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Abstract

Cities account for a dominant share of global CO2 emissions, making their engagement in

climate governance crucial for addressing environmental challenges. This study investigates

whether experiences with environmental disasters influence Brazilian municipalities’ decision

to join Transnational Municipal Networks (TMNs). Using a heterogeneity-robust Differences-

in-Differences framework on a dataset of Brazilian municipalities from 2016 to 2023, we find

that experiencing natural disasters leads to increased TMN participation in a delayed manner,

consistent with our hypothesized institutional learning mechanism. The analysis also reveals

that medium-sized municipalities show the strongest positive response to disaster experiences,

while large municipalities exhibit a surprisingly negative relationship between disaster density

level and TMN participation.
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1 Introduction

Climate change is one of the most significant challenges of the 21st century, requiring coor-

dinated actions at all levels of governance, including subnational entities. Cities account for a

dominant share (over 70%) of global CO2 emissions, with electricity and heat production being

the largest contributing sector (Dasgupta, Lall, and Wheeler, 2022). While cities are increas-

ingly engaging in climate action through various channels, a notable puzzle arises: why do

some cities choose to participate in global climate networks while others do not?

Cities face great climate-related challenges and disasters, so understanding their motiva-

tions for engaging in international climate networks becomes increasingly crucial. Traditional

explanations focusing on economic capacity and political factors fail to fully account for which

cities choose to engage in these networks by ignoring the environmental side (Blume, 2017).

This gap leads us to examine whether direct experiences with climate vulnerability, particularly

through environmental disasters, might influence cities’ decisions to engage globally. In this

research, we specifically ask: “To what extent do experiences with environmental disasters in-

fluence the decision of Brazilian cities of varying sizes to participate in Transnational Municipal

Networks (TMNs)?”, potentially providing another dimension to the literature that tackles that

puzzle.

Cities’ role in climate governance has evolved since the 1992 Rio Earth Summit, where lo-

cal governments were first recognized as key stakeholders in sustainable development (United

Nations, 1992). This role was further strengthened through the 2015 Paris Agreement, which

recognized the critical role of actors beyond the central state, like subnational governments, in

implementing Nationally Determined Contributions (NDCs) – country-specific climate action

plans that outline emissions reduction targets and adaptation measures (United Nations Frame-

work Convention on Climate Change (UNFCCC), 2015). However, while many Global North

cities have engaged in international climate initiatives, Global South participation remains lim-

ited and uneven.

In that context, in recent years, there has been increasing climate action among Brazil-

ian municipalities (Macedo and Jacobi, 2019). One of those actions involves participating in

transnational governance infrastructures (Macedo and Jacobi, 2019), particularly Transnational

Municipal Networks (TMNs), which facilitate city-to-city cooperation on climate action. This is

important, because Brazilian cities face unique challenges but also opportunities for climate ac-

tion. The country’s vast territory encompasses diverse ecosystems, from the Amazon rainforest
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to coastal regions, making many areas particularly vulnerable to future climate-related disas-

ters (Pivetta, 2016). Although the country’ has environmental significance and a decentralized

governance system, that provides municipalities with significant autonomy, it’s puzzling that

Brazilian cities show a disparity in their engagement with TMNs. Of Brazil’s 5,570 munici-

palities, surprisingly few participate in the world’s leading environmental networks – only 159

cities have joined Global Covenant of Mayors for Climate & Energy (GCoM) (Global Covenant

of Mayors for Climate & Energy, n.d.), and just 92 are members of Local Governments for Sus-

tainability ICLEI (“Associados,” n.d.) – two of the most influential global networks focusing

on climate action and environmental sustainability.

This discrepancy, coupled with the lack of systematic studies on the question of why Brazil-

ian cities engage in climate paradiplomacy, presents an important research opportunity. The

main contribution of this paper is to examine a possible omitted variable in the literature on

drivers of transnational governance and climate paradiplomacy: the role of natural disasters.

Through this study, we aim to explore the motivations behind engaging with transnational net-

works, which could inform more effective policies and advocacy strategies for increasing urban

participation in international climate governance, and climate paradiplomacy overall.

The paper is structured as follows: First, we review the literature on multilevel governance,

paradiplomacy, TMNs, and their drivers. Then, we examine the literature on the political effects

of natural disasters. Next, we present the theoretical framework, which offers two complemen-

tary explanations for how natural disasters affect municipal engagement with TMNs and three

testable hypotheses. The fourth section outlines the data sources and variable construction. The

fifth section presents the methodology, featuring a new estimator for staggered differences-in-

differences. In the sixth section, we present the results of the quantitative analysis. Finally, we

discuss the implications of these findings for our understanding of urban climate governance

and suggest avenues for future research.

2 Literature Review

2.1 Multilevel Governance and Paradiplomacy

Climate change governance studies have increasingly focused on the role of subnational actors,

particularly cities, over the past few decades. The concept of multilevel governance properly

captures the complexity of climate change policy and action. Bulkeley and Betsill (2005) pio-
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neered the application of this theoretical framework to urban climate governance. The authors

defended that the governance of urban sustainability involves complex relationships between

different levels of the state, as well as networks of other cities and subnational entities. In this

framework, the central state’s role as the primary coordinator to solve collective problems is

replaced by a recognition of the importance of other actors, such as cities.

Liesbet and Gary (2003) further clarify this complexity in governance arrangements by

identifying two distinct types of multilevel governance. Type I refers to general-purpose ju-

risdictions at defined territorial levels—like Brazil’s federal structure of municipalities, states,

and national government. Type II represents task-specific jurisdictions that can overlap and

are more flexible, such as transnational climate networks. Cities typically operate within Type

I structures while simultaneously engaging in Type II arrangements that are more flexible to

address specific challenges like climate change and urban sustainability.

Within this multilevel governance framework, paradiplomacy emerges as a key mechanism

for cities engaging in international relations. The concept, introduced in the 1980s by Duchacek

and Soldatos (Blume, 2017), describes the pursuit of international agendas by regional and local

governments, often operating independently or alongside national diplomatic efforts. This can

include direct city-to-city cooperation, participation in international networks, and engagement

with global governance institutions.

The literature has identified various drivers of paradiplomatic activity. Keating (2000)’s in-

fluential framework categorizes thesemotivations into threemain dimensions: political (such as

regions seeking international recognition), cultural (including language and cultural promotion),

and economic (focusing on investment attraction and market access). However, this traditional

framework largely overlooked environmental factors, a gap particularly relevant in the context

of climate change governance (Blume, 2017). This omission is widespread in the literature,

which could hide an important source of reason for green paradiplomatic actions.

The literature also fails to recognize a general “universal” theory for the drivers of paradiplo-

matic activity. Recent scholarship has emphasized the context-specific nature of paradiplomatic

drivers. Stremoukhov (2022)’s analysis of Russian regional paradiplomacy, measuring inter-

national activity through foreign visits and diplomatic meetings, demonstrates how regional

democracy, resource constraints, and leadership characteristics shape paradiplomatic engage-

ment. His findings support a rational choice approach, suggesting that paradiplomatic activity

responds to specific regional incentive structures. This theoretical perspective provides valu-
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able insights for analyzing Brazilian cities’ engagement with international municipal climate

networks, particularly in order to understand how environmental disasters might alter local in-

centive structures for international engagement.

2.2 Transnational Municipal Networks

Within this multilevel governance framework, transnational municipal networks have emerged

as a key mechanism for cities to engage in environmental governance. Kern and Bulkeley

(2009) demonstrate how these networks operate as a form of horizontal governance, facili-

tating knowledge exchange and policy learning among cities. The authors identify three key

governing mechanisms through which TMNs operate: information and communication shar-

ing, project funding and implementation, recognition, benchmarking, and certification. These

networks can be understood as a manifestation of paradiplomacy, providing institutionalized

spaces where local governments from different countries collaborate as equal partners on envi-

ronmental issues (Busch, 2015).

Networks like (ICLEI), (GCoM), and C40 have become increasingly important platforms

for city-level climate action. Busch (2015) identified four main functions these networks could

serve: (1) platform for the exchange of information between cities, (2) consultant providing

tools/guidance, (3) commitment broker, getting cities to make pledges, and (4) advocate lob-

bying higher levels of government. Through these functions, TMNs facilitate both horizontal

cooperation between cities and vertical interactions with other governance levels.

Transnational Municipal Climate Networks (TMCNs) specifically address climate change.

Busch (2015) defines it as: “institutionalized spaces where local governments from different

countries come together as equitable partners in an exchange on climate change-related issues”

(215). These structures address climate-related matters, leveraging cities’ capacity to man-

age resources to implement mitigation and adaptation strategies (Busch, 2015). Thus, these

strategies and knowledge can directly impact a municipality’s preparedness for environmental

disasters, as they are highly related.

Research on motivations for TMN participation (including TMCNs) has identified several

key factors. Haupt et al. (2020) point to knowledge sharing and learning as primary motiva-

tions, while Butun Bayindir (2021) emphasizes access to expertise and funding opportunities.

Notably, TMNs appear particularly valuable for smaller municipalities, where they contribute

significantly to local climate mitigation policies. This is supported by Busch and Anderberg
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(2015)’s research on German cities, which found that improving local climate change strate-

gies, rather than green city branding, was the primary motivation for network participation.

The Brazilian experience illustrates how these dynamics happen in practice. São Paulo’s

engagement with ICLEI and C40 demonstrates how TMNs can facilitate knowledge exchange,

provide policy guidance, and strengthen cities’ voices in national discussions (Macedo and Ja-

cobi, 2019). On the information exchange front, the city participated in ICLEI’s Cities for Cli-

mate Protection (CCP campaign), which facilitated knowledge sharing with other cities. They

also show that TMNs provided São Paulo with guidance on developing its climate policy, with

commitment brokering to later adopt a Municipal Climate Change Policy (Law No. 14933 of

2009), and helped the city strengthen its voice in national discussions. However, the authors

emphasize that sustained political will was crucial for maintaining the benefits of network par-

ticipation.

Similarly, Palmas was the first Brazilian city to include a law on climate change back in

2003 (Almeida, Silva, and Pessoa, 2013). The city participated in the Cities for Climate Protec-

tion (CCP) campaign from ICLEI, and, Almeida, Silva, and Pessoa (2013) found that a major

motivation for the city’s engagement with TMNs was previous political will, as well as an op-

portunity to attract funding for a pre-existing carbon sequestration project. ICLEI’s technical

assistance, through training and software supply, was important for the city’s capacity to act on

climate change, which shows, again, that political will is important for the purpose of continu-

ity in TMN’s engagement. However, it cannot be extrapolated to other smaller cities, since not

all of them have pre-existing climate projects, nor can it account for why many of them have

started to engage with TMNs in recent years (Macedo and Jacobi, 2019), which leaves space

for external factors as well.

Significant gaps remain in our understanding of TMN participation, particularly regarding

cities in the Global South and smaller municipalities (Macedo and Jacobi, 2019; Blume, 2017).

While studies have analyzed the effects of climate paradiplomacy and TMN participation on

local carbon emissions in Brazil (Almeida, Silva, and Pessoa, 2013; Macedo, Setzer, and Rei,

2016; Busch, 2015), there is still no consensus on what factors influence cities to engage in

these horizontal networks (Oddone, 2023). This gap is particularly relevant for understanding

if and how environmental disasters might influence municipal decisions to participate in TMNs.
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2.3 Natural Disasters and Political Effects

This study theorizes about a potentially significant omitted variable in the literature on the

drivers of transnational governance and climate paradiplomacy: the role of natural disasters.

This demands a review of the literature concerning natural disasters and their political conse-

quences.

Natural disasters can be defined as the “result of adverse events, whether natural or man-

made, on a vulnerable ecosystem. Disasters cause human, material, or environmental damage

and consequent economic and social losses” (Cunha Lopes et al., 2009, 21). In Brazil, there

has been a surge in natural disasters in recent decades, with most of them associated with ex-

treme hydrometeorological and climatic phenomena (Marengo, 2018, 209). They mostly occur

in regions where the population is more exposed and vulnerable to extreme climate events. Fac-

tors such as urbanization, urban planning, poverty, poor governance, and lack of preparedness

determine the impact of natural disasters in a region (2013).

Recent empirical research has demonstrated how extensive the economic impacts of natural

disasters on local communities can be. Patel (2023) found that floods in India cause persistent

declines in economic activity that can be observed even from satellite imagery, with gaps lasting

for at least seven years. These impacts extend beyond immediate casualties to affect agricultural

productivity (in the case of rural cities), employment, and migration behaviors. Importantly,

this study has also revealed that past flood exposure increases households’ perceived marginal

benefit of adaptation investment by raising their beliefs about future disaster risks.

The concept of urban resilience is of great importance to understanding cities’ responses

to climate change and disasters. Meerow, Newell, and Stults (2016) define resilient cities as

those capable of absorbing abrupt shocks (like flooding) and returning swiftly to their essential

functions. In that sense, cities more vulnerable to climate change and natural disasters could

seek platforms like TMNs to learn how to be more resilient. Comfort et al. (2010) support this

notion, finding that many municipalities strengthen their urban resilience through cooperative

ties with other cities, both nationally and internationally.

Brazil’s context presents unique challenges because its vast territory and diverse climate

make it vulnerable to various natural disasters (Mello, Zanetti, and Papali, 2014). Significant

asymmetry in the capacities of local governments to implement public policies (e.g., a poor

city versus a rich city) (Grin et al., 2018) creates heterogeneity in natural disasters’ impacts

on different cities. Moreover, Soares (2023) revealed that increased state capacity in Brazilian
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cities helps mitigate the impacts of natural disasters.

Natural disasters, as external shocks, can catalyze significant policy changes. Past research

conjectured that these events generate sudden attention to specific problems, opening policy

windows for public action (Birkland, 1997, 2006). These windows represent a confluence of

three processes “streams”: problems, policies, and politics (King, 1985). Farley et al. (2007)

demonstrate how catastrophes, in general, serve as focusing events that can result in profound

societal change by bringing less visible policy matters to the forefront of an agenda or reinforc-

ing already salient items.

However, while disasters create immediate attention as focusing events, the process of pol-

icy change often unfolds over the years. The effectiveness of policy windows depends on

the interaction of the three streams, and this alignment takes time to develop. The problem

stream comes from the interplay between “indicators, focusing events, and feedback” Farley

et al. (2007, 345). While environmental disasters provide the “push” needed to get government

attention, translating this attention into action requires the development of viable solutions and

favorable political conditions.

The policy stream, which King (1985) highlights as a “primeval soup,” involves the evolu-

tion and maturation of potential solutions. Policy entrepreneurs – those who invest time, skills,

and money hoping for favorable policy outcomes – need time to “soften up” specific commu-

nities to their proposed solutions. In environmental governance, this often means gradually

building acceptance for international cooperation.

Birkland (2006) highlights how the impact of natural disasters on public policy unfolds

gradually over time, often requiring the cumulative effect of multiple events and sustained ef-

forts to achieve significant change. While disasters serve as focusing events that temporarily

draw public and political attention to policy gaps, the author argues that this attention is often

short-lived, with interest shifting away as recovery efforts progress. Mitigation measures, cru-

cial for reducing long-term risks, sometimes fail to gain sufficient traction in the broader policy

agenda, remaining largely within the domain of technical experts and professionals. Birkland

(2006)’s analysis emphasizes that meaningful policy changes are rarely the direct result of a

single event but instead emerge from the gradual accumulation of knowledge, experience, and

advocacy over extended periods.

The temporal dimension of disaster-driven policy change is evident in historical examples.

Farley et al. (2007) demonstrate how the Johnstown flood of 1889 and the Mississippi flood
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of 1927 catalyzed significant policy changes that materialized years later, as communities pro-

cessed lessons learned and developed appropriate responses.

Pasquini and Shearing (2014)’s research provides valuable insights into how these dynamics

play out at the municipal level. Examining a South African municipality, the study identifies

three key drivers of progress in municipal environmental agendas: political champions, dense

social and organizational networks, and visible benefits from environmental initiatives. The

research also emphasizes the critical role of political leadership in his case study, exemplified by

a Deputy Mayor whose personal interest and institutional connections facilitated environmental

reforms.

The study also expose how political competition can sometimes incentivize environmental

innovation, because parties seek electoral advantages through green initiatives (e.g. new bike

lanes). However, short-term political cycles often create tension between immediate, visible

outcomes and long-term sustainability goals. This complicates the implementation of compre-

hensive disaster resilience strategies (Pasquini and Shearing, 2014).

2.4 Vulnerability, Compensation, and Policy Responses

Gaikwad, Genovese, and Tingley (2020) discusses how shared experiences of vulnerability can

bring people together to tackle environmental challenges. For example, in fossil-fuel-dependent

regions, communities often develop similar policy preferences because of their shared struggles,

such as supporting policies focused on recovery and resilience. Likewise, Comfort et al. (2010)

show that cities often work together with other cities, both nationally and internationally, to

build resilience. Their research emphasizes that collaboration between cities is an important

way to strengthen urban resilience against environmental challenges.

While shared vulnerability can drive local collaboration, it also influences attitudes toward

broader climate policy. Gaikwad, Genovese, and Tingley (2023) expands this understanding by

illustrating how voter preferences shift post-disaster to favor equitable and reciprocal climate

investments. The study found that public support for international climate transfers is highest

when policies emphasize mutual benefits and targeted compensation mechanisms for the vul-

nerable. This dynamic shows how disasters, by highlighting inequalities and vulnerabilities,

reshape political incentives for climate action and international cooperation.

Research has also revealed important relationships between natural disaster occurrence and

electoral dynamics. Natural disasters have positive effects on mayors who are running for re-
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election if they happen in an electoral year (Soares, 2023; Cole, Healy, andWerker, 2012). This

happens because cities affected by natural disasters usually receive great federal funding for

recovery, which can spill out to other areas of urban life. However, disasters that concentrate on

non-electoral years can negatively influence the probability of reelection, especially in smaller

Brazilian cities (Soares, 2023).

The impact of disasters takes on particular significance in smaller municipalities. Rumbach

(2016) argues that in smaller municipalities, disasters become events with significant socioeco-

nomic impacts and, thus, reconfigure the political agenda. Similarly, Cole and Murphy (2014)

argue that in denser, smaller cities, information about disasters spreads more quickly and effi-

ciently due to closer community ties and more compact communication networks, suggesting

that municipal leadership may be more visible and impactful in smaller cities.

2.5 Municipal Capacity and Size Effects

Research consistently demonstrates that city size and administrative capacity play critical roles

in the adoption and implementation of sustainability policies. Studies suggest that larger cities

are more likely to engage in sustainability initiatives due to their enhanced planning capacity

and greater administrative resources (Hawkins and Wang, 2011; Lubell, Feiock, and Handy,

2009). Population size and density create both pressures and opportunities for sustainability

engagement – pressures through increased environmental challenges and opportunities through

expanded institutional capacity and resources.

Limited staff capacity has been identified as a significant barrier to pursuing climate change

mitigation goals and sustainability initiatives (Betsill, 2001). Dalton and Burby (1994) found

that the level of local planning office commitment is significantly associated with the quantity

of local development management approaches. The findings indicate an important fact, which

is that larger cities can devote more administrative resources to planning, which gives them

more capacity to develop and implement sustainability policies.

The importance of municipal capacity extends beyond mere staffing levels to include fiscal

health and administrative sophistication. Cities with better fiscal health are more capable of

bearing the costs associated with sustainability initiatives, while those with limited resources

may struggle to implement even basic environmental policies (Lubell, Feiock, and Handy,

2009). This relationship between fiscal capacity and sustainability adoption creates potential

equity concerns, as smaller or economically disadvantaged cities may lack the resources needed
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to pursue environmental initiatives, even when facing significant environmental challenges.

In addition, larger cities tend to have more specialized administrative units/buildings and

also greater technical expertise, enabling them to better navigate the complex requirements

of sustainability planning and implementation (Hawkins and Wang, 2011). This extra capacity

allows them to more effectively engage with external municipal networks, access grant funding,

while also implementing more sophisticated sustainability programs.

3 Theoretical Framework

This research proposes that experiences with natural disasters influence Brazilian municipali-

ties’ decisions to participate in TMNs. Drawing from the multilevel governance literature and

research on natural disasters’ political effects, we develop a theoretical framework built on two

complementary mechanisms through which disasters may drive TMN participation: (1) insti-

tutional learning and capacity building and (2) political incentive and voter preferences. These

mechanisms operate differently across municipality sizes, leading to our third hypothesis, about

size effects.

3.1 Disasters asCatalysts for Institutional Learning (amedium-termmech-

anism)

The theory of focusing events suggests that sudden, impactful events – such as natural disasters

– can draw intense public and elite attention to specific issues, creating windows of oppor-

tunity for policy changes (Birkland, 1997, 2006). This attention creates opportunities for the

author terms “instrumental learning” happening, where municipalities apply new information

and experiences to policy decisions. The learning process is cumulative – as municipalities

experience multiple disasters, they accumulate knowledge about their vulnerabilities and needs

for adaptation (Birkland, 2006).

When disasters happen, they expose gaps in municipal capacity to handle environmental

challenges. As Pasquini and Shearing (2014, 8) shows through case studies, disasters can con-

vert “non-believers into believers” regarding environmental action by making vulnerabilities

visible and costly. For instance, when a South African municipality experienced three severe

floods, the infrastructure damage from it catalyzed institutional change, as it led officials to

examine disaster causes and management more closely. This aligns with Patel (2023)’s finding
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that past disaster exposure increases the perceived benefits of adaptation investment by raising

awareness of future risks.

TMNs offer solutions to these capacity gaps through their core functions. As Busch (2015)

remarks, TMNs serve as platforms for information exchange, provide technical guidance, and

broker commitments. For municipalities recognizing their vulnerabilities after impactful dis-

asters, these networks could offer valuable resources for building resilience. The knowledge-

sharing function becomes particularly attractive as cities seek to learn from others’ experiences

in disaster management and adaptation, especially given the asymmetric capacities of Brazilian

local governments to implement public policies (Grin et al., 2018).

Because of that, the experience of a natural disaster, together with the growing awareness of

climate change’s tangible impacts, can gradually reshape the willingness of cities’ bureaucracies

and political elites to engage in transnational networks over the years. This shift arises not from

short-term electoral calculations, but from a genuine recognition of the need for external support

to effectively implement mitigation and adaptation strategies.

3.2 Political Incentives and Voter Preferences (short-term mechanism)

TMN participation offers politicians a visible way to demonstrate action on environmental is-

sues. As Pasquini and Shearing (2014, 20) notes, environmental governance initiatives that

offer “significant and visible advantages” in the short term are particularly attractive given po-

litical timescales. TMN membership provides such visibility while being relatively low-cost

since network commitments are typically non-binding. This aligns with Gaikwad, Genovese,

and Tingley (2020)’s finding that local leaders seek ways to signal environmental commitment

that balance voter demands with implementation constraints (to foster coalition support for cli-

mate and environmental policies).

The political incentives are elevated by disaster timing relative to electoral cycles. In Brazil,

mayors are the main responsible leaders for any natural disaster within their jurisdictions. As

a result, when a natural emergency with casualties occurs the mayor is often held accountable.

This accountability can affect election outcomes, as evidence shows that voters tend to punish

mayors during their reelection bids in Brazil when natural disasters occur in non-electoral years,

with this effect being more pronounced in small cities (Soares, 2023). TMN participation of-

fers a way for leaders to show proactive response to disasters, potentially mitigating negative

electoral effects while capitalizing on increased voter attention to environmental issues.
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In contrast, if a disaster strikes in a non-electoral year, the mayor is more likely to seek

technical assistance and guidance from TMNs, as these networks can enhance local climate

resilience (Soares, 2023), including preparation for natural disasters (Butun Bayindir, 2021).

The intersection of economic and physical vulnerabilities, as conceptualized by Gaikwad, Gen-

ovese, and Tingley (2020), creates complex dynamics in how communities respond to climate

challenges. TMNs offer multiple benefits that address both vulnerabilities: knowledge sharing

for physical resilience and potential access to funding for economic recovery. This dual benefit

is especially valuable for smaller municipalities that may lack internal capacity for great climate

action (Hawkins and Wang, 2011).

3.3 Effects which depend on Size and Network Characteristics

The impact of disasters on TMN participation likely varies by municipality size due to several

interrelated factors. First, smaller municipalities typically face greater capacity constraints in

addressing environmental challenges independently (Grin et al., 2018). This makes TMNs’

knowledge-sharing and technical support functions particularly valuable for smaller cities ex-

periencing disasters.

Second, information about disasters and municipal responses spreads differently in smaller

communities. Cole and Murphy (2014) show that in smaller, denser cities, information diffuses

more quickly and efficiently because of closer community ties and more compact communica-

tion networks. This increased information flow makes municipal leadership more visible and

accountable, which could, potentially, amplify political pressure for action after disasters.

Third, smaller municipalities benefit from denser social networks that facilitate norm dif-

fusion. Pasquini and Shearing (2014) shows how smaller city size creates denser networks

among municipal staff, facilitating the spread and institutionalization of new environmental

norms. This network density can accelerate the translation of disaster experiences into institu-

tional change and TMN participation.

3.4 Hypotheses

Based on the theoretical mechanisms that lead to engagement with TMN described above, we

hypothesize two concurrent, but not necessarily competing, explanations for how natural dis-

asters influence TMN participation, operating through different causal pathways and time hori-
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zons.

This leads to two hypotheses about the primary mechanisms driving TMN participation and

another hypothesis related to the municipality size (which affects both):

1. H1: Brazilian municipalities that experience natural disasters are more likely to join

transnational municipal networks in later years, with the effect increasing over time due

to institutional learning processes.

2. H2: The likelihood of transnational municipal networks’ participation increases more

sharply in the year immediately following a natural disaster, reflecting short-term politi-

cal incentives.

3. H3: The effect of natural disasters on TMN participation is stronger in smaller munici-

palities than in larger ones.

The learning explanation suggests that participation results from gradual institutional recog-

nition of needs and opportunities through the years after a disaster (H1).

The political explanation suggests that participation in TMNs is primarily a strategic re-

sponse to short-term electoral pressures after a disaster (H2). This hypothesis has a scope con-

dition. It is bounded by temporal conditions related to electoral cycles. Following on Soares

(2023), who demonstrated that natural disasters only increase politicians’ chances of reelection

during electoral years, we expect this relationship between disaster impacts and TMNmember-

ship to hold primarily during non-electoral years.

A moderator variable is the size of the city. We expect smaller cities to have a greater proba-

bility of joining a TMN after a disaster occurs because of more significant capacity constraints,

making external support more valuable, and higher density social networks – facilitating faster

information spread of the disaster and higher visibility of municipal leadership responses to

disasters – (H3).

4 Data collection and descriptive statistics

To test the hypotheses, this research study draws on three primary data sources to examine

the relationship between natural disasters and transnational municipal network entrance across
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Brazilian cities over time.

The first dataset is the Global Covenant of Mayors for Climate & Energy (GCoM) member-

ship list. GCoM is one of the largest international alliances aimed at advancing local climate

action. Its goal is to promote a “low-emission and climate-resilient economy” (Global Covenant

of Mayors for Climate & Energy, n.d.). GCoM provides a list of member cities on its website,

including each city’s year of joining.

The second dataset includes Brazilian cities affiliated with the International Council for

Local Environmental Initiatives (ICLEI). ICLEI, committed to sustainable urban development,

is another prominent TMN with a relatively strong presence in Brazil. Like GCoM, ICLEI

publicly lists member cities along with their joining years, which allows us to track temporal

changes in membership. Both GCoM and ICLEI are chosen for this analysis due to being the

most widespread TMN in Brazil and their role as leaders in the global climate and sustainability

agenda (including mitigation and adaptation efforts).

The dependent variable, indicating whether a city joined a TMN in a given year, is composed

by joining the GCoM and ICLEI datasets. This binary variable takes a value of 1 when a

given city g joins either (or both) networks in year t and 0 otherwise. A limitation inherent

to these original databases is the lack of specific joining dates (day and month), limiting the

temporal precision of the analysis. Since data is only available on a yearly basis, the model

cannot determine the exact sequence of events within the same year.

Yg,t =

1 if municipality g enters a TMN in year t,

0 otherwise.
(1)

It is important to note that, while ICLEI was conceived in 1990, Brazilian cities became

more involved with the network only in the 2000s, and membership gained traction only in

the middle of the 2010s (“Missão e História - ICLEI América do Sul,” n.d.). This trend likely

reflects the gradual diffusion of TMNmembership opportunities and knowledge among Brazil-

ian cities, which gained visibility over time (Macedo and Jacobi, 2019). Moreover, the other

network, GCoM, emerged in 2015 by combining two initiatives for city governments: The

Covenant of Mayors—limited to European Union-only members—and the former Compact of

Mayors—launched in 2014 but rapidly incorporated into GCoM. As Figure 1 shows, ICLEI has

experienced modest but consistent growth in Brazilian membership since 2003, while GCoM’s

entry in 2015 marked a dramatic shift in the landscape. It quickly surpassed ICLEI’s member-
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ship numbers, which also saw a surge in membership beginning that same year.

This pattern shows an increasing recognition of the value of network engagement in ad-

vancing local environmental action, coinciding with the 2015 Paris Agreement (United Na-

tions Framework Convention on Climate Change (UNFCCC), 2015), suggesting the agreement

served as a catalyst for greater municipal involvement in and recognition of climate networks.

Because of the trend observed, this research will analyze only the period post-2015, filtering

the dataset for 2016-2023. This has a limitation, as it excludes the entire 2000s membership

data from ICLEI and the initial surge of GCoM membership in 2015. However, this exclusion

is methodologically necessary because the 2015 memberships likely represent a distinct joining

mechanism – the initial recruitment drive of a network and its novelty – rather than the disaster-

response dynamic that this study aims to investigate. Including 2015 could skew the analysis

by conflating these two different membership motivations. It will also provide a period when

both TMNs coexisted. This choice also does not lose many data points, as the post-2015 time-

frame provides the most active and more stable period for analyzing the hypothesized causal

mechanisms.
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Figure 1: Temporal distribution of transnational municipal network membership in Brazil.
Source: Author own elaboration

The third primary source comes from the database “Atlas Digital de Desastres no Brasil,”

which contains comprehensive records of Brazilian environmental disasters – like floods and

landslides – from 1991 to 2023 (Ministério do Desenvolvimento Regional (MDR), 2023). This

database is managed in partnership with Universidade de Santa Catarina, the World Bank, and

Secretaria Nacional de Proteção e Defesa Civil (Sedec) – the official Brazilian government

agency responsible for coordinating national efforts in disaster risk reduction. It was constructed

by extracting the data from the Sistema Integrado de Informações Sobre Desastres (S2ID), the

official platform for cities and states to request federal resources for disaster response activities

and reconstruction (Manual de Aplicação: Base de Dados do Atlas Digital de Desastres no
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Brasil, 2023).

Through this database, this study takes inspiration from previous authors’ designs to con-

struct the independent variables related to natural disasters. We employ two different measures

of natural disasters. The first one follows Cooperman (2022), using a binary variable D that

equals 1 when a municipality experiences any natural disaster in a given year and 0 otherwise

(in this research, any natural disaster). This simpler measure captures the basic occurrence of

disasters, regardless of their intensity, density, or frequency. Table 1 presents the total number

of natural disasters that happened each year.

Dg,t =

1 if municipality g experiences any natural disaster in year t,

0 otherwise.
(2)

Year Total
2016 1,963
2017 2,267
2018 1,807
2019 1,784
2020 2,480
2021 2,217
2022 2,776
2023 2,801
Total 18,095

Table 1: Disaster count per year. Source: Atlas Digital de Desastres no Brasil. Author own
elaboration.

The second measure, following Soares (2023), starts with calculating the cumulative num-

ber of disasters per year divided by the municipality’s area, which provides a measure of the

relative density of natural disasters in each municipality. Dividing by municipal area normal-

izes the data, ensuring comparability across municipalities of different sizes and highlighting

the spatial intensity of disasters. Municipalities with high “density disaster per year” likely face

greater challenges in disaster risk management, as indicated by a higher concentration of dis-

aster events within a limited area. This might influence their decisions to seek external support

through cooperative networks (like TMNs) to access knowledge and resources and get help with

mitigation and adaptation policies.

To address the non-normal distribution of natural disaster impacts in Brazil, we employed a

data-driven approach usingmultimode kernel density estimation on the log-transformed disaster
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density values (with a small epsilon of 1e−6 added to handle zero values). This also follows pre-

vious literature standards on analyzing natural disaster effects (Soares, 2023; Firdes and Nazan,

2017). Using the multimode package in R with mod0 = 5 to capture potential modes, we iden-

tified significant density peaks after filtering out artificial modes very close to zero (threshold

> 1e−4). The resulting density peaks served as cutoff points for categorizing municipalities

into four groups based on their disaster density:

Let

Densityg,t =
Number of Disastersg,t

Municipal Areag

Then,

Dg,t =



1 (Very Low: 76.75% of obs.) if 0 ≤ Densityi,t ≤ 0.00197

2 (Low: 1.43% of obs.) if 0.00197 < Densityi,t ≤ 0.00222

3 (Medium: 6.48% of obs.) if 0.00222 < Densityi,t ≤ 0.00381

4 (High: 15.33% of obs.) if 0.00381 < Densityi,t ≤ 0.217

We excluded observations with densities above 0.217 as they represented extreme outliers

(less than 0.01% of the sample). This categorization reflects the natural breaks in the disas-

ter density distribution while maintaining enough observations in each category for statistical

analysis. The majority of observations in the “very low” category (76.75%) reflects the right-

skewed nature of disaster occurrences in Brazil, wheremost municipalities experience relatively

few disasters while a smaller number face more frequent events (Figure 2).
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Figure 2: Kernel Density of Disaster Density Values. Source: Author own elaboration.

We employ four main variables for control. The first one, mayor ideology, is a dummy

variable indicating if the incumbent political party is classified as left-wing. Prior research has

demonstrated that Brazilian leftist governments are more inclined to engage in transnational

activities, such as participation in TMNs (Milani and Ribeiro, 2011; Cezário, 2012). They are

also more inclined to pursue green policies (Nishijima and Pal, 2023).

Drawing on the work of Zucco and Power (2021) and Gouvêa and Girardi (2021) regard-

ing political parties in Brazil, this study classifies the following parties as left-wing: PV, PT,

PSOL, PSB, PPS, CIDADANIA, PDT, PCdoB, PPL, PSTU, PMN,MOBILIZA, PCO and PCB.

Notably, some of these parties (e.g. CIDADANIA and PPS) represent the same entity under

different names in different time periods. This classification vector accounts for all potential

names a party may have adopted or transitioned into over the years the analysis takes place. The

data were accessed via the Cepesp-FGV platform (Cepesp-FGV, n.d.), which compiles data

provided by the Tribunal Superior Eleitoral (TSE) (Tribunal Superior Eleitoral (TSE), n.d.).

The second control variable is the logarithm of GDP per capita. Municipal economic ca-

pacity can significantly influence participation in environmental initiatives, as wealthier cities

typically have more resources to invest in environmental governance and international engage-

ment (Grin et al., 2018). Moreover, cities with higher GDP per capita might have greater capac-

ity to absorb the administrative costs of joining and maintaining active participation in TMNs.

20



The GDP per capita data was obtained from the Brazilian Institute of Geography and Statis-

tics (IBGE) website and was log-transformed to account for its skewed distribution (Instituto

Brasileiro de Geografia e Estatística (IBGE), 2023).

Population size serves as the third control variable. Previous research has shown that larger

cities are more likely to engage in transnational networks or implement environemental poli-

cies due to greater administrative capacity and international visibility (Butun Bayindir, 2021;

Hawkins and Wang, 2011; Lubell, Feiock, and Handy, 2009). However, some studies sug-

gest that smaller municipalities might benefit more from TMN participation due to their greater

need for external knowledge and resources (Butun Bayindir, 2021). Given these competing

theoretical expectations, controlling for population size is important. The population data was

also obtained from IBGE estimates and is measured in thousands of inhabitants to facilitate the

interpretation of the coefficient.

The database is organized as a longitudinal panel, where each entry corresponds to a specific

city-year observation. Our sample selection followed several predetermined criteria to ensure

robust estimation. First, as mentioned before in this section, we restricted our analysis to the

post-2015 period (2016–2023) to focus on years when both networks (GCoM and ICLEI) were

fully operational, avoiding confounding effects from the initial surge in GCoM membership in

2015. Second, we excluded municipalities with missing data for any of our control variables

(GDP per capita, population, or mayor ideology) to maintain a consistent sample across specifi-

cations. Third, we removed six observations with extreme disaster density values (above 0.217)

as these represented clear outliers (0.01% of the sample) that could disproportionately influence

our estimates.

The descriptive statistics presented in Table 2 reveal several important data patterns. While

only 2.6% of cities (146municipalities) joined any TMN, natural disasters were widespread, af-

fecting 40.6% of all municipality-year observations (18, 101 observations) and reaching 80.5%

of all Brazilian municipalities. The disaster density is relatively low on average (0.002) but

shows considerable variation (SD = 0.007) with some extreme cases (max = 0.310). The

municipalities exhibit significant variation in economic development, with log GDP per capita

ranging from 7.666 to 13.083 (mean = 9.375) and substantial population disparities, ranging

from small towns with 771 inhabitants to large cities with over 12 million residents (mean ≈

37, 794).
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Table 2: Descriptive Statistics

Variable Mean/Freq Std. Dev. Min Max NA’s

TMN Entry 2.6% of cities (146 cities) NA NA NA 0

Disaster

Occurrence

40.6% of obs. (18,101 obs.,

80.5% of cities)

NA NA NA 0

Mayor

Ideology

21.6% NA NA NA 0

Presidential

Alignment

2.4% NA NA NA 50

Disaster

Density (Year)

0.002 0.006 0.000 0.199 0

Log GDP per

capita

9.375 0.715 7.666 13.083 0

Population 37,794 221,574 771 12,396,372 0
For binary variables, relative frequency (%) and number of occurrences are presented instead of mean, standard

deviation, minimum and maximum. For TMN Entry, statistics refer to unique cities. For Disaster Occurrence,

both observations (obs.) and unique cities are reported. Source: Author’s database

The correlation matrix analysis for the independent variables (and controls), shown in Ta-

ble 3, indicates lowmulticollinearity, supporting the suitability of the differences-in-differences

model this research uses. The highest correlation between disaster occurrence and disaster den-

sity (0.377∗∗∗) is expected, given their related nature (they are not used together in the model).

GDP per capita (log) shows weak correlations with disaster occurrence (−0.149∗∗∗) and popula-

tion (0.084∗∗∗). Political variables (mayor’s ideology and presidential alignment) show modest

corelations with each other (0.211∗∗∗) but are largely uncorrelated with other factors. Over-

all, correlations below 0.4 across variables confirm the absence of significant multicollinearity

issues.
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Table 3: Correlation between the main independent variables (and controls)

Variable
Disaster Mayor Presidential Disaster Log GDP

Population
Occurrence Ideology Alignment Density per capita

Disaster Occurrence 1.000∗∗∗ 0.010 0.008 0.377∗∗∗ −0.149∗∗∗ 0.017∗∗

Mayor Ideology 0.010∗ 1.000∗∗∗ 0.211∗∗∗ −0.006 −0.064∗∗∗ 0.004

Presidential Alignment 0.008 0.211∗∗∗ 1.000∗∗∗ 0.008 −0.009∗ 0.009

Disaster Density 0.377∗∗∗ −0.006 0.008 1.000∗∗∗ 0.010∗ −0.001

Log GDP per capita −0.149∗∗∗ −0.064∗∗∗ −0.009∗ 0.010∗ 1.000∗∗∗ 0.084∗∗∗

Population 0.017∗∗∗ 0.004 0.009 −0.001 0.084∗∗∗ 1.000∗∗∗

Note: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. Source: Author’s Databse.

5 Empirical Strategy

The temporal and spatial variation in the occurrence of natural disasters and the membership

of Brazilian municipalities in TMNs provide an opportunity to examine how climate events

affect municipal decisions to engage in international climate governance networks. Our main

estimand of interest is the causal effect of a natural disaster occurrence in a municipality on its

subsequent probability of joining TMNs.

To estimate the effect of natural disasters on TMNentrance, we employ a staggered difference-

in-difference approach that compares changes in TMN membership rates between municipali-

ties that experienced and did not experience natural disasters. This strategy accounts for fixed

characteristics at the municipal level that could influence both the probability of disasters and

the decision to join TMNs, such as geographic location, history of climate vulnerability, or

administrative capacity, as well as fixed effects for time.

To accommodate the specific nature of the data and this empirical design, we follow the

heterogeneity-robust Differences-in-Differences (DID) framework developed by Chaisemartin

andD’Haultfœuille (2022). Thismethodological choice (computed in Rwith the did_multipletgt_dyn

package) addresses key limitations in traditional approaches to causal inference with panel data.

When the treatment is introduced at different times across multiple units (staggered treat-

ment in time), Two-Way Fixed Effects (TWFE) regression is a popular approach to structure

the DID analysis. However, research shows that traditional TWFE faces significant limita-

tions when treatment effects vary across groups or over time (Chaisemartin and D’Haultfœuille,
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2020). While these estimators are widely used, recent studies have demonstrated that TWFE

coefficients represent weighted averages of treatment effects that can be negative even when

all the treatment effects are positive (Chaisemartin and D’Haultfœuille, 2020). This occurs be-

cause TWFE effectively uses already-treated units as controls, leading to biased estimates when

treatment effects are heterogeneous or dynamic.

The heterogeneity-robust DID framework overcomes these limitations through some flexi-

bility choices. First, it accommodates treatment effect heterogeneity – situations where impacts

vary across units or over time. This is important for studying natural disasters, as their effects

likely differ across municipalities due to varying institutional capacities, resources, and vulner-

abilities. Second, it implements event-study estimators that track both immediate and longer-

term effects of treatment, the so-called lagged effects, allowing us to understand how disaster

impacts evolve over time (in this study, how the probability of entering a TMN alters through

time given a disaster). Third, it avoids the problematic comparisons inherent in TWFE by using

clean control groups: the estimator focuses on groups that had the same initial treatment and

compares “switchers” (municipalities experiencing a treatment change) only to municipalities

whose treatment has not yet changed to estimate the effect.

The framework also allows for treatment reversals, where units can switch between treated

and untreated states multiple times — an essential feature when dealing with natural disasters.

Furthermore, it can estimate placebo tests to validate the assumption of parallel trends, which

is crucial for robust causal inference in DID designs.

We operationalize this approach by estimating the following regression equations:

5.0.1 Binary Treatment Estimator

For the binary treatment case, where the treatment Dg,t equals 1 if municipality g experiences

any natural disaster in year t, and 0 otherwise, we define the group-level DID estimator as

follows:

DIDg,ℓ = [TMNg,Fg−1+ℓ − TMNg,Fg−1]−
1

NFg−1+ℓ

∑
g′:Fg′>Fg−1+ℓ

[TMNg′,Fg−1+ℓ − TMNg′,Fg−1] (3)

where:

• TMNg, t is a binary variable indicating whether municipality g has joined a TMN by year

t (1 if joined, 0 otherwise).
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• Fg is the first year in which municipality g experiences a natural disaster, i.e., Fg =

min t ≥ 2 : Dg, t = 1.

• ℓ is the number of periods since the first disaster occurrence for municipality g, capturing

dynamic effects over time.

• NFg−1+ℓ is the number of control municipalities that have not yet experienced a disaster

by time Fg − 1 + ℓ.

This estimator compares the change in TMN participation for treated municipalities to the

average change in TMN participation for control municipalities over the same period.

5.0.2 Categorical Treatment Estimator (Normalized DID)

For the categorical treatment case, where the treatment variable reflects varying intensi-

ties/densities of natural disasters (Very Low, Low, Medium, High), we first define the total

change in treatment dose for each municipality:

δDg,ℓ =
ℓ−1∑
k=0

(
Dg,Fg+k −Dg,1

)
, (4)

where:

• Dg,t is the treatment dose (disaster intensity level) formunicipality g at time t, numerically

coded as:

– Very Low Intensity: Dg,t = 1,

– Low Intensity: Dg,t = 2,

– Medium Intensity: Dg,t = 3,

– High Intensity: Dg,t = 4.

• Dg,1 is the baseline treatment dose at t = 1, representing the pre-treatment condition or

the status-quo scenario before the occurrence of any natural disaster.

• Fg is the period when the municipality g first experiences a treatment change, i.e., the

first occurrence of a natural disaster.

• k is an index variable that iterates over the ℓ periods following Fg. Specifically:
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– k = 0 corresponds to the period of the first treatment change (t = Fg),

– k = 1 corresponds to one period after the first treatment change (t = Fg + 1),

– k = ℓ−1 corresponds to ℓ−1 periods after the first treatment change (t = Fg+ℓ−1).

The total change in treatment dose, δDg,ℓ, measures the cumulative difference in treatment

intensity over ℓ periods following the first treatment change, compared to the baseline dose.

The normalized group-level DID estimator is then defined as:

DIDn
g,ℓ =

[TMNg,Fg−1+ℓ − TMNg,Fg−1]− 1
NFg−1+ℓ

∑
g′:Fg′>Fg−1+ℓ[TMNg′,Fg−1+ℓ − TMNg′,Fg−1]

δDg,ℓ
(5)

The average normalized treatment effect at event time ℓ is calculated as:

δnℓ =
1

Nℓ

∑
g:Fg−1+ℓ≤T

DIDn
g,ℓ, (6)

where Nℓ is the number of municipalities g for which Fg − 1 + ℓ ≤ T , ensuring that the

event time ℓ is within the observed time frame T .

5.1 Interpretation

5.1.1 Binary Treatment Estimator

The estimator in Equation (3) measures the causal effect of experiencing any natural disaster

on the probability of a municipality joining a TMN, ℓ periods after the disaster. A positive

DIDg, ℓ suggests that experiencing a disaster increases the likelihood of TMN participation

relative to control municipalities. By examining DIDg, ℓ for different values of ℓ, we can assess

how this effect evolves over time, directly relating to Hypotheses H1 and H2.

5.1.2 Categorical Treatment Estimator

The normalized estimator in Equation (5) accounts for varying disaster density, providing

an effect per unit increase in disaster density level. This allows us to determine whether higher-

density disasters have a larger impact on TMN participation and how this impact changes over

time. The average normalized treatment effect δnℓ facilitates comparisons across different den-

sity levels and over different time periods.
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5.2 Hypotheses Testing

5.2.1 Hypothesis H1: Institutional Learning

If the average treatment effect δℓ (or δnℓ for the normalized case) increases with ℓ, it suggests

that the impact of disasters on TMN participation grows over time, supporting the institutional

learning mechanism proposed in H1.

5.2.2 Hypothesis H2: Immediate Political Incentives

A significant and larger treatment effect at ℓ = 1 indicates an immediate response to disas-

ters, consistent with the short-term political incentives mechanism described in H2.

5.2.3 Hypothesis H3: Municipality Size Effect

To test H3, we examine whether the treatment effects are stronger in smaller municipal-

ities. This involves estimating the DID estimators separately for different municipality size

categories.

Municipalities are categorized as follows, based on Socioterritorial classification from De-

senvolvimento SP and existing definitions in the literature (“Informações Socioterritoriais,”

n.d.; Soares, 2023):

• Small municipalities: Population less than 50,000.

• Medium municipalities: Population between 50,000 and 100,000.

• Large municipalities: Population greater than 100,000.

The classification framework ensures consistency with established standards and facilitates

robust subgroup analysis of treatment effects. We run an DID analysis on each subgroup.

5.3 Assumptions and Validity

5.3.1 Parallel Trends Assumption

Our identification strategy relies on the parallel trends assumption, which posits that munic-

ipalities that share the same initial TMNmembership status would have followed similar trends

in their TMN participation in the absence of natural disasters. More precisely, we compare the
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outcome evolution of ”switchers” (municipalities that experience a disaster) only to ”not-yet-

switchers” (municipalities that have not yet experienced a disaster) with the same initial TMN

membership status.

Because this is weaker than traditional parallel trends assumptions that compare all treated

and control units regardless of their initial conditions, we assess this assumption in two ways.

First, we conduct placebo tests by estimating ”effects” in the two years before municipalities ex-

perience their first disaster, comparing their TMN participation trends to those of municipalities

that have not yet experienced a disaster and had the same initial membership status. Second, we

visually inspect the evolution of TMN participation rates between future switchers and not-yet-

switchers prior to disaster occurrence. Finding no significant differences in pre-trends would

support our identifying assumption.

5.3.2 No Anticipation Assumption

We assume that municipalities do not alter their TMN participation behavior in anticipation

of a disaster. Given the unpredictable nature of natural disasters, this assumption is plausible in

our context.

5.4 Control Variables and Fixed Effects

Including control variables and fixed effects helps to account for potential confounders:

• Mayor’s Ideology: A dummy variable indicating if the incumbent political party is clas-

sified as left-wing, which may influence international engagement.

• Log GDP per Capita: Controls for economic capacity, as wealthier municipalities may

be more likely to join TMNs.

• Population Size: Controls for administrative capacity and international visibility, which

may affect TMN participation.

• Municipality Fixed Effects (αg): Control for unobserved, time-invariant characteristics

specific to each municipality.

• Time Fixed Effects (λt): Control for unobserved shocks or trends common to all munic-

ipalities in a given year.
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5.5 Method Limitations

While our methodological approach addresses many potential issues, some limitations re-

main:

• Measurement Error: The disaster data may have reporting biases, particularly in under-

resourced municipalities.

• Unobserved Confounders: Despite controlling for observable factors, there may be un-

observed variables that influence both disaster occurrence and TMN participation.

• Generalizability: Our findings are specific to Brazilian municipalities and may not gen-

eralize to other contexts.

6 Results

6.1 Empirical Strategy and Estimation

As exposed in the previous section, this study employs the heterogeneity-robust Differences-

in-Differences (DID) framework developed by Chaisemartin and D’Haultfœuille (2022), imple-

menting two complementary approaches to measure disaster impacts. First, a non-normalized

estimation using a binary treatment indicator captures the basic effect of disaster occurrence.

Second, a normalized estimation using a categorical treatment measure accounts for disaster

density levels and its cumulative effects over time.

6.2 Results Overview

6.2.1 Binary Treatment Effects

Table 4 presents the non-normalized event-study effects of disaster occurrence (binary treat-

ment variable) on TMN membership. The estimates represent the raw impact of experiencing

any natural disaster. Figure 3 shows that the parallel trends assumption holds for two years prior

to the year with a disaster. By year four, there is a statistically significant increase of 0.304 per-

centage points in TMN membership probability (p<0.05). By year five, this effect grows larger

to 0.46 percentage points (p<0.05). Previous years also show an increase in probability, but are

not statistically significant. This suggests a more gradual, long-term, rather than immediate,
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responses to disasters. The average cumulative effect shows a 0.347 percentage point higher

probability of joining a TMN after five years compared to the baseline.
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Figure 3: Binary Treatment Effects Across All Municipalities. Event Study Analysis showing
the relative time to treatment effects for the specified periods.
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Table 4: Non-Normalized Event-Study Effects of Natural Disasters on TMN Mem-
bership

Period Estimate SE CI Lower CI Upper N Switchers

Effectt+1 0.00150 0.00133 -0.00110 0.00410 24,019 3,823

Effectt+2 0.00233 0.00168 -0.00096 0.00563 19,591 3,593

Effectt+3 0.00052 0.00164 -0.00270 0.00373 15,407 3,121

Effectt+4 0.00304∗ 0.00151 0.00009 0.00599 11,738 2,805

Effectt+5 0.00460∗ 0.00220 0.00029 0.00891 8,385 2,215

Average

cumulative

effect

0.00347 0.00188 -0.00022 0.00716 35,755 15,557

* Significant at 5% level

Note: Effects represent percentage point changes in probability of becoming a member of

a TMN

Source: Author’s calculations using did_multiplegt_dyn

6.2.2 Categorical Treatment Effects

Table 5 presents the normalized event-study effects based on disaster density categories.

This measure helps us understand how the concentration of disasters in a municipality, not just

their occurrence, influences municipal responses. The estimates shown in the table represent

the effect per unit increase of treatment density level. Figure 4 shows that the parallel trends

assumption holds for two years prior. The results show that each one-unit increase in disaster

density level (on a scale from Very Low to High) leads to a 0.066 percentage point increase in

TMN membership probability by year four (p<0.05), independent of city size. For example, a

municipality experiencing a ”High” density level disaster (level 4) would have a 0.264 percent-

age point higher probability of joining compared to the baseline. While effects in other periods

are positive, they are not statistically significant (including period 5).
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Figure 4: Categorical Treatment Effects Across All Municipalities. Event Study Analysis.

Table 5: Normalized Event-Study Effects by Disaster Intensity on TMNMembership

Period Estimate SE CI Lower CI Upper N Switchers

Effectt+1 0.00017 0.00060 -0.00100 0.00133 28,821 2,665

Effectt+2 0.00024 0.00053 -0.00081 0.00128 23,999 2,448

Effectt+3 0.00056 0.00039 -0.00019 0.00132 19,326 2,121

Effectt+4 0.00066∗ 0.00029 0.00009 0.00124 14,906 1,822

Effectt+5 0.00059 0.00034 -0.00007 0.00126 10,774 1,377

Average

cumulative

effect

0.00141 0.00084 -0.00024 0.00305 36,591 10,433

* Significant at 5% level

Note: Effects represent percentage point changes in probability of TMN membership per

unit of disaster density level.

Source: Author’s calculations using did_multiplegt_dyn
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6.3 Heterogeneous Effects by Municipality Size

The analysis reveals substantial differences in how municipalities of different sizes respond

to natural disasters. Following the normalized specification to account for disaster density lev-

els, we examine the effects separately for small, medium, and large municipalities.
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(a) Small-size Cities
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(b) Medium-sized Cities
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(c) Large-size Cities

Figure 5: Event Study Estimates of Natural Disaster Effects Density Level on TMN Member-
ship. Source: Author’s calculations using did_multiplegt_dyn

6.3.1 Small Municipalities

Table 6 presents the normalized event-study effects for small municipalities. Small munic-

ipalities show modest responses to natural disasters, with a statistically significant effect only

in the fourth period (0.031 percentage points increase per unit of disaster density level). The

average cumulative effect is positive but not statistically significant.
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Table 6: Normalized Event-Study Effects for Small Municipalities

Period Estimate SE CI Lower CI Upper N Switchers

Effectt+1 0.00058 0.00037 -0.00014 0.00129 25,394 2,346
Effectt+2 0.00011 0.00033 -0.00053 0.00075 21,145 2,160
Effectt+3 0.00025 0.00028 -0.00030 0.00080 17,013 1,864
Effectt+4 0.00031∗ 0.00016 0.00000 0.00063 13,084 1,591
Effectt+5 0.00007 0.00011 -0.00014 0.00027 9,421 1,182

Average
cumulative
effect

0.00071 0.00039 -0.00006 0.00148 32,193 9,143

* Significant at 5% level
Note: Effects represent percentage point changes in probability of TMN membership per
unit of disaster density level
Source: Author’s calculations using did_multiplegt_dyn

6.3.2 Medium-Sized Municipalities

Table 7 presents the normalized event-study effects formedium-sizedmunicipalities. Medium-

sized municipalities demonstrate the strongest response to natural disasters, with significant

positive effects emerging in the fifth period (0.204 percentage points). The average cumulative

effect, 0.582, is substantially larger than the one used for other size categories and marginally

significant at the 10% level.

Table 7: Normalized Event-Study Effects for Medium-Sized Municipalities

Period Estimate SE CI Lower CI Upper N Switchers

Effectt+1 -0.00052 0.00045 -0.00141 0.00037 1,868 142
Effectt+2 0.00605 0.00443 -0.00263 0.01473 1,553 123
Effectt+3 -0.00028 0.00054 -0.00134 0.00078 1,255 107
Effectt+4 0.00234 0.00200 -0.00157 0.00625 974 90
Effectt+5 0.00204∗ 0.00061 0.00084 0.00324 709 74

Average
cumulative
effect

0.00582† 0.00299 -0.00004 0.01167 2,296 536

* Significant at 5% level
† Significant at 10% level
Note: Effects represent percentage point changes in probability of TMN membership
per unit of disaster intensity
Source: Author’s calculations using did_multiplegt_dyn

34



6.3.3 Large Municipalities

Table 8 presents the normalized event-study effects for large municipalities. They exhibit

a different and surprising pattern.. The results show a negative relationship between disaster

density level and probability of entering a TMN, with a significant negative effect in the second

period (-1.255 percentage points, p < 0.05). While other periods also show negative coefficients,

they are not statistically significant at conventional levels. The average cumulative effect is

substantial and negative (-2.270 percentage points) but not statistically significant (95% CI:

-0.04714 to 0.00173).

Table 8: Normalized Event-Study Effects for Large Municipalities

Period Estimate SE CI Lower CI Upper N Switchers

Effectt+1 -0.00657 0.00762 -0.02151 0.00837 1,508 178
Effectt+2 -0.01255∗ 0.00631 -0.02492 -0.00017 1,230 162
Effectt+3 -0.00635 0.00453 -0.01524 0.00253 980 146
Effectt+4 -0.00667 0.00392 -0.01436 0.00102 769 133
Effectt+5 -0.00569 0.00435 -0.01421 0.00282 571 112

Average
cumulative
effect

-0.02270 0.01247 -0.04714 0.00173 2,062 731

* Significant at 5% level
Note: Effects represent percentage point changes in probability of TMNmembership per
unit of disaster intensity
Source: Author’s calculations using did_multiplegt_dyn

6.4 Robustness of Results

6.4.1 Parallel Trends Tests

The validity of our results relies crucially on the parallel trends assumption. We test this

assumption using two placebos:
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Table 9: Placebos Test Results

Specification P-value Joint Nullity Test

Binary treatment 0.5653 Fail to reject
Categorical treatment 0.8532 Fail to reject

By municipality size:
Small 0.9298 Fail to reject
Medium 0.3606 Fail to reject
Large 0.9824 Fail to reject

Note: P-values from test of joint nullity of placebo ef-
fects. Two placebos (periods) used.
Source: Author’s calculations using
did_multiplegt_dyn

The placebo tests consistently fail to reject the null hypothesis of parallel trends, supporting

the validity of our identification strategy across all models.

7 Discussion

The results offers robust support for Hypothesis 1, which conjectured that disaster experi-

ences (and its density level) increase the probability of TMN participation by municipalities,

after a few, years through institutional learning processes. The binary treatment results show

that experiencing any natural disaster leads to a statistically significant increase in TMN mem-

bership probability by the fourth (0.304 percentage points) and fifth years (0.46 percentage

points). The categorical treatment analysis reinforces this pattern, with a significant positive

effect (0.066 percentage points per unit increase in disaster density) emerging in year four.

This delayed effect aligns with the first hypothesis and the theory of focusing events (Birland,

2006), where disaster expose policy gaps and catalyze long-term institutional change.

The results, however, do not support Hypothesis 2, which predicted stronger immediate

effects due to short-term political incentives. None of the analysis shows significant effects in

the first year following disasters, suggesting that TMN participation follows a different dynamic

than other forms of disaster response. This could be because TMN participation is not that

visible to voters, and mayors may have different and better mechanisms with dealing with the

political consequences of the aftermath of a natural disaster than engaging with international

networks to regain support.

The most surprising finding emerge in relation to Hypothesis 3, concerning municipality
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size effects. We found that medium-sized municipalities show the strongest positive response,

with their fifith-year effect (0.204 percentage points per unit increase in disaster density) sub-

stantially exceeding that of small municipalities (0.007 percentage points). Largemunicipalities

unexpectedly exhibit a negative relationship between disaster intensity and TMN participation

(although it’s not statistically significant). This size-based differences suggests a more compli-

cated picture than our arguments exposed.

The weak response from small municipalities could reflect capacity constraints identified

by Hawkins and Wang (2011), while the negative effect among large municipalities might be

explained by the opposite: extensive internal capabilities. Cities without good bureaucracy and

administrative apparatus might have difficulty commiting to and a lack of knowledge of TMNs.

Large cities, on the other hand, have both elements, but having good administrative tools might

make you seek alternative internal methods to deal with mitigation and adaptation concerning

natural disasters. This could mean that medium-sized municipalities strike an optimal balance

between need and capacity, which could explain their results.

8 Limitations

There are some important limitations to this paper. First, the measurement of natural dis-

asters presents some challenges, as reporting biases may exist, particularly in smaller or under-

resourced municipalities. Additionally, our binary treatment variable does not account for the

number of disasters that happened in the same year, neither its magnitude. This is partially

solved for with the categorical measure of disaster density, but it may not capture the full quali-

tative differences between disaster types. It also leaves out financial losses, or number of people

affected, which could have a significant effect, due to data limitations 2.

Second, we have some important temporal limitation to our data that constrain our analysis.

Because we focus on the post-2015 period, we exclude earlier patterns of TMN participation.

This choice also inhibits us to have greater amount of periods analyses beyond five years, as we

need to reserve a minimum of two years for placebo controls to ensure robust results. This also

means that previous years’ treatments cannot be accounted for, potentially introducing biases

2. We do not include monetary losses due to limitations in the disaster database. Municipalities report disaster
data to the S2ID system in the days following an event (sometimes the next day). Therefore, assessing monetary
losses often requires more time and may not be captured in the final reports submitted to the database. Intensity
levels (number of people affected) had few data-points to properly work with this method, reason we did not choose
it as an independent variable
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to our results.

Third, the validity of the DID approach rests on the assumption that, in the absence of treat-

ment (disaster occurrence), the treated and control municipalities would have followed parallel

trends in TMN membership. While placebo tests support this assumption, this method relies

on a weaker version of it, and unobservable factors that affect treated municipalities differently

could violate this assumption.

Fourth, TMN membership data is annual, lacking specific joining dates (day and month).

This reduces temporal precision and limits the ability to establish causality based on the exact

sequence of events.

Fifth, this research does not consider the relative impact through deaths, disappearances or

other consequences of a disaster, which could provide a more nuanced result on whether disaster

intensity (not only from density levels) affect the probability of cities entering a TMN. It also

does not show how different types of natural disasters could also have different effects.

Beyond that, it’s important to highlight that the study is specific to Brazilian municipalities

and the TMNs considered (GCoM and ICLEI). The results may not generalize to other countries

or different TMNs.

9 Conclusion and Implications

This study provides evidence that natural disasters influence Brazilian municipalities’ de-

cisions to join transnational municipal networks (answering the research question). It also sup-

ports the mechanism through which it happens: through institutional learning rather than imme-

diate political responses. The results show that experiencing natural disasters leads to increased

TMN participation after several years, with significant effects emerging in the fourth and fifth

years post-disaster. This delayed response suggests that disasters serve as focusing events that

prompt institutional reflection and gradual policy changes rather than triggering immediate po-

litical reactions.

The analysis reveals important heterogeneity in how municipalities of different sizes re-

spond to disasters. Medium-sized municipalities show the strongest positive response to disas-

ter experiences, while large municipalities exhibit a surprisingly negative relationship between

disaster intensity and TMN participation, although not statistically significant. This pattern

suggests that the relationship between municipal capacity and network participation is more
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complex than previously theorized, with medium-sized cities potentially occupying an optimal

position between need and capacity.

These findings have important implications for both research and policy. For scholars, they

show the importance of the the growing effects of climate change, like natural disasters, in driv-

ing climate paradiplomacy. For policymakers and network organizers, our findings indicate that

TMN recruitment strategies might be more effective if tailored to medium-sized municipalities

after they were hit with any natural disaster, and that large cities enter TMNs independently of

natural disaster happening or not through other mechanisms.

Future research could explore the mechanisms behind the size-based heterogeneity in re-

sponses, investigate whether similar patterns exist in other countries, and examine how differ-

ent types of disasters might trigger different institutional responses. Additional work might

also consider how TMN participation affects subsequent disaster resilience and preparation,

providing a more complete picture of the relationship between natural disasters and transna-

tional climate governance.
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