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Urban nature-based infrastructure is increasingly recognised as a powerful tool to tackle climate change-induced
challenges. However, knowledge gaps remain regarding the use of hybrid infrastructure in heat mitigation,
including context-specific factors that impact efficacy. This is particularly true in Budapest, Hungary, where
between 1902 and 2019, a 4°C difference in urban heat levels was observed. This study aims to systematically
evaluate where the urban heat island effect is most significant, what factors influence the urban heat island
effect, what barriers exist to installing and scaling mitigating infrastructure, and what governmental levels and
organs, civil society actors, and private actors are involved in urban heat mitigation efforts. Using an online
survey (n = 216), key informant interviews (n = 13) and transect walks, findings show residents perceive the
most important factors green surface size (98.7 %), water bodies (87.7 %), structural materials (92.9 %), con-
struction materials (70.8 %), building types, density and surface albedo/colour (68.8 %), and domestic cooling
(60.4 %). The heat-affected areas of Budapest include the dense historic core, outer industrial belt, railway
stations, and Liszt Ferenc Airport. Key barriers relate to limited space, political will, funding, as well as unfav-
ourable legal frameworks and bureaucratic environments. Moreover, a lack of vertical and horizontal coordi-
nation results in a disconnect between stakeholders’ agendas and understanding of the issue. Opportunities lie in
expanding green spaces, improving rainwater management and retrofitting building structures through improved
insulation. Further priorities include reducing impermeable surfaces and increasing the proportion of cool roofs
and other hybrid infrastructure. In parallel, advancing knowledge of public acceptability of government policies
and of societal responses to these policies is needed. This requires robust, transparent information dissemination
and consultation mechanisms to foster legitimacy and trust. Finally, ensuring accountability across all levels of
governance, with clearly delineated responsibilities to monitor progress and adaptive management, is essential
for responding effectively to evolving social-ecological conditions.

1. Introduction

In recent decades, the growing prevalence of urban heat islands
(UHID) has emerged as a pressing environmental, social, health, and
economic challenge for cities worldwide (Portner et al., 2023; Tong
et al.,, 2021). UHIs refer to densely structured built-up areas where
temperatures are significantly higher than in surrounding rural regions
(Oke, 1983, 1982, 1978). As urbanisation accelerates at an unprece-
dented rate, urban areas are responsible for more than 70 % of green-
house gas emissions and over 75 % of energy consumption, contributing
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to increasing temperatures (Khor et al., 2022). Moreover, the dramatic
alteration of surfaces (Ucal and Xydis, 2020) and material composition
of the urban fabric combine to create unique microclimates (Giyasova,
2021) and shift hydrological flows (Xu et al., 2023). Meanwhile,
intensifying heatwaves, extreme weather events, and rising tempera-
tures all bear the unmistakable fingerprints of climate change: mounting
heat-related mortality rates (Ballester et al., 2023), rising sea levels
(Nerem et al., 2018), and increased frequency and severity of floods
(Bronstert, 2003) and droughts (Verstraete et al., 2008). Currently, over
50 % of the world’s population lives in cities, and this proportion is set to
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surpass 70 % by 2050 (Moreno et al., 2016). Here, climate change affects
an estimated 85 % of the global population (Callaghan et al., 2021; IPCC,
2023). In this context, evidence is needed of how urban forests and other
vegetation support climate adaptation (Han et al., 2025; Mumtaz, 2024;
Rosenzweig et al., 2018).

In general, urban heat is a well-researched field, where the causes,
geometry, relative intensity, and effective mitigation measures are
routinely addressed. Besides building density, urban heat is influenced
by factors such as urban geometry, wind speed (Oke, 1988, 1981;
Rajagopalan et al., 2014), vegetation, water cover (Doick et al., 2014;
Ogashawara and Bastos, 2012), city size, population density (Kotharkar
and Surawar, 2016; Landsberg, 1981), proportion of artificial and nat-
ural surfaces, permeability, albedo (Dian et al., 2020; Taha et al., 1988),
and air pollution (Liang et al., 2021; Arnfield, 2003; Oke, 1982). Factors
such as street orientation and width, building height and geometry
significantly influence street-level airflow and solar access (Deilami
et al., 2018). Anthropogenic heat emission of cities’ building stock and
energy consumption also influences the diurnal pattern of heat stress
(Sailor, 2011). However, existing research has not investigated where
urban heat islands are most intense across cities. Much research is done
remotely, even though urban heat is highly contextual, dependent on
human-nature interactions and behaviour, highlighting the need for
more in-situ analyses (Masson-Delmotte et al., 2018; Xu et al., 2023).

Globally, studies have found that the use of urban green spaces
(Abdulateef and Al-Alwan, 2022; Costanzo et al., 2016; Li et al., 2024;
Musco, 2016) and water bodies (Ferdowsi et al., 2024; Hathway and
Sharples, 2012; Yang et al., 2016) have a cooling effect, help manage
stormwater flow (Almaaitah et al., 2021) due to permeable surfaces
(Nguyen et al., 2019), enhance albedo (Degirmenci et al., 2021) and
reduce mortality rates (Ilungman et al., 2023). Urban green infrastruc-
ture includes tree canopy, green open spaces, green roofs, and vertical
green systems (Azmeer et al., 2024). Blue infrastructure includes lakes,
rivers, canals, fountains, and urban wetlands (Ferdowsi et al., 2024).
Grey infrastructure for heat mitigation can include high albedo surfaces,
such as cool roofs (Wang et al., 2022), building materials with improved
heat retention and insulation (Apritasari et al., 2024). Hybrid infra-
structure — multifunctional combinations of green, blue, and grey
infrastructure — includes public shading, green roofs and walls, and
permeable surfaces (He et al., 2023). Blue-green hybrid infrastructure
has been shown to have a positive impact on the physical and mental
well-being of residents (Csoka, 2023; Han et al., 2024).

In Budapest, various studies have characterised the UHI effect, where
a 4°C difference in urban heat levels between 1902 and 2019 was
observed (KSH, 2023a). The foundations of UHI-specific climatological
research in Budapest were laid down by Probald (1974). Since UHI
research became mainstream in the early 2000s, numerous studies have
been published by researchers of the Hungarian Meteorological Institute
and other research institutions (e.g. Centre for Energy Research) and
universities (e.g. Budapest University of Technology or Economics,
Eotvos Lorand University). These analysed city-wide characteristics of
UHI formation (Dian et al., 2020, 2019; Gondocs et al., 2017; Gyulai,
2016; Li et al., 2020), borough-specific variances in UHI intensity
(Frickle et al., 2014; Incze et al., 2018; Pongracz et al., 2017, 2016),
heatwaves and heatwave vulnerability (Buzasi, 2022; Dezso et al., 2022;
Révész, 2008), the impact of anthropogenic heat emissions on UHI
formation (Bohnenstengel et al., 2014; He et al., 2007; Sailor, 2011;
Shahmohamadi et al., 2011), and the influence of surface albedo
(Pongracz et al., 2022). Despite the proliferation of Budapest-specific
research on the UHI effect, there remains a lack of attention given to
how those findings could be translated into policy and practice. To the
authors’ knowledge, as of 2025, no publicly available studies have
assessed what measures need to be prioritised in tackling soaring urban
temperatures.

Moreover, the effectiveness of urban blue and hybrid infrastructure
for UHI in Budapest remains under-researched in contrast to relatively
well-studied green infrastructure (Dian et al., 2020; Gondocs et al.,
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2017; Gyulai, 2016; Li et al., 2020; Pongracz et al., 2022; Probald, 2014;
Révész, 2008). While Olah (2012) discusses green-blue hybrid infra-
structure, there has been no Budapest-based study that also includes the
use and potential of grey infrastructures. Finally, although the risk of
heat has been recognised by various prominent organisations — e.g.
World Health Organisation (Mudu et al., 2023), Environmental Protec-
tion Agency (2012), National League of Cities (Pine et al., 2023), Eu-
ropean Centre for Medium-Range Weather Forecasts (ECMWF, 2023) —,
several obstacles hinder effective translation of research and interna-
tional guidelines to local policymaking and implementation.

In this paper, the potential of urban green, blue, grey, and hybrid
infrastructures to mitigate the UHI effect in Budapest, Hungary is sys-
tematically investigated. To address existing research gaps, this study
seeks to answer the following questions: (1) What factors influence the
formation and intensity of UHIs and where is the UHI effect most sig-
nificant across the city? (2) What is the effectiveness of installing,
maintaining, or expanding green, blue, and grey infrastructure for
mitigating UHIs in Budapest? (3) What are the barriers to installing and
scaling UHI-mitigating infrastructure in Budapest? (4) What is the role
of governments, civil society, and private actors in mitigation efforts? As
such, this is the first work to empirically confirm the distribution of
impact, barriers to implementation, and effectiveness of blue, green,
grey, and hybrid infrastructures for UHI mitigation in Budapest. The
findings of this study offer policy and planning guidelines, focusing on
UHI mitigating infrastructures in Budapest and other (peri-)urban
centres.

2. Methodology
2.1. Study site

In addition to being the political, administrative, economic, and
cultural capital of Hungary, Budapest (47°29'33'N, 19°03'05"E; Fig. 1,
Table 1) is one of the largest cities in Central Europe with 1,67 million
inhabitants with an area of 525 km? - and is home to a fifth of Hungary’s
population (Frickle et al., 2014; KSH, 2023b). Since the mid-1800s,
when urban population growth first began to accelerate in Budapest,
and especially following the 1989 regime change whereafter urban
sprawl became more pronounced (Kovacs et al., 2019), protecting green
spaces has become a major challenge (de Linares et al., 2018). The
complex topography of Budapest allows for the observation of a wide
range of microclimatic conditions (Fig. 2) within a small, contained area
(Probald, 2014). Such versatility makes it an ideal platform for the
exploration of various mitigating strategies and an example that could
inform UHI policies in other cities around the world.

Crossed by the Danube River in a North-South direction, the city is
divided into the western part of Buda and the eastern part of Pest. Pest
has an urban structure of concentric zones. The city centre is surrounded
by a dense inner residential belt; a transitional zone (historically used for
industrial, transportation, storage, and military purposes, now at
various stages of transition toward tertiary and residential functions),
and an outer residential belt of former suburbs, dominated by detached
family houses with small- to medium-sized gardens (Szczuka et al.,
2022). The opposite side, where Buda is located, is characterised by the
Buda Hills, rising from 96 m (Danube) up to 527 m (Janos Hill)
(TessaDEM, 2024). Although the hilltops and the upper parts of the
slopes are mostly covered by recreational forests, the lower parts of the
slopes are interspersed with up to five-storey houses and villas, sur-
rounded by green areas. High-density residential areas are generally
confined to the foothills and the minor plains adjacent to the Danube.

Over the last decade, the immediacy of the impacts of climate change
on the city and its residents has become increasingly apparent (Pongratz,
2021). The months of June and July 2023 were the hottest on record —
both globally (Copernicus Climate Change Service, 2023) and in Buda-
pest (Bodnar, 2023). Although Budapest’s Climate Strategy (Tatai et al.,
2021a) recognises the increasing severity of UHI formation and its
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Fig. 1. Green spaces, uninhabited areas, and residential zones of Budapest (Farkas et al., 2022).

Table 1
Climate and land use in Budapest (KSH, 2023a; Ute et al., 2013).

Climate Climate Humid sub-tropical
Average annual precipitation (mm) 514.5
Mean annual sunshine (hours) 2.196 (2003-2020)
Annual mean temperature (°C) 12.7 (2003-2020); 13

(2022)

No. of heat days (30 +°C) per annum 34 (2003-2020); 48 (2022)
No. of days affected by heatwaves per 21 (2003-2020); 32 (2022)
annum

Landuse  Built-up 44 %
Water 3%
Forest 14 %
Park & other green space 5%
Agriculture 12 %
Transport 18 %
Other 4%

impact on citizens’ well-being, the municipality’s current list of
UHI-focused mitigation strategies is wanting. The UHI-mitigating ca-
pabilities of green infrastructure are only mentioned as side effects, and
there are but two UHI-focused solutions mentioned: ‘A8: Protection of
ventilation corridors to ensure adequate air-space ratio’ and ‘A9: Pro-
motion of the use of climate-friendly building materials and technolo-
gies’ (Tatai et al., 2021a, p. 89). The present study proposes additional
mitigation strategies that could be utilised in combination with those
already included.

2.2. Data collection

2.2.1. Semi-structured interviews
Semi-structured interviews (n = 13; Fig. 3) were conducted between

June and July 2023 with active professionals who have expertise in
relevant disciplines, such as environmental policymaking, urban plan-
ning, and urban climatology. Respondents represented academia, gov-
ernment, activists, and the private sector, using stratified sampling
across gender, sector, and age. All were Budapest-based and had
expertise or lived experiences of the social-ecological impacts of urban
heat. Candidates were recruited via e-mail or through mobile phone.
After being piloted and adapted, interviews lasted between 52 and
126 minutes and were conducted in Hungarian, which were then
translated into English. Interview consisted of 22 questions (Appendix 1)
and were approved by the Ethics Committee of the University of St
Andrews, adhering to protocols of anonymity, consent and voluntary
participation.

2.2.2. Online survey

An online survey (n = 216) was administered in the same period. The
survey, comprising 71 questions (Appendix 2), aimed to uncover the
public perception of the UHI phenomenon and public opinion of UHI-
mitigating strategies, policies and action plans for Budapest. Partici-
pants were recruited via online social media platforms (Facebook and
Instagram), making use of groups to share academic surveys — using
snowball sampling (Parker et al., 2019). This approach facilitated
reaching people of a diverse range of backgrounds. The survey was
designed and administered using Qualtrics XM.2.3. Analysis.

For narrative situational analysis, interviews were first translated
into English, then transcribed and cleared of filler and double words.
The resulting transcripts, along with notes of key insights taken during
interviews, were inductively coded in NVivo (v.1.7.1). Results of the
online survey were analysed in Qualtrics XM to provide both compar-
ative and illustrative statistical data.
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Fig. 2. Map of the climate zones of Budapest (Szczuka et al., 2022).

2.3. Limitations

First, the mode of participant recruitment for the survey is likely to
have introduced some selection bias towards younger generations, with
a mean range between 25 and 29 years (Fig. 4) and against persons
without internet access or social media profiles, or from households and
areas of lower income. Yet, in the absence of information on re-
spondents’ economic situation, the possibility of means-based selection
bias cannot be confirmed. Second, neither the online survey nor the
sample size of the interviews qualifies as representative. Of a population
of Budapest (1,67 million), to achieve a 95 % or 99 % confidence level
with a 5% margin of error, the ideal sample size would be at least
n = 385 or n = 663, respectively. Third, people who are interested in
and supportive of UHI mitigation initiatives will generally be more in-
clined to respond to the online questionnaire. Due to this confirmation
bias, critical or opposing views are inevitably underrepresented, thus
skewing results. However, the high agreement of different data sources
and the similarity of the findings to previous research suggest that the
insights gained from the research can still be considered valid. Fourth,
certain historic and geographical features, as well as unique legal, reg-
ulatory, and governmental characteristics of Budapest, limit the paper’s
transferability to other contexts. Finally, data collection occurred in
June - July 2023, which were the hottest months on record (Bodnar,
2023; Copernicus Climate Change Service, 2023). The impact of the
short-term effects of the heatwave may have amplified the public’s
perception of UHI.

3. Results

3.1. What factors influence UHI formation, and where is the effect most
significant?

According to online survey respondents, the principal causes of UHI
formation and intensity in Budapest can be broken down into two cat-
egories: physical qualities of the urban fabric, in terms of green surfaces
size (98.7 %), structural surface materials (92.9 %), the size of water
bodies (87.7 %), construction materials (70.8 %), building types
(68.8 %) and density, surface albedo or the colour of surfaces (68.8 %)
and texture of surfaces (47.4 %), as well as human activities, including
domestic cooling (60.4 %), heating (37.7 %), cooking, and trans-
portation (Fig. 5).

Cities’ physical organisation affects their mesoclimatic characteris-
tics. Budapest is characterised by narrow streets with climatically
unfavourable geometry and orientation. The absence of continuous
wind channels parallel to main wind streams leads to poor ventilation,
which increases heat retention. All interview participants agreed that
the most severely affected areas of Budapest are the historic parts of the
city, the inner area of downtown Pest, the outer industrial belt, as well as
in-city factories, depots, railway stations, and Liszt Ferenc Airport.
Moreover, due to the city’s dense structure, there is a lack of space to
install and maintain vegetation, resulting in insufficient cooling, shade,
and air filtration. This is coupled with an abundance of artificial surfaces
with low albedo and limited permeability, such as dark concrete walls,
asphalt-covered roads, tiled or pebble-dash roofs, and paved open
spaces. These artificial surfaces lead to high heat absorption, poor water
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Fig. 3. Demographics of interview participants (n = 13) showing the distribution of their age, gender and professional representation.

retention, and limited evapotranspiration. Old, inefficient, and deteri-
orated insulation technologies also contribute to anthropogenic heat
emissions.

In terms of human activities, modern urban lifestyle is concomitant
with ever-growing anthropogenic heat production. Key contributors
include a 70 % surge in residential air conditioner use in 2020 (Major,
2021) and a 2-4 % annual increase in private motorised transport since
2014 (Tatai et al., 2022). The growing preference for cars over active
mobility amplifies heat and pollutant emissions (Tatai et al., 2021a),
along with inappropriate infrastructure use, such as running air condi-
tioning, heating with open windows, or neglecting shading measures,
further exacerbates heat island formation.

3.2. What is the effectiveness of UHI-mitigating infrastructure in
Budapest?

78 % of interviewees rejected one-size-fits-all solutions for UHI
mitigation, emphasising the need for strategies tailored to local condi-
tions (e.g. building types), priorities (e.g. most significant UHI contrib-
uting factors), opportunities (e.g. tenders, coordinating urban planning
efforts), and barriers (e.g. regulations safeguarding public utilities, un-
even distribution of benefits). The remaining 22 % favoured prioritising
green infrastructure, such as trees in public squares and streets, urban
meadows, groves, and forests, above other strategies.

Respondents agreed that hybrid approaches offer the highest miti-
gation potential. To exemplify this impact, a participant managing the
green office in a Budapest borough reported that trials involving
modified roof surface materials — such as green and cool roofs — achieved
surface temperature reductions of up to 10°C. Another participant from
a Budapest-based sustainable architecture and urban design research
organisation highlighted that, according to the organisation’s findings,

green-blue-grey hybrid infrastructures can reduce daytime ambient
urban heat by 5-10°C, depending on their size and complexity. The
condition of these systems is important; several participants studying
UHI-mitigation strategies emphasised that neglected, abandoned, or
scorched lawns provided virtually no ambient cooling benefits due to
the absence of evapotranspiration and lowered albedo.

Urban blue infrastructure, such as fountains and spray gates, con-
tributes to localised cooling through evaporation. While Budapest is
divided by a substantial body of water, a professor at the Hungarian
University of Agriculture and Life Sciences noted that, despite its size,
the Danube has limited cooling capacity. Unlike extensive forests, such
as those in the 12 borough’s hills (Frickle et al., 2014; Mokhtari et al.,
2022), which act as effective heat sinks, the Danube absorbs heat during
the day, only to re-emit it at night. This process leads to a delayed
heating effect, amplifying night-time UHI intensities, rather than
providing consistent cooling.

3.3. What are the barriers to installing and scaling UHI-mitigating
infrastructure in Budapest?

Although the need to tackle increasing urban heat levels in Budapest
has generally been recognised by its Climate Strategy and Action Plan
for Green Infrastructure Development (Tatai et al., 2021b), several ob-
stacles hamper mitigation efforts. According to participants, physical
barriers related to limited space availability, poor soil quality, weak
building structures, and unfavourable roof geometry. Non-physical
barriers relate to a lack of available funding, political willingness,
awareness and priority, complicated bureaucratic environments,
unfavourable legal frameworks and planning rules, implementation and
enforcement challenges, and the limited acceptance of nature-based
solutions.
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Fig. 5. Residents’ perception of principal causes of UHI formation (n = 216).

Results from the online survey indicate that insufficient information
is the main barrier to the implementation of green infrastructure, ac-
cording to 48.8 % respondents, followed by it being an overly complex
issue (44.1 %), or costly (40.9 %) (Fig. 6). According to interviewees
from local governments, while residents generally support tree-planting
projects, resistance to greening initiatives emerges when projects
involve personal costs or disruptions to their daily lives.

Over 80 % of respondents indicated public acceptance of UHI

Insufficient information 48.8%
tnowedge
Overly complex ssue 441% 2083%
Overly costly 109%
Lockot
S447% | oo
il
Low pricrity issue 213% e
Lackot
s
Other 205%
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Fig. 6. Barriers to effective UHI mitigation as perceived by online survey re-
spondents (n = 216).
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mitigation projects is strongly linked to residents’ understanding of the
benefits, which in turn affects implementation rates. Nonetheless, sur-
vey results suggest limited public awareness of the purpose and func-
tionality of hybrid infrastructure, despite a general perception of its
effectiveness. Support or opposition is also influenced political align-
ment of those proposing and installing them. In Hungary’s increasingly
polarised landscape, policies are often judged based on the proposing
party rather than their content, a phenomenon well documented by
Cohen (2003). Such politicised responses undermine stable public sup-
port and present a challenge for evidence-informed policymaking.

A landscape architect noted persistent scepticism toward nature-
based alternatives, which are often viewed as less reliable than tech-
nological fixes. Engineers, they argued, are perceived as ‘trusted pro-
fessionals that provide low-risk solutions, whereas landscape planners’
work with the complexity of nature, which is usually taken with a grain
of salt’ — inviting doubt. However, this view contrasts with online survey
results, whose respondents expressed a clear preference for nature-based
over grey infrastructures (Fig. 7). Such divergences between expert
perceptions and public attitudes highlight conflicting stakeholder pref-
erences, posing a significant barrier to coherent UHI mitigation
strategies.
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Another barrier is the spatial constraints of a densely built urban
fabric, compounded by soaring land prices and the influence of a
powerful real estate lobby. Allocating space and public funds to projects
that provide feasible outcomes that benefit local communities remains a
challenge (Farina et al., 2024) — in the absence of formal valuation of
ecosystem services (Cavender-Bares et al., 2022; van Adkins et al.,
1997). For instance, the establishment of Boszikert, a 1500 m? commu-
nity garden of 34 allotments in the 120 borough of Budapest in 2023
(Hegyvidéki Onkoranyzat, 2023) was only feasible due to an economic
downturn that left the land temporarily unused (Hegyvidéki
Onkoranyzat, 2023). The stalled construction industry — driven by rising
energy costs and high interest rates amid a Eurozone recession
(European Central Bank, 2022; Papunen, 2024) — opened a narrow
window for non-commercial land use. Meanwhile, re-zoning of forest-
lands for residential development under increasing economic pressure is
another example where short-term economic gains outweigh long-term
public and environmental benefits (Magyar Kétfarki Kutyapart, 2021).
To counter such trends, Parvar et al. (2024) propose scenario-based
urban growth modelling to guide planning decisions that prioritise
climate mitigation infrastructure.

Further challenges to mitigating excess heat in Budapest include the
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Fig. 7. UHI-mitigating efficacy of urban green, blue, grey, and hybrid infrastructures as perceived (on a 1-10 scale) by online survey respondents.
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unclear distribution of responsibilities among governing bodies. Senior
officials identified the double-tiered administration of Budapest —
comprising the municipal government and 23 semi-autonomous bor-
oughs — as a major obstacle to inter-governmental coordination and
effective mitigation efforts. Additionally, ineffective communication is
also a critical issue. Although the Budapest Climate Strategy outlines a
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framework for intergovernmental cooperation (Tatai et al., 2021a, p. 8),
the widespread consensus among interviewees that clearer re-
sponsibilities are necessary indicates that the current system is inade-
quate. Effective collaboration requires commitment from all parties. Yet,
conflicting priorities — particularly at the national level — continue to
hinder progress. A notable example is the abolition of the Ministry of
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Environment and Water by the Second Orban Government in 2010,
clearly highlighting these divergent priorities (Rétvari, 2010). A further
barrier is a limited understanding of how climate change impacts urban
habitats, its effects on residents, and potential solutions, which con-
tributes to lower public support for mitigation projects (Zhang et al.,
2019). Given the political nature of urban planning projects, this lack of
public backing is likely to impede implementation. Interviewees also
emphasised the absence of science-informed action plans. For instance,
street watering during heatwaves, an effective method to lower surface
and ambient air temperatures on roads and tram tracks, is inconsistently
applied across boroughs without standardised guidelines. While some
boroughs are conducting in-situ experiments to develop evidence-based
plans regarding temperature thresholds, optimal watering times, dura-
tion, and quantity — publicly available results are still pending as of
September 2025 —, others follow more haphazard planning.

Many of these issues are recognised by the Budapest Climate Strategy
(Tatai et al., 2021a), which, among others, acknowledges that profes-
sional organisations are not sufficiently involved in the decision-making
processes; that there is insufficient central funding to encourage the
public to save energy by retrofitting buildings; or that government
measures often conflict with the interests of local authorities. None-
theless, it is unclear what steps are to be taken to solve these issues.

3.4. What is the role of government, civil society, and private actors in
UHI mitigation efforts?

Mitigating the UHI effect in Budapest requires cooperation between
local, municipal, and national governments, as well as the private sector
and civil society. Cooperation is predicated upon a thorough under-
standing of institutional hierarchies, underlying norms, values, and
ideologies, as well as appropriate goal setting, compliance, and
enforcement. The roles of diverse stakeholders in urban heat mitigation
are summarised in a responsibility map (Fig. 8).

3.4.1. Government

Interview participants agreed that the national government’s role in
UHI mitigation should primarily be focused on providing financial re-
sources, establishing a legal foundation to support localised regulatory
frameworks, and disseminating accessible information through educa-
tion and transparent communication. Survey results reflected similar
views, with 89.2 % of participants favouring national government sup-
port through funding. Both interviewees and survey respondents
stressed the need for improved climate education, with information
dissemination ranked as a key responsibility for national (71.6 %) and
local governments (80.4 %) alike. Municipal and local or borough-level
governments were identified as best suited to driving climate action due
to their closer ties to residents, better local knowledge, and simpler —
thus more transparent — structures. Approximately 81.8 % of survey
respondents favoured local government’s roles in mediating between
stakeholders, followed by providing information (80.4 %), proposing
initiatives (79.7 %), and installing new infrastructure (74.3 %), as well
as maintaining existing infrastructure (74.3 %). The municipal govern-
ment is considered to have less access to funding than the national
government. Although the municipal government is actively involved in
organising public consultations; expanding public transport, developing
cycling and pedestrian infrastructure; and funding buildings’ energy
efficiency improvements (e.g. installing solar panels), the ongoing de-
mand for these efforts highlights an implementation gap.

3.4.2. Civil society

Interviewees and survey respondents often contrasted the bureau-
cratic functions of governments with the proactive role of citizens in
proposing new projects (73 %) and maintaining infrastructure (56.3 %).
Residents are expected to participate in voting, petitioning, and activism
to influence government decisions and hold authorities accountable.
Compliance with regulations is also crucial, as noted by respondents
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from various government agencies. According to the Dezsé Radé Plan
(Tatai et al., 2021b), the municipal government oversees approximately
300,000 trees, the 23 borough governments manage roughly 700,000,
and residents care for about two million. The overall condition of
Budapest’s urban green infrastructure is therefore significantly influ-
enced by residents’ efforts to maintain vegetation on private properties.
Additionally, residents’ energy consumption, transportation choices,
and waste management habits impact UHI intensity, underscoring the
importance of cooperation with government initiatives. Behavioural
interventions — such as regulatory and economic nudges — are also
considered effective for encouraging climate-friendly behaviours (Van
der Heijden, 2019; Van der Heijden, 2014). Interviewees emphasised the
need for awareness campaigns and information-sharing initiatives to
enhance public understanding of UHI mitigation initiatives.

3.4.3. Private sector

Businesses and entrepreneurs were highlighted as key players in UHI
mitigation through the integration of corporate social responsibility and
environmental governance principles into their operations. Sustainable
urban development initiatives not only address environmental chal-
lenges but can also provide competitive advantages for businesses.
Public-private partnerships (PPPs) were identified as an underutilised
opportunity to foster collaboration between private companies and local
governments. These partnerships could channel funding into public
projects, enhancing companies’ reputation and increasing their appeal
to socially conscious consumers and investors. Additionally, businesses
could involve employees in team-building retreats, like tree planting and
garden maintenance, with ethical credit systems rewarding such
contributions.

4. Discussion

4.1. Factors that influence UHI and areas with significant UHI effect
across the city

Empirical results provide a detailed understanding of the various
factors that influence UHI intensity in Budapest, aligning closely with
findings from global and local literature. The spatial patterns described
by interview participants are confirmed by a cumulative heat map of
average summer UHIs of Budapest, which reveals a peak temperature
difference of 6°C between 2003 and 2020 (Fig. 9). The role of building
insulation and surface material was highlighted in Gyulai’s (2016)
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Fig. 9. Average summer UHI intensity in Budapest 2003-2020

(HungaroMet, 2024).
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study, which demonstrated clear differences in facade temperatures
between older and recently retrofitted buildings along the Danube on
the Pest side. These findings underscore the importance of infrastructure
upgrades — a priority strongly voiced by both interviewees and survey
respondents.

Pongratz, Dezs6, and Bartholy (2022) surveyed UHI intensity during
summer heatwaves in Budapest, highlighting the influence of surface
materials, texture, and albedo on temperatures. Their findings confirm
that concrete and asphalt are among the hottest materials, while rubber
and painted wood also reach high temperatures, though less frequently
mentioned by interviewees, possibly due to their limited presence in
urban landscapes (e.g. paving for playgrounds, seat bars for public
benches). Additionally, black, dark grey, red, and dark blue surfaces
contribute most to elevated temperatures. These findings support par-
ticipants’ calls for reducing asphalt surfaces and increasing cool and
green roofs, especially the prevalence of black (tar), grey (pebbledash),
and red (terracotta tiles) in Budapest.

Gaal and Bukovszki (2022), from the Budapest-based research firm
Advanced Building and Urban Design, stress the need to shift from
conventional stormwater management — treating rain as surplus to be
drained quickly - to approaches that value it as a resource. They
advocate for hybrid infrastructures that enhance water retention, puri-
fication, and flood mitigation. Their findings highlight the need to
replace impermeable materials with bioactive surfaces, echoing con-
cerns raised by interviewees. Beyond surface properties, urban geometry
and street orientation also influence heat dynamics. Mirabi and Davies
(2024) emphasise the role of spatial configuration and cross-ventilation
potential in mitigating UHI effects.

Finally, Probald (2014) identifies interconnected climatic and
non-climatic challenges in Budapest, including vegetation loss, adverse
urban morphology, and intensive motorised transportation. In the
absence of a flexible urban structure, the author highlights the need to
capitalise on natural cooling zones, such as the Danube’s banks, islands,
and the Budai Hills (Probald, 2014).

4.2. Effectiveness of UHI-mitigating infrastructures in Budapest

Results indicating the efficacy of green surfaces in mitigating UHIs
align with findings of various studies. Abdulateef and Al-Alwan’s (2022)
report that green surfaces can be highly effective in UHI mitigation, with
up to 21°C temperature differences in certain cases, averaging 11.7°C.
Costanzo, Evola, and Marletta’s (2016) analysis of green and cool roofs
showed 20°C and 25°C temperature reductions, respectively. Moreover,
Frickle et al.’s (2014) survey found an average of 8°C temperature dif-
ference between built-up and green areas within the 12 borough of
Budapest, confirming data derived from key informant interviews. A
series of studies (Dian et al., 2019; Incze et al., 2018; Pongracz et al.,
2017) shows that neighbourhood renovation projects have measurable
impact on local UHI intensity, positively influencing residents’
well-being. In a similar vein, the health-related influence of urban green
infrastructures has recently been studied by lungman et al. (2023), who
found that circa 40 % of urban heat-related deaths in European cities
could have been avoided if they had around 30 % grid-cell level tree
coverage, underscoring the need for expanding green surfaces.

The surface area of green spaces was also found to be a key factor in
Budapest. The Dezs6 Radé Plan aims to ‘augment the current green
surface per person within a 15-minute walking distance from 6 to 7 m?
by 2030’ (Tatai et al., 2021b, p. 26). Although this is still well below the
9 m? per person recommendation of the World Health Organisation
(2017) and the European Environment Agency (2022), the Dezs6é Rado
Plan notes that the additional 500 ha green surface that would be
needed for the recommended target is not feasible in the current phys-
ical and legislative context of Budapest (Tatai et al., 2021b, p. 26).
Alongside green space expansion, the Budapest Climate Strategy and the
Dezs6 Rad6 Plan contend that appropriate maintenance is also crucial,
for the vitality of vegetation greatly influences both its carbon
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sequestration and evapotranspiratory capacities, which agrees with the
interviewees’ perspective. The vitality and maintenance needs of vege-
tation are, in turn, dependent upon the appropriate selection of plant
species (Azmeer et al., 2024), which was also pointed out by an inter-
viewee working on urban community garden projects.

Finally, an important factor influencing heat mitigation effectiveness
is the heat-absorbing potential of water bodies. Although water bodies
are generally found to be effective in reducing UHI intensity (Liu et al.,
2021; Yang et al., 2016), several interview participants noted the Dan-
ube’s limited mitigating potential, especially in summertime. Hathway
and Sharples (2012) suggest this is likely to be caused by increased water
temperatures that reduce the Danube’s heat absorption potential.
Szczuka, Bathoryné Nagy, and Lorinczi’s (2022) climate zone map of
Budapest (see Fig. 2) also confirms the limited ability of the Danube to
cool down its surroundings. Their study explores the influence of the
geometry, location, density, composition, and condition of urban green
infrastructure on the Danube’s cooling capacity.

4.3. Barriers to installing and scaling UHI-mitigating infrastructures in
Budapest

One of the principal barriers to effective UHI mitigation is the city’s
physical limitations. According to key informants affiliated with
governmental organs and NGOs that work on tree planting projects,
improving existing infrastructure (e.g. replacing or enriching poor soil
quality) can be reasonably straightforward and relatively cost-effective.
By contrast, gaining space for scaling existing solutions or installing new
ones is significantly more challenging, since any significant expansion
will require substantial alterations of the urban fabric, which is highly
costly and challenging, both legally and logistically. Regulatory reform
is therefore needed to support access to limited space and prioritise
investing in heat mitigation infrastructure in combination with utilities
to maximise infrastructure efficiency.

Non-physical barriers identified in this study can be broken down
into two subcategories: inhibitive and obstructive. While inhibitive
barriers (i.e. lack of awareness, priorities, political willingness, and
limited acceptance of nature-based solutions) prevent action from being
conceived or schemes from being launched, obstructive barriers (i.e.
lack of funding, unfavourable legal frameworks, and bureaucratic en-
vironments) hinder ongoing projects and impede their efficiency. Some
of the non-physical barriers identified by participants correspond to the
enabling factors mentioned in Van der Heijden, 2019 paper on climate
governance, which describes municipal and local governments’ need for
a supportive legal framework, autonomy, access to funding, vertical and
horizontal coordination, learning networks, stakeholder engagement,
and climate champions. In addition, the lack of context-specific strate-
gies is also a significant non-physical barrier (Kearl and Vogel, 2023).

Another barrier evident from the survey and interviews is the
disconnect between research and policymaking, often stemming from
focus- and goal-misalignment (Kleerekoper, van Esch, and Salcedo,
2012). Although both the Budapest Climate Strategy and the Dezs6 Rad6
Plan draw on academic research, there is a range of topics that have been
researched in-depth yet are scarcely featured in these documents. In the
case of Budapest, this implementation gap is likely engendered by
several interconnected factors: (1) the absence of city-wide policies and
action plans for UHI mitigation; (2) the resulting voluntary nature of
mitigation projects; (3) the complexity of the two-tier governing system
that obscures responsibility structures; (4) insufficient coordination
between the city, its boroughs, as well as among individual boroughs;
(5) and the unequal financial capacities across boroughs. As a result, the
performance of local governments in mitigating UHIs varies signifi-
cantly. To understand why only some of the available pertinent expert
information ends up being used, a rigorous investigation of information
flows between stakeholders is needed to improve evidence-informed
guidelines for restructuring the city.
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4.4. The role of government, civil society, and private actors in UHI
mitigation efforts

Climate governance is a complex regime whose workings depend on
an elaborate system of cooperation between different levels of govern-
ments and stakeholders. It is predicated upon a thorough understanding
of institutional hierarchies, underlying norms, values, and ideologies, as
well as appropriate goal setting, compliance, and their enforcement.
Similar to prior research (C40 and ARUP, 2017; City of Sydney, 2019;
Green Commission, 2013; NYC Mayor’s Office of Sustainability, 2018;
Simpson et al., 2010), interviewees and survey respondents consistently
highlighted the limited direct involvement of the national government,
alongside an unwillingness to cooperate and unfulfilled responsibilities
in improving climate resilience. They expressed a clear preference for
municipal and borough-level governments to take the lead in climate
resilience projects. This aligns with the findings of several studies.
Reckien et al. (2014) found that cities often demonstrate higher climate
governance ambitions than their corresponding states, positioning them
as key catalysts for progressive climate action. Van der Heijden (2014,
2019) draws attention to an emergent approach that critiques state-led
regulatory interventions while advocating for bottom-up collaborations
involving citizens, businesses, and local governments. Lee and Painter
(2015) advocate for researchers and NGOs also to be included in
developing comprehensive climate policies. And, similarly, Tatai et al.
(2022) highlight the need to update national legislation and manage-
ment of urban green infrastructure, although their analysis falls short of
identifying other responsibilities that were noted by interviewees, such
as providing funding or disseminating up-to-date information.

For instance, some boroughs implement a range of initiatives, such as
distributing plants, compost bins, and rainwater collection vessels;
running awareness-raising campaigns and education programmes;
conducting building surveys; and experimenting with UHI techniques.
Conversely, other boroughs lack delineated climate agendas altogether.
And even when UHI mitigation is addressed, it often serves as a com-
plementary effort to, rather than a core component of, urban governance
(Van der Heijden, 2019; Van der Heijden, 2014).

Another persistent challenge is the aforementioned ambiguity of
goal- and target-setting (Hofstad et al., 2021). This is exemplified by
Budapest’s commitment to various international frameworks — including
the Covenant of Mayors, the Compact of Mayors (now unified under the
Covenant of Mayors for Climate and Energy), the Under 2 Coalition, and
the C40 Cities’ Clean Construction Declaration — which involve broad
commitments but often lack clearly defined implementation pathways.
In addition to issues of tokenism, some initiatives have also been criti-
cised for their neoliberal and technocratic approach, which ultimately
perpetuates business as usual (Wolfram et al., 2019).

Various researchers (Jodoin et al., 2015; Jordan et al., 2015; Malm,
2021; Tosun and Schoenefeld, 2017; Zhang et al., 2019) argue that
collective action and greater inclusion of local stakeholders — civilians,
climate initiatives, grassroots organisations — in decision-making fosters
more effective, inclusive, and equitable outcomes. Highlighting that
climate challenges are not solely technical, but also fundamentally
distributional in nature, they emphasise the need for addressing struc-
tural inequalities. In addition to the diversity of perspectives, the
framing of deliberative processes is also important, for it ‘informs the
diagnosis of the problem, the selection of legitimate viewpoints, the
definition of alternatives, as well as the prescriptions for how the
problem should be addressed’ (Blue, 2015, p. 3).

A notable example of inclusive climate governance is the first
Budapest Climate Meeting in 2020, organised by the Municipal As-
sembly of Budapest as a follow-up to its Climate Emergency Declaration
in 2019 (Fovarosi Kozgytilés, 2019), which mirrored a similar declara-
tion by the European Parliament (2019). Over two days of consultations,
participants formulated 21 proposals outlining what Budapest should
aim to achieve in addressing the climate crisis and how these goals
might be realised (Bart et al., 2020). Although still falling short of true
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‘citizen control’ (Arnstein, 1969), this is the first known city-level
decision-making process, where a government-in-charge went beyond
merely providing education or offering tokenistic consultations to form
meaningful partnerships with its citizens.

In addition to citizens and NGOs, bringing in the private sector helps
to drive infrastructure projects by providing funding, technology, skills
and knowledge and increased efficiency. This would help mitigate
economic constraints, which were identified by interview participants
and survey respondents alike as core reasons for the lack of UHI-related
infrastructure development, even amidst favourable policy environ-
ments. Historically, the main reasons for the limited presence of PPPs in
Hungary have been a lack of supportive cultural context and the un-
willingness of governments to partake in financial risk distribution
(Kozma, 2013, 2016). While public opinion seems to have become more
supportive of PPPs, such partnerships continue to be underutilised.

In their analysis of PPP involvement in urban development in
Slovenia, Bugaric et al. (2019) describe a situation comparable to
Hungary’s, where barriers to PPP formation include such systemic ob-
stacles as inadequate policies, historic public mistrust in PPPs, in-
efficiencies in municipal administration, and a lack of expertise within
local governments. They argue that overcoming these challenges re-
quires a more goal-oriented approach, stronger administrative support,
and, importantly, centralised best-practice sharing initiatives through
advisory bodies to showcase successful PPP models. Their recommen-
dation concurs with the findings of other similar studies (Eriguchi et al.,
2024; He et al., 2019). They also suggest that more transparent alloca-
tion of EU funds — which in Hungary has been mired in corruption
(Greilinger, 2022; Kallay, 2015; Ligeti et al., 2024) — would encourage
greater private sector participation. Finally, stronger financial in-
centives, including higher investment returns than standard bank in-
terest rates, along with ‘de-risking’ mechanisms, are also necessary to
attract private investors (Taylor and Harman, 2016).

5. Conclusions

This paper empirically explores both various factors that give rise to
and intensify the UHI effect in Budapest and the benefits of green, blue,
grey, and hybrid infrastructures in adapting and mitigating urban heat,
in accordance with targets of the 11™ Sustainable Development Goals
(SDGs; sustainable cities and communities) (United Nations, 2015). In
addition, broader involvement of diverse stakeholders in climate action
working directly towards SDG 13 (climate action). Hybrid solutions
offer great potential in terms of their high public acceptability and
numerous co-benefits, such as ameliorating physical and mental
well-being, in line with SDG 3’s commitment of good health and
well-being, along with SDGs 6 (clean water and sanitation), 7 (access to
affordable energy), and 15 (life on land) (SDG, 2015). Strategically
planned hybrid infrastructure can maximise the efficacy of its compo-
nents, while reducing cost and increasing compatibility with the char-
acteristics of specific locations and existing infrastructure.

Four key findings can be elicited from this study. First, the principal
issue around the UHI phenomenon in Budapest seems not to be decision-
makers’ lack of understanding of the factors that influence its intensity,
but the absence of targeted policy actions taken to reduce the UHI effect.
Second, grey and hybrid solutions receive inadequate attention, which
indirectly limits the efficacy of UHI mitigation efforts. Third, a shortage
of space and a lack of regulatory and legislative support are major fac-
tors that hinder UHI mitigation. Finally, there is a pervasive imple-
mentation gap, coupled with the lack of accountability, which gives rise
to doubts regarding governmental dedication to tackling UHI formation.

Various future avenues for research hold potential. First, a Budapest-
based survey of the Danube is needed to better understand the limits of
its cooling capacity, influencing factors and ways in which it could be
enhanced or utilised. Second, Budapest-focused research specifically
examining the efficacy of hybrid infrastructures in UHI mitigation needs
to be conducted. Third, futures studies should include economic
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feasibility and cost-effectiveness assessments, including a comprehen-
sive survey of Budapest’s building stock, such as insulation quality, roof
structures and geometries, surface materials, piping and heating sys-
tems. Fourth, to improve the understanding of communication issues
between stakeholders, a thorough investigation of information flows is
needed. Finally, updates of the Budapest Climate Strategy are needed,
for instance, to include more details of the influence of surface materials
on albedo, the advantages of green walls and roofs, and building ma-
terials and urban heat. To support this, an accessible monitoring system
to support the strategy’s implementation is needed.

While the study site’s distinctive characteristics — such as its
geographic setting, regulatory and legal frameworks, and climate
governance models — may limit direct transferability, the paper’s find-
ings on barrier recognition and responsibility structures provide valu-
able insights for researchers and practitioners seeking to identify hybrid
infrastructure opportunities for improved mitigation efficiency. We
hope these findings will inform and inspire future research and policy-
making on urban heat, not only in Budapest, but in other high-density
Central European cities and comparable contexts elsewhere.
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Appendix 1. . Questionnaire for semi-structured key informant
interviews

(1) What iss your occupation?
(2) What is your age?
(3) What gender do you identify with?
(4) How long have you been living in Budapest?
(5) In what context (when, where, and how) did you first hear/learn
about urban heat islands?
(6) How and where did you find information on UHIs?
(7) What do you think are the primary causes of UHIs in general?
(8) What factors influence the UHIs’ effect in Budapest? (e.g. surface
area, reflective properties, wind speeds, pollution levels, evapo-
ration, runoff, etc.)
(9) Where is UHIs effect most significant across the city?
(10) How do you think UHIs should be tackled in Budapest?
(11) What is the effectiveness of green, blue, grey, and hybrid infra-
structure for mitigating urban heat in general?
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(12) What is the effectiveness and viability of green, blue, grey, and
hybrid infrastructure for mitigating urban heat in Budapest?

(13) Are there any barriers to the scaling of these solutions in
Budapest?

(14) How could they be overcome?

(15) Insum, what are the most effective ways of mitigating urban heat
effects in Budapest?

(16) Who are or should be responsible for driving change?

(17) Who should be involved in mitigation efforts?

(18) What is the role of local and national governments in mitigation
efforts?

(19) What is the role of the national government in mitigation efforts?

(20) What is the role of the public in mitigation efforts?

(21) What is the role of private actors in mitigation efforts?

(22) What is the degree of public acceptability of installing and
maintaining green and blue spaces and grey and hybrid in-
frastructures in Budapest?

Appendix 2. : Online survey

(1) Age range (multiple choice)
(2) Gender (multiple choice)
(3) District of residence (multiple choice)
(4) Length of residency (text entry)
(5) Highest level of education (multiple choice)
(6) Occupation (text entry)
(7) Have you ever heard about the UHI effect? (multiple choice)
(8) How much would you say you know about the phenomenon?
(Likert scale)
(9) In your view, what is the relative risk severity of UHIs compared
to other climate change-related risks? (Likert scale)
(10) What do you think, how well does Budapest manage UHI? (Likert
scale)
(11) What are the issues with the way Budapest approaches UHIs?
(multiple choice)
(12) What factors do you think impact UHIs? (multiple choice)
(13) Have you actively sought out information on UHIs? (multiple
choice)
(14) Have you thought about doing something to tackle UHI-related
issues? (multiple choice)
(15) If yes, what? (text entry)
(16) Have you ever engaged with relevant projects? (choice)
(17) If yes, how? (text entry)
(18) Who do you think is responsible for mitigation initiatives?
(multiple choice)
(19) Who should be involved in mitigation efforts? (multiple choice)
(20) What is the role of local governments? (multiple choice)
(21) What is the role of the national government? (multiple choice)
(22) What is the role of ordinary citizens? (multiple choice)
(23) Do you know anyone whose life or health has been impacted by
heat waves? (multiple choice)
(24) Have you ever experienced a heatwave (multiple choice)?
(25) If yes, how severely did it affect you? (Likert scale)
(26) If yes, what impact did it have on you? (multiple choice)
(27) Do you know anyone who has been affected by heat waves?
(multiple choice)
(28) Did you know about it beforehand? (multiple choice)
(29) If yes, where did you hear about it? (multiple choice)
(30) If yes, did you prepare against its effects? (multiple choice)
(31) If yes, how? (multiple choice)
(32) If not, why? (multiple choice)
(33) Once the heat wave hit, did you do anything to lessen its effect?
(multiple choice)
(34) If yes, what? (multiple choice)
(35) If not, why? (multiple choice)
(36) When did the heatwave(s) occur? (multiple choice)
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(37) Do you support the creation/expansion of green spaces in Buda-

pest? (multiple choice)

If yes, what types would you prefer? (multiple choice)

If no, why? (multiple choice)

How effective do you think green spaces are in mitigating urban

heat? (Likert scale)

Do you currently have a garden of any size or type / belong to

community gardens of any type? (multiple choice)

If yes, specify (multiple choice)

(43) If no, would you consider creating/joining one? (multiple choice)

(44) If no, why? (multiple choice)

(45) Would you support making green spaces (green balcony, green

roof, etc.) mandatory? (multiple choice)

If no, why? (multiple choice)

Do you support the creation or expansion of blue infrastructure in

Budapest? (multiple choice)

If yes, what types would you prefer? (multiple choice)

If no, why? (multiple choice)

How effective do you think blue infrastructure is in mitigating

urban heat? (Likert scale)

(51) Would you support mandating the improvement and expansion

of blue infrastructure in your neighbourhood? (multiple choice)

(52) If no, why? (multiple choice)

(53) Would you support the expansion of UHI mitigating grey infra-

structure in Budapest? (multiple choice)

If yes, what types would you prefer? (multiple choice)

If no, why? (multiple choice)

How effective do you think grey infrastructure is in mitigating

urban heat? (Likert scale)

Does the building where you live currently have any of the

following? (multiple choice)

Does the neighbourhood where you live have any of the

following? (multiple choice)

If no, would you like to have them created and/or installed?

(multiple choice)

(60) If no, why? (multiple choice)

(61) Would you support making the adoption of UHI-mitigating grey

infrastructure mandatory? (multiple choice)

(62) If no, why? (multiple choice)

(63) Would you support the expansion and/or installation of UHI

mitigating hybrid infrastructure in Budapest? (multiple choice)

If yes, what types would you prefer? (multiple choice)

If no, why? (multiple choice)

How effective do you think hybrid infrastructure is in mitigating

UHIs? (Likert scale)

Does the neighbourhood where you live have any of the

following? (multiple choice)

If no, would you like to have them created and/or installed?

(multiple choice)

(69) If no, why? (multiple choice)

(70) Would you support making the adoption of UHI-mitigating

hybrid infrastructure mandatory? (multiple choice)

If no, why? (multiple choice)

(38)
(39)
(40)

(41)

(42)

(46)
(47)

(48)
(49)
(50)

(54
(55)
(56)

(57)
(58)

59

(64)
(65)
(66)

(67)

(68)

(71)
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