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Abstract

Three different clothing thermal resistance (r.) schemes are compared using meteorological and human
data collected in Martonvasar. Model 1 is the most complex, it is energy balance based. Model 3 is the
simplest, it is the UTCI-clothing model used as submodel in the UTCI (Universal Thermal Climate Index)
scheme. It uses air temperature as sole input. Model 2 uses more data than model 3, the data used are
the thermal insulation values of the clothing worn. Meteorological data refer to the town Martonvasar.
The data were collected in the period August 9, 2016 — May 23, 2018. The main result is that the r. val-
ues obtained by model 1 differ significantly in most of the cases from the results obtained by models 3
or 2. The fact that the results of model 1 rarely match the results of model 3 or model 2 suggests that
the energy balance between human body and environment is rarely achieved, merely this is the case in
approximately 10 percent of the cases.

Keywords: clothing thermal resistance; energy balance of the human body; clothing ensemble; air tem-

perature; environmental heat deficite; metabolic heat flux density

Introduction

In our day and age, mainly models based on energy
balance are used in the human biometeorological in-
vestigations (Potchter et al., 2018). It should be empha-
sized that the human factor can be fully taken into ac-
count only in these models. The human factor refers
to the activities of people and the clothing they wear.
Both factors are decisive in terms of human thermal
load and sensation.

Clothing exerts its thermal effect mainly through
its thermal insulation. The thermal insulation of
clothing (r.) is mostly an unknown parameter and
it varies highly from person to person. It can be both
an input and output variable of the energy-balance-
based biometeorological models. It is used as an in-
put variable in the vast majority of models, such as
in the most commonly used PMV (Predicted Mean

Vote), (Fanger, 1970), PET (Physiologically Equiva-
lent Temperature), (Hoppe, 1999), or UTCI (Univer-
sal Thermal Climate Index), (Fiala et al., 2012) mod-
els. In these models, r is either constant (e.g. Hoppe,
1999) or can be estimated in a very simple way by par-
ametrization (Havenith et al., 2012; Olesen, 1985). In
these cases, the personal variability of r is not taken
into account at all, although this variability can be
very large. There are also models (e.g. Auliciems & de
Freitas, 1976; Auliciems & Kalma, 1979; Yan, 2005;
Yan & Oliver, 1996), in which r, is an output vari-
able. In these models, r is determined on the ba-
sis of energy balance of the clothed human body-en-
vironment system. These models are a lot less often
used compared to the ones, in which r_ is used as in-
put variable.
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Clothing Thermal Resistance
in the Human Biometeorological Models

As we mentioned, the thermal effect of the individu-
al differences between human characteristics can only
be taken into account in models based on energy bal-
ance (de Freitas & Grigorieva, 2015). In these models, a
person is characterized by his/her activity-related met-
abolic heat flux density (M), clothing, and thermal sen-
sation. The last factor is the most complex phenomenon,
it can only be estimated by asking people; the pioneer-
ing work of Fanger (1970, 1973) should be highlight-
ed in this regard, which determined the development
of the entire profession. The methodology for estimat-
ing M has also improved a lot, among these works we
would highlight Weyand et al. (2010), in which M is pa-
rameterized for individuals walking at different speed.
Clothing is at least as much a variable and individu-
al factor as the previous two due to its thermal insu-
lation. The thermal insulation of clothing can only be
accurately determined by measurement. These meas-
urements are time consuming, expensive and individ-
ual measurements have no sense due to high interper-

Clothing thermal resistance models

son variability. Therefore ry is commonly determined
by parameterizations. It is clear that r, values deter-
mined by parameterizations and on the basis of the en-
ergy balance of the human body-environment system
don’t necessarily have to agree. To our knowledge there
is no work yet dealing with the comparison of r values
obtained using different methods.

Based on the aforementioned, the aim of this work
is 1) to compare three r, calculation methods and
2) to test the sensitivity of the energy-balance-based
method to variations of wind speed and M. In the fol-
lowing, model 1 is the energy-balance-based meth-
od; model 2 is the clothing ensemble model of Oles-
en (1985), which can be viewed as the most empirical;
and model 3 is the wellknown UTCI-clothing mod-
el (Havenith et al., 2012). After the presentation of the
methods follows a detailed description of the data col-
lected, which is then followed by the presentation and
discussion of the results. Eventually, the most impor-
tant conclusions are drawn at the end.

The basic equations of the models are as follows.

Model 1: Thermal resistance of clothing can be es-
timated from the energy balance equation of the hu-
man body-clothing-environment system (Acs et al.,
2021). It can be expressed as follows,

TS - Ta

T=pPCp - R
‘ P M-AE,-AE,-W

. +
M-AE - AE,-W

Thy

where p is air density [kgm™], c, is specific heat at
constant pressure [Jkg! °C?], T, is air temperature
[°C], Ty is skin temperature [°C] (a constant, 34 °C),
Iy, is the combined resistance for expressing thermal
radiative and convective heat exchanges [sm?], R,; is
the isothermal net radiation flux density [Wm™2], M is
the metabolic heat flux density [Wm™], AE4 is the la-
tent heat flux density of dry skin [Wm=2], AE, is the
respiratory latent heat flux density [Wm™=] and W is
the mechanical work flux density [Wm™] referring to
each activity, in this case walking. In our model appli-
cations, the walking speed is 1.1 ms™.

The parameterization of environmental and hu-
man factors is described in the work of Acs et al. (2019,
2021). The human body is considered as a single node
and since Ty is an input variable and r is an output
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1},

variable, this model is the inverse of the common en-
ergy-balance-based models (e.g. Fanger, 1970, 1973).

Model 2: Thermal resistance of clothing can also
be estimated on the basis of thermal insulation of the
garments (Olesen, 1985) that make up the clothing.
The expression is as follows,

n

Ta= E R

i=1

where r is the resulting thermal insulation of to-
tal clothes worn, r ; is the thermal insulation of the ith
garment and i is the number of garments. The r val-
ue obtained this way can be used as input variable in
each model, where T is an output variable. The model
can be called as clothing ensemble model.

Model 3: Thermal resistance of clothing is estimat-
ed in the UTCI model as follows,

r,=1.372-0.01866-T,—0,0004849 -T2~ 0.000009333-T°
where T, is the air temperature. The model can be

referred to as the UTCI-clothing model (Havenith et
al,, 2012).
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Atmospheric and human data are used. They are col-
lected in Martonvasér (geographical latitude 47.31 °N,
geographical longitude 18.79 °E), more precisely, dur-
ing running events at the running track surrounding
the soccer field in Martonvasar.

occasions. In other occassions, when there was envi-
ronmental heat surplus, the energy-balance is not met
since the process of sweating (evaporation from the wet
skin) is not simulated. In these cases, the value of r
is negative, which cannot be interpreted physically. In

Figure 1. Location of Martonvasar in Hungary and the running track surrounding the soccer field in Martonvasar
Photo by: Ferenc Acs

Atmospheric data

There were in total 112 occasions of running activity
(Acs et al.,, 2019) in the period August 9, 2016 - May
23, 2018. Atmospheric data were collected on each run-
ning occasion. Out of these 112 occasions, the energy-
balance-based method (method 1) is applicable in 74

the following, we will consider only the applicable cases.
Values of air temperature, air humidity, average wind
speed, wind gust speed and atmospheric pressure data
are taken from the website of Hungarian Meteorologi-
cal Service (HMS) and refer to Martonvasar. The mete-
orological station in Martonvasar is one of the stations

Figure 2. Evolution of air temperature and global radiation values registered during the
74 occasions of running on the Martonvasar athletics track

Figure 3. Evolution of average wind speed and wind gust speed values registered during
the 74 running occasions on the Martonvasar athletics track

Geographica Pannonica * Volume 27, Issue 2, 83—90 (June 2023) | 85
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of the Hungarian Meteorological Service from about
a thousand stations. The Martonvasar meteorologi-
cal station - soccer field beeline distance is 100-150 m.
Data refer to periods of 10-minutes. The 10-minute pe-
riod is at the middle of the running activity. The be-

ginning and the end of each running is regularly docu- Name Thermal insulation value (clo)
mented. Relative sunshine duration and cloudiness are swim briefs 0.04
visually observed. The referring air temperature and <horts 006
global radiation values as well as wind speed values are
R . ankle socks 0.05
presented in Figure 2 and 3, respectively.
Air temperature changed between 10 and 25 °C, sneakers 0.08
whilst global radiation between 0 and 460 Wm™. in total 0.23
There were cases of lower temperatures coupled with Autumn clothes
higher values of global radiation (e.g. occasion 17 on Name Thermal insulation value (clo)
January 1, 2017; occasion 19 on January 15, 2017; oc- swim briefs 0.04
casion 20 on January 19, 2017), and conversely, higher sweatpants 0.25
temperatures .coupled with l.ower global radl_atlon val- e leeve 01
ues (e.g. occasion 40 on April 18, 2017; occasion 41 on " 02
April 23, 2017 and occasion 42 on April 26, 2017). Av- ! Tn gray sweater :
erage wind speed changed between 0.5 and 8.5 ms 7, thick orange sweater 03
but it fluctuated mostly between 2-3 ms?. Wind gust green vest 013
speed values were mostly between 3 and 6 ms?, val- | ankle socks 0.05
ues exceeded 10 ms™ only twice. Note that wind gust sneakers 0.08
speed was lower than 1 ms™ on two occasions. thick gloves 0.05
black cap 0.05
Human data in total 1.25
There are two types of human data: a) human state var- -
iables and the referring basal, walking and total energy Winter clothes
flux densities and b) thermal insulation values of gar- autumn attire complete in total
ments making up clothing. The anthropometric and with 1 pair of socks 1.25+0.05+0.20 =1.50
and 1 pantyhose

energy flux density data of the persons included in the
study are presented in Table 1. The heat and energy flux
density values shown in Table 1 (the last three columns)
were calculated according to Acs et al. (2019) (equations
(10)-(14)). Only one person (person 1) undertook the
long-term longitudinal experiment — simultaneous and
parallel documentation of the weather, activity and the
clothing worn. It should be mentioned that such long-
term experiments are very rare given the complexity of
the work to be performed. The anthropometric data of
persons 2 and 3 were used only when the sensitivity of
model 1 to changes in metabolic heat flux density was
examined (below in chapter: Results, section: Sensitivi-
ty of model 1 to metabolic heat flux changes).

Thermal insulation data of the garments mak-
ing up the clothing of person 1 used during running
events are summarized in Table 2.

Table 1. Human characteristics of the persons in the study

Table 2. The thermal insulation value of garments worn
and the total thermal insulation value of clothing worn in
different seasons based on model 2

GARMENTS

Summer clothes

The thermal insulation value is expressed in clo
unit, which was introduced by Gagge et al. (1941). 1
clo is 0.155 (m? - °C)/W. Thermal insulation values ex-
pressed in clo for different garments are taken from
literature (e.g. Parsons, 2014; Innova, 2002). It is worth
mentioning that the same clothes were used during
the runs, it is only their combination that may have
changed from run to run. As mentioned, the weath-
er, the clothing worn and the activity (duration of the
run, weight before and after the run) were document-
ed after each running event. Of course, the wearing of
clothes had seasonality. Table 2 also provides infor-
mation on these possible seasonal thermal insulation
values on the basis of model 2.

Persons Sex Age Body mass | Body length | Basal metabolic | Walking energy Total energy
[years] [kg] [em] heat flux flux density flux density
density [Wm] [Wm] [Wm-?]
Person 1 male 66 89 190 40.8 94.5 135.3
Person 2 male 53 95 179 42 108 150
Person 3 male 24 120 179 46 124.9 170

Geographica Pannonica * Volume 27, Issue 2, 83-90 (June 2023)
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Applying the models we a) compared their behav-
ior and b) examined the sensitivity of model 1 to the
changes of wind speed and M. The sensitivity of mod-
el 1 to changes in wind speed was investigated by com-
paring r values obtained for average wind speed and
wind gust speed. The sensitivity of model 1 to chang-
es in M was examined by comparing the r, values
obtained for the M value of person 1 and the rg val-
ues obtained for the M values of persons 2 and 3. We
chose wind speed because it is one of the most rapidly
changing factors among the meteorological state var-
iables. In model 1, the person is represented by M, so,
the variability between people is expressed via varia-
bility of M.

Comparison of the models

The comparison of the models can only be done for
person 1, since, as mentioned, there is no document-
ed data for the clothes and weather of person 2 and
3. There are three comparisons: results obtained by
model 1 are compared by results obtained by model 2
and 3, and lastly, results obtained by model 2 and 3 are
also compared. Each comparison contains 74 points,
that is, there are exactly as many points in each scatter
chart as there are applicable running events. Compar-
ison of r values of person 1 obtained by model 1 and
2 is presented in Figure 4.

We can see that for r, values smaller than 1 clo,
most of the points are below the dashed line, that is,
model 2 overestimates model 1. For r, values great-
er than 1 clo, the scatter of points is much larger and
model 1 can overestimate significantly model 2. It

Figure 4. Scatter chart of clothing thermal resistance
of person 1 obtained by model 1 (inverse application of
the energy-balance-based model) and model 2 (clothing
ensemble model)

seems that the agreement of the models increases as
heat deficit increases. Comparison of r values of per-
son 1 obtained by model 1 and 3 is presented in Fig-
ure 5.

Figure 5. Scatter chart of clothing thermal resistance
of person 1 obtained by model 1 (inverse application of
the energy-balance-based model) and model 3 (UTCI-

clothing model)

Here, the trend observed in Figure 4 is even more
pronounced. For r values smaller than 1 clo, model 3
overestimates model 1, but for r, values greater than
1 clo model 1 can significantly overestimate model 3.
Note that model 3 cannot produce ry values greater
than 1.7 clo. On the other hand, the r  values obtained
with model 1 became greater than 2 clo in some cas-
es. The biggest differences between the results of mod-
el 1 and model 3 are in cases, in which air temperature
values are lower (e.g. 4-11 °C) and global radiation val-
ues are higher (370-460 Wm2). These cases can easi-
ly be recognized in Figure 2. In these cases, r values
obtained by model 3 are about 1-1.3 clo, whilst r val-
ues obtained by model 1 about 0-0.3 clo. The effect of
radiation can also be revealed in cases of greater heat
deficiency. In these cases, model 1 overestimates (1.7-
2.3 clo) model 3 (1.2-1.5 clo), because model 3 is insen-
sitive to the lack of global radiation. Comparison of r
values of person 1 obtained by model 2 and 3 is pre-
sented in Figure 6.

It is noticeable that the results agree much better
than previously. In this case, model 3 systematically
overestimates model 2. This overestimation is great-
er in the case of small heat deficits (smaller r values),
and decreases as heat deficit increases. Based on the
results of the scatter charts, differences between the

Geographica Pannonica * Volume 27, Issue 2, 83-90 (June 2023) | 87
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Figure 6. Scatter chart of clothing thermal resistance of
person 1 obtained by model 2 (clothing ensemble model)
and model 3 (UTClIclothing model)

models are the largest in situations with small heat
deficit (r less than 0.5 clo).

Sensitivity of model 1to wind speed changes
Model 1 depends on ry,, therefore it is sensitive to
wind speed changes. Wind speed changes are char-
acterized by comparing average wind speed and wind
gust speed values (Figure 3). Comparison of r values
obtained by model 1 using wind gust speed and aver-
age wind speed values is presented in Figure 7.

For these wind speed changes, the maximum val-
ue of r change is around 0.4 clo. r deviations of 0.2-
0.4 clo can occur both in case of larger (1.5 clo) and
smaller (below 0.5 clo) environmental heat deficits.
The determining role of wind can even be seen in cas-
es, where r < 0.5 clo.

Sensitivity of model 1
to metabolic heat flux changes
Model 1 depends on M, therefore it is sensitive to
changes of M. M values of persons 1, 2, 3 differ about
15-20 Wm2. The effect of these constant differences on
r. can be seen in Figure 8.

Since M of person 2 and person 3 is greater than
the M of person 1, r, values obtained for persons 2

Discussion

Figure 7. Scatter chart of clothing thermal resistance
values obtained by model 1 using wind gust speed and
average wind speed values

and 3 are underestimated with respect to the r val-
ues obtained for person 1. The bigger the r  values, the
bigger the differences between them. In case of large
heat deficits, these differences can reach 0.4-0.7 clo.
Note that models 2 and 3 do not explicitly show this
dependence.

Figure 8. Comparison of clothing thermal resistance
values obtained by model 1 for persons 2 and 1 (blue), and
for persons 3 and 1 (green)

The tested r models differ greatly. Each model has its
advantages and disadvantages. Model 1 is the most
complex because it takes all important environmen-
tal and human factors into account. This is both an
advantage and a disadvantage. M and r are simulat-
ed referring to a specific person, whilst thermoregula-
tion processes are not considered at all. In our opinion,

88 | Geographica Pannonica * Volume 27, Issue 2, 83—-90 (June 2023)

thermoregulatory processes (e.g. sweating, shivering)
do not need to be simulated if the model is not for
testing human comfort, they are rather to be used in
simpler tests like climate classification. However, the
number of input variables is large. This is a clear dis-
advantage, especially if we want to use the model for
climate classification. Model 2 is much less complex



than model 1. Model 2 is simple, but the r values of
the garments that make up the clothing may differ
from the literature values and r values may vary from
case to case. Model 2 has as many input variables as
there are garments that make up the clothing. Model 3
is the most simple since r depends only upon air tem-
perature. The human is an imagined average person
(Blazejczyk et al., 2010, 2013) with a body weight of
73.5 kg, abody fat content of 14% and of a Dubois area
of 1.86 m>. Sex is not specified. His/her clothing rep-
resents the clothing patterns of European and North
American urban populations.

We could see that the r values obtained with mod-
el 1 and model 3 differed to the greatest extent (Figure
5). These differences were the greatest when heat defi-
cit was small according to model 1, while it was great-
er according to model 3. These cases were seen when
in addition to lower air temperatures (higher heat def-
icit according to model 3), higher solar insolation val-
ues (lower heat deficit according to model 1) occurred.
Larger r differences obtained by model 1 and model
3 could also be observed in conditions of greater heat
deficits (r, = 1.3 clo). In these cases, heat deficit was
greater (1.6 < ry < 2.2 clo) according to model 1 and
smaller (1.2 <r, < 1.5 clo) according to model 3. These
differences are caused by the fact that model 1 takes
the effect of radiation balance on thermal load into
account, while model 3 doesn’t. These cases show that
there can be large differences between the thermal in-
sulation of worn clothing (model 3 or model 2) and
the thermal insulation of the clothing providing the
energy balance (model 1) in case of either a small or
a large heat deficit. It seems that a person’s clothing is

Conclusion
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such that the energy balance of his/her body is rarely
completely or approximately fulfilled. More precisely,
in 8-10 cases out of 74 cases, the energy balance was
fully met (Figure 4, Figure 5). It is most correct to con-
sider each r value as an approximate value. Such are
the typical seasonal values given in the literature (e.g.
Yan, 2005; Yan & Oliver, 1996). The seasonality of the
clothing worn can also be seen based on the data pre-
sented in this work. According to model 2, the low-
est summer r values can be around 0.2 clo, the high-
est winter values are around 1.5 clo, while the autumn
and spring values can be often around 0.6-1.0 clo.
Model 1, which is the most complex of the exam-
ined models, has highly variable capabilities. It can-
not be used in warm climates or in weather situations
that provide an excess of ambient heat, in which cas-
es the energy balance equation is not complete, as it
does not simulate the process of sweating. However,
when it is applicable (cases of lack of heat), it is able
to simulate interpersonal variability because of the
changes of M. Since the value of M used during walk-
ing depends very weakly, that is, to a small extent, on
the sex of the person, the difference between the sex-
es in the variability of the ry is not noticeable.The in-
terpersonal r differences are the smallest in the case
of small heat deficits, they increase as heat deficit in-
creases, and they can reach values of 0.4-0.7 clo in cas-
es of large heat deficits. Note that this sensitivity (Fig-
ure 8) is comparable with the sensitivity (Figure 7)
obtained for wind speed changes. It should be noted
that the model is planned to be applied to individuals.
The main strength of model 1 is that it eliminates the
effect of clothing on the thermal load of human body.

In this work, we compared three different clothing
thermal resistance models that can be used either as a
stand-alone human biometeorological model (model
1) or as submodels (models 2 and 3). Model 1 is based
on energy balance and is therefore the most complex.
Model 3 is the simplest one and model 2 is in between
the two. To the best of our knowledge, there are no
such or similar comparative analyses in the scientif-
ic literature. The results obtained show that there is a
considerable difference between r values obtained by
model 1 on one hand and models 2 and 3 on the oth-

er. The results suggest that 1) it is hard to achieve a bal-
ance of energy between the human body and the en-
vironment because in most of the cases it is either of
the following: too much or too little clothing is worn.
Based on the results obtained in the study, it is ap-
proximately in 10% of the cases that an energy bal-
ance is met; 2) the impact of individual differences on
r. is greater with increasing environmental heat defi-
cit. Of course, further studies need to be conducted in
order to get a better knowledge of the thermal features
of the clothing worn by humans.
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Abstract

Based on the dialectical relationship between queerness and homonormativity, the aim of this paper
was to outline the spatial framework of pink consumption in Croatia. Since the LGBT community is a
specific and sensitive social group, qualitative research methods were used. After calculating the gay in-
dex and determining that the city of Zagreb provides the most favourable spatial context for the study
of pink consumption, the interview method was used to collect qualitative data. The sample was as-
sembled using the snowball technique (N = 14). The research revealed that there are only few pink con-
sumption places in Zagreb, that they are not even present in all consumption systems, and that they
are located in the central part of the city without exception. Although it cannot be argued that they are
completely homonormative places, evidence of social exclusivity and sexual conservativism was found.
Thus, it has been shown that even fundamentally inclusive places can produce normativity, which de-

1

prives them of the potential to achieve equality and emancipation of the Zagreb's LGBT community.

Keywords: pink consumption; LGBT; Zagreb; homonormativity

Introduction

Consumption areas designed specifically and exclu-
sively for the LGBT+ community' or places where
there is a higher concentration of LGBT persons due
to their specific spatial properties, are called pink con-
sumption places. These appear in all four fundamen-
tal consumer systems - shopping, health and diet, en-
tertainment, and culture and education - but most of
all in the sphere of entertainment (Mak & Jakov¢ic,
2021). The importance of night clubs in the socialisa-
tion of LGBT persons has been documented since the
1920s (Hunt et al., 2019) and these venues are consid-
ered key places for the functioning and spatialisation
of the LGBT community (Lugosi, 2007; Burmaz, 2014;
Mattson, 2015).

The development of pink consumption has been
largely affected by the liberalisation of social relations

in Western Europe and Anglo-America in the latter
half of the 20t century, and therefore, the majority
of research focus has been centred in these parts of
the world. It has been widely documented that pink
consumption provides a space of freedom and safe-
ty for the open communication of LGBT identities
(Kates, 2002; Cattan & Vanolo, 2014; Bettani, 2015).
However, there is a significant difference between the
Western world and post-socialist Europe. While in
Western societies pink places contribute to the public
visibility of the LGBT community (Baudinette, 2017;
Motschenbacher, 2020), in the post-socialist context
they are still “in the closet,” i.e., they are not seen from
the street (Burmaz, 2014; Dimitrov; 2014). Differenc-
es were also found in the openness of pink consump-
tion places to different sexual and gender identities

For the purpose of simplicity, referred to only as LGBT in this paper.
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within the LGBT community. While some authors
emphasize that pink consumption places welcome
everyone (Cattan & Vanolo, 2014), others argue that
such places do not welcome all segments of the LGBT
community equally (Kates, 2002; Binnie, 2004; Bet-
tani, 2015; Baudinette, 2017; Motschenbacher, 2020).
In post-socialist Europe, there are not even studies
on the openness of pink consumption spaces to dif-
ferent LGBT identities. Similarly, to date, there is no
scientific interest in the consumption and consump-
tion spaces of LGBT persons in Croatia. However, ex-
plicitly pink consumption places, for example in Za-
greb, started to appear in the late 1990s. This is when
the first openly gay club, called Bad Boy, was opened
in 1999 in Zagreb’s Ksaver neighbourhood (Stulhofer
et al., 2003). However, this club was soon closed down
and for a longer time (from 2002-2008), a key venue
in the night life of LGBT persons was the Global club
on Pavla Hatza Street. In the early 2010s, there were
three gay clubs operating in Zagreb - g.CLUB on Savs-
ka Street, Rush on Amruseva Street, and HotPot on
Petrinjska Street. Later, Rush was relocated to Savs-
ka Street in the venue of the g.CLUB after it closed
(Hermann, 2016), though with the onset of the COV-
ID-19 pandemic, Rush too was permanently closed.
The only remaining operational gay club in Zagreb
was HotPot. Considering that pink consumption plac-
es are typically most developed in the entertainment
sphere, and this was reduced to a single gay club in
Croatia’s largest city, then it can rightfully be said that
this is but a silhouette of pink consumption. Therefore,
the key task of this paper was to delineate the silhou-
ette of pink consumption in a dominantly non-pink
and heteronormative urban space.

Namely, the majority of public spaces are implic-
itly or explicitly heteronormative, which is then re-
flected in the assumption of the heterosexual identi-
ties, relations and practices as expected and desirable
(Motschenbacher, 2020). Heteronormativity is repro-
duced through the patriarchal social structures, con-
nections and relations (Hubbard, 2001), similar to
how hegemonic groups maintain their privileged so-
cial position (Jackson Lears, 1985). On the contrary,
sexual and gender minorities (in theory) act subver-
sively, thus representing a key (or at least potentially
key) point of countering the legitimacy of the patriar-
chal social structures (Baudinette, 2017). In that way,
they become key actors in creating authentic LGBT
spaces.

Authentic LGBT spaces, nonconformist LGBT
spaces, or simply queer spaces® imply a liminal space
that emerges by challenging established (hetero)nor-
mative social expectations (Baudinette, 2017). They
are marked by a sociability that lies outside the frame-
work of the assumed norms, implying a contention
of sexual conservativism and a pronounced solidar-
ity among individuals of varying socioeconomic sta-
tus (Mattson, 2015). They are organised as places that
question the very idea of normativity, by deflecting at-
tention on the fact that normativity nearly always re-
sults in violence (Gibson-Graham, 1999 according to
Brown, 2009).’ Therefore, queer spaces imply a certain
resistance and secure the right to existence for mar-
ginalised gender and sexual identities (Hemmings,
2002). The rapid development of these spaces coin-
cides with broader acceptance of sexual and gender
minorities in the Western world.

Since the 1990s, there has been a liberalisation of
social relations in the Western world and a gradual
improvement of the legal position of LGBT persons.
Through the gradual abolishment of discriminatory
legislation, LGBT individuals are becoming more and
more included in the public realm, as persons who
can contribute to the community in which they live.
Meanwhile, the demands of LGBT movement are also
changing, where the socioeconomic solidarity and as-
pirations for sexual freedom are being replaced with
striving towards achieving equal civil rights (Brown,
2009). In parallel with this process, there have been
changes to spaces occupied by LGBT persons, par-
ticularly those spaces having a commercial function.*
Once economically determined, they gradually cease
to be devoid of social norms and expectations. With
the adoption of the normative impulses, such spac-
es cease to question (threaten) the dominantly heter-
onormative social assumptions (Duggan, 2004), and
reduce the identity of LGBT persons to merely their
consumer choices (Gorman-Murray & Nash, 2017).
The homonormativity directs the LGBT communi-
ty towards individualism and consumerist economic
values, while in the private sphere, it favours the norms
of the heteropatriarchy, i.e., long-term monogamous
relationships with predefined gender roles (Brown &
Bakshi, 2011). Accordingly, analogous to heteronor-
mativity, homonormativity creates spaces which are
privileged in the economic sense, and conservative
in the sexual sense (Kenttama-Squires, 2019). Fur-
ther, the spatial representations of the LGBT identities

Queer implies the critical position that acts subversively towards the normative understanding of relationships between spaces, gender

and sexuality (Baudinette, 2017) and therefore is a good indicator of the authenticity of LGBT spaces.

Normativity implies the socioeconomic layering and conservative social relations, i.e., the separation of accepted (privileged) individ-

uals, and the positioning of undesirable identities in the margins (Brown, 2009).

Herein lies the contradiction between the previously proclaimed possibility for the flexible and free expression of gender and sexuali-

ty, and the appearance of normativity that the space begins to demand (Kates, 2002).
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are based on the heteronormative conception of mas-
culinity and femininity (Baudinette, 2017). In so do-
ing, specific forms of homosexuality are incorporat-
ed as desirable in the capitalist society® (Brown, 2009),
while undesirable forms of sexual and gender identi-
ties are pushed to the margins.® Therefore, the emer-
gence of homonormative pink consumption spaces
can simultaneously be considered as the emergence of
spaces of social exclusion (Brown & Bakshi, 2011; Bet-
tani, 2015). This significantly limits the emancipation
potential of the LGBT space as inclusive and open to
diversity (Baudinette, 2017).

Homonormativity is a locally specific phenomenon
that is manifested in different ways in different spac-
es (Kenttamaa-Squires, 2019). This makes it a suita-
ble framework for studying the characteristics of pink
consumption in a range of socioeconomic contexts. In
other words, the concept of homonormativity enables
an understanding of the organisation of pink con-
sumption spaces and how they function. Therefore, it
should come as no surprise that this is the most com-
mon theoretical approach to the study of pink con-
sumption in the past decade (Mak & Jakov¢i¢, 2021).

As stated earlier, a key task of this study was to es-
tablish the silhouette of pink consumption in a dom-
inantly non-pink and heteronormative urban space

Methodology

Karlo Mak,
Martina Jakovcic¢

of Croatia. Therefore, the first task was to determine
which regions (counties) are the most relevant for ge-
ographical research of pink consumption. This is fol-
lowed by the selection of the most pertinent spatial
unit, i.e., the largest city in that region, and detection
and classification of specific places of pink consump-
tion within it. The largest city is typically the location
of the most prominent LGBT community, since a larg-
est population allows for greater anonymity and fre-
er conduct, while also reducing stigmatisation, hom-
ophobia and violence (Braun et al., 2015). Finally, the
characteristics of established pink consumption plac-
es are examined to determine the links between the
theoretical proclamations of authenticity (subversion
against the social order of the heteropatriarchy) and
homonormativity.
Fulfilling the set goals would thus provide answers
to the following research questions:
1. Where in Croatia is it even possible to study pink
consumption places?
2. Where are pink consumption places found within
the spatial structure of the city?
3. Which consumer activities (needs) of the LGBT+
community are met by these places?
4. What are the main properties of pink consumption
places?

For the purpose of achieving the aims of this re-
search, it was necessary to employ a range of meth-
odological procedures. In order to determine in
which regions (counties) in Croatia the largest num-
ber of pink consumption places could be expected,
we calculated the diversity index or gay index (Flor-
ida, 2002).” Input data were obtained by the Register
of life partnerships, available on the website of the
Ministry of Justice and Public Administration. Gay
index is a simple locational quotient that measures
the number of same-sex households in a smaller spa-
tial unit in comparison with the number of same-sex
households in a larger spatial unit, and the obtained
value is divided by the population of the smaller spa-
tial unit in relation with the population of the larger
spatial unit (Florida, 2002). In Croatia, the index can
be formulated as:

5

higher socioeconomic status (Kates, 2002; Bettani, 2015).

no. of life partnerships in the county

no. of life partnerships nationally

index =
gay Index county population

national populaton

Once the spatial unit that had the highest val-
ue of the gay index was determined, LGBT persons
could be interviewed. The initial survey participants
were proposed by the organisations Zagreb Pride and
Iskorak, and the sample was further increased using
the snowball technique. A total of 14 semi-structured
interviews were held during May and June 2021. In-
terviews were continued until the same answers were
obtained in three consecutive conversations. The in-
terviewees were between 19 and 48 years of age (mean
29 years) and of varying sexual (lesbian, gay man, bi-
sexual person, pansexual person) and gender (male,

Homonormativity typically favours physically attractive (standardly hypermasculine), young and predominantly white gay men of a

¢ Exclusion most often functions by the principle “no fats, no fems”. In such a space marked by hypermasculine discourse, excessive body
weight and femininity are classified as moral failures in a disciplining the body, and as such as labelled as unattractive and undesira-
ble traits (Kates, 2002). Further, other undesirable elements are typically recognised as older LGBT persons, ethnic minorities, persons
with disabilities, different affiliations within the queer community and all other persons who fail to confirm to the strictly set norms

(Bettani, 2015).

7 Florida (2002) developed the gay index within the framework of his creative class (creative city) theory. For more about the limitations

of the gay index, see Mak & Jakov¢ié, 2021.
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female) identities (see Table 1).* The interview pro-
tocol consisted of several thematic areas - pink con-
sumption spaces with regard to their (non)norma-
tive properties, the significance of those spaces for the
LGBT community, the four fundamental consumer
systems, and consumption management. In this pa-
per, only those statements pertaining to the properties
of pink consumer spaces were addressed.

Table 1. Demographic traits of survey participants

Code | Gender Sexuality Age
S1 male bisexual person 26
S2 male gay man 32
S3 female pansexual person 22
S4 male gay man 25
S5 male gay man 25
S6 female lesbian 32
S7 female bisexual person 24
S8 male gay man 25
S9 male gay man 48
S10 | male gay man 37
SN female lesbian 33
S12 female pansexual person 20
S13 | female lesbian 38
S14 | male gay man 19

Source: Interviews

Silhouette of Pink Consumption in Zagreb

Finally, in order to discuss the spatial distribution
of LGBT persons within a specific urban area, the gay
dating application Romeo was used. Romeo enables
collecting data on the locations of its users, which is
important due to the lack of other means of detect-
ing the spatial concentration of LGBT persons. Al-
though the locations provided by Romeo are not com-
pletely reliable (+50 metres), which is justified by the
need for user security (Romeo, 2022), even approxi-
mate data can be considered useful within the scope
of this research. It is certainly necessary to highlight
the methodological limitations of using Romeo data.
Firstly, the selected application completely excludes
LGBT persons who do not gender identify as males.
Secondly, not all LGBT persons use this application,
and one person may potentially have multiple profiles
open. And finally, the location of the person need not
necessarily indicate the person’s place of residence, as
the individual can independently move their location
pursuant to their own needs and wants.

The analysis of the spatial distribution of the Ro-
meo profiles as well as the visualisation of the spa-
tial distribution of the pink consumption places were
made in ArcMap 10.4 software using the Kernel Den-
sity function.

Why Research the Geography
of Pink Consumption in Zagreb?
As explained before, in determining the spatial scope
of the study and the regional units in which pink con-
sumption is most prevalent, the gay index was used. In
solely examining the spatial differences in the concen-
tration of life partnerships concluded in Croatia (Fig.
1), there are only three regional units in which there
can be any discussion of the geography of pink con-
sumption: City of Zagreb (3.06), Istria County (1.95)
and Primorje-Gorski Kotar County (1.46). As in the
aforementioned regional units (counties), Zagreb is by
far the largest city, it makes the most sense to expect
the highest number of pink consumption places there.
This is no way means that there are not such places
elsewhere in the country, but only that their numbers
are substantially lower.
‘Not all LGBTQ people are from Zagreb... There are
people of that profile in Knin, Zadar, VaraZdin, Rije-
ka, Pula, and everywhere else... they then occasion-
ally come to Zagreb to have any opportunity to visit

8
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their spaces, as there is nowhere except Zagreb, and
maybe Rijeka where I'm from, that has any spaces of
that type.’ (510)

During April 2022, data on the locations of Zagreb
users of the Romeo dating application was collected. It
was established that there was a total of 3693 profiles
active in the city area. The majority of application us-
ers are located in the central part of the city (Fig. 2),
which, together with the Medvednica foothills makes
a traditional residential zone of wealthier inhabitants
(Prelogovi¢, 2009). It can be expected that the high-
er concentration of pink consumption places will also
overlap with the spatial distribution of the Romeo ap-
plication users. It is plausible to expect that a certain
portion of application users will register at the loca-
tion of such a place, instead of the location of their ac-
tual residence, primarily for safety purposes.

In the case that the Romeo users set their location
at the place where they in fact reside, then it could be
stated that there is a concentration of LGBT persons

Unfortunately, we were not able to reach and include all gender and sexual minorities in our research.
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Figure 1. Distribution of concluded life partnerships in Croatian counties (2013-2021)
Sources: CBS, 2022; MJPA, 2022

Figure 2. Spatial distribution of profiles on the Romeo dating app in Zagreb in April 2022
Source: Romeo, 2022
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around the Zagreb city centre which, through the pro-
cess of gentrification, could also be associated with the
theory of homonormativity (Schulman, 2012). Gentri-
fied LGBT areas are marked by a consumer-oriented
population from which all undesirable elements have
been removed. Namely, the security offered by such
spaces relies on the higher spending power and rel-
ative homogeneity of the population (Mattson, 2015).

Position of Pink Consumption Places
in the City Spatial Structure

— Nearly all pink consumption places mentioned
by the interviewees are positioned in the Zagreb
central core9 (Figs. 3 and 4), which was noted in
several statements together with the remark that
there are too few such places.

- Tve noticed that more of these spaces are appear-
ing around the centre, while there are no neigh-
bourhood friendly cafes. I mean, this is progress
(...), but come on, we need more.” (S12)

- T think that we need more such places. For people
to realise that there are normal people there (...).
There really is very little. I wish there were more
clubs, cafes. This is lacking.” (S14)

Since the majority of these places are cafes and
night clubs, it is possible that their concentration in
the city centre is explained in part by the security that
a central location offers (Sko¢ir & Sakaja, 2017). Fur-

thermore, security has arisen as one of the fundamen-
tal, if not key, properties of pink consumption spac-
es. Namely
— T think that people in Croatian society, which has
made a great deal of progress concerning LGBT
rights, still don’t feel safe and that these spaces of-
fer security above all.” (S5)
- Simply put, they are established in such a way
that everyone knows it is a safe place.” (§7)
- You know that they are safe places, that’s how they
are labelled. You don’t have a feeling of fear.” (S11)

Though they should be (Mattson, 2015), the gay
clubs are not a visible stage of the LGBT social scene
in Zagreb. While located in the city centre core, their
visibility is highly limited, out of the need for securi-
ty of their visitors. The same occurrence in Belgrade
was explained by Dimitrov (2014) as a consequence
of exclusion and part of a survival strategy, while
Burmaz (2014) interprets it as a form of new closet, i.e.,
the appearance of internal peripheralization. In any
case, the very existence of pink consumption places
contributes to the visibility of the LGBT community,
though in the Zagreb (Croatian) context, this is cer-
tainly not their primary role. Therefore, they are not
specially marked, and with their exteriors that give
the impression of completely ordinary business prem-
ises. They are often located in the city courtyards, pas-
sages or basements.

Figure 3. Spatial distribution of pink consumption spaces in the sphere of entertainment
in Zagreb in 2021.
Source: Interviewees

Although they are known to us from the interviews, we did not want to show more precise locations of the pink consumption places,
since it was clear it is important to the interviewees that their places remain hidden, and thus safe. That is why we used Kernel Densi-
ty function instead of just pointing pink consumption places locations on the map.
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Figure 4. Spatial distribution of pink consumption spaces in the spheres of culture and education
(green), and health and diet (blue) in Zagreb in 2021.
Source: Interviewees

— ‘Ttis in the city centre, but in a basement. But still,
I think that without them, then it would be even
less visible. In this way, the population can meet
at that bar on Friday evenings.” (S3)

— T have the feeling that they are all quite hidden
and that they reduce LGBT visibility. But they
still create a safe place. It is not as though they are
widely advertised, that they have a rainbow flag
on the exterior or in the windows. Instead, they
are quite incognito.” (S11)

— T bet that if you asked anyone, for example about
HotPot, they wouldn’t know that it exists.” (S5)

— T'm not sure that these spaces are visible to the (...)
general public, and so from that position we can
question the range of their visibility.” (S10)

- Tdon’t know how many people outside our com-
munity even notices these spaces or perceive them
to belong to the LGBT community. Like Kolaz,
Juta or what we talked about. I don’t know if the
average straight person walked right by would
think, ‘Aha, just another bar, though perhaps
with a disproportionately higher number of wom-
en than in others’ [laughter]. But I'm not sure they
would associate it with the LGBT community. It’s
not as if there are rainbow flags hanging in the
windows.” (S13)

Structure of Pink Consumption Places

Through the interviews, we received some insight
into which pink consumption places in Zagreb can
be discussed. As already emphasized, there are very
few such places — just 29 in the whole city (Figs. 3 and
4) — which can be explained by the fact that Zagreb is

a relatively small city (population less than 700,000)
and the social and historical circumstances. Although
the process of joining the European Union led to an
improvement in the legal status of LGBT people, af-
ter joining the EU there was a strengthening of con-
servative movements directed against the LGBT com-
munity (Cemazar & Mikulin, 2017). This is supported
by the reports of ILGA Europe (2023), according to
which the percentage of realized rights of LGBT per-
sons in Croatia decreased from 71% in 2015 (year after
the acquisition of the right to same-sex partnership)
to only 45% in 2022. Therefore, the small number of
pink consumption venues in Zagreb is a mere reali-
ty. Entertainment venues (48.3%) dominate the pink
consumption spaces in Zagreb, primarily cafes and
night clubs, though their numbers have declined
since the early 2010s (Hermann, 2016). The reduction
in the number of gay clubs is not isolated to Zagreb,
nor was it due exclusively to the COVID-19 pandemic.
For example, Collins & Drinkwater (2017) explained
that the reduced demand for gay clubs and their sub-
sequent closures is due to the increased use of dating
applications that facilitate making personal acquaint-
ances and social networking among LGBT persons
outside the framework of physical space. This is also a
possible explanation for the situation in Zagreb.

- “These online platforms actually reduce socialis-
ing.” (S9)

- ‘Putting COVID aside, I think that online appli-
cations certainly have reduced face to face so-
cialising. Before these apps, we spent more time
hanging out in different venues, like Global for ex-
ample. There we actually socialised.” (S10)
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Among the interviewees, it was clear that the gener-
al opinion is that gay men make up most of the visitors
of night clubs, while other gender and sexual identi-
ties, and the heteropopulation are a minority. It is in-
teresting that in the case of LGBT friendly cafes, there
is a division as to which are more intended for gay
men or lesbians, In the area of cultural consumption
(34.5% of all specified places), LGBT friendly places
were primarily listed as alternative theatres and cin-
emas, while in the area of health-related consump-
tion (17.2% of all specified places), several gyms, sau-
nas, and places important for sexual and reproductive
health were listed.

Finally, there are no sales venues specifically in-
tended for LGBT persons in Zagreb, nor do LGBT
persons feel as though shops are particularly open to
them.

- T think it would be fantastic for a LGBT store
to open (...), that there is a shop where you can
buy some cool make-up, a little unusual, or wigs,
LGBT thermoses and cups, or LGBT merchandise
(...). There is a huge chance that the display win-
dows would be broken. It’s questionable whether
there is anyone brave enough to take on that risk,
but I think that the shop would be well visited and
would do very well.” (§7)

Homonormative or Non-conformist
(Queer) Spaces?

Physical Properties of Pink Consumption Spaces
According to most of the interviewees, the pink con-
sumption spaces in Zagreb do not physically differ
from any other consumer spaces, and this is likely a
consequence of the broader socioeconomic situation
in Croatian society. Pink consumption spaces howev-
er tend to commonly share a somewhat more alterna-
tive (more urban) interior style.

- “They don't differ by anything visible... I don’t see
any differences in the interior style of pink or non-
pink spaces.” (S2)

- TIf you brought a straight crowd into our gay bars,
they wouldn’t even notice that it’s a gay club. Gen-
erally, I would say they look like any other club.’
(S7)

- “These institutions are more insistent that they are
institutions, while smaller theatres (...), you have
that welcome feeling that is more on the alterna-
tive side. Now, this depends on whether or not this
alternative side is associated with queerness, and
honestly that is fantastic.” (S7)

- T would say that they are all, how would I put it,
more urban.’ (S6)

- “There are no specific emblems that would indicate
(...) the LGTBQ population. At the end of the day,
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we live in Croatia. I think that these venues are
also aware of that fact, so they don’t stand out too
much.” (S10)

Nearly all the night clubs to which the interview-
ees referred in their interviews are now closed. There
is only one gay club currently in operation - HotPot
on Petrinjska Street. It is relatively small (just 120 m*
in area) and the interviewees stressed its humble ap-
pearance.

- A dump. Literally. A hole. No windows, inade-
quate ventilation, packed full of people who have
nowhere else to go out... With that, a night out
there is enormously expensive, as you have to pay
at the door and for the price of drinks.” (S5)

- Tt’s too smelly. And so small, it’s a small space so
everyone is crammed in. You can’t get any air;
someone is always coming up to you...” (S14)

— On the other hand, the day-time pink consump-
tion places, above all gay-friendly cafes, are per-
ceived to be more urban. It is possible to identify
certain cafes that openly display LGBT+ symbol-
ism, while in some cases, this is displayed only
during the pride parade.

- ‘For example, the difference at the Cat Caffe is
that they occasionally put up gay flags to indicate
that it is a gay-friendly space. But I have never
seen anyone kiss in there, I mean same-sex cou-
ples, which would really separate that café from
any other that I visit.” (S4)

‘For certain events, like the Pride parade, they’ll
be decorated, but that is only for special events.’
(S7)

Normativity in Comparison
with the Heteronormative Space

We have previously observed that pink consump-
tion places are perceived to be safe places for the LGBT
community to spend their leisure time. Therefore, it
is no surprise that a key role within them is tolerance
and mutual respect.

- ‘Ttis definitely a set rule of conduct that there is an
anti-hate atmosphere, kindness, understanding
and accessibility. At least in my experience.” (S7)
T think we respect one another. But that is I guess
normal if all of us here are like that. Though it
doesn’t necessarily have to be. But yeah, we re-
spect one another. Realistically, that is the norm
everywhere. Many elsewhere there is less respect.’
(S3)

Concerning pink entertainment spaces, these are
marked by the looser rules of conduct in comparison
with non-pink spaces. This is particularly the case for
the night-time consumer landscape (Cattan & Vano-
lo, 2014). These looser rules enable freer forms of con-



duct, such as more open displays of affection towards
persons of the same sex:

- ‘They are more fun [laughter], crazier, entertain-

ing. In terms of a night out, it’s more fun where
the gay people are. Rules? I have no idea. I would
say that there aren’t any, though, hm, perhaps
they are looser than in other places.” (S9)
‘More relaxed forms of conduct are more widely
accepted. So, if I were to go to Kolaz, I knew that
I could (...) hug my partner at any time if I want-
ed to, without any problems (...), without feeling,
you know, that someone might attack me or beat
me up.” (S10)

- Ifyou're with a girl or a guy, you can hold hands
or kiss, embrace... that’s not something that I
would do in a classical café. In that sense, people
are a bit more open. Especially in the clubs.” (S13)

The more relaxed norms are also seen in a freer
style of dressing, and in the possibilities for open dis-
cussions about topics concerning the LGBT commu-
nity. These make pink consumption spaces places of
freedom - places in which it is not required to hold
back one’s personality or to adapt one’s conduct.

— ‘There’s no dress code like in other clubs. You can
wear whatever you like. You can come in a sweat-
suit. For example, you can’t do that at Roko.” (S14)

— Tmean, I feel more comfortable there just because
I am a LGBT person, because this is a common
topic to us all, we can talk about it there, while
anywhere else you can’t be one hundred percent
certain that you’ll be treated respectfully.” (S12)

On the other hand, for LGBT persons, spend-
ing free time in non-pink consumption spaces often
means adapting their behaviour to avoid being “vis-
ible” and thereby risking verbal or physical attacks.
Therefore, it is clear that there is a lack of a feeling of
security.

— T don’t think that you should hide femininity, but
only to avoid any insults or threats like “ugh you
fagot, gross...” Once I had to meet a guy and we
shook hands, and when I went away, I could still
hear him saying, “Oh no, now I have to quickly go
home and disinfect my hand so that it’s not infec-
tious,” of course, alluding to my sexuality. The thing
is that I was really relaxed. I was obvious.” (S14)

— About straight clubs, let’s call them that, I have
never truly felt really safe or like a member of the
female sex and gender. There were a lot of situ-
ations of sexual harassment from straight men,
and over the years I realised that I just didn’t
want to do that and that I would rarely go to such
a club. Maybe only for a birthday. I would dress
up like a real lesbian to make it really clear: fuck
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off. Of course, LGB people are looked at, I won’t
say with scorn, but with a side look when their
sexuality is obvious.” (S7)

Non-pink consumption places are not as hostile to-
wards all gender and sexual minorities. Judging by
the statements of the interviewees, the femme lesbi-
ans are the most accepted, though this form of social
acceptance often goes hand in hand with their hyper-
sexualization.

T think that it’s much easier for lesbians because
guys don’t look at them and thing “how gross” but
it’s more like “yeah, cool!” You know, they mas-
turbate to lesbian porn. When they see this, they
like it, it’s not a threat. On the other hand, if they
see two men, there will instantly be a look.” (S14)
Tdon’t separate spaces into those that are gay, gay-
friendly, or non-gay - a gay space is wherever I am.
(...) Vivas is a great example, when I was there
[with her girlfriend] it was a really gay space (...).
Ididn’t feel comfortable as I do now, but nor did I
get any funny looks. (...) I have honestly only had
positive experiences. (...) One girl told me: “Yes
ok, you haven’t had any negative experiences be-
cause the girls you hang out with all look like girls,
you know?” She on the other hand is a little boyish
and she has had negative experiences. But when
you look at it that way, is that positive discrimina-
tion? Because we are getting into the sphere of the
“porn category” and whatever else.” (S6)

Between Inclusivity and Exclusion

The theory of homonormativity lies in creating an ac-
cepted gay public space that retracts the marginalisa-
tion of undesirable individuals (Bell & Binnie, 2004).
The day-time consumer landscape (cafes) is perceived
as socially inclusive, while the night-time landscape
(night clubs) as isolating (Gorman-Murray & Nash,
2017). Pink consumption places in Zagreb are primar-
ily perceived to be open to diversity, as places in which
everyone is accepted equally, and most interviewees
did not observe or experience any form of discrimi-
nation there.

- T have never experienced that someone was dis-
criminated against for being, for example a Roma
person, or visibly, I don’t know, of a low socioeco-
nomic status... I've never witnessed it nor would
I expect it (S2)

— ‘They are open towards everyone. Trans and bi,
and straight. From 18 to 88. Nationality also is
not a factor.” (S5)

- ‘Honestly, I think that they are accessible to every-
one, regardless of nationality, race, financial sta-
tus... I have not heard of any segregation. Really,
it’s about equality.” (§7)
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- ‘When talking specifically about entertainment,
what first comes to mind about the cafés and
clubs, hm, is that they are open to that popula-
tion. (...) They are somehow accessible to every-
one, and I think they are open to different soci-
oeconomic groups and other groups (...). I have
never felt that there is less understanding or less
tolerance towards a subculture within that entire
population. Perhaps I'm wrong. (...) For exam-
ple, if you go to HotPot, I've never noticed that
a transgender person is viewed or experienced or
treated differently.” (S10)

— T haven't experienced any, how would I put it, neg-
ative comments towards anybody, anywhere.” (S11)

From the aspect of economic viability on the mar-
ket, it is very important that pink consumption spaces
are also visited by heterosexual persons, i.e., that these
spaces are open to them.

- If they would rely only on the LGTBQ population,
I'm afraid they wouldn’t survive. I'm not sure how
pink consumption spaces could even prosper eco-
nomically, if they specifically served only that
niche.” (S10)

- If we were to make plans to meet up for a drink or
socialise or whatever, and if it was exclusively a
gay crowd, we would probably plan to meet up in
a bar like that. Not necessarily because these plac-
es are so brilliant or great, but out of a feeling of
solidarity. Let’s help them out a little, let’s bring in
people so they can survive, so that places like this
can exist.” (S13)

Regardless of the perception of the openness of
pink consumption spaces, in line with the “old church
split between the gays and lesbians” (S7), there are in-
dications that predominantly gay or lesbian consum-
er places do exist in Zagreb.'” However, as in previous
research in cities of similar size (e.g., Cattan & Vano-
lo, 2014), the majority of visitors in the most frequent
pink spaces are gay men.

— T consider the Beertija café to be more lesbian
than gay. Then there is the Juta/Kota Bar, this is
more of a lesbian place.” (S6)

— 1 think that the gay male population is far more
represented in all this, they go out more and are
more present (...). If you go to HotPot, out of a
hundred people, 80 will be guys and about 20 girls.
Ifthat (...). Let’s say that Juta is more of a lesbian
café. There you find mostly girls; I haven’t noticed
too many guys. There was that place Vimpi, in the

passageway by the Europe cinema, but I think it’s
been closed for a while.” (S13)

A small number of interviewees warned that the
openness of pink spaces has its limits. They can boil
down to being more partial to the traditionally de-
fined gender identities and persons of homosexual
orientation. Bisexuality and pansexuality are ques-
tioned and negated even within the LGBT communi-
ty, and transphobic comments were also observed.

— “They are open to everyone, as long as they are not

too different from everyone else.” (S11)

— “The situation still dictates that trans people are
not accepted... If someone is clockable, or whatev-
er it’s called, you know what I mean, that’s them.’
(S7)

— ‘Trans people, I swear, every one of those people I
have met, and it’s not just the sexual part, they
have so many unresolved issues in their head,
they are people who are so unsure of who they are,
and what they are. I think the sexual part is the
least of their problems.” (S6)

- ‘Generally, 1 think that in the LGBT community,
some are more discriminatory towards bisexu-
al people, saying they can’t make up their mind,
stuff like that. I would say that strictly gay or
strictly lesbians get by easier.” (S3)

— T have heard it countless times, even from peo-
ple in the community, “No, you're just confused,
you're actually gay”. Or “No, you're just confused,
you're actually straight”. No, I can like both, it’s
fine. So there are these reactions that these peo-
ple, pan people are simply straight people looking
for attention, or gay people who are still afraid to
come out all the way.” (S12)

The fluctuation of visitors in pink consumption
spaces is relatively limited. Their visitors are more or
less the same people, which does not support the the-
sis of some great openness.

— T rarely see any new faces. (...) during my time,
Global was popular, but it’s gone now, on Hat-
zova Street, there were always the same 50-100
people. It seems as though this is still this small,
narrow, closed circle and that internalised homo-
phobia still reigns within it.” (S10)

Additionally, the existence of a cult of youthfulness

or the appearance thereof was observed.
- ‘Younger people get more respect than older peo-
ple. There are currently more young people that

1% The literature states that the key differences between gay and lesbian consumer places is that the latter offer the opportunity for
more diverse socialising with regard to age, skin colour, class or other characteristics of their visitors, particularly in early youth and

through the outing process (Gieseking, 2016).
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are out, and so they are much closer. There are
more of them and they can understand each oth-
er much easier.” (53)

Conclusions
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- “The older population, over the age of 35, is viewed
differently. It is more difficult for them to access
those consumption places. They are more visible
among the mostly young population.’ (S8)

Taking all the regional units (counties) in Croatia into
consideration, the diversity index (gay index) was
highest in the City of Zagreb. Therefore, the research
on pink consumption is most applicable in that city.
The locations of profiles of LGBT persons on the Ro-
meo dating application was concentrated in the city
centre, where also the most pink consumption plac-
es are located. There are not many of these places, nor
are they present in all four consumer systems. The
most developed is the entertainment system (in the
form of cafes and night clubs), followed by alternative
places of cultural consumption, and places that per-
tain to health-related consumption, while shops in-
tended for LGBT persons were not observed.

Though small in number, the pink consumption
places in Zagreb are exceptionally important for the
spatialisation of the LGBT community. Since they
physically do not differ from any other consump-
tion place, and given their retraction from street view,
these places do not act particularly subversively to-
wards the broader heteronormative space of the city.
Pink consumption places should be able to mitigate
the effects of social and spatial isolation in the het-
eronormative space (Mattson, 2015). However, their
ability to mitigate the undesired characteristics (hom-
ophobia, transphobia) of society were found to be
quite limited. Contrary to the theory of homonorma-
tivity, these are not places that are especially economi-
cally privileged, though indications of social exclusiv-
ity and sexual conservatism were observed. Therefore,
it was found that a generally inclusive place can pro-

References

duce normativity. There are indications of divisions
between lesbian and gay places, and sexual and gen-
der minorities that are not “too different” (S11) are
accepted with the detection of a cult of youthfulness
and the appearance thereof. Accordingly, the idealis-
tic perception by which pink consumption places are
highly inclusive did not prove to be sustainable. In ex-
amining the relationship between inclusivity and ex-
clusivity, the pink consumption places in Zagreb are
becoming quite normative, thereby losing their full
emancipatory potential.

As this work pioneers the study of pink consump-
tion places in Croatia, it opens up wide-ranging pos-
sibilities for future research on how sexual and gender
identities shape spatial processes, organizations, and
economic activities. Continued research is needed
both in the sphere of the geography of consumption
(comparison of consumption places and/or systems of
consumption; refusing consumer services based on a
person’s sexuality...) and the geography of production
(tracing Florida’s concept of creative class; from the
aspect of the position of LGBT people in the labour
market...). For too long, research, especially in post-
socialist Europe, has been blind to sexual identity and
has neglected its importance in shaping spatial-eco-
nomic experiences. Placing these issues into the focus
of economic-geographical research finally removes
the identity blindness, points to neglected but very
relevant economic actors, and allows for more effec-
tive management of commercial spaces for sexual and
gender minorities.

Baudinette, T. (2017). The spatialisation of desire in
Japanese gay district through signage. An Interna-
tional Journal for Critical Geographies, 16 (3), 500-
527.

Bell, D., & Binnie, J. (2004). Authenticating queer
space: citizenship, urbanism and governance. Ur-
ban Studies, 41 (9), 1807-1820.

Bettani, S. (2015). Straight subjectivities in homonor-
mative spaces: Moving towards a new, ‘dynam-
ic’ heteronormativity? Gender, Place & Culture: A
Journal of Feminist Geography, 22, 239-254, DOLI:
10.1080/0966369X.2013.855713

Binnie, J. (2004). Trading places: consumption, sexu-
ality, and the production of queer space, In: D. Bell,
& G. Valentine (Eds.), Mapping desire. Geographies
of sexualities (pp. 166-181), Routledge, London -
New York.

Braun, K., Cleff, T., & Walter, N. (2015). Rich, lavish
and trendy. Is lesbian consumers’ fashion shopping
behaviour similar to gay’s? A comparative study of
lesbian fashion consumption behaviour in Germa-
ny. Journal of Fashion Marketing and Management,
19 (4), 445-466, DOI: 10.1108/JFMM-10-2014-0073.

Geographica Pannonica * Volume 27, Issue 2, 91-103 (June 2023) | 101



‘Gay Space is wherever | am”:
The Outlines of Pink Consumption Spaces in Zagreb

Brown, G. (2009). Thinking beyond homonormativi-
ty: Performative explorations of diverse gay econo-
mies. Environment and Planning, 41, 1496-1510.

Brown, K., & Bakshi, L. (2011): We are here to party?
Lesbian, gay, bisexual and trans leisurescapes be-
yond commercial gay scenes. Leisure Studies 30 (2),
179-196.

Burmaz, B. (2014). Gej klubovi u Beogradu: unutrasnja
periferizacija kvir prostora [Gay clubs in Belgrade:
internal peripheralization of queer space]. In J.
Blagojevi¢, & O. Dimitrijevi¢ (Eds.), Medu nama:
neispric¢ane price gej i lezbijskih Zivota (pp. 190-209).
Beograd: Hartefakt Fond.

Cattan, N., & Vanolo, A. (2014). Gay and lesbian emo-
tional geographies of clubbing: reflections form
Paris and Turin. Gender, Place ¢ Culture: A Jour-
nal of Feminist Geography, 21, 1158-1175, DOI:
10.1080/0966369X.2013.810603.

Collins, A., & Drinkwater, S. (2017). Fifty shades of
gay: Social and technological change, urban decon-
centration and niche enterprise. Urban Studies, 54
(3), 765-785, DOI: 10.1177/0042098015623722.

Cemazar, S. A., Mikulin, T., 2017: Europeizacija kao
(ne)prijateljica: razvoj LGBT pokreta u Hrvatskoj
[Europeanization as an Enemey: The Development
of the LGBT Movement in Croatia], Mali levijatan
4 (1), 29-58.

Dimitrov, S. (2014). Gej i lezbijski klubovi u Beogradu:
drustveni prostori, identiteti, otpor [Gay and les-
bian clubs in Belgrade: social spaces, identities, re-
sistance]. In J. Blagojevi¢, & O. Dimitrijevi¢ (Eds.),
Medu nama: neispricane price gej i lezbijskih Zivota
(pp. 210-226). Beograd: Hartefakt Fond.

DrZavni zavod za statistiku (DZS) / Croatian Bu-
reau of Statistics (CBS) (2011). Popis stanovnistva,
kuéanstava i stanova 2011. godine / Census of pop-
ulation, households and dwellings in 2011. Availa-
ble from: www.dzs.hr (Accessed 8 Sep 2022).

Duggan, L. (2004). Equality, Inc. The Twilight of Equal-
ity? Neoliberalism, Cultural Politics and the Attack
on Democracy (pp. 43-66). Boston: Beacon Press.

Florida, R. (2002). The Economic Geography of Talent.
Annals of the Association of American Geographers,
92 (4), 743-755, DOLI: 10.1111/1467-8306.00314.

Gieseking, J. J. (2016). Dyked New York: The Space be-
tween Geographical Imagination and Materializa-
tion of Lesbian-Queer Bars and Neighbourhoods.
In: Brown, G. and Browne, K., eds. The Routledge
Research Companion to Geographies of Sex and Sex-
ualities. Oxford: Routledge, 1983-2008.

Gorman-Murray, A., & Nash, C. (2017). Transforma-
tions in LGBT consumer landscapes and leisure
spaces in the neoliberal city. Urban studies, 54 (3),
786-805., DOI: 10.1177/0042098016674893.

102 | Geographica Pannonica * Volume 27, Issue 2, 91-103 (June 2023)

Hemmings, C. (2002). Bisexual Landscapes. Bisexual
spaces: A geography of sexuality and gender (pp. 15-
52), New York: Routledge.

Hermann, E. (2016). Kako se kalio zagrebacki LGBT
clubbing. Voxfeminae.net. Available from: https:/
voxfeminae.net/pravednost/kako-se-kalio-zagre-
backi-Igbt-clubbing/ (Accessed 26 Jun 2022).

Hubbard, P. (2001). Sex Zones: Intimacy, Citizenship
and Public Space. Sexualities, 4 (1), 51-71.

Hunt, G., Antin, T., Sanders, E., $ Sisneros, M. (2019).
Queer Youth, Intoxication and Queer Drinking
Spaces. Journal of Youth Studies, 22 (3), 380-400
DOI: 10.1080/13676261.2018.1508826.

ILGA Europe, 2023: Rainbow Europe, International
Lesbian, Gay, Bisexual, Trans and Intersex Associ-

ation (ILGA) Europe, https://www.ilga-europe.org/
rainbow-europe/ (Accessed 11 Mar 2023).
Jackson Lears, T. J. (1985). The Concept of Cultural

Hegemony: Problems and Possibilities. The Amer-
ican Historical Review, 90 (3), 567-593.

Kates, S. M., (2002). The Protean Quality of Subcul-
tural Consumption: An Ethnographic Account of
Gay Consumers. Journal of Consumer Research, 29
(3), 383-399, DOL: 10.1086/344427.

Kenttamaa-Squires, K. (2019). Rethinking the
homonormative? Lesbian Hispanic Pride events
and the uneven geographies of commoditized iden-
tities. Social & Cultural Geography, 20 (3), 367-386.
DOI: 10.1080/14649365.2017.1362584.

Lugosi, P. (2007). Queer Consumption and Commer-
cial Hospitality. Communitas, Myths and the Pro-
duction of Liminoid Space. International Journal of
Sociology and Social Policy 27 (3/4), 163-174, DOL:
10.1108/01443330710741093

Mak, K., & Jakov¢i¢, M. (2021). Ruzicasti prostori
potrosnje: istrazivacki dosezi i perspektive / Pink
consumption areas: research accomplishments and
future perspectives. Hrvatski geografski glasnik, 83
(2), 59-77, DOI: 10.21861/HGG.2021.83.02.03

Mattson, G. (2015). Style and the value of gay night-
life: Homonormative placemaking in San Francis-
co. Urban Studies, 52 (16), 3144-3159.

Ministarstvo pravosuda i uprave (MPU) / Ministry of
Justice and Public Administration (MJPA) (2022):
Registar Zivotnog partnerstva / Register of Life
Partnership. Available from: www.mpu.gov.hr (Ac-
cessed 8 Sep 2022).

Motschenbacher, H. (2020). Walking on Wilton Drive.
A linguistic landscape analysis of a homonormative
space. Language ¢ Communication, 72, 25-43.

Prelogovi¢, V. (2009). Primjena faktorske analize
u istrazivanju socio-prostorne strukture grada:
primjer Zagreba [The application of factor analy-
sis in the study of the socio-spatial structure of the



http://www.dzs.hr
https://voxfeminae.net/pravednost/kako-se-kalio-zagrebacki-lgbt-clubbing/
https://voxfeminae.net/pravednost/kako-se-kalio-zagrebacki-lgbt-clubbing/
https://voxfeminae.net/pravednost/kako-se-kalio-zagrebacki-lgbt-clubbing/
https://www.ilga-europe.org/rainbow-europe/
https://www.ilga-europe.org/rainbow-europe/
http://www.mpu.gov.hr

city: the example of Zagreb]. Hrvatski geografski
glasnik, 71 (1), 67-85.

Romeo (2022). Your GPS-Position, Your Security.
Available from: https://www.romeo.com/en/care/
locations/ (Accessed 26 Jun 2022).

Schulman, S. (2012). The Gentrification of Creation.
The Gentrification of the Mind. Witness to a Lost
Imagination (pp. 81-110), Berkeley: University of
California Press.

Sko¢ir, D., & Sakaja, L. (2017). Prostorni aspekti
posjecenosti kafi¢a u Zagrebu: dobne i rodne raz-

Karlo Mak,
Martina Jakovcic¢

like [Spatial aspects of visiting cafes in Zagreb: age
and gender differences]. Acta Geographica Croati-
ca, 43/44 (1), 37-58.

Stulhofer, A., Hirsl-Heéej, V., Mrksi¢, Z., Koraé, A.,
Hoblaj, P, Ivkanec, I., Mamula, M., Tiljak, H., Bul-
jan-Flander, G., Sagasta, S., Bosanac, G., Karlovi¢,
A, & Mimica, J. (2003). Croatia. In R. Francoeur,
& R. Noonan (Eds.), The Continuum Complete In-
ternational Encyclopedia of Sexuality (pp. 241-258).
New York-London: Continuum.

Geographica Pannonica * Volume 27, Issue 2, 91-103 (June 2023) | 103


https://www.romeo.com/en/care/locations/
https://www.romeo.com/en/care/locations/

ISSN 0354-8724 (hard copy) | ISSN 1820-7138 (online)

Scientometric Analysis-based Review
of Drought Indices for Assessment
and Monitoring of Drought

Kamalanandhini Mohan?*

Received: December 02, 2022 | Revised: March 31, 2023 | Accepted: April 21, 2023
doi: 10.5937/gp27-41531

Abstract

The major cause of a drought is due to the variations in the climatic conditions and the anthropogenic
effects. Due to climate change and inadequate rainfall, the moisture in soil gets affected which reduc-
es the supply of water to the vegetation and also to the groundwater resources. The onset of drought
is difficult to predict but it can be monitored with the help of various influential parameters. Suitable
drought resilience techniques should be adopted to recover the loss and mitigate the effect of drought
in a region. Proper monitoring and management of drought mitigation strategies should be followed

to prevent the occurrence of such a kind of disaster. In this study, the authors provided a scientomet-
ric analysis and a wide-ranging review on drought indices. The scientometric analysis using VOSviewer
showcases the current trend in the research using the most frequently used keywords, most cited arti-
cles and authors, and the countries that contributed to the field of drought. A total of 175 articles were
identified from various databases and initial screening was done to select the full text articles. The eli-
gible full text articles were selected after excluding the least prominent articles. Finally, 45 articles were
included for the final exclusive review process. The review article provides an insight on drought cate-
gorization and drought indices derived to determine the severity of drought. The best suited index for
drought severity assessment is very hard to identify since it requires more time. The drought indices
should be selected in such a manner, that it effectively measures and monitors the severity of drought.
A widespread, informative examination of drought indices would benefit the researchers worldwide to
reduce their time spent on each article. The aim of this review article is to review the scientific articles
regarding drought indices and provide the best solution to derive the drought severity conditions.

Keywords: Scientometric Analysis; VOSviewer; Drought assessment; Drought monitoring; Drought in-
dices

Introduction

Various studies illustrate the significance of drought  rics. Drought indices forecast the likelihood and se-
assessment utilizing remote sensing and GIS meth-  verity of a drought event. The drought factors are fre-
odologies. Vulnerability assessment is critical for = quently linked to the chance of experiencing drought
developing mitigation actions to prevent ecologi- effects. In India, relatively little work has been done
cal loss. Monitoring of drought aids in the manage-  at the district level to analyze and monitor droughts.
ment of drought conditions and the prevention of = Water bodies, vegetation, forest cover, and built-up ar-
loss. They frequently include drought-related met-  eas characterize the study area. Natural disasters and
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environmental destruction in the study area are likely
due to the changes in the climatic pattern and several
other parameters. However, only few research works
in this area will be groundbreaking and will encour-
age future scientists to make required preparations.
The occurrence of drought does not have a discernible
beginning or end and it puts numerous human activ-
ities in risk in nearly all climatic regions (Bachmair et
al., 2016; Loon et al., 2016).

Drought and aridity should be differentiated to ac-
quire a clear decision on drought condition. Aridity is
a naturally occurring imbalance in the water supply
due to inadequate rainfall, variation in temperature,
and low moisture in the ecosystem. Extreme tempera-
ture variations occur in an arid environment are char-
acterized by flash floods, and periods of extremely low
or no flow. While aridity is a constant aspect of the cli-
mate, drought is a transient anomaly. Drought must
be viewed as a state that is relative, not absolute. Near-
ly all climate regimes and locations with high and low
rainfall are affected by it. The effects of drought can be
severe at times, having an adverse effect on the econo-
my, the environment, and even people’s personal lives.

Drought, unlike other hazards, is different in nature
due to its effects, tends to endure for several years (Kim
etal, 2019). As aresult, the effects of recurrent drought
can compound, creating issues to both environments
and people (Bachmair et al,, 2016). Drought can be de-
fined in a number of ways. Drought concepts can be ei-
ther theoretical or pragmatic in nature. The descriptions
of drought emphasize environmental catastrophes such
precipitation that is less than anticipated and are descrip-
tive in character (Kchouk et al., 2021). When drought de-
tection and DEWS activities expand globally, there will
be a greater need for reliable, high-quality data sets and
assessments to support applications at various regional
and global scales. The special characteristics of satellite
remote sensing data support in filling this information
gap by refining the ability to monitor drought, predomi-
nantly on a global scale (Hayes et al., 2012).

Methods

Kamalanandhini Mohan

Several research works establish the significance of
drought condition assessment by integrating the tech-
niques of remote sensing and GIS. Together with en-
vironmental factors, socioeconomic factors influence
a community’s susceptibility to drought. The changes
in the climate can be assessed by the indices which are
determined through drought monitoring for a region.
These indices are attributed to several drought con-
ditions. The occurrence and severity of drought can
be predicted by the drought indices. The drought fac-
tors are linearly connected to drought impacts. Very
few research has been carried out in India related to
drought assessment and monitoring at district level.

The purpose of this study is to carry out a detailed
evaluation of drought indices for assessment and mon-
itoring of drought. An attempt was made to review the
literatures related to drought indices using sciento-
metric analysis. The scientometric review can address
an important drawback of traditional review articles
which lacks in terms of precision. The scientomet-
ric analysis was used in this study to objectively illus-
trate the research power structure, such as identifying
influential authors, journals, and countries, tracking
the keywords, and discovering the knowledge base of
drought research. The scientometric analysis was made
with co-authorship analysis containing authors, organ-
izations and countries and also with co-occurrence
analysis with author keywords. A total of 175 manu-
scripts published by the Scopus and PubMed database
were analyzed. The critical review suggested several re-
search themes and the accompanying issues to support
future investigations based on the results of the clus-
ter analysis. The combination of scientometric analysis
and critical review can help to prevent subjectivity in
the literature review and generate a thorough compre-
hension of the findings. The findings of this study are
intended to provide researchers and practitioners with
a thorough understanding of the status and research
trends of drought research, as well as to encourage ad-
ditional research in this domain.

Data retrieval and processing was done starting with
the keyword identification and the data was obtained
using the keyword search. Manual review was made
to include highly cited papers according to selected
keywords and also to reject least important and irrel-
evant papers. The VOSviewer is a tool for creating and
displaying bibliometric networks. These networks can
be built via citation, keywords, co-citation, co-occur-
rences, organizations, countries, authorship and co-
authorship, and comprises of journals, individual ar-
ticles and researcher details. VOSviewer also has text

mining tools for creating and visualizing co-occur-
rence networks of keywords collected from research
articles. VOSviewer was used to perform the Sciento-
metric analysis of related literatures. The details from
Scopus and PubMed were saved as ‘csv’ files and given
as input to the software.

The co-authorship analysis and co-occurrence anal-
ysis were made to visualize the map of various factors
such as authors, countries, organization and keywords
and the research trend was visualized (Figure 1). Man-
uscripts were searched in various journal search data-
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Figure 1. Outline of research

bases, including Springer, Science Direct, MDPI, Taylor
& Francis and other journals. A total of 175 manu-
scripts pertinent to the topic were retrieved. 141 full-
text papers were included in the study after an initial
screening process, and 34 publications were eliminat-
ed due to a lack of relevance to the study’s objective.
Among 141 full-text papers, 89 were eligible for anal-
ysis, and among these 89 articles, 52 were eliminated.
The study focused on the assessment and monitoring

of drought using multiple indicators which are derived
from both spatial information and non-spatial infor-
mation. Hence, 52 articles with single indicator did
not meet the requirement and were excluded from the
study. An effective review was conducted using the re-
maining 45 full-text papers that best suited the study’s
significance with high citation count were included in
the manuscript after rejecting 44 articles which did not
meet the citation count criteria (Figure 2).

Figure 2. Flowchart showing the identification, screening, eligibility and inclusion of
manuscripts for the study
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Data collection and processing

The reviewed papers were mostly taken from the Sco-
pus and PubMed databases, which comprises of in-
fluential and diverse articles. Because journal papers
typically give more complete and high-quality in-
formation than other forms of publications, the ar-
ticle type was restricted to journal, journal in press,
book chapters, and conference papers. The follow-
ing keywords were used in the online search data-
bases: ((“drought”) OR (“drought assessment”) OR
(“drought monitoring”) OR (“drought indicators”)).
The keyword search was made within the article title,
abstract and keywords. The relevant paper appears
when the selected keywords are present in the title
or abstract or keywords of various manuscripts. The
document language was limited to English. The time
span of the articles was 1984 to 2021.

After data collection, these articles were download-
ed and indexed into Mendeley reference manager. A
manual review on search results was adopted to re-
move the unrelated papers and add some influential
papers from other databases in the Mendeley. After
manual review, 175 articles were identified for anal-
ysis. The search results contained 34 articles which
were of least importance for the current research and
thus were excluded. In the remaining 141 full text ar-
ticles, 52 articles were rejected which had only a single
indicator to derive drought severity. 89 articles were
filtered with multiple indicators of drought. After re-
moving 44 articles with less citation count, only 45
full text articles with high citation count was includ-
ed which represents the status of drought assessment
and monitoring in several regions.

The sources of publication for each research arti-
cle are represented in Table 1 which shows the retriev-
al of data from indexed journals database. During
the critical review process, the scientometric analy-
sis gave vital information on scientific words. Based
on the study results, this analysis indicates several re-
search themes as well as the problems in the research
area. Using scientometric analysis, the influential au-
thors, countries interested in the specific study theme,
organizations doing the research, and keywords were
determined. Figure 3 shows the Network visualiza-
tion map of Scopus author search. The threshold was
fixed with the minimum number of documents and
citations per author as 2. The size and color of each
circle shows the frequency of occurrence and 170 au-
thors met the threshold among 1272 authors.
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Table 1. Source of 175 articles retrieved from various
indexed journals, 1984-2021

Ne | Name of Journal o:‘\l:::it;zs
Science Direct - (53 nos.)
1 | Agricultural and Forest Meteorology 4
2 | Journal of Hydrology 5
3 | Remote Sensing of Environment 7
4 | Science of the Total Environment 5
5 | Ecological Indicators 3
6 | Agricultural Water Management 1
7 | Alexandria Engineering Journal 1
8 Computers and Electronics in ]
Agriculture
9 | Ecological Engineering 1
10 | Geoderma 1
1 ISPRS Journa! of Photogrammetry and ]
Remote Sensing
12 | Applied Geography 1
13 | Environmental Modelling & Software 1
14 | Atmospheric Research 2
15 Physics and Chemistry of the Earth, ]
Parts A/B/C
16 | Journal of Arid Environments 1
17 | Journal of Environmental Management 1
18 | Ecological Informatics 1
19 | Modern Cartography Series 1
20 | Energy Procedia 1
21 International Journal of Applied Earth ]
Observation and Geoinformation
22 | Perspectives in Science 1
23 | Climate Risk Management 4
24 | Weather and Climate Extremes 2
25 | ISPRS - International Archives of the 2
Photogrammetry, Remote Sensing and
Spatial Information Sciences
26 | Global and Planetary Change 1
27 | Environmental Research 2
MDPI - (33 nos.)
1 | Remote Sensing 16
2 | Water 9
3 | Sensors 3
4 | Sustainability 1
5 | Forests 1
6 International Journal of Geo- ]
Information
7 | Atmosphere 2
Springer — (38 nos.)
1 | SN Applied Sciences M
> Aral?ian J.ournal for Science and 3
Engineering
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Number
o

Ne | Name of Journal of Articles
Science China Technological Sciences 5
Journal of Central South University 1
Iranian Journal of Science and

5 1
Technology

6 | KSCE Journal of Civil Engineering 13

7 | Smart Water 1

8 | Journal of Earth System Science 1

9 | Palgrave Communications 1

10 | Nature Geoscience 1

Taylor & Francis — (16 nos.)

] Journal of Integrative Environmental >
Sciences

2 | Geocarto International 4
Remote Sensing of Drought: Innovative

3 o 10
Monitoring Approaches

Others - (35 nos.)

1 | Journal of Sensors 6

2 | Wiley Interdisciplinary Reviews 1
Asian Journal of Environment and

3 . 1
Disaster Management

4 | AIMS Environmental Science 1
International Journal of Environment

5 . ) 1
and Geoinformatics

6 Natural Hazards and Earth System >
Sciences Discussions
IEEE Access 1
Handbook of Drought Indicators 1
and Indices, Integrated Drought
Management Program

9 IOP Conference Series: Earth and 3
Environmental Science

10 | Meteorological Applications 5

1 International Journal of Atmospheric .
Sciences

12 | The Scientific World Journal 1

13 | Atmospheric Science Letters 1

14 | American Journal of Climate Change 1

15 | Journal of Geography and Geology 4

16 International Journal of Agriculture .
Sciences
Journal of Climate and Applied

17 1
Meteorology
International Conference on

18 . . 1
Geoinformatics

19 | Environmental Reviews 2
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Figure 4 shows the Network visualization map of
Scopus countries search with the minimum number
of documents and citations of a country as 2, and 54
countries met the threshold among 75 countries. Most
of the research interests emerged in countries such as
United States of America, China, Germany, Spain, Pa-
kistan, Australia etc.

Figure 5 shows the Network visualization map of
Scopus author keywords search with the minimum
number of occurrences of a keyword as 2, and 130
author keywords met the threshold among 896 au-
thor keywords. Most of the author keywords retrieved
from Scopus database were Drought, Remote sensing,
Drought monitoring, Standardized Precipitation In-
dex, Evaporation, Climate variability, Rainfall etc.

Figure 6 shows the Network visualization map of
PubMed author search with a minimum number of
documents of an author as 1, and all the 1255 authors
met the threshold.

Figure 7 shows the Network visualization map of Pub-
Med author keywords with the minimum number of oc-
currences of a keyword as 2, and 67 author keywords met
the threshold among 800 author keywords. Most of the
keywords used by various authors worldwide, retrieved
from the PubMed database were Drought, Remote sens-
ing, Climate change, Drought indices etc.

Figure 8 shows the Network visualization map of
PubMed all keywords with the minimum number of
occurrences of a keyword as 2, and 255 keywords met
the threshold among 1243 keywords. While includ-
ing all keyword searches in PubMed database, most
of the common keywords used worldwide were Envi-
ronmental monitoring, Drought, Temperature, Eco-
system, Water pollutants, Drought monitoring etc.

The list of organizations containing highly cit-
ed documents were identified using Scopus database
search was represented in Table 2. A total of 8 organ-
izations were identified with citation count varying
from 6 to 100. Centre for Ecology and Hydrology, UK,
contributed 3 papers with the highest citation count
of 100. State Key Laboratory of Hydrology-Water Re-
sources and Hydraulic Engineering, China, contrib-
uted 5 papers with next highest citation count of 68.
South African Weather Service, South Africa, con-
tributed 3 papers with next highest citation count
of 54. The frequency and trend of literature data for
different years were retrieved from the database and
plotted to analyze the trend in literatures related to
the study (Figure 9).

The following section explains the articles includ-
ed for the final review process that are the same as ob-
tained through Scopus or PubMed databases. These
articles include the review of several types of drought
indices and discussion on the most appropriate drought
index for drought assessment and monitoring.
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Figure 3. Network visualization — Scopus Author search

Figure 4. Network visualization — Scopus Country search

Figure 5. Network visualization — Scopus Author Keyword search
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Figure 6. Network visualization - PubMed Author search

Figure 7. Network visualization - PubMed Author Keyword search

Table 2. Scopus database — Organization details

Ne | Organizations Documents Citations

1. | College of Hydrology and Water Resources, Hohai University, Nanjing, 210098, China 3 37

> Sta'te K(?y Labor?tory of Hydrology-Water Resources and Hydraulic Engineering, Hohai 5 68
University, Nanjing, 210098, China

3. | Centre for Ecology and Hydrology, Wallingford, United Kingdom 3 100

4. Department of Statistics, Quaid-I-Azam University, Islamabad, Pakistan 6 17

5. School of Geodesy and Geomatics, Wuhan University, Wuhan, 430079, China 4 31

6. South African Weather Service, Private Bag X097, Pretoria, 0001, South Africa 3 54

7 State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan 3 6
University, Wuhan, 430072, China

8. | University of Chinese Academy of Sciences, Beijing, 100049, China 3 36
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Figure 8. Network visualization - PubMed all keyword search

Figure 9. Frequency and trend of literatures

Types of drought indices

Several factors are involved in the characterization of
drought which are based on the meteorological, hydro-
logical, and agricultural parameters. The review was
carried out for the several drought indices which in-
clude meteorological indices, hydrological indices, ag-
ricultural indices and composite drought indices. The
result of varying rainfall is region specific relating to
the atmospheric circumstances of that region, defines
the Meteorological drought. The progressive occur-
rence of precipitation deficiency is defined as a mete-
orological drought. When there is a prolongation in
precipitation drought, it leads to hydrological drought

resulting in reduced water level, decrease in volume
of reservoir and shrinkage of rivers. An aridity index
(AI) is a measure of dryness in the climate of a particu-
lar area. There are a variety of aridity indices that have
been derived and these indicators are used to identity,
locate the water shortage areas. Al is derived as the ra-
tio of precipitation to the potential evapotranspiration
(P/PET), which is a useful indicator of aridity based on
long-term climatic water deficiencies. Meteorological
indices identified the drought condition of the region,
because insufficient rainfall is one of the major influen-
tial factors in drought condition assessment.
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William M. Alley (1984) investigated the com-
monly used regional drought index called the Palm-
er Drought Severity Index, but unfortunately, the in-
dex quantified features using random rules. Chopra
(2006) identified the limitations of PDSI and resolved
it by analyzing the spatial and non-spatial data. The
drought risk zones were identified using temporal im-
ages of NDVT and SPI using meteorological data. SPI,
Rainfall, NDVT and food grain anomaly were used for
correlation and regression analysis. From the analysis,
it was identified that, the temporal changes in NDVI
and precipitation are closely related to each other. The
temporal variation of NDVI is not sufficient to iden-
tify the deficiency in precipitation. Shukla (2007)
formed a drought pattern with the spatial and tempo-
ral data using satellite-derived NDVTI and SPI to over-
come the problem. The classification of drought con-
dition with respect to SPI and SVI clearly explained
the drought classes in terms of data descriptors. The
future drought pattern identification model called the
3-D Markov random field model was created. Since
the region related data was lacking on the basis of
NDVT for drought modeling, the understanding on
regional drought was incomplete.

Praveen and Ramachandran (2015) simulated the
future climate by percent deviation analysis. The re-
sult of simulation showed a moderate to mild drought
condition in the selected region. 12 months SPI ana-
lyzed the severity and frequency of previous drought
events. Even though the future climate prediction was
done for a coastal stretch, the precipitation deviation
was difficult to predict. Proper warning and prepar-
edness programs should be made to deal with the dis-
aster. Oloruntade et al. (2017) studied the drought by
analyzing meteorological and standardized runoff
index. The result from this study identified that the
temperature condition exaggerated the hydrological
droughts than that caused by the rainfall. This condi-
tion was due to the higher correlation among the res-
ervoir and evapotranspiration index in the basin. The
study results provide effective water resource plan-
ning and management for the basin. Panda and Sahu
(2019) investigated the long-term variations and oscil-
lations in weather across the Odisha districts of Kala-
handi, Bolangir, and Koraput. This research looked at
weather data from 1980 to 2017. Statistical trend anal-
ysis tools were used to discuss and examine the con-
cerns. Rainfall trends were found to be statistically
significant, and the findings were shown to be statis-
tically significant from 1980 to 2017. The maximum
temperature trend analysis is statistically significant;
however, the minimum temperature trend analysis is
not statistically significant.

Soundariya and Karunakaran (2019) identified the
actual and average rainfall trends using the data for 45
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years of district-level monthly rainfall. The findings
were used to account for and evaluate the occurrence
of extreme weather events. According to the findings,
the current climate variability process will raise the
occurrence of catastrophic conditions in high-risk
zones by 53%. The North East and Southwest mon-
soons, which provide critical rainfall to Tamil Nadu,
vary as much as other seasons. These modifications
will have an effect on agricultural planting and har-
vesting. This report recommends proper technolo-
gy and strategies to lessen and overcome the conse-
quences of climate extremes. Asfaw et al. (2018) used
gridded monthly precipitation and temperature data
to examine the change in rainfall and temperature in
north-central Ethiopia from 1901 to 2014. The data
was examined using the coefficient of determination,
PDSI, and anomaly index by the researchers. Further-
more, the trend test identified a time series trend.
Tian, Yuan and Quiring (2018) determined the best
approach for drought monitoring, six meteorological
indices were estimated: Palmer’s Drought Severity In-
dex, Palmer’s Z-index, Standardized Precipitation In-
dex, Standardized Precipitation Evapotranspiration
Index, Precipitation percentiles, and Percent of Nor-
mal indicator. Drought indices were analyzed using
agricultural yield and soil moisture data. SPEI was
found to be typical for identifying soil moisture. In
terms of agricultural yield, the Z-index and SPEI had
a stronger association. They demonstrated that there
is no sole drought index that can accurately predict
drought conditions. Costa and Rodrigues (2017) cal-
culated the Rainfall Anomaly Index (RAI) to ana-
lyze the spatiotemporal variation of rainfall in Ceara’s
Salgado Basin. Seven met stations’ daily rainfall data
from 1974 to 2015 were used. Using the data provided,
the RATI was represented in spatial distribution maps.
The historical series represented dry years rather than
rainy ones. The RAI varied, with the part near Cha-
pada do Araripe being drier. Extreme anomaly years
were linked to events involving sea surface tempera-
ture anomalies, which favored their occurrence.
Oloruntade et al. (2017) examined two meteoro-
logical drought indicators, namely SPI, SPEI, and hy-
drologic drought index, the standardized runoff index
to determine the drought. Because of the stronger as-
sociation between the SRI and SPEI in the basin, the
results demonstrated that hydrological drought are
more exaggerated by temperature than rainfall. A
closer look at the rate of the various situations reveals
that it has been extra for a normal situation, with ex-
cessively dry and wet conditions being extremely un-
usual. However, given the predicted universal warm-
ing conditions, a setback of the existing normalcy
may occur soon; the study’s findings serve as a foun-
dation for successful water utilization and managing



the watershed. Avdan and Jovanovska (2016) suggest-
ed the use of Landsat 8 data and the automatic map-
ping technique, for measuring land surface tempera-
ture. In this technique, the authors employed Landsat
8 band 10 data from a thermal infrared sensor band.
This method was found to be a successful technique
for LST recovery. The air temperature and the satel-
lite-derived land surface temperature were assessed as
a part of the field verification, with a standard devia-
tion of 2.4°C for the first trial and 2.7°C for the sec-
ond trial.

Praveen and Ramachandran (2015) modelled the
future climate of the Thiruvallur coast in South In-
dia. Temperatures rose as precipitation fell, according
to the data. The drought is moderate to light, accord-
ing to the percent deviation analysis. SPI — 12 looked
into the frequency and severity of previous droughts.
The years 1982, 1980, and 1999 were all unusually dry.
It is necessary to build drought warning and prepar-
edness systems in order to deal with drought. Nyat-
uame, Owusu-Gyimah and Ampiaw (2014) analyzed
the rainfall records from 1981 to 2011, and detected
the precipitation trends in the Volta Region and dem-
onstrated climate change. For the study, they acquired
monthly and yearly rainfall records from the Ghana
Meteorological Department’s headquarters in Accra.
Statistical analysis was used to evaluate whether there
was a statistically significant difference between the
months and years analyzed. The northern zone re-
ceived the greatest rain, followed by the center zone
and the coastal zone. Rainfall patterns, on the other
hand, were erratic. The yearly mean rainfall was 202.6
mm (highest) and 29.9 mm (lowest).

The limitations of various methods adopted by sev-
eral researchers showcased that, the use of single in-
dicator such as rainfall will not determine the effect
of drought. Also, the meteorological drought indi-
ces use only rainfall, temperature and evapotranspi-
ration data and hence it is not sufficient to analyze the
drought. Therefore, the use of hydrological drought
indices is studied to link the effects of meteorologi-
cal and hydrological condition, which determines the
drought. Hydrological droughts occur in an organ-
ized manner along with or after the incidence of me-
teorological and agricultural droughts. The deficiency
in rainfall reflects slowly in the hydrological structure
mechanisms like stream flow, soil moisture, reservoir
and groundwater. The lack of moisture in the soil, low
stream flow, lowering of groundwater leads to hydro-
logical drought condition. Examining the hydrologi-
cal parameters helps in determining the drought con-
dition of a region.

Narasimhan (2004) calculated the moisture in soil
and evapotranspiration using the climate data. The
evapotranspiration index was assessed and soil mois-
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ture modeling was done using NEXRAD rainfall data.
There was a strong correlation identified between the
derived indices and wheat and sorghum. This cor-
relation analysis implies that these factors are noble
predictors of agricultural drought. The soil moisture
modeling using rainfall data improved the drought
monitoring. The agricultural drought declaration is
made by the past research on meteorological and hy-
drological drought indices which are the major causes
of stress in vegetation. The information identified by
the satellite data determines the precise drought con-
dition which provides a near-real time data.

The use of satellite derived vegetation indices and
moisture indices compared the depth to groundwater
(Seeyan et al., 2014). It was identified that, the values
of NDVI at various depth to water level showcased the
locations of low groundwater levels which increased
the vegetation cover and crop variety. The tempera-
ture parameter will be considered for identifying the
soil moisture of a location. The limitation of this study
was overcome by examining the variation in LST of
multi-temporal data (Orhan et al., 2014). The compar-
ison of few satellite-derived drought indices with field
observations did not offer much evidence on the hy-
drological drought. The limitation of previous stud-
ies was overcome by various researchers. The identifi-
cation of spatio-temporal differences of groundwater
drought and spotting of drought prone areas were
done by deriving a standardized water level index
(Ganapuram et al., 2015). The index found the tem-
poral variations of drought characteristics in ground-
water. The spatial pattern of drought occurred in the
groundwater was interpolated using various tech-
niques in GIS.

Since, deriving one index for hydrological drought
identification will not provide much clear informa-
tion on the drought severity, LST was derived using
the Landsat data for drought monitoring (Nugraha et
al., 2019). The minimum and maximum LST was used
to identify the temperature condition index (TCI) and
crop water stress index (CWSI). The results showed a
zero TCI signifying the dry condition, and a positive
CWH I signifying a wet condition. There was a contra-
dicting result on both the indices values. So, the in-
troduction on Artificial Neural Networks and hy-
brid optimization techniques were made to predict
the short-term hydrological drought (Nabipour et al.,
2020). According to the results found, it was identified
that, the hybrid model exceeded the traditional ANN
technique. The limitation of the study was the data
availability to performing ANN technique, involving
high training samples for the investigation. To over-
come this, the integrated approach was followed to
identify the groundwater potential zones which pro-
vides necessary details on hydrological drought. The
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ArcGIS software was used to create layers such as
groundwater level and movement regulating features.
The integration of Remote sensing and GIS with An-
alytical Hierarchy Process (AHP) created different
groundwater potential zones, aiding in sustainable
use of groundwater. The decision-making process of-
fers finest results using the datasets which were uti-
lized for the analysis (Allafta et al., 2021).

The combined effect of meteorological and hy-
drological drought showcases the adverse effects of
drought. They also possess severe effects on the vege-
tation and crop growth. Therefore, a proper analysis of
agricultural condition should be made to identify the
agricultural drought condition of a region. Several ag-
ricultural parameters such as crop type, cropping pat-
tern, seasonal crop information should be studied to
determine the effect of drought. Agricultural drought
links numerous drought characteristics to agricul-
tural impacts both in meteorological and hydrologi-
cal aspects. Agricultural drought chiefly emphases on
shortage in rainfall, differences in soil moisture lev-
els, evapotranspiration, and lowered levels of ground-
water. Demand in crop water is recognized by the bio-
logical features of the crops, the developmental stages,
soil properties and weather condition. Multiple crite-
ria analysis should be made to examine the crop stress
which showcases the factors responsible for it. Mete-
orological and hydrological parameters are consid-
ered for deciding the occurrence and extent of agri-
cultural drought.

Multi-criteria decision-making analysis in GIS
system was made to determine the drought vulner-
able areas in Tamil Nadu, India (Chandrasekar et al.,
2009). The significant aspects of climate, biotic, edaph-
ic, and social factors were considered for the analysis.
The blocks selected by the Drought Prone Area Pro-
gramme (DPAP) by the Federal Government of India
was coinciding with the drought sensitive areas iden-
tified from the study. The multi-criteria analysis dif-
ferentiated the classes of drought and major portion
of land was covered by forest. The study was carried
for the entire state and this will not provide precise
information on the variations in the agriculture. The
results were generic for the entire state with least real
time information on variations in crop cultivation.
Naresh Kumar et al. (2009) used the monthly data of
precipitation to calculate precipitation index stand-
ardized with the minimum and maximum values.
When there is extremely high or extremely low pre-
cipitation, the index values under estimated the de-
gree of wetness and dryness with respect to the actu-
al precipitation and deviated precipitation. When the
data used is for a longer period, the index values rep-
resented a longer range with no improvement in sen-
sitivity of drought years. Haas (2010) assessed and re-
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lated the soil moisture in the Stockholm region using
hydrological inputs with a remote sensing perspec-
tive. Soil moisture modelling uses the elevation data
derive the Topographic Wetness Index. Soil moisture
measurements in-situ are directly related to the cal-
culated soil moisture indices. After classifying the in-
dex values to low, medium and high, it was observed
that there was no higher correlation between the val-
ue groups. So, it was identified that, thorough analysis
of the model should be made to judge the capability of
the model. To utilize the model for various forecasts,
huge amount of field observations and methods are
necessary to make the model efficient for estimating
soil moisture over large areas.

Hazaymeh and K. Hassan (2016) identified the sig-
nificance of drought in agriculture and the procedures
to monitor the condition of drought. They found that
field data indices provided accurate results than other
methods, but the method was not capable of provid-
ing spatial dynamics over a large area. To overcome
this issue, an examination was made to identify the
variation of drought in agriculture over several years
(Vaani & Porchelvan, 2018). They used the normal-
ized difference vegetation index to identify the condi-
tion and strength of vegetation. The frequently prone
and severely prone drought conditions were found at
the time of analysis and were used to identify vari-
ous methods to increase the crop productivity. The
frequent drought necessitates the officials to prepare
action plans to identify the drought risk areas based
on the severity condition. The drought severity maps
were created for the entire state, so the results were ge-
neric and does not specify the location specific infor-
mation of drought.

Adi Nugraha, Gunawan and Kamal (2019) initiated
the capability of temporal data using surface temper-
ature retrieval methods to monitor the drought. The
correlation was performed between PCA, crop water
stress and condition of temperature index and a pos-
itive relation was identified. The limitation of tempo-
ral data in drought assessment is the cloud cover due
to which poor results will be obtained. Kalubarme,
Acharya and Shukla (2019) used the Remote sensing
and GIS techniques to identify the effect of climate
change on crop cultivation. Different satellite data
products were used for LULC change detection in the
regions of crop cultivation. The normalized vegeta-
tion index showed the quantity of greenness in vege-
tation but the results were not sufficient to determine
the drought severity in that region. The water stress
in vegetation due to temperature variation was tested
using Landsat data for determining the drought se-
verity (Lottering et al., 2020).

The T-VWSI was capable of identifying and map-
ping the drought over large geographical areas. Fur-



ther, Mun et al. (2020) used a framework for climate
change to assess the drought vulnerability of reser-
voirs providing water to crops and developed the vul-
nerability maps. The results of the study revealed the
agricultural drought condition in the selected region.
The regional drought vulnerability was also identified
to provide mitigation plans and support the drought
affected areas. Several algorithms were created to
identify the condition of drought (Amina & Rhinane,
2020). Spectral vegetation indices and surface temper-
ature characteristics were evaluated to determine the
temperature and moisture indices. Landsat 8 data was
used to perform the split-window algorithm to deter-
mine the soil moisture information of the study area.

The drought condition assessment will be made ef-
fective by deriving various indices of drought. The
combination of meteorological, hydrological, and ag-
ricultural drought indices derivation proves to be an
effective procedure to identify the severity condition
of drought in a region. Composite drought indices
analysis provides fullest information on the severi-
ty condition of drought in a region. The use of com-
posite drought index will be efficient and produces ef-
fective results on drought assessment and monitoring.
The impact of weather influences the source of various
commercial factors like food, water, and hydroelectric
power. Due to the climate irregularity, the availability
of water is plentiful in some places but inadequate in
other places to meet the demand. During the exceed-
ance of demand, the supply is dependent on the def-
icit in water supply. This excess demand is called as
the socio-economic drought which is related to the so-
cial and economic factors. The use of multiple drought
indices will greatly help in speeding up the decision-
making process. By combing the meteorological, hy-
drological and agricultural drought characteristics,
the socio-economic drought condition of a region can
be studied.

Chandrasekar, Sesha Sai and Behera (2011) inves-
tigated the early drought season in Andhra Pradesh
and Tamil Nadu. The soil moisture identification was
made during the cropping seasons. The agricultural
drought was identified based on the land surface wa-
ter index which uses shortwave-infrared region and
soil water balance model. Soil moisture values were
obtained both in temporal manner and across an area.
There was a possibility of agricultural drought in the
study area. Since the scope of research was confined
to huge area, there was only less amount of informa-
tion on drought. Dhanya and Ramachandran, (2015)
conducted focus group talks and semi-structured
questionnaire surveys to discover the perception of
farmers on climate change and identify the need for
adaptation. The salient points highlighted by farm-
ers during the questionnaire survey which affects the
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crop cultivation were increased warmness, late on-
set, consistent dry phases, and weakening soil mois-
ture. The perception of farmers was reliable with the
Mann-Kendall test, and Sens’ slope estimator test that
analyses the trend in rainfall data but the results were
not matching with the entire rainfall. Various adapta-
tion requirements were identified by farmers, some of
which were field-specific adaptation procedures and
policies. Zhao and Hu (2015) observed the drought
using vegetation indices, Cloud Parameters Meth-
od, and precipitation index. According to the results,
the cloud features indicate the drought severity con-
ditions.

Han et al. (2019) created a new combined drought
monitoring index. The efficiency of the index in moni-
toring drought was authenticated using SPI, soil mois-
ture, and other remote sensing drought indices. The
combined drought monitoring index was associated
with SPI and moisture in soil while comparing to oth-
er indices. Combined drought monitoring index uti-
lizes the machine learning to analyze the correlations
between various components to identify the drought
index, but the limitation of the study was the data
availability. A combined drought index was devel-
oped to predict the onset of agricultural drought and
its origin using land, meteorology and remote sens-
ing-based observations (Chattopadhyay et al., 2020).
Weighted overlay analysis was performed by assigning
ranks and weights for the selected parameters. With
the results from overlay analysis, the severity condi-
tion was divided into five classes i.e., no drought to ex-
treme drought condition.

A comprehensive remote sensing drought index
(CRSDI) was derived using the strengths of other
drought indices derived with respect to remote sens-
ing factors (Shojaei & Rahimzadegan, 2020). CRSDI
was found efficient in identifying the drought for a se-
lected region. Further, Balaganesh et al. (2020) used
agricultural and dairy indicators to derive a new com-
posite drought vulnerability index (CDVI). The study
was made at state level and it was identified with the
sensitivity map, that nearly 12 districts were highly
prone to drought, whereas 8 districts were moderate-
ly prone and 10 districts were least prone to drought
severity. Water conservation and suitable agricultur-
al protection plans and protection for the livelihood
of dairy should be made by the government to bring
down the susceptibility of drought.

The influential factors required to determine the
drought severity condition are used in composite
drought monitoring indices. The combination of me-
teorology, hydrology and agricultural drought indices
proves to be an efficient and effective way to assess the
drought severity assessment for a location.
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Results and discussion

The articles identified using proper keywords in vari-
ous search databases indicates accurate search results.
Scientometric analysis provided necessary details on
the scientific knowledge on the drought indices and
their role in assessment and monitoring the drought
condition using the collected article data. Research-
ers involved in drought monitoring used various ap-
proaches to detect and monitor drought conditions
around the world. The majority of the research incor-
porated the use of drought indices to assess drought
conditions based on a variety of factors influencing
natural features. Rainfall, temperature, and other cli-
matic conditions were the most important elements
influencing land surface characteristics. Satellite-de-
rived indices were also used to monitor drought con-
ditions that was found to be more accurate and ef-
ficient. Algorithms were developed to assess the
drought severity index, as well as an examination of
the relationship between the components under con-
sideration for analysis.

Various drought assessment and monitoring re-
search have proven to be effective for assessing suscep-
tibility in a region. The integrated use of spatiotem-
poral elements and satellite data for drought-related
studies were also examined. Drought indices proved
to be reliable in measuring the severity of the drought.
PDSI forecasts drought in an area based on precipi-
tation and temperature data. Palmer indices were

Conclusion

deemed inadequate for drought underwater manage-
ment research due to their difficult calibration, lack of
transparency, ignorance of water scarcity, and chang-
es in human water balance (Steinemann et al., 2005).
Some meteorological indicators, such as SPI, deciles,
percent of normal precipitation, EDI, and RAI are
simple to calculate using simply a region’s precipita-
tion data. Weaknesses in meteorological drought in-
dices include imprecision in drought beginning, end-
ing, and accumulated stress, failure to account for the
aggravating effects of runoff and ET, and inability to
monitor in real time due to being monthly based (Zar-
gar et al., 2011). NDVTI is a drought-detection metric
that is calculated for the majority of places using sat-
ellite data (Svoboda & Fuchs, 2016).

Cloud cover produced by climatic circumstanc-
es, as well as the effects of the sun’s surface geome-
try on the sensor, can be reduced using NDVT algo-
rithms. As a result, it distinguishes vegetated zones
from other types of surfaces in general (Zargar et
al., 2011). TCI and VCI employ satellite data and are
sometimes encountered with NDVI estimates. TCI
and VCI are used by VHI to calculate the health of
plants. It is one of the first attempts to use remotely
sensed data to detect drought. The water supply veg-
etation index (WSVI) detects drought by combining
vegetation information with remotely sensed temper-
ature data (Chen et al., 1994).

As a result of the reviewing various research articles, it
was identified that, a single factor or parameter can-
not provide detailed information on drought severi-
ty. Drought assessment and monitoring was carried out
by various researchers all over the world using the mete-
orological indices, hydrological indices, and agricultur-
al indices. The result was to assess the particular type of
drought. The combined effect of meteorology, hydrol-
ogy and agriculture proves to be efficient to determine
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Abstract

To carry out an “objective” regionalization of the climate of Montenegro for the period 1961-2020, this
paper used cluster analysis, which is a multivariate technique that classifies a sample of subjects (ob-
jects) based on a set of variables into a single number. Based on the results (score), several groups were
separated, and similar classes (groups) were grouped into the same cluster. Annual data for mean tem-
perature and total precipitation from 18 meteorological stations were utilized. Temperature and pre-
cipitation cluster regions were separated using three different hierarchical agglomerative methods
(Unweighted Pair Group Method with Arithmetic Mean (UPGMA), Single linkage, and Ward's) and one
non-hierarchical method (K-means). The Euclidean distance was used as a measure of distance for hi-
erarchical methods, and the results were represented graphically in the form of dendrograms and the-
matic maps. The obtained results indicate that the singled—out temperature and precipitation cluster
regions largely coincide with the established climate types in Montenegro. The cluster results further
showed that the distribution of meteorological stations clearly reflects the largest part of the climatic
diversity of Montenegro and indicates the spatial dimension of temperature and precipitation.

Keywords: cluster regions UPGMA, Single linkage, Ward's, K-means, Montenegro

Introduction

Cluster analysis is a multivariate technique that clas-  sen. Together these clusters are called “reference cluster-
sifies a certain sample of subjects (objects) into differ-  ings”. At the 14—cluster level, most of the US is divided
ent groups based on a set of measurable variables and  into four major climate zones: the Southeast, the Cen-
their results (scores), such that similar classes (groups)  tral East, the Northeast, and the inner West cluster
form the same cluster. There are several reasons for us-  zone. Previously, this cluster analysis was less frequent-
ing cluster analysis in statistical data analysis. In addi-  ly used (Wolter, 1987), but there is a growing number
tion to uncovering/suggesting hidden structures in the  of scientific articles in atmospheric science journals
dataset, the primary purpose is reduction, specifical-  that use this technique (Fovell & Fovell, 1993). Cluster-
ly reducing the number of input data, which is crucial  ing of Iran, based on the use of Ward’s method and 10
for classification purposes. Investigating the climate  climate components, for the period from 1980 to 2005
regionalization of the continental United States (US)  based on 64 meteorological stations (MS), distinguish-
based on multiyear monthly values of temperature and  es 4 basic cluster regions (Arbabi, 2011). It can be con-
precipitation, Fovell and Fovell (1993) reported that so-  cluded that the use of multivariate analysis methods
lutions of 14, 25, and 8 cluster levels were the best cho-  (such as factor analysis, principal component analysis
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(PCA), cluster analysis, etc.) is very common in mod-
ern climate research, because they are used to reduce
the amount of climate variables, in order to obtain new
variables through their combination and to use the re-
sults for subsequent analyses (Appendini et al., 1994;
DeGaetano et al., 1990; Johnson, 1998; Moreira et al.,
2006; Nassiri et al., 2006; Szép et al., 2005; Van Groene-
woud, 1984; Warrington, 1977).

To date, there has been no application of differ-
ent methods of the multivariate cluster analysis tech-
nique in the regionalization of the climate of Monte-
negro. Three hierarchical and one non-hierarchical
method will be used to establish a theoretical mod-
el of the distribution of temperature and precipitation
cluster regions. Since it is more difficult to find an ap-
propriate pattern for grouping the observed clusters
if more variables are included, in this case, only the
two most important climatic elements, temperature,
and precipitation, will be observed. The disadvantage
of this type of multivariate technique is the problem
of determining the final number of clusters or the so-
called “stopping” rule. There is no statistical criterion
or objective standard procedure for this determina-
tion. During each object grouping step, a distance plot
is generated. However, ultimately, the decision is made
by the researcher. There are two equally subjective ap-
proaches to determining the final number of clusters:
formal tests and the heuristic approach. The first ap-
proach refers to the possibility of interpreting the ob-
tained solution, while the second approach concerns
the analysis of fusion coefficients (Papi¢-Blagojevi¢ &
Bugar, 2009). In this research paper, a strategy of us-

Research area, database and methodology

ing hierarchical agglomerative methods was initially
applied to gain insight into the number of obtained
clusters, and then the results were applied in a non-
hierarchical method. The idea is to apply several hi-
erarchical and one non-hierarchical method to deter-
mine the complementarity of the obtained results. If
they agree to a reasonable extent, the end result will
be considered convincing.

This study has two main objectives. The first is to
group precipitation and temperature regions into a
specific, smaller, and “reasonable” number of clus-
ters, based on which the “objective” theoretical as-
sumptions of climate regions in Montenegro will be
established. It will suggest the relationships that ex-
ist between the obtained cluster regions in the ob-
served period and how the results of different meth-
ods of cluster analysis affect the already known spatial
distribution of temperature and precipitation, condi-
tioned by the dominant physical-geographical factors
in the area. According to the Képpen climate classifi-
cation (KCC), Buri¢ et al. (2014) distinguished two ba-
sic climates, three climate types, and five climate sub-
types in Montenegro for the period 1961-1990, using
data from 23 meteorological stations. The second goal
of this study is to perform a comparative analysis with
the previously mentioned climate regionalization in
Montenegro. Therefore, in the case of cluster analy-
sis, the regions are distinguished by means of joining
algorithms, while in the case of climate classification,
the regions are based on physical characteristics, such
as the influence of physical-geographical factors on
the regime of temperature and precipitation.

Research area

The area of research is Montenegro, a country locat-
ed in Southeastern Europe and which extends to the
southernmost part of the Adriatic Sea in a length of
about 100 km. This small Mediterranean country
(area 13,812 km?) stretches between 41°50’-43°50’N,
i.e. between 18°26'-20°21’E. Apart from the mathe-
matical-geographical position, the main factors that
influence the climate of this country are: relief, air
mass variations and the influence of the Mediterrane-
an Sea (Buri¢ et al., 2013). The significant relief dissec-
tion has made it possible to distinguish several types
and subtypes of climate in this small area. Montene-
gro is predominantly mountainous, with numerous
valleys and a terrain that extends from 0 m a.s.l. to
2534 ma.s.l.

120 | Geographica Pannonica * Volume 27, Issue 2, 119—131 (June 2023)

Database and methodology

To determine the cluster regions for temperature and
precipitation in Montenegro, data from a 60-year pe-
riod (1961-2020) were used from 18 meteorological
stations. This data included mean annual values of air
temperature and annual precipitation sums, as shown
in Figure 1. The homogeneity of the temperature and
precipitation data was tested using two software pack-
ages, MASH v3.02 and MISH v1.02, which are recom-
mended by the World Meteorological Organization
(WMO) and developed by Szentimrey (2003) and Sze-
ntimrey and Bihari (2007).

While applying cluster analysis, it is very important
to carry out grouping analysis, i.e., dispersion of MS
included in the analysis. Therefore, the Point Pattern
Analysis—nearest neighbors procedure was used in
Past4.12 software. The procedure tests overdispersion
of points as two—dimensional (2D) coordinate values
(Davis, 2002). The calculation of this statistic is based
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Figure 1. Presentation of meteorological stations used in
the analysis
Source: Buri¢ & Doderovi¢, 2022

on nearest neighborhood analysis'. The null hypoth-
esis (h,) is a random Poisson process, giving a mod-
ified nearest-neighbor exponential distribution with
mean:

VR/t

2

1)

where R is the area and t is the number of points.

The probability that the distribution is random (a
Poisson process, given as an exponential distribution)
is represented by the value of P when:

Dragan Buri¢, Jovan Mihajlovi¢,
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where P is the nearest neighbor value, and w is the
observed mean distance between nearest neigh-
bours. Table 1 shows the value of the coefficient P
in the Poisson distribution.

Table 1. Values of coefficient P offered by PAST

P Distribution
<1 Clustered points
~1 Poisson patterns
>1 Overdispersed points

The theoretical distribution under the null (h,) hy-
pothesis is plotted as a continuous curve with a histo-
gram of observed distances. The expected probability
density function as a function of distance r is (Clark
& Evans, 1954):

g(r)=2pnar exp(—p:rrz) 3

where p, that is, 7 is point density.

The obtained results, shown on the x/y graph, indi-
cate that the points are not clustered in an area (Fig-
ure 2). The value of the coeflicient R in this case is 1.39,
which means that the points (meteorological stations)
are scattered or dispersed in an area, indicating a sta-
tistically significant overdispersion of points.

Temperature and precipitation cluster regions were
separated using three different hierarchical agglom-

Figure 2. Display of meteorological stations on the XY graph in PAST (left) and histogram of observed
and expected distances between nearest neighbors (right)

https://www.nhm.uio.no/english/research/resources/past/downloads/past4manual.pdf
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erative methods and one non-hierarchical (K-means)
method. The Euclidean distance was used as a meas-
ure of distance for hierarchical methods? which is a
robust and widely applicable measure. When a meas-
ure such as the Euclidean distance is used, it should
be decided before the actual clustering whether the
variables will be transformed, or whether the original
values will be kept. Standardization of the results is
done if the variables used were measured on different
measurement scales®. Euclidean distance is converted
to similarity by changing the sign:

@)

Euclidean dist. x=

The choice of variables (in this case, temperature and
precipitation) included in the cluster analysis must be
determined based on the assumed conceptual model
since the analysis itself does not distinguish important
from irrelevant variables, and this can greatly affect
the final result. Hierarchical agglomerative methods
are those in which the variables begin the clustering in
their own separate clusters. Then, the two most similar
clusters are grouped together, and this is repeated until
all variables are in one cluster. The optimal number of
clusters is obtained from all cluster solutions. The hier-
archical cluster routine produces a “dendrogram” that
shows how the data points (rows) can be grouped into
clusters. For this analysis, three different algorithms
were used by selecting the appropriate options in the
software Past4.12 (Table 2): UPGMA (Unweighted Pair
Group Method with Arithmetic Mean), Single linkage
and Ward’s method, as well as the non-hierarchical
clustering method (K -means).

The set of symbols used is as follows: Let Xj; the
value for variable k in observation j belonging to clus-
ter i. Furthermore, for this particular method it must

Table 2. Joining algorithms used in the analysis

be defined like this (The Pennsylvania State Universi-
ty, 2004):

2

ESS= EEE‘X% -X, ®)
ik
where ESS is the Error Sum of Squares;
— 2
TSS= Y ¥ ¥|X;-X., (6)
i j ok
where TSS is the Total Sum of Squares;
2 TSS-ESS 7)
TSS

The value 7? is interpreted as the proportion of vari-
ation that is explained by a particular clustering of ob-
servations. Referring to the explanations given in the
PAST manual (V.4.12) (https://www.nhm.uio.no/eng-
lish/research/resources/past/downloads/past4manu-
al.pdf), one method is not necessarily better than the
other, although some do not recommend Single link-
age, which can be useful in comparing dendrograms
obtained by different algorithms to informally deter-
mine clustering strength.

K-means clustering* is a non-hierarchical clus-
ter method that was first mentioned under this name
in 1967 (MacQueen, 1967). The number of clusters to
be used is predetermined, usually according to some
hypothesis such as the existence of two meteorolog-
ical variables (temperature and precipitation), 4 cli-
mate regions, or three types of objects in the data set.
It is sometimes preferred because it allows subjects to
move from one cluster to another (this is not possible
in hierarchical cluster analysis where a subject, once
placed, cannot move to another cluster) (Everitt et al.,
2001; Rencher, 2002). Today, the well-known algo-

UPGMA Single linkage

Ward's method

Unweighted pair- Single linkage (nearest neighbor).

Clusters are joined so that within—group variance growth is

minimized. It is also very sensitive to outliers. Nevertheless, this
is one of the most popular methods, along with the average link
between groups method. This method includes an agglomerative
cluster algorithm. Ward's method* starts with n clusters of size 1,
continues until all observations are included in one cluster. This
method is best suited for quantitative variables, but not for binary
ones.

group average
(UPGMA). Clusters
are joined based on
the average distance
between all members
in neighboring
clusters.

Clusters are joined based on the
smallest distance between 2
groups. This method is relatively
simple, but it is better than other
methods when natural clusters
are not spherical or elliptical in
shape.

Source: Everitt et al,, 2007; Rencher, 2002

* https://online.stat.psu.edu/statsos/lesson/14/14.7

> For Ward’s method, the Euclidean distance is inherent to that algorithm.

(https://www.nhm.uio.no/english/research/resources/past/downloads/past4manual.pdf)

http://www.statstutor.ac.uk/resources/uploaded/clusteranalysis.pdf

https://www.nhm.uio.no/english/research/resources/past/downloads/past4manual.pdf
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rithm using K-means clustering has been defined by
many authors (Bensmail et al., 1999; Fraley & Raftery,
1998; Hartigan & Wong, 1979):

Given a set of observations X = (xy,x5,...,X,,), parti-
tion the n observations into k partition S = {s;,5,,....¢},
such that:

arg mini E||x—yi||2 ®)

i=]1 xES;

The digitization of the temperature and precipi-
tation cluster regions obtained using the aforemen-
tioned methods of cluster analysis was carried out us-
ing Voronoi diagrams. The appropriate options were
run in the QGIS 2.8.1 package to produce the results
shown in Figure 3.

Voronoi diagrams were first mentioned in the 17th
century when René Descartes argued that the solar sys-
tem consists of vortices, whose decay produces convex
regions rotating around fixed stars, in the field of com-
putational geometry. Their next use was by the mathe-
matician Dirichlet in 1850, and Voronoi gave them a
wider meaning in 1907, 1908, and 1909. They have difter-
ent names and uses in various scientific disciplines, such
as the transformation of the mean axis in biology and
physiology, Wigner-Seitz zones in chemistry and phys-

Results and discussion

Dragan Buri¢, Jovan Mihajlovi¢,
Vladan Duci¢

Figure 3. Voronoi diagram of 18 points (meteorological
stations included in the analysis) in the Euclidean plane

ics, domains of action in crystallography, and Thyssen
polygons in meteorology and geography. A Voronoi dia-
gram is also known as a Dirichlet square plate. The cells
are called Dirichlet regions or Voronoi diagrams, Delau-
nay tessellation or Delaunay triangulation (Aurenham-
mer & Klein, 2000; Barber et al., 1996; Guibas & Stolfi,
1985; Okabe et al., 2000; Preparata & Shamos, 1985).

First of all, it should be emphasized that understand-
ing the term “climate cluster” requires a good (or ex-
cellent) knowledge of the climate diversity in Monte-
negro. Only with such knowledge can high-quality
theoretical propositions for an adequate climate re-
gionalization of this country be presented. In order
to implement such an analysis, hierarchical agglom-
erative methods that are dominantly used in research
(UPGMA, Single linkage and Ward’s method) and
non-hierarchical clustering method (K-means) were
applied. The standard Euclidean distance for hierar-
chical agglomerative methods was chosen as a meas-
ure of similarity/distance. The two most important
variables of the climate system, average annual values
of temperature and precipitation, were observed for a
series of 60 years (1961-2020) from 18 meteorological
stations in Montenegro.

Applying the above-mentioned hierarchical meth-
ods and Euclidean distance, by running the appro-
priate options in the PAST software, 6 dendrograms
were obtained. In this particular case, it means that
the variability of temperature and precipitation has its
own spatial dimension, as does every variable of the
climate system, and this influenced the determination

of the distance, that is, the separation of temperature
and precipitation regions. Based on the non-hierar-
chical K-means method (the default number of clus-
ters is 3), appropriate clusters were formed, as in the
previous case. Based on the grouping of MS and by
running the appropriate options in the QGIS software,
a total of 8 thematic maps were obtained on which the
digitized regions were previously defined by clusters
using the method of Voronoi diagrams.

Hierarchical agglomerative cluster methods for
temperature (UPGMA, Single linkage i Ward)
According to the UPGMA method, 8 cluster tempera-
ture regions were distinguished. The first cluster con-
sists of 4 MS located in the mountainous southwest-
ern and northeastern parts of Montenegro, mostly
at altitudes of 600-700 m. According to Buri¢ et al.
(2014) these are places with a modified Mediterranean
climate, dry and hot summer (Csb). This climate clus-
ter accounts for 22.2% of the total number of MS in-
cluded in the analysis. The second cluster included 3
MS, mostly located in the altitude zone between 800-
900 m. According to the Koppen climate classification,
it is a belt with a moderately warm climate (C), which
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is represented by two subtypes of climate: a moder-
ately warm and humid climate with hot summers in
the far north of Montenegro (Cfb) and a transitional
variant of the Etesian climate (Csb). Both regions are
mountainous and should be considered transition-
al between Mediterranean and moderately warm and
humid climates. This cluster makes up 16.7% of sta-
tions. Only one MS (Niksi¢) is classified in the third
cluster, and it is located at an altitude of about 650 m
and has a Csb subtype of climate. Therefore, MS clas-
sified in the three mentioned clusters have moderate-
ly warm summers, while winters are due to the influ-
ence of altitude and distance from the sea.

The fourth cluster consists of 2 MS (11.1%), located
at an altitude of 944 m and 1012 m. Buri¢ et al. (2014)
just mention an altitude of about 1000 m as a transi-
tion between a moderately warm (C) and a mountain-
ous or moderately cold (D) climate. At higher altitudes,
the D climate dominates, so the fifth cluster includes
only one MS (Zabljak), the only one at an altitude of
1450 m. It is a humid boreal climate with fresh sum-
mer (Dfc climate subtype). The southern part of Mon-
tenegro includes the Adriatic coast and the plain area
around the capital (Podgorica). In this part, all MS are
located at a low altitude (1-44 m) and are under the
strong influence of the Adriatic (Mediterranean Sea),
with a typical Mediterranean climate, characterized
by dry, sunny and hot summers, while winters are
rainy and mild (Csa climate subtype). Nevertheless,
the UPGMA method separates three clusters (Fig-
ure 4) with: 3 MS (sixth cluster, 16.7%) and with 2 MS
each (seventh and eighth cluster, with 11.1% each).

Similar results were obtained using the other two
methods (Single linkage and Ward’s method), which

confirms the fact that temperature has its own spa-
tial dimension and that there is a correlation between
the hierarchical methods in cluster analysis. It could
be concluded that this type of multivariate techniques
is suitable for research in climatology. Comparing the
results of cluster analysis for temperature obtained by

UPGMA and Single linkage, i.e. Ward’s method, the

following differences are observed:

o Compared to UPGMA, there are 7 cluster regions
in the Single linkage method.

o The Single linkage method classifies 5 MS in one
cluster: Herceg Novi, Ulcinj, Podgorica, Bar and
Budva (Figure 5), making it the largest cluster re-
gion in percentage terms (27.8%), while according
to UPGMA the mentioned MS are classified into 2
cluster regions.

o Compared to the UPGMA method, there are also 7
cluster regions in the Ward’s method.

o According to the Ward’s method, MS Cetinje and
Niksi¢ now constitute a separate cluster region with
11.1%. Also, MS Kolasin, RoZaje and Zabljak form
one cluster region with 16.7% of the total number
of stations (Figure 6). As a reminder, according to
the UPGMA method, MS Niksi¢ and MS Zabljak
each form one cluster region.

o In contrast to the results obtained using the UP-
GMA and Single linkage methods, in the Ward’s
method there is no cluster of regions consisting of
only one MS.

o Percentage-wise, the largest cluster region obtained
by the UPGMA method includes 22.2% of stations,
by the Single linkage method 27.8%, while with the
Ward’s method, four regions make up 16.7% of the
total number of stations.

Figure 4. Results of the UPGMA method for the period 1961-2020: dendrogram of meteorological
stations (left) and temperature regions (right).
(CT - Cetinje, CK - Crkvice, BR — Berane, BP - Bijelo Polje, KT - Krstac, PL — Plav, PLj - Pljevlja,
NS — Niksi¢, KS - Kolasin, RZ — RoZaje, ZA — Zabljak, HN — Herceg Novi, UL - Ulcinj, PG - Podgorica,
BA — Bar, BD — Budva, TT - Tivat, GL — Golubovci)
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Figure 5. Results of the Single linkage method for the period 1961-2020: dendrogram of
meteorological stations (left) and temperature regions (right)

Figure 6. Ward's method results for the period 1961-2020: dendrogram of meteorological stations
(left) and temperature regions (right)

A non-hierarchical K-means cluster method

for temperature

Unlike the previous hierarchical agglomerative meth-
ods, the non-hierarchical K-means cluster procedure
does not produce a dendrogram as a graphical repre-
sentation of the MS included in the analysis. The de-
fault number of clusters in this case is 3, and the al-
gorithm connects the stations to the cluster with the
smallest distance to its centroid. The given number
of clusters in this case will facilitate the analysis be-
cause only similar cluster regions will be observed in
all three cases, regardless of the numerical designa-
tion of the stations that make it up.

The results of the analysis indicate the following:

I temperature cluster region groups the moun-
tainous MS Rozaje, Zabljak and Kolasin, making up
16.7% of the share (Figure 7). Percentage-wise, this
is the smallest cluster region. Common for the men-

tioned MS is that they are located at altitudes of about
1000 to 1450 m, located at a relatively short distance
from each other, as well as in the mountain climate
zone, in general. In addition to these common phys-
ical-geographical features, the similarity can also be
observed in the thermal aspect, so all three MS regis-
ter a negative mean temperature in winter, while the
average summer is around 14-15°C.

IT temperature cluster region includes 8 MS, i.e. it
is the largest in percentage (44.4%). These are the sta-
tions located in the zone of moderate-continental cli-
mate and at an altitude of 650 m to 1000 m. In the
thermal regime, the predominant influence in these
places is the physical-geographic features of the sur-
rounding area, first of all the elevation, the dissec-
tion of the relief and the distance from the sea. There-
fore, the stations have moderately warm summers and
moderately cold winters. Average summer tempera-
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tures range from 17-20°C, while average winter tem-
peratures range from -1°C to 3°C.

IIT temperature cluster region groups 38.8% of
MS included in the analysis (7 out of 18 MS). What
these stations have in common is that they are locat-
ed in the zone of predominant influence of the Med-
iterranean, and two climatic areas are distinguished:
Adriatic-Mediterranean and modified Mediterrane-
an. A modified Mediterranean climate is represent-
ed in the Podgorica-Skadar basin and the Bjelopavli¢i
plain (MS Podgorica and Golubovci). Other MS are
located along the Montenegrin coast of the Adriat-
ic, and it is a narrow zone with a typical Mediterra-
nean climate (short, mild and rainy winters with rare
frosts, long and warm summers, average annual inso-
lation is about 2600 h). The average summer tempera-
ture is 24-26°C, and the winter temperature is around
6-9°C.

ing the non-hierarchical agglomerative method and
the hierarchical method, it is concluded that the mul-
tivariate technique is suitable for research in climatol-
ogy, because the analysis indicated a logical grouping
of MS, primarily based on real physical-geographical
factors in geographical area.

Hierarchical agglomerative cluster methods for
precipitation (UPGMA, Single linkage i Ward)

The UPGMA method distinguishes 6 clusters of pre-
cipitation regions. The first cluster is the largest, be-
cause it groups five MS (27.8% of the total number of
stations). These are places in the extreme north and
northeast of Montenegro, which have a continental
(MS Pljevlja and Rozaje) and a Mediterranean-conti-
nental pluviometric regime (MS Bijelo Polje, Berane
and Plav). These are the most continental regions of
Montenegro with the lowest annual rainfall (average

Figure 7. Temperature regions for the period 1961-2020 obtained by the K-means method (left)
and Silhouette plot (right)
(x—axis: on a scale from -1 to 1, where 1 means a perfectly suitable assignment to a group; =1 means that the
object would be better placed in another group; 0 means that the object is on the border between two clusters)

The results obtained using the K-means cluster
method correspond to a large extent with previous
research by Buri¢ et al. (2014). Namely, in the I tem-
perature cluster region there are mountain stations
that belong to the D climate (Dfb, Dfc), as well as MS
Kolasin, which is at the transition between C and D
climates. The II temperature cluster region consists of
the largest number of stations distributed in climate
class C and in different climate types Cs and Cf, de-
pending on the physical-geographical features there
is also a climate differentiation. Also, the stations in
the IIT temperature cluster region belong to the same
climate class, type and subtype (C, Cs, Csa). In general,
based on the comparative analysis of the results of cli-
mate regionalization according to the Képpen climate
classification, given by the aforementioned authors,
and presented in this paper, which were obtained us-
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800-1000 mm). The difference in seasonal rainfall is
smaller than in the rest of the country. The second
cluster consists of three MS (Herceg Novi, Niksi¢ and
Kolasin) or 16.7%. This cluster includes the parts of
Montenegro that are closer to the sources of moisture
(the Atlantic and the Mediterranean Sea) and that
have a typical Mediterranean pluviometric regime.
The average annual amount of precipitation is about
1900-2100 mm, of which about 32-34% falls in winter,
in general. The least precipitation is in summer, only
about 10-12% of the annual average. And the third
cluster groups three MS (Figure 8): Tivat, Golubovci
and Podgorica. These are regions with a Csa subtype
of climate and a Mediterranean precipitation regime.
However, compared to the previous cluster, there is
less precipitation in these places — the annual average
is around 1600 mm.



Dragan Buri¢, Jovan Mihajlovi¢,
Vladan Duci¢

Figure 8. Results of the UPGMA method for the period 1961-2020: dendrogram of meteorological
stations (left) and precipitation regions (right)

The western part of Montenegro with two MS be-
longs to the fourth cluster. These are the mountain
MS (Zabljak and Krstac) with an annual average of
about 1500-1650 mm of precipitation. This cluster is
also characterized by minimal precipitation in sum-
mer, but still in this season about 15-17% of precip-
itation falls compared to the annual average. Com-
pared to the previous clusters, the difference is that
MS Zabljak receives maximum precipitation during
the fall, and not in the winter season. The fifth cluster
consists of three MS on the Montenegrin coast (Bud-
va, Bar and Ulcinj) or 16.7% of the total number of
stations (18). The coastal region of Montenegro has a
true Mediterranean climate (Csa) with a typical Med-
iterranean pluviometric regime. In this part of Mon-
tenegro, the annual average precipitation is around
1300-1500 mm. In summer it is about 10%, and in
winter about 33% of the annual precipitation. The last
sixth cluster includes the rainiest part of Montenegro,
which is the southwestern part where MS Crkvice and
Cetinje are located (11.1%). For the period 1961-2020,
the annual average precipitation in Crkvice is about
4600 mm, and in Cetinje about 3320 mm. It is one of
the rainiest regions of Europe, with a Mediterranean
precipitation regime, and due to the altitude, the cli-
mate formula is Csa.

In relation to the clusters obtained by UPGMA, the
number of cluster regions obtained by the Single link-
age method is twice as large (12 cluster regions). This
fact supports the justification of using multiple meth-
ods for extracting cluster regions, especially for pre-
cipitation, because it is a very variable climatic ele-
ment, especially in an area with a dissected relief, as
is the case with Montenegro. According to the Single
linkage method, the changes in the cluster regions are
as follows:

« Clusters group the Zabljak and Krstac stations into
special rainfall regions with 5.6% of the total num-
ber of stations. The UPGMA method grouped these
two MS into one region.

o Plav and Pljevlja now form a separate cluster region
without RoZaje, Berane and Bijelo Polje, so in this
case there were changes to 5.6% compared to 27.8%
from the first method.

o Budva and Tivat now form separate precipitation
regions with 5.6% participation.

« Also, both Cetinje and Crkvice now form separate
clusters, and in the first case (UPGMA method)
those two MS were an integral part of one cluster.

Therefore, the main difference is that the UPGMA
method does not distinguish clusters with one MS
each, while according to Single linkage there are as
many as 8 cluster regions with one MS each (Figure
9). In other words, out of a total of 12 cluster regions,
the percentage share is mostly occupied by clusters
with one MS each (8/12 clusters), followed by clusters
with two stations each (2/12 clusters) and clusters with
three stations each (2/12 clusters).

The smallest number of cluster regions was ob-
tained using the Ward’s method (5 regions in total),
and the results are very similar to the UPGMA meth-
od. Comparing the results of these two methods, UP-
GMA and Ward’s, for the period 1961-2020, the fol-
lowing facts can be observed:

o Ward’s method separates 5 cluster regions (Figure
10), i.e. one less than UPGMA.

o According to the Ward’s method, MS Krstac and
Zabljak do not now form a common cluster region,
but are part of other cluster regions (station Krstac
is part of the fourth and Zabljak of the fifth clus-
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Figure 9. Results of the Single linkage method for the period 1961-2020: dendrogram of
meteorological stations (left) and precipitation regions (right)

ter region). Recall that the UPGMA method groups  (in this case, the default number of clusters is 3, as
these two MS into one cluster region. in the case of temperature regions), which will facil-

+ In contrast to the results obtained using the UP-  itate comparative analysis (see Figure 11). The follow-
GMA and Single linkage methods, in the Ward’s  ingis a comparison of the cluster regions that include
method clusters with four stations each dominate  the largest number of the same MS in both groups of
(22.2% participation). methods.

» Percentagewise, the largest cluster region obtained The results of the comparative analysis of the ob-
by the UPGMA and Ward’s methods is 27.8% of  tained cluster regions in the first and second group of
the stations (1 cluster region with 5 MS each), and  methods indicate the following:

16.7% by the Single linkage method (2 cluster re- I precipitation cluster region groups 5 stations
gions with 3 MS each). with 27.8% share, located in the far north and north-

Figure 10. Ward'’s method results for the period 1961-2020: dendrogram of meteorological stations
(Left) and precipitation regions (right)

A non-hierarchical K-means cluster method east of Montenegro. It is an area with a moderate con-
for precipitation tinental and mountain climate. This part of Mon-
In contrast to the results obtained by applying hierar-  tenegro is the farthest from the Adriatic Sea, so the
chical methods of regionalization, the K-means clus-  influence of continentality is felt the most. Continen-
ter procedure produces a uniform number of clusters ~ tal and Mediterranean—-continental precipitation re-
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gimes are represented. This part has the lowest annu-
al precipitation in Montenegro, an annual average of
800-1000 mm.

II precipitation cluster region includes only two
spatially close MS: Cetinje and Crkvice. Percentage-
wise, it is the smallest cluster region, and what both
stations have in common is that they are located in a
mountainous region, in the hinterland of the Adriat-
ic Sea. Due to the specific morphology of the terrain,
the two mentioned MS register the highest amount of
precipitation in Montenegro (Crkvice about 4600 mm,
Cetinje 3320 mm). Therefore, this smallest cluster re-
gion logically groups stations that differ in precipita-
tion sums from all other MS included in the analysis,
that is, they form a separate precipitation cluster re-
gion.

Dragan Buri¢, Jovan Mihajlovi¢,
Vladan Duci¢

Comparing the results of the formed precipita-
tion cluster regions presented in this paper with the
researches of climatic regionalization of Montene-
gro, given by the mentioned authors, it can be con-
cluded that the precipitation cluster region consists of
MS located in the area with a continental precipita-
tion regime and with similar annual sums precipita-
tion. The border of this cluster region coincides with
the border between the Mediterranean and continen-
tal pluviometric regime defined by the mentioned au-
thors. Around that conditional border, the influences
of continentality and maritimeness on the pluviomet-
ric regime are interwoven. Therefore, these results un-
doubtedly indicate the validity of the multivariate
techniques used, both the hierarchical and non-hier-
archical cluster methods, which were the focus of this

Figure 11. Precipitation regions for the period 1961-2020. obtained by the K-means method (right)
and Silhouette plot (left)
(x=axis: on a scale from -1 to 1, where 1 means a perfectly suitable assignment to a group; =1 means that the
object would be better placed in another group; O means that the object is on the border between two clusters)

III precipitation cluster region groups the oth-
er 11 MS with a total of 61.1% participation, i.e. this
is the largest cluster precipitation region in percent-
age terms. It is a region that has several climate types
(Mediterranean, modified Mediterranean, temper-
ate-continental and mountain climate), but air mass-
es within the cyclone from the Mediterranean Sea and
from the west have the dominant influence on precip-
itation. Within this region, therefore, the Mediterra-
nean precipitation regime is common to all MS. The
average annual precipitation in this cluster region
ranges from about 1300 mm to 2000 mm.

study. The II precipitation cluster region is comprised
of the rainiest stations in Montenegro, which belong
to the Csbx” climate subtype. Finally, the IIT precipi-
tation cluster region comprises the largest number of
stations characterized by a Mediterranean pluviomet-
ric regime and relatively similar annual precipitation
sums. Therefore, it is important to note that the sep-
arated climate regions based on two different criteria
(physical factors used by Buri¢ et al. (2014) in their cli-
matic regionalization of Montenegro and the results
of the statistical technique used in this study based on
only two climatic variables) match each other.
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Conclusion

In this research paper, one of the multivariate tech-
niques used in modern climatology research was ap-
plied to achieve the set goals. Hierarchical agglom-
erative methods and the non-hierarchical K-means
method were utilized, with Euclidean distance as
the distance measure. A series of data from the pe-
riod 1961-2020 was observed, and multi-year values
of temperature and precipitation from 18 MS were
used as variables. Furthermore, a comparative anal-
ysis was carried out based on the results obtained in
this study and the climatic regions identified by Buri¢
et al. (2014), which are based on the dominant physi-
cal factors in the geographical area of Montenegro.
The research results indicate that the distribution of
stations reflects the majority of the climatic diversity of
Montenegro. The cluster regions extracted using UPG-
MA, Single linkage, and Ward’s methods show spatial
similarity. As these methods agree to a certain extent,
the presented research results can be considered con-
vincing. In other words, the temperature and precipi-
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Abstract

Spatial segregation of Roma population is a dynamic category that changes its characteristics over
time. This paper investigates changes in indicators of spatial segregation of the Roma national minor-
ity in Medimurje, the northernmost county of the Republic of Croatia. The spatial analysis of Roma

in the researched area, based on the last three consecutive population censuses, indicates changes in
the Roma distribution patterns. Through the last two inter-census periods, spatial dispersion of the
Roma population is noticeable as a beginning of more intensive spatial integration process. On the oth-
er hand, quantitative indicators point to the conclusion that spatial segregation as a phenomenon and
fundamental feature of Roma population is increasing.

Keywords: Medimurje; Roma; spatial segregation; integration; Croatia

Introduction

Although it is primarily an object of sociological re-
search, segregation in its spatial manifestations oc-
cupies an important place in geography research as
well. Segregation as a spatial phenomenon is a socio-
ecological process that refers to the concentration of
a certain population group in one space or the une-
ven distribution of certain population groups in the
observed area (Vresk, 2002). The phenomenon of
segregation reflects social inequality and, through
its changes, speaks about how these inequalities are
changing. Additionally, understanding segregation is
important because of its impact on society and social
relations (Yao et al., 2019). Understanding the degree
and nature of the segregation of a certain social group
in a specific area is crucial for the creation of effective
policies, measures and activities aimed at achieving
social equality (Johnston et al., 2014).

Roma people historically encounter “otherness”
through a number of cultural, political, economic and

spatial dimensions (Powell & Lever, 2017). From the
very beginning of their settlement in the Europe, the
Roma have faced non-acceptance, marginalization,
discrimination and various forms of segregation. The
social non-acceptance of Roma in European countries
had its spatial reflection consequently. Powell and Le-
ver (2017) point out that the appearance of Roma ghet-
toization, in the investigated case in the form of seg-
regated Roma settlements, is a spatial manifestation
of Roma stigmatization. On the other hand, speaking
about the Roma, Sibley points out that “space is an in-
tegral part of the outsider problem. The way in which
space is organized affects the perception of the “oth-
er”, either as foreign and threatening or as simply dif-
ferent” (Sibley, 1992). The characteristics of the Roma
ethnic space and the elements of their spatial segrega-
tion form a closed cause-and-effect circle with social
forms of segregation, discrimination and marginali-
zation. Although spatial segregation is often cited as
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the cause of other forms of segregation and margin-
alization, some studies show that significant prejudice
and discrimination against Roma, despite the histori-
cally multicultural environment, exist even in the ab-
sence of spatial segregation (Cretan et al., 2023). The
above contributes to the challenges of designing inte-
gration policies that are primarily aimed at reducing
the spatial forms of Roma segregation.

Some forms of spatial segregation characterize
the residential patterns of Roma in numerous Euro-
pean countries. In Slovenia, Zupanci¢ (2007) inves-
tigates the patterns of Roma distribution and defines
the term “Roma settlement” as a specific nationally
concentrated form of settlement of the Roma popu-
lation. The population of Roma in the wider space of
the European post-socialist countries where the larg-
est number of European Roma live is characterized
by certain forms of spatial segregation. For example,
that is a situation in Hungary (Virag & Varadi, 2018;
Cretan et al., 2020; Zsolt Farkas et al., 2017; Péasztor
et al., 2016), Slovakia (Rochovskd & Rusnédkova, 2018),
Serbia (Vuksanovi¢-Macura, 2020), the Czech Repub-
lic (Matousek & Sykora, 2011; Tousek, 2011) or Cro-
atia (Slezak, 2009). Romania is also an example of
the emergence of Roma spatial segregation patterns
(Picker, 2013; 2017). Recent research shows that only
Roma have had upward values in terms of fraction-
alization and polarization indices compared to other
ethnic groups in the Romania post-communist times
due to the large traditional families of Roma com-
munities (Rotaru et al., 2023). Spatial segregation of
Roma is not reserved exclusively for post-socialist Eu-
rope. Western European and Mediterranean coun-
tries also record spatial segregation of Roma, such as
Italy (Claps & Vitale, 2011; Picker, 2013; 2017), Spain
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(Gay Y Blasco, 2016), France (Picker, 2017), England
(Picker, 2017) or Portugal (Alves, 2017). Even Tiirkiye,
as a Eurasian country, is not spared of the phenome-
non of Roma segregation (Giiltekin, 2009).

As in the wider European space, spatial segrega-
tion characterizes the Roma population settlement in
Medimurje County, the northernmost county of the
Republic of Croatia (Fig. 1) (Slezak, 2009). The major-
ity of the Roma population lives in a small number
of local self-government units, and in relation to the
entire county, their spatial concentration is noticea-
ble. At the settlement level, Roma mostly live in twelve
“Roma” settlements, i.e. locations populated exclusive-
ly by Roma (Slezak, 2009). In his work, Slezak states
that the majority of Roma settlements are additionally
separated from parts of the settlement with a majori-
ty Croat population by some physical barrier such as a
canal, forest, or railway (Slezak, 2009).

In Medimurje County, Roma are the most numer-
ous national minority. It is also the county with the
largest number and the largest concentration of Roma
population in Croatia. According to the last census
from 2021 (CBS, 2022), Roma in Medimurje reached
a share of 6.61% of the total population. Roma pop-
ulation of Medimurje County makes up as much as
38.7% of all Roma in the Republic of Croatia. From
a once nationally very homogenous area, Medimurje
is becoming a county with more distinct multicultur-
al and multi-ethnic characteristics. In 2001, the share
of national minorities was 3.61% (CBS, 2002). Twenty
years later, the share of national minorities members
grew to 8.12% (CBS, 2022) and Roma make up 81.4%
of all declared members of national minorities.

Additionally, the data of the last census indi-
cate certain changes in the distribution of Roma in

Figure 1. Geographical location of Medimurje County
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Medimurje County. The presence of Roma in a larger
number of local self-government units (cities and mu-
nicipalities) than during previous censuses points to
the spatial expansion of the Roma and thus to a pos-
sible process of reducing spatial segregation, i.e. the
beginning of the process of spatial integration of the
Roma population.

This paper tries to reveal changes in indicators of
spatial segregation over a period of twenty years, dur-
ing two most recent inter-census periods. Quantita-
tive analysis of various indicators of spatial segrega-
tion through three consecutive population censuses
(2001, 2011 and 2021) aims to reveal the direction of
changes in Roma residential patterns in Medimurje
County.

Spatial segregation of Roma in Medimurje has
been studied in more detail by Slezak (2009) using
data from the 2001 population census. His work is an
important contribution to the understanding of spa-
tial segregation as a phenomenon related to the Roma
national minority in Medimurje County and the Re-
public of Croatia. However, the results of his research
provide only a static situation in 2001. This paper,
building on the mentioned research, emphasizes the
changes and directions of changes in the level of spa-
tial segregation of the Roma in the period of twenty

Spatial segregation measures used

years. Recognizing the direction of change in Roma
residential patterns can be good indicators of the (in)
correctness of certain policies and measures aimed at
reducing all forms of segregation of the Roma popula-
tion, including aspects of spatial segregation.

Roma distribution and concentration in very small
and limited parts of Croatia “is both a consequence
and a cause of social separation from the rest of Cro-
atian society” (Slezak, 2009). The importance of rec-
ognizing the occurrence of Roma spatial segregation
and noticing changes in the value of its indicators is
visible in addressing spatial segregation as an impor-
tant element of the fight against Roma poverty at the
level of the entire European Union. One of the meas-
ures listed in the Urban Poverty Partnership Action
Plan (2018) refers to strengthening the principle of de-
segregation in EU urban areas. When elaborating the
mentioned measure, spatial segregation of the Roma
was listed as one of the important priority areas the
member states should deal with. The chapter on Roma
vulnerability states: “This action proposes that the de-
segregation principle should be strengthened and
mainstreamed into the legislation on the use of EU
funds at national level. Desegregation should become
a priority in all housing and education programs”
(Urban Poverty Partnership Action Plan, 2018).

From the very beginning of the study of spatial seg-
regation, there have been discussions about the (un)
acceptability of certain indicators of this spatial phe-
nomenon. Simplifying the calculation of certain in-
dicators also brings with it the problem of neglecting
certain spatial relationships that are important for the
quality interpretation of the obtained results. In addi-
tion, the discussion is also about defining the basic di-
mensions of spatial segregation. Massey and Denton
(1988) propose five dimensions of segregation: even-
ness, isolation - exposure, concentration, centraliza-
tion and clustering. Reardon and O’Sullivan (2004)
indicate that the phenomenon of spatial segregation
can be seen through only two basic dimensions: even-
ness - clustering and isolation - exposure. Two spatial-
segregation dimensions are also proposed by Brown
and Chung (2006): evenness - concentration and clus-
tering - exposure.

One of the first and most commonly used indica-
tors of spatial segregation is the Dissimilation Index
(Duncan & Duncan, 1955). This indicator considers
the representation of the observed groups in the terri-
torial units of the lower order in relation to their rep-
resentation in the territorial unit of the higher order.
The dissimilation index D is expressed by the formula
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where

pir is the population of Roma in a certain city or
municipality i,

pin population of the non-Roma population in city
or municipality i,

R total Roma population, and

H the total population in Medimurje County.

The value of this indicator ranges from 0 to 1. The
maximum value indicates complete segregation, that
is, separation of the observed groups. The value 0 in-
dicates complete integration in the sense of equal rep-
resentation of the minority community in adminis-
trative units in relation to its representation in the
higher-ordered administrative unit.

Criticism of the mentioned indicator refers to its

“non-spatiality”, i.e. failure to recognize the actual spa-
tial distribution of the observed group in the larger
investigated administrative spatial unit, the so-called

“chessboard” problem (White, 1983). Mentioned indi-
cator with its value very roughly indicates the level of
segregation of the observed group within the higher-
order administrative unit. Although a certain number



of researchers offer adapted indicators in which they
have incorporated certain spatial relations (White,
1983; Morill, 1991; Wong, 2003; 2004; 2005; Rear-
don & O’Sullivan, 2004; Feitosa et al., 2007), the orig-
inal form of the dissimilation index remains the most
commonly used indicator of the spatial segregation.
This is especially the case in situations of research on
the mutual segregation relations of two groups that
share a common space. Such an original version of the
dissimilation index is proposed by Somogyi and Hor-
vath (2018) as a research method in the support doc-
ument of the Urban Poverty Partnership Action plan
for the analysis of the spatial segregation of the Roma
population.

The spatial-segregation dimension of evenness-
clustering is well represented by the location quotient
(Isard, 1960). It indicates the relative representation of
the minority group in the observed spatial unit in re-
lation to the total representation in the higher ordered
territorial unit. It is calculated by a formula

LQi=(r;/p;) / (R/P)

where, in the specific researched case, r; and p; rep-
resent the number of Roma and the total population
of a certain city or municipality, and R and P the to-
tal number of Roma and the total number of inhabit-
ants of the entire researched area of Medimurje Coun-
ty. Possible values range between 0 and o, while the
value 1 indicates a situation in which the representa-
tion of the researched group in the observed territo-
rial unit is identical to its representation in the high-
er ordered territorial unit. LQ < 1 indicates a lower
representation, and LQ > 1 a higher representation of
the observed group in a certain territorial unit com-
pared to the representation in a higher-ordered terri-
torial unit.

Global Moran’s I is also common indicator in the
dimension of spatial clustering. Global Moran’s I is
a measure of the overall clustering of the investigat-
ed spatial data, in this particular case spatial distribu-
tion of the Roma population in cities and municipal-
ities in Medimurje County. It investigates the spatial
autocorrelation based on the locational features and
concrete values of the investigated phenomenon in in-
dividual administrative units of wider researched ter-
ritorial area.

Quantitative indicators of spatial segregation in the
exposure dimension used in this paper are the inter-
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connected Isolation Index and Interaction Index. “Ex-
posure measures the degree of potential contact or
possibility of interaction, between minority and ma-
jority group members” (Massey & Denton, 1988). It
points to the probability that a member of the Roma
national minority shares a local self-government ter-
ritorial unit with a member of the researched majority
group. The interaction index expresses the exposure
of the members of the Roma national minority to the
members of the majority population, and the isolation
index shows the extent to which the members of the
Roma minority are directed to themselves in a specif-
ic investigated spatial unit.
The Interaction index is calculated by the formula:

L,=2(pi/ R) (pin/ P

where

p;; is the number of members of the Roma national
minority in the spatial unit i

Pin is the number of members of the majority pop-
ulation in the spatial unit i

R is the total number of members of the Roma na-
tional minority in the observed area

P, is the total number of inhabitants in spatial unit i.

The Isolation index is calculated according to the
above:

I,=2(pi/R) (i, / P)

A higher value of the Isolation index indicates the
existence of spatial segregation of a certain group,
while a higher value of the Interaction index indicates
a reduced occurrence of spatial segregation of the re-
searched group.

The clustering dimension can be well represented
by Local Moran’s I, an indicator proposed by Anse-
lin (1995). ,,The value of Local Moran’s I at spatial unit
i reflects how the proportion of a group in i is similar
to the proportions in neighboring units. A high val-
ue of local Moran’s I indicates a clustering of similar
proportions (either high proportions reflecting a hot
spot or low proportions reflecting a cold spot) and a
low value indicates a clustering of dissimilar propor-
tions“ (Yao et al., 2019). This indicator is part of the
basic functionality of the ArcGIS software, version
10.1, which was also used to create all thematic maps
in this paper.
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Changes in the distribution of the Roma population

The basic change in the characteristics of the Roma
population distribution in the last two inter-censal
periods in Medimurje County, which can be observed
at the level of cities and municipalities, is the expan-
sion of the area in which the Roma were recorded by
the census (Fig. 2, Fig. 3, Fig.4). In 2001, out of 25 local
self-government units in Medimurje County, Roma
were recorded in only 12 cities and municipalities, in
less than half of their number. Ten years later, in 2011,
Roma were present in 18 local self-government units,
and in 2021 in 19 of them. Expanding the area inhabit-
ed by the Roma population is noticeable. Additionally,
there is a significant increase in the share of the Roma
population in certain local self-government units. In
2001, the highest recorded share of Roma was 13% in
the municipality of Pribislavec. Twenty years later, al-
ready five municipalities have surpassed that value.
During the last census, the highest share of Roma was
in the municipality of Orehovica, 33.68%. With the
aforementioned share, the municipality of Orehovica
became the first municipality in Croatia where Roma,
having reached a share of 1/3 of the total population,
formally exercised the right to official use of the mi-
nority language in accordance with the provisions of
the Constitutional Law on the Rights of National Mi-
norities (Croatian Parliament, 2002).

The observed increase in the share of the Roma pop-
ulation in the cities and municipalities of Medimurje
County is, on the one hand, a consequence of the signif-

icant emigration process of the majority population that
has affected Croatia since joining the European Union.
On the other hand, it is a consequence of the nationally
differentiated demographic characteristics of the natural
trends of the majority and Roma population. While the
majority population records a very low fertility rate and
a negative natural change, the Roma population, dueto a
very high fertility rate and a high positive natural change,
records a significant increase in the number of members
(Slezak, 2010; 2013; Slezak & Beli¢, 2019).

Cities and municipalities where Roma were record-
ed in 2001, except for the municipality of Belica, in
their administrative boundaries have Roma settle-
ments spatially segregated from the majority Croat
population (Slezak, 2009). There are 12 settlements in-
habited exclusively by the Roma, whose population in
2001 varied from a few dozen to over a thousand in-
habitants (Slezak, 2009). As most of the municipalities
in question consist of only one settlement of the same
name, it can be assumed that almost the entire Roma
population of the Medimurje County in observed year
was settled in Roma settlements. In terms of method-
ology, it is important to note that during the 2001 cen-
sus, the Roma settlement of Sitnice was part of the
Municipality of Selnica. After the later changes in the
administrative borders, the said settlement was an-
nexed to the City of Mursko Sredi$ce.

During the 2011 census, 1.27% of all Roma in
Medimurje County lived in municipalities and cit-

Figure 2. Share of Roma population in cities and municipalities of Medimurje County in 2001
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Figure 3. Share of Roma population in cities and municipalities of Medimurje County in 2011

Figure 4. Share of Roma population in cities and municipalities of Medimurje County in 2021

ies that do not have a Roma settlement within their = rounding area of the neighboring towns and munic-
borders. Ten years later, 2.26% of Roma lived in cit-  ipalities of Medimurje County. Although we are not
ies and municipalities without a spatially segregated  talking about large numbers, it is important to rec-
Roma settlement in their composition. From the ini-  ognize the beginning of a process of change in the
tial distribution connected exclusively to the concen- Roma population distribution. In terms of spatial
trated localities of Roma settlements, in the period of ~ segregation, the observed process reflects a decrease
the last 20 years, Roma have slowly settled in the sur-  in concentration as one of the dimensions of spatial
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segregation. The departure of Roma from Roma set-
tlements (Slezak, 2022) as concentrated locations of
population and their settlement in the surrounding

cities and municipalities represents the beginning of
the process of the Roma population spatial integra-
tion.

Spatial segregation measures of the Roma population

The basic quantitative indicator of spatial segregation
in the dimension of evenness, the Dissimilation Index,
at the level of Medimurje County records the values
listed in tab. 1. Through the last three censuses, the
index of dissimilation (D) recorded constant growth.
The 2001 values indicate that more than 43% of the
Roma population had to move to achieve an even
distribution of the Roma population in Medimurje
County. In 2011, it was hypothetically necessary for
more than 45%, and in 2021, more than 48% of the
Roma population to change their place of residence
within Medimurje County to reflect an even distribu-
tion, i.e. not to reflect spatial segregation.

Table 1. Dissimilation index of the Roma population in
Medimurje County in 2001, 2011 and 2021

Year 2001 201
D 0,436845511 | 0,454347688

2021
0,480280971

The increase of the Dissimilation index is con-
stant despite the expanded area of the Roma popu-
lation compared to the initial researched year. Obvi-
ously, significant increase in the number and share of
the Roma population in the few Roma settlements not
only nullified, but also surpassed the impact of the

spatial expansion of the Roma population throughout
the researched period.

In the exposure dimension, Interaction and Isola-
tion indexes indicate an increase in the spatial segre-
gation of the Roma population (tab. 2). Throughout
the researched period, the interaction index recorded
a constant decline, and analogously, the isolation in-
dex recorded a constant increase.

Table 2. Interaction index and Isolation index of the Roma
population in Medimurje County in 2001, 2011 and 2021

Year 2001 2011 2021
Interaction 0,942245 0,896705 0,839602
Index

Isolation 0,057755 0,103295 0,160398
Index

Over time, members of the Roma national minori-
ty are less directed towards potential contact with the
majority population, that is, they are increasingly di-
rected towards members of their own minority com-
munity.

Location quotient quantitatively represents the di-
mension of concentration. It indicates the relative rep-
resentation of the minority group in the observed spa-

Figure 5. Location quotient of the Roma population in Medimurje County in 2001
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Figure 6. Location quotient of the Roma population in Medimurje County in 2011

tial unit in relation to the total representation in the

higher ordered territorial unit. The values of LQ are sig-
nificantly higher than 1 in some territorial units or sig-
nificantly less than 1 in some other administrative-ter-
ritorial units. It proofs the significant concentration of
the researched group, and thus of its spatial segregation.

Comparative cartograms (Fig. 5, Fig. 6, Fig. 7)

graphically present Roma population location quotient
in Medimurje County through the three observed pop-

ulation censuses. With the aim to observe the change
in the level of Roma spatial distribution, the value class-
es on all three views are set in identical limits. A big
change can be noticed between 2001 and 2011, while in
the last inter-census period (2011 - 2021) the observed
trend of change has slowed down considerably.

In the first observed inter-census period (2001 -
2011), the expansion of the area inhabited by Roma
is noticeable. In self-government units of previously

Figure 7. Location quotient of the Roma population in Medimurje County in 2021
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high concentration, concentration of Roma remains
constantly high. In the second period (2011 - 2021),
the changes are very small. Roma are represented for
the first time in two new municipalities (Strahoninec
and Sv. Martin na Muri), but there are no longer any
Roma in the municipality of Vratidinec. At the same
time, the concentration of Roma in the municipality
of Pribislavec was lowered where LQ value dropped
below 4, as well as in the city of Cakovec, where the
LQ value fell below the level of 0.85.

In all three census moments, there were the same
six municipalities that recorded an above-average rep-
resentation of the Roma population with a value of LQ
>1.2. The biggest difference is in the increase of the
number of municipalities in which the phenomenon
of below-average representation is recorded, which is
a consequence of the previously mentioned expansion
of the area inhabited by Roma.

Global Moran’s I can represent the segregation di-
mension of clustering (tab. 3). According to its val-
ues, it is possible to see a decrease of spatial segrega-
tion in the period 2001-2011, which can be attributed
to the fact that in 2011, Roma were recorded in a sig-
nificantly larger number of municipalities than ten
years earlier. As the used indicator in the matrix of
spatial relations takes into account the mutual rela-
tions of neighboring investigated spatial units, a larger
number of Roma in previously unrecorded local self-
government units influenced the reduction of this
indicator in 2011. Nevertheless, in the following in-
ter-census period, the mentioned indicator increased,

which indicates an increase in the spatial segregation
of the Roma population in the investigated dimension
of clustering.

Table 3. Global Moran's | of the Roma population in
Medimurje County in 2001, 2011 and 2021.

Year 2001 2011 2021
Global 0,121463 0,076421 0,092573
Moran’s |

p-value 0,337493 0,487439 | 0,438303
z-score 0,959131 0,694388 | 0,775062

The occurrence of statistically significant clusters
in the researched area can represent Local Moran’s
I. The value of the indicator was calculated for each
individual self-governing unit and visually displayed
as hot spots and cold spots in the observed area. The
mark HH refers to a statistically significant cluster of
high values and LL for a statistically significant clus-
ter of low values. Spatial units with a high number
of Roma surrounded by spatial units with low Roma
numbers are marked HL. Spatial unit of low number
of Roma surrounded by spatial unit with high Roma
number is marked LH.

One hot spot and one cold spot are distinguished in
Medimurje County in 2001 and 2011 (Fig. 8). Munic-
ipality of Pribislavec represents the hot spot and Stra-
honinec represents the cold spot. In 2021, the men-
tioned municipalities remained hot and cold spots,
but the municipality of Orehovica joined Pribislavac
as a new hot spot (Fig. 9).

Figure 8. Hot and cold spots of Roma population in Medimurje County defined by Local Moran's | in 2001 and 2011
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Figure 9. Hot and cold spots of Roma population in Medimurje County defined by Local Moran's / in 2021

Conclusion

Spatial segregation of Roma population is both a state
and a process. If observed at one point in time, the
above phenomenon represents a state. In this sense,
Slezak (2009) correctly points to the appearance of
spatial segregation of Roma in Medimurje County
based on the 2001 population census. Nevertheless,
spatial segregation should also be seen as a process,
as a dynamic category that changes its characteristics
over time. It is not only important to detect segrega-
tion, but also to discover the directions of its change.
The results of the conducted research look at segrega-
tion precisely from the perspective of a dynamic pro-
cess, taking into account the data of three consecutive
censuses twenty years apart.

The results of the conducted research indicate the
simultaneity of two mutually opposite processes. On
the one hand, the members of the Roma national mi-
nority in Medimurje County are expanding the area
of their population. While in 2001 they were pre-
sent in less than half of the cities and municipalities
of Medimurje, today they are present in 76% of them.
The expansion of the area inhabited by Roma in the
absolute sense represents a spatial integration process.
Their appearance in areas where they were previously
absent indicates the beginning of the spatial integra-
tion process of Roma national minority. The appear-
ance of Roma in previously nationally homogenous
local self-government units points to the departure of
Roma individuals from the previous areas of concen-

tration and marked spatial segregation (Slezak, 2022).
Their settlement in municipalities and cities where
they were not recorded during previous censuses is an
indicator of the Roma spatial integration process.

On the other hand, on the contrary, quantitative in-
dicators of spatial segregation in all observed dimen-
sions indicate the increase of Roma spatial segregation
in Medimurje County. In the dimension of evenness,
the dissimilation index recorded constant growth. In
the dimension of exposure and isolation, the Interac-
tion Index recorded a constant decline, while the Iso-
lation Index recorded a constant increase in its values
in the researched period. In the dimension of cluster-
ing, the Global Moran’s Index was lowered in the first
inter-census period (2001-2011), which points to a de-
crease in spatial segregation in the mentioned dimen-
sion. Nevertheless, in the second intercensal period
(2011-2021), the mentioned indicator in the presented
dimension records growth and indicates the intensifi-
cation of the further spatial segregation process of the
Roma. Through the three time points of the research
(2001, 2011 and 2021), the number of local self-govern-
ment units (cities and municipalities) that record a be-
low-average representation of the Roma population in
relation to the entire investigated area of Medimurje
County is increasing. This is a consequence of the
aforementioned phenomenon of the expansion of the
Roma population in municipalities and cities where
there was none before. At the same time, the number
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of municipalities and cities that record an above-aver-
age population of Roma in relation to their represen-
tation in Medimurje County is also increasing. The
increase in the number of administrative units with
significantly higher values of LQ and the enlargement
of the value of the mentioned indicator in units where
it has already been high so far indicates an increase
in the concentration of the Roma population. This al-
lows us to conclude that spatial segregation is growing
in the mentioned dimension as well.

Despite the recorded occurrence of the spatial ex-
pansion of the Roma as a self-initiated process of spa-
tial integration, the presented results indicate that
the Roma as a very vulnerable group in Medimurje
County are increasingly spatially segregated. The lack
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Abstract

Urbanization and transportation have caused two critical issues in the challenge of sustainable develop-
ment, particularly, challenges to sustainable mobility in the context of car dependency. This is due to all
aspects of environmental, social, and economic has been continued influenced by transportation relat-
ed issues. The challenges of sustainable mobility in the context of suburban areas have become aggra-
vating situation due to massive migrations, thus Pathumthani province, represented as vicinity area of
Bangkok, Thailand was selected as a case study. Data were collected from 1,998 respondents by ques-
tionnaire survey and analyzed using statistical analysis and visualization based on geographic informa-
tion system, GIS application. The study results revealed that the urbanization process has led to an in-
crease in urban development that attracts enormous migrations in searching for their opportunities
(working and education trips). This phenomenon has positioned Pathumthani to serve as a supportive
area for the spillover of rapid urbanization in the country's capital area which has led to the develop-
ment of private car-dependent travel and public transport network, mainly concentrated in urban are-
as with exclusion to residents in remote areas. On the other hand, most areas sprawl with a scattered
density of residential settlements, which existing transportation system development can no long-

er serve the continued rising travel demand as before. The findings confirmed that the current develop-
ment pattern could not promptly meet the needs of suburban development, requiring the policymakers
to launch an effective plan to meet appropriate transportation demands and promote good quality of
travelling for the residents and commuters.

Keywords: auto dependency; peri-urban areas; public transportation; sustainable development; trans-
portation impact: urbanization

Introduction

The phenomenon of urban transformation from rural ~ worlds as more people tend to relocate closer in prox-
to urban (urbanization) occurs worldwide, whereby  imity to towns and cities. Thailand is presented as one
populations relocate from rural to urban areas, ena-  of the countries where that phenomenon occurs, es-
bling cities and towns to grow. In 2022, the rate of ur-  pecially Bangkok (Iamtrakul et al., 2023a). From the
banization worldwide was at 57 percent, and turning  analysis of urban area expansion, it was noticeably
to 70 percent of the global population living in cities ~ found that the development of urban areas was vast-
in 2050. However, some statistics illustrate how urban ly concentrated in Bangkok. From 2000 to 2020, the
living differs from suburban and rural living (Statis-  trend of changes in urban areas has continued to ex-
ta Research Department, 2022). Accordingly, urban-  pand due to changes in urbanization (Iamtrakul et al.,
ization is widespread in developing and developed  2021). The land use from green spaces to urban areas

A Center of Excellence in Urban Mobility Research and Innovation, Faculty of Architecture and Planning, Thammasat University,
Pathumthani, Thailand
* Corresponding author: Pawinee lamtrakul; e-mail: pawinee@ap.tu.ac.th

Geographica Pannonica * Volume 27, Issue 2, 145-158 (June 2023) | 145


mailto:pawinee%40ap.tu.ac.th?subject=

Challenges of Sustainable Mobility:
Context of Car Dependency, Suburban Areas in Thailand

has been extended to contiguous territories, i.e., met-
ropolitan areas, as a result, Bangkok and its vicinities
have become sprawling cities. Its speedy development
results from several problems arising from urbani-
zation, such as uncontrolled population growth and
growth along the urban infrastructures (Ammapa et
al., 2022; Iamtrakul et al., 2022). The crucial issues
that arise are often related to mobility in the urban-
ized area, especially as it concerns the availability of
transportation system. Furthermore, with the prob-
lematics mentioned above, both issues of the popula-
tion growth and the difficulties of urban management
have been increasing at a critical stage (Iamtrakul &
Chayphong, 2023). Most of the commuting options
preferred by dwellers are private cars as represented
as their primary choice. This presents the commut-
ing demand by residents in a critical condition, lead-
ing to unsolved traffic congestion. This phenome-
non has not arisen only in the Bangkok, however the
scope of the problem has extended to the surround-
ing provinces, consisting of Bangkok, Nakhon Path-
om, Nonthaburi, Pathum Thani, Samut Prakan, and
Samut Sakhon. Suburbanization occurred in these ar-
eas affected by the rapid and fragmented urban devel-
opment in sprawling pattern, resulting in attracting
factors (pull factor) for immigrants to enter the city in
terms of access to jobs, education, utilities, public util-
ities, and public services.

Consequently, Pathum Thani Province which is
represented as a peri-urban area supporting popula-
tion expansion from Bangkok which induced massive

Literature review

potential in terms of allocation of facilities and ser-
vices and a large concentration of activities, e.g., agri-
cultural, commercial/industrial areas, and higher ed-
ucation institutions (Iamtrakul & Chayphong, 2021).
However, over 70 percent of the province’s gross do-
mestic product is generated from the industrial sec-
tor which is also significant driven based on commer-
cial divisions as well, thus causing the instant growth
of the adjoining areas. However, when urban plan-
ning and management are considered, it was found
that there needs to be more efficient traffic network
systems and effective transport management, result-
ing in numerous problems, especially traffic compli-
cations. This is evidence that Pathum Thani’s traffic
volume ratio to road capacity (Vehicle Ratio (VCR))
during the morning and evening rush hour is more
significant than 1.00. Furthermore, road safety sta-
tistics showed that Pathum Thani has a road accident
fatality rate of 9.6 per 100,000 people and is ranked
number 1 in the metropolitan area. (Thai Roads,
2017). Without a doubt, there is also the problem of
air pollution with an average PM. 2.5 as of 2019 with
more than 160 micrograms per cubic meter, which is
considered at a health risk. Therefore, supporting a
seamless travel connection model within the nodes of
activity and surrounding areas is necessary to fill the
planning gaps and, in turn, reduce the need to travel
with a personal car. Therefore, it is necessary to tack-
le these problems and prepare for better future trans-
portation development opportunities in Pathum Tha-
ni province.

Increasing global urbanization brings challenges and
opportunities for sustainable development, particular-
ly in developing countries (Haider & Iamtrakul, 2022).
Urban transport is one of the significant elements in
the primary production process to drive economic
development, especially in urban areas of megacities.
Connectivity among routes and vehicles for travelling
are necessary for more convenience and efficiency. The
availability of such linkage should be designed to suf-
ficient support passenger travel and freight and goods
for transportation, including the development of ur-
ban economic agglomeration areas. Therefore, the de-
velopment of transportation systems should be con-
sidered as the priority of urban development planning,
which is the key factor that makes the transportation
system particularly important to the development of
urban areas. Urbanization brings several challenging
impacts within urban/city, such as medical services
and health dimension (Liu et al., 2017; Godfrey & Ju-
lien, 2005; Iamtrakul & Chayphong, 2023), urban heat
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island (Wang et al., 2021; Wu et al., 2020), transporta-
tion impact (Iamtrakul & Hokao, 2012; lamtrakul et al.,
2023b), environmental impact (Ponce De Leon Bari-
do and Marshall, 2014; Ergas et al., 2016;), social ine-
quality problems (Nguyen Minh et al., 2019; Kanbur &
Zhuang, 2013), etc. That is to say, urbanization has been
one of the dominant factors influencing economic, en-
vironmental, and social changes related to sustainable
urban development.

For transportation impacts issues, the rapid urban-
ization process has produced a series of transportation
impacts, such as energy consumption, environmen-
tal problem, a lack of transportation facilities, mo-
bility problems, road safety, traffic congestion, land
take, etc. (Chen et al., 2016; lamtrakul & Hokao, 2012;
Poumanyvong et al., 2012; Rodrigue et al., 2006). Ur-
ban mobility problems have increased proportional-
ly and, in some cases, exponentially with urbaniza-
tion (Rodrigue, 2020). This phenomenon needs holistic
view-based solutions and searches for more sustainable



solutions. Consequently, transportation issues have be-
come a significant problem for cities’ and regions’ spa-
tial configuration associated to economic development.
Since transportation stipulates the movements of peo-
ple, goods, and information which are the fundamental
components of urbanization and transportation devel-
opment and also influences the attractiveness and de-
sirability of urbanized areas (Banister, 1995). This may
result to increase traffic volumes and frequent commut-
ers, causing higher travel demand with appropriate and
efficient planning and management. Significantly, it
has been understood that the movement trend increas-
es and shifts towards motorized transport modes or car
dependency. It can also be noticed that car dependency
plays a key role as one of the most influential contrib-
uting factors to air pollution, traffic congestion, risk of
health problems, and energy consumption (Li & Zhao,
2017; Frederick et al., 2018). This is seriously hindering
the development of sustainability.

Materials and methods

Pawinee lamtrakul,
Sararad Chayphong

Several studies point in the direction of applying
sustainable mobility concepts to alleviate the prob-
lems of car dependency. For instance, there are some
recommendations on sustainable mobility, prioritiz-
ing public transport and active mobility, channelling
local funding towards promoting environmental-
ly friendly transport modes, promoting the usage of
non-motorized transport by improving walking and
cycling conditions, putting in place significant invest-
ments and time-bound targets to support implemen-
tation, etc. (OECD, 2021). Notably, sustainable mobil-
ity is currently becoming a priority at the urban level,
aimed at reducing the environmental impact result-
ing from the mobility of people and goods. Thus, sus-
tainable mobility intends to ensure that transport sys-
tems correspond to society’s economic, social, and
environmental needs while helping to minimize the
negative repercussions on the economy, society, and
the environment (European Parliament, 2006).

Study area

This paper intends to study the challenges of sustaina-
ble mobility in the context of car dependency in subur-
ban areas in Thailand. Pathum Thani province was se-
lected as a case study of suburbanization development.
This is due to the characteristics of the site, which can
be considered as a peri-urban province to support the
rapid urban development of Bangkok metropolitan.
As a result, within the study area, it was found a va-
riety of activities attract migrants to commute into
the area; such activities include the prospects for jobs,
housing, and education (Iamtrakul et al., 2022). In ad-
dition, urban development results in essential activi-
ties that appeal many trip makers to commute to the
study area. Pathum Thani Province, however, pro-
vides transportation systems and services to support
the use of diverse populations, both residents and em-
ployees (e.g., walk, bicycle, bus, sky train, commuter
rail, and various para transit systems). Although there
are many transportation options and modes of trans-
portation systems, the coverage of these services is yet
to meet the demands of commuters in areas far from
urban areas, particularly the accessibility to connect
(feeder) and link to services providing affordable pub-
lic transport. As a result, travelling by private car is
the most popular mode of transportation in the study
area.

Data Collection

The input data for the analysis process in this study
consists of two parts which can be categorized into
primary and secondary data, as demonstrated in Fig-

ure 1 and Figure 2. The primary data was gathered by

questionnaire survey which the details of data collec-

tion is divided into two parts which are;

1. Socioeconomic profile of respondents: There are 5
data sets comprises of gender, age, education lev-
el, occupation, income level (average income per
month per person);

2. Travel behavior of respondents: There are 3 data sets
which are travel time (minutes), vehicle possession,
and trip purposes.

The secondary data was a collection of databases
which is divided into 2 parts which are;

1. Socioeconomic profile of the study area: was collect-
ed from secondary data by Official statistics reg-
istration systems (Official statistics registration
systems, 2022). There are 8 data attributes com-
prising of population (Persons), number of house-
holds (households), number of houses (house), den-
sity of population (persons per area), in-migration
on house registration (persons), out-migration on
house registration (persons), number of employed
people in formal (persons) and number of em-
ployed people in informal (persons).

2. Physical characteristics and its developments: were
gathered from secondary data based on geograph-
ic information systems (GIS). There are 2 sets of
data which consists of building characteristics
(type of building: commercial, institutions, mixed
use, recreations, industrial, residential) and trans-
portation (local road, main road, public transpor-
tation, etc.).
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Figure 1. The framework of the study

This research was primarily conducted by using a
questionnaire with 2,000 samplings. The sampling size
was determined, and the sets of sample sizes were at the
confidence level of 95%. The total sample size in this
study was distributed to cover entire districts of the
study area. Therefore, with the screening data, the final
number is 1,998 sets based on the method for collect-
ing the data on the basis of face-to-face randomization.

The survey was also dispersed by using an area of distri-
bution at 2,000*2,000 square meter grid by considering
the building density representing the population densi-
ty within the grid. This was conducted to confirm the
distribution of the sample data within the study area.
After collecting data, the screening was performed with
a focusing on eliminating missing data. Furthermore,
this questionnaire was approved by the Human Re-

Figure 2. Study area
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search Ethics Committee of Thammasat University So-
cial Sciences (certificate of approval number 107/2022)
with approval on August 15, 2022.

Method of Analysis

This study applies statistical analysis and geographic
information systems (GIS), furthermore Chi-Square
was adopted to explore the correlation between soci-

Results

Pawinee lamtrakul,
Sararad Chayphong

oeconomic, travel behavior, and mode choice, which
provides an understanding of the factors associated
with car dependency in the study area. By compar-
ing different mode choices in the analysis, the consid-
eration was targeted to the main three types which
include private categories, public transit, and para-
transit. The analysis of the results is explained in the
next section, as illustrated in Figure 3.

Socioeconomic Profile of Study Area

Pathum Thani Province is considered a local expan-
sion from the nation’s capital with a suburban context
where activity density is concentrated in the main cor-
ridor of highway network passing through the study
area. In addition to the activity density of the study
area, a wide variety of activity nodes was also discov-
ered, attracting numerous commuters to the provin-
cial area. Figure 3 demonstrates the statistical infor-
mation on the social and economic characteristics of
the study area at the provincial level. It also can be
confirmed that the population growth rate is on the
increase trend. However, the tendency of an increase
is lower than in the capital city, going by the annual
comparison result over the past ten years. Consider-
ing the number of migrations in and out of the hous-
ing registration, it was found that the move-in rate de-
clined during 2013-2017. However, the trend increased
during 2018-2019, after that, the number of moving
in rate has declined until now which presents a con-
sistent trend with the number of relocations. However,
considering the annual data, the number of moving-
in rates is greater than that of moving-out, indicating
increased travelling and settlement in the area. Fur-
thermore, this aligns with the increasing number of
employees in the formal and informal sectors, espe-
cially in 2020-2021. Therefore, the increasing num-
ber of populations reflects the number of residents,
as concentration of users of urban infrastructure in-
crease accordingly.

Physical Characteristics with car despondency

The study area has intensified and expanded with ur-
banization from central or capital areas to remote ar-
eas. Urban areas covered by buildings are replacing
agricultural or vacant areas which represent the ex-
pansion of Pathum Thani Province and its transition
of buildings and road intersections from 2007 to 2017,
as shown in Figure 4. It presents the allocation of the
economic centres of the province, described as a dense
area of mixed residential and commercial buildings.
Furthermore, several shopping malls are located near-
by the main highway to attract huge demand of trip
generations. In addition, there are several multi-mod-
al connectivity transfer points or terminal areas to
connect for travelling abroad by air transport. As well
as, it is also provided a service for the regional con-
nection of northern and northeastern trips, passing
through the area to the capital city.

However, looking at the activity nodes and inter-
sections in 2017, it reveals the city’s growth over the
past ten years. The centre of the city or economic ag-
glomeration areas presents the same area located at
the main highway junctions. Moreover, within the ur-
ban growth process, it can be observed that the build-
ing settlement has spread from the city centre with no
direction as a scattering pattern. It demonstrated that
rather than expanding to the area near the boundary
with the Bangkok area, the direction of expansion was
far away from Bangkok to the area of Pathum Tha-
ni province. Regarding the development of transpor-

Figure 3. Socioeconomic profile of study area
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Figure 4. Changes of buildings and road intersection between 2007 and 2017

Figure 5. Level of public transportation accessibility
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Figure 6. Characteristics of building activities

tation networks and transportation systems, it dem-
onstrates that the substantial expansion of highway
networks to support the travelling demand of the
population, while public transport development was
found its constrain and the availability in terms of
service area is mainly limit only within the city cent-
er area (as shown in Figure 5). Thus, the urbanization
process could be triggered by the restriction of public
transport development which is slower than the city’s
expansion rate. This certainly leads to car dependen-
cy in this suburbanized area, making private cars the
primary mode of transportation.

Socioeconomic profile and commuters' behavior
with car despondency

Based on the results of the questionnaire analysis
which was conducted in this part, this research at-
tempts to explore the correlation between socioeco-
nomic, travel behaviour, and mode choice to provide
better understanding among the factors associated
with car dependency in areas. Table 1 shows a cor-
relation between the respondent profile and travel
behaviours. The analysis of the sample data of 1,998
people showed that most of respondents were male
(50.8%) with the age category of 26-30 years old
(26.8%), followed by 31-35 years old (25.0%) and 36-
40 years (15.7%). Most of the educational levels were
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a bachelor’s degree (60.0%), followed by a high school
degree/vocational certificate (17.6%) and a vocation-
al certificate (15.5%). For the average income of the
respondents, it was found that the average person-
al income per month per person of the sample group
falls within 20,000-25,000 baht (30.5%), followed by
an income level of 25,001-30,000 baht (28.4%), and
income level 30,001-35,000 baht (13.0%). When soci-
oeconomic factors were considered, it was found that

Table 1. Respondent profile

all factors were statistically significant at the 0.05 lev-
el of significance. It exhibited that different socioec-
onomic characteristics were significant for using the
different travel modes. Regarding travel behaviour,
the respondents had a vehicle in possession of more
than 89.1% of which most of which were personal
cars, followed by motorcycles. The car ownership of
preliminary data presents their travelling patterns of
Pathum Thani as dependent on a personal vehicle by

Private Public transit Paratransit Total
Variables P-value
n % n % n % n %
Gender
Male 939 93.5 41 41 24 2.4 1,014 50.8
Female 851 89.7 51 5.4 47 5.0 978 489 0.018*
Others 6 100.0 0 0.0 0 0.0 6 3
Age (years)
Lower than 20 20 62.5 18.8 18.8 35 1.8
21to 25 121 90.3 5.2 4.5 140 7.0
26 to 30 471 89.5 25 4.8 30 5.7 536 26.8
31to 35 458 937 20 41 M 2.2 499 25.0
36 to 40 279 90.6 22 71 7 2.3 314 15.7 00007
41to 45 227 92.7 9 37 9 37 245 12.3
46 to 50 146 98.0 1 0.7 2 13 153 7.7
Older than 50 74 97.4 2 2.6 0 0.0 76 3.8
Education level
Junior high school level 8 80.0 1 10.0 1 10.0 10 .5
Ei:gefi school or vocational school 272 895 19 6.3 13 43 309 155
lDei\E)el[Jma or occupational school 342 974 5 14 4 11 351 176 0.000*
Bachelor's degree 1,049 90.0 67 5.8 49 4.2 1,199 60.0
Higher than a bachelor's degree 125 96.9 0 0.0 4 31 129 6.5
Occupation
Student/university students 30 63.8 191 17.0 52 2.6
University staff 2 100.0 0.0 0 0.0 2 0.1
Workers in a private company 842 89.0 58 6.1 46 49 975 48.8
Shopkeeper or shop owner 480 97.2 5 1.0 9 1.8 495 24.8 0.000*
General employed 412 93.8 20 4.6 7 1.6 443 22.2
Housekeeper 0 0.0 0.0 1 100.0 1 0.1
Others 30 100.0 0.0 0 0.0 30 1.5
Income level (average income per month per person, THB)
5,001-10,000 43 97.7 1 23 0 0.0 45 2.3
10,001 - 15,000 139 90.3 5.8 3.9 158 79
15,001 - 20,000 187 88.6 0.9 22 10.4 211 10.6
20,001 - 25,000 517 88.1 52 89 18 3.1 610 30.5 0.000*
25,001 - 30,000 528 94.6 21 3.8 9 1.6 568 28.4
30,001-35,000 240 92.7 6 2.3 13 5.0 260 13.0
More than 35,000 142 97.3 0.7 3 2.1 146 73
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one person owning more than one vehicle either car
or motorcycle. However, when the modes of trans-
portation that commuters choose to use were con-
sidered, the results were focused on three types of
mode utilization (private cars and public transport,
and paratransit).

According to the data, most commuters adopt their
personal vehicles (personal cars, motorcycles, bicycles,
etc.) as their main mode of travel, representing more
than 89.9 percent. It is consistent with the number
of personal vehicle possessions by more than three-
fourths of all travellers. Travelling by bus is followed
by 4.6%, and paratransit accounts for 3.6%. In terms
of traveling time, it was found that over 41.6% of trav-
el times are less than 15 minutes, indicating that such
travels are short trips within the area. When travel

Table 2. Respondents’ travel behaviors
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behaviour factors were considered, it was found that
all factors were statistically significant at the 0.05 lev-
el of significance. Therefore, it can be confirmed that
different travel behaviour characteristics were signif-
icant in terms of the differences in travel mode selec-
tion. The respondents’ profiles and travel behaviour
are presented in graphic visualization for a clear un-
derstanding, as illustrated in Figure 7.

Furthermore, this study also analysed the explan-
atory variables in different travel behaviours of sub-
urban commuters. The result of Table 2 presents the
significant finding of the socioeconomics of commut-
ers leading to the selection of transportation mode
choices which the decision makers must comprehend
for the appropriate policy options and sustaining the
transportation problem of the study area.

Private Public transit Paratransit Total
Variables P-value
N % N % N % N %
Travel time (minutes)
<15 715 89.4 45 5.6 40 5.0 832 41.6
15-30 631 92.4 24 35 28 4.1 690 345
0.000*
31-60 446 947 23 4.9 2 0.4 471 23.6
> 60 4 80.0 0 0.0 1 20.0 5 0.3
Vehicle possession
Yes 1,670 95.8 51 2.9 23 1.3 1,781 89.1
0.000*
No 126 58.6 1 19.1 48 22.3 217 10.9
Trip purposes
Studying 29 61.7 10 21.3 8 17.0 52 2.6
Working 1,030 91.0 65 5.7 37 33 1,154 57.8
Dining and eating 254 94.4 12 4.5 3 11 276 13.8 0.000*
Shopping 232 89.9 4 16 22 8.5 260 13.0 '
Leisure and recreation 251 99.2 0.4 1 0.4 256 12.8
Total 1,796 89.9 92 4.6 71 3.6 1,998 100.0

*The level of significance was set at p < 0.05 for the analyses.
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Figure 7. Respondent profiles and their travel behaviors
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Car dependency is one of the significant problems and
challenges among urban and transportation planners.
Several studies have indicated that numerous factors
contributed to the support of travelling by private ve-
hicles instead of public transport or other forms of ac-
tive transportation modes. Although there are more
alternative forms of traveling within the city, pri-
vate vehicles are the most needed. Therefore, passen-
ger cars have been dominant on most street networks.
This result of study indicated that car dependency for
travelling is not only related to the nature of the trav-
el behaviour of commuter in suburban area, but the
social and economic characteristics also influenced
due to the pattern of urban development (e.g., efficien-
cy and accessibility of public transport, road develop-
ment pattern, etc.). The socio-economic factors were
primary factor in choosing a mode of travel at the in-
dividual level, where the sample group with a high ed-
ucation level and income often used a personal car.
Furthermore, travel time and trip purposes were also
significant for choosing the mode of travel as the sub-
jects of choosing private cars due to saving time and
convenience in travelling, especially for longer net-
work trips.

When considering on the physical characteristics
of urban and transportation characteristics, the direc-
tion of urban development in Pathum Thani Province
is noticeable different in terms of intensity and variety
of land use activities and transportation systems with-
in their spatial aspect. The center area is full of intense
density and there is a variety of activities in terms of
nodal of activities and urban services, e.g., large shop-
ping centers, hospitals, clusters of small shopping cent-
ers, as well as the concentration of housing. Regarding
the transportation system in the city center, it is also
available to serve both public and para-public trans-
port systems, transshipment points for freight and pas-
sengers among various modes of travel within the area.
On the other hand, the peri-urban area is significantly
less dense and diverse in terms of concentration of ac-
tivities than other urban centers. Most scattered devel-
oped areas are in the form of agricultural and low den-
sity housing, including small commercial activities. As
for the transportation systems supported in this area,
most travelling patterns are by private vehicles and pa-
ra-public transport due to the available network of pub-
lic transport is inaccessible.

However, Pathum Thani Province play a role as an
area that supports expansion of urbanization of capi-
tal of Thailand. As a result, most of the areas are full of
prime residences that support suburbanization. These
residential areas are located next to the business cent-

ers or between several sub centers and its periphery.
Therefore, at the location of diversity and concentra-
tion of activities, the connectivity supported by pub-
lic transport systems are available only at the urban
core or main urban function or centers which causes
a large amount of travel volumes to create trip pattern
of private vehicles. Given that commuting pattern, car
dependency has become the main problematics of mo-
bilization among suburbanization area of urban de-
velopment which is also confirmed by Litman (2002)
about the influencing factors from transport and land
use associations. In addition, among a variety urban
problems and issues, a sustainable development ap-
proach is taken as the core of strategic planning and
development by focusing on balanced development
in social, economic, and environmental dimensions
(Hassan & Lee, 2015). The situation of relying on pri-
vate vehicle must be tackle to balance with the dimen-
sion of social and environmental due to causing the
adverse effects of climate change, negative health is-
sues, and social inequalities (Li & Zhao, 2017; Fred-
erick et al., 2018; Al-Hinti et al., 2007). Therefore, ef-
forts to create sustainability in transportation systems
must be considered by creating alternative solutions
to alleviate traffic congestion while diminishing the
need for private cars. Several approaches are adopted,
such as developing public transport systems prioritiz-
ing, improving safety, connectivity and accessibility,
and promoting affordability and non-motorized trav-
el development through appropriate infrastructures
and facilities allocation with friendly urban design to
promote daily non-motorized travel. Based on this re-
search approach, it can provide valuable message to
help reduce the dependence on private cars by cap-
turing commuters’ behavior in associated with urban
spatial configuration which can help to lead for rec-
ommending the development policy to be consisten-
cy with the national goals. Such an approach, it would
particularly helpful at planning and policy due to the
country 20-year strategic plan for transport and trans-
portation development (2018-2037), target for trans-
port and transportation development in the issue of
creating equitable and equitable access to transport
systems through design and implementation servic-
es for all. In order to pay attention to the development
of public transportation with the aim on reducing the
dependence on private vehicles, the target should lead
to the transport behaviors changes to effectively re-
duce the traffic on the roads from the origin trips at
the vicinity of Bangkok.

Findings arising from this study appeal to the im-
pact of association between urban and transporta-
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tion systems development that consequent ty car de-
pendency in sub-urbanized area of Pathum Thani
Province. However, there were also study limitations
related to the factors within the consideration of re-
search framework. Due to the dependency on per-
sonal vehicles, many studies in the past have delib-
erated several factors to provide multi-dimensional
reflections among land use patterns among several
context of road network in different specific require-
ments within diverse group of individuals and com-
munities. In addition, further studies should improve
the format of the input data based on rigorous verifi-
cation and validation. Currently, several research in
land use and transportation has been applied infor-
mation techniques related to technology and inno-
vations, e.g., Augmented Reality (AR), Virtual Real-
ity (VR), GPS, mobile applications, etc., which helps
to make precise and real-time informed decisions
with large databases. However, considering the large
amount of data requirement to produce more realis-
tic reflections of diverse commuters’ behavior, lack of
data availability together with traditional data col-

Conclusion

lecting process could not be sufficient in capturing
the real performance of urban structures while re-
strain the significant reflection based on commuters’
socioeconomic characteristics, opinions and needs
of representations among diverse group of travelers
in the area. Therefore, the study results are more or
less in extraction the current problematics in driv-
ing the development of a sustainable transport sys-
tem policy and planning. Finally, the development of
urban and transportation systems must be focused
on more than just infrastructures or physical con-
siderations. Moreover, the needs and compatibility
of the commuters’ behavior must be contemplated
due to the reason that trip making decision in terms
of modal usage are influenced by several factors in-
volved in any particular traveling context within dif-
ferent capacity of urban configuration. Notably, a
plan for reducing the number of private vehicles and
enhancing sustainable development must be realistic
while the considering among the multi-dimensional
of social, cultural, and economic including tangible
and intangible must be comprehended.

This paper aims to study the challenges of sustaina-
ble mobility in the context of car dependency in sub-
urban areas in Thailand. This study leverage informa-
tion relating to the socioeconomic and physical profile
of the study area, like physical characteristics, socio-
economic profile, and travel behaviour of respondents,
to consider the challenges of sustainable mobility in
car dependency. The findings of the analysis pinpoint
car dependency are not a single aspect; that includes
numerous factors that are affected. Importantly, it
highlighted the challenges of sustainable urban and
transport development due to the results pointing to
a developmental asymmetry; the development of pub-
lic transport in the study area is slower than the city’s
expansion rate. This leads to car dependency in this
suburbanized area, making private cars the primary
mode of transportation.

Acknowledgments

Thus, city planners, urban designers, and policy de-
cision-makers should have to look at the comprehen-
sive view of maintaining the pace of transport infra-
structure development with the support of inclusive
commuting behaviours in their city. Recommenda-
tions for reducing dependence on personal vehicles
should focus on public transport and personal mobili-
ty, including putting in place significant feeder invest-
ments to support the implementation of main public
transport and active mobility, etc. Though this study
has some limitations in input factors needing to be
more comprehensive in all relevant factors, these find-
ings can be extended, leading to sustainability in de-
veloping transportation and transportation systems
in the future for suburban areas.

The authors gratefully acknowledge the support provided by Thammasat University Research Fund under the TSRI
with Fundamental Fund (2022) under project “The Holistic Approach of Urban Planning toward An Integrative Ur-
ban Land Use and Road Safety”, Contract No. TUFF 53/2565) and partially supported by Thammasat University
Research Fund with Fast Track (2022), Contract No. TUFT-FF23/2565), and supported by Center of Excellence in
Urban Mobility Research and Innovation, Faculty of Architecture and Planning, Thammasat University, Pathum

Thani, Thailand

156 | Geographica Pannonica * Volume 27, Issue 2, 145-158 (June 2023)



References

Pawinee lamtrakul,
Sararad Chayphong

Al-Hinti, I, Al-Ghandoor, A., Akash, B., & Abu-Na-
da, E. (2007). Energy saving and CO2 mitigation
through restructuring Jordan’s transportation sec-
tor: The diesel passenger cars scenario. Energy Poli-
¢y, 35(10), 5003-5011.

Ammapa, J., Visuttiporn, P., Klaylee, J., Chayphong,
S., & Iamtrakul, P. (2022). Using GIS-Based Spatial
Analysis: Comparing Pattern of Urbanization and
Transportation Networks, 10th International Con-
ference on Traffic and Logistic Engineering, Macau,
China, 17-21.

Banister, D. (1995). Transport and Urban Development,
London: E & FN Spon.

Chen, M., Liu, W.,, & Lu, D. (2016). Challenges and
the way forward in China’s new-type urbanization.
Land Use Policy 55, 334-339.

Ponce de Leon Barido, D., & Marshall, J. D. (2014). Re-
lationship between urbanization and CO2 emis-
sions depends on income level and policy. Environ-
mental science & technology, 48(7), 3632-3639.

Ergas, C., Clement, M., & McGee, J. (2016). Urban
density and the metabolic reach of metropolitan
areas: A panel analysis of per capita transportation
emissions at the county-level. Social Science Re-
search, 58, 243-253.

European Parliament. (2006). Policy Department for
Structural and Cohesion Policies. Brussels, Bel-
gium: European Parliament.

Frederick, C., Riggs, W., & Gilderbloom, J. H. (2018).
Commute mode diversity and public health: A
multivariate analysis of 148 US cities. Internation-
al Journal of Sustainable Transportation, 12(1), 1-11.

Godfrey, R., & Julien, M. (2005). Urbanisation and
health. Clinical Medicine, 5(2), 137.

Ha, N. M., Le, N. D., & Trung-Kien, P. (2019). The im-
pact of urbanization on income inequality: A study
in Vietnam. Journal of Risk and Financial Manage-
ment, 12(3), 146.

Haider, M. A, & Iamtrakul, P. (2022). Analyzing
Street Crime Hotspots and Their Associated Fac-
tors in Chittagong City, Bangladesh. Sustainabili-
ty, 14(15), 9322. https://doi.org/10.3390/sul4159322

Hassan, A. M., & Lee, H. (2015). Toward the sustain-
able development of urban areas: An overview of
global trends in trials and policies. Land use poli-
cy, 48, 199-212.

Iamtrakul, P., Padon, A., & Klaylee, J. (2022). Analy-
sis of urban sprawl and growth pattern using ge-
ospatial technologies in Megacity, Bangkok, Thai-
land. In Geoinformatics and Data Analysis: Selected
Proceedings of ICGDA 2022 (pp. 109-123). Cham:

Springer International Publishing.
0rg/10.1007/978-3-031-08017-3

Iamtrakul, P., Padon, A., & Klaylee, J. (2022). Measur-
ing Spatializing Inequalities of Transport Accessi-
bility and Urban Development Patterns: Focus on
Megacity Urbanization, Thailand. Journal of Re-
gional and City Planning, 33(4), 345-366. https://doi.
org/10.5614/jpwk.2022.33.3.4

Tamtrakul, P. and Chayphong, S. (2023). Factors af-
fecting the development of a healthy city in Subur-
ban areas, Thailand. Journal of Urban Management,
In Press. DOI: 10.1016/j.jum.2023.04.002.

Tamtrakul, P., & Chayphong, S. (2021). The perception
of Pathumthani residents toward its environmen-
tal quality, suburban area of Thailand. Geographi-
ca Pannonica, 25(2), 136-148. DOI: 10.5937/gp25-
30436

Iamtrakul, P, & Hokao, K. (2012). The study of ur-
banization patterns and their impacts on road safe-
ty. Lowland Technology International, 14(2), 60-69.

Iamtrakul, P., Chayphong, S., & Lo, A. Y. W. (2022).
Exploring the Contribution of Social and Eco-
nomic Status Factors (SES) to the Development of
Learning Cities (LC). Sustainability, 14(19), 12685.

Iamtrakul, P., Chayphong, S., Mak, E., & Phetoudom,
S. (2023). Analysis of Road Users’ Risk Behaviors in
Different Travel Modes: The Bangkok Metropoli-
tan Region, Thailand. Infrastructures, 8(4), 79. DOI:
10.3390/infrastructures8040079

Iamtrakul, P., Chayphong, S., Kantavat, P., Hayashi, Y.,
Kijsirikul, B., & Iwahori, Y. (2023). Exploring the
Spatial Effects of Built Environment on Quality of
Life Related Transportation by Integrating GIS and
Deep Learning Approaches. Sustainability, 15(3),
2785. DOLI: 10.3390/su15032785

Kanbur, R., & Zhuang, J. (2013). Urbanization and In-
equality in Asia. Asian Development Review, Vol.
30 (1), pp. 131-147.

Li, S., & Zhao, P. (2017). Exploring car ownership and
car use in neighborhoods near metro stations in
Beijing: Does the neighborhood built environment
matter?. Transportation research part D: transport
and environment, 56, 1-17.

Litman, T. (2002). The Costs of Automobile Depend-
ency and the Benefits of Balanced Transportation.
Canada: Victoria Transport Policy Institute.

Liu, M,, Liu, X., Huang, Y., Ma, Z., & Bi, J. (2017). Epi-
demic transition of environmental health risk dur-
ing China’s urbanization. Science bulletin, 62(2),
92-98.

OECD Environmental Performance Reviews: Lithuania

2021 https://www.oecd-ilibrary.org/sites/0921490f-en/

https://doi.

Geographica Pannonica * Volume 27, Issue 2, 145-158 (June 2023) | 157


https://doi.org/10.3390/su14159322
https://doi.org/10.1007/978-3-031-08017-3
https://doi.org/10.1007/978-3-031-08017-3
https://doi.org/10.5614/jpwk.2022.33.3.4
https://doi.org/10.5614/jpwk.2022.33.3.4
https://www.oecd-ilibrary.org/sites/0921490f-en/index.html?itemId=/content/component/0921490f-en

Challenges of Sustainable Mobility:
Context of Car Dependency, Suburban Areas in Thailand

index.html?itemId=/content/component/0921490f-
en (28.09.2022)

Official statistics registration systems https://stat.bora.
dopa.go.th/stat/statnew/statMenu/newStat/home.
php (2.10.2022)

Poumanyvong, P., Kaneko, S., & Dhakal, S. (2012).
Impacts of urbanization on national transport and
road energy use: Evidence from low, middle and
high income countries. Energy policy, 46, 268-277.

Rodrigue, J.-P. (2020). The Geography of Transport Sys-
tems. Fifty edition, New York: Routledge.

Rodrigue, J.-P., Comtois, C., & Slack, B. (2006). The
Geography of Transport Systems. New York: Rout-
ledge.

158 | Geographica Pannonica * Volume 27, Issue 2, 145-158 (June 2023)

Statista Research Department, Share of urban popula-
tion worldwide in 2022, by continent https:/www.
statista.com/statistics/270860/urbanization-by-con-
tinent/ (1.10.2022)

Thairoads, Thailand road safety observatory http://
trso.thairoads.org/ (2.10.2022)

Wang, P., Luo, M., Liao, W,, Xu, Y., Wu, S., Tong, X.,
Tian, H., Xu, F,, & Han, Y. (2021). Urbanization con-
tribution to human perceived temperature chang-
es in major urban agglomerations of China. Urban
Climate, 38, 100910.

Wu, X, Wang, L., Yao, R., Luo, M., Wang, S., & Wang,
L. (2020). Quantitatively evaluating the effect of ur-
banization on heat waves in China. Science of the
Total Environment, 731, 138857.



https://www.oecd-ilibrary.org/sites/0921490f-en/index.html?itemId=/content/component/0921490f-en
https://www.oecd-ilibrary.org/sites/0921490f-en/index.html?itemId=/content/component/0921490f-en
https://stat.bora.dopa.go.th/stat/statnew/statMenu/newStat/home.php
https://stat.bora.dopa.go.th/stat/statnew/statMenu/newStat/home.php
https://stat.bora.dopa.go.th/stat/statnew/statMenu/newStat/home.php
https://www.statista.com/statistics/270860/urbanization-by-continent/ 
https://www.statista.com/statistics/270860/urbanization-by-continent/ 
https://www.statista.com/statistics/270860/urbanization-by-continent/ 
http://trso.thairoads.org/
http://trso.thairoads.org/

	_Hlk126307187
	_Hlk126307294
	_Hlk126307396
	_Hlk126307482
	_Hlk126307933
	_Hlk126308302
	_Hlk126308388
	_Hlk126308548
	_Hlk126309006
	_Hlk116229501
	_Hlk116229852
	_Hlk116230073
	_Hlk116229392
	_Hlk116230106
	_Hlk136732388

