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Comparative characteristics of the meadow soils of the
Crimean mountain plateaus

Icor KOSTENKO', ALExaNDER NIKIFOROV! and Evceny ABAKUMOV?

Abstract

The results of studies of mountain-meadow soils of the Crimean Mountain plateaus (yailas) within the range
of heights from 580 to 1,493 m a.s.l. are presented. The aim of the research is a comparative analysis of the
full-profile soils of the mountain meadows distributed on the western and eastern parts of the Main Ridge of
the Crimean Mountains and their correspondence to similar soils of nearby mountain ranges. According to the
results obtained, the soils of the western yailas are classified as Phaeozems and Umbrisols, while the eastern
ones are mostly classified as Chernic Phaeozems. Chernic Phaeozems differ from Phaeozems and Umbrisols
by higher values of the humification rate and the optical density of humic acids. In the humus horizons of
Phaeozems and Umbrisols, the average values of the of humification rate varied from 21 to 31 percent, and
Chernic Phaeozems from 27 to 34 percent. The optical density varied from 12.7 to 18.7 in Phaeozems and
Umbrisols, and from 22.2 to 24.2 in Chernic Phaeozems. The climatic feature of the western yailas is the pre-
dominance of winter precipitation, or their relatively uniform distribution between warm and cold seasons,
while at the eastern yailas the precipitation of the warm season prevails which may be responsible for the
revealed differences in soil properties.
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Introduction

The soils of mountain meadows are formed
on the plateau or yailas (mountain pastures)
of the Main Ridge of the Crimean Mountains,
having a total area of about 346 km? and con-
fined to the heights of 600-1,545 m a.s.l. These
massifs are mainly composed of marble-like
limestone and partly conglomerates of Up-
per Jurassic age (YENa, V.G. et al. 2007). The
southern part of Crimea belongs to the north-
ern edge of the territory with a Mediterranean
climate also classified as hot dry-summer cli-
mates or Csa according to the Képpen-Geiger
classification (PeeL, M.C. et al. 2007).

The first mention of mountain-meadow soils
we found in Bocosrovsky, N.A. (1987), who de-
scribed soil on the Ai-Petri plateau, similar in
colour and profile structure to the chernozem,
but completely leached of carbonates. In subse-
quent decades, the morphology, the main phys-
ical, physical-chemical and chemical properties
of mountain-meadow soils were studied and
the first attempts to classify them were made
(AnTtrrov-KaraTaev, LN. and Prasorov, L.I.
1932; KLEPININ, N.N. 1935; MIKHAILOVSKAYA,
O.M. 1939; KocukiN, M.A. 1967; PoLovITSKY,
LY. and Gusev, P.G. 1987; DracaN, N.A. 2004).

In recent years, interest in the soils of
mountain meadows of the Crimea signifi-
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cantly decreased, so in the literature, very
little information can be found about the
current state of the soils of the mountain
plateaus, large areas of which are subject to
transformation under anthropogenic pres-
sure (Kostenko, 1.V. 2018).

Taking into account the period in the
most of the research has been carried out,
the questions of diagnosis and classification
of such soils according to the modern soil
classification systems remain unresolved up
to the date. As a result, the authors could re-
fer to the soils of the same territories as dif-
ferent types (ANnTrrov-KaraTAEV, ILN. and
Prasorov, L.I. 1932; KrLepiNniN, N.N. 1935;
MikuaiLovskaya, O.M. 1939; Kocukin, M. A.
1967), since the criteria for their diagnostics
had not yet been developed.

According to the Classification and Diagnosis
of Soils of the USSR (1977) the meadow soils of
the cold and moist mountain regions of tem-
perate latitudes (alpine and subalpine zones)
under mesophilic meadows were referred to
type of mountain-meadow soils character-
ized by high acidity, low base saturation, and
high soil organic matter (SOM) content. These
soils cover the peaks and slopes of mountain
ridges and are formed on unsaturated sialitic
weathering products of dense sedimentary and
massively crystalline rocks. Among them, less
acidic and more saturated dark-coloured soils
are distinguished, which are formed on leached
eluvium of carbonate rocks.

The meadow soils of the temperate hu-
mid mountain regions on leached eluvium
of carbonate rocks were referred to moun-
tain-meadow chernozem-like soils. Their
main features are the closed to black colour
of humus horizon with high SOM content,
medium acidity and base saturation, and no
secondary carbonates in the soil profile.

According to the World Reference Base
(WRB) for soil resources (IUSS Working
Group WRB, 2015), the soils of mountain
meadows with dark, humus-rich surface
horizons, which are free of secondary car-
bonates and less rich in bases in compari-
son with Chernozems should be referred
to Phaeozems. Phaeozems cover the order

of 190 million ha worldwide, mainly in the
humid and subhumid parts of the plains
(WRB, 2015), and in many countries of the
Mediterranean region (Soil Atlas of Europe,
2005; Zpruti, P. et al. 2010). The moun-
tain-meadow chernozem-like soils should be
referred to as the Chernic Phaeozems, a soil
with a thick, well-structured, very dark-co-
loured surface horizon that is the special case
of the mollic horizon (WRB, 2015). Chernic
Phaeozems are typical for the forest-steppes
of plains (National Atlas of Soils of the Russian
Federation, 2011; Cuizuaikova, N.P. et al. 2018;
Ruxknovich, D.I. et al. 2018; MENDYK, L. et al.
2020; TotH, T. et al. 2022), where Phaeozems
are neighbour to Chernozems and occur in
depressions with additional runoff that inten-
sifies leaching of carbonates beyond the Luvic
horizon of soils (Kurtrov, N. et al. 2019).
There are some evidences on the distribution
of Chernic Phaeozems in Botswana’s tropics
and subequatorial Tanzania (RomaNENs, R.
et al. 2019; Jackson, Z. 2021).

The soils with dark, humus-rich surface
horizons, but high in acidity and low in bases,
should be referred to Umbrisols. These soils
develop on weathering material of siliceous
or strongly leached basic rocks in the humid
climate of mountainous region (Dumic, A.
et al. 2008; MiecHOWKA, A. et al. 2021; Zecu, W.
et al. 2022). In the Mediterranean Umbrisols
occur mainly in some regions of Portugal,
Spain, and Italy and occasionally are found in
the Balkans (LAssiGer, M. et al. 2008; ZbruLl,
P. et al. 2010; CostanTiNI, E.A.C. et al. 2013a;
CarBairras, T. et al. 2016). In the Bieszczadi
Mountains of Poland Umbrisols are spread at
an elevation about 1,200 m with a mean annu-
al temperature 4 °C and precipitation rate of
1,200-1,300 mm (MusIeLOK, J. ef al. 2019). These
climatic conditions are very close to those of
the Crimean Mountains above 1,400 m a.s.l.,
so Umbrisols may be found above this eleva-
tion on the strongly leached products of solid
limestone weathering that are the dominant
parent rock of the Main Ridge of the Crimean
Mountains (Kocnxkin, M.A. 1967).

The research aims to compare the full-profile
soils of the mountain meadows distributed on
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the western and eastern parts of the Crimean
Mountains and their correspondence to sim-
ilar soil groups of nearby mountain ranges.

Materials and methods of investigation

The studies were conducted on the western
yailas of the Main Ridge of the Mountainous
Crimea: Baydar, Ai-Petri, and Gurzuf, as well
as on Chatyr-Dag and Dolgorukov yaila, which
are part of the system of eastern yailas (Figure 1).
The range of heights in the places of soil sam-
pling varied from 580 m a.s.l. on the Baydar
yaila and up to 1,493 m on the Gurzuf yaila.
The modern relief of the yailas was formed
under the influence of karst processes, the
action of which led to the formation of a hilly
surface with many depressions filled with
weathering products of the Upper Jurassic

limestone. The thickness of the aluvial-delu-
vial deposits varies in depressions from 60
to 150 cm, and the thickness of the eluvium
on the elevated parts of the plateau rarely
exceeds 50-60 cm (Kocukin, M.A. 1967).

Climatic conditions in the Crimean
Mountains are well studied due to the pres-
ence of dozens of meteorological observation
points, which functioned in the entire range
of altitudes of the Main Ridge (see Scientific
and Applied Reference Book on Climate of
the USSR, 1990). Precipitation and tempera-
ture were closely correlated with altitude
(R? = 0.83-0.98), which made it possible to
calculate the values of climatic indicators for
the objects of research using regression equa-
tions (Table 1).

Despite the average annual rainfall of the
western and eastern parts of the Main Ridge
being close, they differ greatly in the sea-

Crimean Peninsula

Fig. 1. Location of the research objects (yailas) within the Main Ridge of the Crimean Mountains. 1 = Baydar;
2 = Ai-Petri; 3 = Gurzuf; 4 = Upper Chatyr-Dag; 5 = Lower Chatyr-Dag; 6 = Dolgorukov
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Table 1. Hydrothermal conditions in the places of soil pits*

Profile number, Temperature, °C Precipitation, mm
partof the Main Ridge | XI-II | Iv-X | I-XII XHmo [ Vx| X
Baydar yaila
1370, Western | o0 | 196 | 93 | 423 | 33 | 806
Ai-Petri yaila
1251, Western | 36 | 155 | 58 | 648 | 404 | 1,05
Gurzuf yaila
1385, Western | 56 | 121 | 43 | 506 | 55 | 1,06l
Upper Chatyr-Dag yaila
1361, 1369, Eastern | 51 | w14 | 47 | w9 | 590 | 1,02
Lower Chatyr-Dag yaila
1306, Eastern | 27 | 168 | 67 | 40 | 50 [ 1,010
Dolgorukov yaila
1372, Eastern 22 | w77 | 73 | w6 | 495 | om

*According to calculated data.

sonal redistribution. According to the calcu-
lated data (see Table 1), in the western part,
precipitation of the cold season dominates
which is typical to the Mediterranean climate
(Ascamann, H. 1973), while in the eastern
part, most of the precipitation falls in summer.

Meadow steppes, which occupy most of
the open spaces of the plateau, form the ba-
sis of the Crimean yailas vegetation cover.
Tree vegetation on the yailas, except for the
lowest Baydar yaila, is fragmentary, confined
to the relief elements, protected from the
adverse effects of strong winds (PLUGATAR,
Yu.V. 2015). The vegetation composition of
meadow steppe communities of the western
yailas in the research sites is generally simi-
lar to the species composition of the eastern
ones (up to 75% of the total species in the
plant communities), but there are significant
differences in the dominant between them.
Thus, Cariceta humilis formation is typical for
the western yailas and Chatyr-Dag meadow
steppe, while Festuceta callieri is typical for
the eastern part of the Main Ridge.

Soils were described and sampled under
meadow vegetation in depression and on the
gentle slopes where no sights of soil material
washout were observed. These soils were de-
veloped on leached skeleton-free weathering

products of dense Upper Jurassic limestone.
Samples were obtained in continuous order
along the entire profile every 10 cm.

In soil samples, pH in KCI suspension
was determined at the soil-to-solution ratio
1:2.5; the soil organic carbon (TOC) content
was determined according to the dichro-
mate titration method (WaLkLEY, A.]. and
Brack, I.A. 1934; KocuT, B.M. and Frip, A.S.
1993). This method is aimed for classical or-
gano-mineral soils, thus, we have used it in
our work (Poryakov, V. et al. 2017). Humic
acids (HA) were isolated according to the
IHSS protocol (Swirt, R.S. 1996 — https://
humic-substances.org/isolation-of-ihss-soil-
fulvic-and-humic-acids/), were determined
by wet digestion method with colourimetric
determination of organic carbon according to
Practical Guide to Agrochemistry, 2001 (ed-
ited by Orrov, D.S. and GrinDEL, N.M.,, in
Russian); the optical density of the HAs was
measured in a solution diluted to a carbon
concentration of 50 mg/L (Ec™¢™!) with colou-
rimetric determination at a wavelength of 430
nm (Protnikova, T.A. and PoNoMAREVA, V.V.
1967). The humification rate (HR) of organic
matter (OM) was calculated as the percentage
of carbon of HA from TOC (Grisuina, L.A.
and Orrov, D.S. 1978). Particle size distribu-
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tion was determined by pipette (sedimenta-
tion) method with pyrophosphate dispersion
of samples (SHEIN, E.V. 2001); exchange acid-
ity (H*+AI*) (Exac) by alkaline titration of 1
M KCI extract; exchange Al** (Alex) in this
extract by colourimetric method with xylene
orange; hydrolytic acidity (HAc) according to
the modified pH-metric method of Kappen
(YacopiN, V.A. et al. 1987). The degree of base
saturation (BS) was calculated as a percent-
age of Ca***+Mg” from their sum with HAc.
The content of dithionite-soluble (non-sili-
cate) iron (Fe, ) was determined according
to Coffin; oxalate-soluble (Fe_ ) according to
Tamm (Zonn, S.V. 1982). Soil optical proper-
ties were studied by scanning the wet sam-
ples applied to a transparent film (Kostenko,
I.V. 2014; KosteENnko, I.V. and OPANASENKO,
N.E. 2020). RGB colour model values were
calculated for the obtained scans and used
for statistical calculations and visualization
of soil horizon colours. The relationship be-
tween colour intensity and RGB values is in-
verse; therefore, the darker the soil, the lower
the RGB values.

Statistical analysis

The statistical analysis for a large number of
samples was performed using the STATISTI-
CA 6 package. Multiple linear regression anal-
ysis was used to establish the main soil factors
affecting soil colour intensity, presented as R-
RGB values. To demonstrate differences in the
effect of organic matter on the colour of cher-
nic and umbric or mollic soil horizons TOC
content was plotted against R-RGB values.

Results and discussion

Most of the territory of the Baydar yaila (see
Figure 1) is covered with forest vegetation, so
the full-profile meadow soils were found in
a closed depression of about 6 ha, confined
to the southern part of the plateau. Such an
extensive meadow-steppe area is the only one
for this elevation range within the Main Ridge

of the Crimean Mountain. The main reason for
the formation of a meadow-steppe ecosystem
within the depression is the close groundwa-
ter table (Nikirorov, A.R. and Kostenko, I.V.
2019), which creates a competitive advantage
for the growth of herbaceous species. A sim-
ilar introduction of the meadow ecosystem
into the mountain forest belt under the influ-
ence of a complex of external factors has been
observed in other mountain regions (Mun-
ROE, J.S. 2012). The located within a depres-
sion soil profile of Phaeozem 1370 (Figure 2,
Table 2) consisted of a dark grey with a brown-
ish tint Ah horizon, greyish brown AB hori-
zon, brown with a greyish tint B horizon un-
derlain by pale-brown, carbonate (2% CaCQO,)
BC horizon. The granular structure was ob-
served in the humus layer of soil while suban-
gular in Bw and BC horizons. The profile was
slightly differentiated in texture, so the Bw
horizon did not match the criteria of an argic
horizon. Within the leached part of the profile,
the soil was slightly acidic, deeper — neutral
with a high degree of saturation with bases.
Fe,, content increased with depth as clay con-
tent increased, and Feox content decreased
(Table 3). The HR of organic matter corre-
sponded to the “average” level, according to
GrisHiNA’s and Orrov’s classification (1978).
The values of Ecms™ in the Ah horizon were
significantly lower compared to the soils of
the eastern part of the Main Ridge (Table 4).

Ai-Petri yaila is one of the largest plateaus
of Crimea, with a very diverse mountain
landscape and soils. But in the 20* century,
after the construction of the road from Yalta
to Bakhchisarai across the plateau, the veg-
etation and soil cover of yaila was exposed
to unfavourable anthropogenic impact for a
long time. The most fertile soils were actively
exploited as farmland, and then most of them
were afforested with Pinus Sylvestris L. The
preserved meadow areas are still regularly
mowed, despite the protected 1974 status of
the plateau. Up to date, only small areas of
meadows adjacent to natural and artificial
forest plantations have remained outside of
anthropogenic influence, one of which has
been used for soil research.
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Fig. 2. Profiles of Phaeozems (1370, 1251), Umbrisols (1385, 1369), and Chernic Phaeozems (1361, 1306, 1372)

of the Crimean Mountain plateaus

Table 2. Characteristics of the research objects

Profile number, . . . Soil types, according to
Height a.s.l. Plateau, relief, plant association, coordinates WRB, 2015
1370 Baydar yaila, sink bottom, Briza media + Poa pratensis + Calcaric Leptic Phaeozem
580 m Festica pratensis, 44°25,390'N, 33°50,552'E (Clayic)
1251 Ai-Petri yaila, plateau, Arrhenatherum elatius + Elytrigia E:r%?fciiig;petrﬁ
1,122 m repens, 44°28,469'N, 34°0,953'E .
(Clayic)
1385 Gurzuf yaila, plateau, Carex humilis + Festuca callieri, Luvic Leptic Umbrisol
1,493 m 44°35,336'N, 34°12,334'E (Clayic)
1361 Upper ChaWr-Dag, hollow bottom, Poa pratensis + Luvic Leptic Chernic
1379 Persicaria bistorta + Alchemilla tytthantha, Ph (Clayic)
e 44°44,979'N, 34°18,821'E acozem (-ayle
1369 Upper Chatyr-Dag, hollow bottom, Phleum pratense + Poa | Luvic Leptic Umbrisol
1,394 m pratensis, 44°44,886'N, 34°18,332'E (Clayic)
1306 Lower Chatyr-Dag, slope 10°, Festuca callieri + Elymus Luvic Leptic Chernic
961 m reflexiaristatus, 44°47,789'N, 34°17,170'E Phaeozem (Clayic)
1395 Dolgorukov yaila, hollow slope 4-6°, Retic Chernic Phaeozem
846 m 44°51.918'N, 34 21.942'E (Epiloamic, Endoclayic)

The profile of Phaeozem 1251 (see Figure 2,
and Table 2) included a dark grey, loose, leached
Ah horizon sharply transitioning to a light grey
with olive shade C horizon of soil-forming rock
consisting of the debris of marl, which con-
tained an average of 42 percent carbonates. The
granular structure was recognized in Ah horizon

which is typical for humus-rich upper soil lay-
ers. The occurrence of loose marl directly under
the Ah horizon caused its low acidity and high
BS (see Table 3). The described soil was some-
what inferior to the virgin soil of profile 1370
in the content of TOC in horizon Ah, but due
to the greater thickness of the humus horizon,
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Table 4. Indicators of humus status and optical characteristics of mountain meadow soils of the Crimea
Profile | Horizon Di};:h’ Toc % HR Ecms™ | R G B Coizlrlrfpolissoﬂ

Ah 0-10 5.92/38.6* 21 11.5 60 | 52 29

A 10-30 4.13 23 14.6 69 | 60 35

1370 AB 30-50 1.86 22 17.8 90 78 46
Bw 50-80 1.09 17 20.0 117 | 102 | 57

BC 80-100 0.95 - - 105 | 92 54

Ah 0-10 5.31/41.0 21 16.9 58 | 47 18

1251 A 10-50 3.42 25 17.5 64 | 54 34
C 50-80 0.81 22 15.9 136 | 118 | 77
Ah 0-10 5.19/30.1 27 10.9 64 | 46 17

1385 A 10-30 2.67 32 13.0 75 54 20
AB 30-50 1.71 30 10.1 94 70 31

Bt 50-70 1.01 33 5.6 108 | 77 35

Ah 0-10 11.3/63.5 24 17.7 27 | 20 4

1361 Ahl 10-30 6.16 28 24.4 35 24 5
ABt 30-50 2.93 24 24.0 64 | 46 16

Ah 0-10 8.84/45.3 18 15.8 4 | 32 12

1369 A 10-30 4.43 22 20.1 56 | 43 19
AB 30-50 1.67 18 16.2 87 | 62 26

Bt 50-80 0.89 8 7.1 107 | 74 34

Ah 0-10 7.45/38.7 30 18.1 27 | 19 4

1306 Ahl 10-30 3.61 36 26.6 34 | 23 7
Bt 30-50 1,64 16 19.0 88 | 60 23

Ah 0-10 8.79/52.5 32 18.2 26 17 4

1395 Ahl 10-40 4.82 46 21.8 30 | 21 6
AB 40-60 1.10 46 26.0 71 48 17

Bt 60-100 0.78 29 14.8 105 | 67 26

*SOM stocks in the layer of 0-50 cm, kg/m?.

it surpassed it in the total organic matter stocks
in the 0-50 cm layer. Both soils had practically
equal HR, but the soil of profile 1251, formed
in colder and wetter conditions, was distin-
guished by higher values of Ec™¥™ and due to
this, a slightly greater intensity of colouring of
Ah horizon (see Table 4).

Gurzuf yaila is a part of the Crimean Natural
Reserve, where soils are subject to much less
anthropogenic influence compared to moun-
tain plateaus outside of protected areas. On
the other hand, the reserve status contrib-
utes to the constant growth of the wild boar
population, which regularly destroys the sod
layer, interrupting the normal course of the
soil-forming process.

Located in a small depression on Gurzuf yai-
la, the profile of Umbrisol 1385 (see Figure 2,
and Table 2) consisted of grey with brown tint
Ah horizon, brown with grey tint AB horizon
and brown Bt horizon underlay by a mixture
of limestone debris with clay. The texture class
of this Umbrisol varied from Silty Clay Loam
to Silty Clay, so the Bt horizon met the criteria
of argic horizon. A granular structure was ob-
served in the humus layer of soil while suban-
gular in the Bt horizon. This soil was formed in
the coldest and most humid conditions at the
top level of the Crimean Mountains, promoting
the intensive leaching of carbonates and bases.
As can be seen from the data in Table 3, the pH
values of the described soil are markedly lower
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compared to the soils of Baydar and Ai-Petri
yailas, and HAc respectively higher, which
along with the low bases content caused the BS
within most of the profile less than 50 percent.
Exac also reached high values, the proportion of
AP* in which ranged from 70 to 85 percent (see
Table 3). The content of Fe,, and Fe_ in Umbrisol
of Gurzuf yaila was much higher as compared
to Phaeozem of Baydar yaila (see Table 3).

TOC in profile 1385 was lower than in the
profiles of 1370 and 1251. In addition to the
relatively low humus content, the organic
matter of profile 1385 was characterized by
very low values of Ec™¥™. The combination
of these factors caused a lower colour inten-
sity of Ah horizon in comparison with the
soils of the Baydar and Ai-Petri plateaus (see
Table 4).

The soils described above occur within a
single mountain range, which stretches from
the Baydar valley in the northeast direction
for about 50 km along the south-eastern coast
of Crimea and is contingently divided into
separate yailas. Chatyr-Dag and Dolgorukov
mountain ranges are located apart and sep-
arated from the western part of the Main
Ridge by deep gaps (see Figure 1).

Chatyr-Dag is divided into upper and
lower plateaus, both of which are part of the
Crimea Nature Reserve. The upper plateau
rises about 300 m above the lower one and,
unlike the rest of the Crimean yailas, is avail-
able only for hiking that contributed to the
preservation of soils in their original state.

In a small hollow on the upper plateau
of Chatyr-Dag, profile 1361 of Chernic
Phaeozem was studied (see Figure 2, and
Table 2). It consisted of a dark grey, close to
black in the wet state Ah, and greyish-brown
AB horizons, underlain by limestone debris.
Granular and subangular structure was ob-
served throughout the profile. The texture
class of the soil varied from Silt Loam in the
Ah horizon to Silty Clay at the bottom, in-
dicating the presence of the Argic horizon
in the lower part of the profile (see Table 3).
According to the values of pH, HAc, and
Exac/Alex, this soil is more acidic compared
to Phaeozems of Baydar and Ai-Petri yailas

because it was formed in conditions of exces-
sive moisture at the height of more than 1,400
m a.s.l. (see Table 1).

The content of TOC and stocks of SOM in
the 0-50 cm layer of Chernic Phaeozem, as
well as HR and Ec™#/™ values, greatly exceed
these soil indicators in Phaeozems of 1370
and 1251 soil profiles. Due to a combination
of these factors, the Ah horizon of 1361 soil
profile had a more intense colour compared
to the soils of the western yailas (see Table 4).

In a deeper and wetter hollow 650 m west of
the Chernic Phaeozem, the profile of Umbrisol
was described (Table 2, profile 1369). It con-
sisted (see Figure 2) of dark grey with brown
tint Ah horizon, followed by brown with grey
tint AB and brown Bt horizons, underlain by
limestone debris (see Table 3). The granular
structure was observed in humic and suban-
gular in Bt soil horizons. The texture class was
similar to the profile of Chernic Phaeozem.
This soil was formed in wetter conditions than
Chernic Phaeozem, so it was characterized by
higher values of acidity and very lower values
of BS, which are more typical for the forest of
the Crimean Mountain Plateaus (KosTenko,
LV. 2014). The content of Fe, was lower and
Fe_ was almost the same as compared to the
Umbrisol 1385 profile. To both profiles of
Umbrisols, the high level of Exac/Alex was
typical (see Table 3).

Despite the formation under a thick grass
stand in similar positions along the relief, the
indicators of the humus state of the two soils
on the upper plateau of Chatyr-Dag also dif-
fered markedly. The profile 1369 of Umbrisol
contained almost one and a half times less of
SOM and had lower the HR both Ec™/™ val-
ues, which resulted in a less intense colour-
ing of the humus horizon as compared to the
Chernic Phaeozem profile 1361 (see Table 4).

At the northern extremity of the low-
er Chatyr-Dag a Chernic Phaeozem in the
meadow area located inside the forest massif
was studied (profile 1306, see Figure 2, and
Table 2). Its profile consists of a dark grey,
black in the wet state, very loose horizon Ah
and a brown, dense horizon Bt, underlain by
the dense limestone. Like the soils of Gurzuf
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and upper Chatyr-Dag these profiles were
strongly differentiated in texture, having ar-
gic horizon at the contact with continuous
rocks (see Table 3). A few years later, the soil
cover in these areas was destroyed by wild
boars, which dug up the soil to the rock in
some places, disrupting the natural sequence
of soil horizons.

Chernic Phaeozems of upper and lower
Chatyr-Dag, despite the different thermal
regime (see Table 1), characterized by close
pH, HAc and Exac/Alex values, and slightly
differed in BS due to higher bases content in
profile 1306. The content of Fe, in the soil of
the plateaus differed insignificantly, and a
greater amount of Fe  was noted in profile
1361 (see Table 3).

The TOC content and the total SOM stocks
in profile 1306 were lower as compared to
the Chernic Phaeozem of the upper plateau.
However, the HR and Ecmg/ml values of the
profile 1306 were markedly higher, resulting
in the Ah horizon colouring intensity close to
that of profile 1361 with its much higher TOC
content (see Table 4).

The Dolgorukov yaila is separated from
Chatyr-Dag by the Salgir river valley and is
not part of the Crimea Nature Reserve. As a
result, its soil cover has been under strong
anthropogenic pressure (grazing, mowing,
removal of the fertile layer, use as a military
training ground, etc.) for a long period. This
makes it challenging to choose undisturbed
soils, which can occur only in different hol-
lows and sinkholes.

One more example of Crimean Mountain
Chernic Phaeozem was described at the slope
of hollows (profile 1395, see Figure 2, and
Table 2). This profile consists of a dark gray,
black in the wet state Ah horizon, brown with
a whitish tint horizon B (Greyzemic), and
brown Bt horizon under continuous lime-
stone rock. This profile is different from other
soils of mountain meadows by the thickness
of more than 1 m and by the whitish plaque
on the faces of aggregates in AB horizon.

Compared to the Chernic Phaeozems
of Chatyr-Dag, the soil of profile 1395 is
characterized by higher pH, lower HAc,

Exac/Alex, and higher content of both forms
of Fe (see Table 3). TOC content and stocks
of SOM of profile 1395 were intermediate
between profiles 1361 and 1306, HR much
higher and Ec™'™ close to them. According to
the RGB values, the intensity of colouration
all of the Chernic Phaeozem was very close
but greatly different from that of Phaeozem
and Umbrisols (see Table 4). The latter is
confirmed by scattering of R-RGB values in
samples of chernic and other horizons of the
Mountain Crimea meadow soils (Figure 3).
According to these data soils with the same
TOC content different greatly in R-RGB be-
cause of higher HR both Ecm/™ values of
chernic horizons organic matter.

The multiple regression analysis of the data
for a large number of samples of Phaeozems
and Umbrisols showed that the R-RGB val-
ues also were influenced by the content of
Fe,,. The content of humic acids carbon (HA)
and Ec™#™ was used for these calculations.
The results of calculation for Phaeozems
and Umbrisols revealed a high coefficient
of determination (R?* = 0.86; n = 147) and
both high correlation for carbon of HA
(r=-0.92), Ec™#™! (r = -0.76) and medium for
Fe,, (r = 0.51). For the Chernic Phaeozems
obtained similar results for the coefficient of
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Fig. 3. The influence of TOC content on R-RGB values
in soils samples of chernic (blue circles, n =147), and
mollic + umbric (red circles, n = 147) soil horizons
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determination (R? = 0.92; n = 147) both cor-
relation for carbon of HA (r = -0.96), Ecms/m!
(r=-0.75), and very low for Fe  (r = 0.21).
The latter is explained by the influence of
dark-coloured OM of chernic horizons,
which masks free iron and carbonates, weak-
ening their effect on soil colour.

A comparative analysis of the soils of the
mountain meadows of the Crimea and nearby
mountain systems revealed both a number of
common features and significant differences
due, above all, to their confinement to differ-
ent natural zones. Thus, mountain-meadow
soils (Phaeozems, Umbrisols) of the highlands
of the Northern Caucasus are formed within
the 1,500-3,500 m altitude, which is higher
than the maximum elevations of the Crimean
plateaus, in conditions of a humid and cool cli-
mate with an average annual temperature of
-2.9 - +2.3 °C and an amount of precipitation
of about 900 mm (Morcuanov, E.N. 2010;
VoroxitiN, M.P. 2012). The mountain-mead-
ow chernozem-like soils (Chernic Phaeozems)
in the central part of the North Caucasus oc-
cur below 1,100-2,000 m (Morcuanov, E.N.
2008), in the western Caucasus from 1,200
to 3,100 m, and in the eastern Caucasus
from 1,700 to 2,800 m (Fiapsuev, B.Ku. 1977;
Morcuanov, E.N. 2008). Judging by the pub-
lished data, the mountain-meadow subal-
pine soils of the Caucasus (Morcuanov, E.N.
2010) are close to the Umbrisols of Crimea,
confined to the highest plateau positions on
Gurzuf yaila (profile 1385) and upper Chatyr-
Dag (profile 1369) by values of acidity and
composition of exchange bases. At the same
time, the Phaeozems of the Crimea differ
from similar soils of the Western and Eastern
Caucasus (Morcuanov, E.N. 2010) by higher
acidity and lower BS. The content of TOC in
Ah horizons of mountain-meadow subalpine
and chernozem-like soils of the Caucasus,
according to the available data (MoLcHaNOV,
E.N. 2008; 2010), is close to its amount in the
Phaeozems and Chernic Phaeozems of the
Crimean Mountains.

In general, mountain-meadow soils
(Umbrisols, Phaeozems) developed on car-
bonate soil-forming rocks are confined to

cool and moist habitats of the alpine and sub-
alpine zones of the Caucasus, while cherno-
zem-like soils (Chernic Phaeozems) are con-
fined to warmer and drier ones (Classification
and Diagnosis of Soils of the USSR, 1977;
Frarsuev, B.Ku. 1977, Morcuaanov, E.N. 2008,
2010). Therefore, mountain-meadow soils
differ from chernozem-like soils by higher
acidity and lower BS. In the Crimea, where
the top of yailas does not reach the lower
level of the subalpine belt of close latitudes
(GreBeNsHCHIKOV, O.S. 1974), this pattern is
broken, as Phaeozems and Umbrisols are
formed in the whole range of thermal condi-
tions in the western part of the Main Ridge.
Thus, the Phaeozem of the Baydar yaila
was formed under warmer and drier condi-
tions compared to the Chernic Phaeozems
of Chatyr-Dag and Dolgorukov yailas (see
Table 1). The latter can be explained by the
difference between the eastern and western
parts of the Main Ridge in the seasonal distri-
bution of precipitation, as mentioned above.

The feature of the soils of the Crimean
mountain meadows is that they are formed in
the altitude range corresponding to the forest
zone, the upper limit of which at latitudes
close to the Crimea is within 1,700-2,300 m
a.s.l. (GreBensHcHIkov, O.S. 1974). So, based
on the climatic indicators of the Crimean
mountain plateaus, they should be covered
with forest vegetation. However, pollen anal-
ysis by ArtyuscHENKO, A.T. and MisHNEYV,
V.G. (1978) revealed that there had been no
forest belt on the yailas since the Pleistocene.
The vegetation in the past, as now, consisted
of shrubs and herbaceous plants, and tree
species grew mainly in closed depressions
where they were not subjected to the adverse
effect of strong winds.

In other mountain systems at such heights,
Umbrisols and Phaeozems are predominantly
formed under forest and shrub vegetation, as
evidenced by the data of CostanTing, E.A.C.
et al. (2013b), GiorpANO, A. (2013), CARBALLAS,
T. et al. (2016), and Zecn, W. et al. (2022).

The relief of the Crimean plateaus, with a
predominance of gentle slopes and various
depressions, is favourable for accumulat-
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ing loose, non-skeletal weathering products
of limestone, whose thickness can reach
1.0-1.5 m or more. Additional moisture in-
flux contributes to the intensive leaching of
bases beyond the soil horizons and the for-
mation of neutral soils within the lower alti-
tudes (500-700 m a.s.l.) and strongly acidic
soils within the upper (1,300-1,500 m a.s.l.)
mountain belt. But as usual, mountain soils
contain some amount of skeletal particles and
are neutral or slightly alkaline when form on
carbonate rocks (Classification and Diagnosis
of Soils of the USSR, 1977; Zpruwi, P. et al.
2010; CarBaLrLas, T. et al. 2016; MUSIELOK, ].
et al. 2019).

Conclusions

Fully developed soils of the Crimean moun-
tain plateaus, according to WRB are repre-
sented by Phaeozems and Umbrisols with
the mollic horizon (mountain-meadow and
mountain-meadow dark-coloured soils in
classification of 1977 year) and by Chernic
Phaeozems (mountain-meadow chernozem-
like soils), formed on sialitic weathering crust
of dense Upper Jurassic limestone.

The virgin variants of these soils are char-
acterized by similar values of humus con-
tent and thickness of the humus horizons
but differ in the intensity of their coloura-
tion, which is caused by higher values of
soil organic matter HR and Ec™#™ values of
Chernic Phaeozems compared to Phaeozems
and Umbrisols with mollic horizon. With in-
creasing altitude above sea level, an increase
in acidity of mountain soils, characteristic of
the vertical-zonal series, was observed.

Phaeozems and Umbrisols are common on
Baydar and Ai-Petri plateaus, where they are
formed in conditions of the Mediterranean
type of precipitation distribution with a
maximum in the cold season, and on Gurzuf
plateau in conditions of relatively uniform
seasonal moisture.

Chernic Phaeozems are found on the lower
Chatyr-Dag and on the Dolgorukov yailas,
where the maximum precipitation occurs in

the warm season, which is also typical for the
Chernozems of plains. Upper Chatyr-Dag is
a transition zone between the Umbrisols and
Chernic Phaeozems, since a combination of
both groups of soils characterizes its territory.

The peculiarities of the meadow soils of
the Mountain Crimean in comparison to
Phaeozems and Umbrisols of mountain
systems of nearby mountain systems are
that Crimean meadow soils have formed in
warmer and drier conditions besides the lim-
its of alpine and subalpine belts on strongly
leached non-skeletal fine earth depositions.
Virgin Umbrisols and Phaeozems occur only
under meadow vegetation, whereas dis-
turbed Phaeozems also are widely distribut-
ed under artificial forest plantations.
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Spatial and temporal analysis of drought-related climate
indices for Hungary for 1971-2100

Anna KIS, Péter SZABO and Rita PONGRACZ!

Abstract

The lack of precipitation may cause severe damage in different sectors, especially in agriculture and forestry,
therefore, its analysis is a key element of adaptation strategies in the changing climate. In the present study,
we selected different climate indices as important indicators for forests to investigate the current and future
wet and dry conditions in summer in Hungary. For the historical period (from 1971), the observation-based
HuClim dataset is used, which already shows a slight drying trend in the past 50 years, especially in June.
For the future, regional climate model simulations from the EURO-CORDEX program are used, taking into
account two different RCP scenarios (a business-as-usual scenario and an intermediate mitigation scenario,
i.e.,, RCP8.5 and RCP4.5, respectively). Since mitigation starts to affect the climate system after about 20 years,
results do not differ substantially for the two scenarios until 2060, however, the simulated changes highly de-
pend on the applied RCP scenario in the late 21 century. Based on the De Martonne Index, a large expansion
of semi-arid conditions is projected for the future in July and even more in August. The analysis of the Forestry
Aridity Index shows that the steppe category will become dominant in 2081-2100, while the category optimal
for beech may disappear entirely from Hungary according to the RCP8.5 scenario.

Keywords: De Martonne Index, Forestry Aridity Index, climate change, summer, HuClim, precipitation
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Introduction

Climate change is not only the future genera-
tions” problem; its effects can already be de-
tected, and their consequences are able to cause
losses and damages in the natural ecosystems
as well as in socio-economic issues. An increase
of hot extremes has been detected since the
1950s in almost every region of the world, in-
cluding Europe, and there is high confidence in
the anthropogenic contribution to this observed
change. Furthermore, precipitation extremes
and droughts have become more frequent and
more intense over most land areas (IPCC, 2021).

Water plays a key role in our lives, as it is
essential for plants, animals and humans.

Global warming affects the water cycle on
a regional and global level. Both the excess
and lack of water may cause severe prob-
lems, meanwhile, water has a high potential
in managing climate change effects (e.g., in
the case of agriculture, forestry, health or en-
ergy sector; WMO, 2021). On the one hand,
devastating floods or inland water, flash
floods, and landslides may emerge because
of intense rainfall. On the other hand, pre-
cipitation deficit and drought is a critical fac-
tor that already causes problems regarding
agriculture or water supply. Moreover, the
compound effects of irregularly distributed
precipitation and higher daily temperatures
may have severe consequences.
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In 2022 (from January to September), sub-
stantially less than the usual rainfall occurred
in many regions, including Europe (WMO,
2022). The summer was exceptionally hot and
dry in Northern America, China and Europe.
These conditions favoured wildfires, which
caused serious damages, e.g., in Portugal and
in France; the total burned area was 110,000 ha
in 2022 until 15* October. In August, several
European rivers (e.g., Danube, Rhine, Loire)
fell to critically low levels. The summer of 2022
was drier in the European continent compared
to the 1991-2020 reference period in terms of
soil moisture, precipitation and relative hu-
midity as well, except for the south-eastern
areas (Copernicus Climate Change, 2022). In
Hungary, water restrictions were applied to
certain regions, and even drinking-water sup-
ply difficulties emerged in some settlements
in June and July. In addition, these extremely
hot and dry conditions negatively affected ag-
ricultural production: yield losses occurred,
especially in the case of maize.

Because of the importance and severe
consequences of precipitation deficiency,
which can be worsened by concurrent high
temperatures, our study focuses on drought
in the summer half-year, characterized by
different indices. Beside severe drought, the
De Martonne Index, and the Forestry Aridity
Index is analysed, as the climate is a deter-
mining factor in the distribution of different
tree species. Climatological, hydrological
and soil characteristics are often considered
unchanged in forestry, however, in the last
few decades, climate change has intensified,
so climate classification regarding forestry
should be revised (FUHRER, E. 2017). Water
availability is a critical factor for the different
species, if it is aggravated by extremely high
temperature, then it can have severe impacts
on the health of forests. The main objectives
of this study include a detailed analysis of
the above-mentioned indices. Namely, we
address the following questions: (i) How
did/will the spatial extension of the differ-
ent categories of these indices change? (ii) In
which month(s) is the greatest the projected
drought change? (iii) What is the difference

between the simulations under the RCP4.5
and RCP8.5 scenarios?

Next, data and methods are described,
and then our results are presented with a
discussion. Finally, the main conclusions
are drawn.

Data and methods
Observations and climate model simulations

The present study focuses on Hungary for the
period 1971-2100. Hungary lies in Central East-
ern Europe (~45.7-48.6°N; 16-23°E), its territory
is about 93,000 km?. For the analysis of the past
50 years (i.e., 1971-2020), the high-quality, ob-
servational database of HuClim (https://odp.
met.hu/) is used. The daily data are homog-
enized and interpolated to a regular 0.1° grid.

As for the investigation of the future, cli-
mate model simulations can be used. We
selected six simulations from the EURO-
CORDEX database (Jacos, D. et al. 2014)
with 0.11° horizontal resolution. Since the
choice of global climate models (GCMs)
shows greater uncertainty in the simulation
results than the choice of regional climate
models (RCMs) over Central Europe (SzaBo,
P. and Szgrsz6, G. 2016), four GCMs (EC-
EARTH, CNRM-CM5, IPSL-CM5A-MR and
NorESM1-M) provided the necessary initial
and boundary conditions for the selected
RCA4 RCM. Furthermore, another RCM
was chosen, namely, the RACMO22E model,
which was driven by two GCMs (EC-EARTH
and CNRM-CM5). Beside internal climate
variability and model physics, the third
greatest source of climate model simulations’
uncertainty is the applied scenario (Hawkins,
E. and Sutton, R. 2009). Therefore, two dif-
ferent RCP scenarios are taken into account
in the present study, namely, a scenario
with starting mitigation from around 2040,
RCP4.5, and a business-as-usual scenario,
with no mitigation in the 21* century, RCP8.5
(vaN Vuuren, D.P. et al. 2011). In order to
use the same horizontal resolution, HuClim
data were interpolated to the same grid as
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the RCM simulations by the bilinear method.
In addition, the area of Hungary was masked
in the simulations’ fields.

The analysed indices

Three different indices are analysed in this
study, describing dry climatic conditions.
Depending on the indicators, they were cal-
culated for every grid point for the entire
time period (1971-2100), on a monthly, half-
year and annual basis. The necessary basic
variables for calculating the selected indices
were daily precipitation and mean tempera-
ture for every grid point.

Severe droughts particularly affect for-
ests and cultivated plants in summer and
autumn. We selected a drought indicator,
which is simple yet powerful. As a basis,
we calculated dry days (DD, when daily
precipitation is below 1 mm) first since it
correlates moderately or highly with other
simple and more complex drought indica-
tors, and precipitation (e.g., ZHUANG, Y. ef al.
2020; HanskL, S. et al. 2022). Note that this 1
mm threshold eliminates the drizzle effect
(e.g., Porapg, S.D. et al. 2011), which may
have caused a problem in the simulations
otherwise. Then, we selected the dry half-
years (DHF) of spring and summer together
(MAM]JJA), when the number of dry days
was above the median value of 1971-2020
separately for both spring (MAM) and sum-
mer (JJA). Then, the values above the mean
value of dry half-years in 1971-2020 were
defined as severe droughts (SD), as follows:

SD = DHF | DHF > mean (DHF1971—2020)’

where DHF=DD,,, +DD, | DD, >median
(DDMAM1971—2020) & DDUA > mediﬂn (DDI]A1971—2020).

We kept this threshold of dry days for the
future as well. The resulting time series cor-
responds well with the lack of precipitation
and other drought indices: when there is a
high number of dry days, the total precipi-
tation is usually low, while evaporation is
high for the MAM]JJA period, which is im-

portant for the cultivated summer and au-
tumn plants and forests.

The De Martonne Index (DMI) can be de-
termined for different time scales, i.e., years,
seasons or months (GavriLov, M.B. et al.
2019). In general, it is applied to a yearly
scale, but in this study, a monthly scale was
chosen instead, as there are substantial dif-
ferences between June and August, for in-
stance. The index is calculated for the three
summer months separately using the follow-
ing formula:

12P
10+T°

DMI =

where P means the monthly precipitation to-
tal (mm), and T indicates the monthly mean
temperature (°C). The results are categorized
on the basis of the following thresholds
(MriLovanovic, B. et al. 2022): arid (DMI < 10),
semi-arid (10 £ DMI < 20), Mediterranean
(20 < DMI < 24), semi-humid (24 < DMI
< 28), humid (28 < DMI < 35), very-humid
(35 < DMI < 55) and extremely humid
(55 < DMI). If DMI is greater than 30, the
conditions are optimal for forests, moreo-
ver, ideal DMI values for beech are between
35 and 40 (Sat™marg, A. 2010).

Furthermore, the simplified Forestry
Aridity Index (FAI — FUHRER, E. et al. 2011)
was determined for Hungary, which repre-
sents the climate marker species. It can be
calculated by the following formula:

_Tyn-vin__
VII VIII >
Py +XPyy;

FAI =100 -

where T, means the average temperature
in July and August, and indicate the precipi-
tation total from May to July and from July
to August, respectively. Five categories can
be defined based on different threshold val-
ues: beech (FAI <4.75), hornbeam-oak (4.75 <
FAI <6), sessile oak and Turkey oak (6 < FAI
< 7.25), forest-steppe (7.25 < FAI < 8.5), and
steppe (8.5 < FAI).

As absolute threshold values are used to
distinguish the different categories, bias-
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correction of the RCM simulations has an
important role. In order to eliminate the sys-
tematic errors emerging from climate model
simulations (CHrISTENSEN, J.H. et al. 2008), a
simple bias-correction method was applied
to the raw results, based on the relative delta-
method. We used the following formula:

future
future Indexy, oge;

corrected — past,mean
Index,, ;.

past,mean

: Indexobservation ;

Index

where “past” refers to the period 2001-2020
regarding the calculation of DMI and FAI, and
1971-2020 regarding severe droughts, “mean”
indicates the temporal mean, “model” denotes
the selected individual climate simulation,
and “observation” is the HuClim database.
The correction is executed for each index,
each grid point, each RCM simulation and
each month (for DMI only) separately. The
simple bias correction is applied to the indices
instead of the raw simulation output variables
in order to avoid possible inconsistency that
may emerge if we correct temperature and
precipitation separately. Similar approach is
widely used in the literature, e.g., CASANUEVA,
A. et al. (2014), RocHETA, E. et al. (2014).

The study investigates the changes in the
past, for which two 20-year-long histori-
cal periods, 1971-1990 and 2001-2020, are
compared. In order to analyse the project-
ed future changes, the average values for
four 20-year-long time periods (20212040,
2041-2060, 2061-2080, 2081-2100) are calcu-
lated. We used 20-year-long periods instead
of the usual 30-year-long periods, hence we
could make a comparison within the obser-
vation period as well. We note that WiLks,
D.S. and Livezey, R.E. (2013) found that using
alternative periods is appropriate in the case
of temperature, while for precipitation, Kis,
A. and PongGrAcz, R. (2023) found that the
15-year-long period is capable to represent
the variability of the 50-year-long data. We
focused only on the summer months (June,
July and August) or the spring + summer
half-year (from March to August), as water
deficit is the most critical in these seasons for
cultivated plants and forests. Temperature

is higher, evaporation is more enhanced,
and at the same time, water is a key miti-
gation factor, e.g., in the case of heatwaves.
Furthermore, several crops need appropriate
water supply at this time of the year in order
to grow properly.

Results

In the following subsections, our results are
presented for each index separately. Maps
show the spatial distribution of the indices,
averaging the analysed 20 years and all of
the selected model simulations, i.e., they pre-
sent a multi-model mean. However, in order
to show the uncertainty emerging from the
choice of the model, diagrams are also includ-
ed, which present the range of the projected
changes, indicating the individual climate
model simulations and the different scenarios.

Validation

As climate model simulations usually show
biases compared to the reference data, a bias-
correction method was applied to eliminate
the systematic errors for all indicators in this
study. In this section, we compare the calcu-
lated indices with and without bias-correc-
tion, for which HuClim serves as a reference.

Considering the spatial extent of the dif-
ferent DMI categories, we can conclude
that raw simulations usually show biases
(Figure 1). For example, the very-humid cat-
egory is well represented in July and August,
but an overestimation occurs in June (26% vs.
5%). Raw simulations underestimate the spa-
tial extent of the semi-humid and the humid
categories in all three summer months. The
Mediterranean category is well represented
in July, while an overestimation occurs in
June and an underestimation in August.
Raw climate model simulations greatly over-
estimate the spatial extent of the semi-arid
category, especially in June and July, when,
according to HuClim, no grid point falls to
this category.
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Fig. 1. Validation results of the spatial extent (in %) of DMI for Hungary, 2001-2020, separately for the three
summer months, based on the multi-model means of the bias-corrected and the raw climate model simulations
compared to the HuClim database.

In the case of FAI, raw climate model simu-
lations overestimate the dry categories, i.e.
steppe and forest-steppe (Figure 2). At the
same time, the sessile-oak and Turkey-oak
category is substantially underestimated,
namely, the raw simulations show ~20 per-
cent spatial extent, while HuClim and the
bias-corrected simulations show ~45 percent.

Severe drought

First, severe droughts in Hungary are pre-
sented. Generally, in the last two decades,
more precipitation occurred in Hungary over
the course of consecutive spring and sum-
mer than in 1971-1990, but rain fell on fewer
days, which resulted in higher precipitation
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Fig. 2. Validation results of the spatial extent (in %) of
the FAI index for Hungary, 2001-2020 based on the
multi-model mean of the bias-corrected and the raw
climate model simulations compared to the HuClim da-
tabase. St = Steppe; F-st = Forest-steppe; So&To = Sessile
oak and Turkey oak; Ho = Hornbeam oak; B = Beech.
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intensity, lower number of wet days, and
higher number of dry days. These changes
may be unfavourable for plants, as a less
intense rainfall infiltrates into the soil more
effectively, compared to a very intense pre-
cipitation event. Additionally, a substantial
increase can be detected in the number of
severe droughts if we compare the periods
1971-1990 and 2001-2020 (Figure 3). Severe
droughts occurred the most often in the

y

| Observations

¥
o
‘MJT'! a4
N\, 1971-1990

2 3 4 5 6
Frequency of severe droughts in 20 years

2001-2020

RCP4.5

RCP8.5

north-eastern and western parts of Hungary
in the last 20 years, while in 1971-1990, the
northern regions were more exposed to the
lack of precipitation or higher evaporation.
Drought means high risk to forestry and
agriculture, as yield losses or even plant de-
struction may emerge due to water scarcity.

According to the multi-model mean, if the
RCP4.5 scenario is followed until the end of
the 21% century, a further increase of severe
droughts can be avoided, moreover, the fre-
quency of severe droughts may even decrease
compared to the observations. In the case of
RCP8.5, slightly (significantly) more frequent
severe drought is likely to occur in 2041-2060
(2081-2100) compared to the RCP4.5 scenario
with intermediate mitigation. Frequency val-
ues are the highest in the southern and east-
ern parts of the country (with currently most-
ly agricultural areas) in 2041-2060 following
the RCP8.5 scenario, while severe droughts
occur in the south-western areas (with more
forests in this region) in 2081-2100. One
may note that the maps based on observa-
tions show higher spatial variability than
the model means, and that even if we follow
the high-emission scenario by the end of the
21 century, frequency values may not be
higher than the observations of 2001-2020.
This is the consequence of (i) averaging sev-
eral model means instead of selecting one

2041-2060

#

Simulations

Fig. 3. Spatial distribution of severe drought frequency in Hungary in 1971-1990 and 2001-2020 based on
HuClim, and in 2041-2060 and 2081-2100 according to the multi-model mean of the selected climate model
simulations, taking into account the RCP4.5 and RCP8.5 scenarios.
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particular model simulation, and (ii) the high
internal variability of precipitation.

If we analyse the frequency of severe
droughts based on the individual model sim-
ulations (Figure 4), it can be seen that particu-
larly by 2081-2100 in the case of RCP8.5 the
model selection has a great role: the model
uncertainty is greater than the model mean
itself. In general, the variability between the
model simulations is somewhat smaller for
the RCP4.5 scenario than RCP8.5. The num-
ber of years when severe drought occurs can
reach 5, 6 or even 8 within 20 years according
to several simulations under the RCP8.5 sce-
nario — this is higher than the mean value for
the observed 2001-2020. All in all, there is a
high uncertainty in the projection results, but
5 out of 6 models project higher values for
RCP8.5 than for RCP4.5 after 2040, and only 1
or 2 models simulate lower values after 2060
than the observations in 2001-2020.

De Martonne Index

In this chapter, results based on the De Mar-
tonne Index are shown. We note that the two
tails of the categories, which are introduced
in Section 2, namely, the arid and the ex-
tremely humid categories, cannot be found
in Hungary (or only in 1-2 grid points) in the
investigated time period.

In general, the wettest month in summer
is June in Hungary (~70 mm/month). In this
month, the spatial extensions of very-hu-
mid and humid categories are reduced for
2001-2020 compared to the period 1971-1990
(Figure 5). Further reductions are projected
for 2041-2060 and 2081-2100, according
to both RCP scenarios. As a result of these
changes, the very-humid category is lim-
ited to the western and northernmost parts
of Hungary in future time periods. Note
that these categories are ideal for forests
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A RCP8S CNRM-CM5_RCA4 CNRM—CM5_RACMO22E NorESM1-M_RCA4
2001-2020
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g
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0 . ° A
2021-2040 2041-2060 2061-2080 2081-2100

Fig. 4. Projected frequency of severe droughts in Hungary according to the individual RCM simulations
(indicated by different colours) taking into account the RCP4.5 (circle) and RCP8.5 (triangle) scenarios. The
reference values based on observations are indicated by a dashed (1971-1990) and a solid (2001-2020) black line.
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Fig. 5. Spatial distribution of DMI categories in June in Hungary in 1971-1990 and 2001-2020 based on HuClim,
and in 2041-2060 and 2081-2100 according to the multi-model mean of the selected climate model simulations,
taking into account the RCP4.5 and RCP8.5 scenarios.

(30 < DMI), and climatic conditions are ap-
propriate for beech within the very-humid
category (DMI: 35-40). In general, DMI
is greater than 24 in June, however, the
Mediterranean category appears in more
grid cells in the future time periods, espe-
cially in the case of RCP8.5 by the end of the
21 century in the lowland areas. Moreover,
even the semi-arid category (which was not
present at all earlier) appears in one grid cell.

July is generally warmer and drier in
Hungary than June. Consequently, domi-
nantly lower DMI values occurred in July in
1971-1990 in the central parts of Hungary,
while DMI was greater than 20 in 2001-2020
in every grid point (Figure 6). So on the ba-
sis of the observations, substantial changes
can be recognized within the historical pe-
riod, namely, the spatial extent of humid
categories increased. In the future, similar
values and spatial patterns are projected for
2041-2060 to 2001-2020 regardless of the
applied scenario: humid and very-humid
conditions in the north-eastern and western-
most parts of Hungary, the Mediterranean
category occurring in the southern and
north-western areas, and semi-humid grid
cells in the central regions. However, there
are likely to appear substantial differences
by 2081-2100 between the simulations under
RCP4.5 and RCP8.5. More specifically, in the
case of the RCP4.5 scenario, the spatial dis-

tribution of the categories of DMI are very
similar to 2001-2020, but if RCP8.5 is taken
into account, semi-arid category appears in
the south-eastern, central-eastern parts of
Hungary and in the north-western lowland
region. Furthermore, the Mediterranean cate-
gory expands substantially, while humid and
very-humid grid cells will be found only in
the westernmost and northernmost regions.
In August, in the Great Hungarian Plain
the dominant DMI category is semi-arid in
1971-1990, and it will be in the whole country
in the future time periods (Figure 7). However,
in 2001-2020 a small reduction appears in
this drier category, while the Mediterranean
category occupies a greater area. A west-east
gradient can be identified in all of the investi-
gated periods, namely, there are higher DMI
values in the western parts of the country (hu-
mid and very-humid), and heading towards
the east, DMI decreases, until it reaches the
semi-arid category. So, the spatial distribution
of DMI categories is very similar for the two
different scenarios, however, there are differ-
ences in the spatial extent of each category:
in the case of RCP8.5, the area of the humid
category is very limited, while semi-arid ex-
pands to the northern and western regions.
Figure 8 summarizes the future spatial
extent of the different DMI categories for
each of the three summer months, based on
the individual climate model simulations.
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Fig. 7. Spatial distribution of DMI categories in August in Hungary in 1971-1990 and 20012020 based on
HuClim and in 2041-2060 and 2081-2100 according to the multi-model mean of the selected climate model
simulations, taking into account the RCP4.5 and RCP8.5 scenarios.

The semi-arid category is clearly the most
dominant in August. According to the ma-
jority of the simulations, an increasing trend
is projected for the future in the spatial ex-
tent of this dominant category, which can
reach even 70-80 percent by the end of the
21¢ century, based on RCP8.5. In July, only a
few simulations (under the RCP8.5 scenario)
imply an increase compared to the period
1971-1990. In June, the spatial extent of the
semi-arid category is almost negligible, but
there are some individual simulations that
project a substantial increase for 2081-2100.

The simulated changes of the
Mediterranean category are different in the

three summer months. In general, an increase
is projected for June, a decrease for August,
and a quasi-stationary state for July (or more
precisely, the sign of the change depends on
which historical period provides the refer-
ence). In the case of the semi-humid category,
the range of the model uncertainty is smaller,
and there is no discrepancy between the two
scenarios. Similar to the Mediterranean cat-
egory, an increase (decrease) is likely to oc-
cur in the spatial extent in June (in August),
while the predicted change in July depends
on the reference period. The humid category
is projected to decrease in June according to
almost all the simulations under both scenar-
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Fig. 8. Projected DMI categories in Hungary in June, July and August, according to the individual RCM simulations
(represented by different colours) taking into account the RCP4.5 (circle) and RCP8.5 (triangle) scenarios. The
reference values based on observations are indicated by a dashed (1971-1990) and a solid (2001-2020) black line.

ios: in some periods, its spatial extent will be-
come less than 10 percent according to some
of the individual simulations. In August, a
decrease is projected in general too, but we
note that this category has a smaller ratio in
the historical periods (~20%), so the relative
changes are also smaller. In July, an increase
in the spatial extent of the humid category
can occur in the middle of the 21* century.
The very-humid category’s spatial extent is

projected to be smaller as we are heading to
the future in all three months.

Forestry Aridity Index

Finally, the results related to the FAI are pre-
sented. In the historical periods, ideal condi-
tions for hornbeam oak appeared in the west-
ern parts of Hungary and in the northern,
mountainous areas (Figure 9). Beech can be
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Fig. 9. Spatial distribution of FAI categories in Hungary in 1971-1990 and 2001-2020 based on HuClim, and
in 2041-2060 and 2081-2100 according to the multi-model mean of the selected climate model simulations,
taking into account the RCP4.5 and RCP8.5 scenarios.

found also in these regions, but its extent is
much smaller. Forest-steppe is the dominant
category in the central parts of the country
and also in the north-western lowlands. The
change of the distribution of FAI in the last
50 years in Hungary is unfavourable, and its
cause is primarily the increasing temperature
(FUHRER, E. 2017). For 2041-2060, the two ap-
plied scenarios show similar changes: beech is
likely to disappear from the western regions,
while steppe is projected to expand in the
south-eastern parts of the Hungarian Great
Plain. By the end of the 21* century, in the case
of RCP4.5 the simulated changes are very sim-
ilar to the period 2041-2060. However, if we
take into account the RCP8.5 scenario, the spa-
tial distribution of FAI categories is substan-
tially different. Specifically, beech is predicted
to disappear entirely from Hungary and horn-
beam oak will be limited to a small area in the
northern mountains of the country. The extent
of sessile oak and Turkey oak reduces, while
forest-steppe will appear in the western and
northern parts of Hungary. The lowland areas
are projected to be steppe, which will be the
dominant FAI category in Hungary according
to the simulations used in this study.

Figure 10 presents the relative spatial ex-
tent of each FAI category based on the indi-
vidual climate model simulations. The great-
est changes can be seen in the case of steppe,

for which the spatial extent was smaller than
5 percent in the historical periods, while in
2081-2100, it is 52 percent on average (with
one extremely high simulated value, i.e., 93%)
under the RCP8.5 scenario. The other sub-
stantial change is projected for beech, whose
spatial extent was already low in the histori-
cal periods (< 2%), but it can even disappear
from the area of Hungary by the end of the
21% century under RCP8.5. The projected rel-
ative extent of forest steppe varies between
30 and 40 percent according to the multi-
model mean, which is similar to the values
of the historical period. The number of grid
cells, which is suitable for sessile and Turkey
oak, generally shows a decreasing trend
compared to the historical period, especial-
ly in the case of RCP8.5 by 2061-2080 and
2081-2100. The spatial extent of hornbeam
oak is also likely to be smaller in the future
periods, according to most of the simulations;
it is projected to be less than 4 percent in the
last two 20-year-long periods in the 21 cen-
tury if RCP8.5 is taken into account.

Discussion

Ragv, L. et al. (2015) defined the vulnerabil-
ity of forests in relation to the value of DMI
for Bulgaria, where the current climate is not
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very different from Hungary even though the
location is somewhat to the southeast relative
to Hungary. In the current climate most of
the forests fall into the “high” to “medium”
vulnerability category (DMI: 25-35), but in
the future, the dominant category will be
“high” (DMI: 25-30) in the case of RCP2.6
and RCP4.5, and “very high” (DMI: 10-25)
if RCP8.5 is taken into account. So similarly
to Hungary (based on our results), drier DMI
categories are likely to expand in Bulgaria
as well, which is unfavourable for forests
(DMI < 30). The possible shift of DMI to-

wards drier categories implies that adapta-
tion strategies must be planned in sectors
where water is essential, e.g., agriculture.
As an example, the study of PaLTINEANU, CR.
et al. (2007) can be mentioned that used DMI
values for an agricultural application, name-
ly, the relationship between DMI and irriga-
tion demand is analysed for different crops
in Romania. The results show that irrigation
is usually needed in those regions, where
DMI is below 35. Evidently, the smaller the
DMI value, the more water is needed for ir-
rigation. These small values are projected to
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dominate the majority of the Great Hungar-
ian Plains by the late 21* century, for which
stakeholders in agriculture must plan ahead,
and develop their own adaptation strategies
to handle the changing conditions. This is
especially important because the lack of pre-
cipitation is already a problem in the region:
a questionnaire completed by Biro, K. et al.
(2021) in Hungary showed that more than
60 percent of the responders experienced
decreased productivity due to drought peri-
ods. Moreover, according to the analysis of
BuzAsi, A. et al. (2021) there are already three
counties in Hungary that are highly vulner-
able, but poorly prepared for droughts.

Although Moricz, N. et al. (2013) used a dif-
ferent and only one single climate model to
calculate the Ellenberg Index, they also con-
cluded that beech forests are likely to disap-
pear almost entirely from Hungary by the end
of the 21 century, moreover, the ideal area
for sessile oak is projected to be shrunken.
Similarly to these conclusions, our results also
show that the extent of sessile oak and Turkey
oak reduces, while forest-steppe will appear
in the western and northern parts of Hungary.

In our study, newer model simulations and
scenarios (RCPs) were taken into account,
but the main conclusions are fostered by for-
mer results as well. More specifically, based
on 12 RCM simulations taking into account
the SRES A1B emission scenario (which is be-
tween RCP4.5 and RCP8.5), FUHRER, E. ef al.
(2017) concluded that in the 21% century, for-
est-steppe will expand, while the other three
categories are likely to be shrunken — further-
more, a new category, called steppe (FAI >
8.5), is introduced, which is projected to ap-
pear in Hungary in the southern regions. The
study of FUHRER, E. et al. (2011) investigated
FAl separately for the Transdanubian region
in Hungary, and showed that only 10 percent
of beech will remain in summer and the rela-
tive spatial extent of hornbeam oak will be
half as much as in the reference period, while
forest-steppe will occupy an area four times
greater than in the past few decades.

The potential risk of drought on forests was
also highlighted by HrAsNy, T. et al. (2014),

who used 10 RCM simulations taking into ac-
count the above-mentioned SRES A1B emis-
sion scenario, and projected a warming with
drying trend for Hungary. However, such
drought risk is present not only in Hungary,
but also elsewhere in Central Europe. For
instance, the future distribution of forests
was analysed for Serbia on the basis of FAI
(Stojanovic, D.B. et al. 2014). According to
their results, more arid conditions are likely
to occur in the investigated region in the
future, and therefore, the most vulnerable
among the currently present tree species is
Pedunculate oak due to climate change.
The Hungarian foresters are dominantly
aware of the effects of the projected climate
change according to an interview-based
study (i.e., JaNkO, F. et al. 2022), however,
the number of respondents who have already
initiated adaptations is rather low. These ap-
plied adaptations so far include changing the
composition of the forest area. The study
showed that there is an agreement to enhance
forest diversity and eliminate monoculture.
The international survey of Sousa-SiLva, R.
et al. (2018) also concluded that stakeholders
in forestry think that climate change will af-
fect forests, but only 36 percent of foresters
modified their management practices.

Conclusions

Different climate indices related to drought
are calculated for Hungary, based on the
HuClim observations and six climate model
simulations, taking into account the RCP4.5
and RCP8.5 scenarios. As water deficit can
be critical, especially if it is combined with
high temperature values, spring and summer
months are investigated. According to our re-
sults, the following conclusions can be drawn:
- Generally, more precipitation fell on few-
er days in Hungary during spring and
summer in the last two decades than in
1971-1990.
- According to the multi-model mean, a
further increase of severe droughts can be
avoided if we follow the RCP4.5 scenario,
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while in the case of RCP8.5 severe droughts

are likely to occur more frequently.

- In June, the very-humid category of DMI
(which can be ideal for beech) will be lim-
ited to the western and northernmost parts
of Hungary in the future time periods ac-
cording to the simulations.

— In July, semi-arid and Mediterranean cat-
egories will be dominant by the end of the
21° century under the RCP8.5 scenario.

— In August, the semi-arid DMI category will
clearly become the most dominant catego-
ry, reaching even 70-80 percent spatial
extent by the end of the century, based on
RCP8.5.

— FAI shows that the steppe category will
be the dominant category in Hungary by
2100, while the beech optimum could dis-
appear entirely from around 2060 accord-
ing to the RCP8.5 scenario.

The overall projected drying trend in
Hungary implies that water management
should focus on retaining water, as it is criti-
cally essential for drinking water supply, ag-
riculture, and therefore, reliable food supply,
ecosystems, forests and natural vegetation. If
we can store water surplus either from exces-
sive, high-intensity rainfalls or from wet years
or during autumn and winter, it can be use-
fully exploited in drought periods or in pe-
riods with higher evaporation. Furthermore,
because of the changing climatic conditions,
the plantation of drought-tolerant species
(both in agriculture and forestry) should be
considered in regional/national adaptation
strategies. Adaptation could mean a more di-
verse tree species mixture and the introduc-
tion of new species which are more adaptable
to the changing climate, but more informa-
tion on these species would be necessary for
better forest management. Irrigation may also
be a solution to water scarcity, however, the
availability of water may be a limiting fac-
tor. Thinning forests can reduce fire risk and
increase the health and growth of the remain-
ing trees (VILA-CABRERA, A. ef al. 2018).

In the case of agriculture, climate-smart ag-
riculture tools (e.g., bio innovation such as
plant breeding, development of new seeds,

or precision agriculture by effectively reduc-
ing impacts) can foster both adaptation and
mitigation (Biro, K. et al. 2021). These are key
elements for future strategies, since in addi-
tion to the necessary adaptation, agriculture
also must contribute to global mitigation ef-
forts, as some anthropogenic emissions are
associated with agricultural activity.
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From geopolitical fault-line to frontline city: changing attitudes to
memory politics in Kharkiv under the Russo-Ukrainian war

Oreksty GNATIUK! and MykoLa HOMANYUK?

Abstract

The article investigates changing attitudes to memory politics in Ukrainian city of Kharkiv. In February 2022,
with the outbreak of the full-scale Russo-Ukrainian war, this geopolitical fault-line city became a frontline city
with significant potential outcomes for urban identity and local geopolitical preferences, including attitudes
to the national memory politics. The research is based on the comparative analysis of the two surveys among
residents of Kharkiv, conducted in spring-summer 2018 and in autumn 2022 — before and after the full-scale
war. The results of the surveys are analysed by means of descriptive statistics and binary logistic regression.
Additionally, two focus groups were held in order to receive additional justification when interpreting the
results of the survey. The research shows that the attitudes to Ukrainian nation-centric memory narrative,
including both decommunisation and decolonisation, have significantly improved. Nevertheless, public at-
titudes to the memory politics in the frontline city are highly reflexive in nature and deeply embedded in the
context of the ongoing war. The geopolitical divide, which existed before the war, has largely transformed
into a cultural one, namely heterogeneity of attitudes to the Russian cultural heritage in the city. This softened
albeit still existing divide has, to some extent, materialised in physical space and runs between the ardent sup-
porters of decommunisation and decolonisation that massively fled from the atrocities of the war and their
opponents who at most choose (or were obliged) to stay in the front-line city. The study reveals that military
conflicts may either activate hidden geopolitical divides in geopolitical fault-line cities or contribute to their
transformation or even disappearance.

Keywords: memory politics, geopolitical fault-line city, decommunisation, decolonisation, Russo-Ukrainian
war, Kharkiv
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Introduction bourhoods and walking the same streets,
espouse controversial and conflicting geo-
political attitudes and narratives, correlat-
ing with ethnic or language identities only
partially (Kuryk, V. 2011, 2019; PorrNoVv, A.

2015; Kuzro, T. 2019). Even after the begin-

For decades after Ukraine’s declared inde-
pendence in 1991, and especially after the
Orange Revolution in 2004, the largest cit-
ies of south-eastern Ukraine were divided in

terms of conflicting geopolitical orientations
and identities: pro-western/pro-European
and pro-Russian/pro-Soviet. Such cities are
typical geopolitical fault-line cities (GENTILE,
M. 2019; Zorko, M. and Novak, N. 2019):
their inhabitants, living in the same neigh-

ning of the Russo-Ukrainian hybrid warfare
in 2014, these cities still hosted significant
non-pro-Western contingents, if not outright
pro-Russian, holding views incompatible
with European vision for Ukraine (GENTILE,
M. 2020a,b). The sharpened tensions be-
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tween contradictory geopolitical narratives,
imposed by both the Ukrainian government
and by the Kremlin propaganda, and then
interpreted through the lens of local urban
identity, were reflected, inter alia, in ambigu-
ous, incoherent, and chaotic local policies of
identity and commemoration. In particular,
strong pro-Soviet sentiments and alienation
from the newly-created Ukrainian national
narrative in geopolitically divided cities of
the country manifested in predominantly
negative attitudes to the national policy of de-
communisation (Musryezpov, O. 2022), and in
specific implementation of this policy, name-
ly pursuing highest possible depoliticisation
and deideologisation of the urban symbolic
landscape (GnaTIUK, O. 2018; KUDRIAVTSEVA,
N. 2020; Kutsenko, D. 2020).

The outbreak of the full-scale Russian inva-
sion into Ukraine in February 2022 opened
a fundamentally new page in the life of
Ukrainian geopolitical fault-line cities within
the government-controlled territory — a page
of urbicide, which is commonly understood
as violent politics towards buildings and
other elements of urban material environ-
ments (Cowarp, M. 2009). Some of these cit-
ies, like Mariupol, were significantly dam-
aged by the Russian military forces, while
others, like Kharkiv, turned into front-line
cities suffering from constant shelling and,
thus, also experiencing tangible destruction.
Also, there are rear cities such as Dnipro,
nevertheless regularly wounded by missile
attacks. Notably, missiles, air bombs, shells,
hardships and innocent deaths made no dif-
ference for supporters of the European choice
and those nostalgic for the Soviet era, and
even those pro-Russian adherents who se-
cretly or openly called “Putin, come!” just
before the invasion, and equally targeted
symbolically significant urban places regard-
less of geopolitical narrative(s) inscribed to
them by the residents.

In this way, military atrocities could lead
to just another rethinking of geopolitical at-
titudes by the inhabitants of Ukrainian geo-
political fault-line cities; it is known that
hybrid Russo-Ukrainian conflict unleashed

in 2014 has induced transformation of ur-
ban identity in Mariupol (GnaTIuk, O. ef al.
2022). In particular, one could expect for tan-
gible pro-Western or, at least, anti-Russian
breakthrough in their hearts and minds. The
attitudes to memory politics, including con-
tinuing decommunisation and a new trend of
decolonisation (generally equated to de-Russi-
fication and emerging exactly as an answer to
the Russian aggression) can be considered as
a vivid marker of such a hypothesised shift. If
confirmed, such a shift may be interpreted as a
start of disappearance of a geopolitical divide
in such cities as one of the possible ways of
their post-war evolution. Noteworthy, socio-
political trajectories of Ukrainian geopolitical-
ly divided cities are of pivotal importance not
only for the future of Ukrainian national-state
building and opposing Russian geopolitical
projects (Minakov, M. 2017; Kuzio, T. 2019;
KravcheNko, V. and Musiyezpov, O. 2020),
but also for the entire European and the global
geopolitical order (GenTILE, M. 2017).
Kharkiv (population ca. 1.4 million) is the
second largest Ukrainian city, located in the
eastern part of the country, in the direct prox-
imity to the Russian border (app. 30 km). The
city belongs to the Ukraine’s largest, most sig-
nificant and diversified industrial, scientific,
and cultural centres, hosting highly skilled
elite of engineers and specialists. Kharkiv’s
borderland status appeared to be one of the
city’s most stable components, emerging in
public life in times of geopolitical cataclysms
and becoming less visible in times of internal
stability (KravcuENko, V. 2020). Geographical
location of Kharkiv, together with its human
and economic potentials, make it an impor-
tant player in the process of national re-iden-
tification and geopolitical reconfiguration of
the purely defined Ukrainian-Russian bor-
derland (Zuurzuenko, T. 2016; KRAVCHENKO,
V. and Musivezpov, O. 2020), which, in turn,
might make the eastern border of Europe
more visible (ScumIpTKE, O. and YEKELCHYK,
S. 2008). In this paper, focusing on a city of
Kharkiv, we explore changing attitudes to
memory politics in Ukrainian geopolitical
fault-line city under the hot phase of the war.
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Comparing the results of two surveys among
city residents in spring-summer 2018 and in
autumn 2022, we seek to reveal the change
of public attitudes among Kharkivites to de-
communisation and decolonisation as princi-
pal elements of the contemporary Ukrainian
nation-centric memory politics. Employing
binary logistic regression, we search for pre-
dictors of the individual’s support for decom-
munisation/decolonisation.

The rest of the paper is structured in fol-
lowing way. We start with explanation of
national context of decommunisation and de-
colonisation policies in Ukraine with specific
focus on their implementation and percep-
tion in geopolitical fault-line cities. The fol-
lowing section contains a detailed contextual
characteristic of Kharkiv as a geopolitical
fault-line city and local context of memory
politics. After that, the data and methods are
outlined. In the next section we are present-
ing and discussing empirical results of the
study. The paper ends with concluding re-
marks summarizing the main findings.

Memory politics in Ukraine and geopolitical
fault-line cities

The memory politics in post-Soviet Ukraine
until the Revolution of Dignity in 2014 was
deeply contradictory and oscillating between
competing ideologically charged narratives
of the past (SueveL, O. 2011; Fepinec, C. and
Csernicsko, 1. 2017). As PortNnov, A. (2013)
puts it, “The search for a strategy that would
legitimise the new independent Ukraine and
its post-Soviet elite without provoking na-
tional, linguistic and/or religious conflict,
while all time with an eye to Russia, was all
about improvisation”. The vector of memory
politics swings along with presidential cy-
cles from a significant pluralism of memory
politics strategies (1994-2005) to a newly
born Ukraine-centric narrative (2005-2009)
and to a one more turn to rather ambivalent
politics with combining ethnic symbolism
with nostalgia for Soviet legacy (2010-2014)
(Ivanenko, V. and KryvosHEeIN, V. 2022). This

situational pluralism of memory “functioned
not so much as a space for dialogue, but rath-
er as a collision of different, closed, and quite
aggressive narratives that exist because they
cannot destroy their competitors” (PorTNOV,
A. 2013), and competing interest groups in
Ukrainian politics have long manipulated
with these divisive historical narratives
with the purpose of electoral mobilisation
(ZnurzrENkKoO, T. 2022).

Due to different historical backgrounds of
the different parts of the country, the divide
between controversial and hardly irrecon-
cilable Ukraine-centric and pro-Soviet/pro-
Russian narratives had its regional dimen-
sion, expressed in well-known formula “two
Ukraines” (a nationally-conscious (western)
Ukraine and a pro-Russian “creole” eastern
Ukraine), exploited and artificially enhanced
by both pro-Russian politicians in Ukraine
and Russian propaganda (Portnov, A. 2013;
Fepinec, C. and Csernicsko, 1. 2017; Kuzio,
T. 2019). This divide can be clearly traced in
regional variation of attitudes to the Soviet
symbolic legacy. In particular, in western
Ukraine, almost all street names related to
the communist regime were erased already
in early 1990s, in central Ukraine the re-
naming was limited and related only to the
central parts of cities, and in southern and
eastern Ukraine, with some exceptions, the
renaming of streets practically did not oc-
cur, and the communist toponymy was pre-
served almost entirely (GNnaTIUuk, O. 2018).
Local political elites in geopolitical fault-line
cities of the south-eastern Ukraine cultivat-
ed Soviet version of Ukrainian history with
clear pro-Russian/pro-Soviet sentiments. In
line with this narrative, particularly nega-
tive emotional response accompanied three
names: Hetman Ivan Mazepa, who switched
from the Russians to the Swedes in 1708 in
the Great Northern War, Symon Petliura, one
of the leaders of the Ukrainian Revolution
in 1917-1921, and Stepan Bandera, a leader
of the radical wing of the Organisation of
Ukrainian Nationalists — the archetypical
antiheroes of imperial and Soviet version of
the Ukrainian past (Portnov, A. 2013).
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The Revolution of Dignity in 2013-2014
and the subsequent Russian hybrid aggres-
sion contributed to the de-legitimation of
the Soviet-nostalgic narrative (ZHURZHENKO,
T. 2022). Moreover, the issue of Soviet and
Russian legacy began to be considered im-
portant as an element of national security
(Fepinec, C. and Csernicsko, . 2017). On
9 April 2015, Ukrainian Parliament passed
the Law “On Condemnation of Communist
and National Socialist (Nazi) Totalitarian
Regimes and Prohibition of Propaganda of
Their Symbols”, giving decommunisation
the status of a state politics. The Law regu-
lated the obligatory change of names refer-
ring to the post-communist legacy, including
geographical names, monuments, and other
communist memorabilia. The government’s
intentions to finally get rid of the traces of the
communist past were based on severe sanc-
tions for non-compliance or breaking the law
in this regard. Principal responsibility for the
implementation of the Law was assigned to
the local governments (Kuczasski, A. and
Boychuk, A. 2020).

This obligatory decommunisation has
been at large brought to life and dra-
matically changed symbolic landscape of
Ukraine. Nevertheless, decommunisation in
Ukraine was not received by society in an
unambiguously positive way for both ideo-
logical and legal reasons interfering with
issues of culture and ethnicity (FEpinec, C.
and Csernicsko, 1. 2017; Kuczasski, A. and
BoychHuk, A. 2020; ZnurzHENKO, T. 2022). The
geopolitically divided cities of the south-
eastern Ukraine were among the most dis-
satisfied communities, as they were obliged
to redefine their local identity and memory,
which were not always compatible with a
national narrative for commemoration (cf.
Rézycki, B. (2017) for decommunisation in
Poland). Sociological polls conducted in
2016-2020 showed notable regional differ-
ences in attitude to decommunisation with
support in the western regions almost twice
higher than in the eastern regions (MARPLEs,
D. 2018; Musrvezpov, O. 2022). Some of the
local governments, which were responsible

for implementation of decommunisation
laws and, thus, could influence the specific
outcome at the local level, have tried unsuc-
cessfully to boycott, avoid or implement de-
communisation only formally and without
enthusiasm (Kuczasski, A. and BoycHuk,
A. 2020). As Kovarov, M. (2022) points out,
the interactions of subnational veto players
involved in the renaming process and the
work of local toponymic commissions help
to understand compliance and opposition to
decommunisation. The authorities and re-
gional political elites often manipulated the
provisions on decommunisation to address
their tactical challenges (Kutsenko, D. 2020).
In particular, local political elites generally
chose a strategy of maintaining political neu-
trality when choosing new names, includ-
ing avoiding commemorating “builders of
Ukrainian independence” (see MarPLEs, D.
2018), and giving preference to Kievan Rus
and Cossack legacy as the most equally well
acceptable by all Ukrainians regardless of
ideology and electoral preferences, or even
appealing to the legacy of the Russian impe-
rial era or the same Soviet period (GNATIUK,
O. 2018). Similarly, the decrease of political
and military place names in favour of topon-
ymy exhibiting local topographical features,
as well as peculiarities of local industry and
culture, can be interpreted as a desire among
renaming commission members to lower
the degree of ideologisation and avoid any
future renaming situations (KUDRIAVTSEVA,
N. 2020). However, it should be noted that
restoration of pre-socialist commonly used
names and introduction of non-commemo-
rative neutral names as dominant renaming
strategies sometimes occur in relatively small
post-socialist cities that hardly can be de-
fined as geopolitically divided, e.g., Banska
Bystrica (Brrusikova, A. 2022).

The full-scale Russian invasion into Ukraine
in February 2022 has called into being a new re-
thinking of memory politics coming under the
flag of decolonisation, generally understood
as de-Russification — elimination of Russian
cultural symbols from the symbolic space of
the country, correcting in this way existing
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imbalances between Ukrainian and Russian
cultural markers (see, e.g., GNaTIUK, O. and
MEeLNYCHUK, A. (2020)) and making room
for commemoration of national Ukrainian
heroes, including builders and defenders of the
Ukrainian state. Notably, there are attempts
to conceptualise ongoing Russo-Ukrainian
war as a war of decolonisation (Barkawi, T.
2022). From the very beginning decolonisa-
tion was largely bottom-up and spontaneously
emerging process, which can be considered
as a measure of post-colonial transitional
justice and simultaneously symbolic rebound
to Russia in response of military invasion. In
April 2022, more than 65 percent of Ukrainians
supported changing street names associated
with Russia or the USSR, and 71 percent sup-
ported dismantling monuments associated
with Russia (Rating Sociological Group, 2022).
Although de-Russification covered almost all
government-controlled territories of Ukraine,
there is a still remarkable contrast between
quickly advancing west and the centre of the
country and lagging south-east (GnaTIUk, O.
and MELNYCHUK, A. 2023).

Kharkiv as a geopolitical fault-line city
and local context of memory politics

Since the middle of the 17 century, Kharkiv
became the most influential component of
the historical Ukrainian-Russian borderland
with its porous boundaries and elusive or
hybrid identities, which has been a subject
of symbolic and political reconfiguration
and reinterpretation (Kravcraenko, V. 2020).
During its steady progressive development,
Kharkiv became a modern, multi-ethnic,
and culturally diverse city. The city was a
capital of a historical region Sloboda Ukraine
and an important administrative centre un-
der the Russian Empire in the 19" century.
Later, it served as a capital of the short-
lived Soviet Donetsk-Kryvyi Rih Republic
(1917-1918), and functioned as a capital
of Soviet Ukraine (1919-1934), after which
it was replaced by Kyiv (KravcueENko, V.
and Musivezpoov, O. 2020). In Soviet times,

Kharkiv developed into a major industrial,
educational, and scientific centre, where
Russian functioned as the main language of
communication, culture, and science (Musi-
vYezpov, O. 2009; PLernYOVA, G. 2020).

In independent Ukraine, Kharkiv largely
remained international and cosmopolitan
city without the strong predominance of
any national culture — both Ukrainian and
Russian, as well as acute tensions between
them (Musrtyezpov, O. 2009; FiLiprova, O. and
GruLiano, E. 2017). In 2001, according to the
last all-Ukrainian population census, the ma-
jor ethnic groups in Kharkiv were Ukrainians
(62.8%) and Russians (33.2%), followed by a
tiny minority of Jews (0.7%). In the same year,
65.9 percent and 31.8 percent of Kharkivites
indicated Russian and Ukrainian as their
native languages, respectively. However, in
Ukraine, identification in terms of a native
language does not strongly correlate with
everyday linguistic practices. According to
2018 survey (own data), 98.5 percent of re-
spondents chose to be asked in Russian and
only 1.5 percent percent in Ukrainian; as a
language spoken at home, 88.6 percent in-
dicated Russian, 5.4 percent Surzhyk (mix
of Russian and Ukrainian), 3.3 percent both
Russian and Ukrainian, and only 1.8 percent
— only Ukrainian. In 2013, five years before,
the figures were merely the same: 87.5, 5.6,
4.9, and 1.1 percent, respectively. At the same
time, in 2018, 88.5 percent of respondents
felt Ukrainian and 27.6 percent felt Russian.
According to 2022 survey (own data), before
the full-scale Russian invasion, 66.8 percent
of Kharkivites spoke Russian, 29.9 percent
— both Ukrainian and Russian, and 3.3 per-
cent — only Ukrainian, while in November
2022 these figures, where 34.8, 47.7, and
17 .4 percent, respectively.

The majority of Kharkivites opposed the
imposition of Ukrainian national ideology
being dissatisfied with its interpretation
of Kharkiv as “the one of the Russified cit-
ies of Eastern Ukraine”, inclining instead to
the idea of the “uniqueness” and “self-suf-
ficiency” of Kharkiv (Musiyezpov, O. 2009).
The city maintained close economic links



244 Gnatiuk, O. and Homanyuk. M. Hungarian Geographical Bulletin 72 (2023) (3) 239-256.

with Russia, while at the same time boast-
ing a booming Western-oriented information
technology industry. Kharkivites, in their
majority, traditionally voted for pro-Russian
political parties and has been largely indiffer-
ent to the Ukrainian pro-Western movements
(PLerNnYOVva, G. 2020). The concept of Kharkiv
as a “First [Ukrainian] Capital”, as well as the
centre of industry and science, which shaped
largely during the Soviet era, remains of cru-
cial importance for contemporary urban iden-
tity (Musivezpov, O. 2020). Not surprisingly,
Kharkiv’s urban toponymic space has not
changed much in 1991-2014 because local au-
thorities, as well as local citizens, did not con-
sider the Soviet monuments and toponyms as
a strange marker of occupation or coloniser
(Kutsenko, D. 2020). Simultaneously, over
time, the Soviet monuments and the Soviet
names of urban objects lost their “semantic
sense” and became almost invisible for locals
(Gapar, O. et al. 2018).

In 2014, Kharkiv was a site of strong pro-
tests against the Euromaidan and subsequent
Revolution of Dignity that unfolded in Kyiv.
The protests in the city were dangerous for
the Ukrainian state because of a serious
Russian-led attempt at creating a “Kharkiv
People’s Republic”. However, unlike the
neighbouring Donetsk and Luhansk regions,
this attempt was unsuccessful due to the
more active pro-Ukrainian community, de-
cisive action of the Ukrainian Special Forces,
as well as the actions of the local political and
economic elites (STEBELSKY, 1. 2018; BuckHo1z,
Q. 2019; N1tsova, S. 2021). During the Russo-
Ukrainian hybrid warfare, Kharkiv became
important logistical, medicine and military
centre that accepted large numbers of inter-
nally displaced persons from the war-affect-
ed Luhansk and Donetsk regions, as well
as military hospitals for wounded soldiers
(Musryezpov, O. 2022).

However, the same as after the Orange
Revolution in 2004 (Zuurzuenko, T. 2011),
Kharkiv once again became an arena of mul-
tiple colliding and contested geopolitical and
ethno-national narratives, contributing to
the activation of the semi-hidden fault-line

between the pro-European and pro-Russian
fractions (Zuurzuenko, T. 2015; FiLiprova,
O. and Giuriano, E. 2017; SteBELSKY, 1. 2018;
MarLykHINA, S. 2020). According to the 2017
survey’s results, in view of their strong at-
tachment to locality and region, Kharkivites
tended to be particularly critical of the post-
Euromaidan policies and remain ambivalent
in their attitudes toward the Ukrainian state
and nation (Kuryk, V. 2016). At the same
time, it was demonstrated empirically that
opposition to the Western geopolitical vec-
tor in Kharkiv did not necessarily entail
support for Russia, and that large number
of Kharkivites did not closely link the loyalty
to Ukraine as an independent state to neither
Europe nor Russia; instead, growing num-
bers of citizens did not want to make a choice
between Russia and the EU (FiLirrova, O.
and Gruriano, E. 2017).

The conflict of geopolitical narratives in
Kharkiv was evidenced not only by the pro-
tests and rallies, but also by the ambiguous
and contradictory implementation of the
national decommunisation policy, including
the most vivid and demonstrative example
of dismantling of Marshal Zhukov’s monu-
ment and renaming Marshal Zhukov Avenue
(Kutsenko, D. 2020; MaLykHINA, S. 2020;
ZrurzHENKO, T. 2015). The public attitudes
to decommunisation in Kharkiv (almost 270
streets, 7 districts and 6 metro stations were
renamed in 2015-2016) were mostly nega-
tive and, notably, much more negative than
in Dnipro, the other large Ukrainian geopo-
litically divided city in the centre-eastern
Ukraine (Musivezpov, O. 2022). At the same
time, minority of community activists de-
clared an active war on the communist leg-
acy in Kharkiv. For instance, in April 2015,
a group of activists single-handedly demol-
ished the monument to Bolshevik leader
Nikolai Rudnev and renamed the square
around to Maidan Nebesnoji Sotni [Heavenly
Hundred Square]. Also, in 2019, public activ-
ists dismantled the monument to Marshal
Zhukov without any authorisation from the
city administration. The (re)naming of to-
ponymy under decommunisation in Kharkiv
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revealed polycentricity and, to certain extent,
chaotic functioning of local policies of com-
memoration and politicisation, resulting in
heterogeneity of the newly emerged topo-
nymic landscape both in terms of renaming
techniques and in terms of memory/amnesia
policies (Gorikov, A. 2020).

Nevertheless, Kharkiv could not escape the
wave of public demands for the decolonisa-
tion of the symbolic space, which swept the
country with the beginning of the full-scale
Russian invasion. In March 2022, an open
letter was published by local journalists to
the Mayor with a request to change urban
toponyms related to the Russian and Soviet
geographical and cultural context. The au-
thor of the letter argued for the need to de-
colonise the symbolic space of the city by the
fact that “... war is everywhere, including on
the information front. Kharkiv is burning,
and this fire turns to ashes everything some-
how connecting the city with Russification
and Sovietism. For sure, Kharkiv will never,
even in someone’s sick imagination, be ei-
ther a ‘Russian’ or a ‘Soviet’ city” (Suspilne
Novyny, 2022a). In April 2022, responding
to this open letter, the Mayor said that “...
in a situation of a war unleashed against us,
toponyms related to the Russian Federation
should disappear from the map of Kharkiv
...... I am sure that the defenders of Kharkiv
and Ukraine should be immortalised on
the map of our city ... ... I am sure that the
new street names will always remind us
and our children of what Ukraine has done
and what contribution Kharkiv made to the
struggle for our honour and dignity, for the
independence of the country, for the right
of the Ukrainian people to exist” (Suspilne
Novyny, 2022b). Later, the city administra-
tion began collecting proposals for renaming
streets associated with Russia. On 11 May
2021, three streets and a district with names
associated with Russia were renamed by the
city council: Moskovskyi Prospekt [Moscow
Avenue] became Prospekt Heroiiv Harkova
[Heroes of Kharkiv Avenue], Bilhorodske
shose [Belgorod Highway] became Kharkivske
shose [Kharkiv Highway], Bilhorodskyi uzviz

[Belgorod Descent] became vulytsia Heroiv
Riatuvalnykiv [Heroic Rescuers Street], and
Moskovskyi Raion [Moscow District] became
Saltivskyi Raion [Saltivka District, after the
largest mass housing estate in Kharkiv]
(Suspilne Novyny, 2022c). In July 2022, the
Kharkiv toponymic group, which included
representatives of the public, published pro-
posals for the de-Russification of Kharkiv to-
ponymy, emphasizing the need to return a
number of historical names, some of which
are unique to Kharkiv and are not present
in other cities of Ukraine (Suspilne Novyny,
2022d). However, no other decisions regard-
ing decommunisation were adopted during
2022, making the decolonisation in Kharkiv
quite sluggish compared not only to the cit-
ies of the western and central parts of the
Ukraine, but to some other geopolitically di-
vided cities such as Kryvyi Rih and Dnipro,
where 183 and 77 toponyms respectively
have been renamed in 2022. In this way,
Kharkiv remains the city with the largest
number of street names somehow related
to Russia — more than 500, according to the
expert estimations (Kharkiv Today, 2022). At
the time of preparing the paper, it became
known that about 20 more streets are expect-
ed to be renamed by the city council.

In 2022-2023, a lot of public initiatives
and actions related to the symbolic space oc-
curred in Kharkiv. They include, first of all,
the arbitrary demolition of monuments and
pressure on the city authorities with such
proposals. For instance, a list of demolished
monuments includes those to Soviet Marshal
Zhukov (on 17 April 2022), Alexander
Nevsky (on 19 May 2022), and Soviet writer
Alexander Ostrovsky (5 January 2023). On
9 November 2022, the city authorities, fol-
lowing an appeal by Konstiantyn Nemichev,
the commander of the Kraken Special
Unit, dismantled monument to Alexander
Pushkin. In the field of street renaming,
the most active position was taken by the
Kharkiv Toponymic Group headed by Maria
Takhtaulova, an employee of the Ukrainian
Institute of National Remembrance. The
group proposed a complete de-Russification
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and de-Sovietisation of the city’s streets. The
Department of Toponymy of the Kharkiv
City Council received dozens of letters from
public organizations, institutions and na-
tional cultural societies with proposals to
commemorate prominent Kharkiv residents
and fallen heroes via street naming. Artists
also joined the process: the famous modern
Ukrainian writer Serhii Zhadan took a selfie
against the background of the Pushkin mon-
ument “without hinting at anything”, while
the artist Hamlet Zinkovskyi made a series of
graffiti on Pushkin Street with the proposed
new name — British Street.

Data and methods

The research is based on the two surveys
among residents of Kharkiv, conducted with
different purposes and methodology, but
nevertheless allowing comparative analysis.
The first survey (n = 1,258, aged 18+) was
held in 2018, i.e. during the hybrid Russo-
Ukrainian military conflict. The data were
collected through personal interviews by the
Kyiv-based Centre for Social Indicators (CSI).
The sample relies on a household-based sam-
pling frame (only one person was selected
within each household). The second survey
was conducted by Kharkiv-based New Image
Marketing Group in November 2022 (n =914,
aged 18+) partly in face-to-face technology at
the place of residence (76%), and partly re-
motely with those residents who are tempo-
rarily outside the city (24%) (ratio of people
who moved and left was determined accord-
ing to the data from the city administration).
The face-to-face survey employed a combined
route sample with a probability selection of
starting addresses and with a quota selection
based on the sex-age distribution of respond-
ents in households. The remote survey used
quota selection was based on an online panel.

To assess the attitudes of Kharkivites to the
decolonisation in Kharkiv in 2022, we used a
set of the 2022 survey questions with regard
of: (1) general support to renaming streets
in Kharkiv, (2) attitudes to changing specific

categories of urban place names, as well as
concrete urban place names, and (3) street
names that should definitely disappear and
should definitely emerge on the city map. To
evaluate the shift in attitudes to decommuni-
sation and decolonisation politics in Kharkiv,
we compared the answers to the similar ques-
tions in the 2018 and 2022 surveys. The fact
that questionnaires of 2018 and 2022 used dif-
ferent sets of questions constitutes the main
methodological problem of this part of re-
search and prompted to cautious conclusions.

Then, we employed binary logistic regres-
sion in order to determine the predictors of
positive/negative individual attitudes to de-
communisation/decolonisation in 2018 and
in 2022. Regression models were built for the
following dependent variables (DV):

For 2018 survey: DV1: Support for renam-
ing streets with Soviet names in Kharkiv;
DV2: Support for renaming Dzerzhynskyi
District [after Felix Dzerzhinsky, creator
of the Soviet secret police and one of the
Red Terror architects] to Shevchenkivskyi
District [after Taras Shevchenko, the greatest
Ukrainian poet and painter]; DV3: Renaming
of the Radianska [Soviet] metro station to
Maidan Konstytutsiji [Constitution Square].

For 2022 survey: DV1: Support for further
renaming streets in Kharkiv; DV2: Support
for dismantling the monument to Marshal
Zhukov [Marshal of the Soviet Union, Chief
of the General Staff, Minister of Defence,
member of the Presidium of the Communist
Party]; DV3: Support for dismantling the
monument to Alexander Pushkin [Russian
poet, playwright, and novelist, considered
by many to be the greatest Russian poet and
the founder of modern Russian literature].

Our independent variables, the same for
three regression models, were the following:

(1): Sex: male (ref. female) as a standard
demographic control;

(2): Age: 30-59; 60+ (ref. 18-29) as a standard
demographic control, although it was suspect-
ed, based on previous studies (see MARPLES,
D. 2018; Musrtyezpov, O. 2022) that older age
cohorts will show more negative attitudes to
decommunisation and decolonisation;
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(3): Language of communication used be-
fore the full-scale war: only Ukrainian; only
Russian (ref. both Ukrainian and Russian):
— to test the hypothesis that assessment of
decolonisation correlates with individual
linguistic preferences;

(4): Support for EU and/or NATO ascen-
sion: yes (ref. no) — to test the hypothesis that
assessment of decolonisation correlates with
individual geopolitical preferences;

(5): Education: higher education (ref. oth-
er) — as it was know from the previous stud-
ies that better education is related to higher
support for decommunisation (only for 2018
survey);

(6): Place of location: refugees abroad; in-
ternally displaced persons (IDPs) in Ukraine
(ref. Kharkiv) — to test the hypothesis that
assessment of decolonisation depends on in-
dividual’s proximity to the war-affected city
(only for 2022 survey).

Additionally, on 30 October 2022, two on-
line focus groups were held with 18 Kharkiv
residents (8 female, 10 male), average age 40,
age range from 19 to 65 years, representing
different social strata, as well as people who
stay in Kharkiv or temporarily left the city.
The results of focus groups were used as ad-
ditional justification when interpreting the
results of the survey.

Results

Changing attitudes to nation-centric memory
politics in the frontline city

In 2018, only 12.8 percent of Kharkiv resi-
dents supported renaming streets with com-
munist names. In autumn 2022, 60.1 percent
of Kharkivites supported de-Russification
and decolonisation of Ukraine, and 56.1 per-
cent supported further renaming of streets in
Kharkiv, which is comparable to the nation-
wide figures (Rating Sociological Group,
2022). Given the fact that general tolerance for
the communist ideological symbols in Ukraine
always was lower than that of the Russian cul-
tural markers, these figures indicate that the

attitude towards post-Soviet rethinking of the
symbolic space of the city has changed radi-
cally. In particular, we may cautiously assert
that before the full-scale Russian invasion de-
communisation and decolonisation were sup-
ported by the minority of Kharkiv residents,
while after the invasion the supporters consti-
tute nearly a half of the city population.

The answers to the questions about the
renaming of a specific toponyms point to
similar trend. For instance, in 2018, only
25.8 percent of Kharkiv residents sup-
ported the decision to rename Dzerzhynskyi
District to Shevchenkivskyi District. The re-
naming of the Radianska metro station to
Maidan Konstytutsiji gained the support of
only 16.3 percent of respondents. However,
in 2022, 79.4 percent of surveyed Kharkiv
residents expressed their support for re-
naming Moskovskyi Prospekt to Prospekt
Heroiiv Harkova, 78.1 percent supported
renaming of Bilhorodske shose to Kharkivske
shose, and 77.2 percent supported renam-
ing of Bilhorodskyi uzviz to vulytsia Heroiv
Riatuvalnykiv. Considering the attitudes to-
wards these specific place names, it can be
seen that before the full-scale war decommu-
nisation was supported by a clear minority
of Kharkiv residents, while after the Russian
invasion in 2022, decolonisation, which is a
more radical step compared to decommuni-
sation, is supported by the absolute majority
of Kharkivites.

Shifting a focus from place names to monu-
ments, we also observe tangible changes in
the public attitudes to decommunisation and
decolonisation. In 2018, only 8.2 percent of
Kharkivites residents supported the removal
of Lenin monuments, another 24.2 percent
considered it appropriate to move them to
another place, and 60.7 percent of respond-
ents — the overwhelming majority — strongly
condemned a practice of “Leninfall” (see
PsuenycaNYkH, A. 2019; Gaipal, O. 2021).
In 2022, 9.2 percent of Kharkiv residents
supported the complete dismantling of the
Pushkin monument, another 33.1 percent
supported the idea of moving it to another
place (a museum or a sculpture park), while
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almost 55 percent would leave it standing in
the usual place. At the same time, 57 percent
of respondents supported dismantling the
monument to Zhukov in April 2022. In this
way, the attitude towards the Pushkin monu-
ment in 2022 practically coincides with their
attitude towards the Lenin monument in 2018.
Taking into account the fact that Pushkin as
an artist is a much less odious person than
Lenin, the communist leader, as well as the
support for the dismantling of the monument
to Zhukov, another symbol of the communist
regime, being of crucial importance for pro-
Russian audience in Kharkiv (Kutsenko, O.
2020) it can be assumed that the tolerance for
monuments to the communist and Russian
prominent figures in Kharkiv significantly
and proportionally decreased.

In general, the focus group participants ex-
pressed positive attitudes to the decommuni-
sation as erasure of the Soviet symbols. It is
more difficult to find a consensus on names
that are somehow connected with Russia.
Plans to rename the streets invoke conflict-
ing reactions — from enthusiastic support to
bewilderment why this should be done at
all. Most of the opinions of focus group par-
ticipants are somewhere in between: if street
names should be changed, then it is better to
postpone and implement somehow selective-
ly, weighing the pros and cons. Reasons why
street renaming doesn’t seem like a good idea
are the following: (1) It's very expensive, and
in times of war there are higher priorities; it
should be postponed until after the war; (2)
Respect should be shown to the older genera-
tion, for whom the former street names mean
a lot and evoke nostalgic feelings; (3) Some
commemorated figures, despite their Soviet
or Russian origin, have globally recognised
scientific or cultural merits that cannot be
cancelled by renaming; (4) Renaming may
be just another reason for a split in the public
mind, it can provoke conflicts and disputes;
(5) Ukrainian names will not necessarily raise
patriotic moods, while Kharkiv residents still
are wary of some pages of Ukrainian his-
tory, so before renaming, public sentiments
should be studied. As for the monuments,

there were few supporters of radical meas-
ures among the focus group participants.
Opinions were more often voiced that the
issue of monuments is now generally irrel-
evant, it can be thought about after the war.
Also, some participants said that it is not nec-
essary to demolish monuments at all, except
for the most odious ones. The proposal to
create a park of the history of monuments in
Kharkov, where to bring all the monuments
that disappear from the streets, looks like a
possible compromise. If the monuments are
nevertheless dismantled, their place may be
taken by equivalent, but already Ukrainian
monuments. Alternatively, a fountain or
flower bed may appear at the place, or the
place can remain empty.

Rehabilitation of “Banderites”, “soft”
decolonisation, and Kharkiv-centrism

Table 1 shows that in 2022 the support for re-
naming streets named after Russian and Soviet
military and political figures, as well as streets
with names related to the geography of Rus-
sia, is generally twice as high as support for
renaming streets after Russian and Soviet writ-
ers and poets, cultural figures and, especially,
scientists. The level of support for both gen-
eral categories of toponyms and specific street
names confirms this thesis. It means that toler-
ance for individual Soviet and Russian cultural
markers may differ significantly and depends
on the relationship of a particular marker (e.g.,
a prominent person) to the realms of politics,
state building, and warfare. It is interesting
that the figure of Gagarin, given low demand
for renaming Gagarin Avenue, is obviously
perceived primarily as an outstanding person
— the first cosmonaut — whose triumph was
contributed by including Kharkiv residents as
residents of Soviet Ukraine, and not as a figure
used by the Soviet regime for the promotion
of communist ideology.

In general, the majority of Kharkivites
share “soft” approach to decolonisation
(GnaTIUK, O. and MELNYCHUK, A. 2023) — they
are ready to get rid of the markers of Russian
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Table 1. Support for change of street names related to the Russian geography and culture, 2022

Do you think that the following street names in Kharkiv | Confidently | Rather | Rather | Confidently
should be Changed? agree, % djsagree, %

Related to the geography of Russia 43.0 16.6 11.6 28.8
Related to the Soviet Union and Soviet ideology 41.0 14.1 14.3 30.5
g&z:;%ﬁ;‘fgs of the 01 128 | 106 345

Soviet military leaders 41.8 14.4 10.9 32.8

. Soviet poets and writers 25.4 12.9 16.3 454
Commemorating Russian writers 24.1 111 15.8 49.1
Russian cultural figures 26.6 14.8 14.8 43.9

Russian scientists 21.4 10.7 18.1 49.8

Soviet scientists 20.0 11.6 19.1 49.2

Gagarin Avenue 12.1 8.8 18.7 60.4
Marshal Zhukov Avenue 41.7 12.1 9.2 36.4
Pushkin Street 20.4 10.4 12.3 57.0

geography, state building, and warfare, but
still keep positive or neutral attitudes to the
Russian figures of culture and science. These
interpretations have been proved by the
focus groups. According to the focus groups,
the presence of Russian culture in Kharkiv
evokes different feelings: from tolerant
(“Pushkin or Dostoevsky are not politicians, not
military men, and not the Soviet legacy”) to ex-
tremely intolerant, complete disgust for eve-
rything Russian, because “every person who
experienced this [war atrocities] in Kharkiv does
not want any reminders of them [Russian fig-
ures, places, etc.]”. Furthermore, some par-
ticipants admitted that they “lost the desire to
buy goods with names that contain a reminder of
Russia, they don’t want to listen to the music of
Russian performers, songs in Russian, etc.”
Table 2 shows high support of Kharkiv res-
idents for commemoration of the heroes of
the ongoing war with Russia (= 60-70%), in-
cluding tangible values for confident support
(= 40%). At the focus groups, people expressed
opinions that the names of Ukrainian heroes
and glorified combat units of the Russo-
Ukrainian war definitely should be present
in the toponymy of the city, but “there is no
need to hurry with this”. Firstly, “the reminder
of the war will be very painful for a long time to
come; this war needs to become a bit of history”.

Secondly, “in the haste of renaming, one can ad-
mit injustice, and forget the names of those heroes
who, no less than others, deserve the right to be
commemorated”. Extremely high support for
naming streets after the new hero cities (Hero
City of Ukraine is a Ukrainian honorary title
awarded “for outstanding heroism” to ten
cities in March 2022) may be interpreted in
the following way: Kharkivites consider their
city as one of the hero cities and want to ex-
press the solidarity with the other cities that
suffered from the Russian aggression.
Notably, support for commemoration of
Mazepa, Petliura, and Bandera (= 20-30%,
including = 40-50% of confident support) is
significantly lower but nevertheless seems to
be extremely high for traditionally Soviet-era
oriented city as Kharkiv was until 2022. The
explanation could be that under war with
Russia, these archetypically anti-Russian
figures (PorTNOV, A. 2013) became symbols
of Ukrainian resistance to the invasion, “join-
ing” the ranks of the defenders of Ukraine,
and, thus, have been “rehabilitated” in the
eyes of many Kharkivites — in fact, Bandera
in Ukraine under the war became a mass cul-
ture protagonist and has little to do with the
real historical figure. However, a little less
than half of the respondents still categorical-
ly deny the expediency of commemorating



250

Gnatiuk, O. and Homanyuk. M. Hungarian Geographical Bulletin 72 (2023) (3) 239-256.

Table 2. Attitudes to naming streets in Kharkiv, 2022

Who (or what) should be commemorated | Confidently Rather Rather Confidently
via naming streets in Kharkiv? agree, % disagree, %

Serv1c§me}'1 of the Ukrainian Armed Forces 433 258 115 194
who died in the war
Military units (brigade) of the Ukrainian 380 241 14.0 24.0
Armed Forces
Azov Regiment (defenders of Mariupol) 43.7 16.6 11.4 28.3
New hero cities of Ukraine (Mariupol,
Volnovakha, Mykolaiv, Bucha, etc.) 463 221 9.4 222
Famous volunteers 25.2 22.2 18.5 34.1
Ivan Mazepa 334 19.3 14.2 33.2
Symon Petliura 229 16.0 18.2 43.0
Stepan Bandera 27.8 15.9 13.2 43.1
Foreign leaders who support Ukraine (Boris
Johnson, Joseph Biden) 184 17.0 168 478

these “builders of Ukrainian nation”. A cau-
tious conclusion can be drawn that Kharkiv
hosts a large contingent that is not clearly
pro-Russian and, moreover, at large supports
the novel Ukrainian national-centric narra-
tive written during the current war, but is
not ready to accept the traditional figures of
such a narrative demonised for decades by
first Soviet and then Russian propaganda, in-
cluding as “Banderites” (LARUELLE, M. 2015).
Notably, the focus groups showed that nam-
ing streets after such figures remains a con-
troversial idea among the older Kharkivites,
although young people often welcome such
renaming. The attitude to commemoration
of the foreign leaders who support Ukraine
in the war — so called gratefulness naming
(GNaTiuk, O. and Basix, S. 2023) is mostly
negative. According to the focus-group dis-
cussion, this happens because Kharkivites
consider rather unacceptable naming streets
after the people who are still alive.
Nevertheless, giving ideologically neutral
names remains the most popular general
principle with respect to street naming in
Kharkiv remains neutral names — the only
position supported by the majority of the
respondents, while commemorative naming
receives less support among the Kharkivites
(Table 3). Both focus groups discussed the

idea that it would be better to abandon the
practice of naming streets for famous people
altogether — because of a great temptation to
revise these names due to political expedien-
cy. This seeking for highest possible ideologi-
cal neutrality corresponds to the studies of
Ukrainian geopolitical fault-line cities before
the full-scale Russian invasion (GnaTIUK, O.
2018; Kubpriavrseva, N. 2020; Kursenko, D.
2020). The second most acceptable principle
is to commemorate famous Kharkivites (the
idea was also mentioned during the focus
groups), which once again emphasises the ap-
peal to the local urban identity and “unique-
ness” (Musiyezpov, O. 2009). The ideas of
commemorating the heroes of the ongoing
Russo-Ukrainian war and the paradigmatic
“builders of Ukraine” receive merely equal
support. Finally, low support for return of
pre-Soviet names may be cautiously inter-
preted as a desire of Kharkivites to break up
with the Russian imperial narrative.
Notably, the focus group participants em-
phasised that the renaming of a street is easier
to accept if people are informed about the bi-
ography of a commemorated person, especial-
ly his/her links with a city. It is especially im-
portant for the residents of this specific street:
“I was very indignant when my Ordzhonikidze
Avenue was renamed until I found out who the
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Table 3. General vision of principles for decolonization of street names in Kharkiv, 2022

What common ideas of street renaming should prevail in Kharkiv? Agree,% Disagree, %
Return of pre-Soviet names (those existed before 1917) 19.7 80.3
Commemoration of heroes, cities and military units in the current war

. . 31.1 68.9
with Russia
Ideologically neutral street names (e.g. Sunny Street, Chestnut Street,

52.0 48.0
Calm Street)
Neutral number names (1% Street, 2" Street — as in New York) 14.1 85.9
Commemorating figures related to the struggle for the Independence of
. 324 77.6
Ukraine
Commemoration of famous Kharkivites 42.1 57.9

architect Alyoshin was. He was the architect who
built the city of Kharkiv, and I told all my neigh-
bours about it”.

Geopolitical divide: From blurred line to spatial
separation

According to the binary logistic regression
models (Table 4), reliable predictors of posi-
tive attitudes to decommunisation in 2018
were person’s geopolitical preferences (sup-
port of EU/NATO accession), higher educa-
tion, and, quite surprisingly, belonging to
older age cohorts (however, analysis of the
cross-tabs for dependent variables and the
age covariate shows that this correlation may
be considered as insignificant). The language
seems to be less important predictor; never-
theless, correlation between speaking only
Russian and negative attitude to decommu-
nisation is stronger and more significant than
correlation between speaking only Ukrainian
and positive attitude to decommunisation.
This proves that divide in Kharkiv is still
manifested primarily in terms of geopoliti-
cal attitudes, while ethnic and language con-
siderations play secondary rule (GENTILE, M.
2017; Kuvryk, V. 2019; Kuzio, T. 2019).
Reliable predictors of negative attitudes to
decolonisation in 2022 (Table 5) were old age
and speaking only Russian, while speaking
Ukrainian is, once again, relatively weak pre-
dictor of positive attitudes. Strong and statis-
tically significant predictors of the positive
attitudes were geopolitical preferences and

location outside of Kharkiv, both in Ukraine
or abroad. This means that the most confi-
dent supporters of eradicating Russian sym-
bolic legacy are Ukrainian speaking (and,
giving the regression results for 2018, highly
educated) people, supporting Ukraine’s EU/
NATO accession, who left the city fleeing
from the war atrocities.

At first glance, it may be concluded that peo-
ple who are far from the front-line city are able
to pay more attention to ideological issues,
while those who left in the city are concen-
trated on the personal survival and consider
memory politics issues as untimely. However,
we found a significant positive correlation be-
tween a person’s current location outside the
city and individual geopolitical preferences. At
the same, predominantly negative attitude of
those inhabitants who remained in Kharkiv to
joining the EU/NATO cannot be explained by
the argument that such actions are untimely or
of low priority since they would obviously tilt
the scales on the Ukrainian side and stop the
horrors of the war. On the contrary, we expect
that people living under the constant Russian
shelling are more inclined to stop this night-
mare via enforcing Ukraine’s geopolitical posi-
tion. This leads to the possibility of a scenario
that people supporting the Western vector of
Ukraine’s geopolitics had greater opportuni-
ties and/or desire to leave Kharkiv when the
warfare began. On the contrary, pro-Soviet/
pro-Russian geopolitically oriented people in
south-eastern Ukraine are, on average, older
and low educated (GentiLE, M. 2015), and had
lower possibilities or desire to flee. Therefore,
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Table 4. Binary logistic regression results: predictors of individual attitudes to decommunisation in 2018

Odds coefficient = Exp (B)
Support for renaming
Independent variables (covariates) DV1: DV2: DV3:

Streets with Dzerzhynskyi Radianska

Soviet names district metro station
Male (ref. female) 1.209 1.210 1.159
Age 30-59 (ref. 18-29) 1.506 1.622* 1.914*
Age 60+ (ref. 18-29) 1.464 1.723* 3.119***
Spoken language: Ukrainian only
(ref. both Ukrainian and Russian) 1.629 1481 1751
Spoken language: Russian only s
(ref. both Ukrainian and Russian) 0.609 0.365 0.681
Support for EU and/or NATO ascension: yes 8,933+ 65117 7 501 %%
(ref. no)
Education: higher education 1,760 1376 1.606*
(ref. other)
Constant 0.038*** 0.193*** 0.040***
Hosmer-Lemeshow Test (Sig.) 0.774 0.775 0.703
Nagelkerke R Square 0.247 0.245 0.221

*p < 0.05; **p < 0.01; **p < 0.001.

Table 5. Binary logistic regression results: predictors of individual attitudes to decolonisation in 2022

Odds coefficient = Exp (B)

DV2: Support DV3: Support
Independent variables (covariates) DVI: Support for dismarr)lr’zling for disma}zl}zling
for further
renaming street the monument the monument
¢ ; thrii cets to Marshal to Alexander
arkv Zhukov Pushkin
Male (ref. female) 0.888 0.929 0.808
Age 30-59 (ref. 18-29) 0.721 0.717 0.815
Age 60+ (ref. 18-29) 0.298*** 0.478** 0.465**
Spoken language: Ukrainian only
(ref. both Ukrainian and Russian) 2.605 2.147 1.391
Spoken language: Russian only .
(ref. both Ukrainian and Russian) 0.788 0.773 0.654
Support for EU and/or NATO ascension: yes 9.730%% 871074 8.947%%%
(ref. no)
Place of stay: Ukraine except Kharkiv _ _ -
(ref. Kharkiv) 5.500 3.415 5.599
Place of stay: abroad _ e e
(ref. Kharkiv) 2.947 4.191 4.581
Constant 0.265*** 0.279%** 0.276***
Hosmer-Lemeshow Test (Sig.) 0.742 0.378 0.206
Nagelkerke R Square 0.322 0.273 0.307

*p <0.05; **p <0.01; **p < 0.001.
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the lower level of support for nation-centric
memory politics among those who remained
in Kharkiv should be explained not by the di-
rect impact of the warfare (shelling, destruc-
tion, economic situation in the city), but by the
fact that most active supporters of decolonisa-
tion may mostly left the city. In this way, the
geopolitical fault line, which was previously
dissolved among the city inhabitants, now lies
largely between those who left the city and
those who remained. Indeed, this exposes a
potential problem related to the “right to the
city” — more specifically — the right to define
the memory and identity politics in Kharkiv
during and after the war. For instance, those
who remain may claim themselves as “true
city patriots” and deny the rights of “traitors”
and “cowards” who fled, while the latter may
argue that their ardent pro-Ukrainian position
should be given a priority. Nevertheless, it will
be important to involve into a dialogue on the
post-war memory politics in Kharkiv all strata
of inhabitants regardless of their current place
of residence and geopolitical attitudes.

Conclusions

Positive shift in attitudes to decolonisation
and growing support to the Ukrainian na-
tion-centric memory politics in Kharkiv is
directly related to the emerging image of
Russia and Russians as the “negative other”.
The main factor for identification to com-
mon/similar identity for a group of people
often is the question of driving force of in-
security (Cerutri, F. 2006). For Kharkivites,
since February 2022, Russia became a con-
stant threat endangering their lives and liv-
ing environment. The “builders of Ukrainian
independence” were partially rehabilitated
among the pro-Soviet-in-the-past Kharkivi-
tes exactly for being anti-Russian icons. The
backlash of “othering” a military adversary
is not something new in the history — it was
observed including in the other post-socialist
military conflicts, first of all in former Yugo-
slavia (see, e.g., Minayrov, V. 2020; Zorxo,
M. 2020). For instance, in Croatia, negative

stereotyping of the Serbs and Serbia was fos-
tered by the 1991-1995 war. Consequently, in
the early 1990s, notions about Serbian culture
and geography were erased from the Croa-
tian streetscape, including the street names
referring to prominent Serbs and Serbian cit-
ies (gAKA]A, L. and Stanig, J. 2017).

Nevertheless, most of Kharkiv residents
share “soft” and “inclusive” approach to de-
colonisation (GnaTiuk, O. and MELNYCHUK,
A. 2023): sharing a nation-wide demand to
eradicate Russian cultural markers, they ex-
press higher tolerance to the Russian cultural
figures not directly related to the realms of
politics, state building, and warfare. Also,
priority is given to local urban context, and
merits to the city of a (potentially) commem-
orated person could be seen as an indulgence
of being Russian or the pro-Russian position.

In view of the findings, post-war memory
politics and identity building in Kharkiv
could be grounded on the Russo-Ukrainian
war context, positioning Kharkiv as one of
the centres of national resistance, inscribing
in this way a city into Ukrainian national nar-
rative — a task that remained extremely prob-
lematic for decades (KravcueNko, V. 2020;
Musryezpov, O. 2020). The dividing line from
mostly (geo)political has transformed into a
cultural one: heterogeneity in relation to the
Russian cultural heritage. Approximately a
half of Kharkiv residents consider Russian
culture (but not a Russian state) as part of
their own one, and the other half renounces
it. At the same time, public attitudes to the
memory politics in the frontline city are high-
ly reflexive in nature and deeply embedded
in the context of the ongoing war. Therefore,
the current pattern of attitudes may change
once again when the war comes to an end
and emotional calved thrive.

Besides establishing that supporters of
Ukraine-centric memory politics in Kharkiv
are pro-Western, younger, and better educat-
ed, we found that softened albeit still existing
geopolitical and cultural divide in war-affect-
ed Kharkiv has, to some extent, materialised
in physical space and runs between the ardent
supporters of decommunisation and decolo-
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nisation that massively fled from the war and
their opponents who at most choose to stay in
the front-line city. This reformatted division
inevitably raises the question about the “right
to the city” — namely who have legal and
moral grounds to define the future post-war
reconstruction and transformation of the ur-
ban space, including its symbolic component.
Our final consideration refers to the future
of Ukrainian geopolitical fault-line cities.
Although geopolitical divide in Kharkiv al-
ready has only softened compared to the pre-
war state, it is possible to speculate that the
Russo-Ukrainian war has launched the grad-
ual process of its disappearance, and, thus, we
have a change to witness in real time the final
stage of evolution of a geopolitical fault-line
city. After all, the main dividing line between
the more pro-western and more pro-Russian
regions of Ukraine has gradually shifted east-
wards since 1991 (Kuryk, V. 2016). Of course,
future trajectories of geopolitically divided
cities in Ukraine and beyond within the post-
Soviet space largely depend on the outcome
of the war, which is hardly predictable at the
moment of writing this paper. Nevertheless,
while military conflicts often produce ethno-
nationally divided cities, as it was in former
Yugoslavia, they may either activate hidden
geopolitical divides in geopolitical fault-line
cities or contribute to their disappearance.
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Exploring firm performance in Central and Eastern European regions:
a foundational approach

Itpiké EGYED! and Zsuzsanna ZSIBOK!

Abstract

Economic development in post-transition countries is dominated by the performance of capital cities, although
second-tier cities are also important drivers of development. However, peripheral regions struggle with problems
of adaptation and response, often leading to brain drain and economic decline. Industrial strategies highlight those
tradable sectors of the economy that favour leading edge KIBS firms and advanced manufacturing, while neglect-
ing the residentiary economy that is more sheltered from competition and provides jobs in local production and
services sectors. Our research is inspired by the burgeoning literature of the ‘foundational economy” approach to
economic development, focusing on mundane economic activities providing essential goods and services, and we
investigate the differences of economic performance across the NUTS3 regions in selected CEE countries. We study
regionally aggregated, firm-level financial and employment data including sectoral classification of the companies
with 10+ employees. Our position is that a well-functioning foundational economy is necessary for the whole local
economy to work efficiently in the long run. Moreover, increasing productivity in the foundational economy should
lead to more regionally balanced growth than an exclusive focus on the ‘frontier firms’ that are highly concentrated
spatially as the regional productivity gap in the case of certain foundational activities is not necessarily large.

Keywords: foundational economy, regional policy, firm-level data, labour productivity, Central and Eastern Europe
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Introduction

The decade after the global financial crisis and
recession has brought new economic develop-
ment challenges for Central and Eastern Eu-
ropean (CEE) countries and their sub-national
territorial units. The slow growth of the post-
crisis recovery period was replaced by a high-
pressure economy in the mid-2010s, which
was brought to a halt by the 2020 coronavi-
rus crisis. Against the backdrop of adverse
demographic trends, including a shrinking
and ageing population and the ensuing la-
bour market tightness, CEE countries can no
longer rely on extensive employment growth
as a prerequisite for long-term economic
growth, instead, productivity improvement
should be a priority. Despite the fundamen-
tal role of foreign investments in the market

and global value chain integration of the CEE
macro-region and the associated economic
growth and productivity gains, FDI by itself
is insufficient to ensure sustained catching
up (GAL, Z. and Lux, G. 2022). The CEE re-
gion is not homogeneous in this respect, since
the Baltic States, Slovenia and Czechia have
shown a solid convergence performance in
terms of per capita GDP relative to the EU
average and the Human Development Index.
This heterogeneity is partly explained by the
different institutional environment and the
divergent growth models followed by the
countries of the macro-region. As a result, the
countries are not at the same stage of progress
towards the ‘high road” of competitiveness
(MOLNAR, E. et al. 2020), while some of them may
overcome the so-called middle-income trap
(see GYORFFY, D. 2022; MATYAS, L. 2022).
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Due to the post-1989 privatization or dis-
solution of potential national champions
and the weakness of home-grown mid-sized
firms, the FDI-driven model of so-called
dependent market economies has no viable
alternatives (NOLkE, A. and VLIEGENTHART,
A. 2009). Foreign multinational enterprises
are at the forefront of market-driven reindus-
trialization, the patterns of which are highly
heterogeneous across the regions (Nagy, B.
et al. 2020). The weaknesses of FDI-driven
models (relying on low labour costs, skilled
labour, tax advantages and proximity to the
West) are manifest in the absence of domes-
tic innovation-leading companies and head-
quarters, compounded by a shrinking work-
ing-age population (BopNAR, G. et al. 2022).
The economic development of post-transition
countries is heavily dominated by the per-
formance of their capital cities, although sec-
ond-tier cities, as growth poles, are also im-
portant drivers of development. The presence
of high-quality residential environments, im-
proved connectivity, high-skilled occupations
and increasing populations exert a positive
impact on the employment dynamism of re-
gions and cities outside the capital. However,
regions left behind by economic transforma-
tion (WEREsa, M.A. 2017) often struggle with
problems of adaptation and response, leading
to brain drain, population outmigration and
economic decline. This tendency is reinforced
by industrial strategies’” overwhelming fo-
cus on the tradable sectors of the economy,
favouring leading edge KIBS firms and ad-
vanced manufacturing, while conspicuous-
ly neglecting the residentiary economy (see
Leaver, A. and WiLrawms, K. 2014), a sector
relatively sheltered from competition and a
source of locally anchored production and
services jobs acting as important ‘stabilizers’.

Our research is inspired by the burgeoning
literature on the ‘foundational economy” ap-
proach to economic development (RusskLL,
B. et al. 2022), i.e., mundane economic activ-
ities providing essential goods and services
(see BENTHAM, J. ef al. 2013), focusing on eco-
nomic performance across NUTS3 regions
in four CEE countries, namely, the Visegrad

Four (Scorr, J. 2021) with Czechia, Hungary,
Slovakia and Poland. We consider the inclu-
sion of a foundational approach in devel-
opment policy to be highly beneficial in the
CEE economic context, which is burdened
by a dualistic economic structure (Nagy, Cs.
et al. 2020), excessive spatial disparities and
increasingly left-behind places, with no ap-
parent signs of improvement in this respect
over the last few decades. The foundational
approach breaks with the singular notion of
‘the economy’, operating with multiple econ-
omies and zones of activities that show very
different features. In line with the literature,
our article starts from the view that a strong
foundational economy can strengthen the
cohesion of urban and local economies, fur-
thermore, it can have a higher relevance for
peripheral, disadvantaged regions, saving
them from the circular and mutually rein-
forcing spiral of deterioration (BosAx, V. et al.
2023; MarTYNOVICH, M. et al. 2023).

The novelty of our research lies in explor-
ing the role of the foundational economy
in the CEE region based on firm-level data
in a regional aggregation, as these aspects
have not been scrutinized in the CEE re-
gional science literature before. Given that
the Visegrad countries are part of the Central
European manufacturing core, the macro-re-
gion follows a different path towards the
tertiarization of the economy relative to the
Western European economies. Consequently,
the weight and role of the foundational econ-
omy in the CEE region might show some
specific features compared to those identified
in the existing literature. In the next section
we summarize the theoretical considerations
underlying the research, then the empirical
strategy will be introduced. In the fourth sec-
tion empirical results and the discussion are
presented and the last section concludes.

Theoretical considerations
In their Manifesto for the foundational econ-

omy published in the mid-2010s, the Foun-
dational Economy Collective, a group of
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and services are partly non-market, they
are consumed by all citizens regardless of
income, geographically distributed, and typ-
ically sheltered by local monopoly or politi-
cally franchised. While the providential foun-
dational economy is about human interaction
and essentially represents the modern wel-
fare state (health and social care, education,
police, public administration), the material
foundational economy is more concerned with
things, delivering ‘essential need satisfiers’,
e.g., pipe and cable utilities, public trans-
port, telecommunications, food distribution,
housing or banking services. The FE is sur-
rounded by an external zone of non-essential
provisioning labelled as the “overlooked econo-
my’, which provides occasionally purchased
comfort goods and services (e.g., haircuts,
house repairs, holidays from work or a meal
out) that are important to well-being.

The export-oriented tradable economy, de-
scribed as the least welfare-critical zone,
is associated with competitive success and
economic growth-focused strategies, which
either downplay the importance of sheltered
and low-productivity FE sectors or present
them as levers for increased productivity,
with a view to increment GDP. FE theorists
note how the overrated high-tech and R&D
intensive industries have failed to deliver
wealth and well-being for the majority of
the population, employing around 4 percent
of the workforce in European countries (FE
Collective, 2018). The preoccupation of eco-
nomic policy makers with high-tech and next
generation industries follows from their de-
piction of the economy as an iceberg, giving
visibility to the narrow zone of the tradeable
economy, while a large part of the economy,
despite its strategic importance for nation-
al prosperity, remains hidden from view
(Ibid.). Whereas the building of the foun-
dational economy in Western Europe was a
century-long achievement dating back to the
1870s, its dismantling through neoliberal re-
forms from the 1980s has undermined both
the material and moral basis of foundation-
al provision, which is inherently normative,
as stressed by the FE Collective. Neoliberal

business-friendly regimes encouraged ex-
tractive corporates in FE sectors (such as
transport, energy, telecommunications, or re-
tail) that fail to adequately provide FE goods
and services, without imposing any duties
on them (BentHaM, J. et al. 2013; Gougs, L.
2020). To challenge the dominance of invest-
ment-averse, financialized and shareholder
value-driven business models in the mar-
ket-provided FE, there is a need for the remu-
nicipalization of some commodified essential
services, increasing the local accountability of
economic actors and the reform of top-down,
centralized policymaking (FE Collective,
2018; Hanskn, T. 2022).

Another policy recommendation concerns
implementing social licensing whereby the local
state could subject FE businesses that provide
welfare-critical services to various eco-social
obligations (payment of living wages, fair
treatment of suppliers, distribution of econom-
ic benefits, support for community activities,
building local value chains, etc.) in exchange
for their right to trade in partially sheltered
sectors, on grounds that it is citizen tax rev-
enues and direct household expenditure that
sustain foundational activity (Froup, J. and
Wirriawms, K. 2019). A new social contract with
the private sector, as argued by Marques, P.
et al. (2018) would allow deprived areas to
negotiate better deals for their communities.
Social licensing proposals rest on the principle
that regardless of ownership, all FE business-
es should be treated as in the public domain,
not by the means of renationalisation, which
only changes ownership, but constitutional
reforms (FE Collective, 2018; Goucs, L. 2020).
Accordingly, their primary focus should not
be profitability, which always involves value
extraction from the public realm but rather to
ensure that wealth creation is generative and
rooted (Berry, C. 2018; Evennurs, E. et al. 2021).
In this regard, the FE has many parallels with
the Community Wealth Building movement,
which stresses the key role of local anchor in-
stitutions in local wealth retention and fosters
the creation of local cooperatives and locally
owned firms with social value embedded in
their practices (Crisp, R. 2022).
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The literature on diverse economies that
seeks to explore economic spaces of alterity
and, more recently, well-being economies
that encourages well-being-driven businesses
with social and environmental goals, is sim-
ilarly critical of exploitative and extractive
business practices whose alliance with var-
ious forms of concentrated power can exert
undue influence on trajectories of change
(GiBson-GranAM, J.K. and DowmBroski, K.
2020; FioramonTi, L. et al. 2022). The FE’s
zonal view of the economy fits well with
the diverse economy (DE) concept developed
by GiBson-GraHawm, J.K. (2008) as a critique
of capitalocentric models downplaying the
role of non-market transactions and unpaid
household work in the economy, and show-
ing a blindness to alternative development
paths pursued by places where waged econ-
omy is not the primary source of well-being
to people. In post-socialist CEE countries, for
instance, the survival of diverse economic ac-
tivities plays a significant role in the social
reproduction of households (FasuLra, S. et al.
2021; VicvAri, A. 2023). GiBsoN-GRAHAM'S
representation of the economy as an iceberg
intends to unsettle the hegemony of capital-
ist practices by bringing visibility to multi-
ple forms of labour and economic activities
beneath the waterline that are usually hid-
den from view. For Novy, A. (2022), FE rep-
resents a promising new development vision
contrasted with the short-term strategies of
liberal globalism and nationalistic capital-
ism, both ill-equipped to provide adequate
responses to the current social-ecological cri-
sis. BARNTHALER, R. et al. (2021) interrogate
the potential of FE to instigate a social-eco-
logical transformation that may overhaul
capitalist nature-society relations guided by
an extractive logic, in favour of a good life
within the planetary feasible.

The FE perspective seeks to refocus indus-
trial policy from narrowly defined manufac-
turing sectors producing tradable and export-
able goods and services to the foundational
sectors that are key to rebalancing regional
economic growth. AIGINGER, K. (2015) claims
that welfare increases in high income coun-

tries require industrial policy that is based
on high road competitiveness, defined as the
ability to promote beyond GDP goals while
focusing on developed countries” compara-
tive advantages. Low and high road strate-
gies to regional development co-exist to this
day, the former (neoliberal approach) centred
on lowering costs (wages, taxes, energy), la-
bour and environmental standards; the latter
(mainstream progressive approach) relying
on higher wages and productivity, boosting
capabilities in education, innovation, ICT,
and ecological excellence (Scandinavian
style). As suggested by Berry, C. (2018), the
subject of industrial policy should be con-
ceived as a multi-layered economy, with the
foundational sector representing a new eco-
nomic entity in its own right. An FE-informed
industrial policy (see Bowman, A. et al. 2015)
that delivers social value would prioritize the
essential needs of society and workers, such
as access to universal basic infrastructure,
alongside the advancement of early-stage
research, energy supply, KIBS, and industri-
al growth, with the latter always generating
conflict between winners and losers. This
highlights the non-neutrality of state agency,
which is always selective, empowering some
actors or groups, identifying lead firms or key
segments of value chains as the main drivers
of capital accumulation, privileging certain
spatial and temporal horizons, strategies,
paths, and identities over others (Jessor, B.
2014; Teixeira, T. 2023).

Linking spatially uneven economic de-
velopment to the neoliberal restructuring
of capitalist production, WiGGer, A. (2023)
defines the state’s role as a facilitator of busi-
ness-driven industrial upscaling processes,
subordinating the interests of research in-
stitutes, labour and society to large private
interests. Before the pandemic, debates on
new industrial policy and strategic autono-
my brought into sharp focus the EU’s stra-
tegic selectivity, its commitment to support
advanced economies in developing frontier
technologies at the expense of left-behind
places, i.e. regions and cities outside the
narrow scope of mission-oriented indus-
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trial policies, which rely on R&D expendi-
ture as the main driver of innovation-led
growth. Morcan, K. (2021) claims that it
is in this very space that the FE, due to its
spatial and social inclusivity, makes its most
important contribution. Left-behind places,
as the contemporary manifestation of per-
sistent geographically uneven development
(IammarINo, S. et al. 2019; MacKinnoN et al.
2022), are low or slow growth places where
popular discontent and support for popu-
list political forces, below average pay, em-
ployment and productivity, lower levels of
educational qualifications and skills, higher
levels of poverty and economic disadvantage
coalesce (RopriGuez-Posk, A. 2018; Bertus, Z.
and KovaAcs, Z. 2022).

As the FE is the part of the economy that
is place-based, the theory fits well with the
framework of progressive (if not radical)
place-based policies targeting the reduction
of territorial inequalities by promoting eco-
nomic, social and institutional innovation, as
it seeks to disrupt conventional growth-ori-
ented local and regional development strat-
egies that prioritise the inward attraction
of firms and jobs. A report by the Heseltine
Institute acknowledges that alongside the
centrality of the tradable or commodity
economy, the foundational economy and the
social economy have an important role in
the renaissance of lagging places (BoyLg, M.
et al. 2019). Given the increasing disconnect
between growth and wages/living standards,
the FE approach focuses on factors that di-
rectly enhance quality of life and liveability
for citizens, i.e., public services, social capital,
social infrastructure and environmental as-
sets. As Froup, J. et al. (2020) note, productiv-
ity-enhancing regional or industrial policies
are of little relevance in the context of low
skills/low productivity foundational or mun-
dane activities. In the case of some low pay
activities, there is no automatic link between
increased productivity and higher wages,
nor is the policy goal of raising productivity
in the FE sectors (such as health) necessari-
ly meaningful. Rather than producing more
competitive industries, the main purpose of

the FE is to directly contribute to raising so-
cial standards in a region via the provision of
stable, high-quality, sustainable, resilient, and
low-cost foundational services (Evennuis, E.
et al. 2021; EssLETZBICHLER, J. 2022). The FE
takes up an estimated 30 percent of average
household consumption expenditure, making
all households essentially foundational con-
sumers (Bowman, A. et al. 2014). Joining the
long-evolving debate on the inadequacy of
GDP/GVA metrics to reflect welfare and cit-
izen well-being (see CararaTi, L. ef al. 2021),
FE theorists argue that the metrics of foun-
dational liveability — defined as household
residual income after housing, utilities and
transportation costs — should be the primary
concern of economic policy rather than pri-
vate consumption-driven economic growth.
In a foundational perspective, citizen welfare
depends less on tradables purchased through
individual private income and more on col-
lectively provided essential daily services,
like energy, medical care, mobility infrastruc-
ture, education and social infrastructure, such
as libraries and parks (Froup, J. ef al. 2018).
Essentially, what distinguishes the FE from
the competitive sectors is its overwhelming
reliance on locally derived demand and in-
comes. Offering mostly locally anchored jobs,
it acts as a major ‘stabilizer’ of local economies
in periods of crisis, providing an important
source of localized resilience (MARTYNOVICH,
M. et al. 2023). By emphasizing the social use
value of labour and the tacit skills of citizens,
particularly those employed in low value,
unpaid or underpaid sectors, the FE offers
a novel approach to employment creation
aimed at enhancing the quality of jobs, not
simply their numerical increase (BENTHAM, J.
et al. 2013; FE Collective, 2018; Forty, J. and
Rincon AzNagr, A. 2018). Given that future
economic development is increasingly reliant
on the qualitative contribution of production
factors instead of extensive growth, we do not
believe that the public sector has a crowd-
ing-out effect on private sector economic per-
formance (Birch, K. and Cumsers, A. 2007),
rather, a well-functioning public sector or
broadly defined FE is necessary for the whole
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regional and local economy to work efficient-
ly. Moreover, as empirical evidence suggests
(BosAk, V. et al. 2023), in the long run, an un-
derdeveloped FE can undermine the further
expansion of the competitive economy.

The FE as a moral enterprise (FE Collective,
2018) emphasizes universal entitlement to
foundational goods and services that are
essential to citizens’ well-being and partic-
ipation in society as a means to reducing
inequalities, partially through taxing wealth
and conspicuous (non-essential) consump-
tion. This clearly resonates with the social
equity argument for regional policy where-
by no individual should be disadvantaged
with respect to job opportunities, access to
public services and affordable housing by
virtue of living in one region rather than
another. BArRBERA, F. ef al. (2018) draw an
analogy between the local commons and the
civic infrastructure of goods and services that
serve everyday needs, stressing the need for
their de-commodification. FE theorists inter-
pret foundational provision and entitlement
as the practical application of the theory on
human needs and human capabilities. The
FE approach has informed recent UK-wide
proposals for universal basic services (UBS),
arguing that everyone should have access to
life’s essentials as a right not a privilege (see
Coortg, A. and Percy, A. 2020; Gougs, 1. 2020).
The collective provision of UBS in areas such
as childcare, adult social care, housing, trans-
port and access to the Internet can be justified
on equity, efficiency, solidarity as well as sus-
tainability grounds (see Goucs, 1. 2020). UBS
rely on interventionist states to ensure their
citizens unconditional access to essential ser-
vices and infrastructure; as argued by Gouch,
I. (2021), the state has the power to expand
the foundational at the expense of the rent-
ier economy by taxing non-labour incomes,
e.g., wealth, land, corporations, pollution,
unhealthy consumption, etc. The delivery
of need satisfiers, defined as the particular
goods, services, activities and relationships
required to meet specific needs in a given
social setting (Ibid. pp. 7) requires collective
responsibility and ‘foundational renewal’.

For instance, the building of ‘grounded cit-
ies” that emphasize the management of the
mundane, sheltered activities of the FE for
the benefit of all citizens, social innovations
to meet basic needs over technical innova-
tion geared at productivity growth, and the
city’s co-development with its hinterland
(ExcerLEN, E. et al. 2017). Foundational live-
ability, underpinned by UBS, is instrumen-
tal in switching the economy from a fixation
on economic growth to a concern for human
well-being within planetary limits (Cootk,
A. 2020), in order to support the transition
to a low-carbon energy-services, well-being,
and equity-oriented economy (IPCC 2022).
To this end, national governments across
the globe have subscribed to post-growth
well-being economy agendas, particular-
ly in high income countries, where further
economic growth no longer drives increased
human well-being, health, happiness or life
satisfaction (WiLkinsoN, R. and Pickerr, K.
2022). Decentering GDP growth as a core
economic and political target, well-being
economies frame development as an incre-
ment in multidimensional well-being and
consider industrial investments of positive
value for the economy insofar as they pro-
duce desirable well-being outcomes, such
as improvements in the quality of work or a
better work-life balance. WE proponents, like
FE theorists, have recommended focusing on
collective well-being as the main goal of eco-
nomic policy, and, therefore, the need to ex-
pand socially productive sectors (e.g. health,
education, care, conviviality) in tandem with
downscaling ecologically and socially harm-
ful economic activities (see FroramonTi, L.
et al. 2022).

In line with the literature (see BENTHAM, ].
et al. 2013; FE Collective, 2018; Nycaarp, B.
and Hansen, T. 2020; Hansen, T. 2022), we
believe that the FE has a higher relevance
for peripheral regions and cities where the
economic and institutional conditions for
highly productive ventures are lacking as the
demand for FE services is non-cyclical; be-
sides, organisations in the FE are territorially
distributed by nature, likely to be present in
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every municipality. Due to its social and spa-
tial inclusivity, the FE approach, promising to
build more grounded local and regional econ-
omies, has the potential to save left-behind
places from the ‘circular and mutually rein-
forcing spiral of deterioration” (MacKinNoN,
D. et. al. 2022; MArRTYNOVICH, M. et al. 2023). In
addition, policies improving the productivity
of ordinary firms in the everyday economy
(such as retail, hospitality, social care, tour-
ism), can achieve more regionally balanced
growth by creating a broader base of com-
petitive firms than an exclusive focus on fron-
tier firms with a high spatial concentration,
as the regional productivity gap in the case
of certain FE activities is not that significant.
Integrating the FE approach into economic
policy making would also increase the po-
tential of peripheral/semi-peripheral CEE
regions ‘locked into” low value segments of
GVCs to overcome the low innovation, low
skills, low productivity trap (GaLcoéczi, B.
et al. 2015), helping them to avoid race-to-the-
bottom situations. With its marked social wel-
farist orientation emphasizing human capital,
social investments, and the social consump-
tion of essential goods and services over indi-
vidual private consumption, the FE approach
is particularly well-suited to the needs of
peripheral regions with demographic chal-
lenges and reduced economic opportunities,
capable of alleviating poverty by providing
decent wages and promoting a renewal of key
provisioning sectors of the economy.

Data and methods

Our empirical work utilises a database of
firm-level financial data collected from four
Central and Eastern European countries, the
Visegrad Group, based on our institution’s
access to the Bureau van Dijk’s Orbis Europe
database. The covered period spans from
2016 to 2021 and the database consists of a
total of 218,575 active firms from Czechia,
Hungary, Slovakia and Poland having either
over 10 employees or over 1,000,000 USD op-
erating revenue.

The location information allows us to iden-
tify the NUTS3 region and the municipality
in which the firms are headquartered. This
information allows us to study the firms’
performance according to a variety of territo-
rial aggregations, from which we will focus
on the national and the NUTS3 level. Also,
information on the firms’ sector of operation
according to the NACE Rev.2 classification
(4-digit codes) enables us to analyse the data
in a detailed sectoral disaggregation. The set
of variables collected from the Orbis Europe
database were chosen to be relevant to the cal-
culation of the firm-level labour productivity
following the widely recognised guidance of
Gar, P.N. (2013). Nonetheless, data availability
issues highly constrain the pool of firms avail-
able for analysis. The results might not be fully
representative for all of the regions. To over-
come these shortcomings, we kept the level
of regional disaggregation at the NUTS3 level
and computed averages over the six years that
were covered in our data set. For the sake of
greater coverage, we omit dynamic analysis.

In order to study the functioning of the
foundational economy in each region, we
need to identify those economic activities
that belong to the different ‘zones’ of the
economy. A detailed classification published
by The Foundational Economy Collective (FE
Collective, 2019) will help us to do this. The
classification assigns to each economic activity
identified by the NACE codes their type ac-
cording to which part (zone) of the economy
they belong (Table 2). The two categories with-
in the foundational economy, as explained in
previous sections, are the material activities
and the providential activities, and similar
in nature is the overlooked economy, which
are supplemented by the tradable economy
(called “other activities”). This way we are able
to identify the divergent economic structures
and the associated development patterns
among the regions of the CEE area.

The importance of the foundational econ-
omy is mostly evaluated with the distribu-
tion of economic performance between the
different economic zones. For this reason,
we compute some baseline distribution in-
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Table 2. NACE Rev. 2 industry classification with
respect to economic zones

Number of Pe'rcentage
Zone . . of industry
industries o
codes, %

Material 182 23.2
Providential 44 5.6
Overlooked 183 23.3
Tradable (other) 377 48.0
All industries 786 100.0

Note: A detailed list of industry classification is
available in MarTYNOVICH, M. et al. (2023) online
supplement (pp. 10-21), and The Foundational
Economy Collective (2019). Source: Authors” own
elaboration based on MartyNovicH, M. et al. (2023)
online supplement.

dicators regarding the number of firms, the
number of employees and the total operat-
ing revenues in a regional aggregation. This
is the information available in the database
for the widest range of companies. We sup-
plement this with the evaluation of average
income and employment that inform about
the relative strength of the types of eco-
nomic activity in each region. The location
information and the sector of operation is
available for almost all firms, but the cover-
age of employment and operating revenue
data is only around 90 percent at an average
(Table 3). For Czechia and Slovakia, the lower
coverage is attributable to the reporting prac-
tices of public sector firms and institutions,
as data in many cases are available only at a
class level or as an estimation. When com-

puting firm-level productivity measures, we
sort out those firms (institutions) that report
‘limited financials’ (Figure 1 and 2).

A U-shaped relationship is observable be-
tween the relative development of the regions
and the share of the manufacturing sectors
within their total economy (Figure 3). In fact,
the values exceeding 20 percent are regarded
as high in a Europe-wide comparison. On the
basis of this, and also considering the popu-
lation size, we have grouped the 115 regions
into five categories according to their level of
development based on their per capita GDP
level (in PPS) relative to the EU average in
2019 (see Figure 1). The capital regions are
a distinct category, reaching 152 percent
(Budapest), 163 percent (Bratislava), 206 per-
cent (Prague) and 216 percent (Warsaw) of the
average per capita GDP in the EU and having
a low relative share of manufacturing within
their economy. The second development cat-
egory consists of 9 metropolitan regions with
large non-capital cities, of which one is in
Czechia (Jihomoravsky kraj with Brno) and 8
in Poland (Miasto Krakéw, Katowicki, Miasto
Poznan, Miasto Szczecin, Miasto Wroclaw,
Trojmiejski, Miasto Lodz and Warszawski
zachodni), having above-EU average develop-
ment and relatively low manufacturing sector.
The third category represents the relatively
developed non-capital regions (altogether
22), hereby referred to as ‘intermediate” re-
gions, with per capita GDP levels exceeding
70 percent of the EU average. They are mostly
manufacturing regions with medium-sized

Table 3. The coverage of the firm-level database

Number of . Coverage of
Country | NUTS3 Total operating 3 .
: revenue, million USD employmen revenue
regions firms employees data*, % data*, %
Czechia 14 60,083 3,324,593 603,794 80.6 92.0
Hungary 20 57,412 2,785,495 470,866 95.6 99.7
Slovakia 8 29,518 1,133,455 247,406 80.3 80.0
Poland 73 71,562 6,056,176 1,038,711 95.3 92.7
Total 115 218,575 | 13,299,719 2,360,776 89.3 92.6

*The column reports the proportion of companies for which data are available for at least one year.

Source: Authors” own elaboration based on Orbis data.
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Fig. 1. Relative economic development of the NUTS3 regions in the
Visegrad countries (per capita GDP in PPS, as a percentage of the EU-27
average), 2019. Source: Authors” own elaboration based on Orbis data.
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Fig. 2. The normalised Hirschmann-Herfindahl index of GDP concentra-
tion in the Visegrad countries, 2010-2021. Source: Authors” own elabora-
tion based on Eurostat data (nama_10r_3gdp).

centres. Apart from Plocki
and Legnicko-Glogowski
regions in Poland, none
of these exceed 90 percent
of the EU per capita GDP,
nevertheless, they are de-
veloped compared to other
parts of their respective
countries. The less devel-
oped regions were divided
into two categories: ‘pe-
ripheral” regions reaching
between 50 and 70 percent
and having remarkable
manufacturing sector (alto-
gether 54 regions); and the
‘most backward” regions
which are below 50 percent
of the EU average per cap-
ita GDP and the weight of
their manufacturing sector
is moderate (altogether 26
regions, none of which are
in Czechia).

To evaluate firm perfor-
mance, we calculate em-
ployment, revenue and pro-
ductivity indicators. Gar,
P.N. (2013) considers total
revenue-based labour pro-
ductivity as the most widely
available measure, whose
major weakness is that it does
not control for intermediate
input usage. Value added
based labour productivity
takes care of this problem,
as value added is the dif-
ference between output
(sales, revenue) and inter-
mediate inputs (including
resold goods). However,
labour productivity does
not control for differences
in capital intensity across
firms, therefore, to control
for capital intensity, total
factor productivity (TEP)
should be calculated.
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Fig. 3. The relationship between the share of manufacturing in GVA and relative development in the NUTS3
regions of the Visegrad countries (2016-2021) by region types. Source: Authors” own elaboration based on
Eurostat [nama_10r_3gdp] and [nama_10r_3gva].

In this research we compute four kinds of
measures for firm-level productivity. First,
turnover-based labour productivity, which is
the operating revenue divided by the number
of employees. Likewise, a more accurate meas-
ure is value-added-based labour productiv-
ity, which is the value added divided by the
number of employees. Nevertheless, the cover-
age of the value added data varies among the
countries, being the lowest in Hungary (18%)
and the highest in Poland (91%). Thirdly,
value added is estimated by simply using
its definition based on factor incomes as de-
scribed by Gar, P.N. (2013), that is, the sum of
the cost of employees and EBITDA. Fourthly,
value added is calculated as the difference be-
tween total turnover and intermediate inputs,
where the latter is approximated by the mate-
rial costs. These indicators all measure labour
productivity. Partly due to the different focus
of our research and to data availability issues,
TFP calculations will not be included at this
stage of the research.

Results

In this chapter we first present a bunch of
descriptive statistics about the weight and
performance of the various types of econom-
ic activities according to the foundational
approach in the regions of the selected CEE
countries. Then, we analyse the efficiency of
production according to multiple labour pro-
ductivity measures across the regions.

Exploring the performance of different economic
activity types in the CEE regions

The basic distribution measures mostly
confirm our expectations about the weight
of foundational activities (identified by the
firms” NACE codes) in the different types of
regions based on their relative development
(Figure 4, and Figure A1 and A2 in the Appen-
dix). Regarding the number of firms, tradable
activities are most concentrated in the capitals
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and metropolitan regions, but in
terms of employment and, espe-
cially revenues, they are more
represented in the intermedi-
ate regions in all four countries.
The weight of material activi-
ties is relatively small in terms
of the number of firms, but they
represent the second largest cat-
egory in terms of employment
and revenues, especially in the
capital regions. This is due to the
centralised nature of material
services provision and to the fact
that a large part of the employ-
ment and revenues are recorded
in the capital-based headquar-
ters of the firms in the material
sectors. In less developed re-
gions, particularly in the most
backward ones, providential and
overlooked activities gain more
importance, notably in terms of
employment, and to a less extent
in terms of revenues. While bear-
ing in mind that the significant
differences in the share of provi-
dential activities may arise from
the different reporting practices
of public institutions in the four
countries, within-country, inter-
regional differentials are still
considered informative.
Interregional differences, based
on the cross-sectional relative
standard deviation (Table 4) are,
generally, the highest in Poland,
followed by Hungary and are the
lowest in Czechia. Out of the four
activity types, the spatial varia-
tion is relatively high in the prov-
idential and overlooked activities
and it is the lowest in the trad-

Fig. 4. The distribution of employment

between economic activities by region

type, averages between 2016 and 2021.

Source: Authors’ own elaboration
based on Orbis data.
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Table 4. The relative interregional standard deviation of the share of FE and non-FE activities within the total economy

Country Material ‘ Providential ‘ Overlooked Tradable
Relative s.d. — the share of employees, %
Czechia 25.8 13.3 174 13.2
Hungary 23.6 27.0 21.4 24.8
Slovakia 24.2 28.8 2211 18.0
Poland 35.7 49.9 44.5 315
Relative s.d. — the share of firms, %
Czechia 14.3 22.6 9.9 18.3
Hungary 20.7 274 10.1 21.6
Slovakia 21.4 40.8 13.4 13.0
Poland 27.9 284 17.2 22.0
Relative s.d. — the share of revenues, %
Czechia 30.1 28.6 45.4 16.4
Hungary 35.4 39.8 50.4 29.2
Slovakia 25.7 294 46.8 14.0
Poland 41.2 58.0 78.8 36.1

Source: Author’s own elaboration based on Orbis data.

B 7380
[ 62.30-73,79
[ ]51.80-62.29
[ 41.40-51.79
B <4139

Fig. 5. The share of employees in foundational activities by NUTS3 regions
in the Visegrad countries, averages between 2016 and 2021, in percent.
Source: Authors’ own elaboration based on Orbis data.

able activities. Concerning
the three types of indica-
tors, the highest interre-
gional variation is observed
in terms of the revenues and
the number of employees.
The geographical differ-
ences regarding the share
of employment in founda-
tional activities within total
employment significantly
overlap with the differences
of overall economic devel-
opment measured by per
capita GDP (see Figure 1), as
confirmed by Figure 5 below.
To gain deeper insights,
we plot this relationship
(Figure 6) and evaluate it
with an OLS-regression
between the share of em-
ployees in the foundational
activities and the relative
development of regions.
Analogous regressions were
also computed for revenues
and the number of firms in
the FE activities as a share of
those in the total economy.
Due to their high level of
development and the bal-
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anced distribution of tradable and foundational
activities within their economies, the four capi-
tal cities and a couple of Polish metropolitan
regions emerge as outliers within the regions.
This holds for the weight of FE in terms of em-
ployment and revenues, but not for the number
of firms as the share of firms in FE activities
relative to the total economy is the lowest in the
capitals and metropolitan regions among the
regions in each country, i.e., they do not depart
from the general tendency described by the re-
gression in this respect (see Figure Al in the
Appendix). This result is in line with those of
MarryNovicH, M. et al. (2023), who highlighted
that the weight of FE, by its very nature, is in a
strong, positive relationship with the popula-
tion density. It is reasonable to assume that this
additional factor causes the specialties of the
capital and metropolitan regions. The overall
correlation between the level of development
and the weight of the foundational sectors is
better captured if we exclude the capital cit-
ies from our computations. The relationship
between the share of employees in FE and the
relative per capita GDP is significantly negative
in the regions outside the capital cities, as con-
firmed by the results of the regression analysis
(see Table 5). The relationship between relative
regional development and the share of reve-
nues in the FE is weaker, but significantly nega-
tive nonetheless. At the same time, the regres-
sion shows the strongest negative association if

we relate the regions’ relative development to
the number of firms in FE within their number
in the total economy.

There are some notable differences within the
Visegrdd Group regarding the regional-level
distribution of the share of foundational activi-
ties in terms of employment. Expectedly, the
extent of the variation between the individual
regional values follows the number of regions
within each country. In Czechia, the weight of
foundational activities within total employ-
ment varies between 46 percent (Liberecky kraj)
and 67 percent (Karlovarsky kraj). In Hungary,
the lowest share of FE employment, 45 percent,
was measured in Komdrom-Esztergom county,
and the highest, 76 percent in Tolna county.
In Slovakia, the share of FE employment var-
ied between 39 percent (Trenciansky kraj) and
66 percent (Banskobystricky kraj). The high-
est dispersion in this respect was observed in
Poland, where the share of FE employment was
the lowest in Plocki region (34%), and the high-
est in Chelmsko-zamojski region (86%).

Measures of the average size of firms in terms
of employment and revenues in the different
sectors and regions are also informative and
help us to make a distinction between the gen-
eral development level and the relative impor-
tance of the FE sectors. Figure 7 indicates the
average number of employees and the average
turnover by NUTS3 regions relative to the total
economy in a combined way. When the points

Table 5. The relationship between the weight of FE and relative development in the NUTS3 regions of the Visegrad
countries (2016-2021)

Share of employees ‘ Share of revenues Share of firms
Dependent variable in the FE within total
employees revenues firms
Constant 79.9650* 72.6497* 78.8797*
(3.1774) (4.6434) (1.9332)
Per capita GDP, -0.3455* -0.3429* -0.2895%
EU-27 =100 (0.0481) (0.0702) (0.0292)
Adj. R-squared 0.3155 0.1720 0.4687
S.E. of regression 9.9862 14.5938 6.0759
F-statistic 51.6971 23.8433 98.0219
Prob.(F) 0.0000 0.0000 0.0000
Obs. 111 111 111

Note: Standard errors are in parentheses. * Indicates significance at the 99 percent level. Source: Authors’

own elaboration based on Orbis and Eurostat data.
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Fig. 7. Average number of employees and average turnover by region types and by activity types in the NUTS3
regions of the Visegrad countries (total economy = 1). Source: Authors” own elaboration based on Orbis data.

representing the NUTS3 regions are closer to  compared to the total economy, but the average
the vertical axis, it suggests that the relative =~ employment of firms is relatively lower. This is
average turnover of firms is generally higher  the case in the material activities and, especial-
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Fig. 7. Continued.
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ly, in the tradable activities. In the overlooked
activities, the firms’ relative average employ-
ment is roughly proportional to their relative
average turnover. However, in the providential

activities, the firms employ a relatively large
number of people at an average, but their av-
erage turnover is unproportionately low. The
highest average employment is observed in the



274 Egyed, I. and Zsibok, Zs. Hungarian Geographical Bulletin 72 (2023) (3) 257-285.

material and providential activities, especially
in the capital regions (partly as a result of the
special reporting practices). Average employ-
ment is generally the lowest in the overlooked
activities. The tradable activities have a higher
number of employees in the non-capital re-
gions, especially in the intermediate regions,
but the largest firms in terms of employees are
found in the providential activities.

Measures of firm-level productivity in the
CEE regions

In what follows, we evaluate firm perfor-
mance on the basis of labour productivity
as described in the “Data and methods” sec-
tion. Our perception is that the four types of
labour productivity indicators show roughly
similar tendencies, but they show some in-
consistencies, therefore, we evaluate their
evolution together (Figure 8, and Figure A3
in the Appendix). The turnover-based pro-
ductivity will be compared to the average of
the other three, value-added-based produc-
tivity measures.

Based on the available measures of labour
productivity, our results confirm the general
expectations: in all types of regions tradable
activities are more productive than other ac-
tivities in many cases, but not always. Among
FE activities, material activities have a compa-
rably high or even higher labour productivity,
especially in the capitals and Polish metro-
politan regions. According to all measures
of labour productivity, overlooked activities
are less productive than material and tradable
activities in each of the four Visegrad coun-
tries and each type of region, while the lowest
efficiency was measured in the providential
activities. A downward slope is observed for
labour productivity performance according
to the level of regional development (repre-
sented by the five region categories) across
each activity type, which is most evident in
Poland, and somewhat less visible in Slovakia.
There is also a duality in terms of capital ver-
sus non-capital regions, especially in Slovakia
and to a lesser extent in Hungary. In the case

of Czechia, the productivity gap between the
capital and non-capital regions is not that
large, and the differences between non-capi-
tal regions, including the metropolitan region,
are not wide either. Productivity differentials
among the five types of regions are smaller in
the overlooked and the providential activities.
Among the non-capital regions, the produc-
tivity advantage of intermediate regions over
that of other, less developed (peripheral and
most backward) regions is not always observ-
able in the case of Czechia or Hungary.

Figure 9 — and Figure A4 in the Appendix —
depicts labour productivity values for each
NUTS3 regions by region types and compares
them across the four types of activities in the
Visegrad countries. The largest capital versus
rest of the regions disparities are observable in
the material industries (due to their highly cen-
tralised nature) and in the tradable activities.
These are the largest in Slovakia and Hungary,
but the distribution is much more balanced in
Poland due to the high performance of the met-
ropolitan regions. The most even distribution
is observed for the overlooked activities and
the providential activities everywhere, with the
exception of Hungary. In the providential activ-
ities capital regions typically have a medium, or
at least not outstanding performance.

Discussion

Comprehensive empirical exploration of
the FE is very scarce in the literature so far,
therefore we can compare our results with
only a few examples. The basic distribution
measures that inform about the weight of FE
are largely in line with those found in the
literature. The most notable of them is Mar-
TYNOVICH, M. et al. (2023) who investigated
the role of FE in times of crisis. According
to them, the blow of the crisis was milder in
regions where the FE was better integrated
with other economic activities. We think that
this is similar to the case of CEE, since FE in
itself is not stable enough to provide long-
term stability because of its regrettably un-
derfinanced nature. The authors propose that
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types (1,000 USD). Source: Authors’ own elaboration based on Orbis and Eurostat data.
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the different roles played by foundational
and traded activities during crisis and recov-
ery necessitate a more balanced approach,
and more attention should be paid to the
integration between these parts of the econ-
omy. Namely, to give particular attention to
the interconnections between foundational
and traded activities in regional policymak-
ing and not to prioritize one over the other.

Our position is in accordance with the re-
sults of Nycaarp, B. and Hansen, T. (2020)
who state that foundational industries are
often presented as levers for increased pro-
ductivity, economic growth and job crea-
tion in other industries, thus, arguments for
prioritizing them are not simply based on
their positive contribution to citizens” wel-
fare. The authors also found that local ini-
tiatives related to material services are most
prominent, whereas providential services are
less frequently prioritized in the municipal
development strategies. Similarly, in CEE,
material activities are often treated as stra-
tegic industries. The authors state that in
Danish municipalities providential services
are not considered part of the core of wealth
production despite their central contribution
to citizens” well-being. In general, founda-
tional activities are regarded as unproduc-
tive consumption that municipalities can af-
ford when exporting industries are thriving.
According to Nycaarp, B. and Hansen, T.
(2020), it is capital and other metropolitan
areas that emphasize initiatives to improve
or invest in foundational industries, whereas
rural and provincial municipalities are more
likely to stress export-oriented industries in
their planning strategies. We assume that it
reflects the fact that foundational activities
are often treated as residual, which is even
more the case in CEE.

BosAxk, V. et al. (2023) in a Czech munic-
ipal-level comparative analysis underline
that the successful functioning of the trad-
able economy is conditioned by the FE, in the
long-run, as it ensures social reproduction.
Actually, an underdeveloped FE severely
hinders local development overall, includ-
ing further expansion of the tradable sectors.

In our research we also find that beyond
tradable activities, only the well-financed
material activities are able to bring prosper-
ity to less developed areas, but there is no
significant spill-over effect, since revenues in
the overlooked activities largely depend on
the local purchasing power, and revenues in
the providential activities are dependent on
public finances.

Conclusions

In this article we provided an exploratory
analysis of the distribution and performance
of foundational activities within the regions
of four CEE countries. Our findings show
that foundational activities account for a
significant proportion of employment, but
they are considerably less important in terms
of revenues. Also, the results confirmed our
expectations that foundational activities are
more represented in less developed regions,
while tradable activities are more wide-
spread in the so-called intermediate regions
that form the most developed parts of their
respective countries outside the capital cities.
The relative economic development of capital
cities outperforms their wider environment,
nonetheless, the weight of the foundation-
al and non-foundational activities is quite
balanced in each of the four capitals of the
Visegrdd countries, at least in terms of em-
ployment and revenues. Among the differ-
ent types of foundational activities, material
activities have a similarly high labour pro-
ductivity as compared to the tradable sector.
Consequently, if we presume that tradable
activities are less likely to appear robustly
in less developed regions, the strengthening
of the presence and performance of mate-
rial activities might have positive impacts
on their prosperity. The countries of the
CEE region share many common features
in terms of their economic development and
geographies, but there also important differ-
ences between them. Slovakia and Czechia
are characterized with a higher degree of
‘capital versus rest of the country’ duality
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compared to Hungary, even though the lat-
ter shows wider spatial inequalities in GDP
production, while economic development in
Poland is the most deconcentrated based on
both regional and firm-level data.

The most striking difference in the CEE
countries with respect to their Western
European counterparts is that the relative
weight of manufacturing is significantly
higher, but it reflects a weaker efficiency, i.e.,
the low road of development. Hence, a high
reliance on the manufacturing sector cannot
guarantee prosperity.

We suspect that in the CEE context, foun-
dational activities might prosper in those
regions where a relatively developed trad-
able sector is present, which is confirmed
by the experience of the capital cities and
metropolitan regions. Given that in some
cases, especially in Hungary and Slovakia,
the government’s economic policy focuses
more on industrial development and treats
a large share of foundational activities as re-
sidual (excepting, e.g., the energy and finan-
cial sectors), the foundational economy could
develop only in tandem with the tradable
economy. Our impression is that good ex-
amples in this respect are found (apart from
the highly developed capital cities) in the so-
called “intermediate’” regions where a high
level of industrialization and economic buoy-
ancy can boost the growth of foundational
activities and the services sector in general.
Unfortunately, FE activities per se will not be
able to deliver prosperity in the short run
to otherwise underdeveloped CEE regions
unless a greater, deserved focus is given by
national economic policy. However, the op-
posite is also true, but mainly in the long
run (which might explain policy neglect),
i.e., regions will lose their attractiveness to
investments in the tradable sectors if their
foundational economy is underdeveloped.
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Green capital East of the Leitha? The chances and disadvantages of
major cities in the Pannonian Basin to win the
European Green Capital Award

Darma SCHMELLER! and GAsor PIRISI?

Abstract

This study focuses on the chances of major cities (over 100,000 inhabitants) in the Pannonian Basin to win the
European Green Capital Award. The 28 cities covered by the analysis can be divided into two groups: eleven
cities that have already applied (one of them, Ljubljana was a previous winner) and seventeen cities that have
not yet applied for the award. During the research, we divided the cities according to these two groups. In the
study we applied various statistical and spatial analysis methods to capture similarities and differences in their
environmental indicators. The results show that there are no significant differences in environmental indices
between these two groups, and the values of the 2016 winner city (Ljubljana) are most similar to Austrian,
Slovenian, and Croatian cities. Furthermore, based on the results of the similarity search, it can be stated that
the further east we go, the less similar the examined cities are to Ljubljana. We also examined the probability of
reaching the finals, indicating that cities that have not yet applied have a low likelihood of winning the award.

Keywords: European Green Capital Award, green cities, environmental indicators, sustainable urban devel-

opment, Pannonian Basin

Received May 2023, accepted September 2023.

Introduction

Adapting to climate change and mitigating
its potential negative impacts will become
an increasingly important task for Euro-
pean cities, where nearly 80 percent of the
population will be urban by 2050 (Harpi, T.
et al. 2014; Crark, G. et al. 2019). The pur-
suit of environmental and social resilience
and municipal sustainability is becoming
increasingly popular among cities (ANDERS-
soN, I. 2016; NzimanDg, N.P. and FasuLra, Sz.
2020; BuzAsi, A. et al. 2022). This may include,
among others, the need to respond to vari-
ous external impacts (e.g., natural disasters,
extreme weather events), transforming water
and waste management at municipal level

(e.g., rainwater retention, recycling), reduc-
ing air and noise pollution, increasing the
number and size of green spaces, or boost-
ing the commitment towards sustainability.
However, there are differences between the
cities of Western and Eastern Europe about
the perception and evaluation of the chal-
langes of sustainability and climate change.

They are reflected by differences in goals,
priorities, and structures that appear in
European urban development. In former
state-socialist countries, territorial and ur-
ban development was determined by the
state, resulting in limited autonomy for local
stakeholders. Urban planning and develop-
ment were centrally directed and controlled
(‘top-down’), as noted by KovAcs, Z. (1999),
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SarLer-FrieGg, U. (1999), Szirmar, V. (2004),
and KoNEcka-Szyprowska, B. et al. (2018). In
contrast, Western Europe saw the emergence
of new urban functions in former industrial
areas after deindustrialisation, with a sig-
nificant focus on brownfield rehabilitation
(DaNNERT, E. 2016). In Western European cit-
ies local communities play a crucial role in
the urban development process, partly due
to varying levels of co-financing and a limit-
ed role of the central state (BarTa, Gy. 2009;
Puczkd, L. and J6sza1, A. 2015). Following
the transition to democracy, many post-so-
cialist cities struggled with the shift to a
‘bottom-up” planning approach, a transition
they had to go through (HErVAINE SzaB6,
Gy. 2008; Hirr, S. and Stanirov, K. 2009). In
the new system, funding became primarily
available from external sources, requiring
local governments’ activity, embeddedness
and commitment. Further challenge ap-
peared after the Leipzig Charter (European
Commission, 2007) with the transtion to an
integrated urban development approach, as
it posed difficulties for most post-socialist
cities in terms of democratising planning
and involving local stakeholders (Bajnar, L.
2007). Furthermore, other factors could not
be overlooked either, including the economic
decline and unemployment stemming from
the collapse of industry, the lack of function-
ing real estate market until the political trans-
formation, the adverse effects of privatization
on land use, the neglect of environmental
pollution, the growing social inequality and
segregation, the lack of capital for local gov-
ernments, the absence of an established part-
nership system, and the negligible presence
of the civil sector (HErRvAINE SzaB6, Gy. 2008;
Barrta, Gy. 2009; Hirr, S. 2013).

To address these challenging issues,
post-socialist cities aimed for a secure tran-
sition, with governments acting as partners,
as seen in the case of Hungary. During this
transitional period, while urban develop-
ment was under government control with
the involvement of supervisory authorities,
local governments had the opportunity to
apply, plan, and execute independently.

According to PINTER, T. “the persistence of
the eastern periphery was also necessary for
the development of the western countries”
(PiNTER, T. 2015, 127), meaning that the hand-
icap of Eastern European cities inadvertently
contributed to the strengthening of Western
European cities.

In urban development, the role of the
European Union became crucial not only in
terms of financing but also in introducing
policy measures and fostering cooperation
(Verponk, H. 2014), which can stimulate the
development of post-socialist cities. Today,
one of the most highlighted aspects of EU
urban development is the creation of sustain-
able and green cities, contributing to miti-
gating the negative effects of climate change.
To achieve this, the European Commission
established the European Green Capital
Award (EGCA) in 2008, which encourag-
es cities to transition onto a “green path”
and promotes long-term development that
positively impacts residents” quality of life
(Gupmunbsson, H. 2015). The effects of im-
plemented developments can be measured
through monitoring studies, which can also
be considered as performance evaluations,
thus, revealing the extent of progress in a
given city. The European Union also advo-
cates for the monitoring of cities based on
various indicators, which also serve as the
basis for awarding the EGCA.

This study focuses on the major cities
(i.e., above 100,000 inhabitants) within the
Pannonian Basin in East Central Europe.
There have been numerous publications
related to sustainability in the region, with
the application of various environmental
indicators being relatively popular. For in-
stance, BANICA, A. et al. (2020) examined
several Central and Eastern European cities
to explore the connections between green
infrastructure, resilience, and adaptability.
Similarly, Csete, A.K. and GuryAs, A. (2021)
investigated the urban green infrastructure
network of Szeged, and the role of vegetat-
ed surfaces in urban water management.
Herser, L. et al. (2016) studied the urban
heat island phenomena in Cluj-Napoca,
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which are considered “byproducts” of in-
creasing urbanization and climate change.
Porescu, R-I1. and Zawmrir, A. (2012) ana-
lysed the competitiveness of green cities in
the field of “ecological marketing” based on
the European Green Capital Award and the
Romanian Green City program, finding a
close relationship between a city’s ecologi-
cal values and its competitiveness. BuzAsr,
A. and JAGER, B.S. (2021) assessed the sustain-
ability of Hungarian county capitals using
various statistical methods, while Sixos, T.T.
and Szenpy, D. (2023) examined Hungarian
major cities from economic and environ-
mental sustainability perspectives based on
specific topics related to the UN Sustainable
Development Goals. Some publications spe-
cifically analyse individual sustainability in-
dicators, such as cycling in Osijek (DIMTER,
S. et al. 2019), the per capita green space in
Romanian, Slovenian, and Croatian cities
(Baptu, D.L et al. 2016; SELimovi¢, A. 2022),
or energy management in Pécs (Kiss, V.M.
2015). Despite the growing number of stud-
ies, a comparative analysis of sustainability
indicators of cities in the Pannonian Basin is
still missing.

The European Green Capital Award

The establishment of the European Green
Capital Award began in 2006 with an ini-
tiative led by Jiiri Ratas (Prime Minister of
Estonia between 2016 and 2021, and former
Mayor of Tallinn from 2005 to 2007). Fifteen
European cities joined this initiative, includ-
ing Tallinn, Helsinki, Riga, Vilnius, Berlin,
Warsaw, Madrid, Ljubljana, Prague, Vienna,
Kiel, Kotka, Dartford, Tartu, and Glasgow.
The Estonian Cities Association also became
associated with the initiative (SAReEN, S. and
GRrANDIN, J. 2019). The fundamental princi-
ples and objectives of the award were out-
lined in a declaration known as the Tallinn
Memorandum 2006. In this memorandum,
the award’s purpose and thematic areas were
defined as follows:

“Following the initiative of Tallinn, we, representatives
of European cities, propose to the European authorities to
establish the European Green Capital title. This is to be
awarded each year to a city that is an environmental role
model for other municipalities, e.g., by having followed a
consistent environmental policy, implemented sustainable
mobility solutions, including an improved public transport
system, expanded the territories of parks and green areas,
successfully introduced modern waste management prin-
ciples and technologies, or implemented innovative and
enterprising solutions to improve the quality of the urban
living environment.” (Tallinn Memorandum 2006).

The European Commission introduced
the award in 2008, creating the first official
recognition by the European Union aimed at
promoting and supporting the development
of green and sustainable cities (LONEGREN, L.
2009; Gursrup, N.M. et al. 2017). The justifica-
tion for the existence of the European Green
Capital Award is based on the growth of ur-
ban populations, which has led to the con-
centration of environmental and social issues
primarily in these regions. Cities are seen as
having to adapt to these challenges (Kann,
M.E. 2006; BEaTLEY, T. 2011; CARTER, ].G. 2011;
BeRETTA, 1. 2014). The award aims to evaluate
how municipalities respond to various en-
vironmental challenges, recognizing efforts
directed at improving the urban environment
and contributing to the creation of more sus-
tainable and healthier cities. Additionally, it
encourages cities to share their experiences,
fostering a collaborative and continuously
evolving system (Ruiz pEL PorTAL SaNz, A.
2015; Diverpg, H. 2016; COMERTLER, S. 2017;
Nursk, A. and Norts, P. 2020).

Cities with a population of over 100,000
can apply for the award, provided that their
country is a member of the European Union,
a candidate for accession, or located within
the European Economic Area or Switzerland.
If the city with the highest population in the
country does not meet this threshold, the
city with the highest population is allowed
to apply.

For cities interested in applying, an an-
nual workshop is organized to explain the
application process and allow participants
to share experiences and ideas. The first step
in the application is registration, which is
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entirely non-binding. In other words, cities
are not obliged to compete later on, but this
registration provides insight into the details
and processes of the application. If the city
leadership decides to proceed with the ap-
plication, the application documents must
be submitted through an online platform,
which needs to be signed by the mayor or
the highest-ranking city representative
(Gupmunbsson, H. 2015). Cities applying
for the award must meet various criteria
(MEDERING, J.V. et al. 2014), including pre-
senting their current state, developments
carried out in the past five to ten years, and
future goals in various thematic areas. It is
also important to showcase commitments,
agreements, partnerships, and the role
of the community in these developments
(European Commission, 2021).

At the time of the launch of the award, cit-
ies competed based on ten criteria, which
have undergone multiple revisions since
then (Figure 1). This study examines cities
based on the thematic areas specified in the
2022 competition announcement. The reason
for this is that starting from the 2023 round,
the “sustainable land use and soil” criterion
is challenging to quantify with data (e.g., soil
sealing). Furthermore, this new criterion did
not apply to cities that had already applied
for the award, and their application materials
do not provide information on this aspect.

The submitted applications are evaluated by
international experts who create rankings of
cities based on the points they have earned. The
decision regarding which cities advance to the
finals is made by the European Commission
based on expert opinions (Gupmunbpsson, H.

2012,2013 2016, 2017, 2018, 2019 2023
1. Local contribution to global climate 1.Climate change: mitigation and adaptation 1.Air quality
change 2. Local transport 2. Noise
2. Local transport 3. Green urban areas incorporating 3. Water

3. Green urban areas
4. Sustainable land use
5. Nature and biodiversity 5.
6. Quality of local ambient air
7. Noise pollution
8. Waste production and management
9. Water consumption
10. Waste water treatment

6. Quality of the acoustic environment
7. Waste production and management innovation
8. Water management
9. Waste water treatment
10. Eco-innovation and sustainable

sustainable land use 4. Waste
4. Nature and biodiversity

5. Nature and biodiversity
6. Sustainable land use and soil
7. Green growth and eco-

Ambient air quality

8. Climate change: mitigation
9. Climate change: adaptation
10. Sustainable urban mobility

11. Environmental management of the employment 11. Energy performance
municipality 11. Energy performance 12. Governance
o 121 v " .

.
2010, 2011
1. Local contribution to global
climate change
2. Local transport
3. Accessibility of public spaces
4. Air quality
5. Noise pollution
6. Waste production and
management
7. Water consumption
8. Waste water treatment
9. Environmental management of
the municipality
10. Sustainable land use

2014, 2015

1.Local contribution to global climate

change
2. Local transport

3. Urban green areas incorporating

sustainable land use
4. Nature and biodiversity

5. Quality of local ambient air

6. Noise pollution

7. Waste production and management

8. Water consumption
9. Waste water treatment

10. Eco-innovation and sustainable

employment

11. Environmental management of the

municipality
12. Energy performance

.
2020, 2021, 2022

1. Climate change: mitigation
2. (limate change: adaptation
3. Sustainable urban mobility
4. Sustainable land use
5. Nature and biodiversity
6. Air quality
7. Noise
8. Waste
9. Water
10. Green growth and eco-
innovation
11. Energy performance
12. Governance
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2015). In the final circle, cities are required to
present their results and explain why they
could serve as examples to other cities.

By focusing on the identified areas of im-
provement in the examination of thematic are-
as, cities can effectively manage their financial
and temporal resources. They can prioritize
areas of development that are crucial for sus-
tainability, thereby increasing their chances of
success in the competition and enhancing the
overall sustainability of their city. The results
of this study can contribute to the develop-
ment of sustainable, resilient, and green cities,
serve as a model for city governments, and
be used to enhance the chances of successful
participation in the award competition.

Financial background of the award

The European Green Capital Award does not
have its own budget, so it cannot provide di-
rect financial support to the applying cities.
Cities must seek other European Union fund-
ing opportunities to finance their urban de-
velopment activities. However, the winning
city is entitled to a cash prize introduced
since 2019. In 2022, this prize amounted to
350,000 EUR, while the 2023 winner received
600,000 EUR. This prize is funded from the
budget of the LIFE program. Cities whose
countries do not participate in this program
are not eligible for the financial reward (Eu-
ropean Commission, 2021).

Benefits after winning the award

Winning the award can come with several
benefits. The winning city can gain inter-
national recognition and media coverage,
which can positively impact tourism and
promote the green city brand. New collabo-
rations may be established within the city
or with other cities. A notable example is
the European Green Capital Network (since
2014)% through which winning and finalist

% Available at https://environment.ec.europa.eu/

cities can share their ideas and experiences,
represent European cities in the field of en-
vironmental protection and sustainability,
encourage other cities to engage in sustaina-
ble urban planning, and collaborate with the
European Commission. Environmental pro-
jects can receive greater emphasis, strength-
ening the commitment to sustainability. The
documentation generated through the award
process can help in measuring and analysing
the city’s development, highlighting weak-
nesses and problems, and providing com-
parable data for other cities. Involving city
residents in development through public
opinion research, informational campaigns,
and forums can enhance their commitment
to their city, enabling them to contribute to
creating a more livable, healthier, and attrac-
tive city, ultimately improving their quality
of life. Since 2019, the cash prize awarded
to cities can be spent on sustainable urban
development investments (European Com-
mission, 2021).

Review of the literature on research focusing
on the European Green Capital Award

The European Green Capital Award has been
of interest to the European Commission since
2006, but it only gained significant recogni-
tion in public discourse after the announce-
ment of the first winning city in 2010. Conse-
quently, the research on this topic dates back
to around that time. Since the inception of the
award, the European Commission has annu-
ally published official evaluation documents,
and the publications of the winning cities are
also made available on the European Union’s
document repository online*. The scholarly
literature on the award includes five-year
retrospective reports and final publications
issued by the municipalities of the winning
cities, as well as reports following the evalua-

topics/urban-environment/european-green-capital-
award/about-awards_en#eu-green-capital-network
* Available at https://circabc.europa.eu/ui/group/
c6el26de-5b8c-4cd7-8d36-a1978a2a63de/
library/017bb562-fdd8-4adeb1ff-d1ac296c79b7


https://circabc.europa.eu/ui/group/c6e126de-5b8c-4cd7-8d36-a1978a2a63de/library/017bb562-fdd8-4adeb1ff-d1ac296c79b7
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tion of the applications (accessible from 2010
to 2019). One of the earliest publicly avail-
able studies on the European Green Capital
Award was conducted by Lovisa LONEGREN,
who wrote her thesis in 2009 titled “The Eu-
ropean Green Capital Award — Towards a
sustainable Europe?”. In her research, she
sought to answer whether the European

Green Capital Award is a suitable method
for addressing environmental challenges in
the European Union. She approached the
topic from the perspective of environmental
protection and ecological modernization, us-
ing the example of Stockholm. The most im-
portant publications related to the European
Green Capital Award are listed in Table 1.

Table 1. Research topics and references connected with EGCA

Approaches Topics References
. HArsman, B. and Wykmark, B. (2013);
Sustainable land use Ruiz peL PortaL Sanz, A. (2015)
Local transportation MULLER, M. and ReuttER, O. (2020)
Apalysmg the 12 EGCA | Green space features and green infra- Comerrrer, S. (2017); Ker, L. (2017)
criteria structure networks

Climate protection

M@uLLER, M. and ReuTTER, O. (2020)

Every criteria

Rartas, J. and MAeLTsEMEES, S. (2013);
Pantié, M. and MiLiji¢, S. (2021)

Evaluation process of

the applications portation

Focusing ont he topic of local trans-

Gupmunbsson, H. (2015)

Analysis of winning cities

Ozcan, N.S. (2015); Poraro, E. (2017)

ipal sustainability

The EGCA as a political tool in munic-

Drverpg, H. (2016); Gursrup, N.M.
et al. (2017); Kurstjens, N. (2017);
Manca, L.R. (2020)

Political background, Urban governance

Ersoy, A. and Hatt, S. (2020)

environmental policies

Responsibility and accountability

SAREEN, S. and GranDIN, J. (2019)

city management

Entrepreneurial spirit and increased
economic competitiveness after winning
the award, as well as its significance for

Nursg, A. and Norts, P. (2020)

Place branding through green spaces | GuLsrup, N.M. et al. (2013);
and the concept of a green city

ANDERSSON, 1. (2016)

ilgkzl;?:;mg and Marketing activities of green cities Demazierg, C. (2020)
The.imp.)act of social me.zdia on inter-or- Korpera, T. (2021)
ganizational collaborations
Measurement of environmental sus- | MEERING, J.V. et al. (2014); ZOETEMAN,
tainability B. et al. (2014, 2015)
En\{ironmental Examination of city monitoring SaruBBl, M.P. and ScumipT BUENO DE
indicators Morats, C. (2016)

indexes

Comparison of urban environmental

GEoral, B. (2016); FeLexk, E. et al. (2018)

Based on completed developments

Biscossa, F. et al. (2017); MaIogr, J-C.
(2019)

Analysing the cities

applied al of public spaces

Revitalization of city centres and renew- | PoLjak IstEni¢, S. (2016); Svircic

Gotrovac, A. and KeRBLER, B. (2019)

grassroots initiatives

The role of civil organizations and

Ersoy, A. and LArRNER, W. (2019)

Source: Authors’s own elaboration.
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The cities that have won and applied so far

Between the 2010 and the 2024 round of the
EGCA, 110 cities have applied for the award,
ten of which are located in the study area of
the Pannonian Basin (Figure 2). Among the
winners, we primarily find cities from West-
ern and Northern Europe. Germany, France,
and Spain have each had two winner cities
from the inception of the award up to 2024.
There is an ”axis of winners” to be observed
in the map from Lisbon to Lahti, and also,
there is a spatial concentration of the final-
ist cities in the Northwest of Europe. Among
the post-socialist cities, there are only two
succesfull candidates: Ljubljana (2016) and
Lahti (2023) were able to win the award after
many years of continous applications. Over
time more and more post-socialist cities have

applied to the award, altough most of them
have not even reached the final round before
the decision.

Research questions and methodology

Up until the 2024 round of the EGCA, a to-
tal of 110 cities have applied for the award.
Among them, ten are located within the Pan-
nonian Basin, although none of them became
finalists or winners. In this study, the cities
geographically closest to the cities under ex-
amination include Ljubljana (2016), whose
environmental values serve as a reference
point in some of the analyses. When selecting
the reference city, we considered (relatively)
similar geographical conditions and urban
development paths, as the majority of cities

@ Winning cities
@ Shortlisted cities
© Applicant cities

£

-

g

Fig. 2. Cities that applied for the award (2010-2024). Source: Authors’ own elaboration.
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in the Pannonian Basin belonged to the East-
ern Blog, i.e., the state-socialist bloc (Hirr, S.
et al. 2017).

The primary question in the examination
of cities in the Pannonian Basin with a popu-
lation of over 100,000 was whether the envi-
ronmental values of Hungarian cities differ from
those of the reference city? If so, which indicators
and to what extent do they differ?

Another question that arose was whether
the two ‘Western’ cities in the study are posi-
tioned higher in the similarity ranking or if their
environmental values are more similar to those of
post-socialist cities?

Among the 27 cities examined in this re-
search (excluding Ljubljana), 17 have not yet
applied for the award (Figure 3). Therefore,
we considered these as ‘potential applicants’
and sought to determine if there was a variable
in which their values were worse than those of the
cities that had already applied.

Furthermore, aside from Ljubljana, can it
be concluded that among the examined cit-

ies, those that have not applied for the award have
any chance of making it to the final round?

To explore the similarities and differenc-
es in environmental values, we used inde-
pendent samples t-test (Student’s t), Mann-
Whitney U-test, Chi-square test of independ-
ence, random forest and a geospatial tool, the
similarity search. It is important to empha-
size that this research is conceived as an ex-
ploratory analysis (EDA), i.e., we do not aim
to prove or disprove specific hypotheses, as
EDA uses different statistical methods to test
the strength of the relationship, not to prove
hypotheses (VELLEMAN, P.F. and HoacLIx,
D.C.2012). Tukey, ].W. (1977) described EDA
as detective work, the aim of which is to un-
cover patterns. The purpose of a discovery
analysis is to detect some pattern, difference
or similarity in the values of the items un-
der investigation (Fire, D.A. and RoDpGERs,
J.L. 2022). Although controversial, it appears
that the p-value has at least some relevance
in exploratory studies (Rusin, M. 2017), and

POLAND @ Winning city
CAREEmA © Applicant cities
© Potential candidates
SLOVAKIA oKosice UKRAINE
Ven MOLDOVA
lenna @Miskolc
°
AUSTRIEA S Nyiregyhaza o Satu Mare
Gydr ©Budapest Debrecene Baia Mare
oGraz -
@0radea
FUNGARY ©Kecskemét C.Iuj—Napoca
° ’
Maribor ©Targu Mures

SLOVENIA Szeged

°

Ljubljana gb . ©Arad ROMANIA

©7Zagreh ubotica -
©Timisoara Csiin ©Brasov
CROATIA Osijeke ’

(D\¥> ©Novi Sad
| SERBIA
;\ N\ BOSNIA ©Belgrade
RN AND

R O\ HERZEGOVINA

“‘\\QT DY

\\\\\%} /\.\

Fig. 3. Cities covered by the analysis. Source: Authors” own elaboration.
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therefore these values are included in the
results along with the effect size, generally
recommended in the literature (Fire, D.A.
and Ropgers, J.L. 2022).

Different methods were found to be ap-
propriate for comparing cities that have and
have not yet applied for the EGCA, due to
the characteristics of the variables under
study (Table 2). For the normally distributed
variables, the independent samples t-test was
used, while for variables with a non-normal
distribution, the Mann-Whitney U-test was
applied. The relationship between binary
variables and the fact of applying was ana-
lysed using Chi-square test.

The chances of cities in the Pannonian
Basin to reach the final round were calculat-
ed using the random forest method. This first
required the creation of a database to deter-
mine which sustainability indicators would
determine the outcome of the EGCA applica-
tion. In the database, the values of 100° cities
that applied for the EGCA were collected
according to the indicators identified above.
These 100 cities already include the ten appli-
cant cities in the Pannonian Basin. The cities
were divided into two groups: the finalists
(including the winners) and the non-finalists
who didn’t make it to the finals. This binary
division served as the dependent variable in
the binary logistic regression®. The independ-
ent variables consisted of the applied indica-
tors, totaling 33, which were determined for
each city based on the 2019 or 2020 values’,
primarily sourced from pan-European da-
tabases and documents and plans issued by
local governments.

This uniform definition raises two prob-
lems which are seen as limitations for this
research. Firstly, the EGCA application pro-

°A total of 110 cities applied to the EGCA, but in ten cas-
es there were missing data for most of the indicators.

¢If a city applied multiple times, the most recent result
was used as the dependent variable.

7 If these were not available, the data closest in time
was used. The difficulty of collecting pan-European
sustainability indicators at a single point in time was
also identified as a problem in the study by ZokTe-
MAN, B. et al. (2015).

cess takes into account not only the current
ecological values of cities, but also recent
changes and future plans. Second, by defin-
ing a single point in time, there is a risk that
a city that applied for the EGCA at an early
round may have improved significantly (or,
on the contrary, stagnated®). It may not have
been a finalist at the time of application due
to its poor scores, but due to improvements
since then, the model would incorrectly mark
it as a finalist. The estimation does not take
into account which cities applied in a given
year, how strong the competition was, but
it is relative to the total sample of 100 cit-
ies. This is justified because we do not know
the competitors of a potential candidate city,
which would apply in the future, so it is ap-
propriate to compare them with the full sam-
ple of applicant cities.

Also, the values of the 100 applicant cit-
ies were used for the similarity search. As
a first step, a rank scale transformation was
performed based on all the scale variables of
the 100 applicants and the 15 potential can-
didate cities. Then, as a dimension reduction
approach, we run a Multiple Factor Analysis
(Pacts, J. 2002). Seven dimensions were cre-
ated above an eigenvalue of 1, explaining 60.2
percent of the total variance. The reason for
using the MFA procedure is that the 33 in-
dicators are unevenly distributed across the
EGCA themes, and if all of them had been
included with equal weight, some categories
could have biased the analysis. The reason for
including 100 cities was to get a clearer picture
of the relationship between the 33 variables
and to avoid the bias due to the small number
of elements and the limited geographical loca-
tion that would have occurred if we had only
created dimensions based on the values of the
cities located in the Pannonian Basin.

The random forest machine learning meth-
od was used to determine the chances of the
cities (except Ljubljana) to reach the final
round. This is an ensemble method based on
decision trees, the results of which are sum-

% On the problem of green city indices without tem-
poral monitoring, see Pack, R. et al. (2016).
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Table 2. Indicators and data sources used for the analysis of cities in the Pannonian Basin,
as well as descriptive statistics for the indicators*

Standard

Variable Mean deviati Minimum | Maximum | N Data source(s)
eviation
Eurostat, city documents
CO, emissions, t/person/ (Climate Strategy, SECAP,
yeazr 1) 3.98 2.25 119 11.35 27 SEAP), Covenant of Mayors
website
CO, emissions, t/person/year .
~ percentage of the national |  77.62 39.92 3133 2263 | 27 gxgsii“g;;“’“ based on
average (1)
Length of cycle paths, 037 031 0.01 101 ,g | City documejnt.s, local' media,
m/person (3) national statistical offices
Number of cars per 1.000 Documents from Eurostat, na-
_Yumber ot cars per L 361.29 67.96 190.00 526.00 28 | tional statistical offices, national
inhabitants (3) .
offices
Number of cars per 1,000 Own calculation based on
inhabitants — percentage of 97.32 23.55 57.57 183.27 28
: Eurostat data
the national average (3)
Eurostat, city documents,
Percentage of inhabitants Sustainable Urban Transport
travelling to work by car, 40.44 11.70 23.00 71.00 27 | Plan (SUMP), CIVITAS,
% (3) European Platform on Mobility
Management — Modal Split Tool
Eurostat, city documents,
Percentage of inhabitants Sustainable Urban Transport
travelling to work by public 28.89 11.05 13.00 49.00 27 | Plan (SUMP), CIVITAS,
transport, % (3) European Platform on Mobility
Management — Modal Split Tool
Eurostat, city documents,
Percentage of inhabitants Sustainable Urban Transport
alkin %0 work, % (3) 23.54 10.25 1,60 42.00 27 | Plan (SUMP), CIVITAS,
W & r e European Platform on Mobility
Management — Modal Split Tool
Eurostat, city documents,
Percentage of inhabitants Sustainable Urban Transport
cvdlin tg work, % (3) 6.68 6.34 0.00 26.70 27 | Plan (SUMP), CIVITAS,
yeung r e European Platform on Mobility
Management — Modal Split Tool
Eurostat, Urban Documents,
Size of green areas, m*/person Joint Research Centre — The
4) 15.30 10.13 378 4377 28 future of cities (Urban Data
Platform)
Population density, inhabit- |y gy 14 | 112084 | 34352 | 433500 | 28 | Eurostat city documents
ant/km? (4)
Proportion of Natura 2000
sites in relation to the area of 10.66 11.47 0.00 44.90 28 | Natura 2000 Network Viewer
the municipality, % (5)
NO. annual average, Eurostat, city documents,
/12113 ©) 8¢ 2691 7.90 11.20 48.03 28 | European Environment Agency
& — Air Quality Statistics
PM. annual average Eurostat, city documents,
/213 ®) 8¢ 25.77 5.31 18.47 39.20 28 | European Environment Agency
Hg — Air Quality Statistics
PM. . annual average Eurostat, city documents,
/;51 3 (6) 8¢ 16.49 3.03 11.28 23.00 25 | European Environment Agency
HE — Air Quality Statistics
European Environment Agency
Proportion of people living (The Noise Observation and
in > 65 dB noise pollution, %; 15.25 11.10 3.90 54.02 25 | Information Service for Europe),

along roads (7)

city documents, regional, national
environmental documents
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Table 2. Continued*

Standard
Mean deviation
Variable Minimum | Maximum | N Data source(s)
Median** | Mode***
European Environment Agency
. .. (The Noise Observation and
Proportion of people living Information Service for Europe)
in > 55 dB noise pollution, %; 17.95 13.57 2.07 65.21 25 | . . pe)
city documents, regional,
along roads (7) . .
national environmental
documents
Eurostat, Assessment of separate
Amount of waste, ke/person/ collection schemes in the 28
car (8 s X&/P 349.23 92.65 228.71 566.00 28 | capitals of the EU (European
¥y ) Commission, Final Report 2015),
city documents, local media
Amount of waste, kg/person/ .
year — percentage of the 97.66 26.08 51.33 162.71 28 (é)wn calculation based on
. urostat data
national average (8)
Eurostat, Assessment of separate
collection schemes in the 28
Recycling rate, % (8) 24.67 18.03 2.00 69.00 28 | capitals of the EU (European
Commission, Final Report 2015),
city documents, local media
Recycling rate, % — percentage| Own calculation based on
of the national average (8) 90.62 63.65 13.33 27857 8 Eurostat data
Drinking water consumption, 121.04 26.94 77.30 180.00 28 | Eurostat, city documents
1/person/day (9)
Drinking water consumption, .
1/person/day — percentage of 117.52 25.41 70.58 158.75 28 gwn calculation based on
. urostat data
the national average (9)
Volume of waste water, Urban Waste Water Treatment
population.equivalent — p.e. 497,523.3 659,589.8 106,497 2,867,796 26 | Directive, Urban Waste Water
9) Treatment Viewer 2018
Number of electric car .
charging stations per 1,000 0.08 0.07 0.01 0.31 28 ghargemap, Electro Maps, city
. . ocuments
inhabitants (10)
Eurostat, City documents,
Energy consumption, MWh/ 13.70 6.04 438 28.06 8 Covenant' (?f Mayors website,
person/year (11) Energy Cities, European Energy
Research Alliance
Energy consumption, MWh/ Own calculation based on
capita — percentage of the 301.18 128.44 100.55 701.58 28 | International Energy Agency
national average (11) and Statista data
é’;lsmnce ofaclimate strategy| ., o - - 28 | Municipalities’ websites
Existence of Sustainable
Energy Action Plan (SEAP) / - o _ _ e, .
Sustainable Energy and Climatd 1 1 28 | Municipalities” websites
Action Plan (SECAP) (11)
Covenant of Mayors 1 1 - - 28 | Covenant of Mayors website
membership (12) Y
ﬁ;l)borg Charter signatories 0** 0** - - 28 | Sustainable Cities Platform
Circular Economy %+ e _ _ 8 Circular Cities Declaration
Declaration signatories (12) website
ICLEI - International Council
for Local Environmental 0** 0*** - - 28 | ICLEI website

Initiatives membership (12)

*First column: The numbers in brackets indicate the related EGCA theme, showcased in the introduction section.
Source: Authors” own calculations.
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marized in the final model (Ho, T.K. 1995).
The advantage of random forest is that it is
not sensitive to multicollinearity (Triscowarr,
D.W. et al. 2020), so it is not necessary to drop
correlated variables. It has excellent high-di-
mensionality, so it does not require a dimen-
sionality reduction procedure, thus, avoid-
ing the risk that reduced dimensions carry
information that is not suitable for estimation
(CutLer, A. et al. 2012). Thus, for variables,
only centering and scaling preprocessing pro-
cedures were performed.

The random forest model was fine-tuned to
produce the following settings. For each de-
composition of the decision tree, 20 random
variables were included (mtry), the criteria
for the partitioning of the nodes were defined
by the extra-tree algorithm (GeurrTs, P. et al.
2006), and the minimum number of obser-
vations in each node was set to one. These
parameters were selected by grid search dur-
ing cross-validation. Cross-validation was
performed using k-fold cross-validation.
Although there is no default recommended
value for k, most studies use 5 (Znou, J. et al.
2019), so we adopted it. Since the number
of finalists and non-finalists was dispropor-
tionately distributed across the 100 cities,
care was taken to ensure that each break-
down preserved the proportions of these
two groups. The k-fold cross-validation was
repeated three times.

As the final model, we chose the one with
the highest specificity because this model
is the best at correctly categorizing non-fi-
nalists, meaning it has the lowest chance of
misleadingly giving a city false hopes of be-
ing a finalist. The reason for this is that our
estimator model aims to provide a realistic
presentation for cities. As no other analysed
city apart from Ljubljana has yet made it to
the final, and as overall Central and Eastern
European cities do not excel in the compe-
tition, it is advisable to exercise caution in
the estimation. The model with the highest
specificity is the best at correctly classifying
non-finalists, so in this case the chances of
falsely misleading a city with finalist hopes
are the lowest.

Research results

The analysis shows differences in some vari-
ables, but we cannot say that applicant cities
are clearly more environmentally oriented
(Table 3). An independent samples f-test and
the associated effect sizes show that for two
variables the effect size is medium, so an ob-
servable difference has been found. The values
for NO, annual mean and energy consumption
are more favourable in the case of the poten-
tial candidate cities. If the data table of the 100
cities that have applied for the EGCA is ana-
lysed together with the cities in the Pannonian
Basin have not applied yet, it can be seen that
five potential applicants (Subotica, Szeged,
Satu Mare, Baia Mare, Debrecen) are among
the top 25 cities with the lowest NO, emis-
sions even in this sample. While Brasov and
Cluj-Napoca are among the bottom five cities
overall, Budapest and Zagreb are also in the
bottom third of the list.

These highlighted cities also show that even
within countries there can be significant dif-
ferences, especially in Hungary and Romania
(ConstanTiN, D.E. et al. 2013), which are
linked to the city’s role in the countrywide
transport and industrial network. In Cluj-
Napoca, for example, the overall proportion
of people travelling by car or public transport
is 63 percent, which increases NO, emissions,
and the fact that the city has a high number
of windless days, which means that air pol-
lutants are not being emitted from the city,
further worsens the situation (CHERECHES,
LA. et al. 2023). Furthermore, NO, emissions
are also closely related to the population size
of the settlement (Lamsar, L.N. ef al. 2013).
Energy consumption is also strongly deter-
mined, as differences in the political, cultural,
economic and climatic conditions of differ-
ent countries can affect spatial disparities in
energy use (Borozan, D. 2018). If the energy
use of individual cities is compared with the
national average, only small effect size level
is associated with a more favourable value for
the cities have not applied yet.

There is no clear difference between those
who have already applied for the award and
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Table 3. Results of the independent samples t-tests
Mean (cities | Mean (cities
Variable haxfe not alrezfldy t Cohen’s d Effect
applied yet) applied) size
n=17) (n=11)

NO, annual average 24.543 30.567 -2.088* -0.808 medium
PM,, annual average 25.716 25.865 -0.071 -0.027 -
PM, ,annual average 16.919 15.846 0.861 0.351 small
Number of cars per 1,000 inhabitants 35.882 369.661 -0.516 -0.199 -
Percentage of inhabitants travelling 41.406 39.045 0.507 0.198 3
to work by car
Percentage of inhabitants walking 23268 23.954 0167 -0.065 3
to work
Amount of waste — percentage of the 99.062 95.511 0345 0133 3
national average
Drinking water consumption 121.574 120.220 0.127 0.049 -
Drinking water consumption - 120.778 112494 | 0837 | 0324 small
percentage of the national average
Energy consumption 12.375 15.747 -1.471 -0.569 medium
Energy consumption - percentage of | g5 47 325470 | 0799 | -0.309 small
the national average

*p <0.05. Source: Authors” own calculations.

those who have not applied yet, as confirmed
by the Mann-Whitney U-test (Table 4). The
results show that there is only a notable dif-
ference between the two groups in the pro-
portion of people cycling to work and using
public transport and recycling (the latter also
compared to the national average), as well
as in the number of cars per 1,000 inhabit-
ants compared to the national average and
in population density. All of those variables
have an effect size above the small level.

Of the variables, the proportion of peo-
ple who cycle to work is the only one that
shows a result opposite to the expected pat-
tern, i.e.,, more people cycle in cities that are
potential candidates than in applicant cities.
Of the potential candidate cities, Bratislava,
Graz and Szeged have rates that are among
the highest of all European cities that have
already applied for the EGCA. The differ-
ence is also somewhat explained by the geo-
graphical location: the inhabitants of Kosice,
Pécs and Brasov, which are partly located on
hill slopes and have already applied for the
EGCA, rarely use bicycles. However, there is
no longer a big difference in the extent of the

cycle path network, and in fact the applicant
cities have somewhat higher values.

The difference in cycling is also explained
by the fact that public transport is much
more popular in the applicant cities. Cities
that have the worst values in terms of bicy-
cle use (e.g., Pécs and Kosice) are among the
leaders in terms of public transport usage.
Public transport is a priority in all the capital
cities surveyed except Ljubljana. In relation
to the EGCA criterion “sustainable urban
transport”, the inhabitants of the applicant
cities have fewer cars than the national aver-
age, but the difference in terms of travelling
by car to work is smaller.

The considerable difference in population
density values is influenced by the fact that
the potential candidate cities with the low-
est population density are located mainly in
the lowlands (e.g., Kecskemét, Nyiregyhaza,
Debrecen), where there was no geographi-
cal limit to the dispersion of settlements.
However, it is important to note that the
population density value does not really tell
us much about the compactness of the settle-
ments (which would indeed be a significant
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Table 4. Results of the Mann-Whitney U-tests

Mean Mean Biserial
. (cities have (cities Mann- .
Variable . . rank Effect size
not applied already Whitney U correlation
yet) applied)

CO, emissions 4.066 3.878 83 -0.056 -
CO, emissions — percentage of 81.80 71.45 95 0.079 _
the national average
Number of cars per 1,000
inhabitants — percentage of 99.014 94.705 127 0.358 medium
the national average
Percentage of inhabitants 8.843 3.545 134% 0.522 large
cycling to work
Percentage of inhabitants
travelling to work by public 25.756 33.454 51.5%* -0.414 medium
transport
Length of cycle paths 0.301 0.480 69 -0.262 small
Percentage of people livingin | g3 15.890 87 0.160 small
> 65 dB noise pollution
Percentage of people livingin | g o 17.741 96 0.280 small
> 55 dB noise pollution
Size of green areas 15.405 15.152 92 -0.016 -
Proportion of Natura 2000
sites in relation to the area of 9.032 13.198 69 -0.262 small
the municipality
Population density 1,140.366 2,269.975 35* -0.625 large
Amount of waste 339.326 364.551 84 -0.101 -
Recycling rate 19.120 33.254 45* -0.518 large
Recycling rate - percentage of | 559 120.558 55,54 -0.406 medium
the national average
Volume of waste water 296,493.687 | 819,170.881 64 -0.200 small
Number of electric car
charging stations per 1,000 0.069 0.111 79 -0.155 small
inhabitants

*p <0.05, **p <0.1. Source: Authors” own calculations.

factor for sustainability), as it would require
a ratio of the population to the actual built-
up area rather than to the total administra-
tive area.

There is a considerable difference be-
tween the two groups in the value of recy-
cling. This difference remains even when
compared to the national average. The
data show an interesting pattern, as the
Romanian applicant cities have outstanding
values at European level compared to the
national value, while the Hungarian cities
that are potential candidates are mostly in
the bottom of the list.

Among the binary variables, the Circular
Economy Declaration shows the largest dif-
ference between applicant cities and those
that are potential candidates (Table 5). Among
those already applied, there are three signa-
tories (Ljubljana, Maribor, Budapest), while
among the potential candidates, none has
signed the declaration. ICLEI membership
is also characterised by medium effect size.
A total of five cities are ICLEI members, three
of which have already applied for the award.
All this suggests that EGCA is more popular
among cities that are members or signatories
of these two organisations.
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Table 5. Results of the Chi-square tests

Variable Chi square Cramer’s V Effect size
SEAP/SECAP 1.000 0.042 small
Covenant of Mayors membership (12) 0.226 0.294 medium
Aalborg Charter signatories 0.671 0.138 small
Circular Economy Declaration signatories 0.050* 0.430 medium
ICLEI membership 0.0617** 0.3880 medium
Existence of a climate strategy 1.000 0.073 small

*p <0.05, **p <0.1. Source: Authors’ own calculations.

Results of the similarity search

In the similarity search analysis, 24 of the
28 cities were compared on the basis of the
seven dimensions created by the MFA pro-
cedure (the Serbian cities had missing data
and Ljubljana was the benchmark). Based
on the analysis, the cities most similar to the
winner of round 2016 in terms of their eco-
logical values are: 1. Bratislava, 2. Zagreb, 3.
Maribor, 4. Vienna, 5. Graz; the least similar
are: 21. Debrecen, 22. Cluj-Napoca, 23. Kosice,
24. Oradea. The similarity search also reveals
some geographical differences: the western
cities are more similar to Ljubljana, while the
cities marked in red and orange are all locat-
ed east of the Danube (Figure 4). The top five
cities are very similar or identical in terms of
location, culture, history, language use, leg-
islation, and so it can be assumed that they
are making decisions and implement sus-
tainable developments according to similar
guidelines. Bratislava, which closely resem-
bles Ljubljana, is on track to meet the SDG
criteria like no other capital city in Central
and Eastern Europe (apart from Ljubljana)’.

The top five most silimar cities also include
Graz, which in Ecrr and Paraszr ‘s study was
placed in ajoint cluster with Ljubljana, called
“Innovative Green Cities and Urban Areas”.
(Egri, Z. and Paraszt, M. 2013). The least sim-
ilar cities to Ljubljana are mainly those that
are major transport hubs (Oradea, Debrecen)
or have an industrial past or are currently in-
dustrialised (Kosice, Cluj-Napoca). Among
the cities most similar to Ljubljana, Bratislava
and Graz have not yet applied for the award.

? Available at https://euro-cities.sdgindex.org/#/

Each of the cities in the study scored
worse than Ljubljana on only two variables:
the length of cycle paths per capita and the
amount of waste compared to the national
average. In terms of CO, emissions per capi-
ta, only Budapest, Gy6r and Kecskemét were
slightly worse than the winning city. Targu
Mures has the lowest number of cars per
1,000 inhabitants (while Graz has the highest
value) and also the highest share of pedestri-
ans, while Bratislava has the highest share of
cyclists. In terms of green spaces per capita,
the Hungarian cities (except Pécs) are in the
lead, while Baia Mare has the worst green
space coverage. For Natura 2000 sites, the
winning city is ranked fourth in our database,
and Ljubljana has lower air pollution scores
than most cities. Ljubljana ranks in the mid-
dle of the pack in terms of night and daytime
noise pollution and drinking water consump-
tion, Nyiregyhaza has the lowest waste gen-
eration (Ljubljana is the fourth). There is no
major difference in the amount of waste water
treated, but Ljubljana scores poorly in terms
of annual energy consumption (per capita).
Regarding population density, the Hungarian
(except Budapest) and some Romanian cit-
ies have values below 1,000 inhabitants/km?,
while the other cities have higher figures.

The position of the Hungarian cities

The ranking of Hungarian cities is as follows:
Pécs 6™, Gy6r 8™, Miskolc 9%, Szeged 12,
Nyiregyhaza 13", Budapest 14", Kecskemét
19%, and Debrecen 21°. Pécs excelled in the
percentage of commuters using public trans-
portation, the representation of Natura 2000
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Fig. 4. Result of the similarity search analysis. Source: Authors” own elaboration.

areas within the city, per capita CO, emis-
sions, and daily drinking water consump-
tion compared to the national average. These
factors placed it among the top three cities.
However, its performance in other indica-
tors was somewhat poorer, falling more into
the middle range. Pécs benefits from a high
proportion of Natura 2000 areas within its
city limits due to the presence of the Mec-
sek Mountains, many of which are located
within the administrative boundaries of Pécs
and are under various protection statuses.
Gy®6r did not rank among the top three in any
environmental indicators. In fact, it falls into
the bottom three cities regarding per capita
CO, emissions and the percentage of pedes-
trians in the city. On the positive side, Gyor
has the third highest per capita green area
in the ranking, with 29.8 m? per person. It is
surpassed only by Szeged (34.7 m*/person)
and Kecskemét (36.4 m?/person). Miskolc ex-
cels in terms of Natura 2000 areas, where it
holds the first position when considering its

city size (44.9%). However, it ranks second
in terms of PM,; and PM,, levels and third
in terms of energy consumption compared
to the national average. In other variables,
Miskolc falls within the middle range. In Sze-
ged, the lowest percentage of people com-
mute by car to work (23%), while 17 percent
of the population cycles to work (ranking
third best), and the annual average for ni-
trogen dioxide is the lowest here at 15.3 pg/
m’. Nyiregyhaza ranks third highest in terms
of PM,, annual average levels (31.9 ug/m?).
However, it generates the least municipal
waste per capita annually (228.7 kg), making
it the second lowest compared to the national
average. Nyiregyhaza also ranks third best
in recycling with a 47 percent recycling rate.

Budapest ranks third highest in terms
of per capita annual CO, emissions but
only slightly exceeds the national average.
It takes the first place in the percentage of
commuters using public transportation
(45%). However, in terms of daily drinking
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water consumption (and its value compared
to the national average), Budapest does not
fare well. Budapest residents use 148 liters
of water daily, making it the second highest-
consuming city (Debrecen shares the same
values in water consumption). Budapest also
produces the highest amount of wastewater,
which is also influenced by its population
size, as it is the second most populous city in
the sample. Additionally, Budapest’s energy
consumption per capita exceeds the national
average, ranking it second highest.
Kecskemét and Debrecen show a signifi-
cant contrast in per capita CO, emissions,
with Debrecen emitting the second lowest
amount while Kecskemét emits the most
among all cities in the sample. Kecskemét
also stands out for having the second high-
est difference in the number of cars per 1,000
people compared to the national average
(116.9%). Debrecen ranks third best in terms
of municipal waste generated per capita (237
kg/person/year), but this does not correspond
to a high recycling rate (10%). Kecskemét
consumes more energy annually than any
other city, including the national average.
Regarding population density, Budapest is
the most densely populated city, Gy?r is of
average density, and the other Hungarian cit-
ies have relatively low population density.

Results of the random forest classification

The AUC of the random forest model run
on previously applied 100 cities is 0.74, with
a sensitivity of 81.4 percent and a specific-
ity of 40.4 percent. Based on the model, the
ten most influential variables are the exist-
ence of a climate strategy, the length of cycle
paths per capita, the proportion of people
using public transport, ICLEI membership,
the number of electric car charging stations
per population, the exictence of the Aalborg
Charter signatory, the proportion of people
commuting to work by public transport,
population density, the annual average
PM,, value and recycling. If these variables
are examined for the raw data of the 100 ap-
plicant cities, it can be seen that the finalists
do indeed have better sustainability scores
(the only exception being the proportion of
people using public transport, where the av-
erage for non-finalists is higher). If, therefore,
the cities in the Pannonian Basin have good
environmental values for these indicators in
particular, their chances of reaching the final
round of the competition could be increased
in a possible bidding process. From the ran-
dom forest model estimation for 27 cities, the
finalists’chances for each city are shown in
Table 6.

Table 6. The chances of the investigated cities to reach the final round in the EGCA competition

. . Probability of reachin, . L. Probability of reachin
Potential candidates the ﬁna%,roun d, % & Applicant cities the ﬁnai’roun d, % &
Bratislava 43.8 Vienna 67.0
Targu Mures 32.8 Maribor 32.6
Graz 26.0 Budapest 314
Miskolc 18.0 Zagreb 30.6
Gyér 17.2 Brasov 14.6
Timisoara 14.4 Arad 9.8
Kecskemét 12.4 Pécs 9.6
Osijek 11.2 Cluj-Napoca 9.2
Szeged 11.2 Kosice 6.6
Sibiu 10.6 - -
Satu Mare 9.2 - -
Debrecen 8.6 - -
Baia Mare 8.6 - -
Nyiregyhaza 8.2 - -
Oradea 5.4 - -

Source: Authors” own calculations.
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Compared to the results of the similarity
search presented above, the random forest
gives a more accurate estimate, since in the
latter case the values of the cities are not com-
pared to a single winning city, but to all win-
ner or finalist cities. In addition, the random
forest did not estimate the ranking based on
dimensions, created by dimension reduction,
but on the values of all indicators, and also
took into account which indicators have the
most influence on the chances of the outcome
of the application. The top ranking based on
estimated odds is consistent with the results
of the similarity search. Bratislava, Zagreb,
Maribor and Vienna all have scores above
30 percent. Vienna’s chances are particularly
promising, the last time the city applied for the
award was in 2014, but failed to make it to the
final round. Targu Mures has shown a signifi-
cant improvement compared to its similarity
search result, mainly thanks to its favourable
population density and air pollution indica-
tors. Oradea is the least likely to make it to the
final according to the random forest, which is
in line with the result of the similarity search.

Discussion

The study focuses on the examination of
cities in the Pannonian Basin with popula-
tions exceeding 100,000 based on the EGCA
criteria system, for which there are no other
existing scholarly examples. Therefore, it can
be said that the presented results are novel.
The findings of this study gave evidence that
there is no significant difference between the
two groups of cities in the Pannonian Ba-
sin, those that have already applied for the
award and those that have not, based on the
33 environmental indicators. However, as
ScHMELLER, D. and Stmechy, D. (2023) gave
evidence, Eastern European cities have less
favourable environmental indicators com-
pared to Western European cities.

The most significant differences are observed
in air pollution, transportation, waste manage-
ment, population density indicators, as well as
the presence or absence of various documents.

It is important to highlight that not all variables
are worse for Eastern European cities. For in-
stance, the percentage of commuters using pub-
lic transport, which is favourable for sustain-
able urban transportation, is higher in Eastern
European cities. However, the number of cy-
clists and the length of cycling paths per capita
are much lower compared to Western European
cities. Furthermore, Eastern European cities
have lower population density values, which
are unfavourable in terms of sustainable land
use. The presence of documents related to local
governance and climate change is more com-
mon in Western European cities than in the
East. Therefore, the degree of lagging behind
of Eastern European cities, specifically those in
the Pannonian Basin, can be reduced through
the development of the aforementioned topics,
along with changes in political views, goals,
and the attitude of local residents.

The chances of cities making it to the final
round of the award competition can be influ-
enced by decisions made by city administra-
tions. According to the study by StimEechy,
D. and ScuMELLER, D. (2023), the intentions
of city administrations and the proportion
of green-oriented representatives in local
councils are correlated with submitting ap-
plications. Left-leaning city municipality and
a higher proportion of green-oriented repre-
sentatives in local councils have a positive ef-
fect on the chances of application, increasing
the intention to apply. However, the studied
cities are characterized by predominantly
right-leaning city administrations and a low
proportion of green-oriented representatives
(StmEechy, D. and ScamEeLLER, D. 2023). The
cited literature also reveals that political fac-
tors can also be associated with reaching the
final round. Making it to the finals is posi-
tively influenced by a higher proportion of
green-oriented representatives, experience
with the award (how many times the city has
applied), and a lower environmental index
of the local city administration. In the case
of Eastern European cities, multiple appli-
cations do not guarantee reaching the finals
since they perform poorly in other politi-
cal variables: they have a low proportion of
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green-oriented representatives in the local
council, and due to right-wing party ideolo-
gies, economic interests take precedence over
environmental concerns. In general, Eastern
European cities have a high environmental
index, which is unfavourable (StmEechy, D.
and ScHMELLER, D. 2023). Based on these
findings, the question arises as to whether
Eastern European cities apply for the award
because they genuinely seek change and as-
pire to become sustainable and green cities
in the long term, or if the applications are
merely driven by trends and greenwashing.
Obtaining the award is not just about cam-
paigning for sustainable and green cities
during elections; it requires long-term com-
mitment and continuous engagement and
education of the population. It is worth not-
ing that a city can still be sustainable, green,
or resilient even if it does not apply for the
award. Amsterdam and Vienna are good ex-
amples of this. They applied for the award
initially but have not done so since, yet they
are considered among the world’s most liva-
ble cities according to various indices and are
leaders in various sustainability initiatives.
The results can provide a solid foundation for
the potential success of future applications
by cities in the Pannonian Basin. However,
there is also the possibility that based on the
results, a city that has not applied yet might
believe it has no chance of making it to the
finals, leading the city administration not to
submit an application to the European Green
Capital Award. It is essential to consider the
limitation that the analysis only examined
each city based on data from a single year
and did not take into account the strength of
the competition in a given year.
Considering the trend that the gravi-
tational centre of cities applying for the
European Green Capital Award is shifting
towards the south and east, prospective cit-
ies in the Pannonian Basin may not need to
compete directly with cities like Stockholm
or Copenhagen, which have outstanding sus-
tainability indicators. Instead, they would be
competing with other cities more similar to
them. Thus, despite the relatively low per-

centage shown in the chance estimation com-
pared to all previous applicant cities, if the
field of applicants continues to evolve as per
current trends, the chances of making it to the
finals will inevitably increase. To illustrate
this, even though Graz had a chance estima-
tion of only 26 percent, it had a higher chance
than any other city that applied for the 2025
round and did indeed make it to the finals.
Furthermore, the model only estimates the
likelihood of making it to the finals for the
first application (when cities typically do not
make it to the finals), and it does not account
for the positive impact that can emerge based
on experiences from previous applications. In
the case of a city reapplying, the real chance of
success would likely be even higher than the
estimated value. Cities can undoubtedly be
sustainable and green without the European
Green Capital Award, but the criteria and in-
dicator set of the award can be valuable for
achieving sustainability goals and measuring
the political, environmental, and livability
“performance” of cities across Europe.

Conclusions

The results show that cities that have already
applied for EGCA have indeed performed
better regarding some environmental indica-
tors, but when looking at Europe as a whole
and the 100 EGCA applicant cities, the vast
majority of the applicant cities from the Pan-
nonian Basin region are in the bottom third of
the ranking. Ljubljana’s chances of winning
were significantly boosted not only by its con-
tinuously improving environmental indicators
but also by the fact that the city administration
submitted their application to the competition
five times. This determination to apply for the
award was supported by the estimation made
using binary logistic regression.

Both the random forest and the similarity
search results show a certain geographical
pattern, where the further east we go, the less
likely the cities are to be finalists and the less
similar they are to Ljubljana (the exception in
the case of the random forest is Targu Mures).
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It can be observed that the similarity among
the examined Hungarian cities is closer to the
successful Western cities than to the previ-
ously unsuccessful Eastern ones, indicating
that they are making progress towards achiev-
ing the appropriate environmental values.
However, it is important to emphasize that
compared to the Western or Northern winning
cities, Hungarian cities tend to fall more in the
middle or even towards the lower end of the
ranking. In the cases of Pécs and Miskolc, the
high percentage of Natura 2000 areas within
the city boundaries positively influenced their
rankings in the similarity search.

The analysis also identified areas where ur-
ban policies should focus locally if the goal is
to join the elite club of green capitals. In the
cases analysed, the average discrepancies in
the individual indicators are generally not
striking, but the estimates of the probability
of being a finalist provided by the similarity
analysis can be quite sobering, as in 33 percent
of the cities analysed it is less than 10 percent.
Some of the existing differences can be attribut-
ed to geographical factors or to local conditions
created by path dependency, which cannot be
changed in any meaningful way. Examples in-
clude population density, topography, which
has a strong influence on the use of bicycles,
and some energy economy issues, which are
partly the result of the national energy mix and
partly the result of local economic conditions.
These factors are very difficult to adjust locally
and in the foreseeable future. However, it is
also possible to identify the elements on which
a green-capital focused urban development
policy should focus: the shortcomings can be
addressed with the least investment and in the
shortest time in terms of strategic planning and
international conventions, organisations. It is
also possible to expand the network of cycle
paths or electric charging stations with low in-
vestment compared to other areas. However,
specific analyses focusing on the specificities
of the cities concerned are needed to explore
the potential effectiveness and investment re-
quired for an urban policy that puts the recog-
nition of green capital status at the heart of the
local green transition.
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Nowadays, participation is becoming an essential tool
in urban development. To manage urban growth,
spatial aspects must be considered such as land use,
building density, proportion of green areas, and
so on. What is also particularly crucial is how the
inhabitants of the city or the district feel about the
space around them, or, to put it more simply, what
do their mental maps look like.

However, participation is facing an ever-growing
issue: the lack of citizen motivation (Currs, D. 1977).
Conventional participatory tools on their own are not
satisfactory anymore, since people think that their
voice does not matter, so they rather would not get in-
volved. The approaches of geoparticipation, or rather
the mere consideration of it, can help to better reach
out to people and motivate them to engage.

The book is edited by Jifi PANEk and is a collection of
studies about the topic of geoparticipation and geopa-

Local and Urban Governance

Jiti Panek Editor

Geoparticipatory
Spatial Tools

@ Springer

rticipatory spatial tools. It contains eight chapters, in-
cluding Introduction, which build on each other. The
volume contains theoretical and empirical chapters as
well as case studies. The book focuses on the Czech
Republic and the characteristics of its system of local
governments. However, it can serve as a base for further
studies within the whole of Central and East Europe.

The introduction of the book is the first chapter,
written by the editor himself. He briefly guides the
reader through the notions of participation, the grow-
ing importance of GIS, and how certain digital maps,
such as OpenStreetMap, have become co-creational
products over the years due to the development of
technology. He highlights the notion of e-participation,
which is defined by the UN Department of Economic
and Social Affairs. To simplify the definition, it is a
way of citizen involvement in decision-making and
governance with the help of ICT. E-participation can
be measured with the E-Participation Index or EPI.
It contains three main components: e-information, e-
consultation, and e-decision-making. In 2020, the top
three countries according to the index were Estonia,
the USA, and South Korea.

Another important aspect of this chapter is the def-
inition of geoparticipation and the enumeration of its
types. PANEK refers to ZaaNG, S. (2019), who defines
geoparticipation as “geo-enabled practices related to
public participation.” There are three types of it: con-
sultative, transactional, and passive geoparticipation.
Thanks to these definitions, the introduction serves as
a solid fundament for the rest of the volume. The last
part of the chapter describes the structure of the book.

Chapter 2 (Geoparticipation and Democratic Theory)
is written by Jakub BAkuULE. At the beginning, the au-
thor aims to place geoparticipation in the context of
non-electoral participation. He argues that through-
out the years, beginning from the 1940s, the different
theories about democracy evolved to a point where
geoparticipation is considered as a key factor in dif-
ferentiating the theories of democracy. The first sub-
section of the chapter tries to examine the connection
between participation and democracy, while seeks
to answer the question of how much participation is
needed within democracy. He points out two main
issues: first, how scholars understand the definition
of democracy —more precisely, democracy in terms
of government by the people; second, the different
understandings of political participation. By taking
both together, we arrive at a point where different
meanings result in different approaches, thus, differ-
ent theories. BAKULE emphasizes two main branches:
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the theory of fragile democracy, and the theory of
strong democracy. Both are examined through the
lens of participation, or more precisely, the amount
of participation. In the first case, the author presents
the views claiming that too much and unreasonable
participation leads to the excess of democracy, which
threaten the liberalism of institutions. In the second
case, however, the author claims that participation is
very much needed for a strong democracy and plays
a significant role in supplementing democratic insti-
tutions. In the concluding section of the chapter, the
author declares that geoparticipation is in between
the two aforementioned concepts and the question
of which concept is better, has not yet been decided.

The third chapter is a study of Jaroslav Burian,
Jifi PANEk and Vit PAszro (Geospatial Technologies
for Geoparticipation). The chapter aims to provide an
overview of the technologies, tools and approaches
used for geoparticipation. It contains four sections
(including introduction). The second section is a brief
description of the traditional approaches to urban
planning. The authors mention strategic planning,
spatial planning, and the role of the master plan (or
local/urban/spatial plan). The third section is a well-
detailed study that leads the reader through various
modern approaches to urban planning, such as smart
city initiatives, the participation of residents, analysis,
modelling, simulation, and geodesign. These meth-
ods rely on geoinformation technologies, and while
they are progressive ideas, their implementation, as
the authors point out, may face difficulties.

The fourth section is a detailed list of tools for
data collection, geodesign, and analytical process-
ing and modelling. The authors present different
ArcGIS applications, such as Survey 123, Collector
and Field Maps. They also describe Pocitovemapy.cz
and EmotionalMaps.eu, which are co-developed by the
editor of the book; Ushahidi, which is a Kenyan non-
profit company’s open-source software; KoBoToolbox,
which is an open-source toolset of the Harvard
University; and ZmapujTo, which is a Czech applica-
tion created within an ecological project aiming to
oppose illegal landfills. All these are tools for data
collection. For geodesign, they also mention Phoenix+,
which is used for multi-person participation in the
planning process, and Priority Places, which is an
interactive mapping tool for easier location and (re)
development. In addition, there are three ArcGIS ex-
tensions, CommunityViz, which helps users in doing
multi-criteria analyses; UPlan, which is a develop-
ment scenario creator; and GeoPlanner, which is a
multi-criteria analysis app for scenarios. For analytical
and modelling purposes, they present tools such as
CityScope, an MIT project focusing on solving spatial
design and urban planning challenges; Mestometer,
an interactive game aiming to present the importance
of spatial planning; UrbanSIM (or UrbanCanvas),
which is a sophisticated simulation model; Index

Online and SPARC for creating real-time scenarios;
and UrbanAPI, which contains three kinds of soft-
ware to simulate urban growth and evaluate land-use
changes. For the same purpose, the authors include
two ArcGIS extensions as well, namely iCity for cre-
ating scenarios, which could be then compared with
each other, and EnvisonTomorrow for creating multi-
criteria analyses and alternative scenarios.

This chapter is highly detailed, which is an evi-
dence for the advancement of technology and new
approaches, and a probable justification of their ap-
plication in the future. However, it is always impor-
tant to keep in mind that the ArcGIS extensions are
not free, so one must calculate with prices when it
comes to using these tools.

Chapter 4 (Open Data and Its Role in Geoparticipation)
is the work of Jaroslav Burian and Barbora
KocvarovaA. The chapter contains two parts. The first
is about open data and their publishing in general, and
the second provides a toolset for publishing these data.
As the authors emphasize, information has a huge
value. Therefore, open data is a necessary component
of fruitful analyses, especially if the collected data has
no significant value to the private sector. The introduc-
tion of the first section draws the reader’s attention to
this noteworthy fact. In the following part, the authors
describe the definition of open data in detail, present-
ing its main characteristics and the five levels of its
openness. They also write about open data in the EU,
the convenient use of it, and how and in which formats
researchers can access them. They briefly present the
publishing process of open data, which is explained
in more detail in the second part of the chapter. As I
mentioned before, this chapter is a thorough collec-
tion and description of tools, metadata and licenses.
The authors present the CKAN, the Comprehensive
Knowledge Archive Network, which is an open-source
portal where datasets can be published, shared, and
served. After a meticulous description of the net-
work, the authors present some CKAN sub-platforms
or parallels, such as DKAN, Socrata, Junar, ArcGIS
Hub, ArcGIS Enterprise Sites, and National Open Data
Catalogue. They also refer to metadata and explain the
ISO regulations and the different forms of licenses.

Improving Local Democracy Works: Determinants
of Participatory Local Governments is the title of the
fifth chapter, written by Jakub Lysex. What I have
mentioned at the beginning of this review about the
motivation of citizens echoes back in the author’s
thoughts. He argues that citizen trust and motivation
considering participation and involvement in deci-
sion-making in the countries of Central and Eastern
Europe still do not reach the level of democratically
more advanced nations. The author presents a study
that examines how much Czech local governments
involve citizens in decision-making and which fac-
tors determine these differences. For this purpose, the
chapter explores the peculiarities of the Czech munic-
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ipality system and its development through the past
few decades, also considering the communist heri-
tage of the country. He presents a significantly frag-
mented framework of municipalities, which makes
studies harder to conduct and shapes politics as well.
After the brief presentation of the local governmen-
tal framework, the author argues that participation,
deliberation, and transparency are the key concepts
of democratic innovations. Nonetheless, he also high-
lights that citizens must be informed at the highest
possible level in every form of democracy, otherwise
they cannot properly participate and democracy will
not be working properly. Lysek also writes about the
determinants of participatory institutions at the level
of municipalities, and he specifies three main aspects:
the institutional factor at the municipal level, political
competition and political factors, and socioeconomic
development. Each of them has a massive influence
on participatory movements on the municipal level.

This part of the chapter is a theoretical introduc-
tion, which is followed by the empirical analysis.
The dataset includes all municipalities in the Czech
Republic, i.e., 6,258 units. The study focuses on the
determinants of participatory techniques and trans-
parent government. Based on different questions or
indicators, the author builds three clusters from the
variables. For example, the communication dimen-
sion includes whether the municipality’s website is
mobile friendly; the participation dimension includes
whether the municipality uses opinion polls on a
municipality web; and the transparency dimension
includes whether the municipality shares informa-
tion about the council members. After that, the study
focuses on measuring institutional, political, and so-
cioeconomic factors, and used descriptive statistics
such as the number of population, the proportion of
inhabitants with tertiary education, the share of self-
employed and elderly people. Interestingly, the au-
thor also considers the age and gender of the mayor
for each municipality, which suggests that these two
factors may have a significant effect on participation
in the Czech Republic. Indeed, the study results in
that female mayors give more support to participa-
tory governance than males. The author suggests that
further studies are still needed.

The sixth chapter, entitled Participatory Budgeting
in the Czech Republic, is a study by Jifi CHOVANECEK.
The chapter can be divided into two main parts. First,
the author familiarizes the reader with the theoreti-
cal foundations of participatory budgeting, by pre-
senting the origins of the concept and its different
frameworks. Second, he presents mainly through a
case study of the Central Bohemian Region how par-
ticipatory budgeting works in the Czech Republic,
and which political parties and movements support
it. The approach itself and the methodology used can
be useful for further studies in Central and Eastern
Europe. This chapter reveals another component of

the complexity of citizen participation. According to
the author, money has a significant role, and from
the moment the community has a word in where it
should be spent, it results in more transparent gov-
ernance, more satisfied citizens, and perhaps a sense
of belonging. Moreover, if citizens could make such
financial decisions, they would regard the tax they
pay to the local government as an investment into
their own city, neighbourhood, and home. On the
other hand, local governments could have a better
relationship with their citizens who probably would
complain less about the local taxes, which would
also increase the local government’s and the mayor’s
chance to win the next election.

The case study presented in this chapter shows that
between the years 2012 and 2020, 227 participatory
budget events occurred. The author reveals signifi-
cant differences between municipalities, and between
political parties and movements. Interestingly, non-
parliamentary parties and movements were signifi-
cantly more willing to use participatory budget initia-
tives. Another interesting fact is that after the change
of political leadership in Central Bohemia, the project
of participatory budgeting was abandoned. Through
this case study, it is unambiguous that currently there
are different limiting factors in the way of a viable
and sustainable participatory budgeting system, not
to mention the financial damages that the COVID-19
pandemic has caused, or the current war situation. For
a better cooperation, not only citizens should learn
how to work together with the local government and
civil services, but political actors and other stakehold-
ers also have to do the same. Once the human barrier
is overcome, it becomes easier to design the system.

Chapter 7 is written by David ZrcrovskY, Jif{ PANEK,
and Jifi CHovaNECEK, and entitled as GeoParticipatory
Tools in Action: Case Study Jesenik, Czech Republic. The
structure of the chapter is a bit unique, because 6 out
of its 7 sections raise a question in their title, which the
author answer one by one. The case study uses an emo-
tional mapping technology and the questions fit to this.
They ask, for example, where the participants feel com-
fortable or neglected, and where they spend their free
time. Interestingly, the biggest number of responses
has been received for two questions about comfort and
safety, while the lowest number of responses has been
received for the question of shortfall. This suggests that
citizens are satisfied with the amenities, nonetheless,
there are many places where they do not feel safe.

I would like to highlight from this chapter the
methodology and its relevance. Undoubtedly, some
places are better known for the citizens. For example,
24/7 stores where young people buy alcohol, aban-
doned areas, where homeless people live, tourist
destinations, which are crowded throughout the
whole year, clubs, and so on. Yet, in many cases, the
problems related to these places are not properly han-
dled by the authorities, or they only receive few com-
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plaints. A study like this one of Jesenik shows how
citizens feel about different areas in the city, which
makes it easier to respond to, prioritize, and solve
social conflicts. Participatory movements help the lo-
cal government and the citizens at the same time and,
thus, can improve the relationship between them.

The final chapter (The Application of City-Building
Games in Spatial Planning) is a study from Jan PiNos
and Jaroslav Burian. It presents the relevance of
city-building games for spatial planning through
introducing a case study where a certain game,
called Cities: Skylines was used. The game was se-
lected based on the researchers’ criteria, which in-
cluded among others the authors’ previous personal
experiences. The chapter discusses the relevance
of simulator games in general and discusses their
IT aspects in detail. The case study focuses on the
town of Olomouc in the Czech Republic, and a new
neighbourhood called VOP Velkomoravska, which
was a former military compound. The project had
five stages beginning with the preparation of the
rules followed by a design contest and ending with
the gathering of feedback from the players and the
jury. The criteria for the design included residential
housing, public spaces and greenery, infrastructure,
building height limitation, and services. The con-
test lasted for two and a half weeks in January 2021,
and 10 designs were submitted. After submission,
the models were tested and rated by a detailed list
of parameters such as pedestrian crossings, flood
protection measures, bike paths, parking, shops, etc.
These parameters were split then into three priority
groups, and their scores resulted in rankings by each
parameter. Finally, a four-membered jury assessed
the designs, and their scores were added to the para-
metrical scores. After the contest, the participants had
to fill in a questionnaire about the project. In general,
the results were positive. The participants found the
rules clear, the challenge interesting and motivating,
the game suitable for planning purposes and, surpris-
ingly, the funding of the prize was less important
to them. Altogether, this project was a success and
proved the relevance of such a participatory tool, de-
spite all the barriers I discussed in this review.

In sum, the book is a well-detailed description of the
current tools of geoparticipation in spatial planning. It
is a suitable starting point for further studies in Central
and Eastern Europe, and it can also be used as a hand-
book for the practical application of geoparticipatory
tools. The theoretical founding of the volume is ad-
equate, and the case studies justify the relevance of the
tools presented in the book. Even if one may have less
interest in the governmental and financial situation of
the Czech Republic, the same research methods and
tools can be used in many cities, regions, and countries
with similar social characteristics. I very much recom-
mend the volume to both researchers and profession-
als in the field of spatial planning.
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