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Abstract

On the basis of common and unified methodologies, NUTS3 (county) level climate change strategies have
been completed in Hungary. The strategies also consist comprehensive inventories of greenhouse gas
(GHG) emissions, as well as quantified decarbonization (emission reduction) targets for the years of 2020,
2030 and optionally, 2050. The primary objective of the paper is to identify the spatial structure of the GHG
emissions and to assess the interconnection between NUT3 level economic development and emission
patterns. Comparative analyses of the county’s decarbonization targets are also presented in order to assess
their contribution in the national commitments under Paris Agreement. Results suggest that NUTS3 level
CO2 emissions show a typical spatial pattern with a strong interrelation with county’s socio-economic
typology. Finally, the paper provides suggestions to integrate the regional characteristics of decarbonization
into county’s transition to sustainable development.
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INTRODUCTION AND LITERATURE OVERVIEW

It is a recognized fact that climate change is a global phenomenon which affects different
societies as a whole: individual settlements and entire regions. In order to respond effectively
to climate change, global players at different levels require both methodology and tools for
decision making process. Mitigation and adaptation might be complementary at some levels,
but they can be contradictory at some point. Therefore, the development of a methodology and
a tool to help individuals, communities, countries or regions in the decision-making process
towards the best response to climate change is required. (Laukkonen et al, 2009)

The current integrated energy and climate policy has proposed a 20 % reduction in GHG
(greenhouse gases) in the Member States by 2020. One of the principal tools is to improve
energy efficiency under the energy efficiency action plan, which is supposed to cut the entire

energy usage by 20 % by 2020. On the other hand, the amount of energy from renewable sources
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consumed in Europe will have to rise to 20 % by 2020. These are ambitious but achievable
aims. (Carvalho, 2012)

Countries are implementing CO2 emission reduction targets in order to meet a globally
agreed global warming limit of +1,5°C. Strategic Environmental Assessment is a particularly
suitable tool for the study of climate protection at regional level. This tool makes it possible to
assess the effects of environmental parameters listed in the legislation, such as soil, biodiversity,
water, etc. It is necessary to have global climate change protection targets on regional and local
levels as well. Territorial and urban planning, in particular, has a huge potential for reducing
energy and CO2 emissions, as well as other greenhouse gases. This issue must properly be
addressed in the planning and decision making processes at the level of municipalities. (Wende
et al, 2012).

The Competitive Cities and Climate Change Study is based on the results of existing research
and recent developments in OECD countries. It is focused on two issues: the local and
multilevel dimensions of urban climate management. Many cities are not yet making use of the
opportunities to implement climate protection measures through "hard" regulation and strategic
planning. (OECD, 2008)

The emissions of carbon-dioxide and other greenhouse gases are one of the most important
indicator on transition to sustainable development (Iyer et al, 2018). The calculation of total
greenhouse gas emissions in Hungary is estimated to 63,8 million tonnes in 2017 (HMS, 2019)
which has shown a slight increasing tendency for last 5 years. A few Hungarian cities have also
prepared and adopted Sustainable Energy-Climate Action Plans (SECAP). In accordance with
the Guidelines of Covenant of Mayors (Bertoldi, 2018), the baseline greenhouse gas emission
inventories (i.e. calculations of emissions) should be a compulsory and central element of the
SECAP documents, therefore, in case of 35 cities, estimation on the city-level greenhouse gas
emissions are available. In spite of existing CO2 emission figures on national and (in some
cases) city level emissions, the spatial structure of greenhouse gas emissions is still unknown
in Hungary. The primary goal of our research is to identify and analyze the NUTS-3 level
distribution of greenhouse gas emissions in Hungary, as well as to determine the possible
interrelations between the county’s greenhouse gas emissions and their socio-economic
circumstances.

It is also a relevant science-based and policy-relevant question that how can the local and
regional level municipalities (for example cities, counties) contribute in national level

greenhouse gas emission reduction commitments. National Climate Change Strategy (NCCS-
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2, 2018) adopted by the Parliament in 2018 clearly stated that national greenhouse gas
emissions should be reduced at least by 40% until 2030 (compared to 1990 level). It means
further 13% decrease in GHG emissions related to 2017 figures. Nevertheless, no information
has revealed on the possible regional effort sharing until now therefore another goal of the
present paper is to present a comparative analysis of the decarbonization targets (i.e. NUTS-3
level emission reduction targets for 2030) of Hungary’s counties. Finally, the county’s climate
change related policy responses should also be an important information on regional sustainable
development. In order to determine the spatial characteristics of these policy responses a
classification of climate change mitigation measures planned by the county’s municipalities is

also shown.

METHODOLOGICAL BACKGROUND

Methodological framework of our research is based on the general socio-economic conditions
in NUTS-3 level in Hungary. Regional differences can be observed in every country and are
constantly changing, due to geographical conditions, environment, political situation and other
influencing factors. The smaller the territorial level wherein the differentiation is examined, the
more differences can be detected. (TOP, 2014). The most commonly used indicator for the
spatial comparison of economic development is the gross domestic product per capita. The most
important factors influencing the economic development are the spread of enterprises,
investments, highlighting housing investments, foreign investments in the capital supply, and
R&D activities. (CSO, 2013)

A country’s GDP is made up of the GDP of its regions. In accordance with the principle of
subsidiarity, the counties in Hungary are suitable for the study of regional differences and thus
properly small units to reduce regional disparities. As it is presented in Tab. 1, Hungary is
highly differentiated, with the standard deviation of the county’s per capita GDP being the
second largest in the EU. (TOP, 2014). In terms of GDP per capita of 19 counties and Budapest,
the capital's outstanding value and the development of three Transdanubian counties (Gyo0r-
Moson-Sopron, Fejér and Komarom-Esztergom) are conspicuous. Of the 19 counties, the

county of Nograd is the farthest from the national average.
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Table 1 Tendencies in economic performance of Hungarian counties: GDP/capita (millions
Ft/capita)
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According to a classification of counties based on their similar socio-economic conditions and
developmental paths (Lengyel and Varga, 2018), 86% of the population of Central-Hungary
live in Budapest and its districts, which is why Budapest and Pest County became center
counties (Tab. 2). The other types of counties were classified based on their economic growth
observed from 2000 to 2012, the 2016 GDP-value and their economic structure. The spatial
location of the county types is crucial; industrial counties where foreign direct investment flows
into are located in Northern Transdanubian, in its neighborhood or near Budapest. Re-
industrializing counties can be found in traditionally industrial areas (such as Borsod-Abauj-
Zemplén). The rural counties are located at the southern eastern border. Nograd County is
slightly out of this scheme, although it is located at the border, as 14 out of 19 counties, but
despite its geographical proximity to Budapest, its economic performance is very weak. Based
on the annual growth rates of the Hungarian economy, one can distinguish three periods: the
periods 2000-2006, 2007-2012 and 2013-2016. In the period of 2000-2006, the economy
increased in varying degrees, but everywhere. Downturn and stagnation can be observed
between 2007 and 2012, but from 2013 economy began to rise and expand in every county

again.

Table 2 Socio-economic typology of counties in Hungary

County Types County’s name Abre-
vation
Central Budapest BUD
Pest PES
Industrial Gy06r-Moson-Sopron GYMS
Fejér FEJ
Koméarom-Esztergom KEM
Vas VAS
Re-industrializing Bacs-Kiskun BKK
Zala ZAL
Veszprém VESZ
Heves HEV
Borsod-Abatj-Zemplén BAZ
Jasz-Nagykun-Szolnok INSZ
Knowledge Center Baranya BAR
Csongrad CSO
Hajdu-Bihar HB
Rural Tolna TOL
Somogy SOM
Békés BEK
Szabolcs-Szatmar-Bereg SZSZB
Nograd NOG

Source: Lengyel and Varga (2018)

It can be stated that there are significant differences between the counties in Hungary, and that
regions with different levels of development cannot be managed with the same economic
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development action plan. (Lukovics, 2012) In order to increase the long term and sustainable
competitiveness of the counties, mapping the strengths and weaknesses of the counties is
inevitable (Bajmoécy, Gébert, and Mélovics, 2017).

Second pillar of our research’s theoretical framework is the methodology for preparation of
NUTS3-level climate change strategies. The climate change strategies (both international,
national, territorial, sectoral or company levels) may provide a unique framework for decision
making related to climate change policy integration in fields of GHG emission reduction
(mitigation) and improvement the climate resilience (adaptation) as well. According to the most
recent assessment of Intergovernmental Panel on Climate Change (IPCC), unless global
greenhouse gas (GHG) emissions are reduced by 45 percent by 2030 related 2010 levels, a 1.5
C global warming and serious climate change impacts in local levels are expected until 2030
(IPCC, 2018). Although, under the Paris Climate Agreement nations should complete their
national climate plans by 2020, it is also widely acknowledged that the current national
strategies and plans are insufficient to limit global warming to 1,5 C. The Paris Agreement also
recognizes that local and regional municipalities play a critical role in global climate action.
Achieving more ambitious emission reduction objectives as well as improve the preparedness
for adverse local and regional effects of climate change a clear and reinforced role of multilevel
governing cooperation is required. This multilevel governing needs harmonized and
coordinated preparation of climate change related strategic documents (i.e. climate change
strategies, action plans) at different levels of municipalities. It also means that a unified
framework for climate change policy planning in rural settlements, cities micro-regions and
counties should also be developed.

Environmental and Energy Efficiency Operative Programme of Hungary funded by EU
Cohesion Fund and Regional Development Fund support sustainable growth and contribute to
achieving the Europe 2020 targets for smart, sustainable and inclusive growth (EEE OP, 2015).
The EEE OP has thematic priorities on transition to low-carbon economy, as well as climate
change risk prevention and a special target on preparation of municipal-level climate change
strategies. A compulsory output indicator has also been set to this special target: the cumulate
number of inhabitants in settlements which adopted climate change strategies should reach at
least 3 million inhabitants until 2023. In order to fulfil this requirement a three pillars grant
scheme has been established:

e st pillar: capacity building to develop methodological framework of strategy making at
different level of municipalities, promote knowledge transfer and provide professional

assistance for municipalities.
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e 2% pillar: support the NUTS-3 level climate change strategy making. (Beneficiaries:
county’s municipalities)

e 3" pillar: support the settlement level (villages, towns, cities) climate change strategy
making. (Beneficiaries: settlement’s municipalities)

In the framework of methodological development, the Alliance of Climate-Friendly

Municipalities (as a beneficiary of 1st pillar’s grant), in cooperation with National Adaptation

Center of Geological and Geophysical Institute of Hungary was responsible to develop five

separate guidelines for climate change strategy of (1) counties, (2) the capital (Budapest) (3)

cities, (4) small towns, villages and (5) multi-settlements (Bir¢6 et al, 2017).

According to the methodology of county’s climate change strategies, these documents

should consist the following major elements:

e Inventories of greenhouse gas emission and removals

e Past and present experiences in sustainable energy and transport related projects, as well as
adaptation and climate change risk related projects

e Climate change related SWOT analysis and problem tree

e FElements of county’s climate change policy: decarbonization target setting and objectives
of improvement of resilience

e Climate change actions: mitigation, adaptation and awareness related measures

e Implementation framework: institutional settings, progress indicators, monitoring processes

During 2017-2018, all 19 counties and Budapest have prepared their first climate change

strategy. The strategies have been developed under the assistance and supervision of Alliance

of Climate-Friendly Municipalities and approved by the Assemblies of County’s

Municipalities. According to the efficient multilevel governance, these documents are fully

consistent by the Hungary’s Second National Climate Change Strategy (NCCS-2, 2018)

adopted by the Parliament October 2018.

The adopted county’s climate change strategies form the main analytical background of
present paper. The data of county’s inventories of greenhouse gas emission and removals are
used to identify spatial distribution of CO2 emissions. An important conclusion of the quality
check of county’s inventories of greenhouse gas emission and removals were to find significant
inconsistencies in estimation of CO2 emissions from ETS sectors. (ETS sector covers the power
plants, cement factories, steel production and other hard industry facilities. These installations
are obligatory take part in EU emission trading system.) Therefore, the county’s estimation of

CO2 emissions does not include the industrial sources from ETS sectors.
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The county’s CO2 quantified emission reduction targets for 2030, as well as the planned
main mitigation actions are also derived from the county’s climate change strategies. During
the strategy’s preparation, an independent review and quality control was made by the Alliance
of Climate-Friendly Municipalities (“methodology developer”), therefore the data used for

spatial analyses may consider as best available source of relevant information.

RESULTS AND DISCUSSION

As it is mentioned above, the aim of climate change strategies is to provide the conditions
for mitigation and adaptation activities using a uniform and common climate strategy
methodology. The first stage of county climate strategies is the assessment of the situation.
Although, the focal part of the present research is mitigation, while the assessment of the
situation of the counties, the evaluation of climate and energy awareness as well as the SWOT
analysis and the problem map of the climatic aspects have also been prepared in the county’s
climate change strategies. In the course of the mitigation, the inventory of the county's
greenhouse gases (GHG) was compiled. The preparation of GHG inventories was assisted by
the Alliance of Climate-Friendly Municipalities giving software support and professional
guidance (ACFM, 2018). With the help of the SWOT analysis, the counties were able to assess
their strengths and opportunities more easily, they learned about their weaknesses and external
threats, which can be used to map the mitigation and adaptation possibilities of the counties.
After the assessment of the situation, the strategic connection points were determined,
examining the connection points of the county level and their relationship with the regional and
local documents. In this part the counties also introduced sustainable energy management
projects that had already been implemented. With this in mind, the county's climate protection
vision was elaborated. At the end of the strategic documents, the arrangement of
implementation is shown, which included the planning of the county level measures and the
identification of the implementation framework. The quantification of the county's
decarbonization targets - expressed as the county's GHG emission reduction target (%) - is not
mandatory for the counties, and the methodology only makes a recommendation. In present
paper we examined mainly the county’s GHG emission figures and the decarbonization targets,
thereby making regional differences more visible.

First of all, we studied the GHG emissions of counties. (It is important to note that CO2
emissions shown in Fig. 1 do not include the heavy industry.) In the case of the first three
counties (Budapest, Pest and Borsod-Abatj-Zemplén) the high emissions are attributed to the

larger population and the outdated building stock.
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Figure 1 Annual CO: emissions of counties in 2015
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Looking at the last county, the building stock is not more advanced, but the population is smaller
and the productive sectors (such as services, industry) is rather weak in Zala, Baranya, Heves,
Tolna and Nograd counties. As it is shown by Zhou, Liu, Wu, and Li (2015) the urbanization
processes in Pest, Gyér-Moson-Sopron and Fejér counties are also form driving factors of
relatively high emissions.

Examining the specific carbon dioxide emissions of the counties (Fig. 2), we concluded that

most of the counties were below the national average.

Figure 2 Specific CO2 emissions of counties
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The chart includes emissions from the SME sector, but not from the heavy industry. This is
because ETS (emissions trading system) mandatory quota trading applies to large-scale
companies. In these companies, there is no intention to reduce CO2 emissions, as the quota set
by the European Union is mandatory for them, which the EU has reduced year by year. As a
result, companies that produce less CO2 can sell excess quotas on a market basis to larger
emission companies. In Hungary, approximately 250 facilities are in the ETS. According to the
chart, mobility as a key factor must be highlighted, as transport significantly raises specific
emissions, mainly in the counties of Fejér, Gydr-Moson-Sopron and Borsod-Abatj-Zemplén.

We also examined the carbon intensities of county’s GHG emissions. (Fig.3).

Figure 3 Carbon intensity (t CO2/GDP) of the counties
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In counties with relatively low county GDP, this index is high, such as the counties of Békés
and Somogy. Where the county GDP is high (Budapest, Gydr-Moson-Sopron, Pest counties)
this index is lower. In the case of Fejér and Veszprém counties the GDP is not low, but it is
rather average, but their output is very high. Although the carbon intensity indicator is widely
used, but its driving factor is mainly based on GDP so more economic effects are accumulated

in the results.
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We also identified the relationship between county development typology and specific
emissions. As it is shown in Tab. 2, the counties were clustered into 5 types: central, industrial,

re-industrializing, knowledge-center and rural.

Figure 4 Relationship between the economic development (GDP / capita) and specific CO2
emissions (t [CO2] / capita) of mixed types
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Strong relationships among the county’s socio-economic conditions and county’s CO2
emissions are revealed. One of the key factor of this relation is the composition and status of
NUTS-3 level household’s building stock. Almost 30% of the total CO2 emissions are
attributed to household’s heating. The heating demands depend on the status of thermal
insulations and In certain rural regions in Hungary the energy poverty is the main factor of
household’s energy consumption. A widespread practice to minimize the energy costs that
certain rooms are not heated and the “remaining” heating is provided by fuel wood or illegal
fuels (such as waste and plastics.) (Urge-Vorsatz & Herrero, 2012). This environmentally
harmful and health risky heating practice may cause a “virtual” energy saving (i.e. less energy
consumption in the energy statistics) and less heating-related CO2 emissions. Therefore, the
less developed rural county’s (such as Nograd, Baranya, Szabolcs-Szatmar-Bereg Counties)
can be attributed by the lowest per capita emissions.

Another important factor of county’s emissions and socio-economic conditions is the role of

transport demands and welfare effects. The second major source of CO2 emissions is the road
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transport, the growth rate exceeds 5% per year since 2014, in Hungary. Those counties which
have significant development in processing industry and service sector (such as automotive
assembling or commercial activities) their freight transport-related CO2 emissions are also
increased. In parallel with their relatively developed economic status, social welfare indicators
also show prosperous performances in certain Trans-Danubian Counties (such as Budapest,
Gydr-Sopron-Moson, Fejér Counties). In case of these developed counties, CO2 emissions
related to transportation of goods, household’s energy consumption and use of cars are also
more intensive which cause highest per capita emissions.

It is also noticeable that the most favourable area would be high GDP low emissions, with
the closest areas to the center, highlighting Budapest. The counties belonging to the
manufacturing industry are characterized by high GDP, but this is accompanied by too high
emissions, which is not sustainable. The knowledge center and re-cultivating and rural-type
counties emit less, but their GDP is relatively low. They should move horizontally in the
development of the chart, taking sustainability into account, i.e. to increase GDP so that their
specific emissions do not increase.

Finally, we made a comparative assessment of county’s decarbonization targets. Overall,
county commitments can be found between 5-20% compared to base years. In 13 counties,
commitments with a rather low level of ambition have been made; reduction commitments were

lower than 15%.

Figure 5 County decarbonization targets (quantified emission reduction commitments) for
2030
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It has been revealed that county’s commitments do not adequately reflect their economic

development. It also means that there is a lack of consistency between present emission and its
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GDP-related position. This is due to the fact that quantified emission reduction commitments
are not yet well established, there is no appropriate policy or development-related justification
for county commitments. Fig. 5. shows clearly that different counties have differentiated
commitments by 2030. In the case of commitments by 2020, it does not reach 6% in 18 counties.
By 2050, the counties did not make very ambitious commitments, and 6 counties did not

undertake, while others committed a 10-40% reduction in CO2 emissions to the base year.

Figure 6: CO2 emission projections, county and city commitments by 2030
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Fig. 6. illustrates that there are more serious ambitions for emission reductions in SECAP
documents approved by municipalities. Emissions are concentrated in cities, so it is very
encouraging that they are dealing with this problem. The second National Climate Change
Strategy (NES2) contains 34.5% national commitment of reduction. In fact, this is the path for
optimal emission reduction. All countries must submit reports to the UNFCCC (Framework
Convention on Climate Change), based on the most recently submitted document, a 2.1%
Hungarian commitment, but it is important to point out that this is a “wors case” projection. It

can be seen that the counties are in an intermediate state with regard to the objectives.

CONCLUSION

On the basis of climate change strategies recently adopted by county’s municipalities, the
regional structure of NUTS-3 level greenhouse gas emissions as well as county’s mid-term
decarbonization targets and mitigation actions have been analyzed. The results may be regarded

as a first attempt to specify the spatial characters of the greenhouse gas emissions and related
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policy options in Hungary. We summarize the major consequences in the following four

conlusions.

1. Target settings for decarbonization. One of the most important policy-related elements of
county’s climate change strategies are the quantified emission reduction objectives for 2030.
Decarbonization measures may also contribute in regional economic development and
improvement of competitiveness (Zsibok & Sebestyén, 2017). The decarbonization target value
is a comparable, easy-to-communicate indicator which should directly contribute in national
level greenhouse gas emission reduction commitments. It has also been revealed that county’s
contribution to national commitments outlined in Second National Climate Change strategy are
generally insufficient. Some cities and towns have stronger ambitions in emission reduction
stated in their SECAP documents which highlights the importance of climate change policy
coordination between the counties and their cities. We have found that no characteristic spatial
distribution is shown in county’s pledges. Although, the set of decarbonization target should be
based on estimation of mitigation costs, as well as consideration of financing potential of the
major stakeholders (i.e. households, public utilities, municipalities) the approved
decarbonization target values do not reflect the county’s economic and fiscal positions. During
the decision making process related to target settings the municipalities paid less attention to
the objective cost figures and the dominant decision-driving factor probable based on political
prudentialism (i.e. “lower target brings less problems”). Certain guidance rules on
recommended county’s pledges from the national climate policy makers were also missing.
Enabling policy framework for financing and implementing mitigation actions are also
important. County’s climate change strategies envisaged a broad array of various mitigation
measures providing innovative, cost effective way to reduce the greenhouse gas emissions.
Majority of counties planned certain “common and preferred” mitigation actions, such as
awareness rising and education, grant scheme for housing and public sector’s investments in
renewables and energy efficiency improvements. Further researches are needed to identify the
general typology of mitigation measures and to develop a comprehensive municipal-level
climate change policy performance index. Dissemination of best examples and experiences
gained should also be a possible extension of the strategy making.

2. Development of methodology for county’s climate change strategy making. As it is
mentioned above, preparation of county’s climate change strategies was guided by a common
methodology, certain weakness and room for improvements have been identified during the

quality control (Palvolgyi and Czira, 2018). An important gap is the lack of estimation on
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emission reduction of the planned mitigation measures. Without bottom-up indicators of
mitigation performance at level of individual measures, their contribution in county’s quantified
reduction target is generally unknown. Assessing the transport related emissions should also be
improved, especially in case of estimation of transit freight trafic. Forests provide significant
ecosystem services in national and regional level and reforestation is an important indicator of
sustainable land use at county-level as well. Presently, the estimation of carbon removal is
limited in methodological scope and enhance of sink capacites by afforestation measures are
almost missing. There are many other minor gaps and challenges of methodological
improvement which should be solved during the revision of strategy making guidelines under
the implementation of Second National Climate Change Strategy in next few years.

3. Implication for regional sustainable development. One of the most important challenge
ahead our regional decision making is to provide an adequate policy framework for transition
to sustainable development. According to National Framework Strategy for Sustainable
Development (NFSSD, 2013), renewed municipality level planning tools are necessary to
achieve sustainable development goals, including poverty alleviation and mitigation of climate
change. The county’s municipalities have a unique role to play in creating opportunities to
integrate decarbonization targets into settlement’s development strategies and promoting the
territorial cohesion (Lennert, Csatari, Farkas & Mezdszentgyorgyi, 2015). For example, the
county level CO2 reduction target setting or recommended mitigation measures may form
important guiding dimensions for settlement level “Smart City” concepts and SECAPs. While
this paper focuses on regional characteristics of climate change mitigation, the general approach
may be applied to other regional level policies, including energy efficiency improvement and
utilization of renewable energy sources. Territorial impact assessment (TIA) may be regarded
as an effective tool of the policy integration of county’s decarbonization policies into their
settlement’s strategy planning (Camagni, 2017). Although, county’s municipalities have no
direct “command-and-control” function in settlement’s governance, their new roles (Hoffman,
2018) may also promote transition to sustainable development by guiding the settlement’s
climate change policies. Finally, the importance of forests in county’s climate change policies
should be highlighted. Forests currently absorb billions of tons of CO2 globally every year.
Consequently, the forests contribute to climate change protection through this process. Large-
scale conversion of forestry and, in particular, afforestation and land use can lead to unwanted
environmental and socio-economic impacts that could jeopardize the overall value of carbon

reduction projects. (Canadell & Raupach, 2008)
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