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Analysing economic and environmental
sustainability in Hungary: How cities with county

rights perform in SDGs

Cities are the most important hubs of economic activi-
ty worldwide due to their concentration of population,
businesses, trade, and stock markets. Nowadays, rapid-
ly changing conditions resulting from factors such as
globalization, industry 4.0, artificial intelligence, pan-
demics, and the Russian—Ukrainian war are raising new
challenges for cities, which require innovative and smart
solutions to maintain sustainability and competitiveness.
This study analyses the performance of Hungarian cities
with county rights in terms of their smartness level, with
a special focus on the pillars of environmental and eco-
nomic sustainability. Our hypothesis is that economically
more developed cities (in terms of per capita income)
are likely to be more sustainable due to the financial and
professional resources available, but their ranking may not
necessarily reflect the more populous group of cities due
to, among other things, economies of scale and liveability.

We analysed three elements of the seventeen UN Sustain-
able Development Goals (SDGs) and selected a set of
indicators suggested by the Hungarian Central Statistical
Ofhice and the UN, adapted to the specific features of the
Hungarian urban network, using min-max normalization
and average calculation to construct the SDG pillars and
a complex sustainability index. The cities were sorted into
five cluster groups, which mainly differ in their devel-
opment dynamics and liveability. The resulting clusters
reflect the spatial characteristics of the Hungarian urban
network, with the dynamic cities of the western and
northwestern parts of the country showing outstanding
sustainability performance.

Keywords: Hungarian cities, SDGs, sustainability, eco-
nomic pillar, smart cities
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1 Introduction

The United Nations Environment Programme (UNEP, 2018)
estimates that the use of raw materials associated with the ac-
tivity of cities will increase to ninety billion tonnes by 2050,
up from forty billion tonnes in 2010. Mitigating global climate
change and reducing its negative impacts on the environment
has become one of the greatest challenges of life today (Yig-
itcanlar & Kamruzzaman, 2018). Policymakers promote sus-
tainability as a key priority of urban development, as reflected
in the UN’s Sustainable Development Goal (SDG) 11, which
emphasizes making cities inclusive, safe, resilient, and sustain-

able (UN, 2018).

Generally, there are three main pillars of sustainability, which
also play a key role in the development of cities. These three
pillars are the environmental, economic, and social dimensions
of sustainability (Lehtonen, 2004). The environmental pillar is
essentially concerned with environmental aspects (the natural
environment: flora and fauna, and energy production). The
social dimension represents equity, people’s wellbeing, and the
satisfaction of basic human needs, and the economic dimen-
sion can be understood as the economic competitiveness and
diversity of urban areas (Toli & Murtagh, 2020).

As a result, a new concept has emerged in the literature — the
sustainable smart city — and the terms resilience, sustainabili-
ty, and smartness are applied simultaneously in its definition.
Our study addresses how the twenty-five Hungarian cities with
county rights are performing in some of the SDG index’s pri-
ority dimensions. Our research hypothesis is that economically
more developed cities (e.g., in terms of per capita income) are
likely to be more sustainable due to the financial and profes-
sional resources available, but their ranking may not necessarily
reflect the more populous group of cities, due to, among other
things, economies of scale and liveability. Using this analysis,
a complex sustainability ranking of the Hungarian cities can
be drawn up based on economic and environmental aspects,
which is comparable with the traditional urban network anal-
yses carried out for the hierarchy of Hungarian cities.

2 Theoretical background: The
concept of smart and sustainable
cities

The term smart city became popular in the early 1990s and has
changed several times since then, but even today there is no sin-
gle agreed-on definition. Initially, most definitions focused on
the technological aspect of smart urban development. One of
the most frequently cited concepts in technocratic approaches
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is that of Harrison et al. (2010), emphasizing that smart and
appropriate use of ICT (information and communication
technologies) can lead to smart, institutionalized, and con-
nected cities. Later, increasingly more researchers integrated
soft elements such as knowledge, innovation, creativity, human
capital, or sustainability into the definitions to create complex
definitions (Szendi, 2021; Wataya & Shaw, 2022). According
to the new definitions, a smart city consists of two main charac-
teristics: technology and the creation of added value for stake-
holders. It aims to ensure high quality of life and to increase
competitiveness in a defined geographical area (Glasmeier &
Christopherson, 2015). Therefore, the common feature of the
concepts is that they aim to improve the living conditions of
residents while emphasizing the role of sustainability, innova-
tion, and knowledge. With the incorporation of soft elements,
the concept of smart cities has become increasingly complex,
and the measurability of their performance is a growing chal-
lenge for researchers. One of the most frequently used mod-
els is the six-component model developed by Gitfinger et al.
(2007; economy, people, governance, mobility, environment,
and living conditions), which uses over eighty indicators to
rank cities.

According to the European Parliament’s (2014) studies (based
on a sample of 599 cities), the environmental dimension is
the most important pillar of European smart cities, account-
ing for 33% of the total list, and the economic dimension,
for example, is the main priority axis in only 11% of cities
(Garcfa Fernandez & Peek, 2020). Research indicates that
the most dynamic segment of smart cities will be the smart
governance and smart energy dimensions by 2025, which will
further evolve until 2030 (Angelidou et al., 2022), meaning
that the focus on the sustainability dimension is expected to
grow further. The sustainable smart city includes all the basic
elements of smart cities, complemented by indicators of the
optimal management of limited resources (environment, waste
and water management, green energy, etc.; Ahvenniemi et al.,
2017). A sustainable smart city is a city that, with the support
of ICT, meets the needs of its current inhabitants without
compromising the ability of other people or future generations
to meet their needs, thus not exceeding environmental limits
(Hojer & Wangel, 2014).

This study measures the economic and sustainability perfor-
mance of Hungarian cities, for which the UN Sustainable De-
velopment Indicators provide a good basis as a comprehensive
set of indicators in sustainable development. Although there
are several studies on the measurability of smart cities (e.g.,
Giffinger et al,, 2007; Cohen, 2014), there are few comprehen-
sive studies on Hungarian cities so far. SDG measurement in
Hungary has only been carried out at the county level under
the supervision of the Hungarian Central Statistical Office
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(HCSO), with only Budapest as an urban example analysed
by the Sustainable Development Solutions Network (SDSN)
and the Brabant Centre for Sustainable Development (Telos).
The Hungarian capital ranked thirty-seventh overall among
the forty-five European cities analysed, with an overall score of
55.4 (moderate performance). In terms of SDGs, the city still
faces significant challenges in five of the fifteen SDGs, seven
others indicate crucial problems, and two (clean water and san-
itation, and reduced inequalities) are only slightly behind the
targets (one dimension is missing; Lafortune et al,, 2019). We
decided to exclude the capital city from the analysis because
in many cases its outlier values would distort the results of
the analysis (mainly through the standardization process) and
would indicate unrealistic differences in the urban network.

Previously, European and US cities were also analysed using the
SDG indices, and both analyses highlighted the problems of
data availability and comparability. The first SDG index for US
cities was produced in 2017. The index ranks the hundred most
populous US cities along with metropolitan regions based on
their performance on the SDGs. The results show that all US
cities, even those at the top of the index (the San Jose—Sunny-
vale-Santa Clara metropolitan region in California), need to
make significant strides to achieve the SDGs (Sustainable De-
velopment Solutions Network, 2017). In Europe, the report
compares the performance of the European Union (EU) and
European Free Trade Association (EFTA) capitals and some
other metropolitan areas on the seventeen SDGs. In this first
prototype version, the results for forty-five European cities are
presented using fifty-six indicators. Oslo is ranked first with a
score of 74.8 before Stockholm and Helsinki. This means that
Oslo has a 74.8% achievement rate of the SDGs according
to the indicators used in the index. However, even for these
best-performing cities, significant challenges remain to achieve
all the goals (Lafortune et al., 2019). In 2022, a sustainability
analysis was carried out for seventeen of Kazakhstan’s largest
cities. In their analysis, the authors developed a sustainable
urban development index and clustered the cities. The study
used a similar normalization method as the analysis presented
here; however, its components included standard economic
and social factors, not focusing specifically on SDGs (Nyus-
supova et al. 2022).

This article therefore calculates the SDG index of Hungarian
cities with county rights by focusing on economic and sustain-
ability aspects, and to characterize the city network in terms

of SDG performance.
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3 Methodology and data

In September 2000, the United Nations adopted the Mil-
lennium Development Goals, committing its members to a
new global partnership focused on the problems of develop-
ing countries. Therefore, eight targets were set for the period
up to 2015 (HCSO, 2022). Despite the achievements of the
MDGs, by the mid-2010s there were significant disparities
between the poorest and richest regions, and between urban
and rural areas (UN, 2015). Therefore, taking the basic idea a
step further, at the UN Sustainable Development Summit on
25-26 September 2015, world leaders adopted “Transforming
Our World: the 2030 Agenda for Sustainable Development”,
which included seventeen global SDGs and 169 targets (Eu-
ropean Environment Agency, 2020). The 2030 agenda, in
addition to the previous focus areas, also considers developed
countries’ perspectives, while placing special emphasis on the
environmental dimension. In the development of indicators, in
2020 the UN reached the goal of all indicators having a clear
methodology (HCSO, 2022). Among the seventeen SDGs set
by the UN, we have focused our analysis on three sustainability
goals measuring the sustainability and smart economy of cities.
They include two economic objectives — SDG 8 (decent work
and economic growth) and SDG 9 (industry, innovation, and
infrastructure) — and a social objective, SDG 11 (sustainable
cities and communities).

The aim of the study was to show that, although national gov-
ernments have adopted the SDG targets, it is also clear that
regions and cities are playing a crucial role in achieving them
(Lafortune et al,, 2019). Based on this idea, we performed
SDG index calculations by focusing on three SDGs. Among
the SDGs, there are several that focus on economic sustaina-
bility in addition to environmental sustainability. In selecting
SDGs 8, 9, and 11, our main research question was whether
the most economically developed cities are sustainable in envi-
ronmental, economic, and social terms. We selected the SDGs
where this approach is emphasized, where data are available for
a range of cities, and where the results provide relevant infor-
mation for the Hungarian cities. In addition to these SDGs, we
also analysed some indicators from SDG 12 (ensure sustaina-
ble consumption and production patterns) with data on waste
management and financial support. In selecting the indicators,
we chose data series supported by Hungarian and international
literature. The data sources were the TEIR (National Regional
Development and Spatial Planning Information System) data-
base, the HCSO Dissemination Database, and the Hungarian
Attractions Inventory. Twenty-seven variables were included in
the bascline database after cleaning the database two times (in
the first step, five variables were removed, and then one more)
because of multicollinearity.
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Table 1: List of indicators used for each SDG.

T. SIKOS TOMAY, D. SZENDI

SDG

Indicator

Correlation with SDGs
(+/-)

8.

Decent work and
economic growth

Net disposable income per capita (HUF)

+

Long-term unemployment rate (more than 180 days; %)

Old-age dependency ratio (65+ / 15-64 years)

Proportion of self-employed persons in business (%)

Employment rate of recent graduates (20-34 years; %)

9.

Industry, innovation,
and infrastructure

R&D expenditure as percentage of GDP (county level)

Internet connections per 1,000 inhabitants

Number of patents per 1 million inhabitants (county level)

Length of national roads per 100 km? (county level)

+ |+ |+ |+ |+

Per capita CO, emission (tons)

Inward migration balance (permanent and temporary) per 1,000 inhabitants, 2020

Commuters as share of locally employed persons, 2011

Budapest access time by road (fastest, min)

11.

Sustainable cities and
communities

PM10 (particulate matter particle diameter below 10 microns), annual average (ug/m?)

NO, emissions per capita (kg/year)

Average property price per square metre

Satisfaction with household’s financial situation (scale of 0 to 10)

Satisfaction with quality of living environment (scale of 0 to 10)

+

Aid (number of people receiving municipal aid as percentage of population)

Number of local bus trips per inhabitant

Number of cultural institutions per 100,000 inhabitants

Number of attractions per 100,000 inhabitants

Number of museums per 100,000 inhabitants

+ |+ |+ |+

Secondary utility gap (difference between proportion of dwellings connected to public
drinking water network and proportion of dwellings connected to public sewerage)

Waste generated per capita (kg)

Separately collected waste in total waste collection (%) +

EDIOP support per capita for renewable energy development (HUF) +

Note: The indicators used are about an 80% fit to the original version of SDG studies because of the available city database.
Some variables that are not computed for the Hungarian city network were excluded (e.g., Community design applications,
recharging stations, groundwater of good chemical status) and some were replaced with a suitable one.

Source: authors, based on data from HCSO, Eurostat, OKIR-LAIR, ingatlannet.hu, Google maps, palyazat.gov.hu.

When compiling the database used for the analysis, an im-
portant aspect was comparability and the possible addition
of a data series to create a complex index. Accordingly, in an
initial step, specific data were calculated, mostly using values
per 1,000 or 10,000 persons, or using a percentage distribu-
tion. Because the data did not have the same units of meas-
urement even after the specific values had been calculated, it
was necessary to use standardization (Freudenberg, 2003) to
calculate the components. By transforming or scaling the data
(in our case, with min-max normalization), we achieved com-
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parability of the indicators. The following formula was used
for standardization:

Xi — Xmin

x = * 100

Xmax — Xmin

The main advantages of the method are that, while preserving
the original context, it is possible to aggregate series of data
in different units (e.g., kg, %, m’ etc.), and it does not cause
data loss or bias (Giffinger et al., 2007; Cohen, 2014). For
those indicators for which a higher value had a more negative
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meaning (e.g., number of jobseckers, or various measures of air
pollution), the reciprocal of the values was calculated using
the following formula:

o Xi T Xmax 100
Xmin — Xmax
Complex components of the indicators were then formed us-
ing a simple arithmetic mean (because after standardization
there is no outlier value in the database; Das & Imon, 2014)
to produce the SDG 8, SDG 9, and SDG 11 indices and the
resulting complex sustainability index. The twenty-seven indi-
cators shown in Table 1 were used for the analysis.

After developing the final indicator structure, we reviewed the
distribution using heatmaps and performed a cluster analysis
based on literature recommendations (e.g., Bellantuono et al,,
2022) to interpret the results.

4 Results

4.1 Heatmaps

The heatmap shows how the cities perform for each indicator
or component (Dorofeev, 2022). It is a “two-dimensional visu-
alization of data using colour to represent magnitude” (Cui &
Zwick, 2016, p. 2). The values per column show the goodness
or weakness of the area’s position along a given variable. The
values per row indicate the positive or negative values of the
indicators for the cities (HCSO, 2015). For comparability
among the datasets, standardized values were used, and each
territorial unit was ranked on a scale from 0 to 100 in line
with the literature (Arbatli & Johansen, 2017).

The SDG 8 (decent work and economic growth) heat map
shows large heterogeneity in the performance of the cities
studied. Esztergom, Gyér, Tatabanya, and Veszprém showed
the most stable positive performance in the more economic-fo-
cused indicators of SDG 8. The worst performers are Salgdtar-
jan and Szekszdrd, as shown by several indicators. In Salgétar-
jan, all components except self-employment are in the bottom
third of the scale, whereas Szekszdrd has positive performance
in income and unemployment, but a significant lag in the other
indicators. For all indicators, there is wide variation in the
performance of the cities studied; for example, in per capita
net income, the difference between the best-performing city
of Székesfehérvar (HUF 1,723,192) and the worst-performing
cities of Baja and Salgétarjin is HUF 600,000 to 700,000.

In SDG 9 (industry, innovation and infrastructure), some cit-
ies have serious problems with several indicators. Gyr stands
out for its overall performance, with above-average scores for
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all dimensions. Gydr is one of the most innovative and dy-
namic cities in the country, underpinned by its excellent edu-
cational background. Zalaegerszeg is the best cluster member
in terms of five out of eight indicators, with a very low weight
of “hard” innovation indicators, such as R&D and patents,
which can only be significantly changed by the construction
of Rheinmetall’s new Lynx infantry fighting vehicle plant (in
2023), which will bring several new innovations to the city.
Erd is outstanding in four out of eight indicators; its R&D
and patenting performance is significantly improved by the
application of Pest County’s average, and because the city has
no major industry it has clean air. Most of the below-average
values, on the other hand, can be found in the Kaposvar and
Debrecen areas.

SDG 11 (sustainable cities and communities) contains the
most indicators, fourteen in total, and the cities’ performance
in this group is the most heterogeneous. Erd, Esztergom,
and Veszprém show the most balanced performance, whereas
Nagykanizsa and Nyiregyhéza have the most negative indica-
tors. Apart from these values, the dispersion of the cities’ values
is balanced, especially for NO,. However, there is a significant
difference in the average price per square metre of real estate.
The difference between the highest price in Erd (more than
HUF 720,000) and the lowest in Salgétarjan (HUF 198,000)
is almost four times. Prices mostly reflect the distribution of
geographical peripheries. In the dimensions of satisfaction
(based on the HCSO survey), the situation of the cities is
similar in terms of their financial situation and living envi-
ronment, with Gyér and Sopron showing the most favourable
values and Tatabdnya, Nagykanizsa, and Nyiregyhdza the least
favourable, but the standard deviation of values among the
cities is not significant.

4.2 Cluster analysis

The heat maps also highlighted the differences between the
cities and the position of cities at the top and bottom of the
list for each factor. It was assumed that cities with similar fea-
tures and indicator values can be grouped together. To verify
this, we used cluster analysis, which tries to form homogene-
ous groups from indicators of relatively heterogeneous objects
(Anderberg, 1973). For the cluster analysis, we considered sev-
eral possible solutions, including three, four, and five clusters.
The three- and four-cluster versions over-aggregated the city
types, making the results difficult to interpret. In the end,
the five-cluster solution was chosen because of the interpret-
ability of the results. The complex index values for the given
cities, calculated from the indicators of SDGs 8, 9, and 11,
are summarized in Figure 1. We have indicated the status of
target achievement by the values of the components. For the
five-cluster solution, we set thresholds of 20%, whereby cities
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Cluster City 8 9 11 Complex
; Sy B 73.56 §60.94 l861.83 @ 65.44
Veszprém BE60.65 l64.72 6920 @ 64.86
Esztergom B859.02 l§63.13 l§60.24 @8 60.79

Erd B65.12 6832 @@45.57 l 59.67

, Sopron BE61.03@851.71 l65.11 @ 59.28
Szombathely §860.96 §§53.83 l§59.94 @ 58.24
Tatabanya B 69.26 @ 53.80 @48.19 [ 57.08
Székesfehérvar  B§54.81 B§58.90 @854.40 l§ 56.04
Szeged §852.12 l§54.96 @ 46.38 @ 51.16
Hoédmezévasarhely B§57.47 §341.59 @851.43 8 50.16

5 Kecskemét 885482 §42.54 §§48.63 @ 48.66
Eger 33.78 @ 47.36 l§62.09 @@ 47.74
Zalaegerszeg §851.03 §42.94 @48.09 @ 47.35
Nagykanizsa 8 51.55 §935.82 @ 48.24 @ 45.21
Nyiregyhaza §855.15 83522 §842.94 @ 44.44
Pécs f831.59 §42.18 @58.75 8 44.17
Szolnok §743.09 §141.89 §846.06 § 4368
Debrecen i 45.50 §828.74 l856.09 f 43.44

4 Dunaijvaros 52.34 [§836.91 §§39.27 f§ 42.84
Miskolc 30.52 {§39.88 l856.32  42.24
Békéscsaba §44.64 [§29.36 @5 48.00 §§ 40.67

Baja 32.02 §37.60 @845.67 F 38.43
Kaposvar 33.86 [{829.63 @ 46.53 @ 36.67
Szekszard f828.10 @541.10 §939.40 @ 36.20

5  Salgétarjan f826.11 §538.08 §840.18 (8 34.79

Figure 1: Clusters of the complex sustainability index (illustration: authors).

with scores above 80% were given the highest ranking and
cities below 20% of the average face serious challenges.

4.2.1 Cluster 1: The most dynamic and vibrant cities
in the country

The first cluster included only two municipalities, Gyor and
Veszprém. Gydr, formerly a city of trade fairs and merchants,
is now the most dynamic and innovative county seat. This is
reflected in the results of the indicators for SDG 8 (decent
work and economic growth), SDG 9 (industry, innovation,
and infrastructure), and SDG 11 (sustainable cities and com-
munities), with the highest complex index value among the
twenty-five cities studied (65.44). The Audi car plant and its
related supplier network (Jézsa et al,, 2017; Fekete, 2018) sig-
nificantly contribute to the dynamics and current development
process of Gy6r. Thanks to excellent job opportunities, the
city has a high net income per capita of HUF 1,662,287 and
a low long-term unemployment rate of only 4.0%. Residents’
satisfaction with their financial situation in the city is 5.9 (on
ascale of 0 to 10), which is in the highest category. The city’s
secondary and higher education is high quality, and Széchenyi
Istvéan University is a key player in the city’s life, closely linked
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to the city’s economy and a catalyst for the city’s intellectual
life. Gyér’s atmosphere is also enhanced by many historical
buildings, which have a significant impact on residents’ satis-
faction with their living environment, which is 7.8 (on a scale
of 0 to 10). In addition, the clean environment (20.4% of waste
collected separately as a percentage of total waste generated)
also enhances the image of the city. Veszprém is directly behind
Gyér in terms of net income per inhabitant (HUF 1,616,214),
but the long-term unemployment rate is slightly higher (6.4%).
After the collapse of communism, the city’s economy suffered
from the decline of heavy industry, and only the relocation of
capital-intensive multinationals to the city has helped increase
the city’s dynamism and innovation capacity (Continental Au-
tomotive Hungary, Valeo Auto-electric Hungary, Balluff-El-
cktronika, Valeo Simens eAutomotive Hungary, Lasselsberg-
er-Knauf Epitdipari, Bramac Betoncserépgyartd és Epitdanyag,
etc.). The university still plays a major role in the city’s scientific
life (R&D expenditure as percentage of GDP, county level
value of 3.44%). Veszprém is a truly liveable city thanks to its
historic town, as shown by the satisfaction of its inhabitants
with their living environment, which at 5.9 is behind that of
Gyor. The city of Veszprém received the third-highest amount
of funding per capita among the towns in the EDIOP (Eco-
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Figure 2: Spatial distribution of the clusters of the Complex Sustainability Index (illustration: authors).

nomic Development and Innovation Operational Programme
of Hungary in the 2014-2020 EU support period) renewa-
ble energy applications, at HUF 2,590. Based on the indices
obtained for the two cities, Gyor is slightly stronger in jobs
and innovation, but Veszprém is more powerful in liveability
and sustainability, with a difference of just 0.58 points in the
complex indices between the cities, which can be considered
marginal. The spatial distribution of the clusters is illustrated
in Figure 2.

4.2.2 Cluster 2: Emerging, dynamic, and liveable
cities

The values of the complex index of the second, six-element
cluster result in a seemingly heterogeneous group. However,
when analysed in depth and individually, the characteristics
of the cities in the cluster show a more homogeneous internal
structure. Esztergom’s main employer, Magyar Suzuki Corpo-
ration, and the group of satellite companies closely linked to
it contribute to the outstanding scores of this city. These com-
panies create job opportunities, resulting in a low unemploy-
ment rate and a favourable job prospect for recent graduates
(88.2%). The number of patents registered in Esztergom is
almost twice as high (16.58) as in the county seats (9.4). The
city’s liveability and living environment is rated by the residents
as 7.7 (on a scale of 0 to 10). This high score can be explained

by several factors: the historic character of the city, the pictur-
esque surroundings of the Danube, and the clean air of the city.
The city’s position is reinforced by the fact that Esztergom is
the northern intermodal hub of the metropolitan agglomera-
tion thanks to the Danube bridge and the passenger terminal.
In addition, the international transport corridor from Nitra
(Slovakia) strengthens the city’s position as an international
hub (Gauder et al.,, 2011). The second city in the cluster based
on the complex index is Erd, whose inclusion in the cluster
is due to its high net income per capita (HUF 1,562,145),
low long-term unemployment rate (4.4%), favourable employ-
ment rate of recent graduates (85.9%), and very high number
of patents per million inhabitants (29.76). Erd’s outstanding
scores are also linked to its proximity to Budapest, its status
as a dormitory city, and its social composition. The suburb is
almost free of industrial enterprises, and because of this its
air is very clean. However, road congestion (the M7 freeway
and Expressway 7) and gravel dust pollution from unpaved
roads increase particulate matter concentrations. For this rea-
son, the city’s residents have an average level of satisfaction
with their living environment of 6.8 (on a scale of 0 to 10).
The index for SDG 11 for Exd is only 45.57, which is partly
because the city has not received a single cent of funding for
energy development in the EDIOP programme among the
cities studied. The next city in the cluster, Sopron, is known
as a border town, monument town, and school town. Due to
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the city’s favourable job creation potential, the long-term un-
employment rate is extremely low (2.9%), and the employment
rate of recent graduates is high (91.2%), the highest among the
twenty-five cities studied. The city’s liveability is reflected in
its residents’ satisfaction with the living environment (7.8 on
a scale of 0 to 10), which is also supported by the city’s clean
air (low CO, and NO, emissions per capita). Szombathely is
also rich in monuments, having received its city status from
Roman Emperor Claudius. Since the 1990s it has undergone a
major transformation. The city’s industry used to be dominated
by light industry (tens of thousands of people worked for the
Savaria shoe factory and then at the Marc shoe factory, Latex,
Styl Garment Factory, and similar plants), but the launch of
the Opel motor factory marked the start of a new industry,
the automotive industry. Today, the development of the city
is linked to the car industry in Gy6r and Kecskemét, which is
reflected in the higher-than-average per capita income (HUF
1,492,260). The arrival of modern technology has led to an
increase in R&D expenditure and a significant increase in the
number of patents in Szombathely (10.73 patents per million
inhabitants). The city’s liveability is reflected in the inward
migration balance of 0.6, the high satisfaction of city residents
with their living environment of 7.7, and the satisfaction with
the financial situation of households of 5.8 (on a scale of 0 to
10). Due to its long history, the city is rich in monuments,
cultural attractions, and museums (26.4 attractions and 14.5
museums per 100,000 inhabitants). Szombathely is a tru-
ly liveable border city with rich cultural assets, making it a
popular destination for both domestic and foreign tourism.
In Tatabdnya, a former “socialist” town, coal mining was the
dominant industry until 1987, when the last mine was closed.
The transformation process was far from easy, and the city’s
active working-age population suffered significantly from the
change, with unemployment rates higher than 25%, which was
partly addressed by the introduction of manufacturing services
(Gauder et al,, 2011). Currently, the long-term unemployment
rate is 8.2%. The age structure of the population is relatively
young, with a 28.7% old-age dependency ratio. The number
of patents per million inhabitants (16.83) is an indication of
the city’s renewed capacity for innovation. After the closure of
the mines, the coal-fired power plant, and the cement plant,
Tatabdnya has become a liveable, clean environment, with a
satisfaction index of 7.4. Tatabanya, like Erd, has a medium
score (48.19) on the SDG 11 index, with a very low rate of
separate waste collection of 0.9%, ranking it last among the
cities studied. The last city in the cluster is Székesfehérvér, the
former religious centre of the country, a royal city, and today
a dynamically developing industrial city. The labour market
offers a wide range of opportunities, which is why the city has
a below-average long-term unemployment rate (7.5%) and a
favourable employment rate for recent graduates (87.6%). It
has the highest net income per capita of all the cities studied,
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at HUF 1,723,197. Székesfehérvar is one of the cities with a
balanced performance on SDGs 8, 9 and 11, with a complex
index around the previous three targets’ average (56.04). The
residents of the city are satisfied with the quality of their liv-
ing environment (positive, 7.7), which is also helped by the
cleanliness of the environment (20.6% of waste collected sep-
arately as a percentage of total waste generated). The city has
received a significant amount of funding for renewable energy
(HUF 690.9 per capita for renewable energy development in
the EDIOP grant).

4.2.3 Cluster 3: Liveable cities on a slow growth path

The cluster cities’ contribution to SDGs 8, 9, and 11 is av-
erage. Within the cluster, there are two groups of cities: the
cities of the Great Plain with slow dynamics (Szeged with its
free royal city past and Ho6dmezdvirhely and Kecskemét with
their rural town past) and the group of cities that are catching
up, with lower innovation capacity, but still viable (the school
and historic town of Eger and industrializing Zalaegerszeg and
Nagykanizsa). Szeged is a famous school town (University of
Szeged) and a centre of scientific life with internationally rec-
ognized research centres. The city has an outstanding record
in science (its R&D expenditure as percentage of GDP is 2.34,
ranking it second after Veszprém, and the number of patents
per capita is 20.91). However, its contribution to SDGs 8, 9
and 11 is only average (net income per capita HUF 1,353,578,
employment rate of recent graduates 85.1%, etc.). The param-
eters of the city’s performance are worsened by the level of
aid (31.2% of people receive municipal aid). The high level
of municipal aid is partly due to the coronavirus pandemic,
which has led to many people losing their jobs and finding
themselves in a desperate situation. People living in Szeged are
satisfied with their living environment and the comfort of the
city (7.6 on a scale of 0 to 10), which has a lively cultural life
(Egedy et al., 2018). Hédmezbvasérhely, a rich former rural
town with a long history, now has strong links to Szeged. In
the 1950s it also had the function of a county seat, which
was later transferred to Szeged. Hédmez6vasarhely’s relatively
rapid population growth has led to a multiplication of services
in the city. This sector is now the largest employer, accounting
for over 60% of the total. Vasarhely also has a significant R&D
expenditure of 2.34% of GDP and the number of patents per
million inhabitants is 20.91 thanks to the attraction of Sze-
ged. The people of Hodmezdvésarhely are satisfied with their
living environment, as shown by the high value of the index
(7.5 on a scale of 0 to 10). The third major city in the cluster
is Kecskemét, which has a rural past and became the admin-
istrative centre of Bécs-Kiskun county in the 1950s. Today, it
is an important automotive bastion of the country, home to
Mercedes-Benz Manufacturing, which strives to develop en-
vironmentally friendly and energy-efficient production. The
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labour market structure of Kecskemét has been significantly
improved by the operation of the Mercedes factory (Jozsa et
al., 2017), but the long-term unemployment rate is still 13.0%,
while the number of patents per million inhabitants is almost
twice the average of the other cities studied (16.82). Eger has
a long history of trade and commerce, is very rich in monu-
ments, and has the highest number of attractions per 100,000
inhabitants (118.7). The inhabitants of Eger are satisfied with
their city’s environment and its liveability (7.1 on a scale of
0 to 10). In contrast, the city is performing poorly in terms
of development objectives for SDGs 8 (33.78) and 9 (47.36).
This is due to the high long-term unemployment rate (16.5%),
the highest old-age dependency ratio (37.2%), and the very
low R&D expenditure as percentage of GDP: 0.54 (average
0.9). The last two cluster elements, Zalaegerszeg and Nagyka-
nizsa, are on a slow growth path, especially regarding SDG 9
(Zalacgerszeg at 42.94 and Nagykanizsa at 35.82). The two
cities have the same values for R&D expenditure as percentage
of GDP (0.33%) and for the number of patents per million
inhabitants (1.87). The cities in the cluster have average values

for the SDGs.

4.2.4 Cluster 4: Cities with cyclical development and
average conditions

The cities in the ten-item cluster have followed and are follow-
ing very different development paths, which is clearly reflected
in the evolution of their complex index values. The cluster also
includes three cities with a regional role, immediately follow-
ing Budapest in the city hierarchy: Debrecen, Miskole, and
Pécs (population over 100,000). The fluctuating performance
of these cities is due to changes in their socioeconomic situa-
tion. Miskolc, formerly a stronghold of heavy industry, has seen
a significant increase in unemployment (19.5% of the long-
term rate) following the decline of the metallurgical industry.
Dunatjvaros, another typical industrial city, also had a high
unemployment rate (18.4%), also due to the decline of the
metallurgical industry. The population of these two cities has
an ageing age structure (the old-age dependency ratio is 36.9%
in Dunatjviros and 33.1% in Miskolc), with a worse rate for
the elderly population only in Szekszard, at 37.4%. Debrecen
and Pécs stand out from the cluster, with an area of operation
extending beyond the county boundaries and a catchment area
of around 130,000 to 202,000 inhabitants. They are “rural cit-
ies” (in Hungarian terms) with corresponding institutions, as
well as residential and business services (universities, clinics,
scientific institutes, courts, etc.). Among the cities studied, De-
brecen and Dunatjviros have the highest CO, emissions per
capita (51.7 tonnes per capita in Debrecen and 35.1 tonnes per
capita in Dunatjvéros) due to the pharmaceutical factories in
Debrecen and ISD Dunaferr in Dunatijvaros. Dunatjvaros has
the lowest concentration of particulate matter among the cities
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studied, despite beinga centre of transport-intensive industries
due to its location and logistics (Gauder et al., 2011). In terms
of liveability, the cities in the cluster are around average (7.3)
or below average compared to the other cities studied. The
most disadvantaged municipality in the cluster, Szekszérd, has
a complex index of 36.2. Its transport situation contributes to
this low value because low-capacity traffic connections affect
it, which has led to a decline in its economic position, whereas
the development of Szolnok, Nyiregyhéza, and Békéscsaba, for
example, has been supported by the railways.

4.2.5 Cluster 5: A declining and hardly liveable city

The modest ranking of Salgdtarjin among the cities studied
is connected with its industrial past, which is also supported
by a previous study on the dynamics of the Hungarian urban
network conducted by Beluszky and Sikos Tomay (2020). Sal-
gotarjan was among the 346 cities they studied, ranking three
hundredth. Based on the indicators examined in our analysis,
it also scored only 26.11 on SDG 8, which is the weakest in
terms of the indicators of “decent work and economic growth”.
The city has a high long-term unemployment rate, over 33.0%,
and almost a third of the active jobseckers are unemployed.
Salgétarjén is not much better among the cities studied in
terms of net per capita income (in last position at HUF
1,190,865). Formerly a highly ranked industrial centre, now
it cannot find a strategy to recover from economic decline
(Gauder et al,, 2011). In terms of SDG 9, the county’s inno-
vation capacity is low, with the number of patents per million
inhabitants in the city at 0.83, compared to the average of
9.4 for the cities studied. The low CO, emissions of the city
are also linked to the decline of industry, a consequence of
which is its high migration balance at —11.0%, which has also
had a negative impact on property prices (198,994 HUF/m?).
Salgétarjan’s complex index (36.2) is the worst among all the
cities examined, which is not surprising given the scores above.
We can conclude that, as one of the former socialist flagships,
but now abandoned by industry and lacking new elements of
urbanization and functionality, it is lagging significantly be-
hind the other cities with county rights.

5 Discussion

Today, the importance of sustainable and smart cities is increas-
ing due to the impact of various social, economic, or environ-
mental shocks (e.g., pandemics, military conflicts, and climate
change), as shown by the growing literature on the subject.
Our study assessed the economic and environmental sustain-
ability of Hungarian cities with county rights, using the SDG
methodology and set of indicators developed by the United
Nations along three main dimensions.
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Our attempt to measure sustainability in the context of county
seats resulted in five clusters, which can be considered homo-
gencous and clearly explained. The methodology we developed
for the analysis is suitable for the analysis of three SDGs (SDG
8: decent work and economic growth, SDG 9: industry, inno-
vation, and infrastructure, and SDG 11: sustainable cities and
communities). The resulting complex indices confirm that the
most dynamic and vibrant cities in the country are Gydr and
Veszprém, followed by Esztergom and Erd. In other words,
the dynamic cities of the western and northwestern parts of
the country are also outstanding in terms of sustainability. Sal-
gotarjan closes the list, which is the most disadvantaged cluster
member in most aspects.

In our opinion, the most important implications of this pilot
study for the Hungarian city network are that the indicators
included in the study allow the method to be applied to other
model areas and the studies to be repeated at different times
to analyse trends. The indicators used and the framework of
the model can therefore be applied to other countries in sus-
tainability calculations, but the analysis can also be extended
to smaller urban or municipal levels. A specific feature of some
indicators is that they are mostly available in all countries with
similar content or can be substituted on a country-specific basis
thanks to the UN recommendations and the SDG calculation
methodology.

Of course, our method and complex sustainability index may
have some limitations and shortcomings, which we must con-
sider by calculating it for other territories or different time
horizons. The greatest limitation is the data constraints because
these kinds of indicators cannot be reproduced in any possible
time; some data are available only for shorter terms. Regarding
the data constraints, another issue might be that the content of
indicators can change over time. In addition, the analysis con-
tains only the performance of three SDGs, and so sustainable
performance and the ranking of the cities could be modified
by accounting for the other pillars of the UN methodology.

6 Conclusion

Our results thus partially support our initial hypothesis that
economically more developed higher-income cities (mostly
located in western and central Hungary) also stand out from
a sustainability point of view, but this is not necessarily con-
sistent with the ranking of the most populous cities. Out of
the ten most populous cities in Hungary, only one, Gyér, can
be classified as the most sustainable (topping the list), but the
other cities with a population of over 100,000 are mostly in the
fourth cluster of cities with average conditions. Out of the top
ten, only Székesfehérvar and Szombathely, with populations
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below 100,000, can be classified in the more sustainable sec-
ond cluster. The generalizability of our hypothesis is somewhat
distorted by the fact that the Hungarian capital Budapest was
excluded from the analysis due to bias, although it has a long-
term sustainability strategy (until 2030), which is currently
being implemented. Thus, it is likely to top the list in terms of
sustainability, population, and economic development.

The results reflect the results of the country-level comparisons
of the UN to some extent because the countries of central and
eastern Europe are far from achieving the SDGs (Lafortune et
al, 2022). Hungary is twenty-third among the EU + EFTA
member states, with a total of 69.9% goal achievement. How-
ever, it is promising that the tendencies show positive changes
in the three goals analysed. The results also agree with the
city-level analysis of Lafortune et al. (2019), in which the per-
formance of central and eastern European cities ranges from
Munich ranked eighth to Bucharest ranked forty-first (with
Budapest at thirty-seventh). Except for cities in Germany, ac-
cess and the quality of key public services and infrastructure
are the greatest challenges.
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