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1. Study background and significance
The dissertation analyses determinants of natural gas price with the use of VECM model and
– given the changes observed on gas markets during last years - focuses on the European gas
market.
Natural gas is a fossil fuel produced in XIX century as a by-product of oil extraction. Since
XX century, it has been extracted also from reservoirs not associated with other
hydrocarbons. After processing and purification it was transported to the final customers –
mainly with the use of pipelines. Given the limitations on gas transportation, unlike in the
case of oil, there is no global gas market. Sub-markets connected with the infrastructure have
emerged. Each of them has its own specificity and dominating price formation mechanism.
Since the end of XX century, in the US gas is sold mainly on spot market. In Europe, most
buyers sign long term contracts (LTC) with price being indexed to oil. On Asian market gas is
bought on spot markets, but price for final customers is oil-indexed. Given that, the
researchers analyzing gas market have examined mainly the sub-markets - both in US (see
e.g. Ramberg, Parsons, 2012), Asia and Europe (see Nick, Thoenes, 2014; Guerra, Shen,
Zhao, 2012; Brown, Yuckel, 2007).
Thanks to both: technological progress leading to advancements in natural gas liquefaction
and gas price increase, LNG shipments became more profitable. As a result, the share of LNG
transactions in total number of gas contracts has been rising from year 2000. Moreover, in the
beginning of XXI century so-called “shale-gas” revolution in the US has made it possible to
produce unconventional-gas form reservoirs perceived earlier as inaccessible.
The changes aimed at European gas market liberalization and harmonization of EU’s member
states markets have started in the 90’s. The exploration and production segments were
disengaged (so-called unbundling) and the obligatory Third Party Access rule applies to
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distribution and storage services on all national markets. New infrastructure was build – both
interconnectors and LNG terminals, which enabled physical connection between the markets
and raised their competitiveness. Moreover, rise in number of spot transactions, development
of gas markets, rising popularity of futures and forwards on gas have modified the mechanism
of gas price formation. As a result, share of gas bought at regulated prices has dropped and
share of spot contracts has increased.
Due to the lack of one European gas market and not fully developed market in Poland, at first
the research focused on German gas market, which is perceived as a highly competitive and
developed one. However, in the next step, the analysis was re-carried for Polish gas market.
Despite domination on the market of Polish Oil and Gas Company (PO&GC), the
liberalization, which started in 2010, lead to increase in the number of gas trading companies.
In effect, obtained results allowed to compare price formation mechanisms on both markets.
2. Dissertation theses
Dissertation theses are:
1) Price of gas is determined by demand and supply.
Gas demand is driven by economic activity and - due to the significant share of heating in
final gas use - is subject to seasonality. Supply comes from domestic production, import and
change of stock.
2) Gas price is influenced by: inflation rate (see Akram 2009; Frankel, 2014; Arora,
Tanner, 2013), exchange rate (see Bencivenga, D’Ecclesia, Triulzi, 2012; Fratzscher,
Schneider, Robays, 2014), stock exchange index (see Nick, Thoenes, 2013).
Increase in volume of gas sold through gas exchange and rising number of futures, forward
contracts or gas options allows to treat the energy resources as financial instruments. Gas
derivatives can be used to diversify the portfolio of assets, which leads to the conclusion that
price of gas may be subject to changes in the value of stock exchange indexes and interest
rates.
Gas is sold in US dollars. Appreciation of American currency makes gas sold in Europe more
expensive, which leads to drop in demand. Supply does not adjust easily which causes the
price to fall.
3) Gas price is determined by price of oil and thermal coal.
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Long term gas contracts signed in Europe assumed calculating gas price according to socalled “oil price related formulas”. Therefore, increase in oil price leads to rise in gas price.
Moreover, some of the final customers may switch between gas and coal. The possibility to
replace gas with substitutes – oil and coal justifies joint analysis of the tree markets. The
existence of a long term relationship between prices of oil and gas was confirmed both in US
(see Villar, Joutz, 2006; Erdos, 2012), Germany and UK (see Asche, Oglend, Osmundsen,
2012; Papież, Śmiech, 2015). The research on the long term relationship between prices of
gas, oil and coal on the American market proved their cointegration (see Pindyck, 1999;
Bachmeier, Griffin, 2006).
3. Econometric tools
Since the variables proved to be integrated of order one, long term equilibrium was examined
with the use of two step Engle-Granger method and CVAR models.
First, the order of integration of the variables was tested with ADF and KPSS tests. In case of
ADF test, tree test regressions were used (see Dickey, Fuller, 1981):

where: εt~IID.
Optimal lag length was selected basing on the Akaike Information Criterion and the analysis
of the results was carried out starting with the most general variant of the regression. In case
of failing to reject the null hypothesis, the form of regression was simplified (see Welfe,
2009) and testing was continued.
In case of ADF test, probability of type I error for I(2) variable is higher than the nominal
level of significance (see Caner, Killian, 2001), power of the test is small when the root is
near but not one (see Dejong, 1989) and test results lead to failing to reject the null hypothesis
more often than in a situation in which the null hypothesis assumes stationarity of the process
(see Nelson, Plosser, 1982). Therefore KPSS test was used (see Kwiatkowski, Phillips,
Schmidt, Shin, 1992). Null hypothesis assumes stationarity of the variable and alternative one
– it’s integration of order one. For the variables in case of which the results of ADF and KPSS
tests did not allow to determine the order of integration, additional tests – PP (see Philips,
Perron, 1988) and ERS (see Elliot, Rothenberg, Stock, 1996) were carried out.
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The research consists to analyzing a long term relationship between the variables and the
equilibrium toward which the system tends after the short term fluctuations ease out (see
Welfe, 2009). It is thought that variables are linked in the long term if they are cointegrated.
In accordance with Engle-Granger approach, in the first step the parameters of a long term
relationship were estimated. Stationarity of the residuals was tested with the ADF test in case
of which the critical values are adjusted for the number of variables (see MacKinnon, 2010).
In the second step of the procedure – in order to calculate parameters of the short term
relationship – parameters of the ECM model were estimated.
Two step Engle-Granger method allows to obtain only one cointegrating vector. Therefore
a multi-equation approach was applied and parameters of VAR model were estimated.
Optimal lag length was chosen based on criteria: Akaike Information Criterion (AIC),
Schwarz Criterion (SC), Hannan-Quinn (HQ), Final Prediction Error (FPE) and Likelihood
Ratio (LR). It was accounted for that AIC overstates the lag length, and the results of SC and
HQ are consisted not only for stationary variables but also for I(1) variables (see Paulsen,
1984). Since the order of lags should be sufficient to ensure that the error terms are IDD,
autocorrelation was tested with the use of LM-test and Portmanteau test, and the normality of
the regressions’ residuals was verified with the use of Jarque-Bera and Doornik-Hansen tests.
It was also taken into consideration that lack of autocorrelation is more important than
homoscedasticity. The lag length being too small does not guarantee the proper distribution of
the error term and being too great - leads to the loss of power.
VAR model can be represented in a form of a cointegrated vector autoregressive model CVAR:

where: Yt – matrix of endogenous variables, Xt – matrix of exogenous variables,
parameters of the model,

-

- matrix of random errors.

Order of the matrix Π=ABT equals to the number of cointegrating vectors among M variables.
If r ()  R , where R  0, M ) the stochastic process can be presented in a M-dimensional
space as R base stationary linear combinations of the underlying cointegrating relations and
M-R common stochastic trends. Columns of the B matrix form parameters of cointegrating
vectors, and the columns of A matrix are weights that are attributed to the cointegrating
vectors.
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Parameters of the model were estimated with the use of Johansen procedure (see Johansen,
1988), which consists to building concentrated likelihood functions. Order of integration
R, R  0, M ) was tested with the use of trace test and maximum eigenvalue test. Moreover,

it was assumed that there were no structural changes, which means that the only deterministic
element is the intercept in the cointegration space. Data generating process can be written as:

vt  yt  h1 (see Welfe, 2009), and the model as:
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Having tested the order of cointegration, model was marginalized. To determine the set of
weakly-exogenous variables, excluding restrictions imposed on the parameters of A matrix in
the row corresponding to the selected variable were tested. The LR statistic was used (see
Luthkepohl, 2007):
r

LR H  T  [log( 1  iH )  log( 1  i )]
i 1

1
where:  i i  iH - results of: S 11  S T01S 00
S 01  0 , for the model without and with restrictions

respectively.
Critical values of the test for the size of the cointegration space depend on the number of
weakly-exogenous variables. Therefore, having included each of the variables into the set of
weakly-exogenous ones, it is necessary to re-test the number of cointegrating vectors.
Johansen’s method allows to determine cointegrating vectors which have no economic
interpretation. Therefore it is necessary to impose restrictions on the parameters of B matrix.
Normalization and exclusion restrictions based on economic theory were tested with the use
of likelihood ratio tests. Finally, the properties of the residuals were tested.
4. Results of the research
Analyses concerning the determinants of gas prices were carried out with the use of monthly
data series. In case of German and Polish markets data comprised respectively: years 20052015 and period from January 2010 to November 2016.
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Data on German and Polish markets were obtained from the German Federal Statistical
Office, German Federal Ministry of Economic Affairs and Energy and Central Statistical
Office of Poland. Data on oil and gas production in the US were obtained from U.S. Energy
Information Administration. Data on financial markets were gained from OECD and Eurostat.
The data was transformed and symbols originated from English decriptions of the variables:
p_ggt and p_gpt – price of gas in Germany and in Poland, p_owt and p_owpt – nominal Brent
oil price deflated by the CPI of Germany and Poland respectively, p_cgt and p_cpt – coal
prices in Germany and Poland, ex_det and ex_dzt – exchange rates USD/EUR and USD/PLN,
daxt and wigt – stock exchange indexes: in Germany (DAX) and in Poland (WIG), pr_g_usat –
deseasonalized production of gas in the US. According to the results of ADF, KPSS, PP and
ERS stationarity tests, all subsequently used variables were integrated of order one.
The analysis on the determinants of gas price in Germany carried out with the use of two step
Engle-Granger method proved existence of a long term relationship between gas, oil, coal
prices and the exchange rate. Estimated parameters of the long term relationship are as
follows:
(1)
where: variables U1-U4 – dummy variables allowing to account for the outliers in the sample.
U1 variable being one in period May 2006-February 2007 is connected with the Ukrainian gas
crisis. U2 variable being one in period October 2008-February 2009 accounts for drop of
economic activity resulting from a financial crisis. U3 variable being one in period June 2009June 2010 accounts for increase in demand for gas as a result of the end of the crisis and
abnormally low air temperatures in winter period, which caused rise of households’
consumption. Variable U4 being one in period September 2010 – April 2011 accounts for the
further rise in demand.
The value of ADF test statistic is -6,09 and it is lower than the critical value (being -3,788 for
the significance level 5%, por. MacKinnon, 2010). Null hypothesis on the residuals being
integrated of order one was rejected, which proves existence of a long term relationship.
In order to determine a short term relationship, parameters of the ECM model were estimated
(see Engle, Granger, 1987). Maximal lag length was set to 6 and following the methodology
“from general to specific”, significance of the parameters was verified. Optimal lag length
was chosen according to the AIC. Obtained results are as follows:
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vt 1
(-5.85)

(3.67)

(2.83)

(3.70)
(2.41)

(3.15)

(2)

(-1,60)

where: vt-1 – residuals of the long term relationship calculated in the first step of EngleGranger procedure, figures in parentheses are t-Student statistics.
The results lead to the conclusion that gas price in period t is determined by coal price from
the same period and that rise in price of coal leads to gas’ price increase. Other variables
influence gas price with delay. Increase in oil price makes gas price rise in the next period,
which was explained by oil-indexation price mechanism. Moreover, gas price is influenced by
price of gas in periods t-1, t-2 and t-3 and exchange rate USD/EUR from the period t-1.
In case of analysis of a long term relationship on Polish market carried out according to the
Engle-Granger procedure, the results are as follows:
(3)
where: U1 is a dummy variable being one in period January-September 2011 and accounts for
the demand rise after the financial crisis. U2 being one in period August 2011-December
2012 is connected with gas price variation after implementation of the III Energy Package in
Poland in March 2011. Variable U3 being one in period February-October 2014 accounts for
drop of oil prices as a result of “shale revolution”. U4 being one in period March-October
2016 accounts for increase of turnover on Polish Power Exchange.
ADF statistic for the residuals of model (3) states that there is a long term relationship
between the variables. However the sign of the parameter related to the coal price is negative.
It was attributed to the fact that two step Engle-Granger method is not an optimal tool for
analyzing a long term relationship between three or more variables. Therefore estimation of
short term relations was not carried out. Instead, multi-equation analysis for both German and
Polish markets was done.
In case of German market VAR model parameters were estimated:
,

(4)
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where:

- matrix of observations.

Judging by the outcome of the analysis of the residuals’ properties, i.e. LM autocorrelation
test and Jarque-Bera normality test, lag length was set to 4. Johansen cointegration test shows
presence of two cointegrating vectors. It was also stated, at 5% significance level, that prices
of oil and coal are weakly-exogenous variables. First cointegrating vector was normalized
with respect to gas price, the second one – to exchange rate USD/EUR. The results of the
Johansens’ method estimation are as follows (t-Student statistics are provided in parenthesis):

(5)

It was stated that increase in oil price, coal price and drop of exchange rate USD/EUR and gas
production in the US lead to rise in gas price in Germany. At the same time, increase of gas
price and rise of DAX index make the exchange rate USD/EUR fall. US dollar appreciation is
caused in that case by the investors trying to put money in currency when the stocks’ value
falls. The analysis of the properties of the CVAR model’s residuals states that there is no
autocorrelation. However, the hypothesis concerning normality of the residuals’ distribution
was rejected at 5% significance level. It was caused probably by considerate number of
outliers in the sample. Given that the dummy variables may modify the distribution of the test
statistics they were not included in analyzed CVAR models.
Parameter  11 equals -0,45, which proves that gas price adjusts to the first long run
cointegration relation. Parameter  42 is positive and equals 0,26 which means that variable
ex_de does not adjust to the second long run cointegrating relation. However, this may be
connected with the fact that first long run cointegrating relation is the key one in analyzed
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system (parameter  41 equals -0,40). To verify this hypothesis, parameters of the model (4)
without the variable pr_g_usa were estimated. Despite the rejection of null hypothesis
concerning weak-exogeneity of gas production in the US, it was stated that the outcome of
this test may have been biased with the small sample effect. Skipping variable pr_g_usa is
equivalent to imposing excluding restrictions on all CVAR model’s parameters related to this
variable. The system included enumerated variables: p_gg, p_ow, p_cg, ex_de and dax. Lag
length was set to 3. The results of trace test and maximum eigenvalue test suggest existence
of one cointegrating relationship. At 5% level of significance it was stated that there are no
grounds to reject the hypothesis on weak-exogeneity of oil price, coal price and DAX index.
Cointegrating vector was normalized with respect to gas price and the results are as follows:

(6)

The results have confirmed the outcome obtained earlier. Gas price in Germany increases as
a result of rise in oil and coal prices and drops when the exchange rate USD/EUR increases.
Long term relationship parameters are statistically significant and their signs are consistent
with the economic theory. The sign of the parameter corresponding to the dax variable is
negative which means that DAX index is not a symptomatic variable for economic activity in
analyzed system. It rather proves that investors treat forward, futures contracts and gas
options as an alternative way of money saving. When the stocks’ value drops, they buy gas
market derivatives, which leads to the gas price increase. Parameter  11 equals -0,17 which
proves existence of the error correction mechanism. Cointegrating relation plays an important
role in explaining the German gas price level.
In case of Polish market, parameters of VAR model consisting of the following variables:
p_gpt, p_owpt, p_cpt, ex_dzt, wigt were estimated. Lag length was set to 3. The results of trace
test and maximum eigenvalue test have proved existence of one cointegrating relationship.
The model was marginalized. At 5% level of significance there is no grounds to reject the
hypothesis concerning weak-exogeneity of oil price, coal price and WIG index. Cointegrating
vector was normalized with respect to gas price and after estimation of the parameters,
following results were obtained:
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(7)

It was stated that increase in coal price leads to rise in gas price. Similar relation concerns
variables p_gp and p_owp, which is explained by significant share of oil-indexed contracts in
the total number of gas related transactions in Poland. Fall of exchange rate USD/PLN leads
to gas price increase, which proves the already analyzed existence of a long term relationship
between those variables. Increase in WIG index level leads to increase of gas price which
suggests that wig is a symptomatic variable for economic activity in Poland. Parameter  11
equals to -0,16 which proves existence of an error correction mechanism. The analysis of the
properties of the CVAR model residuals shows that there is no autocorrelation of error terms
– the LM test statistic equals 36,53 The hypothesis on the normality of the distribution was
rejected on 5% level of significance which was connected with the specifics of the sample
period.
5. Conclusions
Methods of analysis concerning the casual relations between cointegrated stochastic processes
used in the paper allowed to examine determinants of gas price and verify the research
hypotheses.
The empirical research that was carried out consisted to estimating parameters of

one

equation and mutli-equation models with the use of respectively: two step Engle-Granger
method and CVAR models. Obtained results lead to the conclusion that long term
cointegrating relations between gas, coal, oil prices and exchange rates (USD/EUR and
USD/PLN) exist both – on German and Polish gas markets. The direction of influence of
natural resources’ prices on gas price is the same. Despite the fact that Poland buys over 70%
of gas from Russian Federation, in which case the price is oil-indexed, the force of influence
of oil price is higher in Germany. It was stated that the result may be connected with gas price
regulation in Poland. Polish Energy Regulatory Office (URE) sets tariffs for different groups
of final customers and gas’ price depends not only on cost of exploration, production and
imports but is being negotiated by the key seller – PO&GC and the regulator. Therefore, this
regulatory body’s activity may influence the relationship between oil and gas prices.
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Moreover, in case of both markets appreciation of US dollar leads to drop in gas price which
is consistent with the hypothesis on long term relationship between the exchange rate and
prices of natural recourses.
It was also stated that there is a relationship between gas prices and stock exchange indexes.
However, direction of the influence on both markets is different. In case of Germany, drop of
DAX index leads to increase in gas price which suggests that buying and selling gas
derivatives is an alternative form of investment. Drop of stocks’ value leads to buying more
gas forward, futures contracts or options and makes the gas price rise. Financial market plays
a substantial role in gas price formation mechanism in Germany. In case of Polish market,
drop of WIG stock exchange index leads to gas price decrease which means that wig is a
symptomatic variable for economic activity. The rise of its value corresponds to rise in gas
demand triggered by an increase in economic actor’s activity and leads to gas price rise.
Despite PO&GC being a key gas supplier in Poland it can be expected that Polish gas market
will evolve same as the German one. The liberalization processes will trigger further changes
on the market. Its competitiveness will rise as a result of development of OTC market and
thanks to liberating gas prices, which was already announced by URE. As a result, along with
increase in LNG supplies and rising share of futures, forward contracts in gas transactions, the
role of financial factors determining gas price in Poland will probably rise.
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