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ARTICLE INFO ABSTRACT

Handling editor: Bin Chen In Hungary, successive steps have been taken toward adjusting GHG emissions from all sectors on a national
scale. However, few studies were carried out to analyze the environmental dimensions of GHG emissions from an
economic point of view. In this research, the contemporary changes of GHG emissions between 1985 and 2018
were analyzed using the Mann-Kendall test (M-K test); along with the interaction between GHG emissions and
economic growth by applying the environmental Kuznets curve (EKC). Results showed that the industrial sector
has been the main source of COz-emitting, and contributed 72% of the total emissions. Meanwhile, the biggest
CH4-emitting sector was the waste sector (44%), followed by the agricultural sector (39%). Nonetheless, the
agricultural sector was responsible for more than 65% of N2O emissions over Hungary. The M-K test results
showed that total CO5 emissions were reduced significantly (p < 0.05) by —1001 thousand tonnes/year. Simi-
larly, the total N2O emissions were subject to a significant decrease (p < 0.05) of —0.31 thousand tonnes/year.
Interestingly, the long-run positive significant coefficient on income growth (GDP), and negative significance on
(GDP)? indicate EKC’s existence for CO, emission, CH,, and N»O in Hungary, revealing that GHG emissions will
increase at a decreasing rate with economic growth in Hungary. The output of this research is useful for decision-
makers to consider the environmental dimensions of GHG emissions and set priorities for minimizing emissions
by sectors.
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1. Introduction

In recent years, the world’s population has increased rapidly and is
expected to increase from 7.2B to 9.6-12.3B people in 2100 (Gerland
et al., 2014). On the other hand, expanding anthropogenic activities due
to rapid civilizational development has led to a tremendous increase in
emissions of greenhouse gases (GHGs). Moreover, the concentration of
carbon dioxide (CO3) rose from 280 ppm in the 1760s, to 410.6 ppm in
Feb. 2019 (Zhang et al., 2019). Ultimately, an accelerated increase in the
earth’s surface temperature (EST) was recorded as the direct conse-
quence of uncontrolled and unsustainable use of the earth’s resources.
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However, the CO, concentration is expected to reach 590 ppm by the
end of the 21st century (Li et al., 2014), and the average global EST will
be increased by 1-3.5 °C, which imposes a great challenge for humanity
to sustain life on earth. These changes in the CO, concentration have led
to anthropogenic climate change, which alters ecosystems (Walther
et al., 2002), agricultural (Huang et al., 2020), non-human species
(Stewart et al., 2020), and threatens human health(Leal Filho et al.,
2018).

GHGs are essentially formed of carbon dioxide (CO2), methane
(CH4), and nitrous oxide (N20), which are rapidly increasing in the at-
mosphere, causing global climate change (Yang et al., 2014; Mei et al.,
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2018). In this sense, CH4 concentration increased by 150%, while, CO5
increased by 40% from 1750 to 2011 (Mei et al., 2018). GHG emissions
have increased rapidly since the industrial revolution in 1750 (Ayalon
et al., 2000) due to dramatic increases in fuel consumption and the
expansion of anthropogenic activities in different sectors such as the
economy, energy, coal mining, and agriculture. Based on the work of
Herzog (2009), the global GHG emissions can be divided into 31.6%
from the industrial sector, 13.8% from the agricultural sector (AgS),
12.2% from land-use changes, 14.3% from transportation, 24.9% from
electricity and heating, and 3.2% from waste; final GHG emissions are
made up of 77% CO3, 15% CHy4 and 7% N»O.

Globally, many actions have been taken to minimize or stabilize GHG
emissions, such as the United Nations Framework Convention on
Climate Change 1992 (i.e. UNFCC-1992), the Kyoto Protocol in 2002,
and the Paris agreement in 2015. Some countries, for instance, China
and India, are still facing difficulties in reducing their emissions. Inter-
estingly, the EU-28 reduced their share of emissions from 18.9% to
10.49% between 1990 and 2013; Russia and the USA also reduced their
emissions by 5.4% and 7%, respectively (1990-2013) (Kijewska and
Bluszcz, 2016). Globally, many researchers have tried to track and
characterize GHG emissions. Pradhan et al. (2019) highlighted that
one-fourth of global GHG emissions originated from the Agriculture,
Forestry and Other Land Use (AFOLU) category, while the cement in-
dustry and consumption of fossil fuel released 33.4 Pg of CO2 annually
(Oertel et al., 2016). Tilman et al. (2011) predicted that emissions of CO2
equivalent GHGs in 2050 of 3 Gt/y would be necessary to meet human
needs.

In Europe, successive steps towards reducing GHG emissions were
carried out by the European Union (Oberthiir and Groen, 2018). In this
context, the European Union succeeded in reducing GHG emissions by
1B.t of CO3-equivalent between 1990 (5.6B.t) and 2013 (4.6B.t). Even
though between 1990 and 2012, the EU-28 witnessed an increase in
energy consumption of +1%, associated with an increase in the popu-
lation of +6% and an increase in GDP of +44%, the EU-28 achieved
great success in reducing GHG emissions by 19%. Within this context,
the EU-28 implemented a roadmap towards an 80% reduction of GHGs
from different sectors by 2050 (European Climate Foundation, 2010;
European Commission, 2011). Even though many projects have been
undertaken to indicate the relationship between climate change and
GHGs, as well as recent trends in GHG emissions all over the world, few
studies have been carried out in Eastern Europe. Moreover, most of them
have been local, focusing on only one aspect, such as agriculture, en-
ergy, or transport such as those in Romania (Balan and Vasile, 2013),
Bulgaria (Yarnal, 1996) the Czech Republic (Jursova et al., 2018), and
Hungary (Talamon et al., 2019; Deak et al., 2018).

In Hungary, monitoring CO, started in 1981, and in the 1990s many
projects were launched to monitor the GHGs budget in different eco-
systems (Haszpra, 2011). Successive steps have been taken toward the
adjustment of GHG emissions in all sectors. According to the EU-28 road
map, Hungary is required to reduce GHG emissions by 10% by 2020
compared to 2005 levels (the baseline) (Talamon et al., 2019). Recently,
Hungary published the main points of a new framework for the energy
sector, which placed the greatest emphasis on low carbon emissions
from all sectors, such as the supply and consumption chains, heat pro-
duction methods, the electrical sector, and transportation (Fogarassy
and Kovacs, 2016). Interestingly, under the Hungarian National Energy
Strategy 2030, renewable energy sources were listed in second place in
sustainable energy in terms of climate policy (Szlavik and Csete, 2012).
To the best of the authors’ knowledge, many studies have reported GHG
emissions in Hungary. Some of them were on a local scale (i.e. Titov
etal., 2021; Toth et al., 2010), while others were on a national scale (i.e.
Molnar et al., 1996; Szlavik and Csete, 2012). On the other hand, some
deal with the AgS only (i.e. Brinkman et al., 2017; Somogyi, 2000; Toth
et al., 2005), while others deal with the energy and transport sectors (i.e.
Torok, 2009; Szlavik and Csete, 2012; Titov et al., 2021). However, few
of them have discussed this topic from several relevant perspectives on a
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national scale. Thus, the main aims of this research are to: (I) report
comprehensively on the contemporary changes of GHGs emission from
different sectors in Hungary between 1985 and 2018; and (II) highlight
the interaction between Hungarian income and the GHG emissions
(COy;, CHyt, and N2Oy) by employing for the first time the environmental
Kuznets curve (EKC) in Hungary. Overall, the research goals will answer
the following questions: (I) Is there a negative trend in GHG emissions
from different sectors in Hungary? and (II) has Hungry been successful
in turning the EKC for GHGs?

2. Materials and methods
2.1. Data collection

For tracking GHG emissions from different sectors in Hungary, the
CO5, CHy4, N5O emission data [thousand tonnes] was obtained from the
Hungarian Central Statistical Office (1985-2018) (https://www.ksh.
hu/docs/eng/xstadat/xstadat_annual/i_ua002a.html). Other available
data about air pollutants which include: 1) hydrofluorocarbon (HFC), 2)
perfluorocarbon (PFC), 3) sulphur hexafluoride (SF6), 4) nitrogen ox-
ides (NOx), 5) sulphur oxides (SOy), 6) ammonia (NHs3), 7) non-methane
volatile organic compounds (NMVOC), 8) carbon monoxide (CO), 9)
particulate matter with a diameter of 10 pm or less (PM10), and 11)
particulate matter with a diameter of 2,5 pm or less (PM2,5) were, also,
obtained from the Hungarian Central Statistical Office [thousand
tonnes]. Data normality and homogeneity were checked before con-
ducting any further analysis, however, results showed that all data
follow the normal distribution. The Hungarian gross domestic product
(GDP) per capita (current US$) and energy consumption (EC) data from
1990 to 2016 was collected from the database of world bank: htt
ps://data.worldbank.org/indicator/NY.GDP.PCAP.CD.

2.2. Data analysis

2.2.1. MK test

The MK test is a nonparametric one, aims to determine if the data
exhibit a positive or negative trend (Pathak and Dodamani, 2020), based
on the correlation rank and order of time series (Hamed, 2008). How-
ever, Hy refers to no trend, while Hj refers to a clear trend over time. The
M-K test is calculated as follow:

S:M—Kzi isgn(xj—xk):(i>k) 2

k=1 j=k+1

Xj, xx annual values for R in years j and k, n: years of observation, sgn(x; —
Xx): sign function:

+1 (if (% —xx) > 0)
0 (i (x; ~x0) = 0)
—1(if (% —x) <0)
According to Kendall (1975), the variance (Var(S) = V) and Z static
is calculated as follow:

V(S):n.(n— 1)(2n+5)—1282,'-';1t,~(t,~_ 1)(2t +5) .

sgn (Xj — xk) =

S—1
NG
z={0 (5=0) 4

S+l 50
V(S)

where: n: number of tied groups (t;) (i.e. sample data with the same
value), m: number of tied data.

However, the negative or positive value of Z indicates the trend of
the time series (upward, downward). The p-value of Z can be estimated
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at different significant levels (0.01, 0.05,0.01), in this research, signifi-
cant level @ = 0.05 was.

Also, Sen’s slope method (Sen, 1968) was applied to estimate the
magnitude of trend (i.e. slope), which calculated as follow:

gi:xi%”:"forizl,za...n 5

The median of n values is estimated as Sen’s slope which is computed
as follow:

€wiy nisodd

Emed = 1 . 6
5 € + 8(.+) nis even

Ultimately, ,,.4is computed with a two-sided test, then Sen’s slope is
estimated by the non-parametric test (Giiner Bacanli, 2017; Mahajan
and Dodamani, 2015).

2.2.2. Environmental Kuznets curve (EKC)

To examine the relation between GHG emissions as a source for
environmental pollution and the GDP of Hungary, we applied the
Environmental Kuznets Curve (EKC) framework. The EKC represents a
nonlinear relationship between any type of pollutant (e.g. in our case
were COgy, CHy, and N2Oy) and economic growth. The common shape of
EKC is an inverted U-shape which reveals that expanding economic
activities will firstly harm the environment (early stages), then in the
later stage, the economic growth enhances the environmental quality
(Gill et al., 2018).

The regression model (Eq. (7)) for estimating the EKC relationship
between environmental pollutants and income growth (Shafik, 1994;
Grossman and Krueger, 1995):

Enve=p,+p. Y+ B.Y; + 2 +u, @)

Here, Env, is environmental degradation, Y, is capita GDP, Z, are
other determinants of environmental degradation and u, is an error term
that captures the variation of Eny, that is not captured by the model.
Based on the EKC theory, f, is anticipated to be positive significant and
B, negative significant. In the context of Hungary, the current study
employs following the EKC model (Eq. (8)) taking energy consumption
(EC) as a control variable:

Env, =, +p,Y,+B,Y; + BEC, +u, (8)
The EKC turning point, where a positive environmental improve-
ment with income growth could be noticed, can be illustrated as:

EKC turning point = b )

2p,

As the aim of this research is to examine the EKC between income
and three environmental pollutants: CO;, CHy;, and N2Oy, therefore, the
current study has employed the following three equations taking these
pollutants as dependent variables:

COx =B, +B,Y: +B,Y> + BEC, +u, (10)
CHy=py+B\Y: +B,Y; + BEC, +u, an
N2O, =By +B.Y, + B, Y? + BEC, +u, 12)

In this research, the (Autoregressive Distributed Lag) ARDL was
employed for identifying the long-run cointegration relationship be-
tween time series variables, when the variables have different integra-
tion order. However, other three main cointegration tests could be
applied: 1) Engle and Granger (2015) test which is based on the residual
of the model, 2) Phillips and Hansen (1990) test is based on modified
OLS, and 3) Johansen (1995) test employs multiple systems of equa-
tions. All these three tests require that time-series of investigated vari-
ables must have the same cointegration order. Nonetheless, the ARDL
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captures the long-run as well as short-run dynamics in the cointegration
relationship. Moreover, Pesaran and Shin (1998) assert that ARDL co-
efficients are corrected for serial correlation and endogeneity, therefore,
are claimed to be robust.

Thus, the present study employs the Autoregressive Distributed Lag
(ARDL) method (Pesaran and Shin (1998) to gauge the EKC relationship
between GDP and GHG emissions. The general ARDL (p, q, r) for
Equation (8) can be modelled as in Equation (13):

P r
AEnv, = ag + it + Y PiAEmv i+ Y iAY, i+ Y AV

q
i—1 i-1

i-1 i

+ Zﬂ4iAECt—i +B5sCOy_; + BY: i + B, Y2, + BEC, ; + & 13)

i—1

where: (p, q, 1): the lag order, fi : short-run, y; : long-run estimates for
ARDL co-integration. Notably, the lag order of the ARDL model is
determined using the Schwarz Criterion (SC) or Akaike Information
Criterion (AIC). The bound test procedure is applied to confirm the long-
run co-integration relationship between the studied variables. The
bound test procedure involves the following hypothesizes:

Null hypothesis (Hp): fs = fg = p7 = 8 = 0 (non cointegration)

Alternate hypothesis (H1): s = B¢ = p7 = B8 #0 (cointegration)

If the F-test statistics exceed the critical values of the upper bound,
the Hy is rejected in favour of alternative hypotheses that assert a long-
run cointegration relationship among the variables of the model.

After determining the cointegration relation among the variables,
ARDL procedure estimates short-run and long-run coefficients of the
model. The short-run dynamics also include an error-correction mech-
anism and concluded in the following way:

P q r m
Env =80+ 8uACOy i+ 8xAY, i+ > 63Y; ,+ > PeAEC,
i-1 i-1 i-1 i-1

+ )-ECTt,1 + &
14

The negative significant error correction term ECT, ; is another
prove of long-run cointegration relation among dependant and inde-
pendent variables of the model. Its coefficient implies how much short-
run disequilibrium is adjusted towards its long-run equilibrium.

As present study aims to examine the EKC relationship in Hungary
for the period 1990-2019. The ARDL estimation procedure is therefore
employed due to its above-mentioned advantages over other cointe-
gration tests.

3. Results
3.1. Distribution of GHG emissions from different sectors

Until recently, the biggest CO-emitting sector was the energy sector
(34%), followed by the industrial sector (22%), household (18%), the
transportation sector (16%), and biomass including agriculture (10%) of
the total COz-emissions in 2016. In other words, we can say that the
industrial sector has been the main source of COj-emitting, and
contributed 72% of the total emissions. Meanwhile, the biggest CH4-
emitting sector in 2016 was the waste sector (44%), followed by the AgS
(39%), and then the other different sectors (17%). Interestingly, more
than 65% of N,O emissions in 2016 originated from the AgS, while the
other sectors account for 35%, as can be seen in Fig. 1.

3.2. GHG emissions trends between 1985 and 2018 in Hungary

By employing the M-K test, results showed that most sectors wit-
nessed a significant reduction in CO5 emissions between 1985 and 2018,
except for biomass emissions (i.e. agriculture and other related sector)
and the transportation sector. In detail, emissions from the biomass
sector increased significantly by +355.98 thousand tons/year (p <
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Fig. 1. Sources of GHG emissions in Hungary.
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Fig. 2. Trends in CO, emissions by different sectors in Hungary between 1985 and 2018.



S. Mohammed et al.

0.05), while emissions from the transportation sector also increased
significantly, by +181.65 thousand tons/year (p < 0.05). The highest
reduction was recorded in the industrial sector (—393.89 thousand tons/
year, p < 0.05), followed by the energy sector (—360.11 thousand tons/
year, p < 0.05), then the household sector (—298.36 thousand tons/year,
D < 0.05). Interestingly, the total CO, emissions in Hungary recorded a
significant reduction between 1985 and 2018, by —1001 thousand tons/
year (p < 0.05) (Fig. 2).

Fig. 3 shows a significant reduction trend of the total CH4 emissions
from different sectors by —4.46 thousand tons/year (p < 0.05). How-
ever, a significant increase in CH,4 emissions from waste management by
+0.63 thousand tons/year was recorded. In contrast, a significant
decrease by —2.03 and —4.46 thousand tons/year (p < 0.05) were
recorded from the AgS and other sectors, respectively (Fig. 3). The total
N,O emissions were subject to a significant decrease by —0.31 thousand
tons/year (p < 0.05), as shown in Fig. 4. Nevertheless, NO emissions
from soils in Hungary increased by +0.07 thousand tons/year (p >
0.05).

3.3. Emission of other air pollutants from different sectors in Hungary

An overview of emissions of other air pollutants (i.e. PFC, NOy, Soy,
CO, ....etc.) from different sectors in Hungary indicates negative trends
from most of them, as shown in the Fig. 5. In details, a negative signif-
icant trend was recorded in PFC (—11.73 thousand tons/year, p < 0.05),
NOy (—3.66 thousand tons/year, p < 0.05), Sox (—32.81 thousand tons/
year, p < 0.05), NH3 (—0.43 thousand tons/year, p < 0.05), NMVOC
(—4.44 thousand tons/year, p < 0.05), and CO (—27.23 thousand tons/
year, p < 0.05). A non-significant decrease of PM5 5 emission was also
recorded. However, positive significant emissions of HFC (460.22
thousand tons/year, p < 0.05), and SFg (+3.49 thousand tons/year, p <
0.05) were captured over Hungary, along with positive but not signifi-
cant trend of PM;( emissions (+0.40 thousand tons/year, p > 0.05). As
the main air pollutants in Hungary are CO,, CH4, and N»O, this study
mainly focused on them, while the other pollutants were neglected.

3.4. Environmental Kuznets Curve (EKC)

The EKC estimation procedure starts by calculating the descriptive
statistics shown in Table 1. These statistics reveal the degree of variation
and reliability of the data. The regression model assumes that variables

170
160
150
140 |
130
120

+0.63 (thousand tons/year), p<0.05

110
1985 1990 1995 2000 2005 2010 2015 2020

Waste management (thousand tons)

Year

140
N -2.66 (thousand tons/year), p<0.05
a 120
2
5 100
5
5 80
2
= 60
£
5 40

20

1985 1990 1995 2000 2005 2010 2015 2020

Year

Journal of Cleaner Production 314 (2021) 127865

under investigation must have substantial variations and are normally
distributed. Descriptive statistics are employed to verify these assump-
tions of the regression models. The high difference between the
maximum and minimum values and the high value of standard deviation
relative to the mean of all variables in Table 1 indicate substantial
variations in the time series variables. Moreover, the Jarque-Bera (JB)
statistics fail to reject the hypothesis of normality. It is, therefore,
concluded that all the variables have substantial variation and are
normally distributed.

It is the prerequisite of regression analysis to determine the unite root
properties of the time series variables. For this purpose, the Augmented
Dickey-Fuller test (ADF) (Dickey and Fuller, 1981), and Phillips-Perron
(PP) test (Kwiatkowski et al., 1992) have been applied. Further, the
Akaike Information Criterion (AIC) test has been employed to assign the
lag structure to these unit root tests. According to the results given in
Table 2 and Table 3, both PP and ADF the null hypothesis was rejected (i.
e. Hy: that the time series variables have unit root (non-stationary)) for
LCO,, LCH4, and LN2O, while for LY (GDP), LY? (square GDP), and LEC
(energy consumption) test statistics do not reject the Hgp. However, at the
first difference, Hy is rejected for all variables. Hence, both ADF and PP
unit root tests conclude that LCO, LCH4 and LNO, are stationary at the
level: integrated order of I(0), while LY, LY?, and LEC are stationary at
the first difference: integrated order of I(1). As variables have different
integrated order, ARDL is the most appropriate estimation method.

To carry out ARDL analysis, the selection of optimum lag structure of
dependent and independent variables is necessarily required. The
Akaike Information Criterion (AIC) statistics recommend optimal lag
order for Equations (10)-(12) are (1,0,0,4, 2, 0), (1,0,0,4, 2, 3), and
(1,0,0,0).

The next step in the ARDL procedure is to establish the presence of a
cointegration relationship among the variables. The F- statistics are
given in Table-4 for equations (10)-(12) underpin the decision.
Regarding the present study, its value exceeds the upper critical bound
value in all equations. The Hy is therefore rejected, which indicate the
existence of cointegration among the variables in equations (10)-(12).
This result specifies that CO,, CH4, and N2O emissions have long-run co-
integration relation with economic growth (GDP), (GDP)Z, and energy
consumption (EC) in Hungary.

After establishing the co-integrated equilibrium relationship in all
equations, we report short-run and long-run co-efficient on independent
variables in Table 5 and Table 6. The long-run positive coefficient on

—~ 240
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Fig. 3. Trends in CH, emissions by different sectors in Hungary between 1985 and 2018.
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Fig. 4. Trends in N,O emissions by different sectors in Hungary between 1985 and 2018.

income growth (GDP), and negative coefficient on (GDP)2 for equations
(10)-(12) indicate the existence of relationship between EKC and the
emissions of CO, CH4, and N,O in Hungary. This relation implies that
GHG emissions in Hungary will increase at a decreasing rate with eco-
nomic growth (GDP).

Notably, the three models (equation (10), (11), and (12)) also have
passed through the diagnostic tests of serial correlation, hetero-
scedasticity, and model-specifications given at the end of Table 6. The D-
W statistics close to two for all three models, which led to accepting the
Hy (Hp: no serial correlation). Similarly, the Chi-square values for the
LM test do not reject the Hp (Hp: no higher-order serial correlation). The
probability value of the Breeusch-Pagon test of heteroscedasticity also
exceeds 10% for all three models, indicating constant variance of the
error term. Similarly, RMSE and JB test statistics do not reject the
alternate hypothesis of models are correctly specified and residuals are
normally distributed. It is, therefore, safely concluded that models are
correctly specified for the data. Moreover, R? is significantly high for all
three models, implying models are explaining a high proportion of
variations in the pollutants.

4. Discussion

Hungary, which is located in the central part of Europe rapidly
affected by climate change (Alsafadi et al., 2020; Mohammed et al.,
2020). Although climate change cannot be explained at the level of one
country like Hungary, it is an essential part of what the world, partic-
ularly the European continental, is exposed to, where anthropogenic
activities (i.e. GHG emissions) are the driving forces for such phenom-
ena. Our results indicate a significant reduction of GHG emissions from
different sectors. In this sense, two distinct periods had a remarkable
impact on the reduction of GHG emissions in Hungary. The first one was
between 1990 and 1995, especially in the industrial and energy sectors
(Fig. 2), due to collapse of the Soviet Union (Soviets left Hungary
starting in 1990 through 1991). While the second period was from 2008
to 2009 due to the world economic crisis, as can be seen in Figs. 2-4s..
However, our results reveal that total emissions dropped remarkably by
81.5%, 69%, and 145.6% for CO,, CHg, N3O, respectively. As a member
of the EU, Hungary was committed to reducing GHG emissions by 20%
compared with the base year; thus, successive steps toward achieving

this goal were undertaken (e.g. renewable energy, energy upgrades),
which significantly contributed to total reduction (Molnar, 2014).

Several studies have been carried out to track CO; emissions in
Hungary; Major et al. (2018) reported an increase of 11 ppm of annual
mean CO; mole fractions between 2008 and 2014 in the Hegyhatsal
station (W-Hungary). Similarly, Haszpra et al. (2008) highlighted the
increase in the CO2 mixing ratio from 343 to 390 ppm between 1981 and
2007 in Hungary (Hegyhatsal station), where the CO5 growth rate was
2.1 ppm/year in the last five years. Interestingly, GHG emissions in
Hungary were 15% lower in 1990 compared to 1985-1987 (the base
period) (Molnar et al., 1996).

4.1. GHG emissions from the energy and industry sector in Hungary

In 2002, Hungary was one of the major countries that ratified the
Kyoto Protocol and its emissions targets which aim to reduce their GHG
emissions by 20-30% compared to 1990 levels (UNFCCC, 2015). Based
on the energy strategies, Hungary has accomplished an extraordinary
reduction in GHG emissions in different sectors (Szlavik et al., 2000).
GHG emissions went down slightly in Hungary with a reduction of
35.6% in 2007; moreover, a 10% reduction in COs intensity during the
period 1996-2007 was recorded (Tolon-Becerra et al., 2010). This result
coincides with the results shown in Fig. 2.

Generally, the energy sector is characterized as a traditional one and
is dominated by coal (Radics and Bartholy, 2008), besides more than
30% of its electricity is imported from other countries (Antal, 2019).
Furthermore, renewable energy (RE) strategies have been planned, such
as the Hungarian Sustainable Energy Strategy which was outlined by the
Hungarian non-governmental organization Energy Club, and another
which was developed by Greenpeace International, Greenpeace
Hungary, and the European Renewable Energy Council (EREC). These
strategies highlight the possibility of shifting towered renewable-based
energy by 2050 for almost 75% of systems in Hungary (Safian, 2014).
Yet Hungary has the lowest share of RE in terms of electricity production
among EU-28 countries (Antal and Karhunmaa, 2018), and the gov-
ernment is expanding the lifetime of the currently operating nuclear
power plant, and planning to build a new plant. However, the current
goals of Hungarian energy policy and strategies aim to (1) raise the
renewable energy share of total energy production and consumption
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Fig. 5. Emissions trend of other air pollutants from different sectors in Hungary.

(Mathiesen et al., 2011; Schmidt et al., 2010, Hernandez et al., 2004;
Fuss and Szolgayova, 2010), (2) enhance power efficiency and lessen
energy consumption (Lean and Smyth, 2010; Mathiesen et al., 2011;
Kannan, 2009), and (3) promote nuclear energy (Lean and Smyth, 2010;
Besmann, 2010). Nonetheless, the nuclear power plant generates 52% of
Hungarian electricity, while 7% is produced from RE (Téth et al., 2018).

4.2. GHG emissions from the AgS in Hungary

Agricultural land covers more than 50% of Hungarian territory, thus
GHG emissions from the AgS should be addressed carefully (Barcza
et al.,, 2011). Even though our results reveal that GHG emissions from
the AgS increased gradually, Jambor and Sirone Varadi (2014) claim
that GHG emissions decreased in Hungary, and also in some other EU
countries (i.e. Slovakia, Slovenia, and the Czech Republic). Similarly,
Molnar et al. (2011) tracked a reduction of GHG emissions from the
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Table 1
Descriptive Statistics of studied variables.
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climate-friendly farming projects (CFFs) will not be possible in Hungary,
due to the complexity of the AgS and its interaction with other sectors
(food, energy, commercial, etc.).

LY LCO, LCH, LN,O LEC
Some actions, such as changing the production system and closing
Mean 5.11 8.71 5.85 2.81 18.16 J el . ..
Median 514 8.74 5.86 2.83 18.18 fertilizer treatment facilities, could significantly decrease emissions
Maximum 5.58 9.49 6.15 3.32 18.40 from the AgS, but these actions are not sustainable for achieving a long-
Minimum 4.64 8.02 5.71 2.55 17.95 term reduction in comparison to other sectors, due to many production
Std. Dev. L2 L.54 0.91 0.47 211 limitations, and the instability of the food chain in Hungary (Bai et al.,
Jarque-Bera 2.62 2.62 7.86 4.19 14 2017). On th ntrary, many scholars have emphasized the important
Probability 0.27 0.27 0.21 0.23 0.17 - N the contrary, many scholars have emphasized the importa
Observations 2% 2% 2% 2% 2% role of mitigation policies within agricultural sectors which can bridge
the period until other mitigations or adaptation plans are implemented
in other sectors (energy, industry) (Freibauer et al., 2004; Smith et al.,
Table 2
ADF and PP tests. Table 5
ADF PP Short-run ARDL coefficients.
Test P Test p LCO, LCH4 LN,O
LCO, —3.30 (0.08) ** -.319 (0.10) ** Variable Coefficient Variable Coefficient Variable Coefficient
_ o _ o
o o PN o SN D(LY) 1891(55)  D(LY) 232(62) DY) 34.14 (.10)
v B ('76) e ('24) DLY?) ~897(57) DOY)  -118(61) DEY(2) 217 (04)
. ~1. (.76) -2 (:29) D(LEC) ~1.05(.06) D(LEC) 0.17 (.07) D(LY?) ~16.49
LY 0.41 (.98) 171 (.96) o o (11)
LEC —235 (99 —249 (32 CointEq.  —074(01) CointEq.  —0.35(.08) D(LEC ~0.92 (.10)
(Hy: variable is non-stationary),* MacKinnon (2010), Kwiatkowski et al. (1992): chH 1 o (-2))
1% significance, ** MacKinnon (2010), Kwiatkowski et al. (1992): 5% D(LEC 0.93 (.09)
significance. ('3,))
Coint.Eq. —1.47
QY] (.020) *

Table 3
ADF and PP tests at first difference.
ADF PP
Test P Test p
LCO, -5.10 (0.01) * -9.17 (0.00) *
LCH4 -3.91 (0.03) * -3.99 (0.02) *
LN,O —4.96 (0.01) * -7.39 (0.00) *
LY —4.60 (0.01) * —4.60 (0.01) *
LY? —4.61 (0.001) * —4.61 (0.001) *
LEC —4.14 (0.01) * —4.07 (0.01) *

(Hy: variable is non-stationary),* MacKinnon (2010), Kwiatkowski et al. (1992):
1% significance, ** MacKinnon (2010), Kwiatkowski et al. (1992): 5%
significance.

Hungarian AgS between 1990 and 2006, along with a slight decrease in
agricultural production. Nonetheless, among EU28-countries, emissions
from the AgS in Hungary were reported to be the lowest (Dace and
Blumberga, 2016).

On a national and sub-national scale, rare studies measured carbon
flux (i.e. net ecosystem exchange (NEE), and net biome production
(NBP)). Barcza et al. (2011) reveal that arable land in the western part of
Hungary was a net carbon sink (average-NEE = —170 gC m? year’l,
average-NBP = —30 gC m™2 year !) due to the implementation of
climate-smart agriculture strategies (CSAs) (i.e. agro-climate technol-
ogy; crop management), and the direct impact of climate change.
Fogarassy and Nabradi (2015) argued that the implementation of

D: represent the first difference operator, while log represents a natural log.
Cintiq (—1) is error correction term; R? is the coefficient of determination; * and
** specify the rejection of the null hypothesis at 1% and 5% respectively.

Table 6

Long-run ARDL coefficients.
LCO, LCH4 LN,O
Variable Coefficient Variable Coefficient Variable Coefficient
LY 25.47 (.05) LY 6.49 (.02) * LY 50.33 (.06)
LY? —~12.09 Ly? -3.29(.06) LY? ~25.24

(.06) ** *k (.03) *
LEC 1.42 (.02) * LEC 0.478 (.01) LEC 0.41 (.26)
C 27.92 (.02) C —2.38(.52) C —3.99 (.54)
R? .83 R? .85 R? .87
Dw 1.97 DwW 1.87 Dw 1.89
JB .52 (.76) JB .81 (.66) JB .27 (.87)
LM .54 (.52) LM .19 (.44) LM 13.60 (33)
Arch 1.20 (.72) Arch 4.52 (.24) Arch .27 (.86)
Ramsey 1.48 (.27) Ramsey 1.15 (.37) Ramsey .98 (.44)
RESET RESET RESET

C: constant of all models, DW: Durbin Watson test of autocorrelation, JB: Jarque-
Bera test of normality LM: Lagrange multiplier test of serial correlation, Arch:
Autoregressive conditional heteroskedasticity test of heteroskedasticity, Ramsey
RESET: is a test of model misspecification.

Table 4
ARDL bounds test for the equation (10) (11) and (12).
ARDL * Eq. 10 Eq. 11 Eq. 12
Value K Value K Value K
F-statistic 4.82 3 5.98 3 4.88 3
Critical value
Sig. 1(0) Bound 1(1) Bound 1(0) Bound 1(1) Bound 1(0) Bound 1(1) Bound
10% 2.26 2.72 3.77 3.35 3.72 3.77
5% 2.62 3.23 4.35 3.79 3.23 4.35
1% 3.41 4.29 5.61 4.68 4.10 4.78

" Hy: no existence of long-run relationships.
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2007). These could include converting land to grass or woodland,
effective and sustainable animal manure management, the imple-
mentation of conservation agriculture instead of the traditional form,
and effective fertilization management (Smith et al., 2008; Bakam et al.,
2012).

In the foreseeable future, for Hungary, implementation of such
techniques is still in the early stage, thus our projection reveals that GHG
emissions will continue to increase in the future from the AgS. Notably,
on the European Union scale (EU-27), Mohammed et al. (2019) reported
a reduction in GHG emissions from the AgS. However, the share of the
AgS in total EU GHG emissions increased by 1.5 pp between 2007 and
2016 (Piwowar, 2020). It is important to mention here that any re-
striction or limitation on the AgS could have negative consequences for
food production, sustainability, and security (Barry et al., 2010).
Climate policies must therefore deal carefully with the AgS, especially
that more than 58.809 billion € of EU funds were made available for
“sustainable growth” in agriculture in 2015.

Eventually, CHy is produced by livestock (ruminants), while N5O is
released from manure decomposition and other agricultural activities,
and 18% of global GHG emissions originate from the livestock sector
(Lesschen et al., 2011). In Hungary, CH4 emissions have decreased,
while emissions of N2O from the soil fluctuated with a positive trend
(Fig. 4). This result could be explained by the intensive use of fertil-
ization. A similar result was obtained by Molnar et al. (2011) where the
average fertilization was higher than half of the amount between 1980
and 1985. Also, an increase in N2O emissions in Hungary was reported
by Haszpra et al. (2018). However, Lesschen et al. (2011) reported that
emissions from organic soil were as high as in some other EU-27
countries.

Despite the positive significant trend of CH4 emissions from the
waste sector. Many factors, such as Europeanisation trends in Hungary,
subsidies from the EU, and interaction between the host local commu-
nity and multinational companies have enhanced the development of
the waste management system. Obstacles to developing waste man-
agement sectors are the governance model (centralization), stake-
holders’ attitudes, and a lack of community participation in
environmental policy-making (Mezei et al., 2018). Nonetheless, total
CH4 emissions have decreased significantly by 2.47 thousand tons/year.

4.3. GHG emissions from households’ sector in Hungary

The Hungarian government declared that Nearly Zero-Energy
Building (NZEB) will be started after 2020, and a decrease in CO5
emissions from the building sector (households) was detected in the
current situation (Fig. 3). This could be mainly attributed to the fact that
a wide range of actions could enhance energy saving and CO; mitiga-
tion, such as (1) passive energy design; (2) thermal envelope improve-
ment, (3) low carbon heating systems; and (4) shifting toward more
efficient and energy-saving equipment (lights; electric appliances)
(Novikova and Urge-Vorsatz, 2007). However, the Nearly Zero-Energy
Building seems far from being achieved in Hungary. Similarly, Fogar-
assy et al. (2015) emphasized the potential of the building sector in any
GHG mitigation policies due to the implementation of new
emissions-saving technology. Nonetheless, the Hungarian building
sector is one of the pioneer sectors, where climate mitigation plans could
be applied efficiently, in comparison to other sectors (Fogarassy and
Horvath, 2015).

Notably, Hungarian commercial services are mainly divided into
wholesale, transportation, accommodation, information, and commu-
nication, among them the accommodation services sector has the
highest GHG emissions. However, the GHG emissions from this sector
were characterized as stable and moderate (Dombi, 2019).

4.4. GHG emissions from the transportation sector in Hungary

The Hungarian transportation sector has contributed remarkably to
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energy consumption (Torok, and Zoldy, 2010). Along with the AgS,
current and future projected CO, emissions from the transportation
sector have shown a gradual increase, due to rapid increases in (1)
passengers and cars, (2) road networks, and (3) fossil fuel consumption
(Szendro et al., 2014). This was consistent with the findings of Torok and
Zoldy (2010) who noted a reduction in all energy consumption sectors
except for the transport sector, and recommended some action to
minimize emissions, so that the transportation sector could significantly
contribute to the reduction in the carbon footprint. Such actions will cost
money but are affordable to achieve more climate-friendly roads.

4.5. EKC in Hungary

The long-run coefficient on energy consumption (EC) is positive and
significant for CO, emission and CHy; while it is insignificant for N,O
(Table 6). The EC appears negatively significant with appropriate signs
in three equations (Table 5). It also confirms the long-run co-integrating
relationship between the variables. The adjustment coefficient —0.74 for
equation (10) suggests that 74% deviation in CO2 is corrected every year
towards its long-run equilibrium path (Table 5). A similar explanation
can be extended to the EC term for CH4 (35%) and N5O (147%). Ac-
cording to Pesaran et al. (2001), the significant negative sign on EC in
short-run dynamics is a stable measure of long-run equilibrium associ-
ation among the variables.

Also, the stability of cointegrating relation is concerned, Pesaran
et al. (2001) indicated that cumulative sum (CUSUM) and cumulative
sum of squares (CUSUMSQ) do not have significant power as stability
tests. The current study, therefore, considers EC term to gauge the sta-
bility of three models. The negative significant coefficient on EC term in
all three models indicates that models are stable over the sample period
of the study. Moreover, the current study employs Hansen (2002)
parametric stability test to gauge any instability in the sample period.
The results are reported in Table 7.

The probity values of LC statistics reject the hypothesis of parameter
instability in favour of long-run parameter stability. Thus, the good fit
and diagnostic tests conclude that models have desired econometric
probabilities and can be utilized for policy implications on environ-
mental issues.

The positive significant coefficient on income growth and negative
significance on (GDP)2 in the long-run, showed an EKC transition in
Hungary. Credit goes to environmental policies such as a decrease in
energy consumption (Yan et al., 2017); the economic transition in
Hungary (Molnar, 2014), public interest in and awareness of climate
change issues (Zemankovics, 2012), and local initiatives for promoting a
climate strategy (Szirmai et al., 2008). These findings are in line with
recent findings of Dogan and Inglesi-Lotz (2020), and Neagu (2019)
which confirm the existence of the EKC in European countries for GHGs.

Despite the overall negative trend of overall emission of main GHGs,
this study is based on the official data published by the Hungarian
Central Statistical Office. Maybe some emission sources were not
counted, due to some national policies, or were estimated based on some
mathematical approaches, which could be considered as one of the
limitations in this research. Nonetheless, the output of this work pro-
vides an important step towered analysing estimating trends of GHG
emissions and their environmental impact on a national scale.

Table 7
Hansen test for parameter stability for Equations (10)-(12).
Dependent Variables LC Test Statistics Probability value
CO, .085 .25
CH4 .094 .24
N0 12 .21
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5. Conclusion

Until recently, Policies in many countries were driven by economic
growth; meanwhile, few plans were drawn out to mitigate environ-
mental degradation, including minimizing GHG emissions. Within this
context; the main aim of this research was to track changes in GHG
emissions in Hungary between 1985 and 2018, and to find out if there is
any turning point for the EKC. In this study the key findings could be
summarized:

e Total emissions dropped remarkably between 1985 and 2018 by
81.5%, 69%, and 145.6% for CO3, CHa4, N3O, respectively.

e A positive significant increase in CO, emissions was recorded in both

biomass and transportation sectors. However, CO, emissions from

the industrial sector, energy sector household sector were dropped

significantly (p < 0.05).

Similar to CO4, CH4 and N3O emissions were decreased significantly

(p < 0.05) from most relevant sectors, except for soil in terms of NoO

emissions.

The long-run positive effect on income growth and negative effect on

income square indicate the existence of EKC relationship for COy

emission, CH4, and N2O in Hungary implying that the economic

growth in the future would lead to environmental improvement.

The implementation of environmental policies in Hungary has a
positive impact on terms of environmental mitigation. However, an
urgent plan for GHGs mitigation in the AgS is needed to minimize CO2
and N2O emissions.
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