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Abstract: Urban resilience is crucial in academic and policy discussions, particularly in
balancing urban development and sustainability in both developed and developing coun-
tries. In developing nations, rising emissions and vulnerability challenge effective climate
change mitigation and adaptation efforts. Advances in Information and Communication
Technologies offer significant opportunities despite challenges. The digital revolution is
central to enhancing urban management, especially in smart cities. In light of this context,
this paper aims to investigate the literature advancements of urban resilience to climate
change in smart cities and conduct a multi-case study analysis of adaptation and mitigation
strategies in Brazilian and German smart cities, demonstrating their efforts to enhance
urban resilience to climate challenges. The research used two main methods: a bibliometric
analysis to review literature on climate change, urban resilience, and smart cities, and
case studies of urban resilience practices in 10 smart cities from Brazil and Germany. The
literature review highlights the increase in research on this theme, identifying five thematic
clusters that reveal relationships among study topics and suggest future research directions.
The cases highlighted local initiatives in Brazilian and German smart cities to enhance
urban resilience to climate pressures, revealing notable differences due to varying levels of
development and investment.

Keywords: urban resilience; climate change; smart cities; adaptation; mitigation; case
studies

1. Introduction
Earth has undergone significant transformations caused directly or indirectly by

human beings. Physically, climate change is increasingly evident, and socially, a major
transformation is the urbanisation of mankind; these two phenomena are closely related.
The population concentration in urban centres has been a hallmark of world development,
representing approximately 55% of the world’s population. In Latin America and the
Caribbean, almost 80.7% of the population lives in urban areas, while in Europe the figure
is 74.5%. At the beginning of the 20th century, this rate was only 10% of the world’s
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population. By 2050, 68% of people will live in urban environments [1]. In parallel, the
concentration of CO2 (carbon dioxide) in the atmosphere, the main greenhouse gas—GHG,
increased by around 30% in the 20th century when compared to the previous one. It is
estimated that the average global temperature rose by about 0.7 ◦C in the last century, and it
is predicted that it could increase by up to another 5 ◦C over the present century, according
to reports from the Intergovernmental Panel on Climate Change [2].

In 2023, South America experienced its hottest year on record, while Europe had its
second warmest year [3]. Moreover, extreme weather events, such as floods, droughts,
and rising sea levels, have become more frequent, consequently affecting various parts
of the globe in different ways and primarily damaging the poorest regions, including in
Latin America and Europe. These events can lead to heavy flooding, critical infrastructure
damage, serious health impacts including human losses due to excess urban heat, and
further disruptions in urban life, and often coastal cities are substantially exposed [4].

In this context, urban resilience has gained importance in academic and policy dis-
cussions [5], considering the fact that it must be considered alongside efforts to promote
urban development and sustainability [6]. Urban resilience is an urban system’s ability
to maintain or quickly restore desired functions in the face of a disturbance, to adapt to
changes, and to transform systems that limit current or future adaptive capacity rapidly [7].
It involves the capacity to recover and continue providing primary functions in the face of
disasters and other risks [8], considering adaptation and mitigation strategies.

Nevertheless, the reality of resilience to climate change differs between developed
and developing countries. Despite increased emissions, including greenhouse gases, and
heightened vulnerability to climate change, taking action to mitigate and adapt to climate
change is challenging in cities in developing countries [9]. These cities are struggling
with worsening congestion, air pollution, crime, waste management, and unemployment
issues. Moreover, urban mitigation and adaptation goals in these countries will have to
be achieved as co-benefits of interventions targeted at solving pressing urban problems.
The effective and synergistic use of selective urban interventions could help solve existing
urban problems and achieve climate change mitigation and adaptation objectives [10].

In the context of these challenges, the opportunities revealed by advances in Informa-
tion and Communication Technologies (ICTs) must be considered. In recent decades, ICTs
have provided a revolution in data generation, process management, and innovations in
the integration of digital infrastructures and systems, which has impacted various sectors
of the economy and the social and professional relationships of individuals, transforming
them into sources of data in real time. Software companies, consultancies, and start-ups,
among other new forms of organisations, have developed solutions capable of meeting
the various individual and collective demands that arise amid the transformations of the
digital world and people’s daily lives. In this scenario, the possibilities provided by the
digital revolution are at the centre of the debate on the application of technology in urban
management, especially when analysing the context of smart cities [11]. In the context of
this digital revolution in urban environments, the Internet of Things (IoT) has played a key
role in the development of smart cities. IoT architectures enable the optimisation of resource
allocation and urban services by connecting networks of sensors, devices, and applications,
thus enabling real-time data collection, analysis and automated decision-making in city
systems [12]. Recent research also highlights that the integration of IoT with artificial
intelligence (AI) further extends these capabilities, supporting adaptive and intelligent
urban management solutions that increase efficiency, sustainability, and quality of life in
cities [13].

The concept of smart cities was first addressed in the 1990s, with the aim of highlight-
ing the importance of ICTs to overcome the challenges of cities within a global knowledge
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economy [14,15]. However, the concept gained notoriety in the scientific debate in the
second half of the 2000s, for example, with the study of Giffinger et al. [16], understanding
the smart city as a blend of smart economy, people, governance, mobility, environment,
and living, built on the combination of endowments and activities of self-determined, inde-
pendent, and aware citizens. Corroborating this, for Caragliu et al. [17], urban performance
does not depend only on the infrastructure (physical capital) of a city but also, more and
more, on the availability and quality of knowledge communication and social infrastructure
(human and social capital). Table 1 provides an overview of some of the components seen
in smart cities. By integrating these elements, smart cities aim to create a more efficient,
sustainable, and liveable urban environment.

Table 1. Some of the elements seen in smart cities.

Item Features

Citizen Engagement Participation of residents to report issues, provide feedback, and
participate in city planning.

Environmental Education Efforts to raise awareness and educate residents about
environmental issues and sustainability.

Care with Public Spaces and Parks Well-maintained and accessible green spaces that encourage
outdoor activities and social interactions.

Provisions of Emergency Response Systems Technologies that improve the efficiency and effectiveness of
emergency services.

Availability of Online Learning Resources Platforms that offer educational content and training programmes
for different age groups.

Accessible Services Public services designed to be inclusive and accessible to all,
including those with disabilities or limited mobility.

Digital Inclusion Efforts to ensure all residents have access to digital technologies
and the internet, reducing the digital divide.

Becoming smart has been a way for cities to seek innovative solutions to deal with
the problems and challenges they face, such as climate change [18,19]. This approach
has become a topic of interest for technology communities [20], governments and in-
ternational organisations [21,22], and academia [23], configuring a new arrangement of
sustainable development [24]. In the context of achieving sustainable, technological, and
equitable urban transformation, smart cities offer a wide range of innovative services in
various sectors such as transportation, healthcare, public safety, traffic control, pollution,
and waste management [25,26]. As a result, there has been a rise in initiatives aimed at
modernising urban service infrastructure and creating better environmental, social, and
economic conditions [27,28]. These initiatives must be closely aligned with the specific
needs and realities of both developed and developing countries, taking into account their
unique characteristics.

Given this context, this paper aims to investigate the literature advancements of urban
resilience to climate change in smart cities and conduct a multi-case study analysis of
adaptation and mitigation strategies in Brazilian and German smart cities, demonstrating
their efforts to enhance urban resilience to climate challenges.

2. Climate Change Impacts and the Cities’ Agenda
Climate change is recognised as one of the most pressing challenges facing humanity

today, and it has far-reaching consequences across various settings and contexts, including
both rural and urban areas. It has an economic impact that cannot be quantified, in addition
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to impacting social relations, population levels, disease expansion, and environmental
displacement. In particular, a well-established link exists between climate change and
urbanisation [29–31].

Cities face a significant threat from extreme weather events, and cities need to address
efforts to manage their environmental and infrastructure impacts [32]. Extreme heat events,
such as the urban heat island (UHI) effect, are increasing with severe consequences [33].
Water quantity and quality in cities are also negatively impacted [34]. Research shows that
global warming and urbanisation will cause more intense heat extremes [35,36].

Reducing the impact of climate change requires targeting public policies [37] and
technological and product innovations by organisations, adjusting consumption patterns
and waste generation by consumers [38], as well as adopting resilience strategies in the
context of urban environments [2]. In this way, environmental and social issues have gained
considerable space on the world agenda and have challenged globalisation.

In 2015, the Paris Agreement to the United Nations Framework Convention on Climate
Change [39] encouraged the development of measures to reduce GHGs in order to contain
the global temperature increase by up to 2 ◦C, making efforts to limit this warming increase
by up to 1.5 ◦C by the end of the 21st century. Also in 2015, a commitment signed by
UN member countries—the 2030 Agenda—presented the Sustainable Development Goals
(SDGs), which serve as guidelines for actions seeking to improve people’s lives. Among
these SDGs, there is a specific one for Sustainable Cities and Communities (SDG 11), which
aims to make cities and human settlements inclusive, safe, resilient, and sustainable. There
is also an SDG directed at climate change (SDG 13), which proposes measures to combat
climate change and its impacts [40]. Furthermore, the Sendai Framework for Disaster Risk
Reduction 2015–2030 guides the need to adapt territories to the impacts of climate change
to reduce disaster risks, which incur irreparable loss of life and financial and infrastructure
damage [41].

It should be noted that although climate change is inevitable no matter how significant
the reduction in emissions [42], a climate strategy that seeks to reduce its impacts is
necessary. In view of this, organisations and governments have come to rely on mitigation
and adaptation strategies as alternatives to these changes [43]. As urbanisation expands,
it worsens climate change. However, it could also provide a valuable opportunity to aid
in climate change adaptation and mitigation efforts, particularly, but not only, in coastal
regions [44]. It is crucial to encourage breakthroughs in science and technology to initiate
adaptation and mitigation measures in cities or raise awareness about climate change’s
causes and consequences, making it a priority policy concern for governments [45]. While
mitigation strategies aim to address the causes of climate change, adaptation strategies aim
to reduce its impacts [46].

From the perspective of mitigating climate change and reducing GHG emissions,
urban planning plays a crucial role in shaping cities and impacting energy demand. Studies
indicate that various aspects of urban design significantly impact travel patterns, influenc-
ing the use of vehicles [47]. Compact urban developments with higher population densities
and mixed land uses help save energy, while dispersed urbanisation, low population densi-
ties, and segregated land uses lead to increased motor vehicle usage and higher greenhouse
gas emissions [48].

Regarding adaptation to the effects of climate change, the organisation of urban space
is probably even more relevant. The urban areas most vulnerable to extreme weather
events, especially in areas occupied by poorer populations, should be the object of urban
regularisation policies. Initiatives and good practices in transformative adaptation to
climate change in cities may pursue some pathways: improving knowledge of climate
risks and awareness of vulnerability; enhancing preparedness and promoting sustainability,
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considering socio-economic contexts; and supporting policy-making and mobilising the
public towards increased resilience [9].

Adaptation strategies are also vital to reducing the risks [8], including the concept of
rights and justice [49], and to increasing resilience and enabling sustainable development [45].
To address global climate change, taking action in urban centres is crucial. Building
the capacity for adaptation in urban areas, including the spatial planning approach, is
urgent [50,51], even more so in developing countries [52,53].

However, while most developed countries (e.g., Germany) have already presented
their planning focused on sustainability as a strategy and implemented such in several
government spheres—national, state, and municipal [54], there is a different reality in
developing countries (e.g., Brazil), where most of the time an integrated planning strat-
egy is practically non-existent, and there are few instruments for measuring results [55],
which evidences the importance of creating a favourable local context for urban sustainable
development [56]. According to Leal Filho et al. [9], to maximise investments in urban
areas while addressing social issues in developing countries, there is a necessity for trans-
formative approaches to investments in low-carbon and climate-resilient infrastructure.

In this context, it is increasingly necessary to plan cities to make them more sustainable
and resilient, considering different contexts. According to the IPCC [2], urban resilience is
the capacity of a city to absorb disturbances, maintain its normal functioning, and avoid
collapse. For this, the city must be prepared for the effects of climate change, identify the
impact of its actions on the advancement of these changes, and seek ways to reduce this
impact. Sustainable urban development aims to promote its quality of life and reduce
negative socio-environmental impacts. Therefore, it is necessary to consider the relevance of
cities and urban planning, looking at where the primary sources of GHG are concentrated
and the points where areas and populations are most vulnerable to the resulting risks.
Thus, discussions on climate change must strongly consider the role of cities, both from the
perspective of mitigation and adaptation [2].

Currently, smart city initiatives and strategies have been incorporated into the agenda
of local and national governments around the world to propose solutions to the most diverse
urban problems, among which are climate issues [18]. Smart cities are, for example, capable
of combining technological elements in different areas of urban planning with the challenge
of facing climate change [57], modifying traditional patterns of urban development that are
intensive in carbon and fossil fuel consumption towards a more sustainable and efficient
model of resource use [58,59], and effectively contributing to the climate change agenda.

3. Methods
This study aims to investigate the literature advancements of urban resilience to

climate change in smart cities and conduct a multi-case study analysis of adaptation and
mitigation strategies in Brazilian and German smart cities, developed using two principal
methods. First, a bibliometric analysis was used to conduct the literature review and
explore connections between climate change, urban resilience, and smart cities. The second
research method was the case study, where an analysis was conducted to highlight urban
resilience practices in a group of 10 Brazilian and German smart cities.

In the literature review, bibliometric analyses were conducted on the Web of Science
database (WoS) to identify peer-reviewed papers covering studies related to climate change,
resilience, and smart cities. The decision to exclusively use the Web of Science (WoS)
database was owing to its recognised reliability, broad multidisciplinary coverage, and the
quality of its available metadata. According to Pranckutė [60], WoS was the first interna-
tional bibliographic database of wide scope and, over time, has established itself as one of
the most influential and traditionally used sources for journal selection, research evaluation,



Urban Sci. 2025, 9, 179 6 of 24

and bibliometric analysis. In this context, WoS proves to be an appropriate choice to ensure
the robustness and credibility of the data employed in the present study. Although the
WoS is widely recognised for its reliability and structured metadata, its selective coverage,
particularly of English language research, may overlook relevant studies published in local
languages or in applied fields more frequently indexed in other databases. This limitation
could influence the formation of thematic clusters and affect the representation of locally
driven urban initiatives.

The methodological procedures adopted in the first stage did not affect the identifica-
tion of cities. This is because the selection of cases was not directly linked to the systematic
literature review. The following search string was used: TS (“Climate change” and “re-
silien*” and “Smart Cit*”). It filtered the document types by article, review article, early
access, or editorial material with no set time restriction, so all publications in the historical
period covered by the WOS were considered. The first study on these topics was published
in 2014, and all of them published up to the search date (25 April 2024) were analysed,
totalling 98 documents. The abstracts, titles, and keywords were reviewed in order to
eliminate those unrelated to the specific field of study, resulting in 2 documents being
eliminated before performing the analysis of the results. Figure 1 illustrates the 96 pub-
lications categorised by WoS classification on a treemap chart, considering the 10 most
relevant categories, where the categories of environmental sciences, environmental studies,
green sustainable science technology, and urban studies stand out. Larger rectangles repre-
sent a higher proportion of publications in the WoS category, with the number indicating
total publications by discipline, with 76 articles, 19 review articles, 1 early access, and
1 editorial material.

Figure 1. Publications categorised by WoS classification.

The bibliometric analysis of the 96 publications was based on the co-occurrence of
terms using VOSviewer software, version 1.6.20 [61], to construct and visualise bibliometric
networks graphically, as suggested by van Eck & Waltman [62]. Bubble size indicates term
frequency, while stronger connections between bubbles signify a higher likelihood of terms
co-occurring and forming thematic clusters, represented by colours. The relationships
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between keywords are depicted by the strength of the connecting ties among the nodes, in
accordance with Carvalho et al. [63].

The second stage with a qualitative approach was based on the study of multiple
cases [64] from a set of 10 Brazilian and German smart cities to evidence practices of urban
resilience to climate change. Curitiba, Florianópolis, Porto Alegre, Rio de Janeiro, and São
Paulo in Brazil and Berlin, Dresden, Frankfurt, Hamburg, and Munich in Germany were
analysed. The data collected for the cases is based exclusively on secondary data from
policy documents and peer-reviewed academic publications, identified through a narrative
literature review.

The cases were chosen based on their regional relevance, the availability of suitable
documentation in the literature, previous experience in climate change resilience, and
their recognition as some of the smartest cities in their respective countries, considering
the rankings of Connected Smart Cities for Brazilian cities and IMD Smart City Index
2023 for German cities [65,66]. Specifically, the selection focused on cities that consistently
appear at the top of these rankings, which consider different indicators such as mobility,
environment, technology, innovation, governance, and quality of life. This approach
ensures that the study includes cities that are leaders in digital transformation and smart
city initiatives, as well as having established strategies and documented experiences in
urban resilience and climate adaptation, considering the context of their respective countries.
By comparing examples from Brazil and Germany—two countries with different economic,
social, and technological contexts—the research has the potential to highlight shared
challenges and context-specific approaches to increasing urban resilience within smart
city frameworks. The comprehensive review of previous literature guided this approach,
providing insights into the analysis of the cases and allowing for a holistic examination.
This enabled a comparison of the different realities and significantly enriched the overall
understanding of their strategies for tackling climate change in the context of their smart
city initiatives.

4. Results and Discussion
The following section presents the findings of two separate investigations: a literature

review and a set of case studies. The results are divided into two sections. The first section
presents an analysis of the literature on the topics of urban resilience and smart cities. The
second section presents the results of the case studies, which were conducted in 10 smart
cities in Brazil and Germany. These case studies were conducted to provide examples of
urban resilience practices in action.

4.1. Literature Review on Climate Change, Urban Resilience, and Smart Cities

This section presents the findings of the literature review, encompassing research on
climate change, resilience, and smart cities. The number of publications has significantly
increased in recent years, as illustrated in Figure 2. The first two publications on the
analysed themes date back to 2014, with the most substantial growth occurring since 2019.
In 2023, 26 studies were published on this topic.

Table 2 below displays the main journals in which the analysed studies were published.
It is evident that the journals Sustainability, with 11 publications, and Smart Cities, which
has 7 studies published on this topic, are significant sources of reference for studies related
to this theme.
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Figure 2. Number of publications in recent years.

Table 2. Publication Titles.

Publication Titles Record Count % of 96

Sustainability 11 11.458

Smart Cities 7 7.292

International Journal Of Disaster Risk Reduction 4 4.167

Sustainable Cities And Society 4 4.167

Frontiers In Environmental Science; Journal Of
Cleaner Production; Land 3 3.125

The authors with the highest number of publications on this topic are Allam, Z. and
Sharifi, A., who have each published 5 studies. Table 3 displays all the authors who have
published two or more studies during the analysed period.

Table 3. Number of publication per author.

Authors Record Count % of 96

Allam Z 5 5.208

Sharifi A 5 5.208

Shaw R 3 3.125

Ariyaningsih; Baghersad M; Bibri SE; Dianat H; Fernández
CG; Khatibi H; Khavarian-Garmsir AR; Peek D; Wilkinson S 2 2.083

Figure 3 presents the results of the bibliometric analysis of climate change, resilience,
and smart cities based on the co-occurrence of terms. The analysis is based on the co-
occurrence of terms, using keywords that occur at least 3 times, resulting in 71 items. There
are five thematic clusters, each associated with a different colour.

The first cluster, in red, focuses on climate change management in the context of urban-
isation, including aspects related to green infrastructure and ecosystem services [67–69].
Kaluarachchi [70], for example, analyses the advantages of combining smart and green
infrastructure components in urban design policies, providing not only climate change
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resilience but also the improvement of citizens’ quality of life. Publications in this cluster
also take into account specific aspects of climate change management processes, including
emissions [71], temperature [72–74], and rainfall [75,76].

Figure 3. Co-occurrence of the terms in climate change, resilience, and smart cities.

The green cluster is related to smart cities and urban resilience, considering the analysis
and the development of frameworks and indicators of performance [77–80]. Some studies
in this cluster are focused on technological aspects [81], such as digital twins and big
data [82,83] and the internet of things [84]. Health [85] and environment, including urban
green spaces in the context of sustainable cities [86], are also pertinent topics in these
publications.

The third cluster in blue covers studies related to climate change and sustainability,
including impacts [87] and challenges [88,89]. Adaptation [90,91] and mitigation [92,93]
practices are discussed, such as in the study of [94], who report elements of adaptation to
climate change in European smart cities initiatives. In addition, the analysis of innovations
for this purpose includes the use of technologies such as artificial intelligence [95,96] and
recent advances in renewable energies [59,97]. There are also studies looking at governance
processes [98,99] and risk analysis, such as the studies addressing flood risk by Ariyaningsih
& Shaw [100] and Motta et al. [101].

The yellow cluster involves studies related to resilience, focusing on strategies, poli-
cies, and politics [57,102], including describing experiences in specific cities, such as in
Romania [103]. Urban development is a significant focus [104], particularly concerning
community resilience [74,105]. De Jong et al. [58], for example, analyse different concepts
and denominations of city approaches, such as sustainable, smart, and resilient, focus-
ing on comprehending their implications for urban development and regeneration policy
and practice.
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The last cluster in purple considers publications on smart city infrastructure [68,106,107],
including mobility [108,109] and energy [110]. The circular economy is also present in this
analysis, such as in the publication of Maiurova et al. [92]. Finally, there are references
to studies that consider the scenario of the COVID-19 pandemic and climate change on
urban dynamics, considering its impact and lessons for resilience, such as the studies of
Kakderi et al. [111] and Moglia et al. [112].

4.2. Case Studies in Brazilian and German Smart Cities

In this section, selected cases of smart cities in Brazil and Germany are presented. These
cases address practical approaches for enhancing urban resilience in the face of climate
change (Table 4). In addition, the cases are discussed to understand the development of the
strategies adopted, taking into account their different contexts.

Table 4. Case Examples of Urban Resilience to Climate Change in Brazilian and German Smart Cities.

City, Country
Population Practices of Urban Resilience in Smart City Context References

São Paulo, Brazil
Pop. 12.3 million

Climate change has been part of the local agenda in São
Paulo since 2003, where it is crucial to consider its social,

political, and economic complexities and their
interconnectedness. Projects and Activities in urban

mobility, energy efficiency, and governance process are
developed and planned.

Di Giulio et al. [113];
Goers et al. [114];
Torres et al. [115];
Lamas et al. [116]

Rio de Janeiro, Brazil
Pop. 6.7 million

The Plan for Sustainable Development and Climate Action
aims to build policies based on the Sustainable

Development Goals and include smart initiatives. Some
initiatives such as the Neutral District Project and “Porto
Maravilha” include concepts of resilience and smart cities.

However, the smart city agenda still prioritises the
economic and political aspects of techno-driven

urban transformation.

Da Silva & Buendía [117];
Mendes [118]; Rio de Janeiro

City Government [119]

Curitiba, Brazil
Pop. 1.7 million

Sustainable urban transport and GHG emissions reduction
through smart mobility initiatives, including the

implementation of renewable energy sources to supply
urban public transportation and triple helix governance.

Fryszman et al. [120]; Lira &
Lofhagen [121]; Miranda &

Rodrigues da Silva [122]

Porto Alegre, Brazil
Pop. 1.3 million

Smart governance has a relevant role in city development,
fostering collaboration between the public and private
sectors and promoting innovation and technological

advancement. The Master Plan is based on coordinating
land use and zoning to address climate issues, but there are

weaknesses in building, cartography, and social aspects,
creating a lack of support for tackling the issue of

rising temperatures.

Macadar &
Lheureux-De-Freitas [123];

Viale Pereira et al. [124];
Viegas et al. [125]

Florianópolis, Brazil
Pop. 508.826

One of the smartest Brazilian cities, standing out in the
technology and innovation, health, safety, and

entrepreneurship categories, Florianópolis has a potential
innovation ecosystem while still having structural issues to
deal with pertaining to climate change. The project Agenda
Floripa 2030/2040/2050 includes initiatives that explore

the city’s innovative and smart potential to address
solutions, with the premise of “Humane Smart cities”.

Bonatti et al. [126];
Yigitcanlar et al. [127];
FloripAmanha [128].
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Table 4. Cont.

City, Country
Population Practices of Urban Resilience in Smart City Context References

Berlin, Germany
Pop. 3.6 million

The Berlin Energy and Climate Protection Programme
2030—BEK 2030 includes a climate-friendly mobility plan

of comprehensive
measures for the mobility of citizens. In the role of

smart-mobility, Berllin is planning the expansion of cycle
paths and public transport networks, more car and bike

sharing offers, and investments in electric mobility.

Cepeliauskaite et al. [129];
Creutzig et al. [130]; Senate

Department for Urban
Mobility, Transport, Climate

Action, and the
Environment [131]

Hamburg, Germany
Pop. 1.8 million

Smart solutions are helping the city improve its flood
resilience, especially in managing flood risks, considering

the digital twin approach. Simulation of extreme rain
events to understand them and contribute to

forward-looking urban planning, in the context of
Hamburg’s Climate Plan.

Abebe et al. [132]; Josipovic &
Viergutz [83]

Munich, Germany
Pop. 1.4 million

Munich has made a clear commitment to finding a healthy
balance between smart technologies and practical solutions

for people in their daily lives by utilising the concept of
Smart Data. The goal is to create a solution that collects,

analyses, and provides access to data that deliver benefits
to residents and/or the entire city, co-creating resilience

and liveability in their development model.

Kutty et al. [133];
Morishita-Steffen et al. [134]

Frankfurt am Main,
Germany

Pop. 753.056

One of the smartest global cities, Frankfurt has seen
relevant advances in digital inclusion, cybersecurity,

privacy, green technologies, and innovative communities.
The development of a smart irrigation system for urban

trees is a highlighted example of a solution.

Gimpel et al. [135]; Vanli [136]

Dresden, Germany
Pop. 554.649

Smart solution addressing the challenges and helping the
city to improve its flood resilience, considering the big data

approach to support the decision-making process.

Josipovic & Viergutz [83];
Saxon State Office for the

Environment, Agriculture and
Geology [137]

4.2.1. Brazilian Cities

In São Paulo (pop. 12.3 million), Brazil’s largest city, climate change has been part of
the local agenda since 2003, when it was part of the Cities for Climate Projection Campaign.
In 2009, it became the first city in Brazil to implement a Municipal Climate Law with specific
objectives. Additionally, the new Master Plan introduced in 2014 incorporates participatory
platforms that promote sustainable solutions for urban mobility [113]. For example, the São
Paulo Smart Mobility Program is developed in two pillars: (1) efficiency in the management,
planning, and operation of public transport, as well as in the regulations related to urban
mobility, creating a more integrated and efficient transport planning and management
process aimed at recovering demand for public transport and reducing emissions, and
(2) decarbonisation, sustainable mobility, and social inclusion policies, improving the
regulatory and policy framework to provide more inclusive urban mobility services for
women and people in socioeconomically vulnerable situations [116].

Furthermore, smart urban governance is crucial in a megacity like São Paulo, consid-
ering its social, political, and economic complexities and their interconnectedness. Some
innovative urban policies may be cited, such as the digital platform Geosampa, with its
updated statistical and geospatial information as well as quantitative and qualitative indi-
cators of urban and environmental policies [113]. Based on the study by Torres et al. [115],
it is imperative for climate change adaptation in São Paulo to be integrated with local devel-
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opment and poverty reduction initiatives. The identification of impacts and vulnerabilities
and the evaluation of adaptation options should be a regular part of the public manager’s
responsibilities and must involve the participation of the communities.

According to Goers et al. [114], policymakers are strongly interested in promoting
biomass energy, betting on bioelectricity, and replacing polluting energy sources with green
fuels. Additionally, the latest plan for the energy sector, São Paulo State’s Energy Plan
2030, set up long-term goals to promote the delivery of less pollutant and climate-warming
energy sources and the improvement of energy efficiency.

In Rio de Janeiro (pop. 6.7 million), the Plan for Sustainable Development and Climate
Action (PDS) aims to build policies based on the Sustainable Development Goals (SDGs)
and include smart initiatives. Among the sustainable projects of the plan, the Neutral
District Project expects to implement actions to reduce greenhouse gas emissions (GHG),
starting in the downtown region. This project is developed with some principles of smart
cities, considering walkability, environmental education, health, participation, and the
adoption of clean technologies. In addition, in terms of economy and innovation, the PDS
targets to attract R$10 billion in investments in smart city projects, with emphasis on the
energy, creative economy, technology, life sciences, and financial services sectors [119].
According to Da Silva & Buendía [117], the project “Porto Maravilha” is also an urban
innovation element with concepts of smart cities and resilient cities, including solutions
and technology tools developed by start-ups supported by the private sector to improve
the efficiency and functioning of the city. However, according to Mendes [118], the smart
city agenda is still limited to addressing the challenges of climate change in Rio de Janeiro.
Smart city policies have prioritised the economic and political dividends of a techno-
driven urban transformation over citizen well-being and climate change adaptation and
mitigation [118].

Curitiba (pop. 1.7 million) is a great example of sustainable urban transport and GHG
emissions reduction through smart mobility initiatives. Recognised as a pioneer in the
Bus Rapid Transit Sýstem—BRT, associated with adequate land use planning [122], the
city has made efforts to effectively implement renewable energy sources to supply urban
public transportation, including the replacement of the bus fleet with the hybrid electric
system and the use of biofuels in the Hibribus project [121]. In a socio-technical innovation
approach, smart urban mobility is applied in Curitiba, considering its historical planning
perspective. Incremental and continuous advances have brought positive results over
time [120]. The Hibribus project considers consolidating the triple helix, with effective
participation by companies, universities, and the public sector in the governance process.

In Porto Alegre (pop. 1.3 million), smart initiatives have been part of the planning
agenda, where smart governance has a relevant role [124]. In this scenario, the Office of
Innovation and Technology—INOVAPOA—is a department that aims to foster collabora-
tion between businesses and universities, develop joint projects, and promote innovation
and technological advancement [123]. In its scope, the Programa Governo Digital (Digital
Government Program) was established in 2022 to institutionalise the digital transformation
strategy of the municipality of Porto Alegre. It aims to connect or enhance existing actions
through a transversal articulation of various areas of public administration [138]. According
to Viegas et al. [125], the Master Plan of Porto Alegre is based on coordinating land use
and zoning to address climate issues. However, there are weaknesses in building, cartogra-
phy, and social aspects that are important for addressing urban climate variability issues.
Furthermore, the document lacks provisions for monitoring local climate, greenhouse gas
emissions, and energy efficiency, providing insufficient support for tackling the issue of
rising temperatures [125].
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Florianópolis (pop. 508.826) is considered one of the smartest Brazilian cities [139], in first
position on the Connected Smart Cities 2023 Ranking, and stands out in the technology and
innovation, health, safety, and entrepreneurship categories [65]. Sabatini-Marques et al. [140]
revealed the potential of Florianópolis’ innovation ecosystem but highlighted that the
city still has structural issues to deal with [127]. These issues relate to the gap between
the potential to grow and the acknowledgement from key actors to support the overall
territory development while considering its complex dimensions, especially by amplifying
the ecosystem’s vision and addressing innovation for the common good [140].

According to Bonatti et al. [126], Florianópolis faces climate impacts, and there
are problems associated with climate adaptation, especially in vulnerable communities,
where residents point to areas such as education, sanitation, and social assistance as their
most important local problems. Considering this context, the project Agenda Floripa
2030/2040/2050 [128] is an effort by local stakeholders that includes initiatives that ex-
plore the city’s innovative and smart potential to address solutions, with the premise of
“Humane Smart Cities” to adapt to and mitigate climate change through the pillars of
socio-environmental sustainability, urban sustainability, and fiscal and public governance.
The new terminal at Hercílio Luz Floripa Airport is considered an example of a project that
bonds the principles of a smart city by considering energy efficiency, improving air quality,
and reducing greenhouse gases, including Green Airport certification, while using more
efficient technology and local governance, resulting in improved mobility and stimulating
the local economy [128].

4.2.2. German Cities

Berlin (pop. 3.6 million), Germany’s largest city, recognised as one of the smartest
cities in Europe [141], has implemented a comprehensive plan to become carbon-neutral
by 2050. The plan, which is called the Berlin Energy and Climate Protection Programme
2030—BEK 2030, was adopted in 2018 and includes a set of strategies and measures
for mitigating climate change and adapting to its consequences, focusing on relevant
fields of action: buildings and urban development, energy supply, economy, transport,
and private households and consumption. The Senate Department for Urban Mobility,
Transport, Climate Action, and the Environment, which is responsible for the program’s
implementation, monitors the status of the indicators and outcomes through a digital
monitoring and information system named biBEK. In line with the principles of smart
governance, the system has two main functions: providing transparency and access to data
and results, as well as allowing for critical assessment of the measures [131].

In this scenario, smart urban transport is a prioritised field in Berlin, where business,
science, and municipal policy are rapidly developing expertise and interest in digitalisation
governance. The efforts for smart sustainable mobility include sharing services for cars,
bicycles, and scooters, with a crucial action of the Innovation Center for Mobility and
Societal Change—InnoZ [130] and the expansion of public transport networks and cycle
paths [129], including mobility services supported by the end-user digital applications,
with positive impacts observed [142,143]. The case of Berlin is in line with [144], who argue
that connected mobility is making cities safer, greener, and more efficient in Germany,
highlighting the benefits of Connected, Cooperative, and Automated Mobility (CCAM)
and its positive effects on GHG emissions reduction.

In Hamburg (pop. 1.8 million), technology is helping the city improve its flood re-
silience, especially in managing flood risks, by considering the digital twin approach. Smart
solutions have been used in extreme rain event simulations, with the aim to understand
them and contribute to forward-looking urban planning, examining possible ways to adapt
to the consequences of climate change [83]. Abayneh Abebe et al. [132] suggested that
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implementing flood adaptation measures in Hamburg at the household level is crucial to
reducing the vulnerability of communities to flooding. By using coupled agent-based and
flood models, decision-makers can effectively examine the role of household adaptation
measures in flood risk management. The Climate Plan for Hamburg, with the aim to be
CO2-neutral by 2045, considers smart solutions and measures and is divided into six areas:
private households; commerce, trade, and services; industry; transport; energy transition;
and cross-sectoral fields of activity. An updated version of the plan in 2023 includes concrete
measures in a strengthened expansion of the infrastructure for electricity, heat, hydrogen,
and charging points for electric vehicles; an early photovoltaic requirement for existing
buildings; and a solar green roof requirement [145].

In Munich (pop. 1.4 million), the concept of smart data rather than big data is present
in a smart governance perspective, along with a commitment to finding a healthy balance
between smart technologies and practical solutions for people’s daily lives, prioritising
privacy and data protection. Efforts have been made to create solutions that collect, analyse,
and provide access to data that delivers benefits to residents and/or the city into the City
Intelligence Platform for the purpose of saving energy, reducing carbon dioxide emissions,
and facilitating a cleaner and more efficient traffic flow [134]. German smart cities like
Munich prioritise privacy-by-design and distributed data processing in line with the Eu-
ropean Union’s General Data Protection Regulation (GDPR). Munich’s City Intelligence
Platform utilises distributed computation models to safeguard personal data. This aligns
with Morteza and Chou [146], who highlight methods for preserving privacy in distributed
infrastructures by balancing efficiency and privacy trade-offs, providing important context
for smart city governance challenges. The city adopts a hybrid model of smart gover-
nance, combining hierarchical and network elements and high participatory stakeholder
involvement [147]. According to Kutty et al. [133], Munich is one of the highlighted Euro-
pean smart cities that co-create resilience and liveability in their development model with
superior performance. As part of the Cultural Heritage in Action (CHA) programmes, for
example, investments in culture have been used to promote community well-being, social
resilience, and smartly targeted growth and development in Munich [133].

Along with Munich, Frankfurt (pop. 753.056) is one of the smartest global cities that
considers some of the smart drivers, including technology, community, infrastructure,
innovative economy, and governance, with highlighted advances in digital inclusion, cyber-
security, privacy, green technologies, and innovative communities [136]. The development
of a smart and sustainable irrigation system for urban trees is a good example of the ap-
plication of smart and innovative solutions for urban resilience in Frankfurt, considering
elements such as the Internet of Things (IoT) and data analytics [113]. The European Arbori-
cultural Council (EAC) recognised the relevance of the green infrastructure in Frankfurt,
naming it the “European City of the Trees 2014”. With a vision to halve its total energy
consumption by 2050 and cover the remaining energy requirements with renewable en-
ergies from within the city and the region, the “100% Climate Protection Master Plan”
was adopted in 2012. Some smart solutions have been considered in this context, such as
mobility, which must be socially, ecologically, and economically compatible. This involves
incentives for cycling and local public transport, as well as initiatives for electric and hybrid
buses [148].

To address the challenges and help improve its flood resilience, Dresden (pop. 554.649),
the capital of Saxony state, has considered the big data approach. According to Josipovic
& Viergutz [83], the city’s project considers integrating information shared publicly on
social networks into the decision-making process for flood protection as a smart solution to
benefit flood management. Data provided by images from social media are used to assess
the current situation and to develop adequate options for action. Furthermore, the Flood
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Information and Management System of the Saxony State Flood Center [137], which has
been in operation since 2018, collects and analyses water level data across the entire federal
state, where the data are collected centrally, evaluated, and communicated automatically to
more than 1000 recipients.

4.2.3. Comparative Between the Brazilian and German Cities

Based on the cases presented above, Table 5 summarises the main similarities and
differences between the Brazilian and German cities mentioned, based on the challenges
faced, smart initiatives, governance models, and resilience strategies.

Table 5. Similarities and differences between the Brazilian and German cities.

Brazilian Cities German Cities

Challenges

Social, political, and economic complexities
(e.g., São Paulo); climate change adaptation,

considering social inequalities and
vulnerabilities in communities

(e.g., Florianópolis); urban infrastructure, gaps
in climate monitoring and energy efficiency

(e.g., Porto Alegre); limitations in integrating
smart city agendas with social welfare

(e.g., Rio de Janeiro).

Balancing smart technologies and
privacy/personal data (e.g., Berlin and

Munich); adapting to specific climate risks
such as floods (e.g., Hamburg and

Dresden); digital inclusion and cyber
security (e.g., Frankfurt).

Smart Initiatives

Digital platforms for urban and environmental
data (e.g., Geosampa in São Paulo); smart and
sustainable mobility programs (e.g., São Paulo
Smart Mobility, Hibribus in Curitiba); urban

innovation and government digitalisation
projects (e.g., Porto Maravilha in Rio de Janeiro,

INOVAPOA in Porto Alegre); sustainability
projects with a social focus (e.g., Agenda

Floripa 2030 in Florianópolis). GHC emission
reduction with clean technologies (Neutral

District Project in Rio de Janeiro).

Digital systems for monitoring and
transparency (biBEK in Berlin); intelligent
mobility with car sharing and cycle paths
(e.g., Frankfurt, Dresden, and Berlin); use

of IoT and data analysis for urban
irrigation (e.g., Frankfurt); integration of

social data for flood management
(e.g., Dresden); data-driven energy and
traffic management (City Intelligence

Platform in Munich); digital twin approach
for flood simulation and urban planning

(e.g., Hamburg)

Governance Models

Participatory and collaborative urban
governance, involving companies, universities
and the public sector (e.g., triple helix model in

Curitiba, INOVAPOA in Porto Alegre,
innovation ecosystem in Florianópolis).

Emphasis on local policies integrated with
social development and poverty reduction

(e.g., São Paulo).

Hybrid model combining hierarchical and
networked, with high stakeholder
participation (e.g., Munich). Smart

governance with intensive use of digital
platforms for transparency and monitoring

(e.g., Berlin with biBEK).

Resilience Strategies

Focus on adaptation integrated with local
development, reduction in social and

environmental vulnerabilities (e.g., São Paulo
and Florianópolis); use of sustainable
transportation (e.g., BRT in Curitiba);

coordination of land use for climate issues
(e.g., Porto Alegre) projects to reduce emissions
and increase energy efficiency (e.g., São Paulo

State Energy Plan).

Comprehensive carbon neutrality plans
(e.g., Berlin 2050, Hamburg 2045, Frankfurt

2050); use of digital technologies for risk
management (e.g., digital twin for floods in

Hamburg); co-creation of resilience and
liveability (e.g., Munich); smart systems for

climate monitoring (e.g., Dresden).

The comparison shows that both Brazilian and German cities prioritise participatory
governance and the use of digital solutions to increase urban resilience. However, Brazilian
cities place more emphasis on integrating climate adaptation with social inclusion and local
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development, which reflects their higher levels of social vulnerability and infrastructure
challenges. On the other hand, German cities focus on comprehensive carbon neutrality
strategies, advanced digital monitoring, and data-driven approaches, all supported by
robust infrastructure and a strong emphasis on privacy and cybersecurity.

These differences are reflected in the smart initiatives. In both Brazil and Germany,
digital platforms and innovative technology are used, but with different objectives. Brazil-
ian cases generally emphasise social and environmental inclusion, while German cities
focus on data-driven solutions and the energy transition. This distinction highlights the
socio-economic and developmental differences between the two contexts analysed. Al-
though both contexts invest in smart mobility and innovative urban solutions, the Brazilian
approach is more focused on tackling social inequalities, while the German model uses
technological sophistication and integrated planning for climate resilience.

4.3. Connections Between Literature Review and Case Studies in Brazilian and German Cities

Based on the results of the literature review, which identified thematic clusters through
bibliometric analysis, and the findings from case studies in Brazilian and German cities,
there is a clear alignment between the smart initiatives of the analysed cities and the themes
identified in the literature. Below, Table 6 illustrates the connections between these clusters
and examples of specific smart city practices encountered in the case studies.

Table 6. Connections between literature review and case studies.

Cluster Key Themes Case Study Connections

Red Cluster
Climate change, green

infrastructure, ecosystem
services, and emissions.

- Berlin, Hamburg, and Frankfurt: Comprehensive plan to reduce
emissions and become carbon-neutral.

- Rio de Janeiro: Neutral District Project to reduce GHG starting in
the downtown region.

Green Cluster

Smart cities, urban
resilience, indicators,

digital twins, big data,
and IoT.

- Berlin: Digital monitoring and information system of the status of
the indicators and outcomes named biBEK

- Hamburg: Digital twin for flood simulation and urban planning.
- Frankfurt: IoT-based smart irrigation for urban trees.
- São Paulo: Geosampa platform for data-driven governance.
- Munich: Smart data, with a healthy balance between smart

technologies and practical solutions, prioritising privacy and
data protection.

Blue Cluster
Adaptation/mitigation,
AI, renewable energy,
governance, flood risk

- Curitiba: Renewable energy in public transport (Hibribus).
- Porto Alegre: Smart Governance promoting innovation and

technological advancement (INOVAPOA).
- Dresden: Smart solution to improve its flood resilience.

Yellow Cluster

Resilience strategies and
policies, community

resilience, urban
development

- Munich: Co-creation of resilience through participatory
governance, promoting community well-being and
social resilience.

- Rio de Janeiro: The Plan for Sustainable Development and
Climate Action (PDS) aims to build policies based on the SDGs
and include smart initiatives.

Purple Cluster Smart infrastructure,
mobility, and energy.

- Curitiba and Berlin: Smart mobility initiatives (BRT system and
hybrid buses in Curitiba; shared services and bike lanes via
InnoZ, in Berlin).

- Florianópolis: Hercílio Luz Floripa Airport as a project that bonds
the principles of a smart city by considering energy efficiency.



Urban Sci. 2025, 9, 179 17 of 24

The connections presented in Table 6 showcase various smart initiatives observed in
the Brazilian and German cities analysed, along with their associations to the thematic clus-
ters identified through the bibliometric analysis of the literature. The unique characteristics
of each city and their specific contexts play a significant role in these associations. Notably,
it is evident that most of the key themes identified in the literature align with the initiatives
found in the cities included in this study.

5. Conclusions
This study investigated the advances in the literature on urban resilience to climate

change in smart cities and conducted a multiple case study analysis of adaptation and
mitigation strategies in Brazilian and German smart cities. Through the literature review
and the cases presented, it was possible to demonstrate the efforts to increase urban
resilience to climate challenges, especially in the cities analysed, by considering their
specific realities.

The review of the literature on urban resilience to climate change in smart cities has
shown the progression of scientific research on this topic. It highlights the increasing trend
of studies that consider urban planning strategies to address current climate challenges.
The analysis of co-occurrences revealed the formation of five thematic clusters, which
represent the relationships between study topics in this area. These results contribute to
identifying research paths and future agendas for scientific development in this field.

In the context of the cases presented, it was possible to highlight the local initiatives
implemented by Brazilian and German smart cities in order to increase their urban re-
silience to climate pressures. Significant differences were identified between the realities
of the two countries, considering the different levels of development and investment, cor-
roborating the literature. Consistent initiatives with long-term urban planning aimed at
urban resilience and the presence of smart solutions were observed in some German cities,
such as in the cases of Berlin, Dresden, and Hamburg. It is also evident concerning data
protection and privacy in some German cases, for example, in Munich, where a healthy
balance between smart technologies and practical solutions by utilising the concept of
Smart Data is seeking, and in Frankfurt, where advances in digital inclusion, cybersecurity,
privacy, and green technologies.

In Brazilian initiatives, efforts in smart governance were evidenced, such as in São
Paulo and Florianópolis, where initiatives that explore the city’s innovative and smart
potential to address climate solutions were found. However, in some cases, such as in Rio de
Janeiro, the smart city agenda is still limited to addressing the challenges of climate change
and prioritising the economic and political results of a techno-driven urban transformation.
In this sense, there is concern that smart city agendas may reinforce existing inequalities if
they do not explicitly address the needs of vulnerable populations. Although São Paulo
and Rio de Janeiro, for example, have made progress in smart city initiatives—such as the
São Paulo Smart Mobility Program and the Porto Maravilha project—it should be noted
that these efforts may unintentionally deepen social exclusion. In both cities, access to the
benefits of new technologies is often unequal, with marginalised groups facing barriers
to participation. Similarly, in some cities, there is a limitation in the scope of initiatives
for urban resilience. In Porto Alegre, for example, there are evident smart governance
efforts that include climate issues, but the urban planning, in the context of the city’s Master
Plan, is mainly focused on coordinating land use and zoning to address climate issues,
and there are weaknesses in building, cartography, and social aspects that are important
for addressing urban climate variability issues. A consistent case in Brazilian reality is the
experience of Curitiba, where sustainable urban transport and GHG emissions reduction
through smart mobility initiatives were evidenced, for example, in the context of the Bus
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Rapid Transit System—BRT. From a historical planning perspective, Curitiba has made
efforts to implement renewable energy sources to supply urban public transportation, such
as with a hybrid electric system and biofuels.

This study has some limitations that can be highlighted. Regarding the literature
review through bibliometric analysis, a limitation of this study is the exclusive use of the
WoS database. While the WoS is known for its rigorous indexing standards and global
reach, relying exclusively on this database can lead to selection bias. This is because it
does not cover the entire range of scientific output indexed in other databases like Scopus
and Google Scholar. In regard to the multi-case study, it should be noted that these cities
do not fully represent the experience of the countries in which they are located, namely
Brazil and Germany. It is an analysis of the experiences of these cities by exploring their
initiatives and considering their relevance in the context of smart city solutions that address
climate change issues. Given the limitations mentioned, future research is recommended to
understand aspects not covered in this study. In particular, research could be carried out
using other research methods, especially those that can cover a larger number of cities in
a comprehensive way with quantitative approaches.

Finally, this study’s contributions are highlighted, especially with regard to the com-
plementarity of the methods used, which allows for the understanding of the evolution of
a relatively recent topic and the practical application of this concept in selected cities. Cli-
mate action is urgent, and it is crucial to consider it within the urban development agenda,
which includes smart solutions to address climate issues.
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