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Introduction

On a global scale, an increasing share of the 
population lives in cities, accounting for  
57 percent in 2022 (World Bank, 2023a). Fore-
casts indicate a continued growth with nearly 
68 percent of the world’s population project-
ed to live in cities by 2050 (UNCTAD, 2022). 
By 2030, growing urban land consumption 
is expected to increase the world’s new ur-
ban built-up area by 1.2 million km² (World 
Bank, 2023b). The largely artificial materials 
that build up the urban surface lead to per-
manent changes in thermal characteristics. 
As a result, cities consistently experience 
higher temperatures compared to their rural 
surroundings, leading to the phenomenon 
known as the urban heat island (UHI) effect 
(Howard, L. 2007). 

According to the World Meteorological 
Organization report, extreme weather and 
climate change has led to a five-fold rise in 
extreme weather events and disasters over 
the past 50 years (WMO, 2021). Prolonged 
extremely high temperatures, referred to as 
heatwaves, are becoming more extensive and 
intensive (WMO, 2023) and can intensify 
the urban heat island effect, leading to even 
higher local temperatures and impacting hu-
man health adversely (Yang, J. et al. 2016). 
Tong, S. et al. (2021) have shown that urban 
populations face more significant health risks 
during heatwaves compared to those living 
in rural or suburban areas. Furthermore, ur-
ban heat islands disproportionately affect 
vulnerable groups (Hsu, A. et al. 2021). 

In Hungary, over the past two decades, 
urban-scale analyses based on local measure-
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ments have been conducted predominantly 
focusing on the capital, and comparative 
analyses of Hungarian regional centres have 
been made using satellite imagery. The study 
of the urban heat island phenomenon from 
the perspective of environmental justice has 
only gained attention recently and, mainly 
in Budapest (Buzási, A. 2022). Consequently, 
this study aims to further understanding of 
the urban heat island phenomenon by link-
ing socio-economic and housing data with 
urban heat island intensity metrics in Győr 
(Raab), which is one of the less studied cit-
ies concerning urban heat islands. Through 
analysing the spatial and social patterns of 
SUHII this study aims to answer how ine-
qualities in exposure to SUHII emerge across 
various types of living environments, income 
and ageing index groups. 

Literature review

The higher temperatures in a city compared 
to surrounding rural areas, referred to as the 
urban heat island (IPCC, 2007) is a micro-
climatic phenomenon influenced by several 
factors such as vegetation area, urban geom-
etry and human activities. The difference in 
temperature measured by subtracting the 
average urban temperature from the aver-
age rural temperature is referred to as urban 
heat island intensity (UHII) (Hendel, M. 
2020). The surface urban heat island inten-
sity (SUHII) is derived from the differences 
in land surface temperature (LST), while 
the atmospheric urban heat island intensity 
(AUHII) is derived from the differences in air 
temperature (Gawuc, L. et al. 2020).

Although first mentioned in the early 19th 

century by Howard in his work on London’s 
urban climate titled The Climate of London 
(first published in 1818) (Howard, L. 2007), 
the comprehensive study of the urban heat 
island phenomenon has gained research 
interest only from the early 1950s onward, 
using diverse methodologies, models, and 
simulation techniques (Wu, Z. and Ren, Y. 
2019). Systematic reviews by Stewart, I.D. 

(2011), and Wu, Z. and Ren, Y. (2019) trace 
the development of approaches from local 
observations of daily and seasonal air tem-
perature patterns through local measurement 
trips to incorporating satellite-based imagery 
to analyse land-surface temperature and to 
implementing machine learning techniques 
for UHI prediction. 

Although it was not applied until the early 
1970s (Krishna, R. 1972), modern studies on 
UHI predominantly use remote sensing. For 
instance, Cheval, S. et al. (2022) used MODIS 
data to analyse heat islands in Romanian 
cities with populations exceeding 30,000 
inhabitants. In addition to MODIS, Landsat 
satellite is a frequently sutilised resource. 
Amindin, A. et al. (2021) used Landsat 4, 5, 
7 and 8 satellite imagery to map land sur-
face temperature, urban heat field variance 
index (UTFVI) and UHI index. Kopecká, M. 
et al. (2021) analysed land use/land cover 
change based on Urban Atlas data in three 
cities in Slovakia and their effect on tempera-
ture change. Apart from satellite imagery, 
urban-scale analyses typically rely on local 
measurements (e.g., Liu, L. et al. 2017).

Over the past two decades, urban-scale 
analyses have been conducted in Hungary 
for the cities of Budapest, Szeged, and 
Debrecen, primarily based on local measure-
ments. Though not exhaustive, the UHI in 
Szeged has been studied by Bottyán, Z. et al. 
(2004), and Molnár, G. et al. (2017). Szegedi, 
S. and Kircsi, A. (2003) focused on the influ-
ence of different large-scale weather situa-
tions on the formation and spatial structure 
of the heat island in Debrecen, while László, 
L. (2017) examined long-term changes in 
meteorological conditions in the Debrecen 
region. Similarly, the UHI dynamics in 
Budapest have been studied by Pongrácz, 
R. et al. (2016), Additionally, Buzási, A. (2022) 
analysed the vulnerability of 23 districts of 
Budapest to heatwaves using a weighted in-
dicator method.

In the last two decades, research interest 
has shifted towards studying the impacts of 
urban heat island (UHI). This shift encom-
passes the assessment of different exposures 
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from the viewpoint of environmental justice 
and the exploration of mitigation strategies. 
Within the existing literature, the impacts 
of urban heat island can be broadly classi-
fied into two categories: impacts on human 
beings and impacts on the microclimate of 
an urban area (Khan, A. et al. 2021). Major 
impacts on human health include increased 
cardiovascular and pulmonary stress, height-
ened susceptibility to heat-related illnesses 
such as heat stroke and other cerebrovascular 
damage particularly among outdoor work-
ers (Piracha, A. and Chaudhary, M.T. 2022). 
These symptoms are more pronounced in 
vulnerable groups such as children, the el-
derly and individuals with pre-existing med-
ical conditions (Portier, C.J. et al. 2013). 

Previous findings indicate that the factors 
possibly affecting exposure to urban heat is-
lands include age, income, gender, housing 
tenure, and ethnicity (Mashhoodi, B. 2021). 
A number of techniques have been devel-
oped to study disproportionate exposure. 
Creating and mapping a vulnerability index 
for specific case study areas seems to be one 
of the most well-established methods. Wolf, 
T. and McGregor, G. (2013) created a heat 
vulnerability index (HVI) for London and 
have demonstrated that high vulnerability 
correlates with factors such as high-density 
housing, poor health status and welfare de-
pendency. Morabito, M. et al. (2015), focus-
ing on the elderly (people aged 65 or over), 
developed a heat-related elderly risk index 
(HERI) for major Italian cities. Their findings 
revealed that areas characterised by hazard-
ous risk levels also have the highest total and 
elderly population densities.

Similarly, Macintyre, H.L. et al. (2018) 
have shown that vulnerable groups such as 
the elderly and those with pre-existing health 
conditions are located in the hotter parts of 
their study region, the West Midlands. They 
highlighted the location of hospitals, care 
homes, schools, and childcare centres in ar-
eas with higher than the average air tempera-
tures. Holec, J. et al. (2021) combined sim-
ulated temperature data of the MUKLIMO 
model with mobile phone data as a proxy 

for the population density of Bratislava. 
Their findings are consistent with existing 
research emphasising the heightened vulner-
ability of elderly, children and people with 
low income.

Research has also shown that ethnic 
minorities are more exposed to the ur-
ban heat island effect (Mitchell, B.C. and 
Chakraborty, J. 2015), and social conditions 
affect the urban surface heat distribution 
(Huang, G. and Cadenasso, M.L. 2016). 

Local studies emphasise the significance of 
making a distinction between spatial scales 
to identify causes and construct effective 
strategies for mitigating adverse effects. 
(Mashhoodi, B. 2021). Environmental justice 
literature places increased emphasis on in-
formed urban policies and strategies, as well. 
This requires bridging the knowledge gap 
and open communication between local com-
munities, policymakers and researchers in a 
given area (Hsu, A. et al. 2021). This study 
aims to bridge the knowledge gap within the 
context of the case study of Győr, through 
analysing factors of disproportionate expo-
sure to surface urban heat island intensity.

Methodology

To achieve the research aim identified ear-
lier and to leverage research methods from 
previous studies on the topic (e.g., Hsu, A. 
et al. 2021; Mashhoodi, B. 2021) this study 
puts forward the following interconnected 
research questions:

a) What are the spatial intra-urban patterns 
of SUHII in the city of Győr? Do certain types 
of living environments experience elevated 
SUHII? What intra-urban inequalities emerge 
across various types of living environments? 

b) Are certain socio-economic groups over- 
or underexposed to SUHII? Which socio-eco-
nomic groups are over- or underexposed?

To answer these questions, this study first 
looks at the spatial and social patterns of 
SUHII in Győr, and analyses the variance of 
SUHII based on five independent variables. 
While creating a vulnerability index for the 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/microclimate
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case study area is a common method to study 
this topic (e.g., Wolf, T. and McGregor, G. 
2013; Morabito, M. et al. 2015), and would 
provide the most comprehensive charac-
terisation of exposure to SUHII in Győr, this 
research elects instead to apply statistical 
analysis to a random selection of points in 
the city with the purpose of studying the 
phenomenon with a social science approach. 
In the next paragraphs, the methods used to 
select the case study city and analyse the ex-
posure are presented.

Selection of the case study city

As of 2022, Budapest, the capital city of Hun-
gary, had a population of 1,630,320 inhabit-
ants. In addition to Budapest, the country has 
eight regional centres, with seven of them 
having a population of over 100,000 inhabit-
ants each. These urban centres display unique 
economic, social, and human capital and in-
frastructural attributes distinct from their sur-
roundings (Rechnitzer, J. and Berkes, J. 2021). 
The classification presented by Rechnitzer, 
J. and Berkes, J. (2021) offers a distinctive 
grouping of these regional centres. The au-
thors categorised them into four groups: cit-
ies with a development path based on a new 
industrial base are Győr and Székesfehérvár; 
revitalised, traditional cities are Miskolc and 
Debrecen; cities in transition are Kecskemét 
and Nyíregyháza, while cities finding their 
path are Szeged and Pécs. 

The grouping by Rechnitzer, J. and 
Berkes, J. (2021) holds significant merit in 
the selection process, given that the specific 
development trajectories of these regional 
centres have fundamentally determined their 
urban structure and land use, all of which 
are recognised as determining factors in the 
formation and intensity of the urban heat is-
lands. Integrating the development trajectory 
of a city into the study adds a layer of context 
and understanding on the emergence and 
consequences of certain equilibria, a point 
often missing in studies, as pointed out by 
critics in the environmental justice literature 

(e.g., Noonan, D.S. 2008). Consequently, 
Győr, a city with a development path based 
on a new industrial base offers the opportu-
nity to research exposure to surface urban 
heat island intensity within a regional centre 
characterised by higher levels of urbanisa-
tion, infrastructure development and a di-
verse urban landscape, which could result in 
more complex patterns of heat distribution. 

Data processing

The dependent variables of this research are 
the average daytime and nighttime SUHII 
intensity for the year 2019. Leveraging the 
Google Earth Engine platform and the Global 
Surface UHI Explorer, SUHII intensity data at 
the neighbourhood level were retrieved and 
processed for a set of 100 randomised points 
within Győr. Using the MODIS 8-day TERRA 
and AQUA land surface temperature (LST) 
products, the Landscan urban extent data-
base, the Global Multi-resolution Terrain El-
evation Data 2010, and the European Space 
Agency (ESA) Climate Change Initiative (CCI) 
land cover data imagery, Chakraborty, T. 
and Lee, X. (2019) developed a simplified al-
gorithm for estimating surface urban heat is-
land intensity on a global scale. The algorithm 
was operationalised within the Google Earth 
Engine platform. The resulting database, the 
Global Surface UHI Explorer provides data 
for more than 9,500 urban clusters to calculate 
UHI intensity, making it one of the most com-
prehensive characterisations of the surface ur-
ban heat island intensity to date. 

The variables are yearly mean daytime and 
nighttime SUHII at a resolution of 300 m × 
300 m. According to Chakraborty, T. and Lee, 
X. (2019) the average 8-day per pixel LST re-
trieval is constrained to clear sky conditions, 
with an average LST error of less than or 
equal to 3 Kelvin (1 km x 1 km), as such it 
could significantly alter the estimated surface 
UHI. LST pixels are automatically resampled 
to 300 m x 300 m grids to match the resolu-
tion of the land cover data from the European 
Space Agency Climate Change Initiative (ESA 
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CCI). After calculating spatial mean LST for 
the subsets urban land use and other land use, 
their difference is the surface UHI.  The data 
is then used to estimate LST at 0130, 1030, 
1330, and 2230 local time (LT) through the al-
gorithm developed by Chakraborty, T. and 
Lee, X. (2019). Mean daytime SUHII is derived 
from the mean LST values at 1030 and 1330 
LT, while the mean nighttime SUHII is based 
on the mean LST at 0130 and 2230 LT.

The 100 points are uniformly random 
in the city and were generated using the 
ee.FeatureCollection.randomPoints func-
tion within the Earth Engine API. Following 
the specification of the city’s geometry and 
the number of random points desired, the 
function generated a collection of 100 points 
subjected to further analysis. 

As seen in the review of literature, variables 
representing lower socio-economic status 
are consistently associated with greater ur-
ban heat exposure. In this study, socio-eco-
nomic neighbourhood-level data for the 100 
randomised points at the highest resolution  
(100 m) were drawn from the GeoX database 
for the latest available year, 2019. It is impor-
tant to note that the differences in resolution 
between the socio-economic and SUHII inten-
sity data may impact the correlation analysis. 

The independent variable “ageing index” 
showcases the typical age composition of peo-
ple living in the area, thus, shows the ratio of 
groups, who are likely to be the most vulner-
able to SUHII impacts. Variables representing 
population distribution and economic levels 
are “population density” and “per-capita in-
come”, while variables representing the hous-
ing status of the analysed points are the “type 
of living environment” and “type of residential 
area”. The grouping of residential areas stems 
from the data source GeoX database, based on 
the classification of permanent population at 
the door-level in 100 x 100 cells and on how 
many dwellings there are. The type of living 
environment independent variable encompass-
es the type of residential area, the age compo-
sition of the population in the neighbourhood 
and estimated annual net income per capita. 

To analyse SUHII intensity distribution, 
the derived SUHII metrics were merged 
with neighbourhood-scale income, popu-
lation and living environment data for the 
randomised points. Subsequently, the analy-
sis had three stages: first, the analysis of the 
spatial distribution of surface urban heat is-
lands in Győr; second, comparing median 
SUHII intensity across groups with different 
socio-economic features; and third, assessing 
vulnerability through correlation.

The case study city Győr

Győr is the centre of the West Transdanubia 
region, located at the confluence of three riv-
ers. This geographical feature has played a 
significant role in the development of Győr, 
but also has determined the structure of the 
city. Its location made it an important distri-
bution centre for grain and livestock trade. 
The transition from a trading town to an in-
dustrial city in the 19th century led to a two-
fold increase in population and to the emer-
gence of a medium-sized (large), modern city  
(Balázs, P. 1980). Győr was characterised 
mainly by its manufacturing culture, the rapid 
revival of which contributed to the successful 
reception of foreign investment in the 1990s. 
The establishment of several large companies 
in the same decade led to increased migra-
tion and commuting to the city and a change 
in its image. This transformation reshaped 
the city’s demographic landscape, giving 
rise to the phenomenon of suburbanisation  
(Rechnitzer, J. and Berkes, J. 2021). 

The proportions of the functional belts 
have changed. Non-residential buildings 
have been built and their share is now high-
er than the share of residential buildings 
(Csapó, T. 2021). 

Roughly half of the urban area (including 
green areas not classified as such by land use) 
is non-residential, but industrial in nature. As 
seen in Figure 1 the urban fabric of Győr con-
sists of large suburban areas. Single-family 
housing accounts for nearly 60 percent of the 
city’s residential area as a result of the an-
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nexation of nearby settlements. Multi-storey 
block development is also significant, ac-
counting for 25–30 percent of the city’s built-
up area. Detached family houses are charac-
teristic above all in the outer residential belt, 
while multi-storey blocks are concentrated 
in specific urban areas. Closed-row develop-
ment is limited, covering mainly the historic 
core of the city (Lenner, T. et al. 2015).

The city has a continental climate. The av-
erage annual mean temperature in 2019 was 
12,5 °C. The months of June to August experi-
enced the highest temperatures, ranging from 
22,6 to 23,2 °C. The average precipitation for 
the year amounted to 40 mm, with May hav-
ing the highest precipitation. Based on the pe-
riod of 2001 to 2020, the annual average global 
irradiance is 4,588 MJ/m², with over 650 MJ/m² 
in the months of June and July and the annual 
wind average is 1.96 m/s (HungaroMet, 2024).

The population is concentrated in the centre 
of the city, with densities as high as 100–1649 
inhabitants per 0.01 km2, while suburban are-
as register a lower average population density 
of 1–49 inhabitants per 0.01 km2. The popula-
tion of Győr demonstrates an ageing trend, 
particularly pronounced in the historical 
core of the city, with an ageing index of over  
300 inhabitants aged 63 or older for every  
100 people aged 0–14.

Certain areas of the city have a high con-
centration of residents with incomes above 
average, often situated near the riverbanks 
and green areas, which are cold spots of the 
city in terms of SUHII. Areas near the indus-
trial parts of the city accommodate residents 
with incomes below average, aligning them 
with hotspots of the city in terms of SUHII. 
After providing an overview of statistics on 
the 100 random points, the next part of this 
study explores the interplays and provides 
a detailed analysis of the social and spatial 
patterns of SUHII in the city.

Analysis and results

First, descriptive of the sample points are 
provided to provide further context, focusing 
on the distribution of sample points across 
types of residential areas, living environ-
ments and demographic groups.

Descriptive statistics of the sample points

The spatial distribution of the 100 sampling 
points generated could not be influenced due 
to the Google Earth Engine platform’s operat-
ing mechanism. The points in Győr were as 

Fig. 1. Types of residential areas in Győr. Source: GeoX and TEIR. Authors’ own elaboration.
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Fig. 2. The distribution of sample points across Győr. Source: Google Earth Engine Platform. Authors’ own elaboration.

Table 1. Number of sample points found in the different 
categories of areas*

Type of area Frequency Percent
Riverside
Green area
Residential area
Downtown residential area
Service/business district
Industrial area
Roadside
Railway lines

3
6

38
29
5

15
1
3

3
6

38
29
5

15
1
3

*N = 100. Source: GeoX and Google Earth Engine 
Platform. Authors’ own elaboration.

Table 2. Number of sample points found in the different 
types of residential areas

Type of residential area Frequency Percent
Garden suburbs
Greenbelt condominium
Downtown closed row buildings
Housing estate
Total

48
8
6
4

66

73
12
9
6

100
Source: GeoX and Google Earth Engine Platform. 
Authors’ own elaboration.

follows (Figure 2). It can be observed that the 
distribution of the points is not uniform. Goog-
le Earth Engine distributes random sampling 
points over the entire city. For the research, 
area types specific to Győr were defined. Their 
names and the distribution of sampling points 
in each category are shown in Table 1.

The categorisation in Table 1 also includes 
urban areas that are not considered residen-
tial (e.g., industrial), accounting for 34 per-
cent of the 100 random sample points and are 
not subject to further analysis. The number of 
sampling points for the study of residential 
areas was determined according to the cat-
egorisation used by the data sources (GeoX 
and TEIR), based on the type of residential 
area and the type of living environment. The 
analysis of spatial patterns of SUHII was 
based on these variables. 

The distribution of the points across types 
of residential areas (Table 2) is explained by 
the nature of the city’s built-up area. As dis-
cussed, the dataset resulting from random 
point generation is more skewed towards 
suburban areas, which influenced the meth-
odology used to analyse exposure to SUHII.

To conduct research, it is necessary to sepa-
rate the different types of living environments, 

Table 3 shows how many of the 100 sample 
points generated by Google Earth Engine fell 
into a type of living environment. Based on the 
categorisation determined by the data source 
GeoX, almost 40 percent of the residential 
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Table 3. Number of sample points found in the different types of living 
environment

Type of living environment Frequency Percent
Rich-suburban-adult
Rich-suburban-with children
Rich-green zone-adult
Rich-downtown-adult
Rich-residential complex-with young children
Average-low-price condominium-adult
Average-downtown-adult
Total

17
4

13
26
2
2
2

66

26
6

20
39
3
3
3

100
Source: GeoX and Google Earth Engine Platform. Authors’ own 
elaboration.

Table 4. Number of sample points found in different types of living environment within the subcategories of 
suburban and downtown residential areas

Type of living environment/type of area Suburban 
residential area

Downtown 
residential area Total

Rich-suburban-adult
Rich-suburban-with children
Rich-green zone-adult
Rich-downtown-adult
Rich-residential complex-with young children
Average-low-price condominium-adult
Average-downtown-adult
Total

16
4

12
2
1
2
0

37

16
0
1

24
1
0
2

29

17
4

13
26
2
2
2

66
Source: GeoX and Google Earth Engine Platform. Authors’ own elaboration.

sample points fall within the rich-downtown-
adult category, which means that these points 
are found in inner-city areas characterised by 
higher than average income, higher population 
density and the dominant age group is adults.

By pairing the categories in Table 3 with 
the suburban and downtown residential area 
subcategories, a new distribution of meas-
urement points was created, which refines 
the analysis results. As seen in Table 4, subur-
ban residential areas in the city cover a wide 
variety of built-up areas and living environ-
ments for all types of income ranges and age 
groups. The numbers in Table 4 reveals that 
the classification of living environments does 
not always align with the type of residential 
area expected for that particular living en-
vironment in the city. For instance, the rich-
suburban-adult quality of life and living en-
vironment could also emerge in downtown 
residential areas, as it falls into this category. 

The reverse is also true for rich-downtown-
adult living environment and suburban resi-
dential area.

A summary of the socio-demographic data 
from the measurement points is shown in 
Table 5. Description of estimated annual net 
income per person reveals that almost 60 per-
cent of the measurement points fall within 
the highest income brackets (over 1,400 thou-
sand HUF) and the lowest income bracket 
has the smallest percentage in the dataset. It 
can also be seen that there is an ageing popu-
lation in 76 percent of the neighbourhoods 
of the measurement points. The population 
density correlates with data for Hungarian 
cities of similar size.

Table 6 shows the data for the demographic 
categories studied (see Table 5) for the num-
ber of measurement points in different types 
of residential areas. Most of the measurement 
points are in the garden suburbs section, 
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Table 5. Demographic data of the analysed sample points
Indicators Categories Frequency Percent

Estimated annual net income 
per person, in thousand HUF

< 1,000
1,100–1,199
1,200–1,299
1,300–1,399
1,400–1,499

> 1,500

1
5
4

18
20
18

2
8
6

27
30
27

Ageing index, persons

0
1–99

100–199
200–299

> 300

16
10
20
14
6

24
15
30
21
9

Population density, number of 
persons per 0,01 km²

1–24
25–49
50–99

100–199
> 200

29
15
12
7
3

44
23
18
11
5

Source: GeoX and Google Earth Engine Platform. Authors’ own elaboration.

Table 6. Demographics of people living in different types of residential areas

Indicators Categories Garden 
suburbs

Greenbelt
condominium

Downtown 
closed-row 
buildings

Housing 
estate Total

Estimated annual net income/
person (1000 HUF)/types of 
residential areas

< 1,000
1,100–1,199
1,200–1,299
1,300–1,399
1,400–1,499

> 1,500

1
4
3
13
13
14

0
1
1
1
3
2

0
0
0
1
3
2

0
0
0
3
1
0

1
5
4

18
20
18

Total 48 8 6 4 66

Ageing index, number of peo-
ple aged > 63 per 100 people 
aged 0–14

0
1–99

100–199
200–299

> 300

16
8
11
9
4

0
1
3
3
1

0
1
3
1
1

0
0
3
1
0

16
10
20
14
6

Total 48 8 6 4 66

Population density, number of 
people /0.01 km²

1–24
25–49
50–99

100–199
> 200

26
13
8
0
1

3
2
3
0
0

0
0
1
5
0

0
0
0
2
2

29
15
12
7
3

Total 48 8 6 4 66
Source: GeoX and Google Earth Engine Platform. Authors’ own elaboration.

with the number of measurement points for 
the other categories being significantly fewer. 
The obvious reason for this is the predomi-
nance of the suburban character of the city. 
Table 6, similarly to Table 4, shows that resi-
dents from all types of income brackets and 
age groups choose to live in the suburban 
residential areas of the city.

Spatial and social patterns of SUHII

In order to develop an understanding of 
SUHII in Győr, first, we looked at patterns of 
average daytime and nighttime SUHII across 
various types of areas, residential areas and 
living environments. This provided us with 
a comprehensive overview. Subsequently we 
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analysed the relationship between SUHII and 
socio-economic variables, as these variables 
are recognised in the body of literature as 
determining factors for residents’ choices of 
living locations (Mashhoodi, B. 2021).

Based on the patterns of annual daytime 
SUHII (Figure 3), industrial areas tend to have 
an intensity as high as 4.5 °C, while green ar-
eas on the outskirts of the city had tempera-
ture differences of 0 to -1.5 °C compared to 
the surrounding rural areas. The map of the 
annual daytime SUHII for 2019 also suggests 
that areas in the inner residential belt had a 
wider distribution of SUHII values, with pos-
sible localised heat islands or hotspots in ar-
eas of the city core. Patterns of annual night-
time SUHII suggest that heat retention in 
downtown areas leads to a more pronounced 
heat island effect during the night.

Literature on disproportionate exposure to 
UHII often compares subgroups within the 
population, usually through comparing the 
means of the top and bottom deciles. In the 
case of the surface urban heat island data we 
processed, we took into account the spatial 

heterogeneity and the attributes of the sample 
used. Areas characterised by housing estates 
are underrepresented, and areas character-
ised by garden suburbs are overrepresented, 
leading to a skewed, not normal distribution. 
Given this distribution, we compared medi-
ans of average daytime and nighttime SUHII 
values across various types of living envi-
ronments and socio-economic groups, as the 
median is less affected by outliers, rendering 
it more suitable for analysing variations. As 
seen in Figure 9, the median daytime SUHII 
ranged from 0.8 to 2.1 °C in 2019, whereas 
the night time SUHII ranged from 0 to 1 °C.

The visual comparison of medians (Figure 4) 
indicates that the garden suburbs within the 
city experience a lower heat island effect during 
both daytime and nighttime compared to oth-
er types of residential areas. Among these, ar-
eas characterised by housing estates had the 
highest temperature differences in 2019. It is 
in these types of residential areas, particularly 
in districts like Gyárváros or Újváros, where 
lower-educated and older neighbourhoods are 
concentrated (Municipality of Győr, 2014).

Fig. 3. Patterns of annual daytime (left) and nighttime (right) SUHII. Source: Global Surface UHI Explorer 
database provided by Yale Center for Earth Observation. Authors’ own elaboration.
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Neighbourhoods characterised by gar-
den suburbs are diverse in terms of year of 
construction, condition and size (Lenner, T.  
et al. 2015). The effect size calculation for the 
Kruskal-Wallis test we ran reveals that ap-
proximately 17.3 percent of the total variabil-
ity in daytime SUHII scores can be attributed 
to the differences between residential areas 
and 21.6 percent of the total variability in 
nighttime SUHII scores.

Providing further context, Figure 5 on me-
dian daytime and nighttime SUHII across 
types of living environments shows that 
rich suburban and average green-belt condo-
minium neighbourhoods experienced low-
er daytime SUHII intensities, ranging from 
0.4 to 0.9 °C.  In contrast, regardless of the 
income situation of the people living there, 
downtown neighbourhoods experienced 
higher temperature differences, exceeding 
2 °C. While other areas registered median 
nighttime SUHII values at 0 °C, downtown 
areas experienced a median nighttime SUHII 
value of 1 °C. This suggests that these neigh-
bourhoods experience a more noticeable heat 
island effect during both daytime and night-
time hours. The effect size of eta2 = 0.119 in-
dicates that approximately 11.9 percent of the 
total variability in daytime SUHII scores and 
23.1 percent of the total variability in night-
time SUHII can be attributed to differences 
between the types of living environments. 
These results suggest that there are clear 

differences in exposure based on the type of 
residential area, but income might not be a 
determining factor of disproportionate ex-
posure in Győr. However, understanding 
which socio-demographic factors are asso-
ciated with higher SUHII requires further 
analysis.

The visual comparison of median SUHII 
across income groups suggests that in the 
case of Győr, a higher income level does 
not presuppose lower exposure to SUHII. 
As shown in Figure 6, the median daytime 
SUHII intensity ranges from 0.6 to 1.8 °C, 
whereas nighttime SUHII values range be-
tween 0 and 1 °C. We observed that neigh-
bourhoods falling within the lower quantile 
of the income bracket experienced 0.7 °C 
higher intensities during daytime and 1 °C 
higher during nighttime, in comparison to 
neighbourhoods in the upper quantile of the 
income group. Notably, top-quantile neigh-
bourhoods experienced a moderate surface 
urban heat island intensity, while those with 
an income between 1,100 and 1,399 thousand 
HUF had lower median SUHII intensities. 
From observing the data, it is not possible to 
deduce a general trend of decreasing SUHII 
with increasing income and the application 
of the Spearman’s correlation revealed no 
statistically significant association (p = 0.824) 
between income and daytime SUHII scores, 
nor between income and nighttime SUHII 
scores (p = 0.929).

Fig. 4. Median SUHII across types of residential areas, 2019. Source: Authors’ analysis.
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The higher values observed in neighbour-
hoods with incomes under 1 million HUF, and 
between 1.4 and 1.5 million HUF can be ex-
plained by the urban characteristics and land 
use in these income brackets. Nearly 50 percent 
of neighbourhoods with these income ranges 
are found in downtown areas, within the inner 
city, characterised by medium to high popu-
lation densities exceeding 50 inhabitants per  
0.01 km². These areas are predominantly 
closed-row buildings, housing estates and 
green-belt condominiums.

The observation of differences among age-
ing index groups indicates certain inequities. 
Notably, there is a difference of 1.6 °C be-
tween groups with the highest ageing index 
and groups with the lowest ageing index 
(Figure 7). The graphical depiction of the re-
lationship between the two variables shows 

that as the ageing index increases, median 
daytime and nighttime SUHII values in-
crease, as well. Specifically, neighbourhoods 
with an ageing index of 300 or greater had a 
SUHII of 2.1 °C. These findings align with 
existing literature (e.g., Hsu, A. et al. 2021), 
which highlights that older populations are 
more vulnerable to the surface urban heat 
island phenomenon.

Within Győr, neighbourhoods with the 
highest ageing index primarily comprise 
the city-core characterised by closed-row 
developments, a mix of multi-storey blocks, 
condominiums, and semi-detached or de-
tached family houses. The Spearman’s rho 
correlation coefficient of 0.289 evidences a 
weak positive relationship between daytime 
SUHII intensity and ageing index. However, 
it is important to note that there is no statis-

Fig. 6. Median SUHII across income groups, 2019. Source: Authors’ analysis.

Fig. 5. Median SUHII across types of living environments, 2019. Source: Authors’ analysis.
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tically significant relationship between the 
nighttime SUHII and the ageing index. It 
can be concluded that areas with a higher 
concentration of people aged 63 and above 
experienced higher daytime SUHII (0.462,  
p < 0.01), and areas with a higher concentra-
tion of people aged 0–14 experienced lower 
daytime SUHII (0.364, p < 0.01).

Likewise, the graphical depiction of popu-
lation density shows a trend, wherein areas 
with a higher population density tend to have 
elevated daytime SUHII values compared to 
neighbourhoods with lower population den-
sity (Figure 8). Notably, areas with the highest 
population density had a daytime SUHII of 
2.1 °C, which is 1.5 degrees hotter than areas 
with a population density of 1 to 24 inhabi-
tants within a 100 × 100-meter cell. Moreover, 

areas with a population density exceeding  
50 inhabitants similarly experienced tem-
peratures 1 °C hotter than low-density neigh-
bourhoods. The Spearman’s rho correlation 
analysis shows a statistically significant re-
lationship, the coefficients of 0.525 and 0.540 
show that among the socio-demographic 
variables, population density has the stron-
gest positive relationship with daytime and 
nighttime SUHII.

Discussion

Using established methods, this research 
analysed the relationship of SUHII with so-
cio-economic and urban living environment 
factors based on random points generated 

Fig. 7. Median SUHII across ageing index groups, 2019. Source: Authors’ analysis.

Fig. 8. Median SUHII across population density groups, 2019. Source: Authors’ analysis.
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using the Google Earth Engine platform. The 
study identified distinct daytime and night-
time SUHII patterns across various types of 
residential areas and living environments. 
Notably, sample points in suburban areas 
of Győr experienced comparatively lower 
temperature differences compared to other 
residential areas, whereas areas with housing 
estates had the highest surface urban heat 
island intensity. These findings coupled with 
the data on living environments, emphasise 
the significance of urban layout in influ-
encing patterns of SUHII. Our results align 
with the works of Wolf, T. and Mcgregor, 
G. (2013), Morabito, M. et al. (2015) or  
Macintyre, H.L. et al. (2018) linking in-
creased vulnerability with higher ageing 
index and greater population density. How-
ever, the current study’s findings do not sup-
port results indicating a correlation between 
lower income and increased vulnerability.

The results align with the results of Buzási, 
A. (2022) who also identified a high ratio of 
elderly people as a common vulnerability in 
the districts of Budapest. It is important to 
note that in the literature, these socio-eco-
nomic groups are often seen to be contribut-
ing to exaggerating SUHII, as they may lack 
the resources or knowledge to mitigate the 
urban heat island effect (Dialesandro, J. et al. 
2021). Moreover, neighbourhoods with high 
population density may lack the adequate 
ratio of greenery and impervious surfaces 
to mitigate the SUHII effect. While the age 
composition of Győr is more favourable than 
the national average, making it less vulner-
able to summer heat waves, with the ageing 
population, the elderly population density 
will increase in the future. This highlights 
the importance of incorporating these find-
ings when planning strategies of mitigation.

Győr, in its climate strategy (Municipality 
of Győr, 2021), emphasises climate protection 
awareness raising among the population, 
however, this may not fully be sufficient for 
socio-economic groups with limited resources. 
While the strategy recognises the existence of 
urban heat island hotspots in downtown areas, 
comprehensive mapping of the phenomenon 

is lacking. Although these downtown areas 
are seen as green space deficit zones and are 
subject to foreseen greening initiatives such as 
green roofs, roof gardens or green walls, we 
recommend identifying neighbourhoods with 
cumulative vulnerability based on population 
density and ageing index and formulating tar-
geted interventions accordingly. 

In addition to exploring grants that can be 
used to support community green spaces, we 
recommend providing communities with better 
opportunities to maintain existing green spaces 
and exploring how the benefits and costs of 
various mitigation initiatives are distributed 
across different neighbourhoods in the city.

While our study focuses on Győr, other 
middle-sized cities in Hungary may show 
different patterns of SUHII. Therefore, fur-
ther research is required across other re-
gional centres of Hungary and incorporating 
additional socio-demographic and building 
variables. These efforts will provide a more 
comprehensive understanding of dispropor-
tionate exposure and the ways SUHII pat-
terns developed based on distinct develop-
ment paths of various middle-sized cities. 
Additionally, this study has certain limita-
tions as it relies on the Global Surface UHI 
Explorer, which measures land surface tem-
perature differences and as such offers only 
a one-sided description of the urban heat is-
land phenomenon (Wu, Z. and Ren, Y. 2019).

Furthermore, the algorithm by Chakraborty, 
T. and Lee, X. (2019) was developed to create 
a globally consistent UHI database, leading to 
a generalised selection of the rural reference, 
which calls for caution when analysing SUHII 
in urban clusters. SUHII data is estimated 
using the average 8-day per pixel LST, but  
retrieval is constrained to clear sky conditions 
only, which influences the reliability of the 
SUHII data. Thus, air temperature measure-
ments or estimation through modelling is im-
portant for an in-depth analysis. 

Our findings offer a limited understanding 
of vulnerability as we primarily focused on 
age, income and population density. Previous 
findings suggest that health status, ethnicity 
and welfare dependency represent additional 
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risk factors. Due to the data’s availability only 
at the neighbourhood level (100 x 100 m) in 
groupings, the analysis makes assumptions 
regarding the variance of socio-economic 
data, presuming homogeneity inside a given 
neighbourhood. Furthermore, income data 
retrieved from the GeoX database is an esti-
mate downscaled from municipal data to the 
neighbourhood level, thereby impacting the 
reliability of our results. Due to the differenc-
es in resolution between the socio-economic  
(100 x 100 m) and SUHII intensity data  
(300 m x 300 m), the results of the correlation 
analyses could be inflated and should be in-
terpreted with caution.

Other influencing factors such as building 
height and proportion of vegetation, are not 
captured in our research. Despite the limita-
tions of our research, focusing on social and 
economic variables furthers our understand-
ing of the urban heat island phenomenon in 
Hungary. The combination of methods and 
the inclusion of other influencing factors of-
fers a direction for future research expansion. 
An aspect to follow-up is how greening ini-
tiatives outlined in the city’s climate strategy 
may mitigate the urban heat island effect.

Conclusions

This study set out to better understand how 
certain socio-economic and urban living en-
vironment factors influence exposure to sur-
face urban heat island intensity in a city with 
a development path based on a new industri-
al base. Leveraging the Google Earth Engine 
platform and the Global Surface UHI Explor-
er, SUHII intensity data at the neighbour-
hood level were retrieved and processed for 
a set of 100 randomised points within Győr.  
Although the methodology of this study and 
the data used call for caution, the results are 
in line with previous studies and show that 
population density has the strongest relation-
ship with daytime and nighttime SUHII, and 
that neighbourhoods with an ageing index of 
300 or greater experience the highest urban 
heat island intensity. 

The findings of this research highlight the 
importance of identifying neighbourhoods 
with cumulative vulnerability and formulating 
targeted interventions to mitigate the adverse 
effects of urban heat islands in the city of Győr. 
Despite its limitations, the insights gained from 
this study may be of assistance to formulat-
ing these targeted interventions. Further re-
search is needed to investigate other factors, 
such as building and vegetation characteristics 
influencing vulnerability to SUHII in the city 
of Győr. In addition, future work should be 
extended to other major cities in Hungary.
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