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RESUMO 

À medida que surgem mais evidências científicas, os governos desenvolvem respostas às 

mudanças climáticas. Os governos locais têm um papel estratégico nesta nova realidade, 

reconhecendo suas vulnerabilidades e reduzindo riscos. Compreender os fatores que 

determinam o compromisso dos governos locais em agir, no entanto, continua sendo um desafio 

para os estudiosos. Este artigo avalia esses fatores, estudando a Capacidade de Gerenciamento 

de Riscos (CGR) e o papel das Redes Transnacionais Municipais (RTM) na promoção da 

política de adaptação ao clima nos municípios brasileiros. Examinamos informações sobre 

CGR e participação dos municípios na rede Governos Locais para a Sustentabilidade (ICLEI), 

bem como a existência de planos de mudanças climáticas. Análises estatísticas mostraram que 

municípios com maior população e índice educacional são mais propensos a desenvolver planos 

de mudanças climáticas. Além disso, não só a presença de RTMs é importante, mas o período 

em que um município tem parceria com a RTM também apresentou um resultado significativo 

no modelo proposto. Surpreendentemente, maior CGR não implica em maior probabilidade de 

desenvolver planos de mudança climática. Em uma análise textual, também argumentamos que 

os planos de combate às mudanças climáticas nas cidades brasileiras ainda são insuficientes, 

além de nem sempre discutirem a adaptação. 

Palavras-chave: Governos Locais, Capacidade de Gerenciamento de Risco, Redes 

Transnacionais Municipais, Adaptação, Mudança Climática, ICLEI.   



 
 

ABSTRACT  

As more scientific evidence emerge, governments have developed responses to climate change. 

Local governments have a strategic role in this new reality, recognizing their vulnerabilities and 

reducing risks. Understanding the reasons that determine local governments commitment to act, 

however, remains a challenge for scholars. This dissertation assesses those factors, by studying 

the role of Risk Management Capacity (RMC) and Transnational Municipal Networks (TMN) 

to promote climate adaptation policy in Brazilian municipalities. We examined information on 

RMC and participation in Local Governments for Sustainability (ICLEI) network, as well as 

the existence of climate change plans. Statistical analyzes showed that municipalities with 

larger populations and greater education index are more likely to develop climate change plans. 

In addition, not only the presence of TMNs is important, but the period a municipality has a 

partnership with the TMN also presented a significant result in the proposed model. 

Surprisingly stronger RMC does not imply more likelihood to develop climate change plans. In 

a textual analysis, we also argue that the plans to combat climate change in Brazilian cities are 

still insufficient, in addition to not always discussing adaptation. 

Keywords: Local Governments, Risk Management Capacity, Transnational Municipal 

Networks, Adaptation, Climate Change, ICLEI. 
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1. Introduction 

Global warming and its risks to life on Earth are already on the world’s political agenda. 

The Intergovernmental Panel on Climate Change (IPCC) claims that the Earth's temperature is 

likely to reach  1.5ºC between 2030 and 2052 if it keeps increasing at the current rate (IPCC, 

2022). This scenario emphasizes the strategic role of urban centers, which must recognize their 

vulnerabilities, reduce risks and create resilient infrastructure (Habitat III - UN, 2016). In 

Brazil, the impacts of climate change directly afflict the urban population, especially because 

much urban development is built in at risk areas (Castello, 2011) 

In this new scenario of synergy between climate change and cities’ vulnerabilities, there 

is ample literature to investigate the management of such problems using different approaches, 

such as planning resilient cities (Folke et al., 2002; Heinzlef et al., 2020; Iturriza et al., 2020; 

X. Zhang & Li, 2018), disaster risk reduction (Forino et al., 2017; Hardoy et al., 2011; Ribeiro 

et al., 2022; Sanderson, 2000), the role of partnerships (Heikkinen et al., 2020; Zahran, Brody, 

et al., 2008) and adaptation policies (Birchall; Bonnett, 2021; Forino et al., 2017; Nicolletti; 

Maschietto; Moreno, 2020; Pasquini et al., 2015; Wise et al., 2014). The driving discussion of 

this dissertation refers to the role of Risk Management Capacity (RMC) and Transnational 

Municipal Networks (TMN) in the development of adaptation, which is now widely 

acknowledge as evidence of its impact on social and natural system while greenhouse gas 

emissions remain unabated (Wise et al. , 2014).  

The Risk Management Capacity (RMC) of a municipality is intrinsically connected to 

their autonomy to plan and implement public policies focused on aspects to avoid and mitigate 

disasters, such as land use and urban planning. We argue that not only is local governance seen 

as particularly important component to develop robust responses, but also the advancement of 

partnerships with TMNs, which can bring knowledge and resources to tackle climate change. 

RMC and TMNs are essential concepts for this work and which will be discussed further ahead. 

Thus, this master thesis  intends to contribute with the urgent global debate about climate 

change and local governance with the following research questions: i) How local Risk 

Management Capacity and the presence of Transnational Municipal Networks foster responses 

to climate change risks in Brazilian municipalities? ii) How is adaptation being discussed in 

these local responses to climate change? 

The relevance of the study is underlined by three areas of contribution. First, most 

adaptation studies are composed of case studies. Considering the diversity of the Brazilian 

space, more comprehensive quantitative studies are essential to better understand adaptation in 

Brazil (Di Giulio et al., 2018). Second, this will be the first study that will combine statistics 
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and content analysis to analyze a full range of available reports, whether they are prepared by 

municipalities themselves or with partnerships. Finally, the study is part of interconnected 

global agendas, which are important for practice, namely: the Paris Agreement, which aims to 

limit the global temperature below 1.5ºC (UNFCCC, 2015), and the 17 UN Sustainable 

Development Goals (SDGs).  

This work will be organized as follows. Firstly, it discusses the concepts necessary to 

carry out the research, namely: Risk Management Capacity (RMC) and Transnational 

Municipal Networks (TMN). Second, it discusses Climate Change Adaptation, as well as the 

Brazilian context on the subject. Thirdly, the study collects official climate change plans or 

projects of all Brazilian municipalities, explains the methodology and the required variables for 

analysis in order to understand municipalities responses regarding climate change. Then, 

statistical results will be presented, in addition to a supplementary content analysis, which will 

help to understand the space that ‘adaptation’ occupies in climate change plans. Finally, we 

present the discussions, as well as limitations.  

2. Theoretical Background  

In order to answer how Risk Management Capacity and Transnational Municipal 

Networks affect climate change adaptation responses by municipalities, it is first necessary to 

outline these concepts. The next subsection brings the definition of Risk Management Capacity, 

as well as evidence found in the literature about the concept and its relationship with climate 

change. The following subsection continues with the concept definition and literature of 

Transnational Municipal Networks.  

2.1. Risk Management Capacity (RMC) 

Climate change is a multidisciplinary debate, which needs to involve not only the 

environmental and sustainability dimensions, but also other aspects such as urban development 

and risk management. Risk management consists of measures to identify, select and prevent the 

occurrence of future risks (Chen & Ding, 2003). A study on Brazil shows that disasters 

materialize at the local level, resulting in loss of lives, houses and infrastructure (Regina Alvalá 

et al., 2019). It also affects other areas such as health and education in municipalities (Hardoy 

et al., 2011). In this sense, actions that lead to risk reduction need to be taken at the management 

and policy level of the city (Sanderson, 2000) since, according to Hardoy et al. (2011, p. 401), 

“most issues of land use management, regulation and provision of services and infrastructure 

fall on local governments”. This local management is particularly important in Brazilian context 
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since, after the new constitutional order of 1988, the autonomy of municipalities was 

strengthened, as municipalities became the central federative unit for the provision and 

implementation of public policies (Grin & Abrucio, 2018). 

The Risk Management Capacity (RMC) is a fundamental factor for climate change 

adaptation strategies (Boughedir, 2015; C. Zhang et al., 2022). In the case of rural communities 

in Hubei Province, China, for example, the RMC of farming households significantly increased 

their adaptation strategies in the context of climate risks that affect production, and, 

consequently, their subsistence (C. Zhang et al., 2022). Also in the case of the city of Algiers, 

in North Africa, which is under constant threat from earthquakes, several RMC measures have 

been proposed for the city to adapt to natural disasters, which tend to increase with climate 

change and, also, with the city’s deficits in urban infrastructure and institutional structure 

(Boughedir, 2015).  

RMC at the local level also depends on the coordinated action of different sectors. 

Studying urban spaces in Latin America, Hardoy et al. (2011) concluded that the integration of 

disaster risk reduction with different government policies is increasing. However, according to 

the authors, there are other factors contributing to the improvement of RMC, such as 

decentralization processes and the occurrence of major disasters in the region. Along the same 

lines, Ribeiro et al. (2022) argues that local laws, the main economic sectors and the size of the 

municipality is also related to capacity.  

In the local risk management scenario, Frey & Ramírez (2019) also showed that 

traditional top-down approaches are inadequate to deal with disasters in urban agglomerations, 

claiming a multi-level governance across scales and sectors to allow the adaptation strategy 

collectively. Based on a case study of a cooperative risk governance regime – Red Riesgos – 

implemented in the Aburra Valley Metropolitan Area (MAAV) in Colombia, which sought to 

promote an institutional framework to support resilience and adaptability in the face of climate 

change, the authors showed that to understand and manage the interrelationships between 

technical, political and social variables is particularly important in order to adapt to risks. In 

addition, the case studied also highlighted the protagonist role of local governments in involving 

citizens and communities and interacting with higher-level intermediate authorities, providing 

resources for daily work (p. 18). Along these same lines, van den Berg & Coenen (2012) suggest 

that there should be a top-down initiative to improve horizontal policy integration and thereby 

increase the potential for adaptation. The focus, according to the authors, should be on 

administrative requirements or professional education – or a combination of both. 
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Although the literature presented agrees with the need to assess the capacity of 

municipalities to manage risks in the current scenario of climate change, the studies still present 

gaps in what is understood by capacity and its measurement (see Table 1). Ribeiro et. al (2022) 

for example, used the Municipal Human Development Index (MHDI) as indicator of disaster 

risks reduction capacity in Brazilian municipalities. However, the results showed that high 

MHDI does not translate into better risk reduction capacity. Additionally, the MHDI is 

insufficient, since it does not consider housing infrastructure, mobility and institutional 

structure variables. On the other hand, van den Berg & Coenen (2012) used the size of Dutch 

municipalities as a proxy for capacity, since size is a key factor in the adoption and 

mainstreaming of sustainability policies (Kern et al., 2007). Again, this capacity metric, while 

relevant, proved to be incomplete. 

Considering these gaps, we innovated in proposing a multidimensional Risk 

Management Capacity measurement, which consolidates several aspects that were identified as 

relevant in adaptation planning – e.g. as regulatory framework, personnel and resources (Di 

Giulio et al., 2019) – in addition to being available to all Brazilian municipalities through the 

Brazilian Institute of Geography and Statistics (IBGE). This measurement will be further 

explained in section 4 – Methodology and Variables. Along the same lines, considering the 

need for coordinated actions between different sectors to deal with climate change, we also 

work with other additional capacity measures, namely: the type of environmental management 

body in the municipality and the number of councilors.  

The importance of the type of governing body is supported by Krause, Feiock & 

Hawkins (2016), which analyzed the locus of responsibility for sustainability department in 400 

US cities. The main explanation for such an approach is as follows. The placement of a 

responsibility within the government bureaucratic structure – whether as independent body or 

a sub-part of another unit – can significantly affect its resources, priorities and authority it has. 

Accordingly, some cities create a specialized office or department to manage sustainability, 

while others add it to the list of responsibilities of an existing unit. (Krause et al., 2016). These 

additional variables will also be better explained in the methodological section. 

In summary, we argue that understanding the institutional structure can translate into 

significant differences in the responsiveness of municipalities in the climate agenda. 

Furthermore, given that the comprehension of disaster risk dimensions – e.g. exposure to 

danger, vulnerability and responsiveness – is essential for disaster risk management (UNISDR, 

2015), urban spaces that improve in terms of RMC are likely to be the best prepared to deal 

with the challenges of climate change and the adaptation actions (Hardoy et al., 2011).   
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2.2. Interactions with local government: the role of Transnational Municipal Networks 

 ‘‘Partnerships’’ according to Lasker et al. (2000, p.180) ‘‘enable different people and 

organizations to support each other by leveraging, combining and capitalizing on their 

complementary strengths and capabilities”. The role of coordinated partnerships with local 

governments is extensively studied in the literature  (e.g., Andrews & Entwistle, 2010; 

Beisheim et al., 2014; Williamson et al., 2000). Andrews and Entwistle (2010) explored the 

advantages of partnerships with local governments, namely: partnership with the private sector 

and with non-profit organizations. According to the authors, the private sector is widely 

considered to enjoy a range of resources that can benefit the provision of public services, such 

as accessing funds for capital investment, reaping economies of scale, gaining managerial, 

professional or technical experience, provide more flexible services, share risks and benefit 

from less “red tape”. Partnering with non-profit or voluntary organizations, in turn, is seen as a 

way to lead to fairer public service outcomes. The main idea is that partnerships with local 

organizations generate better policies that meet local needs and increase opportunities for social 

inclusion, especially if they have an institutional design that enables monitoring and are able to 

build empirical legitimacy at the local level (Beisheim et al., 2014; Williamson et al., 2000) 

In the sustainability debate, there are several TMNs that help local governments 

implement global goals and agendas, such as C40, Local Governments for Sustainability 

(ICLEI) and others, with the main role of facilitator of knowledge sharing and experience 

exchange between cities (Andonova et al., 2009; Betsill & Bulkeley, 2004; Feldman, 2012). 

Research that considers the role of TMNs in different countries is well documented in the 

literature – e.g. Betsill & Bulkeley (2004); Bhagavatula et al. (2013); Frantzeskaki et al. (2019); 

Yi et al. (2017). For example, with regard to the governance of urban biodiversity, Frantzeskaki 

et al. (2019) noted that networks play an important role in mobilization capacity of 

municipalities. The authors highlighted three patterns of roles: role of knowledge (through 

education and translation of scientific knowledge); relational role (building coalitions for 

integration between cities); and game-changing roles (creation and incorporation of institutions, 

organizational routines and new ideas in order to co-create with municipalities). Bhagavatula 

et al. (2013) studied selected experiences from ICLEI – Informed Cities Initiatives in Europe 

and Urban Climate Project in India – in order to consolidate the opportunities and challenges 

of such programs and projects. The authors showed that the strongest benefit is the link between 

research and practice, implementing scientific results in local policy. However, they 

emphasized that this type of interaction may also require institutional changes. 
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Specifically on climate change, the role of TMNs has also been studied by researchers. 

Betsill & Bulkeley (2004) focused on the Climate Protection Program (CCP), a network of 

more than 500 local governments, and the presence of mitigation initiatives. Based on six case 

studies and semi-structured interviews with local authorities, authors found that the most 

engaged local governments are mainly mobilized by financial and political resources and the 

legitimacy that the networks offer, than by access to knowledge. In the case of adaptation 

initiatives Heikkinen et al. (2020) statistically explored the presence of networks – C40, ICLEI 

and GCoM (Global Covenant of Mayors for Climate and Energy) – and planning of adaptation 

iniciatives in 377 cities. The results showed that network members are more likely to initiate 

adaptation processes than non-member cities. 

Although the highlighted studies show a positive relationship between the participation 

of networks and measures to combat climate change, most of them refer to case studies. This is 

no different for Brazil. Almeida et al. (2013) sought to understand the relationship between the 

participation of the city of Palmas, in 2003, in ICLEI’s Cities for Climate Protection (CCP) 

campaign, and engagement in the formulation of municipal public policies. Although the 

network was not the main driver of climate policies – since the municipality already had a 

municipal climate change law – it was important for strengthening local capacity, mainly 

through the possibility of exchanging experiences and technical training. Still, according to the 

authors, such reinforcement was “localized” only in a political conjuncture of the city (Almeida 

et al., 2013). São Paulo, the largest urban conglomerate in South America, has also been a case 

study with regard to transnational networks. Valente de Macedo et al. (2016), seeking to analyze 

the progress in mitigation actions, observed that the municipality’s participation in ICLEI and 

in the C40 network encouraged the development of greenhouse gas inventories, as well as 

reduction targets in municipal legislation. 

Given this state of the art on the TMN literature, and, considering the importance of the 

adaptation dimension while greenhouse gas emissions remain unabated (Wise et al., 2014), it 

is important to understand the role of transnational networks also in the context of adaptation. 

More than that, we propose a quantitative analysis covering several Brazilian municipalities 

participating in the network, which will provide us with a better view of the role of ICLEI in 

Brazil. Finally, we will also work with the time of participation in ICLEI, an approach that, to 

our knowledge, has not yet been used in any study (see Table 1). In summary, it is expected 

that Brazilian municipalities working with a TMN show more commitment and awareness of 

climate change risks. This has a potential impact on increasing the RMC, as cities learn from 

each other (Zambrano-Gutiérrez; Puppim de Oliveira, 2021). 
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2.3. How partnerships can support local capacity 

As argued in previous subsections, scholars presented that partnerships with TMNs are 

an important initiative to generate better policies that meet local needs (Beisheim et al., 2014). 

However, according to the literature, TMNs are also related to local capacity building. In this 

subsection, we will briefly discuss this relationship. 

Scholars argue that the main mechanism helping support local capacity through TMNs 

is knowledge transfer, causing policymakers in a given jurisdiction to learn and react to 

dissatisfaction with the status quo and search for a more effective solution to a policy problem 

(Hakelberg, 2014). For example, Zambrano-Gutiérrez & Puppim de Oliveira (2021) confirmed 

administrative routines can be directly impacted by external and internal learning mechanisms 

and, in turn, produce an indirect effect on local government innovation. According to the 

authors, “as the number of external learning mechanisms increases and cross-sectoral 

collaboration becomes more diverse, a local government develops more transformative 

innovations, which are fundamental changes in current technologies, practices, and associated 

rules in a public sector organization” (Zambrano-Gutiérrez; Puppim de Oliveira, 2021, p. 5). In 

this same line, Frantzeskaki et al. (2019) argue that the capacity building outcome occurs 

through the translation of scientific knowledge and also through the coproduction of knowledge 

in order to find processes that may bridge ideas and solutions in the face of policy needs.   

Nijenhuis & Westen (2015) also analyzed the role of knowledge, but through an 

international program of cooperation among municipalities – the Dutch LOGO South Program. 

This program stimulated formal partnerships among local governments that decided to work 

collectively and also encouraged knowledge exchange between their staff – often on a specific 

topic – and capacity building. According to the investigation, peer-to-peer learning within local 

existing institutions did improve local capacity.  

As mentioned previously, this present work will use Brazilian municipalities’ 

participation in ICLEI network, their Risk Management Capacity and their responses to climate 

change. In this sense, ICLEI is known for “providing technical consulting, training, and 

information services to build capacity, share knowledge and support local governments in 

implementing sustainable development innovations” (Feldman, 2012, p. 790). Therefore, we 

argue that, given the climate change challenge, especially in a developing country, knowledge 

is a vital factor for cities in order to strengthen their capacity to govern 
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(Frantzeskaki et al., 2019). Table 1 presents the summary of studies that explored the topics of RMC and TMN, their respective 

methodologies and references. 

Table 1 – Summary of studies that explored RMC and TMN.  
Variable of interest Methodology Reference 

Disaster Risk Reduction 
Case study reviewing the experience of disaster risk reduction in a range of 
cities - Menizales and Medellín, Colombia and Santa Fe, Argentina. 

Hardoy et al. (2011) 

Capacity to adapt to climate risks 
Case study analyzing size, risk and extreme weather experiences in local 
adaptation policies. Size of Dutch municipalities as proxy for capacity.  

van den Berg & Coenen (2012) 

Risk Management Capacity 
Qualitative assessment of risk management information in urban planning 
documents for Greater Algiers, North Africa. 

Boughedir (2015) 

Disaster Risk Management 

Social-Network Analysis (SNA) to map and analyse the roles and 
relationships of key actors in the Metropolitan Area of Aburra Valley 
(MAAV), Colombia, and illustrate the protagonist role in the implementation 
of the regional risk governance regime.  

Frey & Ramírez (2019) 

Capacity of municipality response or preparedness for 
disaster risk 

Statistical analysis of vulnerability indicators in 234 small Brazilian 
municipalities. Municipal Human Development (MHDI) used as capacity 
indicator for municipalities with disaster risk areas. 

Ribeiro et al. (2022) 

Environmental Risk Management 

Statistical association between risk management and adaptability strategies. 
Multi-indicator approach to classify farmer households' environmental risk 
management indicators into internal risk management (soil testing and 
fertilizer and organic pesticide technology adoption), and external risk 
management (agricultural insurance, cooperatives, enterprise's help and 
government help). 

C. Zhang et al. (2022)  

Transnational Municipal Networks 

Case studies and semi-structured interviews with local authorities involved 
in Cities for Climate Protection Program (CCP). 

Betsill & Bulkeley (2004) 

Case study using bibliographic, documentary research and semi-structured 
interviews with local authorities in Palmas, Brazil, involved in Cities for 
Climate Protection Program (CCP). 

Almeida et al. (2013) 
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Case studies with selected experiences from ICLEI - Informed Cities Initiative 
in Europe and Urban Climate Project in India. 

Bhagavatula et al. (2013) 

Case study analyzing São Paulo, Brazil, and its progress in mitigation actions 
after joining ICLEI and C40 networks.  

Valente de Macedo et al. 
(2016) 

Quantitative study using Differences-in-Differences method with 565 U.S. 
cities  in order to see the effect on sustainability local policies after 
terminating the participation in ICLEI. 

Yi et al. (2017) 

Case study with ICLEI to identify its roles, practices and implications for 
urban biodiversity governance. 

Frantzeskaki et al. (2019) 

Regression model exploring the association between network membership - 
C40, ICLEI, and GCoM - and progress in adaptation planning in 377 cities 
globally. 

Heikkinen et al. (2020) 

Source: Elaborated by the author (2022). 

3. Adaptation to Climate Change  

The Brazilian Congress adopted Law No. 12.187/2009 for the National Policy on Climate Change (PNMC) seeking to ensure that economic 

and social development contribute to the protection of the global climate system. In its Article 5, the law determines as a guideline “the adaptation 

measures to reduce the adverse effects of climate change and the vulnerability of the environmental, social and economic systems” (Brasil, 2009). 

Adaptation, in turn, is defined by the law as “initiatives and measures to reduce the vulnerability of natural and human systems in view of the 

current and expected effects of climate change”. In 2016, Brazil instituted the National Plan for Adaptation to Climate Change (PNA), which aims 

to promote coordination and cooperation between public bodies to manage the risk associated with climate change through participatory processes 

with society, and to identify and propose measures to promote adaptation and the reduction of the risk associated with climate change (Brasil, 

2016).  
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The existing literature on urban vulnerability and climate change adaptation generally 

focuses on individual cases and highlights different mechanisms and stakeholders that are 

important in this challenge (e.g. Birchall & Bonnett, 2021; Cloutier et al., 2018; Nalau et al., 

2015). While climate change adaptation planning at the local level is particularly important, 

Nalau et al. (2015) argues that the ability of local actors to advance an adaptation agenda is 

missing in many ways, particularly because there is a lack of willingness to take responsibility 

and leadership, as most public actors are busy delegating the responsibility to other. The role 

of local leadership is also highlighted by Pasquini et al. (2015) which argues that deficiencies 

in leadership, information and knowledge about climate adaptation topic need to be addressed 

through planning in various sectors. The importance of different sectors stems from the fact that 

the costs of climate change often act as a catalyst for municipalities to develop in a more 

sustainable way, recognizing that the environment has value. Thus, the author concludes that it 

is critical for municipalities to (i) recognize and act upon the costs of climate change before 

they happen (especially considering the short-term planning cycles of government) and (ii) 

recognize the value in the natural environment (Pasquini et al., 2015, p. 68). 

Regarding Brazil’s climate change adaptation scenario, studies usually conclude that the 

country’s progress in this regard was insufficient in the face of risk. For example, the profile of 

six Brazilian subnational government policy responses to climate change – Belo Horizonte 

(MG), Feira de Santana (BA), Palmas (TO), Recife (PE), Rio de Janeiro (RJ) e São Paulo (SP) 

– showed that, of the places with climate policies, not all included the two main aspects, i.e. 

mitigation and adaptation. (Barbi & da Costa Ferreira, 2017). Di Giulio et al. (2019), 

considering six cities –  Natal (RN), Manaus (AM), Porto Alegre (RS), Vitória (ES), Curitiba 

(PR) and São Paulo (SP) – analyzed several dimensions that affect local governments capacity 

to advance adaptation and assesses constraints on adaptation in the municipal level. The authors 

concluded that factors such as the disconnection between sectoral policies – e.g. risk mapping 

– , the missing of definition of priorities and responsibilities and the bureaucratic perspective 

interferes in cities’ capacity to employ resources and promote the integration of adaptation as a 

central area in development urban planning. 

Considering the scarce Brazilian literature regarding adaptation to climate change, this 

works consolidates a wide range of climate change plans that discuss the scope of adaptation, 

whether prepared by the municipalities themselves or with the support of partnerships. Given 

the extent of the Brazilian territory, we will seek to understand not only the content of the plans, 
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but also how plans are distributed through a quantitative approach. The following section will 

discuss the proposed methodology. 

4. Methodology and Variables 

The research aims at understanding the role of TMNs and RMC in determining the 

likelihood of a municipality to act to combat climate change through specific climate-related 

plans and projects. Brazil is an interesting country to research climate change adaptation at the 

local level, as it has 5,570 municipalities with significant policy autonomy.  

The first phase of analysis corresponds to a binary logistic regression model in order to 

estimate the odds of a municipality to have a climate change plan or a general plan that discusses 

in depth the adaptation aspect. As there is no robust metric for adaptation, we chose to work 

with what is publicly available as our explained variable, especially because the existence of 

reports can indicate the municipality’s trend in adaptation and planning actions (Araos et al., 

2016; Berrang-ford et al., 2014; Ford et al., 2013; Gagnon-Lebrun & Agrawala, 2007; D 

Reckien et al., 2014). Additionally, given the extent of the Brazilian territory, only 

municipalities with more than 100,000 inhabitants were selected – a total of 326 municipalities 

– since larger urban spaces are more affected by the impacts of climate change. 

The search for the plans followed a five-step process: i) we accessed the website of the 

municipal government of each of the 326 municipalities; ii) on their respective websites, we 

found the environment and sustainability section and searched for information on climate 

change; iii) in case nothing is found, we searched for “climate change” in the website search 

section; iv) again, in case nothing is found, we Google the name of the municipality and 

“climate change”; v) finally, we complemented the findings by searching on the ICLEI library. 

In total, 29 plans were found, some linked to only one municipality and others linked to 

metropolitan regions. We also made a first assessment of the plans found in order to find the 

adaptation debate in the content. 

The main explanatory variables are Risk Management Capacity (RMC) and 

participation in Transnational Municipal Networks (TMN). As discussed earlier, RMC is 

intrinsically connected with adaptation to climate change (Boughedir, 2015; Frey & Ramírez, 

2019; van den Berg & Coenen, 2012; C. Zhang et al., 2022). Furthermore, the literature also 

shows that relying on just one risk management strategy is unlikely to produce positive results, 

so diversified management is better (C. Zhang et al., 2022). Therefore, we propose a 

multidimensional measure of RMC that consolidates several important aspects for adaptation – 

e.g. planning instrument and legislation, institutional bodies, and management of disasters 
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resulting from floods and landslides – and is available to all Brazilian municipalities through 

the Brazilian Institute of Geography and Statistics (IBGE). Still on capacity, we analyzed two 

additional variables: type of municipal environmental management body and number of 

councilors in the body. We decided to include these variables because, according to scholars, 

there is almost no study on the place of responsibility of an agency in the local administration, 

although this allocation can affect the priorities of the agency, its resources and authority 

(Krause et al., 2016). This information is also publicly available by IBGE. 

The second explanatory variable of interest is the city’s participation in Transnational 

Municipal Networks (TMN). The importance of this variable lies in the knowledge and capacity 

building in sustainability that networks can offer to municipalities (Andonova et al., 2009; 

Betsill & Bulkeley, 2004; Bhagavatula et al., 2013; Feldman, 2012; Frantzeskaki et al., 2019b; 

Yi et al., 2017). Considering that the ICLEI network is present in several Brazilian 

municipalities, we will work with participation in ICLEI as a dichotomous variable and, in 

addition, with the quantitative variable 'time of partnership'. 

We also included variables of vulnerability to climate change, represented by the 

amount of environmental disasters that the municipality faced between 2013-2016, as such 

occurrence is considered a key factor for prioritizing urban management and adaptation 

(Hardoy et al., 2011). Finally, we included sociodemographic variables as control variables, 

which represent the profile of the municipality. They are: population, GDP per capita, education 

and housing infrastructure. 

With the aforementioned data in hand, we have the following regression equation: 

𝑌 =  𝛼 + 𝛽 𝑅𝑀𝐶 +  𝛽 𝑇𝑀𝑁 + 𝛽 𝐷𝑖𝑠𝑎𝑠𝑡𝑒𝑟𝑠 + 𝛽 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙_𝑀𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡 

+ 𝛽 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙_𝐶𝑜𝑢𝑛𝑐𝑖𝑙𝑜𝑟𝑠 + 𝑋 +  𝜀  

(𝛽 𝑇𝑀𝑁_𝑡𝑖𝑚𝑒 ) 

where 𝑌  indicates a dichotomous variable for the presence of a climate change plan or project1 

in municipality 𝑖; 𝛼 denotes the constant; 𝛽 𝑅𝑀𝐶  is a quantitative variable that indicates the 

RMC  of a municipality 𝑖; 𝛽 𝑇𝑀𝑁  is a dichotomous variable that receives the value of 1 if the 

municipality 𝑖 participates in a TMN and zero otherwise; 𝛽 𝐷𝑖𝑠𝑎𝑠𝑡𝑒𝑟𝑠  is a quantitative 

variable that receives the total of disasters faced by municipality 𝑖, if any; 

𝛽 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙_𝑀𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡 corresponds to the category of the municipal environmental 

 
1 Previous literature has already shown that climate change plans – specifically, adaptation plans –  are scarce in 
Brazil (Barbi & da Costa Ferreira, 2017; Di Giulio et al., 2019). In this scenario, we chose to increase the scope of 
the survey, so that municipalities that developed other plans, such as Vulnerability Analysis, Risk Mapping, 
Ecosystem-based Adaptation Projects, among others (See Table 2), received value 1 for the dependent variable. 
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management body in the municipality 𝑖; 𝛽 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙_𝐶𝑜𝑢𝑛𝑐𝑖𝑙𝑜𝑟𝑠 is the number of 

public actors in the environmental council in the municipality 𝑖,  𝑋  is important municipality 

sociodemographic characteristics (population, GDP per capita, education, and housing 

infrastructure); and 𝜀  is the random error term for a municipality 𝑖. We also conducted the same 

logistic regression considering the quantitative variable 𝑇𝑀𝑁_𝑡𝑖𝑚𝑒 , representing the time that 

municipality 𝑖 participates in a TMN. Table 2 summarizes all variables, the motivation for the 

choice and their sources, and Table 3 presents the plans separated by type, adapted from 

Unnikrishnan & Nagendra, (2021). The analysis was conducted using Stata software.  

 Regarding the model developed, it is important to mention that we are aware of the 

possibility of the endogeneity problem between the dependent variable and RMC. In this 

scenario, we also studied a multiple linear regression model using RMC as a dependent variable 

in order to understand whether the presence of plans has an impact on the capacity of 

municipalities. This model did not present any variable with a significant result, resulting in 

little explanatory power for what we intend to investigate. 

Finally, the second step of the analysis concerns the use of corpus analysis techniques 

of the plans publicly available. Qualitative corpus analysis is a methodology to pursue in-depth 

investigations of linguistic phenomena, allowing researchers to access, highlight and explore 

linguistic phenomena that become easily discernible over thousands of words (Hasko, 2012). 

According to the author, mixing quantitative analysis with the interpretive power of qualitative 

methodology provides uncontestable benefit. The use of corpus analysis techniques will focus 

on the identification of important points in the documents, especially related to the theme of 

adaptation2 to climate change. We conducted the content analysis using Python software, 

through which we used pre-processing techniques known as tokenization and removal of stop 

words3. A preliminary visualization of this step will be presented ahead. 

 
2 As mentioned previously, Brazilian law number 12,187/2009 defines adaptation as “Initiatives and measures to 
reduce the vulnerability of natural and human systems in view of the current and expected effects of climate 
change.” (Brazil, 2009). Thus, different related terms will be investigated in addition to 'adaptation', such as 
'vulnerability', 'risks' and 'resilience'. 
3 First, tokenization consists of splitting the document into sentences and then into words. The ‘stop words’ can be 
added as much as possible in order to eliminate words that are not of any value – e.g. “the” or “a”. This guarantees 
that we get useful words as output. 
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Table 2 - Variables and data sources.  
Variable name Explanation Source 

Climate Change 
Municipal Plan or 
Project 

Measured dichotomously. A municipality receives a score of 1 if it has a municipal climate change plan and zero 
otherwise. It is difficult to identify, adaptation since there is no specific metric (Dupuis & Biesbroek, 2013; Ford 
et al., 2013;Ford & Berrang-ford, 2016). Thus, while the availability of reports is an imperfect proxy, it can be 
used to identify trends in adaptation action and planning (Araos et al., 2016; Berrang-ford et al., 2014; Ford et 
al., 2013; Gagnon-Lebrun and Agrawala, 2007; Reckien et al., 2014). 

Documents were searched 
city by city using the 
Google search engine in 
two steps: i) through the 
municipal website and ii) 
Google search using the 
search terms 'climate 
change' and the name of 
the city 

RMC - Risk 
Management Capacity 

Total of the municipality’s positive responses to  questions focusing on the following areas: planning instrument 
and legislation, management of disasters resulting from floods, management of disasters resulting from 
landslides, institutional bodies, information from the Municipal Civil Defense and Protection Coordination 
(COMPDEC) and educational practices. In all, there were 48 questions to the municipalities. 

2020 Survey of Basic 
Municipal Information 
(MUNIC) developed by the 
Brazilian Institute of 
Geography and Statistics 
(IBGE).  

Number of councilors 
in the Municipal 
Environmental Council 

All municipalities in the database have environmental councils. The number of councilors is the total number of 
incumbents and alternates in each municipality. 

2020 Survey of Basic 
Municipal Information 
(MUNIC) developed by the 
Brazilian Institute of 
Geography and Statistics 
(IBGE).  

Category of public 
environmental 
management body 

According to Krause, Feiock & Hawkings (2016), municipalities can define an exclusively specialized unit to 
discuss sustainability or add sustainability in other areas of local administration. In the database, there are eight 
categories that municipalities can answer about environmental management: 1. no information; 2. there is no 
structure; 3. indirect management body; 4. refusal to respond; 5. secretariat together with other secretariats; 
6. exclusive office; 7. sector subordinated to another secretariat; 8. sector reporting directly to the Executive's 
head. The placement of a program within the bureaucratic structure of government – whether as an 
independent unit or a sub-part of another – can significantly affect its priorities, the amount of resources and 
authority it has (Krause et al., 2016) 

2020 Survey of Basic 
Municipal Information 
(MUNIC) developed by the 
Brazilian Institute of 
Geography and Statistics 
(IBGE).  
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Number of disasters The total number of disasters4 faced by municipalities from 2013 to 2016, since they are a key factor in the 
prioritization for better urban management and adaptation (Hardoy et al., 2011).  

Integrated Disaster 
Information System (S2ID) 

TMN - Transnational 
Municipal Networks 

Measured dichotomously. A municipality receives the value of 1 if the municipality is part of the ICLEI network 
and zero otherwise. ICLEI network was chosen because it is open to small urban areas and is present in several 
Brazilian municipalities. 

ICLEI website 

Time of partnership 
with TMN 

Total time that the municipality has been a partner of the ICLEI network. Measured through the difference 
between 2021 and the year of accession between the parties. 

ICLEI website 

GDP per capita Total GDP divided by the total population in a municipality. Brazilian Institute of 
Geography and Statistics 
(IBGE). Data from 2019. 

Population Total population of a municipality.  2020 Survey of Basic 
Municipal Information 
(MUNIC) developed by the 
Brazilian Institute of 
Geography and Statistics 
(IBGE). 

Education Several scholars have already found a solid relationship between citizens' level of education and a territory's 
commitment to climate change (JAEGER et. al., 1993; KRAUSE, 2011; RASHIDI; PATT, 2018; ZAHRAN et al., 2007, 
2008). We measured the municipality’s education with the results of the Brazilian Basic Education Development 
Index (IDEB), which is an indicator that gathers important results for the quality of Brazilian education. We took 
data for the initial years of elementary school in public schools for all 326 municipalities. 

National Institute of 
Educational Studies and 
Research Anísio Teixeira 
(INEP). Data from 2019. 

Housing Infrastructure Zahran found that US municipalities that are more vulnerable to the risks of climate change are more committed 
to climate protection (Zahran, Brody, et al., 2008). In Brazil, vulnerability is largely due to the precarious 
infrastructure characteristics of households, since many households located in risk areas lack water supply, 
sewage system and solid waste collection (Regina Alvalá et al., 2019). In this way, we collected information on 
the percentage of the population in municipalities that do not have water access, sewage systems and solid 
waste collection as a measurement of housing infrastructure.  

Municipalities and 
Sanitation Platform, from 
the Brazilian Institute of 
Water and Sanitation (IAS). 
Data from 2020.   

Source: Elaborated by the author (2022).

 
4 For the present study, we selected the following available disaster information from the database: flooding; low air humidity; cyclones (storm tides); cyclones (coastal 
winds); slips; floods; drought; forest fires in unprotected areas with effects on air quality; forest fires in parks; Environmental Protection Areas and National Permanent 
Preservation Areas; State or Municipal; floods; heat wave; cold and frost. 
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5. Results 

Table 4 presents descriptive statistics and independent sample t-test results in order to 

understand the differences between municipalities that have plans or projects related to climate 

change and those that do not.  

Municipalities that are wealthier, more populous and more educated are more likely to 

have municipal adaptation plans. It is possible to observe that municipalities that have plans are 

quantitatively different from those that do not in relation to population (t = -5.26, p<0.05), GDP 

per capita (t=-2.30, p<0.05), education (t=-3.49, p<0.05), housing infrastructure (water access: 

t=3.01, p<0.05; sewage system: t=2.98, p<0.05; solid waste services: t=4.38, p<0.05)), 

number of councilors (t=-2.48, p<0.05) and the time of partnership with the ICLEI network (t 

= -3.83, p<0.05 ). The significant differences with regard to sociodemographic variables, such 

as GDP per capita, population and education, corroborate the results of previous studies, which 

showed that cities with higher levels of human capital are more committed to combating climate 

change (Zahran, Brody, et al., 2008; Zahran, Grover, et al., 2008) 

Network participation is an important factor for the municipality to develop a climate 

change plan. Regarding our TMN variable, a previous chi-square test also showed that the 

presence of climate change plans is not independent of network membership (χ² = 44.17, 

p<0.05), in addition to the fact that municipalities that have climate change plans or projects 

have an average of 6.21 years of partnership with ICLEI. Surprisingly, number of disasters and 

RMC do not have significantly different averages between municipalities that have plans and 

those that do not. However, the other measures of local capacity showed interesting results. As 

all municipalities in the database have an Environmental Council, the results show that 

municipalities that have climate change plans have a greater number of municipal councilors, 

and the difference between the averages showed a significant value (t=-2.48, p<0.05). In 

addition, of the 37 municipalities that have plans related to adaptation to climate change, most 

of them (N=26) have exclusive environmental departments. This sheds light on the importance 

of a unique administrative structure for municipalities to work on responses to climate change. 

The municipality’s size, education and time of partnership with a transnational network 

increase the municipality’s propensity to develop climate change adaptation plans. Table 5 

reports the results of our logistic regression model, showing the odds ratio estimating the 

propensity of a municipality to have a climate change adaptation plan or a general plan that 

discusses adaptation. Most of our explanatory variables, although presenting the expected 
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positive sign, did not present significant results5, with the exception of the control variables 

population (exp 3.1197, p<0.001) and education (exp 2.7203, p<0.05), and one of the variables 

of interest, TMN_time (exp 1.1009, p<0.05). A significant result for population suggests that a 

municipality with a greater population is more likely to have a plan to combat climate change. 

The same occurs with education, i.e. a municipality with a higher education quality is more 

likely to have a climate change plan. Regarding time with TMN, a unit increase in time 

significantly boosts the odds of the existence of a climate change plan. Thus, not only the 

presence of a TMN partnership is sufficient to influence the development of a plan, but also the 

time of partnership between the parties. Although there are municipalities that have developed 

a plan or project even with a short time of partnership, most municipalities in the database 

already have a significant follow-up  time, as is the case of Sorocaba/SP (10 years) and 

Curitiba/PR (29 years). 

The development of climate change plans on adaptation in the municipality is also 

boosted by the presence of an exclusive environmental office.  As our previous t-test results 

showed that  most  municipalities that have climate change plans or projects have an 

environmental exclusive office (N = 26), we conducted our regression model  considering the 

existence of an exclusive office as a dummy variable and, as expected, if a  municipality  has a 

specific structure to manage sustainability issues, this significantly increase the chance to 

develop a climate change plan  (exp  2.6802, p<0.05). Although this is not our capacity variable 

of interest, the literature has already discussed the importance of an sustainability exclusive 

administrative structure within local government  (Krause et al., 2016)

 
5 It is important to note that, even when dividing the risk management capacity by clusters as shown in Table 2 
(planning instrument and legislation, management of disasters resulting from floods, management of disasters 
resulting from landslides, institutional bodies, information from the Municipal Civil Defense and Protection 
Coordination (COMPDEC) and educational practices), RMC did not present any significant results (p>0.05) for 
the propensity of the municipality to have a climate change plan or not. 



25 
 

Table 3 - Brazilian municipalities that have municipal climate change plans or a more general plan that discusses adaptation to climate 
change 

Type of Plan Cities Plan title Source 

Resilience Strategies 

Porto Alegre/RS Porto Alegre Resilience Strategy (2016) Resilient Cities Network 
Curitiba/PR Actions and Strategies: Climate and Resilience (2016) Municipality of Curitiba website 
Salvador/BA Resilient Salvador (2019) Resilient Cities Network 
Americana/SP 

Resilient Sao Paulo Municipalities Project (2020) 

 
 
 
 

Government of the State of Sao Paulo website 

Embu das Artes/SP 
Francisco Morato/SP 
Guaratinguetá/SP 
Guarulhos/SP 
Itanhaém/SP 
Praia Grande/SP 
São José do Rio 
Preto/SP 
São Vicente/SP 
Teresina/PI Diagnosis of Urban Resilience (2021) Municipality of Teresina website 

Environmental Reports6 

Eunápolis/BA 
Municipal Plan for the Conservation and Recovery of the 
Atlantic Forest (2016) 

Portal of Municipal Plans of the Atlantic Forest - Library 

Paranaguá/PR 
Municipal Plan for the Conservation and Recovery of the 
Atlantic Forest (2020) 

Portal of Municipal Plans of the Atlantic Forest - Library 

Guarujá/SP 
Municipal Plan for the Conservation and Recovery of the 
Atlantic Forest (2021) 

Portal of Municipal Plans of the Atlantic Forest - Library 

City Development Plans 

Palmas/TO Action Plan - Sustainable Palmas (2015) Municipality of Palmas website 
Diadema/SP 

ABC Consortium - Action Plan to Combat Climate Change 
(2017) 

 
Mauá/SP  
Ribeirão Pires/SP  
Santo André/SP Intermunicipal ABC Consortium website  
São Bernardo do 
Campo/SP 

 

São Caetano do Sul/SP  

 
6 Due to the specific law for the protection of the Atlantic Forest (Law 11,428/2006, regulated by Decree 6,660/2008), which provides for the use and protection of its native 
vegetation, several municipalities act in the implementation of the Law through the Municipal Conservation and Recovery of the Atlantic Forest – PMMA. However, for the 
present work, only municipal plans that discuss the topic of Climate Change and Ecosystem-based Adaptation (EbA) were selected. 
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Curitiba/PR 
PlanClima - Climate Change Mitigation and Adaptation Plan 
(2020) 

ICLEI Library 

Fortaleza/CE Local Climate Action Plan (2020) ICLEI Library 
Recife/PE Local Climate Action Plan (2020) ICLEI Library 

Rio Branco/AC 
Municipal Plan  for Mitigation and Adaptation to Climate 
Change of Rio Branco (2020) 

Amazon Environmental Research Institute 

Salvador/BA Climate Action Plan (2020) ICLEI Library 
São Paulo/SP PlanClima SP - São Paulo Climate Action Plan (2020) ICLEI Library 
Atibaia/SP Urban Afforestation Pilot Project (2021) Municipality of Atibaia website 
Cachoeiro de 
Itapemirim/ES 

Municipal Plan for Drainage and Management of Urban 
Rainwater (2022) 

Municipality of Cachoeiro de Itapemirim website 

Santos/SP Santos Climate Actione Plan (2022) Municipality of Santos website 
João Pessoa/PB Climate Action Plan (Ongoing, until 2022)   

Disaster Management 
Plans 

Belo Horizonte/MG 
Analysis of Vulnerability to Climate Change in the 
Municipality of Belo Horizonte (2016) 

WayCarbon Cases Library 

Rio de Janeiro/RJ 
Strategy for Adaptation to Climate Change in the City of Rio 
de Janeiro (2016) 

Municipality of Rio de Janeiro website 

Recife/PE 
Climate Risk and Vulnerability Analysis and Adaptation 
Strategy of Recife Municipality (2019) 

ICLEI Library 

Fortaleza/CE 
Climate Change Vulnerability Index and Adaptation Plan 
(2020) 

Municipality of Fortaleza website 

Curitiba/PR Climate Risk Assessment of Curitiba city (2020) Municipality of Curitiba website 
Sorocaba/SP Sorocaba Climate Risk Analysis (2020) ICLEI Library 
Betim/MG Betim Climate Risk Analysis (2021) ICLEI Library 

Brasília/DF 

Plan to address the adverse impacts of global climate change 
to reduce vulnerabilities and expand adaptation in the 
Federal District, with a special focus on extreme weather 
events related to water resources and extreme 
temperatures (2021).  

Federal District Government website 

Manaus/AM Manaus Metropolitan Region and Climate Change (2022) Manaus Metropolitan Region Observatory 
Source: Elaborated by the author, adapted from Unnikrishnan & Nagendra (2021) 
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Table 4 - Descriptive statistics and average comparisons for municipalities that have plans or projects related to climate change 

Variables 
Presence of Climate 

Change Plan or 
Project 

N Mean Std. 
deviation 

Std. error Mean 
difference 

t p-value 

 
lnPopulation 1 37 13.29 1.21 0.20 

-1.06 -5.26 p<0.05 
 

  0 289 12.22 0.61 0.36  

lnGDP per capita 1 37 10.53 0.49 0.08 
-0.20 -2.30 p<0.05 

 

  0 289 10.33 0.59 0.03  

Education 1 37 6.26 0.62 0.10 
-0.40 -3.49 p<0.05 

 

0 288 5.86 0.79 0.05  

Number of Disasters 1 37 2.19 2.16 0.35 
-0.02 -0.04 p>0.05 

 

  0 289 2.17 3.70 0.22  

Housing structure  
 

   
     

% of population without water access 
1 37 5.73 8.81 1.45 

5.52 3.01 p<0.05 
 

0 286 11.24 18.89 1.12  

% of population without sewage system 
1 37 23.51 25.14 4.13 

13.70 2.98 p<0.05 
 

0 267 37.20 32.80 2.01  

% of population without solid waste collection 
services 

1 37 1.29 2.52 0.41 
2.54 4.38 p<0.05 

 

0 246 3.84 6.38 0.41  

Number of councilors in the Municipal Environmental Council 
(incumbents and alternates) 1 

37 
34.32 14.95 2.46 -6.39 -2.48 p<0.05 

 

  0 289 27.93 13.33 0.78  

Total RMC 1 37 8.70 7.27 1.20 
0.33 0.26 p>0.05 

 

  0 289 9.04 7.67 0.45  

Time with TMN 1 37 6.21 9.00 1.48 
-5.70 -3.83 p<0.05 

 

  0 289 0.52 2.25 0.13  

Public environmental management body                  

the municipality has no structure 1 0    
     

  0 1              

indirect management body 1 2    
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  0 20    
     

secretariat together with other secrataries 1 6              

  0 106              

exclusive office 1 26    
     

  0 148    
     

sector subordinated to another secretariat 1 2              

  0 11              

sector directly subordinated to the executive's head 1 1    
     

  0 0              

Note: Unequal variances are assumed for all variables. There are eight categories of public environmental management body. However, as only three municipalities that do 
not have plans selected the categories “not informed” (1) and “refusal to provide information” (2), we chose to exclude these categories from the table. 
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Table 5 - Binary logistic regression coefficients estimating the chances of municipalities having a climate change plan. 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
 Odds Ratio Odds Ratio Odds Ratio Odds Ratio Odds Ratio Odds Ratio Odds Ratio 
Presence of 
Plans or 
Projects 

       

lnGDP per 
capita 

1.3449 0.5853 0.5846 0.5497 0.5452 0.5488 0.4992 

 (0.4922) (0.2879) (0.2893) (0.2784) (0.2772) (0.2816) (0.2606) 
        
lnPopulation 4.1068*** 4.3954*** 4.4655*** 4.2952*** 4.3577*** 3.4969*** 3.1197*** 
 (0.9642) (1.1858) (1.2125) (1.2017) (1.2265) (1.1299) (1.0046) 
        
Education  2.5769* 2.6300** 2.7595** 2.7438** 2.5266* 2.7203* 

  (0.9499) (0.9795) (1.0695) (1.0679) (0.9972) (1.0897) 
        
Water access  0.9987 0.9979 0.9992 0.9983 1.0004 1.0003 
  (0.0228) (0.0229) (0.0241) (0.0243) (0.0241) (0.0239) 
        
Sewage system  0.9987 0.9995 0.9997 0.9996 0.9987 1.0015 
  (0.0101) (0.0102) (0.0106) (0.0105) (0.0107) (0.0106) 
        
Solid waste 
collection 

 0.8903 0.8918 0.8947 0.8947 0.8996 0.9020 

  (0.0791) (0.0798) (0.0803) (0.0807) (0.0807) (0.0809) 
        
Number of 
disasters 
between 2013-
2016 

  0.9474 0.9657 0.9660 0.9623 0.9692 

   (0.0727) (0.0688) (0.0672) (0.0705) (0.0668) 
        
Number of 
councilors 

   1.0042 1.0032 1.0047 1.0058 

    (0.0151) (0.0151) (0.0156) (0.0158) 
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Exponentiated coefficients; Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
The VIF mean value is 1.56, which indicates that there are no significant levels of multicollinearity. 
 

        
Exclusive 
environmental 
office 

   2.5394* 2.6043* 2.7423* 2.6802* 

    (1.1693) (1.2035) (1.2947) (1.2692) 
        
Total RMC     0.9790 0.9789 0.9776 

     (0.0284) (0.0285) (0.0290) 
        
TMN 
Membership 

     1.9797  

      (1.0359)  
        
Time with TMN       1.1009* 
       (0.0509) 
N 326 269 269 269 269 269 269 
Pseudo R² 0.21 0.24 0.24 0.27 0.27 0.28 0.29 
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Next, in order to visualize the content analysis of the plans, we plotted a Word Cloud 

that provides an overview of the words that appear most frequently in the municipalities’ plans. 

Figure 1 presents the word distribution after pre-processing techniques. It is possible to observe 

that, although there is an emergency in the topic, adaptation (adaptação, in Portuguese, in the 

center of the figure) is not a word that is strongly present in climate change reports. As an 

example, the Porto Alegre Resilience Strategy plan, after pre-processing, has a total of 15,529 

words, and words referring to ‘adaptation’ and ‘vulnerability’ appear only 7 and 12 times, 

respectively. The word emissions (emissões, in Portuguese, on the left side of the figure), in 

turn, appears more frequently, corroborating previous studies that showed that plans in Brazil 

are incomplete in terms of the two necessary dimensions (Barbi & da Costa Ferreira, 2017). 

However, it is important to note that, although also infrequently, words related to adaptation 

also appear in the documents, such as “risk” (risco), “vulnerability” (vulnerabilidade) and 

“drainage” (drenagem). The next session presents a more robust discussion regarding the 

content of some specific plans.   

Figure 1 - Word Cloud of all municipal climate change plans 

 

6. Discussion  

The purpose of this work was to investigate the role of Risk Management Capacity 

(RMC) and Transnational Municipal Networks (TMN) in the responses of Brazilian 

municipalities in the face of climate risks. Our results showed that, although municipalities that 

have plans that discuss adaptation to climate change are quantitatively different from those that 

do not, a higher RMC does not increase the municipality’s propensity to develop a plan that 

discusses adaptation (p>0.05). However, the presence of a plan was shown to be dependent on 
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participation in a TMN (p<0.05), in addition to the time of partnership also being significant 

(p<0.05).  

Regarding the content of such plans, we assess that there are few specific adaptation 

plans in Brazil, while other existing plans do not always discuss adaptation in depth. Based on 

these results, we have five main point of analysis, which are discussed below.  

Size of the Local Government Matters  

Our statistical results showed that there is a significant relationship between the 

population of the municipality and their propensity to have plans or projects regarding climate 

change. The role of the size of municipalities is not only coherent because climate impacts are 

more visible in large urban spaces, but it has also been discussed in the literature (Diana Reckien 

et al., 2018; Schneider et al., 2021; van den Berg & Coenen, 2012). Schneider et al. (2021), for 

example, found that, in 85 German cities, the set of planning instruments related to adaptation 

increases with the size of the city. Along the same lines, van den Berg & Coenen (2012) also 

showed that municipality size matters for the integration of climate policies in the municipal 

agenda, since, in smaller municipalities, officials have a sectoral focus on their own tasks. 

However, it is important to mention that both studies present a limited number of large cities to 

draw conclusions from. Van den Berg & Coenen (2012), for example, have only two urban 

municipalities and three rural municipalities, with only urban municipalities having a climate 

planning instrument discussing adaptation. Our database, made up of 326 municipalities with 

more than 100,000 inhabitants, not only confirms the importance of the size variable, but also 

presents a robust statistical result.  

With regard to the explanation of this occurrence, according to the authors, is the better 

administrative structure and financial resources of larger cities. Added to this result are the 

results of Birchall & Bonnett (2021), which claim that several factors can limit the 

implementation of planning policies in small towns, such as: financial, technical resources and 

legal mechanisms. 

Surprisingly, the occurrence of disasters did not present a significant result in our model, 

contrary to previous studies (Hardoy et al., 2011; van den Berg & Coenen, 2012). However, it 

is important to highlight a finding by van den Berg & Coenen (2012) in which, in the 

municipality of Rijssen-Holten, in the eastern Netherlands, shortly after being hit by severe 

storm floods, there was a complete review of the urban drainage system. However, climate 

change itself was not considered in the process, suggesting that adaptative behavior is less likely 

than post-event measures (p. 456). Additionally, it is also possible to interpret the non-
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significant results for the housing structure variables in the same light. The study by Regina 

Alvalá et al. (2019), focused on disasters in Brazil, shows that the precarious characteristics of 

housing put them in a situation of vulnerability to disasters. For example, dwellings without a 

water supply network can result in increased soil saturation, increasing the risk of landslides; 

the absence of a sewage system and inadequate solid waste management also reflect in the 

occurrence of landslides and intensification of urban flooding (Regina Alvalá et al., 2019). This 

possibility opens a window for future research in Brazilian municipalities on post-event 

responses.  

Education as an important sociodemographic characteristic for climate responses  

 In all our statistical models, the education variable, measured by the Brazilian education 

quality index, showed significant results (p<0.05). This result corroborates other studies that 

proposed similar investigations (Krause, 2010; Rashidi & Patt, 2018; Zahran et al., 2007; 

Zahran, Brody, et al., 2008). For example, Zahran et al. (2007, 2008) showed that the most 

important sociodemographic characteristics for the commitment of territories to climate change 

mitigation programs are a high level of education, size of the territory, political inclination and 

importance of manufacturing in the economy. In this case, the role of education, along with 

other sociodemographic indicators, can be interpreted as the municipality human capital. 

Specifically, education may be one of several characteristics that shape attitudes of 

environmental concern and willingness to act in relation to risks (Jaeger et. al, 1993; Krause, 

2010).  

Other researchers have extended this analysis further and used the employment rate of 

women as a proxy for educational attainment on climate change issues (Rashidi & Patt, 2018). 

This is because studies have already demonstrated that exists a relationship between women 

and environmental concern (Torgler & García-Valiñas, 2007). In this way, Rashidi & Patt 

(2018) proved the hypothesis that a society with more educated women at different levels of 

employment adopts more climate policies. In this sense, our result contributes to highlighting 

the role of education as a relevant variable for the adoption of responses to climate change, but 

also sheds light on the possibility of researching female education and adaptation responses in 

Brazil, since women are more vulnerable to climate risks and, after disasters, the condition of 

vulnerability is intensified (Alston, 2013).  
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The Role of Transnational Municipal Networks  

Our results showed that the existence of plans is not independent of partnerships with 

TMN (p>0.05), in addition to the fact that the time of partnership matters for the presence of 

climate change plans or projects in the municipalities. The importance of partnerships 

corroborates the findings of other scholars, who show that network members are more likely to 

initiate actions to combat climate change, mainly due to the exchange of knowledge that such 

partnerships provide (Frantzeskaki et al., 2019a; Heikkinen et al., 2020). For example, 

Heikkinen et al. (2020) study was the first to test statistically the relationship between 

partnership in TMNs and adaptation planning in 377 global cities. Our study not only 

corroborates this result for the Brazilian context, in addition to innovating in the literature, 

bringing the importance of the time that it has with the partnership. In our database, some 

municipalities participate in ICLEI for more than a decade, as is the case of Betim-MG (14 

years old), Belo Horizonte-MG (28 years old) and Curitiba-PR (29 years old). As ICLEI has a 

diverse climate agenda, municipalities benefit from learning and projects for local public 

administration. 

More specifically in relation to the role of ICLEI, Frantzeskaki et al. (2019) identified 

three role patterns that ICLEI fulfills: knowledge role, through translation, education and 

integration of municipalities with sustainability debates; relational role, through connection and 

mediation between cities and important events; and game-changing roles, co-creating with 

municipalities. Furthermore, the main outcomes of such roles are seen in building the 

municipality’s capacity to integrate scientific concepts into city planning policies. In summary, 

networks have the potential to support urban adaptation but, according to Heikkinen et al., 

(2020), there is still room for improvement, since TMNs need to encourage adaptation even 

more, especially in developing countries. 

The Links with Risk Management Capacity 

The role of RMC was also not significant in our model. The result is surprising because, 

according to the literature, local governments are currently considering climate change as part 

of a comprehensive risk management framework (Gagnon-Lebrun & Agrawala, 2007). 

However, especially when we talk about adaptation, scholars point out that there is a problem 

of policy integration (van den Berg & Coenen, 2012). Through interviews, van den Berg & 

Coenen (2012) noted that few spatial planning and environment public actors saw direct links 

between impacts and adaptation, although they had knowledge with climate change and its 

impacts. 
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Another important finding in the literature regarding the lack of capacity for risk 

management and disaster reduction, especially in developing countries, is that few governments 

gain recognition for disaster programs, so that investments in risk management are not seen as 

priorities and need to compete for scarce resources with other local demands (Hardoy et al., 

2011). Furthermore, according to the authors, the duration of policies follow the duration of 

certain administrations, which may be abandoned due to staff turnover. This scenario can shed 

light on the relevance of TMNs, which can offer program monitoring. 

Literature on the decentralization process in Brazil can also help to understand this 

result. Grin & Abrucio (2018) argue that, since the new status that brought more autonomy to 

municipalities, capacities continue to present a significant shortage for respond to assumed 

responsibilities. The lack of capacity can translate into municipal autonomy “de jure, but not 

de hecho, which, in a country of large dimensions, heterogeneity and territorial inequalities, is 

not enough to promote the modernization of local management” (Grin & Abrucio, 2018, p. 

122). 

The exclusive office variable focused on sustainability and the environment, although 

not our capacity variable of interest, presented significant results in all models. This is an 

important contribution because it sheds light on a topic that is hardly studied in the literature 

(Krause et al., 2016). According to the authors, although this is an important variable to 

understand local efforts on sustainability, there are few studies that explain the structure of local 

administration, specifically, “in terms of the departments and agencies responsible for policies, 

programs and activities” (p. 3). Local policies, such as water quality monitoring, infrastructure 

provision and land use projects, impact the environment. However, it may be that the units 

responsible for such transformations in the urban space do not communicate or share the same 

vision. Therefore, it is necessary that coordination mechanisms, such as an exclusive 

administrative structure, integrate the different objectives of different departments (Keen et al., 

2006). As there is a large research gap on the assignment of functions to agencies in local 

government (Krause; Feiock; Hawkins, 2016, p. 6), we encourage that future sustainability 

studies at the local level incorporate environmental secretariats in their analysis, especially in 

Brazil, where municipalities have strong autonomy. 

Finally, considering that the availability of personnel, knowledge and financial 

resources can influence the ability of local governments to adapt to climate change (Birchall; 

Bonnett, 2021), we argue that another possible avenue for future research is to analyze specific 

sectors that compose the RMC of municipalities in order to understand their relevance in the 

development of adaptation policies. 
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What the plans say about adaptation  

Previous literature has already shown that climate responses in Brazilian municipalities 

often fail to incorporate both dimensions: mitigation and adaptation to climate change (Barbi 

& da Costa Ferreira, 2017). Considering the available plans (see Table 2), it is possible to 

corroborate this finding. Only three municipalities have specific adaptation plans (Rio de 

Janeiro, 2016; Recife, 2019 and Fortaleza, 2020), although there are other municipalities with 

risk and vulnerability analysis plans, which discuss in depth the adaptation aspect. Given the 

particularities of each municipality, with its territorial characteristics and historical challenges, 

such plans, in general, make a diagnosis of the municipality, mapping the areas of greatest 

vulnerability that deserves an urgent need to act, and elaborate decision-making stages. 

As a first example, the  Climate Risk and Vulnerability Analysis and Adaptation Strategy 

of Recife Municipality (2019) shows that the municipality geography is more susceptible to the 

effects of climate change, since it is located about 2.5 to 5 m above the sea level. It is a city that 

has been committed to the climate agenda since 2012 through an ICLEI Project focused on 

mitigation. However, currently, local administration sees the adaptation agenda as a priority for 

the city. The plan selects the most vulnerable neighborhoods for the following threats that 

concern the municipality: (i) flooding; (ii) meteorological drought; (iii) heat waves; (iv) 

transmissible diseases; (v) landslides and (vi) sea level rise. After this procedure, they list 

objectives, activities, scope, opportunities and barriers of adaptation actions. These adaptation 

actions, according to the plan, must be monitored by all departments so that the adaptation takes 

place in a holistic way (examples of actions raised by the plan are: modernization of the 

drainage area, universalization and modernization of the sewage system and development of an 

afforestation plan). 

Mitigation and Adaptation Plans, on the other hand, seek to synthesize targets for 

reducing greenhouse gas emissions, as well as analyzing vulnerability and increasing 

municipalities adaptive capacity. The city of São Paulo, which has a large portion of the 

population vulnerable to extreme events due to the historical disorderly territory occupation, 

developed, in 2020, the PlanClima, which summarizes the following future climate risks: rains 

and floods, drought, high temperature and heat wave, landslides, low relative humidity, health 

impacts and food insecurity. The plan is structured in five strategies that indicate the 

municipality’s path to 2050, and the plan must be updated every four years. The second strategy 

– “Adapting the city from today to tomorrow” – in turn, specifically concerns the theme of 

adaptation and has specific objectives that demonstrate the interdisciplinarity of the challenge, 



37 
 

 

such as: increasing the supply of popular housing, increasing the infiltration of rainwater and 

green areas and strengthening of the Municipal Civil Defense System in the face of climate 

change. These and other objectives also have an execution framework, clear goals and the 

respective responsible departments. 

Still on the city of São Paulo, it is important to mention that it joined ICLEI in 1991 and 

has been improving its trajectory in sustainability since then, with its own legislation to combat 

climate change since 2009 – Law 14.933/2009 of the Municipal Policy on Change Climate 

Change – and incorporation of adaptation into other planning instruments, such as the Strategic 

Master Plan – Law 16,050/2014 (São Paulo, 2014). However, authors argue that adaptation 

practices are not properly implemented in the city because several actors engage only during 

the preparation of plans and not in subsequent actions (Di Giulio et al., 2018) 

The adaptation debate also appears in the Municipal Plans for the Conservation and 

Recovery of the Atlantic Forest (PMMA, in Portuguese) that were developed by some 

municipalities (Paranaguá-PR, Guarujá-SP and Eunápolis-BA). The need to develop such plans 

came about through Law 11,428 of 2006 and regulated by Decree 6,660 of 2008, which 

provides for the use and protection of native vegetation. In this context, the PMMA opens the 

possibility for municipalities that are totally or partially inserted in the Atlantic Forest to act 

proactively in the defense, conservation and restoration of native vegetation through the 

definition of priority areas and actions7. 

The three municipalities in our database that developed PMMA highlight the importance 

of conservation and recovery of biodiversity and ecosystem services as a way of adapting to the 

effects of climate change, an approach called Ecosystem-based Adaptation (EbA). According 

to the United Nations’ Convention of Biological Diversity (CBD), the definition of EbA is: the 

use of biodiversity and ecosystem services (BES) as part of an overall adaptation strategy to 

help people adapt to the adverse effects of climate change (CBD, 2009). Scholars argue that in 

developing countries – that safeguard much of the planetary biodiversity and healthy 

ecosystems – this strategy is particularly relevant (Scarano, 2017). Compared to other “hard” 

adaptation measures, EbA is potentially cost-efficient, promotes “no-regrets” interventions and 

multiple environmental, social and economic co-benefits (Brink et al., 2016; Geneletti & Zardo, 

2016; Jones et al., 2012).  

 
7 https://pmma.etc.br/ 
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The PMMAs of the three municipalities follow the Manual for the Elaboration and 

Implementation of Municipal Plans for the Conservation and Recovery of the Atlantic Forest8, 

available on the website of the Ministry of the Environment. In this way, the plans present: (i) 

the diagnosis of the current situation (detailing the municipality and risk areas); (b) climate risk 

analysis (threats, exposure and adaptive capacity); (c) action plan (with indicators, goals, 

deadlines, responsible sector, priority level, financing strategy, among others) and (d) 

monitoring and evaluation. There are examples of adaptation actions based on ecosystems that 

cross all municipalities, such as the creation of conservation units (UCs, in Portuguese) and the 

creation of cooperatives and training on Agroforestry Systems. However, the plans also present 

EbA actions that are more specific to each municipality. In Eunápolis-BA, for example, there 

is a need to encourage sustainable livestock management and develop more diversified 

agricultural crops; on the other hand, Paranaguá-PR and Guarujá-SP are more concerned with 

the urban population living in slum settlements, so the strategies are aimed at vacating, 

protecting and recovering vegetation in risk areas. 

Although some municipalities are active in this debate, there is still much to be done to 

streamline EbA in local agendas in Brazil (FBPN/ICLEI, 2015). While Brazil has potential due 

to the great wealth and biological diversity, the analysis of reports and documents on EbA, 

developed by FBPN/ICLEI (2015) shows that there are still gaps to implement such measures, 

gaps in cost-benefit, knowledge development and institutional cooperation. They also argue 

that the inclusion of EbA in a National Plan can be an essential instrument for the adoption of 

the practice throughout the country.  

Lastly, the adaptation topic also appears in urban resilience plans, which were found for 

Porto Alegre-RS, Curitiba-PR and Salvador-BA, in addition to a specific resilience program for 

cities in São Paulo state. Urban resilience, in turn, is a concept applied in several areas, such as: 

natural disasters and risk management, international development, energy systems, adaptation 

to climate change, planning, among others (Meerow et al., 2016). The definition, according to 

the authors, is “the ability of an urban system – and all its constituent socio-ecological and 

socio-technical networks across temporal and spatial scales –  to maintain or rapidly return to 

desired functions in the face of a disturbance, to adapt to change, and to quickly transform 

systems that limit current or future adaptive capacity” (Meerow et al., 2016, p. 39). Considering 

this scenario, the resilience plans found for Brazilian municipalities discuss several aspects 

beyond the adaptation agenda, which is often debated in a shallow way. 

 
8 https://www.gov.br/mma/pt-br/assuntos/ecossistemas-1/biomas/arquivos-biomas/roteiro-para-a-elaborao-e-
implementao-dos-planos-municipais-de-conservao-e-recuperao-da-mata-atlntica1.pdf/view 
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The Porto Alegre Resilience Strategy, for example, has specific sections to address 

municipal risks (floods, landslides and informal settlements) and the respective strategies. 

However, it is a small part of a plan that also discusses topics such as diversified and innovative 

economy, education, health, security, participatory budgeting and mobility. Also, it is important 

to mention that the word ‘adaptation’ is not present in the plan. The plans developed for 

Salvador-BA and Curitiba-PR are more complete resilience plans, although Salvador has 

defined the city’s socioeconomic inequality as the critical point of the plan. Finally, it is 

important to note that both municipalities subsequently developed specific mitigation and 

adaptation plans. 

7. Conclusion 

The strategic role of cities in combating climate change is increasingly highlighted in 

the literature and in international reports. However, considering the extension and diversity of 

the Brazilian territory, it is important to assess how cities are dealing with this challenge, 

especially in the face of the most frequent climatic risks. Assessing this situation is the main 

focus of this dissertation. 

The objective was to investigate the role of Risk Management Capacity (RMC) and 

Transnational Municipal Networks (TMN) and the responses to climate risks of municipalities. 

To assess this context, we used the existence of adaptation plans – or plans that discuss 

adaptation – as a proxy for such responses, as the existence of plans is important for identifying 

trends in climate policies (Araos et al., 2016; Berrang-ford et al., 2014; Ford et al., 2013; 

Gagnon-Lebrun & Agrawala, 2007; D Reckien et al., 2014). Second, the study examined the 

quantitative differences between municipalities that have plans and those that do not. This step 

of the analysis has already brought us interesting results for several explanatory variables, such 

as: population, GDP per capita, education, housing structure, environmental management 

structure, and time of partnership with TMN. Third, the logistic regression results highlighted 

the importance of municipality size, education, time of partnership with TMN and exclusive 

environmental office to increase the municipality’s propensity to have a plan to adapt to climate 

change. Finally, a brief analysis of the content of some plans showed that their content is quite 

unstandardized, so that some municipalities discuss in depth their specific vulnerabilities and 

deadlines for adaptation actions, while other municipalities mention the adaptation debate in a 

superficial way. 

In view of the above, we emphasize the main contribution of the work, which is the 

identification of the time of partnership with TMN as a factor that increases the propensity of 
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the municipality to develop a climate plan. According to the literature, partnerships with 

transnational networks are important to translate scientific knowledge into public 

administration and, thus, strengthen the capacity to govern in a complex climate scenario. Thus, 

it is important for municipalities, especially those in developing countries that are most 

impacted by climate risks, to join and maintain participation in networks. We showed that 

municipality’s RMC does not increase its propensity to develop climate change adaptation 

responses. However, we argue for the importance of evaluating other sectors that make up the 

municipality’s risk management, in addition to evaluating considering the decentralization 

scenario that grants more autonomy to Brazilian municipalities. Furthermore, we also 

contribute by bringing the importance of another measure of capacity to develop climate plans: 

the existence of an exclusive sustainability office. This is a topic that is almost completely 

absent in the literature (Krause et al., 2016). Finally, we also show that population and education 

are the main sociodemographic variables that matter the most for the municipality to respond 

to climate risks. 

With regard to the content of climate change plans that were found for Brazilian 

municipalities, it is possible to observe that adaptation is still a scarce debate in view of its 

urgency. There are almost no specific adaptation plans, while the other existing plans do not 

always discuss adaptation. We also found that different adaptation practices are interesting for 

the Brazilian territory, as is the case of Ecosystem-based Adaptation (EbA), practices that some 

local governments are already applying. Thus, it is important to highlight adaptation when 

designing other strategies in local public administration, such as the Municipal Plan for the 

Conservation and Recovery of the Atlantic Forest and the Strategic Master Plan. Finally, the 

engagement of different public actors should be encouraged not only in the preparation of such 

plans, but also in their implementation (Di Giulio et al., 2018).  

7.1. Policy implications 

Based on the findings presented above, we developed the following recommendations 

for policy makers in order to improve adaptation to climate change in Brazilian municipalities: 

to assess the possibility of joining Transnational Municipal Networks and maintain the network 

relationship in order to enrich the sustainability debate in the municipality and implement the 

scientific knowledge in the local public administration. 2. The government should establish, in 

addition to the plan, a follow-up of the actions being developed by the municipality, so that 

citizens and scholars can monitor the fulfillment of goals and deadlines. 3. As most of the 

analyzed municipalities have an exclusive environmental office – which is an important factor 
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for the development of climate change responses –  we also encourage the coordination role of 

these environmental offices with other local government bodies – city development, sanitation, 

risk reduction, among others – since the field of adaptation is multidisciplinary. 

7.2.  Limitations and future research 

  We believe the work will have theoretical and practical implications and may serve as 

an aid to policymakers in this urgent debate, especially in developing countries. Nevertheless, 

like all research, this has some limitations. First and most importantly is that there is still no 

specific measure to analyze adaptation  to climate change in municipalities since it involves 

several important sectors for local development. Thus, it was decided to start an analysis based 

on what is found publicly – the municipal reports. Although such analysis is an advance in the 

academic literature, we can say little about the implementation of such adaptation guides.  

The second limitation that we have is that we only work with one TMN. As ICLEI is 

the largest network and is present in many municipalities in the national territory – whether 

large or small municipalities – we chose to work with their presence as a partnership. However, 

authors have already argued that being a member of several networks is related with higher 

levels of adaptation planning (Heikkinen et al., 2020). Thirdly, there is a limitation regarding 

the amount of information we have, since it is little discussed at the local level. As a result, few 

municipalities produce climate change reports, which makes analysis difficult for a country as 

large as Brazil. Added to this, it is important to note that accessibility to climate plans or 

projects, especially on adaptation, can be challenging. This means that, although care has been 

taken in the search for municipal information in the face of the climate debate, it may be the 

case that a plan or project exists in a municipality and is not easily available online. Finally, the 

debate on climate change adaptation is growing and constantly changing (Schneider et al., 

2021) – especially in developing countries like Brazil. In this way, new plans probably will 

emerge in the future. Our research reflects an investigation of plans until the beginning of the 

year 2022. Therefore, the results must be analyzed in this scenario.  

Future research may investigate the adaptation debate and its mechanisms in Brazilian 

cities involving other sectors of urban development – e.g.  water, sanitation, urban planning, 

vulnerable population, among others – and search for adaptation measures in the planning of 

other areas of development. Additionally, it is important that future studies address the 

implementation of plans prepared by local governance through contact with key actors in the 
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municipality. Future research should continue studying the role of these variables in Brazilian 

municipalities and bring more robust results in future analyses.  
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