilno and Kosakowo) and two nitrogen-rich gas storages (Bonikowo and Daszewo). Table 4 
presents the characteristics of underground storage facilities of high-methane earth gas in Poland.

Table 4. Underground gas storage (UGS) facilities in Poland

Storage facility Working capacity 
[millions m3]

Maximum injection capacity 
[millions m3/day]

Maximum deliverability 
[millions m3/day]

Mogilno 589.85 9.6 18
Kosakowo 145.5 2.4 26.8
Husów 500 4.15 5.76
Strachocina 360 2.64 3.36
Swarzów 90 1 1
Brzeźnica 100 1.44 1.44
Wierzchowice 1200 6 9.6

Source: own elaboration based on https://ipi.gasstoragepoland.pl (accessed on 30 April 2018).

Ukraine, due to its situation and the geopolitical factors, has earth gas storage facilities with the largest 
capacity. Comparing both countries, Ukrainian UGS facilities are 11 times as large as those in Poland. 
Considering the changing political conditions and the aim to change the supplier of earth gas, Ukraine 
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should use the available infrastructure to cover the domestic needs or to store gas for other countries. This 
could be beneficial for Poland. Receiving larger volumes of LNG at the terminal in Świnoujście or after the 
launch of Nord Stream 2, part of the gas volume could be stored near the Polish eastern border at Drozdowice.

7  Conclusions
Significant economic intensification and population density along with low natural resources of earth gas 
determine essential differences between both analyzed economies. In this article, authors discussed chosen 
elements of Energy Security Index created by Kościuszko Institute and A. Sokołowski. Poland does not have 
as large energy potential as Ukraine in terms of commercial and distribution capabilities. Despite this, its 
situation is better due to the investments made in order to diversify the sources of gas supply. Still, further 
development is strongly needed. Since 2015, Poland has been using its LNG terminal located at the Baltic 
coast in Świnoujście. The planned construction of Nord Stream 2 pipeline will ensure the access to earth gas 
from Norway but increasing third-party countries (Germany) to increase their influence on the market. A 
growth in the transfer capabilities between both countries would largely contribute to the energy security of 
both economies, being the business partners of the Russian Federation. With over ten times larger capacity 
of UGS facilities and many possibilities to respond in a flexible way to geopolitical circumstances, Ukraine 
may secure its needs and earn from hiring the available storage facilities to other countries. Proper use of 
the available infrastructure and implementation of proper management of such facilities, based on the 
Polish solutions in these matters, could allow Ukraine to change the current situation related to ensuring 
reliable earth gas supplies on fair conditions. Relying on the cooperation with Poland, using the existing 
connections and extending them (Hermanowice), Ukraine may acquire access to LNG or the Norwegian 
blue fuel supplies. Taking into account documented natural gas sources on Ukraine, it comes naturally 
that the government should definitely consider investment directed to its extraction. A road to differentiate 
supply sources forces taking well-planned choices and decisions and gradually accomplish the targets. In 
view of geographic issues, it might be beneficial to consider cooperation of Poland and Ukraine but still it 
is essential to base on reliable data, which will give a wider view on actual situation and could state as a 
motivation to change.

The authors see it essential to continue working on the given subject and create multi-elementary 
ranking of EU countries based on at least three different, independently measured Energy Security Indexes 
– including one described in this study. Creation of such a tool could be useful in addressing energy security 
issues and prioritizing actions toward places where they are mostly needed.
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Abstract: The contemporary refining sector has to contend with many types of risks, among which price 
risk is considered to be the foremost. Moreover, refineries define it as a commodity risk and identify it 
with both opportunities and threats carried by changes in prices of crude oil and products of refining. 
In this paper, we present selected methods that may protect enterprises in the refinery sector from the 
consequences of rapid fluctuations in oil prices. The focus is mostly on the opportunities offered by 
commodity options. Skillful combination of the above-mentioned derivatives in optional strategies 
enables hedging of the purchase prices of raw materials within fixed price ranges. In order to examine 
the effectiveness of using these strategies, the parameters of the commodity options from the New York 
Mercantile Exchange are utilized. The analysis of the West Texas Intermediate (WTI) crude oil prices 
covers the period from June 2014 to March 2018. Three different strategies from the vertical spread group 
have been taken into consideration, namely, short butterfly spread, long strip, and long strap. European 
call and put options with different strike prices have been used in the construction of these strategies. 
The comparison of the results achieved in the research indicates that there is an answer to the question 
of strategies that ought to be used at various levels of oil price changes. Moreover, the empirical results 
reveal that during rapid fluctuations in crude oil price (>10% month on month [MOM]), the median of 
most variants (80%) for the three considered strategies was positive. Furthermore, 70% of variants gave 
positive results, with price changes between 5% and 10%, whereas for price fluctuations of <5%, the 
strategies turned out to be an ineffective protection. The best results with rapid fluctuations in oil prices 
were obtained in the long strip strategy. Additionally, increasing the exercise price of options used in this 
strategy improved the mean for the final results. The higher exercise prices of the options also resulted in 
greater sensitivity of the effectiveness of the long strip strategy on the level of changes in oil prices. For the 
strategy variant with the At The Money (ATM)+10% options, the Pearson’s correlation coefficient between 
the final result and the WTI oil prices in the analyzed period amounted to –0.91. For variants with the 
ATM+5% and ATM options, the value of this coefficient was –0.85 and –0.71, respectively. It is also worth 
noting that the consequence of increasing strike price in the long strip strategy was higher standard 
deviations for the final results. The empirical results might be useful information for oil refineries. It can 
help refineries to create a more successful price risk management policy, which may thus protect the 
companies from the negative consequences of unfavorable crude oil price movements.
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1  Introduction
A typical oil refinery purchases crude oil and sells refined products, such as liquid fuels and many others, 
which have a use in almost every branch of industry. In most countries (especially in Europe), their own 
crude oil resources are not sufficient to meet demand; hence, guaranteeing  the liquidity of crude oil supplies 
is of crucial importance. It also seems that the most precarious moments on the market for a refinery are 
when rapid fluctuations in crude oil prices take place. This results in inability to predict the purchase costs. 
Furthermore, a refinery’s financial condition is very sensitive to the level of refining margin – the spread 
between the prices of refined products and the price of crude oil. It is worth noting that since late 2005, a 
large decline in the refining margin has appeared to be quite common [Sukcharoen and Leatham, 2017, p. 
493] and, in consequence, a large number of refineries have collapsed (especially in Europe).

The above-mentioned results of crude oil price volatility are defined by oil refineries as price risk. This 
is one of the main types of market risk (including the risk of variation in the interest rates and exchange 
rate risk) that these enterprises have to deal with on a daily basis. However, the empirical literature on 
oil price fluctuation results has started with studies examining the relationship between oil prices and 
the macroeconomy [Atil et al., 2014, p. 567]. Hamilton [1983] proves that there were statistically significant 
relationships between oil price fluctuations and real gross national product (GNP) growth for the U.S. 
economy in two periods: 1948–1972 and 1973–1980. He also shows that rising oil prices were responsible for 
seven of the eight U.S. recessions, in that time. Further empirical studies find a negative impact of oil prices 
on the growth of the economy not only for the USA [Hamilton, 1996, 2003] but also for European [Cunado 
and Perez de Gracia, 2003] and Asian countries [Cunado and Perez de Gracia, 2005; Kilian, 2009; Roache, 
2012; Cross and Nguyen, 2017]. There is also evidence to support the existence of asymmetric and nonlinear 
links between oil price and economic growth, even though they have become weaker in the past few years 
[Hamilton, 2003, 2008; Kilian, 2008a, 2008b, 2008c, 2009; Lardic and Mignon, 2008].

In recent years, the impact of crude oil price fluctuations on other commodities and prices of refined 
products has been one of the most absorbing subjects of scientific research. One of the most interesting 
relationships that connect crude oil with prices of refined products was discovered by Bacon [1991] and 
named “rockets and feathers” effects. Bacon’s empirical analysis showed that crude oil prices (production 
costs) tend to respond more rapidly to increases in gasoline prices than to decreases. In turn, Ji and Fan [2012] 
focused their studies on the causes and consequences of crude oil price volatility, including the influence 
of crude oil fluctuations on the values of nonenergy commodities before and after the financial crisis of 
2007–2009. Most of the studies on the relationship between oil and natural gas focus on the investigation of 
the linear relations between these two prices [Asche et al., 2006; Villar and Joutz, 2006; Brown and Yucel, 
2008; Hartley et al., 2008]. However, a slightly different approach in this matter was offered by Atil et al. 
[2014], who developed nonlinear autoregressive distributed lags (NARDLs) to study the impact of crude oil 
prices on the prices of gasoline and natural gas.

Apart from the influence of crude oil price on the macroeconomy and other commodity prices, 
expertise about underlying factors that may cause crude oil price volatility is crucial for oil refineries. It 
allows the companies to predict (more or less effectively) what may happen with the prices in the nearest 
future. Chai et al. [2011], in their proposed model, divided crude oil fluctuation factors into endogenous 
(demand, supply, and inventory level) and exogenous (net import value in China, US dollar [USD] index). 
The results of research revealed that after a period of rapid changes in oil prices (an intense increase was 
mostly between 2004 and 2008), the impact of some of these factors has also changed. The conclusion 
that suggests itself is that crude oil prices are currently characterized by greater sensitivity to the supply 
level. Moreover, the dwell time of this factor has become much shorter in comparison to the situation 
before the sharp fall in prices on the market in mid-2008. It is also worth noting that the above-mentioned 
uncertainty of crude oil price on the market volatility increased even more after a significant reduction in 
crude oil prices in the second half of 2014. As Czyżowski [2015] claims, the market lost its reference point 
in the moment when the strategy of the Organization of the Petroleum Exporting Countries (OPEC) was 
to look to the marginal costs of production to support oil prices, progressing from the physical market to 
the paper market.



 Selected methods of securing the refining sector against crude oil price fluctuations   199

It is also worth noting that due to unfavorable crude oil price movements, the risk of losses has intensified 
attempts to look for some new methods to avoid that risk. Use of commodity options is one of them. In the 
literature, we can mainly find analyses of the financial options that might be used for arbitrage, trading, 
and hedging. Císař and Dufala [2010] emphasized that the above-mentioned tools can be valuable for both 
individual and institutional investors. Amaitiek and Šoltés [2010] and Rešovský et al. [2010] conducted a 
deep search in the field of hedging usage of vanilla stock options. Yet, there is still a strong need to carry out 
further research in this field, as there are a few papers in literature regarding the use of commodity options 
in the risk management process. Accordingly, the goal of this paper is to show in theory and in practice, how 
three different option strategies, namely, short butterfly spread, long strip, and long strap, can be created, 
as well as how they can be used in the situation of extremely crude oil price fluctuations to hedge the cost 
production in refineries.

The remainder of this paper is organized as follows. In the first section, “Crude Oil Options”, we present 
a short description of the commodity options and their role in the process of controlling the price risk 
in refineries. The next section, “Characteristics of Options Strategies”, focuses on the construct of three 
vertical spread strategies, namely, short butterfly spread, long strip, and long strap. In this paper, we also 
attempt to examine the effectiveness of individual policy options. Following that, the historical scenario 
method is used. The WTI crude oil prices are selected as the research object, and the sample period ranges 
from June 23, 2014, to March 15, 2018. This can be found in the section “Data and Research Methodology”. 
The final results are presented in the section entitled “Results and Conclusions”.

2  Crude Oil Options
Commodity options are used by some countries to protect themselves before the negative consequences 
of crude oil price fluctuation hit them. These are mostly countries whose amount of the annual budget 
significantly depends on the crude oil price. One of these countries is Mexico – an important global oil 
exporter. Each year, the Mexican Finance Ministry plans to secure around one-fourth of total oil production 
using the purchase of commodity options. This standard practice has been used since the 1990s, and it 
was often successful for Mexico [Potocki, 2014, p. 224]. For instance, in 2014, the Mexican government paid 
$773 million (total option premium) for the right to sell crude oil at $76.4 per barrel. Considering that the 
average price of one barrel of Mexican crude oil Maya was <$50 in 2015, it is possible to assume that the 
option payment amounted to several billion US dollars (USDs) directed into the State budget. The Mexico 
government’s policy, the major aim of which was to acquire sell options, continued in the following years. 
In 2015, the strike prices were set at $49 per barrel, paying an option premium of $1.09 billion [Martin, 2015]. 
In the next year, sales options were purchased with a performance price of $38 per barrel, incurring costs 
of $1.03 billion [Zhdannikov, 2017].

Commodity options are tools allowing the neutralization of the consequences of crude oil price 
fluctuation, which may affect a large number of countries and refining sector companies. It seems that 
the safest variant for both of them is to create collateral based on the options that are traded on the largest 
commodity exchanges in the world. Members of the exchange may count on such benefits as lower transaction 
costs or the integration of various oil markets that differ in their qualities and are located hundreds of 
miles away [Potocki, 2014, p. 224]. The most important institutions that focus on the trade of crude oil and 
refinery products are the New York Mercantile Exchange (NYMEX) and the InterContinental Exchange (ICE). 
Crude oil is also traded in other slightly smaller exchanges, which are situated in Rotterdam, Singapore, 
Oklahoma, or Boston. In the following paragraphs, a short description of the commodity exchange options 
listed on the NYMEX and ICE is presented.

The characteristics of the options are that they are contracts underlying which are the futures on crude 
oil prices (e.g., Light Sweet Crude Oil Futures) traded on the exchange. For these options, trading expires 
3 business days before the termination of trading in the underlying futures contract. For example, for the 
WTI futures contracts, the time execution is set on the 25th of each month preceding the delivery month 
[CME Group, 2018]. In turn, the ICE Brent Crude Option Contract is based on the underlying ICE Brent Crude 
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Futures Contract, and the last trading day for this option is the day before the start of the month preceding 
the delivery month [ICE, 2018].

The options of crude oil prices are the most popular ones with regard to the above-mentioned exchanges. 
In the case of NYMEX, the highest turnover can be observed for the contracts related to the WTI oil crude 
price. As for ICE, Brent became the first and most popular crude oil futures contract. Additionally, options 
are also available for refining products such as diesel and gasoline. Commodity exchanges also provide 
their clients with options for the price difference of particular oil types (e.g., Brent – WTI) or the difference 
between the price of oil and finished products (e.g., Heating Oil – WTI).

The above presented options can be used to create more advanced methods that may protect oil 
refineries from the negative consequences of fluctuations in prices of crude oil and refinery products. It is 
worth noting that the combinations of several positions in options are defined as option strategies. Because 
there are a large number of option strategies, it is not possible to distinguish and present all of them; hence, 
only three vertical spread strategies, namely, short butterfly spread, long strip, and long strap, were chosen 
to be discussed in the paper. Their structures are based on taking positions of options that differ in their 
strike price or the type of option (call or put). The appropriate submission of options means that a given 
strategy can generate profits in various market conditions.

3  The Characteristics of Option Strategies

3.1  Short butterfly spread

First, we analyze the short butterfly spread. It can be constructed by taking four positions in three options 
of the same type, yet, with different strike prices. The butterfly spread uses either call or put options. 
Assuming that the strike prices of K meet a condition: K1<K0<K2, it is possible to distinguish the following 
types of short butterfly spread:

 – Short call butterfly spread: taking one short position in the call option with the strike price K1, two long 
positions in the call option with a strike price K0, and one short position in the call option with a strike 
price K2.

 – Short put butterfly spread: taking one short position in the put option with the strike price K1, two long 
positions in the call option with the strike price K0, and one short position in the put option with the 
strike price K2.

Assuming that c(K) is a premium for the European call option with the strike price K, whereas fT is the 
underlying price (e.g., crude oil futures price) at expiration date, the final results achieved in the short call 
butterfly spread strategy (WBSC) can be calculated using the following formula:

{ } ( ) { } ( ) { } ( )1 1 0 0 2 2max ;0 2 max ;0 max ;0BSC T T TW f K c K f K c K f K c K = − − + + − + − − +  . (1)

On the other hand, according to the assumption that notes that p(K) is a premium for the European put 
option with strike price K, the final result achieved in the short butterfly spread strategy (WBSP) should be 
calculated using the following formula:

{ } ( ) { } ( ) { } ( )1 1 0 0 2 2max ;0 2 max ;0 max ;0BSP T T TW K f p K K f p K K f p K = − − + + − + − − +  . (2)

The results of the short butterfly spread strategy may take various forms, taking into account the range in 
which the fT price of the underlying instrument is implemented on exercise date (Table 1).
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Table 1. The results achieved in short butterfly spread, depending on the price level of the underlying instrument on the expiry 
date of the option

Interval Short call butterfly spread Short put butterfly spread

1[0; )K 1 0 2( ) 2 ( ) ( )c K c K c K− + − 2 0 1 1 0 22 ( ) 2 ( ) ( )K K K p K p K p K− + − + −

1 0[ ; )K K 1 1 0 2( ) 2 ( ) ( )TK f c K c K c K− − + − 2 0 1 0 22 ( ) 2 ( ) ( )TK f K p K p K p K+ − − + −

0 2[ ; )K K 0 1 1 0 22 ( ) 2 ( ) ( )TK f K c K c K c K− − − + − 2 1 0 2( ) 2 ( ) ( )TK f p K p K p K− − + −

2[ ; )K ∞ 2 0 1 1 0 22 ( ) 2 ( ) ( )K K K c K c K c K− + − − + − 1 0 2( ) 2 ( ) ( )p K p K p K− + −

Source: own elaboration.

Moreover, the application of put–call parity (applies only to European Options) allows to show that, for 
the final result, it does not matter whether the call or put options are used in the construction of the short 
butterfly spread strategy [Hull, 2012, p. 351;  Łamasz, 2017, pp. 146–147]. This means that the following 
relationship:

BSC BSPW W=
.  (3)

Therefore, in the next sections of the paper, it was decided not to indicate the type of option (call or put) 
that was used for the short butterfly spread. In both cases, the final results from the strategy were the same.

Since the short butterfly spread uses options with different strike prices, it is possible to modify the 
result profile achieved in these strategies by choosing different strike prices in the option. Figure 1 shows 
the potential results that could be achieved in the options listed for the WTI barrel on May 23, 2016, and 
expiring on June 16, 2016. The day when the hedge was formulated, the price of oil was $48 per barrel and 
it was the strike price of the At The Money (ATM) option.1 The strike prices of the other options were 5% 
(ATM-5%, ATM+5%) and 10% (ATM-10%, ATM+10%) lower (–) or higher (+) than the strike price of the ATM 
option.

Figure 1. Short butterfly spread strategy example. Source: own elaboration.

1 The ATM option is an option in which the strike price is equal to the price of the underlying instrument on the day the contract 
is concluded.
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Short butterfly spread gives a chance for a profit when the future price of the underlying instrument 
significantly differs from the strike price of the purchased options (Figure 1). Additionally, the greatest 
benefits can be achieved by using the solution in the construction of the strategy, according to which the 
difference in the strike prices of the “extreme” options is as large as possible. Hence, a short butterfly spread 
with ATM-10%, ATM, and ATM+10% options should bring better results in crude oil price fluctuations than 
ATM-5%, ATM, and ATM+5% ones. However, it should be noted that greater potential benefits are also 
associated with higher costs that might be incurred when the strategy fails. Such a situation occurs when 
there is a small change in the underlying price before the expiration of the strategy. It is also important 
to note that one can take short positions in options for which strike price is not symmetric to the strike 
price of the purchased options. For instance, in a strategy consisting of a short position in the options 
ATM-10% and ATM+5% and two long positions in the ATM option, it is possible to make a profit when 
significant deviations from the initial price of crude oil occur. Nonetheless, the best result will be achieved 
with pronounced declines, not price increases.

3.2  Long strip and long strap

We shall now focus on the strip and strap strategies. The main analysis is based on long positions in options 
(long strategies), as they are the only ones that enable to reduce the maximum losses regarding the hedger’s 
choice of maximum level. Concurrently, it may give a chance for a profit in the situation of significant 
deviations of the underlying instrument prices from their initial ones. The construction of both strategies is 
quite similar and proceeds as follows:

 – Long strip – purchase of one call option and two put options with the same strike prices;
 – Long strap – purchase of two call options and one put option with the same strike prices.

On the basis of the above, there are three long options that are used in this type of protection against crude 
oil price fluctuation. The final results achieved in the long strip (WLong Strip) and long strap (WLong Strap) can be 
calculated using the following formulas:

WLong Strip = { } { }( )max ;0 ( ) 2 max ;0 ( )T Tf K c K K f p K− − + ⋅ − − ,  (4)

WLong Strap = { }( ) { }2 max ;0 ( ) max ;0 ( )T Tf K c K K f p K⋅ − − + − − .  (5)

Taking long positions for call and put options with the same strike prices may protect the market against 
declines and increases of the underlying instruments. Long strip is a strategy primarily focused on declines. 
This means that potentially greater benefits can be achieved when the value of the commodity on the day 
the strategy is exercised is below the strike price of the option. On the other hand, two long positions in the 
call option result in the long strap becoming a growth-oriented strategy. Hence, hedgers may choose this 
type of protection, as they may expect much higher underlying prices in the future. Exemplary long strip 
and long strap strategy profiles are illustrated using Figures 2 and 3.

By selecting ATM options in the long strip strategy, the hedger ought to be aware of significant changes 
from the value of the underlying instruments that might appear in the future (Figure 2). The price decrease 
will be much more favorable due to the purchase of two put options. On the other hand, by selecting ATM 
options in the long strap strategy, the hedger should expect an increase that may allow to make much 
greater profit than the price decrease of the underlying instrument (Figure 3).

Similarly to the short butterfly spread strategy, the final results achieved with the use of long strip and 
long strap can be changed by replacing the ATM option with an option with a higher or lower strike price. 
The more the option price is shifted to the left, the better result will be achieved regarding the future price 
increase of the underlying instrument. By shifting the strike price to the right, one can guarantee a profit 
in a situation when the value of the underlying instrument decreases. Nonetheless, it should be noted 
that such modifications may entail an increase in the initial costs (which equals the sum of the option’s 
premium). Additionally, if the market conditions (future prices of underlying instrument) do not change 
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according to the hedger’s forecasts, the final result might become a significant financial burden for him/
her. Hence, such “shifts” ought to be used carefully.

Figure 2. Example of long strip strategy. Source: own elaboration.

Figure 3. Example of long strap strategy. Source: own elaboration.

4  Research Data and Methodology
The short butterfly spread, long strip, and long strap strategies were examined for their effectiveness at 
various levels of crude oil price changes. The analysis concerned the WTI crude oil future prices, and the 
sampling period ranged from June 23, 2014, to March 15, 2018.

On this basis, we attempted to establish the results achieved in the above-mentioned strategies. 
Additionally, the results referred to specific crude oil delivery months, ranging from August 2014 to April 
2018 (45 consecutive months). For instance, in order to construct the strategy for crude oil delivery in 
August 2014, we used the long or short position in European (call or put) options written on June 23, 2014,2 
expiring on July 17, 2014. It was the period for which the results of the buying and selling (call and put) 
options with different strike prices were established. Subsequently, the results of strategies were obtained 
from the process of taking positions in the above-mentioned options. Such a procedure was applied for each 

2 The first day in which the crude oil future option price for August delivery was the nearest to the futures price.
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of the 45 months. The amount of option premiums with different strike prices (ATM-10%, ATM-5%, and so 
on) was established in accordance with Black’s model, which takes into consideration the valuation of the 
commodity options [Black, 1976, pp. 167–171].

The following types of option contracts were used in order to create the option strategies:
 – ATM-10% options – options with a strike price 10% lower than the ATM option strike price;
 – ATM-5% options – options with a strike price 5% lower than the ATM option strike price;
 – ATM options;
 – ATM options + 5% – options with a strike price 5% higher than the ATM option strike price;
 – ATM options + 10% – options with a strike price 10% higher than the ATM option strike price.

As a result, 20 variants of the previously discussed strategies were obtained, including the following:
 – short butterfly spread strategies (10),
 – long strip strategies (5), 
 – long strap strategies (5).

Their effectiveness was tested depending on the level of crude oil price changes over the period considered. 
For this purpose, each of the 45 months was assigned to one of three categories:

 – Category 1: monthly3 change in crude oil price was at least 10%;
 – Category 2: monthly change in crude oil price ranged from 5% to 10%;
 – Category 3: monthly change in crude oil price was <5%;

Months and the level of changes are presented in Table 2. Each category comprises 15 months. The largest 
changes (Category 1) were dominated by months (nine of them) in which there was a decrease of WTI price. 
In the other two categories, the ratio of decrease to increase was 8:7 (Category 2) and 7:8 (Category 3).

Table 2. Percentage changes (MOM) of WTI crude oil prices in the construction of strategy during the period of activity of the 
options

Change (month on month)

Above 10% 5%–10% Less than 5%
Increase Decrease Increase Decrease Increase Decrease
02.2015 (11.52%) 12.2014

(–26.89%)
05.2015 (6.59%) 08.2014

(–5.49%)
09.2014 (0.45%) 07.2014

(–2.65%)
04.2015 (19.39%) 01.2015

(–12.65%)
08.2016 (5.15%) 10.2014

(–9.62%)
10.2015 (4.22%) 06.2015

(–0.96%)
09.2015 (15.80%) 03.2015

(–12.20%)
10.2016 (9.76%) 11.2014

(–6.04%)
02.2016 (3.93%) 04.2016

(–2.75%)
03.2016 (20.19%) 07.2015

(–16.54%)
12.2016 (7.16%) 11.2015

(–9.62%)
02.2017 (0.21%) 06.2016

(–3.73%)
05.2016 (12.35%) 08.2015

(–14.55%)
04.2017 (9.69%) 07.2016

(–6.22%)
08.2017 (2.37%) 01.2017

(–0.04%)
01.2018 (10.29%) 12.2015

(–14.41%)
07.2017 (8.28%) 09.2016

(–9.52%)
09.2017 (2.87%) 05.2017

(–0.87%)
01.2016
(–13.33%)

11.2017 (7.12%) 03.2017
(–8.88%)

10.2017 (2.73%) 03.2018
(–0.41%)

11.2016
(–10.18%)

02.2018
(–5.18%)

12.2017 (1.86%)

06.2017
(–13.67%)

Source: own elaboration.

3 The term “monthly” means the period of activity of the discussed options, which is usually from 23 to 28 days. 
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5  Results
The main objective of the study was to compare the collateral offered by option strategies with regard to 
significant fluctuations in crude oil prices. Hence, the final analysis focuses on the results obtained from 
the months from Category 1. Table 3 presents the median values obtained from the results for each month 
with the use of option strategies. The results of the other two categories are presented in Tables A1 and A2. 
The final results show how many monetary units (USD) could be gained or lost regarding the particular 
option strategy per barrel of WTI. The tables also include parameters of options used to apply the particular 
strategy variant, as well as information regarding the choice of position (long or short).

Table 3. The median values (USDs per barrel) achieved in crude oil price fluctuations exceeding 10% (Category 1)

Strategies Variant USD/barrel

Long position Short position

Long strip ATM+10% (C) + 2× ATM+10% (P)   8.52
Long strip ATM+5% (C) + 2× ATM+5% (P)   7.09
Long strip ATM (C)+ 2× ATM (P)   4.35
Long strap 2× ATM+10% (C) + ATM+10% (P)   3.29
Long strip ATM-5% (C)+ 2× ATM-5% (P)   3.24
Short butterfly spread 2× ATM+5% ATM-10% + ATM+10% 2.87
Long strap 2× ATM (C) + ATM (P)   2.56
Long strap 2× ATM+5% (C)+ ATM+5% (P)   2.33
Short butterfly spread 2× ATM ATM-10% + ATM+5% 1.73
Short butterfly spread 2× ATM ATM-10% + ATM+10% 1.65
Short butterfly spread 2× ATM+5% ATM-5% + ATM+10% 1.52
Long strip ATM-10% (C) + 2× ATM-10% (P)   1.07
Short butterfly spread 2× ATM ATM-5% + ATM+5% 0.45
Short butterfly spread 2× ATM+5% ATM + ATM+10% 0.40
Short butterfly spread 2× ATM-5% ATM-10% + ATM 0.29
Short butterfly spread 2× ATM ATM-5% + ATM+10% 0.13
Short butterfly spread 2× ATM-5% ATM-10% + ATM+5% –0.38
Short butterfly spread 2× ATM-5% ATM-10% + ATM+10% –0.93
Long strap 2× ATM-5% (C) + ATM-5% (P)   –1.33
Long strap 2× ATM-10% (C) + ATM-10% (P)   –6.39

Source: own elaboration.

The results presented in Table 3 confirm that most of the strategies selected for the ongoing analysis allow 
to successfully protect against crude oil price fluctuation. The median appeared to be a positive number in 
16 out of 20 variants. Long strip strategies provided the best results. Presumably, their dominance is caused 
by the advantage of downward trend (there were 9 months of decline and 6 months showing increase). At 
the very end of the list, there were, in turn, long strap strategies for which options with the performance 
price were set at a low level (ATM-5% or ATM-10%).

Taking into account the long strip strategy, ATM+10%, ATM+5%, and ATM occurred to be the best 
options. Nonetheless, it should be noted that increasing the strike prices in these strategies results in an 
increase in the cost of collateral. These strategies consist of two long positions in the sales options, the price 
of which increases when the strike price is increased. Table 4 describes this issue more carefully (Variant 
1 – ATM+10% call and put options; Variant 2 – ATM+5% call and put options; Variant 3 – ATM call and put 
options), including the results achieved in each of the 15 analyzed months, as well as selected statistical 
data.
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Table 4. The results (USDs per barrel) and statistics for the best long strip strategy in Category 1

Month Changes (MoM, %) Options

ATM+10% ATM+5% ATM

12.2014 –26.89% 40.58 38.93 35.08
01.2015 –12.65% 10.86 8.77 5.02
02.2015 11.52% –15.09 –8.63 –3.19
03.2015 –12.20% 8.52 5.93 2.62
04.2015 19.39% –8.64 –2.41 2.74
07.2015 –16.54% 18.88 17.00 13.75
08.2015 –14.55% 14.12 11.99 8.36
09.2015 15.80% –5.79 –1.23 2.16
12.2015 –14.41% 10.96 9.30 6.74
01.2016 –13.33% 8.23 7.27 5.11
03.2016 20.19% –7.86 –5.10 –2.71
05.2016 12.35% –9.10 –3.81 –0.64
11.2016 –10.18% 8.61 7.09 4.35
06.2017 –13.67% 13.08 11.84 9.50
01.2018 10.29% –12.02 –4.15 2.10

Median 8.52 7.09 4.35
Mean 5.02 6.19 6.07
Standard deviation 14.82 11.82 9.20
Number of losses 6 6 3
Number of profits 9 9 12
Pearson correlation coefficient for changes and results –0.91 –0.85 –0.71

Source: own elaboration.

The analysis of Table 4 shows that the process of increasing the option strike price in long strip strategies 
resulted in increased sensitivity of results to fluctuations in crude oil prices. Among the 15 analyzed months 
in Category 1, there were 9 months in which decrease in crude oil prices was noticed. Similarly, there were 
9 months in which we could notice the profit in variants with options ATM+10% or ATM+5%. A strong, 
inverse correlation between the level of price changes and the results was found with the use of Pearson 
correlation coefficient (for ATM+10%: –0.91; for ATM+5%: –0.85). This indicator was significantly lower in 
the variant with ATM options (–0.71). Additionally, the above-mentioned strategy variant enabled to make 
a profit from 12 of the 15 months in Category 1. It is also worth comparing the average results in the three 
analyzed variants of the long strip strategy in the months with decreasing or increasing WTI prices. In the 
“decreasing months”, the mean for ATM+10% was 14.87USDs per barrel; for ATM+5%, it was 13.12USDs per 
barrel; and for ATM, it was 10.06USDs per barrel. On the contrary, in the “increasing months”, the variant 
with the ATM option was much more efficient (with mean equaling 0.08USDs per barrel) compared with 
the variants ATM+10% or ATM+5% (the mean for them was respectively equal to –9.75 and –4.22USDs per 
barrel).

The results suggest that the use of ATM options in the long strip strategy appears to be a more 
comprehensive protection from rapid changes of crude oil prices. Contrarily, variants with options with 
other strike prices are more preferable when hedgers are firmly convinced of the future direction of price 
changes.

Furthermore, long strip strategies yielded the best results regarding lower crude oil price changes 
(5%–10% MOM; Table A1). It is worth emphasizing that in such market conditions, most of the analyzed 
strategy variants provided positive results. Yet, the situation was different in the months when the crude 
oil price fluctuation did not exceed 5%. Only 2 out of 20 offered chances for profits (Table A2). The above-
mentioned statements allow us to claim that such strategies as short butterfly spread, long strip, and long 
strap ought to be utilized only during significant fluctuations in the underlying instrument prices.
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6  Conclusions
The refining sector is one of the most vulnerable to any changes in global markets. The main reason is the 
fact that crude oil, which is processed in petroleum refineries on a daily basis, has been the most important 
energy resource for many years. Moreover, the demand for it continues to grow. Nevertheless, its main 
deposits are still within the territory of countries with sociopolitical conflicts. Thus, it is assumed that 
both geopolitical factors and the decisions of the OPEC cartel and Russia will be of crucial importance for 
shaping crude oil prices in the upcoming years.

The high volatility of crude oil prices requires the continued and necessary search for solutions that 
would allow refineries’ financial condition to be independent of price fluctuations. One of such solutions 
is the use of option strategies presented in this paper. Both, the short butterfly spread strategy and the long 
strip or long strap enable establishment of the maximum loss when they are constructed. This means that 
they cannot be treated as speculative strategies. Undoubtedly, their advantage is that they do not require 
precise predictions of crude oil price changes (especially for variants with ATM options). Moreover, their 
construction uses options with different strike prices. In accordance with that, the hedger is able to set 
collateral in the price range he/she specifies.

It is worth noting that the presented solutions can be used by refineries to secure both purchase costs 
and revenues from the sale of raw materials. Due to the necessity of maintaining crude oil reserves at a 
fixed level, the above-mentioned enterprises are exposed to risk related to changes in crude oil inventories. 
The results achieved in the option strategies can therefore provide some compensation to neutralize the 
negative consequences of real price changes in the market.

This study was conducted under a research project funded by a statutory grant of the AGH University of 
Science and Technology in Krakow for maintaining research potential.
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Appendix

Table A1. Median values (USDs per barrel) achieved in crude oil price changes ranging from 5% to 10% (Category 2)

Strategy Variant USD/barrel

Long position Short position

Long strip ATM+10% (C) + 2× ATM+10% (P)   6.25
Long strip ATM+5% (C) + 2× ATM+5% (P)   5.10
Long strap 2× ATM+10% (C) + ATM+10% (P)   2.85
Short butterfly spread 2× ATM+5% ATM-10% + ATM+10% 2.46
Short butterfly spread 2× ATM+5% ATM-5% + ATM+10% 1.76
Long strip 2× ATM (P) + ATM (C)   1.68
Long strap 2× ATM (C) + ATM (P)   1.50
Short butterfly spread 2× ATM ATM-10% + ATM+10% 1.31
Long strap 2× ATM+5% (C) + ATM+5% (P)   1.21
Short butterfly spread 2× ATM ATM-5% + ATM+10% 1.18
Short butterfly spread 2× ATM ATM-10% + ATM+5% 0.56
Short butterfly spread 2× ATM ATM-5% + ATM+5% 0.53
Short butterfly spread 2× ATM-5% ATM-10% + ATM 0.45
Short butterfly spread 2× ATM +5% ATM + ATM+10% 0.38
Short butterfly spread 2× ATM-5% ATM-10% + ATM+5% –0.39
Short butterfly spread 2× ATM-5% ATM-10% + ATM+10% –0.59
Long strip ATM-5% (C) + 2× ATM-5% (P)   –0.90
Long strip ATM-10% (C) + 2× ATM-10% (P)   –3.43
Long strap 2× ATM-5% (C) + ATM-5% (P)   –3.48
Long strap 2× ATM-10% (C) + ATM-10% (P)   –6.62

Source: own elaboration.

Table A2. Median values (USDs per barrel) achieved in crude oil price changes below 5% (Category 3)

Strategies Variant USD/barrel

Long position Short position

Short butterfly spread 2× ATM-5% ATM-10% + ATM 0.37
Short butterfly spread 2× ATM+5% ATM + ATM+10% 0.12
Short butterfly spread 2× ATM-5% ATM-10% + ATM+5% –0.02
Short butterfly spread 2× ATM-5% ATM-10% + ATM+10% –0.46
Long strip ATM-10% (C) + 2× ATM-10% (P)   –0.66
Short butterfly spread 2× ATM ATM-5% + ATM+5% –0.80
Short butterfly spread 2× ATM+5% ATM-5% + ATM+10% –0.81
Long strap 2× ATM-10% (C) + ATM-10% (P)   –0.99
Short butterfly spread 2× ATM ATM-5% + ATM+10% –1.13
Short butterfly spread 2× ATM ATM-10% + ATM+5% –1.17
Long strap 2× ATM+10% (C) + ATM+10% (P)   –1.23
Long strip ATM-5% (C) + 2× ATM-5% (P)   –1.25
Short butterfly spread 2× ATM+5% ATM-10% + ATM+10% –1.26
Short butterfly spread 2× ATM ATM-10% + ATM+10% –1.63
Long strap 2× ATM-5% (C) + ATM-5% (P)   –1.67
Long strip ATM+10% (C) + 2× ATM+10% (P)   –1.75
Long strap 2× ATM+5% (C) + ATM+5% (P)   –2.34
Long strip ATM+5% (C) + 2× ATM+5% (P)   –2.59
Long strap 2× ATM (C) + ATM (P)   –3.48
Long strip ATM (C) + 2× ATM (P)   –3.72
Source: own elaboration.
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Abstract: Improving energy efficiency and building a low-emission economy are fundamental elements 
of sustainable development. The concept is based on a rational-energy economy and is aimed at limiting 
the negative consequence of the impact of energy on the environment. The main purpose of the paper is 
to assess the application of activities for both improving energy efficiency and building a low-emission 
economy, undertaken in Małopolska . Thermomodernization, installations of renewable energy sources, 
replacement of inefficient heating sources, and low-emission transport are among the cofinanced 
activities in the implemented programs. The first section of this paper discusses existing legal acts in 
the European Union, at the national and provincial levels, related to the analyzed issue. The second 
section contains description of the actions undertaken for improving energy efficiency and air quality, as 
well as for increasing the use of renewable energy sources, in Małopolska. The third section includes a 
qualitative assessment of the effects obtained and further directions for activities in this field.

Keywords: energy efficiency, low-carbon economy, low emission, sustainable development, Lesser Poland

1  Introduction
The correlation between the state of the natural environment and socioeconomic development was first observed 
in the sixties of the past century. It was found that the activities carried out at the time resulted in environmental 
degradation and translated into the weak state of the economy and affected the prospects for its development. 
The idea of “sustainable development” appeared for the first time in 1980. It was used in a document entitled 
“World Conservation Strategy – Living Resource Conservation for Sustainable Development”, drawn up 
by the International Union for Conservation of Nature and Natural Resources, which primarily concerned 
environmental aspects. Then, the World Commission on Environment and Development referred to sustainable 
development in terms of both environmental and economic issues. The current definition was disseminated 
at the United Nations Conference on Environment and Development, in Rio de Janeiro, in 1992. According 
to the explanation, sustainable development is “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs”. The transformation process, ensuring 
that the current generation satisfies its needs without diminishing the opportunities for further development, 
should be implemented by integrating the following developmental activities:
a)  economic – satisfying the basic material needs of the world using technology and development of 

technology that does not damage the environment (the issue of energy economics is discussed in more 
detail by Paska (2007);

b)  social – a social security (the elimination of hunger and poverty) and the protection of health, safety, 
access to education, and culture;
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c)  environmental – based on the elimination of phenomena that threaten the environment and thereby 
stopping the latter’s degradation.

One of the activities undertaken for sustainable development was to define an ambitious plan aimed 
at improving the lives of people anywhere in the world. It happened in 2015, during the United Nations 
Sustainable Development Summit. Targets contained in the 2030 Agenda for Sustainable Development 
are presented in Table 1. Implementation of the agenda aims to reduce social inequalities, combat climate 
change, and ensure a consistent and sustainable economic growth.

Table 1. The Sustainable Development Number [The United Nations, 2015]

Number Name Description

1 No poverty Eliminate poverty in all its forms around the world

2 Zero hunger Eliminate hunger, achieve food security and better nutrition, and promote sustainable 
agriculture

3 Good health and well-being Ensure healthy lives for all people of all ages and promote well-being
4 Quality education Ensure high-quality education for all and promote lifelong learning
5 Gender equality Achieve gender equality and empower all women and girls
6 Clean water and sanitation Ensure access to water and sanitation for all through sustainable water management
7 Affordable and clean energy Ensure access to affordable, reliable, sustainable, and modern energy for all people

8 Decent work and economic 
growth

Promote sustainable and inclusive economic growth, full and productive employment, 
and decent work for all

9 Industry, innovation, and 
infrastructure

Build stable infrastructure, promote sustainable industrialization, and support 
innovation

10 Reduced inequalities Reduce inequality within and among countries

11 Sustainable cities and 
communities Make cities and human settlements safe, inclusive, stable, and sustainable

12 Responsible consumption 
and production Ensure sustainable consumption and production patterns

13 Climate action Take urgent action to combat climate change and its consequences
14 Life below water Protect the oceans, seas, and marine resources and use them in a sustainable way

15 Life on land
Protect, restore, and promote the sustainable use of terrestrial ecosystems, ensure 
sustainable forest management, combat desertification, restrain and reverse land 
degradation, and halt the biodiversity loss

16 Peace, justice, and strong 
institutions

Promote peaceful and inclusive societies, ensure access to justice for all people, as 
well as build effective and accountable, inclusive institutions at all levels

17 Partnership for the goals Strengthen implementation measures and revive global partnership for sustainable 
development

The concept of sustainable development is implemented through strategic documents at the levels of 
regions, cities, and rural areas in Poland. The information included in this paper is consistent with the 
following national and European Union (EU) strategic documents:

 – Communication from the Commission – Europe 2020 – A strategy for smart, sustainable, and inclusive 
growth [European Commission, 2010];

 – National Development Strategy 2020 [The Council of Ministers, 2012];
 – National Spatial Development Concept 2030 [Ministry of Regional Development, 2012];
 – Poland 2030 “Long-term National Development Strategy 2030”. Third Wave of Modernity (LTNDS);
 – Strategy for Responsible Development [Ministry of Infrastructure and Development, 2017].

All mentioned documents indicate the requirement to create economic growth scenarios using the 
sustainable development concept. Accordingly, it is possible to use the entire potential of each area. On 
the other hand, on analyzing the practice of regional development, the aim of increasing each region’s 
competitiveness is stressed, which seems to be somewhat contradictory to the idea of sustainable 
development [Czarnecka et al., 2017].
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Considering the negative effects of satisfying the energy demand in the field of energy production and 
consumption, the sustainable development concept has also been implemented in the energy sector. The 
term “sustainable energy development” means energy management in such a way as to ensure access to 
a sufficient amount of energy, both current generation and future, eliminating the negative impact on the 
environment.

Sustainable development is also one of the factors affecting the improvement of energy security. Other 
factors used to assess energy security can be found in a previous work [Staśko and Kaliski, 2006]. The 
authors make an attempt to assess energy security by assigning weights to specific indicators.

2  Activities in the field of sustainable energy development in 
Lesser Poland Voivodeship
A multitude of activities have been undertaken to improve energy efficiency and build a low-emission 
economy, because of the insufficient quality of air, especially in the autumn and winter seasons. There are 
notorious exceedances of the permissible concentrations of the following pollutants: particulate matter 
(PM10 and PM2.5), benzo(a)pyrene, and nitrogen dioxide. The highest exceedances occur in the case of 
benzo(a)pyrene (85% of the Lesser Poland Voivodeship, which is inhabited by 94% of the population).

The occurrence of these pollutants results in low emissions in the Lesser Poland Voivodeship. This 
phenomenon is defined as the emission of harmful dusts and gases from emitters located at heights of up 
to 40 m, and this is the biggest problem regarding the quality of air in this area. The source of pollutants 
is primarily the inefficient combustion process in residential and public buildings. The buildings usually 
require thermomodernization and exchange of boilers [Mirowski and Orzechowska, 2015]. In addition, 
residents also burn prohibited items, such as garbage, industrial waste, or fuel of very poor quality. Pollution 
from the transport sector is accountable for the formation of low emissions as well.

There has been an intensification of activities aimed at improving air quality in this region in recent 
years because the low emissions have negative effects on the health and life of residents. The purpose of 
this article is to enumerate the actions taken and provide a qualitative assessment of their implementation. 
The first section contains the analysis of the legal acts in the field of air protection at the EU, national, and 
provincial levels. An analysis of the implemented repair programs is provided in the second section. The 
third section contains a summary and indication of further directions for activities in this field.

2.1  Legislation

2.1.1  At the EU level

Poland, as an affiliate state of the EU, is obliged to comply with the legal acts in force within it. One of 
the superior features of the European Commission is the energy union and actions in the field of climate 
protection. The aim of the EU programs being implemented is to strive for universal access to safer, 
affordable, and sustainable energy. The most important fields of activity in the EU energy union strategy 
include improving energy efficiency and lowering the economy’s emissions. Improving energy efficiency 
leads to reduction in emissions and improvement in air quality, while an ambitious policy to tackle climate 
change aims to decrease greenhouse gas emissions, as well as to expand low-emission transport and 
technologies based on renewable energy sources (RESs). Activities have already been taken in the assumed 
directions by signing the following legal acts in the discussed field:
•  2020 Climate & Energy Package [European Commission, 2009] – the document sets out a set of rules that 

guarantee climate and energy targets for the EU by 2020. The three most important targets defined in this 
package are as follows: 20% reduction in greenhouse gas emissions compared to 1990 levels, 20% share 
of EU energy from RESs in the total energy consumption, and an increase of 20% in energy efficiency.

•  2030 Climate & Energy Framework [European Commission, 2014] – the document sets three targets 
for greenhouse gas emissions, share of RESs in total energy consumption, and improvement of energy 
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efficiency by 2030: At least 40% cuts in greenhouse gas emissions (from 1990 levels), at least 27% share 
for renewable energy, and at least 27% improvement in energy efficiency.

•  2050 Low-Carbon Economy [European Commission, 2011] – the document contains a low-carbon economy 
roadmap and suggests the following: by 2050, the EU should reduce greenhouse gas emissions to 80% 
compared to 1990 levels, and the milestones to achieve this are 40% emissions cuts by 2030 and 60% by 
2040. It was pointed out that all sectors need to contribute to the reduction of greenhouse gases, and the 
measures need to be feasible and affordable.

•  The Clean Air for Europe (CAFE) Program: Towards a Thematic Strategy for Air Quality [European 
Commission, 2001] – the CAFE directives divided the EU into vulnerable zones according to population 
density, as well as by using standardized methods for measuring pollution and data collection. The main 
objectives of the CAFE directives are to define air-quality objectives and to develop, collect, and validate 
scientific information on the effects of air pollution.

•  The Energy Efficiency Directive 2012/27/EU [The European Parliament and the Council of the EU, 2012] 
– the document imposes on the Member States the following objectives: to establish indicative national 
targets for energy efficiency based on their primary or final energy consumption and to establish a long-
term strategy to support investments in the renovation of utility buildings and households.

At the national level
•  The Environmental Protection Law [The Chancellery of the Sejm, 2017a] – it introduces solutions related 

to improving the condition of air and methods for air pollution measurements in Poland.
•  The Renewable Energy Sources Act [The Chancellery of the Sejm, 2017b] – it includes support mechanisms 

and instruments for the production of electricity and heat from RESs.
•  The Energy Efficiency Act [The Chancellery of the Sejm, 2016] – it contains the duties of public sector 

entities in the field of energy efficiency.
•  The Regulation of the Ministry of Environment [The Ministry of Environment, 2012] about assessment of 

levels of dangerous substances in the air.
•  The Regulation of the Minister of Development and Finance on the requirements for solid fuel boilers 

[The Minister of Development and Finance, 2017] – the purpose of this regulation is to allow only the best 
boilers that meet stringent emission standards in the municipal and home markets.

•  The proposal for the Regulation of the Minister of Energy on quality requirements for solid fuels [The 
Minister of Energy, 2018] – currently, the energy sector is completing work on the completion of regulations 
aimed at, among others, elimination of solid, poor-quality fuels from the incineration processes in the 
municipal and living sectors.

•  National Program for Air Protection [The Ministry of Environment, 2015] – this document has been 
developed by the Ministry of the Environment, because pollutant levels in the air exceeding the permissible 
concentrations occur in a large area of Poland, and the actions taken by local self-governments do not 
affect the change of this state. Therefore, its implementation should make it possible to reach acceptable 
levels of harmful compounds and dust in the perspective of 2030. The levels indicated by the World Health 
Organization (WHO) are accepted as acceptable levels.

2.1.2  At local level

The issues of air protection are also considered in air protection programs at the voivodeship or local level. 
The effectiveness of the actions taken depends on both the policies and solutions adopted at the local level, 
as well as on the possibility of obtaining funds and the level of public awareness [Klojzy-Kaczmarczyk 
and Mazurek, 2009]. The improvement of air quality is a substantial component of the policy of the Lesser 
Poland Voivodeship. The Małopolska authorities were the first to sign the so-called “anti-smog resolution”. 
In addition, there is also the Air Protection Program (POP), which is cyclically evaluated and updated:
•  The Resolution No. XXXII/452/17 of the Regional Assembly of the Małopolska Region regarding the 

introduction of limits and prohibitions in the field of use of installations in which the fuel is burning on 23 
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January 2017 in the Małopolskie Voivodeship [2017] – the document limits the creation of new sources of 
pollution, sets transitional periods for currently used coal and wood boilers, and introduces requirements 
for the quality of fuels used so as to eliminate carbon waste and wet wood.

•  Air Quality Plan (POP) [2017] – the purpose of this document is to achieve in the Małopolska Region, by 
2023, admissible levels of the following air pollutants: PM10, PM2.5, benzo(a)pyrene, nitrogen dioxide, 
and ozone. The essential activities focused on air-quality improvement set out in the Air Quality Plan 
include the following:
 – introducing restriction on the use of heating devices fired by solid fuels;
 – implementation of local low-stack emission reduction programs – elimination of inefficient devices 

based on solid fuels;
 – development and modernization of municipal heating network and gas distribution networks to 

connect new consumers;
 – thermomodernization of buildings and support of energy-efficient buildings in housing and public 

utilities;
 – reduction of emissions from transport vehicles;
 – reduction of industrial emissions;
 – education in the field of environmental protection for inhabitants;
 – improving the conditions for ventilation of the cities and protection of urban green areas.

In addition, the municipalities of the Małopolskie Voivodeship are obliged to prepare Low-Emission 
Economy Plans (PGN), in which they define the vision of the commune’s development toward a low-
emission economy.

3  Conclusion from the analysis in the field of energy and air 
protection
A common practice in combating low emissions is to use district heat for space heating. However, it should 
be borne in mind that hard coal is the main fuel for heat production in heat and power plants in the 
Małopolskie Voivodeship. Nevertheless, the combined heat and power (CHP) operators are obliged to fully 
report their activities, so that there are data on the amount of pollutants emitted by them to the atmosphere. 
This information is not available for the combustion of solid fuels in residential buildings.

The next step in the combat against low emissions is the use of natural gas for space heating. The Lesser 
Poland Voivodeship has the best-developed infrastructure of gas network in Poland [Łysik and Zyśk, 2017]. 
The gasification rate in this case amounts to 85% (for Poland, it is 58%). The Polish gas distribution system 
operator Polska Spółka Gazownictwa (PSG) declares that, by 2022, gas will flow to municipalities, which it 
does not yet reach. According to the plan, PSG will implement five large investment projects, under which 
150 km of gas network and six gas stations will be built. The company is planning to gasify 74 municipalities 
in Małopolska. In connection with this plan, residents of the new areas will have the opportunity to choose 
a more environment-friendly fuel than coal.

In the combat against low emissions, installations based on RESs also play an important role. Currently, 
there are 141 RES installations in Małopolska. The number of installations and the installed capacity 
depending on the kind of RES is presented in Table 2. The largest number of installations generates energy 
from solar radiation.
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Table 2. RES installations in the Lesser Poland Voivodeship in 2017 [URE - Urząd Regulacji Energetyki, 2017] 

Installation Number of 
installations

Capacity, 
MW

Produced from biogas from wastewater treatment plants 10 4.9

Produced from landfill biogas 5 3.2

Producing from agricultural biogas 2 1.2

Produced from mixed biomass 1 3.2

Manufacture from biomass from solid municipal waste, among others from sewage treatment 
plants

1 16.9

Wind farms on land 13 6.7

Production from solar radiation 53 9.2

Hydroelectric power plants up to 0.3 MW 32 2.8

Hydroelectric power plants up to 1 MW 9 5.5

Hydroelectric power plants up to 5 MW 10 27.4

Hydroelectric power plants up to 10 MW 1 8

Hydroelectric power plants >10 MW 1 56

Pumped or hydroelectric power plants with a pump member 1 92.5

The signing of the mentioned legal acts at the European, national, and provincial levels means that local 
governments are obliged to take actions in the field of air protection. Conducting thermomodernization 
investments, installing RESs, or introducing low-emission transport requires high financial outlays, which 
cannot be covered from the own resources of communes. Therefore, a very important task for local authorities 
is to raise funds for the implementation of planned projects. In previous years, many support mechanisms for 
these investments have been launched. Measures to improve air quality could be obtained from both domestic 
and international funds. Table 3 contains a summary of the implemented programs, along with the effects 
achieved. The acquired funds were intended primarily for thermomodernization tasks, such as replacement 
of windows and doors, insulation of walls, and replacement of heat sources. The financial support extended 
included both public utility buildings and the residential sector. Reduced energy demand as a consequence of 
thermal modernization translates into a reduction in the emission of harmful compounds to the atmosphere 
and, thus, leads to improved air quality. Part of the funds was earmarked for the installation of RESs, mainly 
solar collectors. The smallest support was intended for low-emission transport.

Table 3. Programs implemented in Małopolska in the field of improving air quality

Program Years Funds Impact of the program on improving air quality

The Regional Operational 
Program for the Małopolska 
Region for 2007–2013 [http://
www.rpo.malopolska.pl/
english]

2007–2013 129.4 million euros Reduction of energy demand in thermomodernized 
buildings;
reduction of emission of harmful compounds into the 
atmosphere by replacing inefficient heating sources 
with renewable energy sources;
reduced emission of pollutants from the transport 
sector by introducing a low-emission bus fleet

Operational Program 
Infrastructure and Environment 
[https://www.pois.2007-2013.
gov.pl/English/]

2007–2013 1.92 billion euros Creation of the Low-emission Economy Program for 
the City of Krakow,
reduction of pollutant emissions from the transport 
sector by increasing the number of routes, improving 
the capacity on existing routes, and creating parking 
lots at transport nodes
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Program Years Funds Impact of the program on improving air quality

LIFE Program [http://nfosigw.
gov.pl/en/nfepwm/financing-
environmental-protection/]

2014-2020 70 million PLN Improvement of public awareness, and raising 
funds for activities aimed at improving air quality 
through the creation of a network of ecoadvisors in 
municipalities located in the Małopolska region.

Limitation of Low Emission 
Program (PONE) [http://www.
niskaemisja.pl/program_
ograniczenia_niskiej_emisji/]

2012–2018 2012–2015: 44 
million PLN; 
2016: 10 million PLN; 
2017: 5 million PLN; 
2018: 10 million PLN

Reduction of pollution emitted to the atmosphere 
from the municipal and household sector through 
cofinancing for the elimination of inefficient heating 
sources and the installation of boilers that meet 
environmental requirements

KAWKA Program [https://
nfosigw.gov.pl/en/]

2014–2015 58.6 million PLN Reduction of PM10 dust emission by about 
123.763 Mg/year; 
reduction of dust emission PM2.5 by approximately 
123.458 Mg/year; 
CO2 emission reduction by approximately 
20,981.903 Mg/year.

Operational Program – Saving 
Energy and Promoting 
Renewable Energy Sources 

2013–2016 12.6 million euros Increased share of RESs; 
reduction of both energy consumption and emission 
of pollutants through thermal modernization of 
public buildings

SOWA Program 2013–2015 356 million PLN Reduction of pollutant emissions by improving the 
energy efficiency of street lighting

Swiss–Polish Cooperation 
Program (SPPW) [https://www.
programszwajcarski.gov.pl/
en/]

2007–2017 489 million CHF Increase in the share of RESs by installing solar 
installations for >25,000 buildings; 
reduction of energy consumption through thermal 
modernization of public buildings

EEA GRANTS [https://
eeagrants.org/]

2004–2009; 
2009–2014

324 million euros; 
578 million euros

Improvement of social awareness in the field of air 
protection through the implementation of a project 
concerning the collection, modeling, and sharing of 
spatial data

Rural Development Program 
[http://www.minrol.gov.pl/eng]

2007–2013 13.2 billion euros Increase in the share of RESs by installing solar 
installations on residential buildings

4  Conclusion
Since 2009, in Małopolska, the concentration of activities related to building a low-emission economy and 
improving energy efficiency in areas where air-quality standards are exceeded, as well as monitoring of 
the effects of these activities, is noticeable. The Regional Operational Program for the Małopolska Region 
implemented in 2007–2013, present for 2014–2020, and the WFOŚiGW programs in Kraków supported the 
financing of proecological investments in local government units, enterprises, and households. The next 
step should be the rational management of energy and fuels in order to improve local energy security.

Effective implementation of the principle of sustainable development in Poland should take place at 
the level of municipal governments, which are responsible under the Energy Law for preparing the draft 
assumptions for the program for the supply of heat, electricity, and natural gas. In particular, the drafts 
should contain the following:
a)  assessment of the current state and anticipated changes in the demand for heat, electricity, and gaseous 

fuels;
b)  projects that rationalize the use of heat, electricity, and gas fuels;
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c)  the possibilities of using existing surpluses and local resources of fuels and energy, including combined 
heat and electricity production as well as management of waste heat from industrial installations; and

d)  the scope of cooperation with other municipalities.

In many cases, municipalities lack a strategy to implement energy and environmental projects. It should 
be assumed that the energy clusters that will be created will complement these gaps and will contribute to 
better achievement of the assumed objectives [Sołtysik et al., 2018] and development new technology, such 
as RESs, hydrogen-based energy market [Stygar and Brylewski, 2015], or energy storage.
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Abstract: The aim of this paper is to analyze fiscal sustainability in Poland after joining EU between 
2004-2017. Unlike previous studies, which analyzed weak measures of fiscal sustainability, we analyze 
fiscal sustainability measures in the strong sense. Contrary to previous studies we estimate individual, 
not panel, fiscal reaction functions which allows us to provide possibly a more accurate picture of fiscal 
policy outcomes in Poland. Moreover, our empirical analysis takes a closer look at the series of structural 
breaks that occurred after the global crisis. Based on our analysis we may tentatively conclude that 
despite cyclical fiscal deterioration during the crisis fiscal policy in Poland has been sustainable in the 
strong sense up until 2017. 
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1  Introduction
Fiscal policy sustainability has always been in the center of attention of policymaking in the European 
Union (EU), but after the recent global financial crisis and the sovereign debt crisis in the euro area, its role 
has increased even more. The global financial crisis of 2008 and the subsequent sovereign debt crisis in the 
euro area caused a drastic drop in budget revenues, which resulted in increased budget deficits in many 
countries, including Poland, which raised pertinent policy questions regarding long-term sustainability of 
public finances in these countries.

Several recent studies have shown that by and large, the group of Central and Eastern European member 
states, including Bulgaria, the Czech Republic, Estonia, Lithuania, Latvia, Poland, Slovakia, Romania, and 
Hungary, despite the initial fiscal problems in the period of the global financial crisis after 2008, managed 
to stabilize their fiscal policy [Bökemeier and Stoian 2016; Krajewski et al., 2016; Wysocki, 2017].

However, these studies only confirmed fiscal sustainability in a weak sense, as measured by obtaining 
suitable cointegrating vectors between budget revenues and expenditures in these countries. So far, there 
have been no studies that would attempt to verify the sustainability of fiscal policy by estimating individual 
fiscal reaction functions, which would also verify fiscal sustainability in a strong sense.

Our key research question is whether fiscal policy in Poland has been sustainable up until 2017 despite 
strong deterioration of public finances during the crisis.

The outline of the reminder of the paper is as follows. The next section presents literature on measuring 
fiscal sustainability. Section 3 provides data description and estimation methods. Section 4 presents the 
results of econometric tests. Section 5 concludes the paper.
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2  Measuring fiscal sustainability: literature review
Literature distinguishes in principle two main approaches to examining fiscal sustainability: in the 
weak sense and in the strong sense. The former approach is primarily based on the stationarity tests of 
the relations of public debt stock to gross domestic product (GDP) [Hamilton and Flavin, 1986; Wilcox, 
1989; Trehan and Walsh, 1991], as well as on the testing of the presence of cointegrating vectors between 
budgetary revenues and expenditures [Hakkio and Rush, 1991]. Examining fiscal sustainability in a strong 
sense, in turn, involves estimation of the fiscal reaction function in which the primary balance of the budget 
in relation to GDP is a dependent variable, while the level of public debt in relation to GDP is an independent 
variable [Bohn, 1998, 2007]. An interesting attempt to synthesize these two approaches mentioned above 
is the proposal of a stepwise algorithm [Ozkaya, 2013], which uses the following procedure: a) sequentially 
testing the stationarity of the level of public debt stock in relation to GDP and the primary balance in 
relation to GDP; b) searching for a cointegrating vector between budgetary revenues in relation to GDP and 
expenditures in relation to GDP; c) testing of the existence of a cointegrating vector between the primary 
balance in relation to GDP and the level of public debt stock in relation to GDP. It is worth noting that the 
stepwise algorithm does not lead to the estimation of the individual fiscal response functions.

Several recent studies have used these different approaches to analyze the fiscal sustainability for a 
set of the new EU member states, including Poland. For example, Krajewski et al. [2016] have used panel 
stationarity and cointegration tests, as well as estimates of certain parameters of the fiscal reaction 
function, for Bulgaria, the Czech Republic, Estonia, Lithuania, Latvia, Poland, Slovakia, Romania, and 
Hungary. They find that despite financial turmoil, these countries demonstrated the existence of a long-
term relationship between revenues and expenditures and they have statistically relevant parameters of 
the fiscal reaction function. The study indicates that public finances in these countries were sustainable 
only in the weak sense, whereas panel data analysis used in the paper somewhat limits the inferences on 
individual countries.

In another recent study, Wysocki [2017] uses the stepwise algorithm based on quarterly data for a 
number of countries from Central and Eastern Europe (CEE). He also finds evidence of sustainability of 
fiscal policy in CEE countries. In that study, the author proves the existence of a long-term relationship 
between government expenditure and revenues. However, such an approach allows the examination of 
fiscal sustainability only in a weak sense. Furthermore, in that article, there has been no attempt to estimate 
the individual fiscal reaction functions. A similar limitation is found in the study of Poland’s fiscal stability 
by Pączek-Jarmulska [2016], in which the author – based on a yearly data – affirms the fiscal sustainability 
in Poland only in a weak sense.

The European Commission evaluates the long-term fiscal sustainability of member states. It uses the 
proprietary debt sustainability analysis approach, which highlights two approaches: analysis of fiscal 
sustainability indicators and deterministic projections of the level of public debt in the 10-year horizon; 
and stochastic projections of the level of public debt stock in the 5-year horizon. Deterministic projections 
of the debt level are prepared on the basis of macro-fiscal forecasts over a longer horizon in relation to 
the following variables: real GDP growth, inflation, real interest rates, the primary government and 
local government balance, and other stock-flow adjustments. Due to the uncertainty of forecasts and 
assumptions, debt paths consistent with alternative scenarios are also subsequently developed. In an aim 
to capture the potential changes in macroeconomic conditions in the future, sensitivity analyses are carried 
out. Finally, fiscal reaction functions are estimated on the basis of data for individual countries, and if it is 
not possible, with the usage of panel models. [European Commission, 2016]. In turn, stochastic projections 
are developed over a shorter horizon. Distributions of debt levels are summarized and presented using 
fan charts, which illustrate debt paths corresponding to various macroeconomic conditions, obtained as 
a result of the shocks to the variables determining debt dynamics. The assessment of fiscal sustainability 
is based on two measures: the probability that at the end of the projection horizon, the public debt stock 
will not exceed the level of the initial year; and the difference between the 10th and 90th percentiles of the 
distribution in the final year of projection. The probability distribution of the level of debt in individual 
years is obtained using Monte Carlo simulations [European Commission, 2016]. An important added value 
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of the European Commission’s approach is including the demographic factors related to the problem of the 
ageing of societies in Europe in the methodology. In the most recent report, the European Commission finds 
that over the long run, Poland faces medium risks to fiscal sustainability [European Commission, 2018]. 
While the analysis of the European Commission is without doubt comprehensive, its limitation is derivation 
of the actual debt path projections from the assumed normal distribution with a nondynamic covariance 
matrix. It does not capture the actual historical data; it captures a different aspect of what we are doing, 
because the approach of the European Commission is a forward-looking one.

3  Data and estimation methods
We use quarterly data from Eurostat for the period from 2004 Q1 to 2017 Q2 for the following time series: 
government consolidated gross debt (D), budget deficit (BB), primary budget surplus (PS), and output gap 
(OG). The output gaps are calculated using the Hodrick–Prescott filter [1997]. The unit of all the variables 
is percentage of GDP. We use data beginning from the year 2004 as we intend to evaluate the period from 
Poland’s accession to EU up until 2017.

Our approach involves three stages. First, we verify data quality and examine the integration level of 
key variables using augmented Dickey-Fuller (ADF), Kwiatkowski–Phillips–Schmidt–Shin (KPSS), Phillips-
Perron (PP), and Zivot-Andrews tests [1992]. Second, we run cointegration analysis using the Johansen test 
[1991] and the Lütkepohl-Saikkonen-Trenkler test [2004]. Third, we estimate the fiscal reaction functions 
using the methodology explained in more detail later. We run the tests for the whole period between 2004 
Q1 and 2017 Q2, and then we split the sample into the precrisis period (from 2004 Q1 to 2008 Q3) and the 
postcrisis period (from 2008 Q4 to 2017 Q2) and thereafter run sensitivity and robustness tests.1

As indicated earlier, we aim to analyze fiscal sustainability in a strong sense. To this end, we use the 
following methods: a) unit root tests for public debt stock, primary budget balance, and output gap in 
relation to GDP; b) cointegration analysis of the abovementioned aggregates (in particular, between the 
primary balance of the budget and the level of public debt in relation to GDP); c) estimation of the fiscal 
reaction functions in which the primary balance of the budget is our dependent variable, and the level of 
public debt stock and the output gap are the key independent variables [see Bohn, 1995].

Our approach adds value to the previous studies on three levels. First, in the case of the examination 
of the integration order of time series of the variables, we have included, in addition to the classic tests, 
tests such as ADF, KPSS, PP, and the Zivot-Andrews tests, which investigate the presence of structural 
breaks [Zivot and Andrews, 1992]. Second, application of  the Lütkepohl-Saikkonen-Trenkler test in the 
cointegration analysis, which takes into account the effect of structural breaks [Saikkonen and Lütkepohl, 
2000; Trenkler, 2003; Lütkepohl et al., 2004; Konopczak, 2012], alongside the standard Johansen test [1991]. 
Third, the usage of quarterly data, which provides for a greater number of degrees of freedom (DF) in the 
case of estimation of the individual fiscal reaction functions.

The idea behind the estimation algorithm in the Zivot-Andrews test is to choose the date of the structural 
break for the point in time that gives the least favorable result for the null hypothesis of a random walk with 
drift. Contrary to Perron, Zivot and Andrews [1992] proposed that this break point is set endogenously, 
because then the risk of data mining is minimized.

The test statistic in the Zivot-Andrews test is the Student’s t-test:
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 (1)

where Δ is a subset of (0;1).
In a model with breaks in both intercept and trend, the test statistic is inferred from the following test 

regression [Pfaff, 2008]:

1 There is some debate as to the date of the crisis. Given that the outbreak of the financial turmoil took place in 2008 Q3, we 
decided – similar to Szyszka [2009] – to choose the year 2008 as the beginning of the global financial crisis.
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where

DUi (λ) = 1 if t > T, and 0 otherwise;

DU*
t (λ) = t ‒ Tλ for t > Tλ, and 0 otherwise.

Lütkepohl et al. [2004] proposed a procedure for estimating a vector error correction model (VECM) in which 
the structural break is a simple shift in the level of the process and the date of break is estimated first. Next, 
the deterministic part, including the size of the shift, is estimated, and the data are adjusted accordingly. 
Finally, a Johansen-type test for determining the cointegration rank can be applied to these adjusted series 
[Pfaff, 2008].

Lütkepohl et al. assumed that the (K × 1) vector process {yt} is generated by a constant, a linear trend, 
and level shift terms:

yt= μ0+μ1 t+δdtπ + xt (3)

where dt is a dummy variable defined by dtτ  = 0 for t < τ, dtτ = 1 for t ≥ τ.
The shift assumes that the shift point τ is unknown and is expressed as a fixed fraction of the sample 

size. The estimation of the break point is based on the following regression:

yt = ν0 + v t + δdtπ + A1 yt-1+ ... +Apy(t-p) + εt   (4)

where Ai with i = 1, ..., p represents the (K × K) coefficient matrices; and ɛt is the spherical K-dimensional 
error process.

The estimator for the break point τ ̂  is then defined as follows:
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  represents the least squares of Equation (5).
Once the break point τ ̂  is estimated, the data are adjusted according to the following expression:
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Following Krajewski et al. [2016], we estimated the parameters of the following behavioral equation:

0 1 1 0 1 1 1 1t t t t t tPS PS OG OG Dα α β β γ ε− − −= + + + + +  (7)
where

PSt – primary surplus,
PSt‒1  – primary surplus one period lagged,
OGt  – output gap,
OGt‒1  – output gap one period lagged, and
Dt‒1 – public debt stock one period lagged.

The key parameter is g1, which indicates the reaction of primary surplus to the changing level of public debt 
in the previous period. If this parameter is significantly different from zero (positive), this means that the 
growing stock of public debt effectively leads to generation of a fiscal surplus, thus ensuring the long-term 
solvency of the public sector.
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4  Results of the econometric analysis
We first checked the level of integration of every budgetary variable for Poland. In doing so, we used four 
different unit root tests: ADF, PP, KPSS, and Zivot-Andrews. However, for us, the ultimate criterion was 
the result of the Zivot-Andrews test. For our calculations, we used GNU R and the package urca. In every 
test, we chose the level of significance as 5%. In line with our previous data exploration, in all cases, we 
accepted the hypothesis about the existence of a structural break. Our analysis reveals that the use of the 
Zivot-Andrews test was justified (Table 1).

Contrary to the findings of Pączek-Jarmulska [2016], our analysis based on the Zivot-Andrews reveals 
that both primary surplus and public debt stock were integrated at the same level, namely, I(2), so further 
co-integration analysis would be justified. The structural break in output gap occurred as expected in 2008 
Q4, but a visible impact of the economic slowdown upon the primary surplus in Poland occurred a few 
quarters later, so the structural break in primary surplus appeared in 2010 Q4. Furthermore, the structural 
break of Polish public debt stock in 2014 Q1 was related with the redemption of some series of Treasury 
bonds (T-bonds)as a result of the reform of the Polish pension system [Wysocki, 2017].

Table 1: Unit root test results of primary surplus (PS), public debt stock (D), and output gap (OG) for Poland

Variable ADF PP KPSS ZA (intercept and trend)

Order Test statistic Critical value at a=5% Break

Primary surplus (PS) I(2) I(0) I(0) I(2) –12.2056 –4.8 2010 Q4

Public debt stock (D) I(I) I(I) I(I) I(2) –5.8836 –4.8 2014 Q1

Output gap (OG) I(0) I(I) I(I) I(0) –6.7067 –5.08 2008 Q4

Source: own calculations.

Next, we tested the cointegration of the variables. The test shows that according to the maximal eigenvalue 
test of the Johansen procedure [1991] at the level of significance of 5% (Table 2), in Poland, there exists at 
least one cointegration vector primary surplus (PS), public debt stock (D), and output gap (OG).

Table 2: Values of the test statistic and the critical values of the maximal eigenvalue statistic of the Johansen procedure

Number of vectors Test 10% 5% 1%

r <= 2 3.74 6.5 8.18 11.65

r <= 1 8.10 12.91 14.9 19.19

r = 0 27.07 18.9 21.07 25.75

Source: own calculations.

However, because of the existence of structural breaks in all the aforementioned macroeconomic time series 
in Poland, which has been proved earlier with the Zivot-Andrews test, the Lütkepohl-Saikkonen-Trenkler 
trace test [2004] with the critical values from Trenkler [2003] was used (Table 3). This test takes into account 
the presence of endogenous structural shifts in the time series, because it includes shift correction in the 
linear trend. This test also confirmed that at the level of significance of 5%, in Poland, there exists at least 
one cointegration vector primary surplus (PS), public debt stock (D), and output gap (OG).

Table 3: Values of test statistic and critical values of trace statistic of Lütkepohl-Saikkonen-Trenkler test

Number of vectors Test 10% 5% 1%

r <= 2 6.30 5.42 6.79 10.04

r <= 1 19.30 13.78 15.83 19.85

r = 0 35.1 25.93 28.45 33.76

Source: own calculations.
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After tests of integration order and cointegration analysis, we estimated the fiscal reaction function. The 
structure of the fiscal reaction function is in line with the former specifications by Bohn [2007] and Krajewski 
et al. [2016]. Because we used quarterly data, all variables were lagged by four instead of one:

0 1 4 0 1 4 1 4t t t t t tPS PS OG OG Dα α β β γ ε− − −= + + + + +  (8)
where

tPS  – primary surplus,
4tPS −  – primary surplus four quarters lagged,

tOG  – output gap,
4tOG −  – output gap four quarters lagged, and 

4tD −  – public debt stock four quarters lagged.

Next, we estimated the fiscal reaction function for Poland in our sample of 2004 Q1–2017 Q2 (Table 4). 
The estimation of parameter g1 of the lagged public debt stock (D4) is positive and statistically significant, 
which means that the fiscal policy in Poland within this period has been sustainable in the strong sense. 
Furthermore, the estimations of the majority of parameters are statistically significant, and the results of 
the F-statistic confirm the proper specification of the model.

Table 4: Estimation results of fiscal reaction function for Poland from 2004 Q1 to 2017 Q2

Coefficients Estimate Standard error F-statistic p-Value Adjusted R-squared

(Intercept) –8.48962 2.99832 7.441 on 4 and 45 DF 1.09E–04 0.3446

PS4 0.55059 0.12596

OG 0.06635 0.04602

OG4 –0.01698 0.04840

D4 0.15418 0.06012

Source: own calculations.

In our robustness check analysis, we split the sample to investigate the fiscal outcomes prior to and after 
the crisis. The analysis shows that for the period 2004 Q1–2008 Q3, the g1 parameter is positive but not 
statistically significant. For the period from 2008 Q4 to 2017Q2, the g1 parameter is positive and statistically 
significant, which means that the fiscal policy in Poland has been sustainable in a strong sense also since 
2008 Q4 (Appendix 1). Furthermore, redemption of some series of T-bonds in 2014 Q1 for an amount of 8.5% 
of GDP had no impact upon our conclusions (Appendix 2)

5  Conclusions
The aim of this paper was to analyze the fiscal sustainability in Poland after integration into the EU between 
2004 and 2017. Unlike previous studies, which analyzed weak measures of fiscal sustainability, we analyzed 
fiscal sustainability measures in the strong sense.

Contrary to previous studies, we estimated individual, not panel, fiscal reaction functions, which 
allowed us to provide possibly a more accurate picture of fiscal policy outcomes in Poland.

Moreover, our empirical analysis took a closer look at the series of structural breaks that occurred after 
the global crisis. The analysis reveals a cycle of structural breaks of 2- and 4-year lags: for output gap in 
2008 Q4, for primary deficit in 2010 Q4, and for public debt in 2014 Q1. Our key research question was the 
following: has fiscal policy in Poland been sustainable up until 2017 despite strong deterioration of public 
finances during the crisis? Based on our econometric analysis, we may tentatively conclude that despite 
cyclical fiscal deterioration during the crisis, fiscal policy in Poland has been sustainable in the strong 
sense up until 2017. What is important, these results seem to be robust with respect to the pension fund 
reform, which led to a one-off redemption of T-bonds in amount of 8.5% of GDP in 2014 Q1.
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Appendix 1
Robustness check analysis – additional estimations on the samples prior to and after the crisis

Table A1: Estimation results of the fiscal reaction functions for Poland from 2004 Q1 to 2008 Q3

Coefficients Estimate Std. error F-statistic p-Value Adjusted R-squared

(Intercept) –26.82728 20.4400 2.547 on 4 and 10 DF 0.1051 0.3065

PS4 0.62989 0.34854

OG –0.08150 0.08279

OG4 0.18791 0.19003

D4 0.57735 0.42912

Source: own calculations.

Table A2: Estimation results of the fiscal reaction functions for Poland from 2008 Q4 to 2017 Q2

Coefficients Estimate Std. error F-statistic p-Value Adjusted R-squared

(Intercept) –12.14877 3.51475 11.23 on 4 and 30 DF 1.093E–05 0.5461

PS4 0.46872 0.11830

OG 0.19921 0.07687

OG4 0.08874 0.04901

D4 0.21766 0.06726

Source: own calculations.

Appendix 2
Robustness check analysis – additional estimations without the effect of the redemption of the government 
bond share of the open pension funds

Table A3: Estimation results of fiscal reaction functions for Poland from 2004 Q1 to 2017 Q2 for gross consolidated debt 
without the effect of the redemption of the government bond share of the open pension funds

Coefficients Estimate Std. error F-statistic p-Value Adjusted R-squared

(Intercept) –7.37635 2.11326 8.601 on 4 and 45 DF 3.034E–05 0.3829

PS4 0.49810 0.12235

OG 0.07357 0.04482

OG4 –0.01576 0.04644

D4 0.12523 0.04005

Source: own calculations.

Table A4: Estimation results of fiscal reaction functions for Poland from 2008 Q4 to 2017 Q2 for the gross consolidated debt 
without the effect of the redemption of the government bond share of the open pension funds

Coefficients Estimate Std. error F-statistic p-Value Adjusted R-squared

(Intercept) –17.26222 3.72530 17.76on 4 and 45 DF 3.857E–07 0.6908

PS4 0.25440 0.13643

OG 0.15516 0.08800

OG4 0.06402 0.05499

D4 0.28941 0.06353

Source: own calculations.
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Abstract: Scholars and practitioners indicate that low level of employee engagement at work is currently 
one of the most alarming global economic problems. The potential consequence of this phenomenon 
is declining work performance. Therefore, it becomes important to understand the concept of work 
engagement, its meaning for employees, and implications for employers. The article is a systematic 
review of the body of literature, presenting the results of research on the association between employee 
engagement and various performance categories. The paper’s objective is to summarize prior studies 
based on their ordering and categorization, identify gaps in the current knowledge, and propose an 
agenda for future research. The article presents these findings in a synthetic manner, offering practical 
and academic implications arising therefrom. Results of the review indicate that, in the case of most peer-
reviewed publications, a statistically significant relation between employee engagement and numerous 
categories and subcategories of performance was confirmed.

Keywords: employee engagement, work engagement, process performance, outcome performance 
JEL codes: J24, J53

1  Introduction
Employees, regardless of the nature of business, are one of the key resources of a company. At a time 
when competition for the best specialists is often stronger than efforts to obtain the client, the ability 
to successfully manage relationships with employees can decide on the long-term market advantage. 
Through the creation of a friendly, development-enabling environment that leads to employee engagement, 
employers can increase their chances of hiring and retaining valuable employees.

Numerous reports suggest a low level of employee engagement worldwide. According to the Gallup 
Institute, globally only 15% of workers can be described as fully engaged in their work, while 85% are not 
engaged or are actively disengaged [Gallup, 2017]. The causes of the deepening “disengagement crisis” 
lie in the absence of support to employees in achieving what they perceive for themselves as meaningful 
results [Forbes, 2014]. The academic community also sees the problem of low employee engagement and its 
negative impact on business outcomes. According to Teresa Amabile of the Harvard Business School, cited 
in Forbes [2014], it leads to lower level of company revenues and deterioration of its profitability indicators. 
The crisis, in the context of innovation, productivity, and performance, has also been noticed by the UK 
Government. The Department for Business, Innovation and Skills [2009] has confirmed the low level of 
employee engagement in Great Britain and the negative consequences of this state of affairs on the UK 
economy. The worldwide nature of the problem suggests the need for research on the impact of employee 
engagement on the organization, as well as synthesis of the results, in an attempt to draw practical, 
universal lessons.
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Tranfield et al. [2003] indicate that the process of reviewing the literature is essential for managing 
knowledge diversity in the context of particular academic studies. This article is a systematic literature 
review, with the objective of ordering and categorizing prior research on the association between employee 
engagement and various performance aspects. It identifies gaps in the current state of knowledge, draws 
conclusions, and highlights the implications based on analysis of selected studies. The review includes 
papers published between January 2002 and May 2018.

The article structure is as follows. The first section describes the method of selection of publications. 
Next, the analysis results are presented. The last section contains conclusions of the review, their practical 
and academic implications, as well as the paper’s limitations.

2  Method
A review of literature lays a solid foundation for knowledge development. It exposes areas where studies 
are yet to be conducted and assists in theory advancement [Webster et al., 2002]. This article is of the 
systematic review type, with elements of bibliometric analysis. It is aimed to synthesize the current state 
of knowledge by presenting a structured analysis and the aggregated findings. For academics, this type 
of review enables the maintenance of scientific rigor. For employers/managers, the reviewing process 
facilitates accumulation of credible knowledge from various sources [Tranfield et al., 2003]. In carrying out 
the review, a comprehensive search strategy with an explicit process of selecting articles is being set out. 
The process of extracting relevant information and evaluating articles is clear and specific. Categorizing 
studies within conceptually and/or methodologically similar groups leads to systematic ordering and 
description of the results of the studies in order to assess their quality and applicability. Systematic reviews, 
apart from summarizing the current state of knowledge within an area, also clarify what remains to be 
examined [Petticrew and Roberts, 2006].

This article also contains elements of descriptive bibliometric analysis. They were included in order 
to determine the distribution of reviewed publications over the years and across different geographical 
regions. The applied approach offers insight on high levels of aggregation and, therefore, does not allow for 
more detailed conclusions [Van Leeuwen, 2004].

Only few literature reviews related to the concept of employee engagement have been conducted to 
date. Three of them seem to have had the most significant impact on the direction of further research. 
Wollard and Shuck [2011] carried out a literature review, which explored conceptually and empirically 
driven antecedents of employee engagement in two perspectives: individual and organizational, finding 
21 antecedents in each dimension. Apart from being an important source of information for researchers, 
the article is especially useful for practitioners interested in increasing engagement in their organizations.

Kim et al. [2012], in their review, investigated the consequences of employee engagement. They 
particularly analyzed the literature on the relationship between employee engagement and performance, 
presenting conclusions and implications for human resource (HR) management and organizational 
development. The search for relevant literature was limited to ProQuest multiple databases, including 
Education Resources Information Center (ERIC), ABI/INFORM Complete, ProQuest Education Journals, 
PsycARTICLES, and PsycINFO. Analysis of 20 articles selected for the final review proved a positive 
association between employee engagement and company performance, concluding that an engaged 
workforce can be an important source of competitive advantage [Kim et al., 2012, p. 267].

Bailey et al. [2017] conducted a systematic review, involving 214 studies that examined the meaning, 
antecedents, and consequences of engagement (42 studies researched the performance outcomes). They 
distinguished five groups of engagement’s determinants: leadership, job design, team and organizational 
factors, organizational interventions, and psychological states. Engagement was found to be positively 
associated with four work-related aspects: individual morale, individual task performance, organizational 
performance, and extra-role performance.

This literature review can be regarded as an extension of Kim et al.’s [2012] as well as Bailey et al.’s 
[2017] substantial works, in terms of publication date range and databases used in order to extract relevant 
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articles. Thus, it continues to drive the explorative conversation around the construct of engagement in 
research.

The review includes only peer-reviewed articles from three databases: EBSCO (Business Searching 
Interface), Emerald, and ProQuest (ABI/INFORM Collection). The search was confined to English language 
publications that contained the expression “employee engagement” or “work engagement” in the abstract, 
the most frequent keywords used to describe the analyzed construct [Bakker and Bal, 2010]. At this stage, the 
selection yielded >2,000 publications. In the next step, the search was limited to articles with abstracts that 
contained the word “performance”, the second determinant of the analyzed dependency. This restriction 
reduced the pool to 550 articles. The selection process is consistent with the approach applied in earlier 
reviews of the literature on the subject [Kim et al., 2012].

Figure 1 shows the distribution of publications over time. The trend is positive, with a particular increase 
in the number of articles in the period 2013–2018.

2 0 2
6

10 8

18
26

18

31 33

69

53
60

84
90

0

10

20

30

40

50

60

70

80

90

100

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Nu
m

be
r 

of
 p

ub
lis

he
d 

 a
rt

ic
le

s

Year

44

(May 2018)

Figure 1. Distribution of publications describing the association between employee engagement and company performance in 
the period 2002–2018.  Source: own elaboration.

The final step of article selection was verification of abstracts, performed to ascertain whether they present 
the measurement and results of the authors’ own empirical research. Finally, the literature review includes 
71 publications that have been analyzed in detail.

3  Results of the literature review
The literature review comprised an analysis of articles that met the criterion of conducting research and 
describing the results thereof  on the association between employee engagement and performance aspects. 
The papers were published in 49 different journals related mainly to the following academic disciplines: 
occupational psychology, HR management, and performance management. The most studies were published 
in the Journal of Occupational and Organizational Psychology (n=6), International Journal of Contemporary 
Hospitality Management (n=3), Journal of Managerial Psychology (n=3), Journal of Organizational Behavior 
(n=3), and Personnel Review (n=3).
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The examined studies were conducted in 25 countries, across five continents (Table 1). This observation 
demonstrates the wide interest of various academic communities in this topic. Most of the research has 
been conducted in the USA (10 studies) and the Netherlands (10 studies). The sum of publications in Europe 
alone accounted for 46% of all reviewed papers.

Table 1. Geographical structure of the reviewed studies

Number Country where the study was 
conducted

Number 
of research reports

Number Country where the study was 
conducted

Number 
of research reports

1 USA 10 14 Turkey 2

2 The Netherlands 10 15 Republic of Korea 2

3 UK 6 16 Nigeria 2

4 India 6 17 Czech Republic 1

5 Pakistan 4 18 Lithuania 1

6 Spain 3 19 Finland 1

7 Canada 3 20 Italy 1

8 China 3 21 Greece 1

9 Malaysia 3 22 Cyprus 1

10 Germany 2 23 Indonesia 1

11 Republic of Ireland 2 24 Jordan 1

12 Portugal 2 25 Australia 1

13 Israel 2

Source: own elaboration.

Participants of the research studies represented diverse professions, ranging from manufacturing to the 
services sectors; 44% of the articles described the results of studies carried out on more than one professional 
group. Among the studies limited to representatives of one branch of the economy, most concerned the 
following industries: hospitality (11%) [Park et al., 2017; Kim and Koo, 2017; Karatepe and Olugbade, 2016; 
Suan Choo, 2016; Myrden and Kelloway, 2015; Karatepe, 2011; Xanthopoulou et al., 2009; Salanova and 
Agut, 2005], banking (8%) [Lathabhavan et al., 2017; Karatepe and Aga, 2016; Akhtar et al., 2016; Van Beek 
and Taris, 2014; Albdour and Altarawneh, 2014; Yalabik and Popaitoon, 2013], and health care (6%) [Shantz 
et al., 2016; Gordon and Demerouti, 2015; Tims and Bakker, 2013; Freeney and Fellenz, 2013].

4  Categorization of reviewed studies
Petticrew and Roberts [2006, p. 170] indicates that “systematic ordering and description of the results of the 
studies lies at the core of most systematic reviews”. Therefore, the main research objective of the review was 
to categorize the analyzed studies and draw conclusions based on their ordering. Categories were created 
in order to map out studies with regard to the examined performance aspects associated with employee 
engagement. Campbell et al. [1993] indicate a wide variety of phenomena under the “performance” label 
in contemporary research and enumerate the measures of performance, ranging from objective ones, 
like number of pieces produced or total value of sales, to subjective self-ratings of overall performance. 
Performance can be defined as work activity and its dynamics but also as a measurable work outcome [Roe, 
1999]. Furthermore, it can be considered on individual, group, or organizational level, which is reflected in 
specific goals that correspond with each level [Roe, 1999]. Based on this description, six main categories, 
considering the type and level of performance, have been created: process performance on the individual 
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level, process performance on the team level, process performance on the organizational level, outcome 
performance on the individual level, outcome performance on the team level, and outcome performance 
on the organizational level. Each study has been assigned to appropriate category/categories (eight studies 
have been assigned to two categories, while one study has met the selection criteria of three categories). 
Table 2 illustrates the result of the ordering and categorization of the analyzed papers.

Table 2. Categorization of reviewed articles based on the type and level of analyzed performance

Individual level Team level Organizational level

Process 
performance

61 studies:
Akhtar et al., 2016; Albdour and Altarawneh, 2014; 
Alessandri et al., 2018; Alfes and Truss, 2013; Ali 
et al., 2018; Anitha, 2014; Bakker and Bal, 2010; 
Bakker et al., 2012; Bal and De Lange, 2015; Barnes 
and Collier, 2013; Castanheira, 2016; Cesário and 
Chambel, 2017; Chong and Lee, 2017; Chughtai 
and Buckley, 2011; Dalal and Baysinger, 2012; Dash 
and Muthyala, 2016; Eldor and Harpaz, 2016; Eldor, 
2017; Farndale et al., 2014; Findikli, 2015; Fletcher, 
2016; Freeney and Fellenz, 2013; Gordon and 
Demerouti, 2015; Gorgievski and Moriano, 2014; 
Gutermann et al., 2017; Halbesleben and Wheeler, 
2008; Kapil and Rastogi, 2017; Karatepe, 2011; 
Karatepe and Aga, 2016; Karatepe and Olugbade, 
2016; Kašpárková et al., 2018; Kataria et al., 2013; 
Khan and Malik, 2017; Kim and Koo, 2017; Kovjanic 
and Schuh, 2013; Lathabhavan et al., 2017; Lin 
et al., 2016; Lorente and Salanova, 2014; Maden, 
2015; Medlin and Green, 2009; Medlin et al., 2016; 
Myrden and Kelloway, 2015; Nazir and Islam, 2017; 
Nazli and Sheikh Khairudin, 2018; Park et al., 2017; 
Rahman et al., 2017; Reijseger et al., 2017; Saks, 
2006; Schmitt et al., 2016; Shantz and Alfes, 2013; 
Shantz et al., 2016; Shuck and Zigarmi, 2015; Suan 
Choo, 2016; Suhartanto and Brien, 2018; Tims and 
Bakker, 2013; Tims et al., 2015; Van Beek and Taris, 
2014; Wang et al., 2015; Xanthopoulou and Bakker, 
2008; Yalabik and Popaitoon, 2013; Zhong et al., 
2016

8 studies:
Findikli, 2015; Freeney and 
Fellenz, 2013; Kataria et al., 2013; 
Mäkikangas et al., 2016; Menguc 
and Auh, 2013; Salanova and Agut, 
2005;Steffens and Haslam, 2014; 
Tims and Bakker, 2013

1 study:
Farndale et al., 2014

Outcome 
performance

4 studies:
Gorgievski and Moriano, 2014; Lazauskaite-
Zabielske et al., 2018; Lin et al., 2016; Shantz et 
al., 2016

4 studies:
Coco and Jamison, 2011; Badal 
and Harter, 2014; Suhartanto and 
Brien, 2018; Xanthopoulou et al., 
2009

3 studies:
Benn et al., 2015; 
Dijkhuizen et al., 
2016; Gorgievski and 
Moriano, 2014

Source: own elaboration.

Categorization revealed an uneven distribution of the analyzed studies across six defined categories. 
The majority of the research reports (61 out of 71 papers) were assigned to process performance on the 
individual-level category, nine papers examined the association between employee engagement and 
process performance on more aggregated (team and organizational) levels, and 10 studies linked employee 
engagement with outcome performance categories on various levels, with one [Gorgievski and Moriano, 
2014] examining both individual and organizational levels. High concentration of studies in a single 
category is the main characteristic of prior literature, which analyzed the association between employee 
engagement and performance. It shows that there is still a vast research area requiring further exploration. 
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Future studies can contribute to the body of knowledge by focusing more on links between employee 
engagement and outcome performance aspects, as well as association between employee engagement and 
performance on aggregated levels.

The main process and outcome performance categories can be further subcategorized based on well-
established definitions. Borman and Motowidlo [1997] divide process performance into contextual and task 
performance, whereas Lebas and Euske [2002] divide outcome performance into financial and nonfinancial 
performance. Ordering of the research studies based on a more detailed categorization is presented in Table 
3 (the total number of studies in the subcategories is higher than the total number of papers in categories 
due to the fact that many studies examined more than one subcategory of performance).

Table 3. Subcategorization of reviewed articles based on type and level of analyzed performance

Individual level Team level Organizational level

Process performance 61 studies 8 studies 1 study

Task performance 40 studies 7 studies 1 study

Contextual performance 45 studies 2 studies 1 study

Outcome performance 4 studies 4 studies 3 studies

Financial performance 2 studies 4 studies 2 studies

Nonfinancial performance 2 studies 2 studies 3 studies

Source: own elaboration.

Subcategorization of the main performance categories showed relatively even distribution of studies across 
subcategories. Process performance on individual-level category was well represented in both task and 
contextual performance subcategories, with at least 40 studies in each of them. Apart from the deficiency 
of studies related to process performance on the organizational level, future research should pay more 
attention to examining the links between engagement and contextual performance on the team level. 
It would be particularly valuable, as contextual performance is, by definition, a discretionary behavior 
directed toward an employee’s proximal environment, including cooperation within a team or unit [Borman 
and Motowidlo, 1997]. Studies researching the association between employee engagement and outcome 
performance, despite their general scarcity, are evenly distributed across the subcategories. The agenda of 
future research ought to include more studies on both financial and nonfinancial dimensions of outcome 
performance and their relation with work engagement, especially since those aspects of performance may 
be particularly meaningful and persuasive for employers.

5  Terms and definitions
Analysis of individual studies required verification of authors’ approach to defining the “employee 
engagement” concept. The reason is that construct clarity enables to avoid the hampering of the knowledge 
accumulation process in a particular research field [Farndale et al., 2014]. The objective of this phase was to 
avoid a situation where significant differences in definitions would undermine the credibility of the review.

In the literature, there are several terms that describe work-related engagement (Table 4). These 
include in particular, “employee engagement”, “work engagement”, “organization engagement”, and 
“job engagement.” The first two, according to Schaufeli and Bakker [2010, p. 10], “are typically used 
interchangeably” and considered so for the purpose of the review. The majority of authors (76% of the 
publications) adopted the definition proposed by Schaufeli et al. [2002, p. 74], which describes employee/
work engagement as “a positive, fulfilling, work-related state of mind that is characterized by vigor (e.g., 
being highly energetic), dedication (e.g., being highly involved in work), and absorption (e.g., being highly 
concentrated in work)”.
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Table 4. Terms and definitions of employee engagement adopted by various authors

Term and definition Author(s) of the 
definition

Research using the particular definition

Employee engagement is “a positive, fulfilling, 
work-related state of mind that is characterized 
by vigour, dedication, and absorption. 
Rather than a momentary and specific state, 
engagement refers to a more persistent and 
pervasive affective–cognitive state that is 
not focused on any particular object, event, 
individual, or behaviour”.

Schaufeli et al. 
[2002]

54 studies:
Akhtar et al., 2016; Alessandri et al., 2018; Ali 
et al., 2018; Bakker and Bal, 2010; Bakker et al., 
2012; Bal and De Lange, 2015; Barnes and Collier, 
2013; Castanheira, 2016; Cesário and Chambel, 
2017; Chong and Lee, 2017; Chughtai and Buckley, 
2011; Dijkhuizen et al., 2016; Eldor and Harpaz, 
2016; Eldor, 2017; Farndale et al., 2014; Findikli, 
2015; Fletcher, 2016; Freeney and Fellenz, 
2013; Gordon and Demerouti, 2015; Gorgievski 
and Moriano, 2014; Gutermann et al., 2017; 
Halbesleben and Wheeler, 2008; Kapil and Rastogi, 
2017; Karatepe, 2011; Karatepe and Aga, 2016; 
Karatepe and Olugbade, 2016; Kašpárková et al., 
2018; Kataria et al., 2013; Khan and Malik, 2017; 
Kovjanic and Schuh, 2013; Lathabhavan et al., 
2017; Lazauskaite-Zabielske et al., 2018; Lin et al., 
2016; Lorente and Salanova, 2014; Maden, 2015; 
Mäkikangas et al., 2016; Menguc and Auh, 2013; 
Nazir et al.,2017; Nazli and Sheikh Khairudin, 2018; 
Park et al., 2017; Reijseger et al., 2017; Salanova 
and Agut, 2005; Schmitt et al., 2016; Shantz and 
Alfes, 2013; Shantz et al., 2016; Steffens and 
Haslam, 2014; Suan Choo, 2016; Tims and Bakker, 
2013; Tims et al., 2015; Van Beek and Taris, 2014; 
Wang et al., 2015; Xanthopoulou and Bakker, 2008; 
Xanthopoulou et al., 2009; Yalabik and Popaitoon, 
2013

Personal engagement is “the harnessing of 
organization members’ selves to their work 
roles; in engagement, people employ and 
express themselves physically, cognitively, and 
emotionally during role performances”

Kahn [1990] 5 studies:
Alfes and Truss, 2013; Badal and Harter, 2014; Kim 
and Koo, 2017; Rahman et al., 2017; Zhong et al., 
2016

Job engagement is “the extent to which an 
individual is psychologically present in a work 
role”.
Organizational engagement is “the extent to 
which an individual is psychologically present in 
his role as a member of an organization”.

Saks [2006] 2 studies:
Albdour and Altarawneh, 2014; Saks, 2006

Work engagement is “a relatively enduring state 
of mind referring to the simultaneous investment 
of personal energies in the experience or 
performance of work”.

Christian et al. 
[2011]

1 study:
Benn et al., 2015

Employee engagement “represents an 
employee’s enthusiasm, passion and 
commitment to their work and to the 
organization, the willingness to invest 
themselves and expand their discretionary effort 
to help the employer succeed”.

Myrden and 
Kelloway [2015]

1 study:
Myrden and Kelloway, 2015

Employee engagement is “a cognitive, 
emotional, and behavioural state directed toward 
desired organizational outcomes”.

Shuck and 
Wollard [2010]

1 study:
Shuck and Zigarmi, 2015

Employee engagement is “the relative strength 
of an employee’s involvement in and enthusiasm 
about his or work”.

Tritch [2003] 1 study:
Medlin et al., 2016

Source: own elaboration.
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However, some authors emphasize the need for separate definitions and analyses of the two types of 
engagement, as the state associated with a particular workstation and the state associated with affiliation 
to the organization. Saks [2006, p. 604] calls the first of these concepts “job engagement”, defined as “the 
extent to which an individual is psychologically present in his work role”. Analogously, “organization 
engagement” is “the extent to which an individual is psychologically present in a role as a member of 
an organization”. From the employer’s point of view, it is important to quantify engagement level in both 
dimensions. According to Farndale et al. [2014], this allows to relate measurement results to the role-specific 
outcomes of engagement, which may differ at the organizational and job levels.

Despite the varying levels of details in the definitions, all of them are based on Kahn’s concept of 
personal engagement. Therefore, it can be assumed that the reviewed publications belong to the same 
conceptual approach and comparison of their results is justified. In the case of six papers [Anitha, 2014; 
Coco and Jamison, 2011; Dalal and Baysinger, 2012; Dash and Muthyala, 2016; Medlin and Green, 2009; 
Suhartanto and Brien, 2018], the authors mentioned several definitions without adopting one specific 
concept of employee engagement.

6  Scales measuring employee engagement
Consistency of definitions is also reflected in a limited number of tools used by the researchers to quantify 
the level of employee engagement: 82% of the analyzed publications have benefited from different versions 
of the Utrecht Work Engagement Scale (UWES) developed by Schaufeli and Bakker of Utrecht University 
[Schaufeli et al., 2002]. In its original form, the scale consisted of 25 statements associated, in accordance 
with the definition described earlier, with the three work-related engagement dimensions: vigor, dedication, 
and absorption. Study participants assign a point value to each statement using a seven-point scale, where 
zero means “never” and six means “always”. The most commonly applied version of the scale in the 
analyzed studies was UWES-9, in which three statements were assigned to each dimension. This variant 
was used in 48 out of 71 publications.

Among the other tools used by the researchers, the most popular were Saks Engagement Scale [Saks, 
2006] and the Gallup Workplace Audit [Harter et al. 2002], both consisting of 12 items rated on a five-point 
Likert scale. In some cases, the authors applied a combination of several tools (Table 5).

Table 5. Scales used to quantify the level of employee engagement
Scale Research using the particular scale

UWES-9 [Schaufeli et al., 2002]
 9 items rated on 7-point scale:
  3 vigor items, 3 dedication items, and 3 absorption 
items

47 studies:
Akhtar et al., 2016; Alessandri et al., 2018; Ali et al., 2018; Bakker and Bal, 
2010; Bakker et al., 2012; Bal and De Lange, 2015; Castanheira, 2016; 
Cesário and Chambel, 2017; Chughtai and Buckley, 2011; Dijkhuizen et al., 
2016; Eldor and Harpaz, 2016; Eldor, 2017; Findikli, 2015; Fletcher, 2016; 
Freeney and Fellenz, 2013; Gordon and Demerouti, 2015; Gorgievski and 
Moriano, 2014; Gutermann et al., 2017; Kapil and Rastogi, 2017; Karatepe, 
2011; Karatepe and Aga, 2016; Karatepe and Olugbade, 2016; Kašpárková 
et al., 2018; Kataria et al., 2013; Kovjanic and Schuh, 2013; Lathabhavan 
et al., 2017; Lorente and Salanova, 2014; Maden, 2015; Mäkikangas et al., 
2016; Myrden and Kelloway, 2015; Nazir and Islam, 2017; Park et al., 2017; 
Rahman et al., 2017; Reijseger et al., 2017; Schmitt et al., 2016; Shantz and 
Alfes, 2013; Shantz et al., 2016; Shuck and Zigarmi, 20151; Steffens and 
Haslam, 2014; Suan Choo, 2016; Tims and Bakker, 2013; Tims et al., 2015; 
Van Beek and Taris, 2014; Wang et al., 2015; Xanthopoulou and Bakker, 
20082; Xanthopoulou et al., 2009; Yalabik and Popaitoon, 2013

UWES-17 [Schaufeli et al., 2002]
 17 items rated on 7-point scale:
  6 vigor items, 5 dedication items, and 6 absorption 
items

10 studies:
Barnes and Collier, 2013; Farndale et al., 20143; Halbesleben and Wheeler, 
2008; Khan and Malik, 2017; Lazauskaite-Zabielske et al., 2018; Lin et al., 
2016; Menguc and Auh, 2013; Nazli and Sheikh Khairudin, 2018; Salanova 
and Agut, 2005; Xanthopoulou and Bakker, 20082
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Scale Research using the particular scale

Saks Engagement Scale [Saks, 2006]
 12 items rated on 5-point scale:
  6 job engagement items, and 6 organization 
engagement items

5 studies:
Albdour and Altarawneh, 2014; Farndale et al., 20143; Kim and Koo, 2017; 
Saks, 2006; Suhartanto and Brien, 2018

Gallup Workplace Audit (Q12) [Harter et al. 2002]
 12 items rated on 5-point scale:
  12 employee perceptions of work characteristics 
items

5 studies:
Badal and Harter, 2014; Chong and Lee, 2017; Dash and Muthyala, 2016; 
Medlin and Green, 2009; Medlin et al., 2016

Job Engagement Scale [Rich et al., 2010]
 18 items rated on 5-point scale:
  6 physical engagement items, 6 emotional 
engagement items, and 6 cognitive engagement items

2 studies:
Shuck and Zigarmi, 20151; Zhong et al., 2016

ISA Engagement Scale [Soane et al. 2012]
 9 items rated on 7-point scale:
  3 intellectual engagement items, 3 social 
engagement items, and 3 affective engagement items

1 study:
Alfes and Truss, 2013

JRA Employee Engagement Scale [JRA, 2007]
 6 items rated on 5-point scale:
  2 cognitive engagement items, 2 emotional 
engagement items, and 2 behavioral engagement items

1 study:
Benn et al., 2015

Passion Scale [Vallerand et al., 2003]
 14 items rated on 7-point scale:
  7 harmonious passion items, and 7 obsessive 
passion items

1 study:
Shuck and Zigarmi, 20151

Source: own elaboration.
1 Shuck and Zigarmi [2015] used a multimeasure approach and applied three scales in order to measure employee engage-
ment: UWES-9, Job Engagement Scale, and Passion Scale.
2 General work engagement was assessed with the UWES-9 questionnaire, whereas state work engagement was measured 
with UWES-17.
3 UWES-17 was applied in order to measure work (individual) engagement, whereas Saks Engagement Scale plus two additio-
nal self-designed items were used to measure organizational engagement.

Anitha [2014] applied a self-designed survey questionnaire, whereas Coco and Jamison [2011] did not 
indicate the survey that was used in their study. Dalal and Baysinger [2012] created a composite scale that 
included items from other tools such as UWES, Job Engagement Scale, and Work Engagement Scale.

Despite the fact that the UWES was used in the majority of the reviewed papers, there are doubts 
about the reliability of the questionnaire. Kulikowski [2017], in his literature review, analyzed studies on 
the UWES factorial validity. As the results were found to be ambiguous, he indicates the importance of 
routinely testing the UWES factorial validity during research on employee engagement. Furthermore, 
concerns are raised about the discriminant validity of UWES with regard to job satisfaction [Viljevac et al., 
2012]. Acknowledging the contribution that UWES has made to the current understanding of performance 
aspects in the workplace, there is a necessity for further search for better, more internally consistent work 
engagement measures [Kulikowski, 2017].

7  Data sources: employee performance
In 43 out of the 71 analyzed studies, authors relied solely on self-reported questionnaires in order to collect 
source data on the work engagement outcomes. Consequently, the data used to quantify the dependent 
variable and the explanatory variable were provided by the same person, which could, to some extent, lead 
to overestimation of the correlation between those variables. Subjectivity of that method stems from the 



236   B. Motyka

tendency of respondents to maintain consistency between the declared attitudes and actions [Podsakoff et 
al., 2003]. On the other hand, researchers have used proven, widely accepted questionnaires that allow a 
reliable evaluation of examined variables. In the remaining 28 studies, authors used more objective data, 
such as financial results of business units, surveys conducted among customers, assessments of direct 
supervisors, or a set of several aforementioned data sources (Table 6).

Table 6. Data sources used to quantify performance

Data source Research studies using the particular data source

Self-reported 
questionnaire

47 studies:
Akhtar et al., 2016; Albdour and Altarawneh, 2014; Alfes and Truss, 2013; Ali et al., 2018; Anitha, 
2014; Bal and De Lange, 2015; Barnes and Collier, 2013; Benn et al., 2015; Chong and Lee, 2017; 
Chughtai and Buckley, 2011; Dalal and Baysinger, 2012; Dash and Muthyala, 2016; Farndale et 
al., 2014; Findikli, 2015; Fletcher, 2016; Freeney and Fellenz, 2013; Gordon and Demerouti, 2015; 
Gorgievski and Moriano, 2014; Kapil and Rastogi, 2017; Karatepe and Olugbade, 2016; Kašpárková 
et al., 2018; Kataria et al., 2013; Khan and Malik, 2017; Kim and Koo, 2017; Lathabhavan et al., 
2017; Lorente and Salanova, 2014; Maden, 2015; Mäkikangas et al., 2016; Medlin and Green, 
2009; Medlin et al., 2016; Nazir and Islam, 2017; Nazli and Sheikh Khairudin, 2018; Park et al., 
2017; Rahman et al., 2017; Reijseger et al., 2017; Saks, 2006; Shantz and Alfes, 2013; Shantz et 
al., 2016; Shuck and Zigarmi, 2015; Steffens and Haslam, 2014; Suan Choo, 2016; Suhartanto and 
Brien, 2018; Tims and Bakker, 2013; Tims et al., 2015; Van Beek and Taris, 2014; Xanthopoulou and 
Bakker, 2008; Zhong et al., 2016

Supervisors’ 
evaluation

18 studies:
Alessandri et al., 2018; Bakker and Bal, 2010; Bakker et al., 2012; Castanheira, 2016; Cesário 
and Chambel, 2017; Eldor and Harpaz, 2016; Eldor, 2017; Gutermann et al., 2017; Halbesleben 
and Wheeler, 2008; Karatepe, 2011; Karatepe and Aga, 2016; Karatepe and Olugbade, 2016; 
Lazauskaite-Zabielske et al., 2018; Lin et al., 2016; Shantz and Alfes, 2013; Wang et al., 2015; 
Yalabik and Popaitoon, 2013; Zhong et al., 2016

Colleagues’ 
evaluation

1 study:
Schmitt et al., 2016

Researcher evaluation 1 study:
Kovjanic and Schuh, 2013

Customers’ 
evaluation

3 studies:
Menguc and Auh, 2013; Myrden and Kelloway, 2015; Salanova and Agut, 2005

Company financial 
data

6 studies:
Badal and Harter, 2014; Coco and Jamison, 2011; Dijkhuizen et al., 2016; Gorgievski and Moriano, 
2014; Lin et al., 2016; Xanthopoulou et al., 2009

Source: own elaboration.

8  Statistical analysis: methods used by authors of analyzed 
studies
Various authors, in order to verify their hypotheses, have applied various techniques of statistical modeling. 
The most commonly used was structural equation modeling (including variants such as path analysis, 
partial least-squares analysis, and confirmatory factor analysis), applied in 42 reviewed studies. One of its 
standard applications is research in the management science using scale-based questionnaires [Davcik, 
2014]. In the remaining studies, researchers have benefited from other modeling approaches, such as 
multilevel linear regression, Bayesian methods, or canonical discriminant analysis (Table 7).
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Table  7. Statistical modeling techniques applied to verify the association between employee engagement and performance

Statistical technique Research studies using the particular technique

Structural equation 
modeling

42 studies:
Alessandri et al., 2018; Alfes and Truss, 2013; Ali et al., 2018; Anitha, 2014; Bakker et al., 2012; 
Barnes and Collier, 2013; Benn et al., 2015; Castanheira, 2016; Chughtai and Buckley, 2011; Coco 
and Jamison, 2011; Eldor, 2017; Findikli, 2015; Freeney and Fellenz, 2013; Gorgievski and Moriano, 
2014; Gutermann et al., 2017; Halbesleben and Wheeler, 2008; Karatepe and Aga, 2016; Karatepe 
and Olugbade, 2016; Kašpárková et al., 2018; Kataria et al., 2013; Kim and Koo, 2017; Kovjanic and 
Schuh, 2013; Lathabhavan et al., 2017; Lazauskaite-Zabielske et al., 2018; Lorente and Salanova, 
2014; Maden, 2015; Medlin and Green, 2009; Medlin et al., 2016; Myrden and Kelloway, 2015; 
Nazir and Islam, 2017; Nazli and Sheikh Khairudin, 2018; Park et al., 2017; Reijseger et al., 2017; 
Salanova and Agut, 2005; Shantz and Alfes, 2013; Shantz et al., 2016; Suan Choo, 2016; Suhartanto 
and Brien, 2018; Tims and Bakker, 2013; Tims et al., 2015; Van Beek and Taris, 2014; Yalabik and 
Popaitoon, 2013

Multilevel linear 
regression

25 studies:
Albdour and Altarawneh, 2014; Akhtar et al., 2016; Bakker and Bal, 2010; Bal and De Lange, 2015; 
Cesário and Chambel, 2017; Dalal and Baysinger, 2012; Dijkhuizen et al., 2016; Eldor and Harpaz, 
2016; Badal and Harter, 2014; Fletcher, 2016; Gordon and Demerouti, 2015; Kapil and Rastogi, 2017; 
Karatepe, 2011; Khan and Malik, 2017; Lin et al., 2016; Mäkikangas et al., 2016; Menguc and Auh, 
2013; Rahman et al., 2017; Saks, 2006; Schmitt et al., 2016; Steffens and Haslam, 2014; Wang et al., 
2015; Xanthopoulou and Bakker, 2008; Xanthopoulou et al., 2009; Zhong et al., 2016

Bayesian methods 1 study:
Shuck and Zigarmi, 2015

Canonical 
discriminant analysis

1 study:
Dash and Muthyala, 2016

Pearson correlation 
coefficient

1 study:
Chong and Lee, 2017

t-Test 1 study:
Farndale et al., 2014

Source: own elaboration.

The vast majority of analyzed studies had a cross-sectional structure of source data, thus they were 
conducted at one point in time. The consequence of this type of analysis design is the difficulty in 
determining the causal inference between variables, which, in the context of this review, is the association 
between employee engagement and various aspects of performance. However, it is proven that meeting 
certain requirements can strengthen causal inference and mitigate the risk of common-method variance 
[Rindfleisch et al., 2008]. According to Rindfleisch et al. [2008, p. 276], cross-sectional data are applicable 
especially for studies that are well embedded in theory, use reliable measurement scales and statistical 
tools, and involve well-educated respondents.

In the case of 13 analyzed studies, the source data had a longitudinal or time-lag structure, which means 
that the variables had been quantified at least twice over time [Alessandri et al., 2018; Bal and De Lange, 
2015; Halbesleben and Wheeler, 2008; Karatepe, 2011; Karatepe and Aga, 2016; Karatepe and Olugbade, 2016; 
Khan and Malik, 2017; Myrden and Kelloway, 2015; Tims et al., 2015; Wang et al., 2015; Xanthopoulou and 
Bakker, 2008; Xanthopoulou et al., 2009; Yalabik and Popaitoon, 2013]. Successive measurements of the same 
variables enable more unambiguous identification of the causal link between them. However, a drawback is 
the risk of reducing the rate of responses received for repeated measurements, as well as the occurrence of 
intermediate events, which could disrupt the results of a study [Burkholder and Harlow, 2003].

The next division of reviewed publications can be made by taking into account the directness of 
relationship between employee engagement and its consequences. Among the analyzed articles, in 89% 
of the cases, the authors have examined only the direct relationship between the variables. In other 
publications, the link has been supplemented by an additional mediating factor (motivation, workplace 
optimism, service climate, team orientation, and learning goal orientation). Their introduction was aimed 
at strengthening the original relationship, which has been proved by the studies’ results.
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9  Results reported by the reviewed research studies
Forty-eight studies found a statistically significant relationship between employee engagement and task 
performance, although one study concluded that only organizational engagement (one of the engagement 
dimensions) is related to the individual level of task performance [Kim and Koo, 2017]. Forty-six studies 
examined the association between work engagement and contextual performance in terms of the following 
behavioral aspects: organizational citizenship behavior, extra-role behavior, innovative behavior, employee 
retention (positive), turnover, absence intention (negative), organizational and career commitment, 
initiative, active learning behavior, knowledge sharing, creativity, proactivity, counterproductive behavior 
(negative), adaptability, decision-making quality, and safety behaviors. Thirty-six of these studies fully 
confirmed the formulated hypotheses, whereas 10 showed mixed results. Gordon and Demerouti [2015] 
found that work engagement was an antecedent only of daily analytical decision-making, however, not of 
intuitive decision-making. Halbesleben and Wheeler [2008] revealed that engagement was not significantly 
related to turnover intention (negative relation). Two studies found that work engagement was not associated 
with organizational citizenship behavior [Tims et al. 2015, Zhong et al. 2016]. Saks [2006] concluded that 
only organization engagement predicted organizational citizenship behavior. Albdour and Altarawneh 
[2014] and Farndale et al. [2014] confirmed that organization engagement was not significantly related 
to continuance commitment, one of the organizational commitment components. Reijseger et al. [2017] 
found that employee engagement was not associated with counterproductive behavior (negative relation). 
Kim and Koo [2017] concluded that organization engagement was not significantly related to innovative 
behavior. In the study of Shuck et al. [2015], the relationship between employee engagement and behavioral 
outcomes depended on the scale used to measure engagement. Results were statistically significant when 
UWES-9 was applied but inconclusive when the Job Engagement Scale was used.

Seven studies found a statistically significant link between employee engagement and financial 
performance (revenue, profit, and inventory shrinkage cost), although one concluded that engagement 
was associated only with profit but not turnover [Dijkhuizen et al., 2016]. Seven studies focused on the 
association between engagement and nonfinancial performance (environmental performance, customer 
satisfaction, number of employees, and safety level). In six of these studies, the hypotheses formulated by 
the authors were confirmed, whereas one did not find a statistically significant link between entrepreneur 
engagement and the level of company’s employment [Dijkhuizen et al., 2016].

10  Conclusions, implications, and limitations

10.1  Conclusions

The literature review on the association between work engagement and various performance categories 
proves the growing interest of researchers in the subject. To put it in context, 50 out of the 71 analyzed 
papers have been written in the past 5  years. Overall, authors have conducted empirical studies in 25 
countries, in diverse geographical regions, based on data from various industries such as financial services, 
education, construction, or hospitality. However, ordering and categorization of prior studies revealed 
the uneven distribution of the analyzed research across six categories, which were defined to reflect the 
different types and levels of performance. There is a particular deficiency in studies on the association 
between engagement and outcome performance aspects, as well as association between engagement and 
performance on aggregated (team and organizational) levels.

The conceptualization of employee engagement is well established, with domination of the Utrecht 
Group construct of engagement and the corresponding definition, as it was adopted by more than three-
quarters of the reviewed literature. All definitions, however varying and emphasizing different aspects and 
dimensions of engagement, are based on Kahn’s concept of personal engagement, demonstrating their 
belonging to the same conceptual approach. The majority of studies shared not only the same conceptual 
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framework but also the same methods of research. The UWES variants, the UWES-9 and the UWES-
17, developed by Schaufeli and Bakker, have been applied in 79% of the analyzed papers. Data sources 
that have been used to quantify the level of employee performance were limited mainly to self-reported 
questionnaires (61% of all studies used only this type of data source). Six studies relied on companies’ hard 
data such as financial results and performance indicators. In terms of statistical modeling, the authors 
applied methods typical for management research using scale-based surveys [Davcik, 2014]. Thus, 59% of 
the reviewed papers benefited from various forms of structural equation modeling.

In the case of 59 publications, the conducted analysis fully confirmed the authors’ hypotheses, proving 
the existence of a statistically significant relation between employee engagement and various performance 
categories. In this group, 11 out of 13 studies had a longitudinal or time-lag design, which more unequivocally 
verified the causal relationship between the variables [Burkholder and Harlow, 2003]. The hypotheses 
formulated in the remaining publications (12 out of 71 papers) were only partially confirmed. In one case, 
the strength of the correlation depended on the tools used to quantify the level of employee engagement. 
In the remaining studies, part of employee engagement-related implications, such as intuitive decision-
making quality, individual dimension of organizational citizenship behavior, and turnover intention 
(negative relationship), were not confirmed.

10.2  Recommendations for future research

Categorization of prior studies on the association between employee engagement and performance revealed 
the research areas requiring further exploration. The agenda of future research ought to include more 
studies exploring links between engagement and both financial and nonfinancial dimensions of outcome 
performance. Furthermore, subsequent studies can contribute to the body of knowledge by focusing more 
on the association between engagement and performance on both team and organizational levels, which 
are underrepresented, compared to studies considering performance on the individual level.

Well-established research methods will certainly be beneficial in further exploration of the subject and, 
consequently, in the development of existing knowledge. However, greater effort should be directed at using 
more objective source data, rather than the most common self-reported questionnaires [Podsakoff et al., 
2003]. Among them, analysis based on financial results would be particularly beneficial. Obtaining source 
data of this type is generally more difficult than in the case of other analyzed causal links; nonetheless, 
results of these studies would probably be the most compelling for employers. In order to unequivocally 
confirm the direction of causality in the analyzed relationships, researchers should conduct more studies 
of longitudinal nature. Although cross-sectional studies, when designed properly, can provide limited 
evidence for causality, it is preferable to rely on measurements repeated over time, as they firmly prove 
temporal–causal inferences [Rindfleisch et al., 2008]. While the majority of research studies used UWES 
scales for assessing engagement, doubts still remain about the measure. Kulikowski [2017] argues that its 
factorial validity is ambiguous, whereas Viljevac et al. [2012] raise concern about its discriminant validity 
with regard to job satisfaction. Therefore, it is recommended to research more on the measurement of work 
engagement, as current, well-established scales may have limitations.

A growing body of scientific evidence on the positive effects of employee engagement should lead to 
an equally intense research on its antecedents. Only a thorough understanding of the factors generating 
work engagement will allow the implementation of effective programs and practices, securing the growth 
of organizations in this aspect of their activity [Wollard and Shuck, 2011]. In this context, it is essential for 
the further research to include generational diversity that can be found in most companies. The study by 
Akhavan Sarraf et al. [2017] proves that there are significant inequalities in employee engagement levels 
between generations, and also that individual engagement constructs can differ based on employees’ age. 
Presumably, the sources of work engagement of today’s 30-year-old employees are significantly different 
from the antecedents that develop engagement in the generation of their parents. As a result, effective 
management of employee engagement can lead not only to its growth in all workers’ age groups, but also 
reduce the common lack of mutual understanding between generations in their approach to work and 
expectations toward employer.
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10.3  Implications for practice

In practical terms, the literature review confirmed the wide range of implications related to employee 
engagement on the functioning of companies. In addition to general work performance indicators, 
researchers proved the impact of engagement on particularly valued attitudes, such as innovativeness, 
active learning behavior, knowledge sharing, and adaptability. From a pragmatic business standpoint, work 
engagement leads to the development of an organization, defined as a growth of revenues, net income, and 
employment [Gorgievski and Moriano, 2014]. The current global trend of the labor market to transform 
itself into an employee market, together with the low overall level of work engagement, should incline 
companies to develop their HR strategies recognizing the importance of this construct. Nevertheless, the 
process requires certain investments in antecedents of engagement [Wollard and Shuck, 2011], adjusting 
the organization to the new demands, enabling employers to calculate the return on engagement and, on 
this basis, making more-informed managerial decisions.

10.4  Limitations

The article is not free from the limitations typical of this kind of literature reviews  [Petticrew and Roberts, 
2006]. The limitations are associated with the method applied in order to select publications for analysis. 
The first one concerns the criteria that had to be met in order for the empirical study to qualify for the review 
(selection of papers based on rigidly defined expressions in their abstracts). Furthermore, researchers 
suggest distinguishing the concept of performance from that of effectiveness and productivity [Campbell 
et al., 1993], which, if taken into account, could also influence the final number of selected articles. The 
second constraint is associated with the limited number of online databases that supported the search 
process. Finally, the review does not include conceptual papers that potentially could enhance it in terms 
of theoretical aspects of the concept of work engagement.
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When Vladimir Putin took power in Russia in 1999, he was a little-known figure, brought to Moscow by 
the then President, Boris Yeltsin. Russia of that time did not in any way resemble the one of today, both 
politically and economically. At that time, the Russian economy was in a state of permanent, deep crisis, 
which culminated in 1999 as a direct consequence of the financial crisis of September 1998. Putin, who has 
been in power continuously since then, either as President in 2000–2008 and 2012 till present or as Prime 
Minister in 2008–2012, did not only restore Russia to the role of a great power in the international political 
arena but also “put the Russian economy back on its feet”, which under his rule was developing at a pace 
enviable to many other countries of the world. Naturally, a number of questions arise: how was it possible? 
What was the reason for Russia’s economic success?—was it about the genius of its leader, the favorable 
external circumstances, or perhaps was it a complete coincidence? Finally, the key one is whether one can 
speak of a conscious, consistently implemented economic policy of the Kremlin under the leadership of 
Putin. The answers to these questions are provided by Miller in his book.

In “Putinomics. Power and Money in Resurgent Russia”, Miller presents a very consistent, comprehensive, 
and analytical evaluation of Putin’s economic policy, which has kept him in power in Russia for the past 
two decades. The author accurately describes and aptly explains the specificity of the Russian state and of 
its economy, where politics and economy are closely intertwined. He proves that some aspects of Putin’s 
fiscal and monetary policy were conducive to securing economic stability and growth, while his other 
politically motivated actions hampered investment and long-term development. Moreover, Miller also 
points out that—despite widespread corruption, cronyism, and overreliance on oil as a driving force of the 
Russian economy—Putin’s economic strategy has been surprisingly successful. In this context, the author 
formulates an opinion that, contrary to the popular opinion prevailing in the West, Russian economic policy 
under Putin’s rule was to a large extent well-thought-through and implemented with iron consistency and 
pragmatism, in view of the effects achieved, both the economic and the political ones, as well as from the 
point of view of Putin’s image.

To refer to Putin’s economic policy pursued in Russia since he came to power in 1999, Miller has coined 
the notion of “putinomics”, so styled after “reaganomics”. He indicates how strongly “putinomics” has 
become ingrained in the style and method of exercising power in Russia by Putin, guaranteeing him not 
only its maintenance for a long time but also the unwavering popularity in Russian society as a leader who 
was able to “put the Russian economy back on its feet” and improve its citizens’ standard of living.

As for the structure and contents, the book is divided into 8 chapters plus a preface and a postscript, 
spanning a total of 240 pages.
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In Chapter 1 (Putin’s Economic Inheritance), the author describes the economic and political legacy 
of Putin’s predecessor, Boris Yeltsin. In particular, the origins of the 1998 financial crisis are described, 
which go back to the genesis of the collapse of the Soviet Union; the beginnings of Putin’s career in St. 
Petersburg under Anatoly Sobchak and the collapse of A. Sobchak; the emergence of oligarchs as the biggest 
beneficiaries of the changes and Putin’s move to Moscow; up to a synthetic discussion of the financial crisis 
in 1998, which caused a rapid retreat from earlier quasi-liberal transformation changes, effected—with 
various results—by Yeltsin’s team.

Chapter 2 (Reforging the Russian State) begins with Putin’s TV speech after he took power from Yeltsin 
and the announcement of his program under the slogan “Strong State, Strong Economy.” His first step 
was to rebuild the authority of the central government at the expense of the provinces—unlike B. Yeltsin, 
who increased the autonomy of the regions. In this context, Miller uses the term “power vertical” to refer to 
Moscow’s sovereignty over the regions that Putin decided to restore. Next, the “Gref Programme” (named 
after German Gref, the Minister of Economic Development and Trade in 2000–2007), which was aimed 
to stimulate economic development in Russia also by taking action to curb the oligarchs of the time, is 
discussed.

Chapter 3 (Rise of the Energy Giants) discusses the development of Russian energy giants amid the 
rising oil prices on world markets. At that time, thanks to the incoming foreign investments, investment 
outlays tripled in just 6 years (1998–2004), which made it possible to kick-start the process of revamping the 
Russian oil industry. According to Miller, symptomatic for this modernization, and the de facto subjugation 
of the “resistant” oligarchs associated with the oil industry to the Kremlin, was the case of M. Khodorkovsky 
(then co-owner of Yukos), who, after being accused of using the so-called aggressive tax optimization, was 
arrested and eventually sentenced to a long-term stay in a penal colony.

Chapter 4 (Stabilizing Russia’s Finances) deals with the stabilization of public finances in Russia in the 
first years of Putin’s rule, the rising budget revenues, the repayment of old debts, as well as the decision 
to create reserve funds, thanks to the budget surplus. Another aspect of Putin’s economic policy discussed 
in this chapter is the restrictive monetary policy, aimed at reducing the level of high inflation, which was 
implemented and proved effective.

Chapter 5 (Restructuring Russian Industry) is devoted to the restructuring of Russian industry. Miller 
explains that not all the great fortunes in Russia were created, thanks to links with the Kremlin solely. Some 
of them were made, thanks to the widespread corruption and corrupt state officials. This, however, did not 
stop the influx of foreign investments to Russia, because of the good economic situation on the oil market 
and the devaluation of the rubble in 1998. The author also points out that, despite the brutal treatment 
of Khodorkovsky, Russian oligarchs did not run away with their fortunes abroad in fear of sharing his 
fate, but they invested the money they had raised in the national economy, which provided an additional 
stimulus for further economic growth. What is more, this part of the economy, which was far away (furthest 
possible) from the Kremlin, was quickly upgraded and generated rapid productivity growth, unlike the part 
dominated by the state sector, which still remained unproductive and corrupt. In addition, Miller shows 
and explains that at that time, the Russian economy developed according to the two-speed principle. 
Wherever monopolies or companies focused solely on government procurement were in place, corruption 
and low productivity dominated. In other sectors not so closely linked to the Kremlin, companies developed 
according to a completely different model—with both efficiency and productivity rising quickly.

Chapter 6 (Wages and Welfare) is devoted to pay and social security issues in Russia under Putin’s rule. 
The chapter delves into the specifics of the Russian labor market, including employment conditions and 
wages. Despite the problems, even at the height of the economic crisis in 2009 and after the collapse of oil 
prices in 2014–2015, the country’s unemployment rate did not increase as one would expect. This was the 
result of the government’s efforts to ensure that people did not lose their jobs, especially in cities where there 
were no alternative employment opportunities. It was an element of a kind of “social contract”. At the same 
time, especially in good times, wages were rising rapidly, which contributed to the improvement of living 
conditions, perceived as a result of the actions of the government and Putin himself. According to Miller, this 
social contract was one of the three main pillars of Putin’s policy—constantly rising salaries and pensions 
were to ensure domestic stability as well as to build trust in Putin and fear of him losing power, in which case 
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the situation could deteriorate. Next, the author describes the reform of the Soviet social security system as 
well as the way it was organized under Putin’s rule, treated as one of the important tools of “putinomics” 
and maintaining high public support. Naturally, keeping the existing pension system in Russia in the long 
run became more and more expensive and increasingly burdened the federal budget. Amid the deteriorating 
demographic situation (negative population growth, aging population), the system became more and more 
insolvent; hence, the idea of its reform (including the announcement of raising the retirement age) met with 
great social discontent and protests. However, Miller does not write about them in his book, as these events 
took place in 2018 and, because the book being released in early 2018, could not be included in it.

In Chapter 7 (From Crisis to Crisis), Miller points out that the beginning of the 21st century was a period 
of extraordinary prosperity for Russia, resulting, to a large extent, from a surge in foreign investment and 
high, and growing, oil prices on international markets. However, the advent of the global economic crisis of 
2008 put further economic development into question. And it was the first principle of “putinomics”, that 
is, maintaining state power and Putin’s authority, that stood in the way of further economic growth. In the 
face of new challenges (the global economic crisis, the war with Georgia, falling oil prices, and, internally, 
the escalating economic recession, problems with foreign debt repayment, the need to bail out the Russian 
banking system, and the energy sector), the Kremlin introduced modifications to “putinomics” in order to 
achieve two new goals, that is, to uphold Putin’s political system and to rebuild Russia’s military power. It 
happened at a huge cost of budget transfers cuts and postponement of planned investments, which helped 
the country survive the crisis, but this economic policy failed to lay the foundations for new economic 
growth.

In Chapter 8 (Putinomics under Pressure), Miller reiterates that “putinomics” was designed and 
implemented in order to maintain Putin’s popularity in the Russian society, improve the standard of living 
of the population, as well as maintain economic growth at high oil prices. And the year 2014—and the 
following years—proved the biggest test for “putinomics”. As in 2008–2009, Russia’s cautious fiscal and 
monetary policies once again helped the country navigate through the crisis, but it failed to restart the 
Russian economy and effectively stimulate renewed growth.

An interesting and inspiring part of the book is the Postscript (Can Putinomics Survive?), in which the 
author ponders on whether “putinomics” has a chance to survive. Referring to the presidential election in 
March 2018, attention is drawn to the fact that for the first time since Putin came to power, the government 
was forced to introduce drastic austerity measures in a very inconvenient time for Putin—right before the 
election. Yet, neither taxes were raised nor pensions were reduced, even though they represent the biggest 
burden for the budget. Instead, expenditure on public administration was reduced. Cuts were also made in 
less socially sensitive areas, such as schools and hospitals.

But the fundamental question posed by Miller is whether Russia, assuming that the current “putinomics” 
is upheld, will be able to return to the path of economic growth. As indicated in the book, the actions taken 
by Putin in 2008–2009 and 2015–2016 helped stabilize the economic and social situation in the country. A 
budgetary crisis such as the one that affected Russia in 1991 and 1998 was avoided. “Putinomics” turned out 
to be successful and proved to be extremely effective in ensuring macroeconomic stability. Still, Miller is not 
so convinced that Putin’s current economic policy model may prove its worth in the future.

Personally, I think that Miller’s book “Putinomics. Power and Money in Resurgent Russia” is a very 
valuable publication. Through his clear and thorough discussion of the meanders of Russia’s reality, 
politics, and economy, the author succeeded in capturing the essence of the economic policy pursued by 
Putin and its consequences.

Furthermore, the book not only presents the results of the author’s research into the topic but does so in 
a way that makes it an interesting read as well. This should be considered a great advantage, especially for 
potential readers who do not have any background in economics and who can thus gain some insight into 
basic economic concepts as well as expand their knowledge about Russia. It contains a lot of references to 
events, examples, and interesting trivia, which help the reader better understand the character of Russia 
and Putin’s power.

I recommend the book to anyone who is interested in contemporary Russia and would like to understand 
the phenomenon of Putin and the determinants of his success as well as his enormous public support, which 
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have been a direct effect of his economic policy, called by Miller as “putinomics”. Among its target readers, 
I would include not only experts and journalists dealing with the Russian economy, public administration 
employees having with contacts with Russia in their work, students of economics, international relations, 
as well as political science but anyone simply interested in contemporary Russia.


