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1 Introduction

In recent years, there has been a significant increase in the frequency and intensity of natural
disasters worldwide, which has had profound effects on communities and economies. In
Brazil, the southern region of the country is particularly vulnerable to such events due to
its location in a corridor that is conducive to the formation of tornadoes and cyclones. The
region has experienced a series of catastrophic weather events that have had a profound
impact on its socioeconomic fabric.

An example is the Cyclone Bomb that hit the region in 2020. This event is characterized
by rapid intensification, commonly known as bombogenesis. According to reports from the
Civil Defense, this Cyclone Bomb stands as the most severe wind-related natural disaster
ever recorded in history of Brazil South region, surpassing even the previous catastrophe
of Hurricane Catarina in 2004 (GaúchaZH (2020) and Battistella (2020)). The damage and
disruption it caused left an indelible mark, claiming at least 12 lives, including nine in Santa
Catarina (SC), one in Rio Grande do Sul (RS), and two in Paraná (PR), and affecting more
than a million people. The estimated cost of the cyclone’s damage is expected to reach
billions of Brazilian reais.

The Cyclone Bomb occurred in late June 2020, causing extensive damage through strong
winds, heavy rainfall, and even sporadic snowfall in some areas. Wind speeds reached up to
116 kilometers per hour (approximately 72 miles per hour) in various locations, resulting in
power outages, deforestation, structural damage to buildings and transportation disruptions.
It had economic impacts beyond the affected areas, affecting businesses, agriculture, infras-
tructure, and the overall quality of life of the population, demonstrating the region’s inherent
economic and social integration.
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The effects of the Cyclone Bomb were felt in several sectors, especially in agriculture,
where crops suffered significant damage, and in the broader economy where commercial
entities and infrastructure were disrupted. It should be noted that infrastructure damage in
Santa Catarina alone exceeded 20 million euros. Flash floods and mudslides caused by
the cyclone resulted in crop losses of up to 30 million euros. In response to the crisis, the
Brazilian government implemented financial aid and directed investments towards fortifying
infrastructure to mitigate future calamities.

In Brazil, municipalities affected by natural disasters, such as floods or strong winds, are
legally entitled to declare a state of emergency or a state of public calamity. Once these
declarations have been validated, they confer a number of significant benefits that facilitate
disaster response and recovery. However, municipalities that have not been approved in
these states, even if they experience secondary effects from the disaster, do not enjoy the
same advantages. Municipalities that declare a state of emergency or calamity have pri-
oritized access to financial resources from federal and state governments. Administrative
and contractual flexibility is another critical benefit for municipalities that declare a state of
emergency or calamity. They can expedite the procurement of goods and services without
undergoing the usual bidding processes required by public procurement laws. This ability
significantly accelerates the implementation of urgent measures. Furthermore, municipali-
ties under a state of emergency or calamity can suspend or extend administrative and legal
deadlines, providing essential leeway to manage the crisis effectively.

Despite these efforts, a comprehensive recovery trajectory is expected to last several
years. As a precautionary measure, the government has worked hard to improve meteoro-
logical forecasting, strengthen emergency response protocols, and educate residents about
disaster preparedness. The Cyclone Bomb event demonstrated the southern region’s sus-
ceptibility to meteorological extremes and confirmed concerns about the rising frequency
and intensity of such events in the context of global climate change.

Globally, the economic costs of extreme weather events have been shown to increase
over time. Climate change is expected to exacerbate these trends. In 2020, according
to the Global Natural Disaster Assessment Report, natural disasters worldwide resulted in
significant human and economic losses. A staggering 15,082 lives were lost, with storms af-
fecting nearly half of the 98.9667 million people affected worldwide. Direct economic losses
amounted to $173.133 billion dollars, with storms accounting for more than half of this to-
tal, underscoring the significant impact of these events on both human lives and economies
(IFRC (2021)).

Storms exerted a significant contribution to economic losses, amounting to US$ 93.2
billion in 2020, representing a 64% increase over historical levels. In comparison with the
average of the last 30 years, direct economic losses in 2020 were 29% higher, thereby
underscoring the impact of natural disasters in this domain(IFRC (2021)).

Newman and Noy (2023) estimates that climate change is responsible for $143 billion
per year of the global cost of extreme weather events. This highlights the importance of the
findings from southern Brazil in the broader context of increasing economic vulnerability to
extreme weather events.

Despite acknowledging that the most significant tragedies are associated with human
losses, the focus of this work centers on the economic effects of natural disasters.

A comprehensive understanding of the effects of natural disasters on the regional econ-
omy is crucial to formulating effective mitigation and adaptation policies that promote sus-
tainable development and economic resilience. Improving understanding of the intricate
interplay between natural disasters and the regional economy will equip Brazil’s southern
region to confront imminent climate challenges with greater efficacy.

This article aims to analyze the economic impact of one of such economic disasters,
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namely the Cyclone Bomb. Effects on agricultural and extraction, industry, commerce and
service variables of employment and production will be estimated. Furthermore, the anal-
ysis will go beyond the immediate direct effects to uncover the complex chain reaction of
impacts and their resulting spatial spillovers on various aspects of society. It is a challenging
task because it requires, on one hand, analyzing the events over time and, on the other
hand, understanding the spatial dynamics of these phenomena. The complexity is further
enhanced when considering the interconnections among these climatic events across differ-
ent geographic domains.

The methodology used in this paper is based on the studies conducted by Delgado and
Florax (2015) and Bardaka et al. (2019). These researchers combine spatial econometrics in
DiD models to analyze the direct, indirect (spillover) and total effects recurring to Spatial Lag
X (SLX) models. In fact, Delgado and Florax (2015) emphasize the importance of realising
that with spatial data, the traditional SUTVA assumption is questionable due to the existence
of local spatial interactions in treatment responses. They deal with that situation introducing
a given spatially lagged term in the DiD estimation allowing to determine the average direct
effect of treatment and the average indirect effect which takes into account the proportion of
neighbours that are affected by treatment.

In addition to this introduction, the article comprises five more chapters. Chapter 2 pro-
vides a literature review on natural disasters and their economic impacts, while Chapter 3
outlines the data and methods employed. The results are presented in Chapter 4, followed
by the concluding remarks in Chapter 5.

2 Literature Review

Natural disasters encompass a broad range of environmental phenomena, including hur-
ricanes, cyclones, floods, earthquakes, tsunamis, and droughts. Each type of disaster
presents unique challenges and economic implications, from immediate physical damage
to long-term disruptions in economic activities and social systems. These events, which
are often sudden and devastating, can have multifaceted impacts on the economy, affecting
infrastructure, human capital, and overall productivity. A clear understanding of the mecha-
nisms through which natural disasters influence economic growth is essential for the design
of effective mitigation and adaptation strategies.

Natural disasters and economic growth: There are several theoretical models that
examine the relationship between natural disasters and economic growth. Typically, these
models conceptualize disasters as sudden losses of factors of production that cause the
economic system to adjust, either returning to the pre-disaster equilibrium or shifting to a
new one (Botzen et al. (2019)).

In Botzen et al. (2019) there is an extensive literature review of models such as those
based on Social Accounting Matrices (which use input-output and computable general equi-
librium frameworks to predict how damage in one sector affects trade and output throughout
the economy), Neoclassical Growth Theory Models (which predict a gradual return to steady
state after shocks to capital or labor supply), Endogenous Growth Models (such as and AK
models, which consider the role of investment in driving technological change and productiv-
ity growth), Regional Models (which explicitly consider that geography is crucial in bridging
the gap between macro-level indirect impacts and micro-level direct damages), and Com-
putational Models for Simulating the Impacts of Disasters (with computational models to
simulate the impact of hypothetical or historical natural disasters).

Despite all the advancements in the conceptual framework, the economic impacts of
natural disasters are still not a consensus and may depend on short-term or long-term anal-
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yses. Various heterogeneous effects can occur depending on the type of natural disas-
ter phenomenon, the region of occurrence, and the form of reconstruction. Both positive
and negative short, medium, and long-term outcomes have been found in the literature. In
this context, the work of Okuyama (2003), Okuyama and Chang (2004) and more recently
Okuyama (2022) continues to be a significant reference in the field of natural disasters and
economic growth and provide important guidance for future studies.

Recently, Akao and Sakamoto (2018) proposed a unified approach applied to an en-
dogenous growth model to consider the influence of disasters on long-term equilibrium and
the transition phase. The results indicate that while disasters may decrease the average
growth rate of affected countries, there are various channels through which the risk of disas-
ters and long-term economic performance are positively correlated. This finding reconciles
apparently contradictory evidence in recent empirical studies.

A thorough and in-depth examination of recent research can be found in Skidmore (2022)
handbook, which delves into advancements in the field of natural disaster economics. The
volume covers a wide array of topics, including: (1) theoretical frameworks for modeling
impacts and decision-making processes, (2) methodologies and practical applications for
assessing the impacts of disasters, and (3) strategies for evaluating and bolstering risk man-
agement, resilience, and adaptability. Skidmore (2022) explores the intricate link between
natural disasters and economic growth, offering fresh perspectives and insights into this
multifaceted relationship.

International empirical studies:With regard to empirical studies assessing the eco-
nomic impacts of natural disasters, the impacts of extreme weather phenomena have been
extensively studied worldwide. The following articles provide a small sample illustrating the
state of the art in empirical studies estimating the economic impacts of natural disasters.

Loayza et al. (2012) investigates the repercussions of natural disasters on economic
growth, recognizing the divergent conclusions within the current body of literature. Employ-
ing a dynamic generalized method of moments panel estimator on data encompassing the
years 1961 to 2005 across various nations, the authors discern that natural disasters indeed
influence economic growth, albeit with nuances contingent upon the type of disaster and
economic sector. While moderate disasters may yield positive growth effects in selected
sectors, severe disasters exhibit negligible benefits. Moreover, the study underscores that
natural disasters exert a more pronounced impact on economic growth in developing coun-
tries relative to developed ones, affecting a broader spectrum of sectors and yielding more
significant economic ramifications.

Fomby et al. (2013) analyzed the impact of natural disasters on economic growth, consid-
ering the differential effects between developed and developing countries, as well as among
natural disasters of varying magnitudes. The study examines 84 countries from various re-
gions of the world over the period from 1960 to 2007. The principal findings underscore that
the impact of natural disasters varies between developed and developing countries, being
more pronounced in less developed countries. The study separates the analyses into agri-
culture and non-agriculture sectors, recognizing that the results may differ across sectors,
with the most significant impact observed in agricultural sectors. The study also suggests
that moderate-magnitude natural disasters may have positive effects on economic growth,
while severe disasters tend to have more detrimental effects and the results may differ ac-
cording to the types of natural disasters, such as droughts, floods, earthquakes, and storms.

Wu et al. (2019) examined the impacts of tropical cyclones on employment, specifically
focusing on the quantity of labor employed and employee compensation. The study in-
vestigates data from various sources and periods to comprehend these effects. The method
employed is meta-regression analysis, which combines results from previous studies to draw
more comprehensive conclusions. The main findings indicate that tropical cyclones have a
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significant short-term impact on employment quantity, but this impact diminishes over time.
These results suggest that, while there are immediate negative impacts, economic recov-
ery following cyclones may lead to long-term positive effects on employment and employee
compensation. In the conclusions and discussions, the authors deliberate on post-disaster
reconstruction and the creation of employment opportunities in reconstruction sectors such
as industrial, commercial, residential, and infrastructure areas. They emphasize that post-
disaster reconstruction activities can generate numerous job opportunities due to the de-
mand for labor in the rebuilding and rehabilitation of areas affected by tropical cyclones.

Panwar and Sen (2019) examines the economic impact of natural disasters, focusing on
short and medium-term effects across different sectors and levels of development. Its pri-
mary objectives include investigating how natural disasters affect economic growth, identify-
ing the types of disasters considered, and evaluating their consequences in both developed
and developing countries. The study covers the period from 1981 to 2015 and utilizes a sam-
ple of 102 countries, comprising 29 OECD and 73 non-OECD countries. The methodology
employed includes panel analyses and growth regressions, incorporating control variables
and proxies for external shocks. The results highlight that natural disasters have varied
economic impacts, with more pronounced effects observed in developing countries.

Bănică et al. (2020) investigate the spatial dynamics of natural disasters and their ef-
fects on various regions. The study encompasses European countries, Japan, and the
United States, analyzing data from 1990 to 2019. Methodologically, they employ data from
the Emergency Events Database (EM-DAT) alongside case studies from diverse regions.
The key findings challenge conventional wisdom by suggesting that natural disasters might
contribute, albeit to some extent, to economic resilience and socioeconomic development,
contrary to the prevailing notion of their purely detrimental impact. Moreover, the study un-
derscores the importance of understanding the intricate interplay between natural disasters
and spatial systems, shedding light on the potential positive feedback loops that can emerge
in the aftermath of such disturbances.

Furthermore, Bănică et al. (2020) delve into the spatial aspects of natural disasters and
their ramifications on affected areas. They underscore the significance of integrating spa-
tial and economic resilience strategies in response to natural disasters, emphasizing the
intricate relationship between spatial and economic systems. The analysis delves into the
interconnectedness of geography and economics, highlighting how the level of spatial ag-
gregation can influence spatial dynamics during times of upheaval.

Kuhla et al. (2021) examine the effects of interactions between extreme weather events
and their repercussions, emphasizing the significance of ripple effects along supply chains.
The study shows that climate-induced heat stress, river floods, and tropical cyclones cause
economic losses to increase on average 21% due to the resonance of economic shock-
waves. The authors utilize simulations to model the global supply network’s response to
extreme weather eventswith daily time series by integrating this data with economic ripple
effect modeling. They examine over 7000 regional economic sectors and 1.8 million trade
relationships, considering the temporal evolution of trade relationships between economic
sectors. The spatial effects identified in the study on the economic ripple effects caused by
extreme weather events can be related to regional vulnerability and adaptation issues. The
variation in intensity and effects of economic ripple effects across different regions under-
scores the importance of considering geography and specific locality characteristics when
planning adaptation and mitigation measures.

Brazilian empirical studies: In the Brazilian context, an array of studies has intricately
examined the interplay between natural disasters and their economic repercussions.

Monte et al. (2021) offers a comprehensive literature review on natural disasters and
their links with resilience, adaptation, risk, hazard, vulnerability, and capabilities. The au-

5



thor examines the evolution and application of terms related to disasters caused by natural
hazards, providing holistic definitions and approaches for their use, with a specific focus
on Brazil. The article aims to clarify and enhance the understanding of the terms used in
disaster risk management, particularly within a specific regional context like Brazil.The au-
thor analyzes and synthesizes a variety of studies, definitions, origins, and applications of
key terms like risk, hazard, vulnerability, adaptation, and resilience, aiming to elucidate and
enhance the understanding of these concepts.

Wink Junior et al. (2023) estimated the impact of the 2008 flood in the Brazilian state
of Santa Catarina on poverty levels, aiming to assist in the formulation of public policies
capable of mitigating the identified negative effects. The analysis period spanned from 2001
to 2015, excluding the year 2010 due to the demographic census conducted in that year.
The region under scrutiny was the state of Santa Catarina, Brazil, which experienced an
increase in poverty levels following the event, while other regions of Brazil either maintained
their levels or experienced decreases. The methodology employed involved the application
of a Differences-in-Differences method, exploiting exogenous variation in the location and
timing of the event, along with proposing mechanisms to explain the findings. The main
findings indicated that the natural disaster increased the likelihood of an individual being
below the extreme poverty line by 2 percentage points in the first year after the event (2009),
with this effect increasing over the analyzed years, reaching up to 6 percentage points in
2014.

Using a different approach Lima and Barbosa (2018) investigates the presence of spatial
spillovers from natural disasters in geographically linked areas, using as a case study a flash
flood that occurred in Santa Catarina, Brazil, in 2008. The analysis period covers the year of
the flood and the three subsequent years. The methodology employed was a Differences-in-
Differences model that explicitly allows for the existence of spatial interactions within affected
and unaffected regions (SLX model expanded for multiple periods). Additionally, the authors
considered disaggregated data at the municipal level to assess how each of the three eco-
nomic sectors - agriculture, industry, and services - responded to the flood. The main results
of the study showed that municipalities directly affected by the flood experienced a 7.6% de-
crease in GDP per capita in the year following the disaster. Three years after the flood, GDP
per capita recovered to pre-disaster levels in all sectors except the agricultural sector, which
experienced a significant decrease of about 19.2% in the first year after the shock and a sta-
tistically significant decrease of about 9.5% three years after the flood. The spatial estimates
revealed the existence of spillovers and their economic relevance. Specifically, the indirect
impact of the flash flood ranged from -0.543% to -1.384%.

de Oliveira (2019) examines how natural disasters affect the GDP growth rate of munici-
pal economies in the state of Ceará, located in Northeast Brazil. The analysis period covers
historical data from the past 30 years, focusing on the state of Ceará in Northeast Brazil.
The study employs an econometric growth model approach using Generalized Method of
Moments (GMM). The key findings indicate that damages caused by natural disasters have
a negative impact on the economic growth of municipalities in Ceará. The agricultural sec-
tor is adversely affected by both droughts and floods, while the service sector is primarily
impacted by floods. Conversely, the industrial sector does not appear to be sensitive to nat-
ural disasters. Specifically, an increase of one standard deviation in direct damage caused
by natural disasters results in a reduction of approximately 3.1% in the GDP growth rate.
Additionally, the specific impact of droughts and floods on economic sectors is quantified.
For instance, a similar increase in direct damage caused by droughts leads to a decrease of
approximately 2.4% in the GDP growth rate and about 6.5% in the agricultural sector.

Alongside natural disasters, human-made disasters, or technological disasters, exist
within the same spectrum of concern. One such example is elucidated in the research
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conducted by Niquito et al. (2021) that examined the short-term economic impacts of the
technological disaster related to the collapse of the Fundão mining waste dam, known as the
"Mariana Tragedy," located in the Brazilian states of Minas Gerais and Espírito Santo, classi-
fied as a man-made disaster. The analysis period covered the years 2006 to 2017, focusing
on the consequences of the disaster on economic activities in the agriculture, industry, and
services sectors. The methodology employed was the estimation of spatial difference-in-
differences models, considering spatial effects à la Delgado and Florax (2015). The main
results indicated a direct negative impact on total GDP (-6.81%), gross value added in agri-
culture (-12.12%), and industry (-15.57%). Regarding indirect effects, a positive impact on
total GDP (+2.69%) was observed in some specifications, with a robust effect. No effects of
the disaster were found in the services sector. These findings contribute to the discussion
on how man-made disasters affect developing economies and may provide support for the
formulation of public policies for disaster prevention, mitigation, and remediation.

Regarding the 2020 Cyclone Bomb, Giehl et al. (2020) has been produced a technical
report, providing descriptive information on the socioeconomic effects caused by the phe-
nomenon, with a special focus on losses incurred in agricultural and fishing establishments
in the affected municipalities of Santa Catarina. Permanent crops accounted for 48.64% of
the total value of losses in the state. Following were damages to improvements in agricul-
tural establishments, reforestation, and pastures, which accounted for 19.29% and 16.03%
of the total losses, respectively. Losses in temporary crops representing 3.54% of the value
of losses resulting from the extratropical cyclone.

Spatial econometrics and natural disasters: Okubo and Strobl (2021) investigates the
impact of the 1959 Ise Bay Typhoon on firm survival probability and performance in Nagoya,
Japan. The analysis period spans both the years immediately before and several years
after the typhoon. They used spatial DiD (SLX) to allowed for a direct effect of the typhoon
through the location of the firm in its own geographic area, as well as weighted spatial
spillovers from other areas. This was justified by the fact that firms may obtain material
inputs and labor from other geographic areas, and shocks in these areas can propagate
through space. Additionally, firms may spatially compete in product markets with each other,
so shocks in production in one region can affect nearby regions. The main results include
the identification of persistent impacts of the typhoon on firms, with heterogeneity in effects
across sectors. It was observed that location in flooded areas had no significant effect
on firms’ sales, employment, and labor productivity. Furthermore, the study highlights the
importance of disaster risk reduction policies in post-disaster recovery and suggests that the
absence of these policies can amplify the negative effects of extreme weather events.

Barth et al. (2024) examines the direct and indirect impacts of natural disasters on de-
posit rates of bank branches in the United States. The study focuses on the United States,
with the analysis period spanning from October 2008 to December 2017. The methodology
employed includes a triple difference model to capture post-disaster effects, differences be-
tween affected and unaffected counties, and the distinction between branches setting their
own rates and those adopting them. Additionally, the study utilizes a spatial difference-in-
differences (DID) framework (SAR and SDM model) to decompose the impact of natural
disasters on changes in deposit rates of bank branches into direct and indirect effects. The
main findings of the study include the analysis of local competition among bank branches be-
ing affected by advancements in information technology, with online banks showing a greater
response to natural disasters in neighboring counties. Online-oriented banks demonstrate
an information advantage following natural disasters, adjusting their deposit rates more sig-
nificantly. The failure to consider spatial spillover effects may substantially underestimate
the impact of shocks on local markets on bank deposit rates. These results contribute to
a better understanding of the role of spatial competition among branches in setting interest
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rates in markets affected by natural disasters.
Fischer (2021) examined the relationship between natural disasters and economic growth

in Iran, employing a spatial panel Durbin model spanning from 2010 to 2016, focusing on
29 provinces. The methodology entailed the application of a spatial panel Durbin model,
with maximum likelihood estimation. The SDM model was selected as the most suitable for
this study due to its capacity to capture spatial contagion effects and its superior fit to the
data compared to other spatial models. The effects vary depending on the type of natural
disaster and the considered time period. For instance, the incidence of a flooding event is
associated with an average increase in GDP per capita ranging between 4.3% and 4.9%.
The authors suggest that these positive effects could be attributed to the reconstruction and
replacement of necessary services and industries in the affected provinces, as well as to the
increased economic activity related to these processes. However, it is important to highlight
that these positive effects tend to be short-term and do not persist for long periods, especially
for neighboring provinces, which may revert to their pre-disaster development path after the
completion of reconstruction efforts.

Patrascu and Mostafavi (2024) examine the relationship between population activity re-
covery in the aftermath of Hurricane Harvey in 2017 in Harris County, Texas. The study
categorizes recovery into four segments associated with physical vulnerability, access, ex-
posure, impact of the disaster, protective actions, and population characteristics. It seeks
to identify factors linked to faster or slower recovery post-disaster, enabling proactive mon-
itoring of the process across different neighborhoods. The methodology employed was the
Spatial Durbin Model to fit and evaluating the direct, indirect, and total effects of the char-
acteristics on population activity recovery. This analytical approach considers both global
and local spatial interactions, emphasizing the neighbor interactions across diverse spatial
scales. Moreover, the authors show an array of models, ranging from non-spatial to lo-
cal and global spatial frameworks and they expound that while global models encompass
broader-scale neighbor-to-neighbor interactions, local models exclusively focus on the di-
rect influences of immediate neighbors. The results indicated that the extent of physical
vulnerability, measured by road network density, prolongs the duration of population activity
recovery through direct and spillover effects. Additionally, the extent of access to essential
facilities, measured based on the number of points-of-interest (POIs), shortens the duration
of population activity recovery. The ability to predictively monitor population activity recovery
can significantly enhance the recovery resource allocation process.

Wang and Chen (2021) examined the emergency response capacity to rain-flood disas-
ters in provinces within the Yangtze River Economic Belt (YREB) in China, focusing on the
interplay between economic-social factors (ESF) and environmental-natural factors (ENF)
subsystems from 2013 to 2017. Employing the Spatial Durbin Model (SDM), the study
delved into the influencing mechanism of the ESF and ENF subsystems’ developmental
levels and their coupling on the emergency response capacity to rain-flood disasters across
provinces. The SDM facilitated a comprehensive analysis of the relationship and contagion
effect among relevant spatial variables, offering insights into emergency response capaci-
ties across different regions. Moreover, the study observed Spatial Spillover and Diffusion
Effects showing that he development of economic-social and environmental-natural subsys-
tems generated spatial spillover and diffusion effects in neighboring areas. This suggests
that actions taken in a particular location can positively influence emergency capacities in
nearby regions.

The literature on natural disasters reveals their significant and multifaceted impacts on
economies. These events, ranging from hurricanes and earthquakes to floods and droughts,
pose immediate and long-term challenges to economic activities and social systems. Theo-
retical models suggest that natural disasters disrupt production factors, compelling economies
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to either recover or adapt to new equilibriums. Despite advancements in understanding
these impacts, consensus remains elusive, as outcomes vary by disaster type, region, and
recovery efforts. Empirical studies worldwide highlight the heterogeneity of these effects,
with developing countries often experiencing more pronounced negative consequences. No-
tably, the research underscores the complex interplay between disaster types, economic
sectors, and regional characteristics, demonstrating both adverse impacts and, in some
cases, positive long-term growth through reconstruction efforts. This body of work also em-
phasizes the importance of integrate spatial and economic resilience strategies to mitigate
and adapt to these events effectively.

This study aims to build upon existing knowledge by examining the nuanced economic
impacts of the 2020 Cyclone Bomb that struck southern Brazil. Leveraging advanced spatial
econometrics techniques, the research seeks to provide a detailed analysis of the direct and
indirect effects of this natural disaster on local and regional economies.

3 Methodology

3.1 Data

This study uses publicly available panel data to examine the economic impact of Cyclone
Bomb events in Brazil in 2020 covering all municipalities in the southern region of Brazil
(Paraná - PR, Santa Catarina - SC and Rio Grande do Sul - RS) for the years 2019 and 2021.
The outcomes of interest will be municipal production (measured by its added value) and
also labor market indicators1 (measured by the number of jobs, wage mass, average salary)
in each major sector of the economy (agriculture and extraction, manufacturing industry,
trade and services). The production and employment data are available online annually on
the websites of the Brazilian Institute of Geography and Statistics (IBGE) and the Annual
Social Information Report (RAIS), respectively.

To identify the municipalities affected by the Cyclone Bomb, information from the Civil
Defense, through the Ministry of Integration and Regional Development, will be used re-
garding the declaration of emergency and/or public calamity due to the natural disaster at
the end of June and beginning of July 2020 that had the status of "Recognized" by the
Civil Defense within the class "Local/Convective Storm - Windstorm". The data are public
and available online annually. In this study, the municipalities that had the emergency and/or
public calamity decree recognized receive the value 1 and zero otherwise. This is therefore a
dummy variable to capture municipalities affected by the Cyclone (this dummy is generically
called “Treatment” in the DiD literature).

The figure 1 displays the municipalities of the southern region, highlighting those affected
by the Cyclone Bomb of June/July 2020. A total of 1188 municipalities from the southern
region of Brazil were included in the sample, of which 213 municipalities experienced situa-
tions of emergency or public calamity recognized by civil defense due to the Cyclone Bomb.
A significant portion of the affected municipalities is located in the state of Santa Catarina,
in the central region of the map. The histogram illustrates the frequency distribution of mu-
nicipalities directly affected (D=1) based on the proportion of affected neighbors (wd). It is
noteworthy that 50 municipalities, representing nearly 25% of the total affected, experienced
a scenario where 100% of their neighboring municipalities were also affected. On average,
each directly affected municipality had approximately 67% of its neighbors also affected.

1This study delimits its investigation to the formal employments within legal entities categorized as ’Business
Entities.’ Individuals employed on ’Public Administration,’ ’Nonprofit Organizations,’ ’Individual Entities,’ and
’International Organizations and Other Extraterritorial Institutions’ are excluded from the sample.
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Figure 1: Map and histogram with the municipalities affected by the Cyclone Bomb of 2020

Source: Author’s calculations based on Civil Defense database. Note: D=1 if affected; D=0
otherwise)
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Table 1 presents the main descriptive statistics of these variables for the analysis period.
The group of unaffected municipalities comprises 975, while the group of affected munic-

ipalities comprises 213. It is noticeable that between 2019 and 2021, the average values of
wage mass and employment decreased across all sectors for both affected and unaffected
municipalities. For instance, the average agricultural wage mass for the unaffected munic-
ipalities decreased from $0.72 million to $0.22 million, while for the affected municipalities,
it decreased from $1.06 million to $0.30 million. These results are understandable as they
pertain to the period following the COVID-19 pandemic, which had a widespread impact on
all municipalities in the southern region. The COVID-19 pandemic significantly reduced em-
ployment and production due to a sharp drop in offer and demand, business closures, and
activity restrictions. Mobility restrictions further disrupted operations and caused job losses.
Logistical disruptions impacted supply chains, leading to production delays and increased
costs, particularly in sectors dependent on timely goods movement. However, it is interest-
ing to note that the municipalities affected by the Cyclone Bomb already had higher average
values than the unaffected municipalities before the event for all employment variables and
maintained this characteristic in the post-event period.

In comparing the production variables, the behavior between the municipalities before
and after the Cyclone Bomb is similar. Both groups increased production in agriculture and
industry over time and decreased in services. Interestingly, the affected municipalities al-
ready exhibited a lower average production performance in agriculture and higher in industry
and services.

Following the recommendations of the literature, additional control variables will be in-
cluded in the model to isolate effects that may contaminate the analysis. The Firjan Fiscal
Management Index (I-FIRJAN) is included as an additional control measure. This index
evaluates the quality of fiscal management in Brazilian municipalities taking into account
factors such as expenditure, investment, and debt. Its inclusion ensures a more comprehen-
sive control of the post-reconstruction period by accounting for the impact of municipal fiscal
management on performance (Noy and Nualsri (2011), Cevik and Huang (2018), Deryugina
(2022)). The data source for this index is the Federation of Industries of the State of Rio de
Janeiro (Firjan).

The Brazilian Electoral Justice provides control variables related to voting behavior and
political orientation. These covariates focus on electoral participation and political party
alignment between local and state governments, serving as a proxy for local institutional
quality. The first reflects civic engagement and the second may indicate that local govern-
ment may obtain resources easier from state governments and recent literature suggests its
impact on local growth (Barone and Mocetti (2014); Lima and Barbosa (2018); Asher and
Novosad (2017); Niquito et al. (2021)). The resident population variable is also included as
an additional control in the model. This variable helps capture demographic dynamics as-
sociated with economic growth and also serves to control for the size of the affected cities.
The data for resident population is also available on IBGE website.

3.2 Empirical Strategy

Natural disasters associated with wind phenomena bear some resemblance to random or
quasi-random events, as they often exhibit unpredictable and seemingly arbitrary patterns
of occurrence. Although not a perfect comparison, it is possible to argue that these un-
predictable and seemingly random climatic events share some conceptual similarities with
randomization processes (Nasution et al. (2019); Judt et al. (2015); Makridakis and Bakas
(2016)).

The unpredictability and apparent randomness in the geographical distribution of dam-
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ages caused by tornadoes and cyclones resemble the concept of randomization, where the
random assignment of groups is crucial to ensure equivalence between them. The lack of
human control over the occurrence and trajectory of these phenomena is comparable to the
absence of control in randomization.

In contrast, water events such as floods and inundations are often associated with prede-
fined climatic patterns and may occur more frequently and predictably in certain geograph-
ical areas (with rivers or lakes nearby). While water events may follow predictable patterns
and affect specific areas with greater regularity, wind phenomena can impact one city but
not the neighboring one, in an apparent random sequence.

However, it is important to acknowledge limitations in this analogy. Factors such as the
specific trajectory of the cyclone, geographical characteristics of the affected areas, and
emergency responses may influence results in a non-random manner. These factors intro-
duce complexities that must be considered when interpreting results from studies employing
this analogy (Nasution et al. (2019); Judt et al. (2015); Makridakis and Bakas (2016)).

Therefore, to address the above mentioned limitations and mitigate potential biases,
quasi-experimental techniques such as spatial differences-in-differences can be employed
to contribute to a better understanding of the effects of natural disasters and informing more
effective policy responses. One basic premise is that, in the absence of treatment, the
(conditional) difference in the trajectories of the outcome variables of interest between the
treated and untreated groups remains constant, assuming the existence of (conditional) par-
allel trends. Furthermore, it is also necessary to ensure that the impact of treatment on the
treated group has no effect on the results of the untreated group, the well-known SUTVA
assumption (Angrist et al. (1996); Delgado and Florax (2015)).

When dealing with spatial data, such as observations at the municipal level, it is highly
unlikely that municipal economies do not exert influence on neighboring areas. The channels
through which economic outcomes are transmitted between regions are diverse, with trade,
the integration of production chains, the mobility of factors of production, transportation, and
communication networks as examples, among others as documented by Anselin and Bera
(1998), LeSage and Fischer (2008), and Elhorst (2014).

In this context, spatial econometrics provide useful tools useful to incorporate the spatial
dimension into models, taking into account interdependencies and neighborhood effects
between geographic units (Anselin (2003); LeSage and Pace (2009); Elhorst (2017) and
Elhorst (2021)). This tools allows for the decomposition of the impact of exogenous variables
into direct, indirect and total effects.

With spatial data the omission of spatial elements in DiD models can lead to bias and
inconsistency in the estimated treatment effects. In addition to this bias, the omission of
spatial lags can also lead to the control group not being correctly specified, violating the
Stable Unit Treatment Value Assumption (SUTVA). This can happen because observations
that are indirectly affected by the treatment may be included in the control group.

To overcome the above mentioned problems, the SLX DiD model for two time periods
was introduced by Delgado and Florax (2015). This model is an extension of a typical SLX
model, inserting spatial lags in the treatment variable allowing for the spatial interaction
between treated and untreated locations.

Following closely Delgado and Florax (2015) and Bardaka et al. (2019), letting WN be
an (NxN) proximity matrix based on contiguity, spatial interaction in the treatment response
is modeled via (I + δW )D ○ Tt, where I is the identity matrix, δ is a spatial parameter that
captures the indirect effects of treatment, W = bdiag(WN) is the Nτ ×Nτ block diagonal over
time of all cross-sectional contiguity matrices. Considering that each unit i is observed in
two time periods (τ = 2) and the treatment occurs in the second period, let T ∈ {0,1} be a
time period indicator such that T = 1 for each unit i in the second time period, the spatial DID
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regression model for local spatial interaction is:

Y = α0l + α1D + α2T + α3(I + δW )D ○ T + ϕ′X + u
= α0l + α1D + α2T + α3D ○ T + α3δWD ○ T + ϕ′X + u (1)

where Y is the NTx1 outcome variable, l is a NTx1 vector of ones, D is the dummy
variable that indicates unit treatment (D=0 if units are not treated, D=1 if units are treated);
T is the dummy variable that indicates period of treatment (T=0 pre-treatment , T=1 post-
treatment); the interaction between D ○ T is the Hadamard product between D and T and
represents the treated group in the second period, with is the effect of the treatment; X
represents the set of covariates used in the estimation to control observable characteristics
and u is the usual error term. The αj represent the differential coefficient of groups and time
and ϕ are the parameters of the control variables.

Similarly to Delgado and Florax (2015) and Bardaka et al. (2019), we employ WN as a
row-standardized matrix and, in this case, the WD ○ T interaction shows the proportion of
neighbors treated for each unit i, regardless of whether i is treated or not. Thus, treated and
untreated units may be affected by indirect treatment effects of their neighbors (wd ∈ WDi)
for (0 < wd ≤ 1). The individuals in the control group must be those that were not directly
affected (D = 0) and did not experience indirect effects from their neighbors(WD = 0).

In the he SLX model, proposed by Delgado and Florax (2015), the average effect of
treatment for an individual who switches from nontreated to treated and from zero treated
neighbors to wd share of treated neighbors is:

ATEwdi = [E(Y ∣X,D = 1, T = 1,WD = wdi) −E(Y ∣X,D = 1, T = 0,WD = wdi)]−
[E(Y ∣X,D = 0, T = 1,WD = 0) −E(Y ∣X,D = 0, T = 0,WD = 0)]

= α3 + α3δwdi

(2)

and

ATE = (1/n)
n

∑
i=1

ATEwdi (3)

where α3 captures the average direct effect of treatment (that is, the average effect of the
treatment of i on unit i) and α3δwdi captures the average indirect effect of treatment given
a particular level of wd ∈WD (the average effect on unit i of the treatment of i′s neighbors)
(Bardaka et al. (2019)).

In the case when δ = 0 the spatial-DiD reverse to the standart non-spatial DiD with:

Y = α0l + α1D + α2T + ϕ′X + u (4)

and the ATE reverse to:

ATE = [E(Y ∣X,D = 1, T = 1) −E(Y ∣X,D = 1, T = 0)]−
[E(Y ∣X,D = 0, T = 1) −E(Y ∣X,D = 0, T = 0)]

= α3

(5)

Additionally, this study extends the Spatial Lag of X (SLX) model by incorporating spa-
tially lagged terms in the dependent variable (Y ), thereby adopting the Spatial Durbin Model
(SDM) to account for spatial global effects. It also includes spatial lag in the error term (u),
following the Spatial Durbin Error Model (SDEM), to adjust for potential autocorrelations in
the error. For the SDM model, the equation became:

Y = α0l + α1D + α2T + α3D ○ T + α3δWD ○ T + ϕ′X + ρWY + u (6)
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And the ATEwdi will be as follows:

ATEwdi = [E(Y ∣X,D = 1, T = 1,WD = wdi) −E(Y ∣X,D = 1, T = 0,WD = wdi)]−
[E(Y ∣X,D = 0, T = 1,WD = 0) −E(Y ∣X,D = 0, T = 0,WD = 0)]

= (I − ρW )−1[α3 + α3δwdi]
(7)

Unlike (2), in (7) there is no easy explicit form for the direct, indirect e total effect. The
average of row sums from the matrix is the Average Total Impact to an observation. An
average of the diagonal of the matrix provides a summary measure of the Average Direct
Impact and a scalar summary of the Average Indirect Impact is by definition the difference
between the Average Total Impact and Average Direct Impact LeSage and Pace (2009).

The inclusion of the spatial lag error in the model does not affect the ATE results.
This extension is important for obtaining a detailed understanding of the spatial dynam-

ics under investigation, as it not only captures the spatial interdependencies among the
independent variables, but also addresses potential lagged effects in the dependent vari-
able and error term. The analysis, straddling local and global spatial models, delves into
the distinct nuances of spatial dynamics. While nonspatial models disregard spatial effects
altogether, local spatial models (spatial lag on X) incorporate only direct neighbor spatial in-
fluence, whereas global spatial models (spatial lag on Y) encompass neighbor-to-neighbor
interactions (Halleck Vega and Elhorst (2015), Elhorst (2014)). The analysis aims to verify
the robustness of the findings and enhance the investigation’s overall depth and breadth by
incorporating these refinements.

The SDM and SDEM models were estimated using Two-Way Fixed Effects Spatial (S2WFE)
quasi-maximum likelihood (QML) estimator as proposed by Lee and Yu (2010) to accom-
modate the model’s specifications. To avoid potential endogeneity issues, the models are
estimated via pseudo-maximum likelihood in their reduced form when incorporating spatial
autoregressive elements. This approach mitigates endogeneity bias between the spatial
autoregressive term and the (spatial) error.

4 Results

The STATA17 software was used to estimate the models through the spxtregress command
(StataCorp (2021)) and the full results of the estimations can be viewed in Appendix.

Considering that a large proportion of the affected municipalities also had 100% of their
neighbors affected, Table 2 summarizes the main effects when comparing the extreme ob-
served effects (comparing D = 0, wd = 0 against D = 1, wd = 1). The statistical results
for the models SDM and SDEM presented in Table 2 support significant findings from a
quantitative analysis, particularly within the agricultural and extractive industries. The esti-
mations showed a significant decrease in wage mass, total employed personnel, and value
added, with statistical significance. These outcomes appear to be related to the destructive
aftermath of the cyclone, which included crop devastation, harvest losses, and infrastructure
impairments.

It is interesting to note that the results of the SDM (global) and SDEM (local) models
are very similar, indicating that the indirect effects appear to have a more local rather than
global reach. In some cases, the difference is only noticeable at the fourth or fifth decimal
place. Therefore, the primary analysis will be based on the effects of the SDEM model. It is
noteworthy, however, that the SDM model follows a similar pattern, with very few deviations.

The impact of the cyclone is evident in the significant decrease in wage mass and to-
tal occupied personnel, indicating immediate consequences on operational capacities. The
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spillover effects, while less pronounced than the direct effects, also have a negative contribu-
tion, reflecting the broader economic disruptions caused by the cyclone. The negative total
effects of the Cyclone Bomb highlights the vulnerability of the sector to natural disasters.

In contrast, the manufacturing sector produced ambiguous results. This sector depicted
only significant effects in employment and value added. For the former, a direct negative
effects was registered offset by a positive direct effect while for the later positive indirect
effects contributed to a total positive effect, indicating a resilience in certain areas despite
the cyclone’s challenges. In some cases, positive indirect effects suggest that the sector
may have benefited from spillover economic activities, possibly due to increased demand for
manufacturing goods in reconstruction efforts.

In contrast, the commerce and services sectors showed a paradoxical benefit from the
cyclone event, possibly by an increase in demand for services related to repair, construction,
and trade activities that are integral to post-disaster reconstruction efforts. This resulted in
a statistically significant increase in wage mass, employment and value added, indicating a
stimulating effect on economic activity and the creation of temporary employment opportu-
nities.

This is likely due to the increased demand for reconstruction services. The positive
spillovers further amplify the sector’s growth, indicating an overall economic stimulus driven
by the need for recovery and rebuilding. The combined direct and indirect effects culminate
in a robust enhancement of the sector’s economic indicators, reflecting its critical role in
post-disaster recovery.

The analysis of the bomb cyclone’s effects provides a comprehensive understanding of
its impact on different sectors. It emphasizes the need for sector-specific policy interven-
tions, particularly in the agricultural and extractive sectors, which require immediate atten-
tion and support to mitigate the direct and spillover effects of such disasters. In contrast, the
growth trajectory of the commerce and services sector should be utilized to enhance overall
economic recovery.

These policies should cover reconstruction initiatives, economic support, and infrastruc-
ture reinforcement against extreme weather events. Strengthening social protection mea-
sures is considered crucial to ensuring food security and maintaining income for families in
vulnerable situations, particularly in the most affected sectors.

The empirical findings from the analysis of the 2020 bomb cyclone’s impact on Southern
Brazil’s economic sectors resonate with broader patterns observed in similar studies con-
ducted both within Brazil and internationally. The differentiated effects across sectors align
with the findings from the study of a flash flood in Santa Catarina, Brazil of Wink Junior et al.
(2023) and also in other studies for different disasters in Brazil as presented in Lima and
Barbosa (2018) and de Oliveira (2019). International evidence, as shown in Fomby et al.
(2013), Loayza et al. (2012), Panwar and Sen (2019), Bănică et al. (2020) and Okubo and
Strobl (2021) also point to the fact that the effects of natural disasters can vary significantly
depending on the sector under analysis.

The results obtained in this study, especially those related to the impact on the agri-
cultural sector, align as well with the findings of Panwar and Sen (2019). The latter argue
that certain natural disasters, such as Storms can have a negative impact on GDP growth
and agricultural growth in developing countries, but floods can have positive effects on the
reconstruction sector by potentially boosting GDP growth, particularly in agriculture-based
economies.

This perspective highlights the complexity of disaster impacts, emphasizing both nega-
tive consequences and growth opportunities in recovery sectors. It emphasizes that natural
disasters can create growth opportunities in the reconstruction and recovery sectors, partic-
ularly in certain economies, despite their significant negative impacts.
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Additionally, post-disaster reconstruction and recovery efforts may involve reallocating
resources and labor from affected sectors to less affected ones. For example, investing in
infrastructure reconstruction can generate employment in the construction sector and related
services, temporarily redirecting labor from affected sectors to these areas. These migration
and job reallocation dynamics between sectors can be observed in response to the impacts
of natural disasters and are part of the adaptation and economic recovery processes follow-
ing such events (Wu et al. (2019); Loayza et al. (2012)).

The analysis of our work is also in line with studies such as Kuhla et al. (2021), which
demonstrate how economic losses amplify or mitigate the economic impact caused by indi-
vidual events in a globally connected economy. This phenomenon of ’economic ripple reso-
nance’ is particularly relevant to Southern Brazil. At an inter-regional level, local production
shocks induced by extreme events can result in losses or gains in production, wages, or
consumption, depending on the sector of the economic activity.

For comparison, following the example of Bardaka et al. (2019), direct, indirect, and total
effects can be evaluated considering any specific proportion of affected neighbors (wd). In
line with Bardaka et al. (2019), given the highly clustered nature of affected municipalities, it
is feasible to define wd as the average of the proportion of neighbors that are treated directly
for the units that are directly treated. On average, each directly affected municipality had
approximately 67% of its neighbors also affected. Table 3 presents the direct, indirect, and
total effects for the SDEM model considering this proportion.

Table 3: Average treatment effects (wd = 0.67) on several outcomes

Sector Direct Indirect Total

Agricultural and Extractive

Wage Mass (ln) -0.443* -0.043 -0.486***
Total Occupied Personnel (ln) -0.218** 0.046 -0.172
Average Hourly Wage (ln) -0.113 -0.049 -0.162**
Value Added (ln) -0.028 -0.075*** -0.102***

Manufacturing Industry

Wage Mass (ln) -0.148 0.116 -0.033
Total Occupied Personnel (ln) -0.091** 0.069* -0.022
Average Hourly Wage (ln) -0.065 0.035 -0.030
Value Added (ln) -0.018 0.051 0.033*

Commerce and Services

Wage Mass (ln) 0.011 0.037** 0.048***
Total Occupied Personnel (ln) 0.012 0.023 0.035***
Average Hourly Wage (ln) -0.001 0.004 0.004
Value Added (ln) 0.001 0.012*** 0.013***

Source: Author’s calculations based on data processing. Statistical significance at 1% (***),
5% (**) and 10% (*)

5 Final remarks

Unfortunately, evaluating the economic impacts of natural disasters has become an increas-
ingly frequent task. This study analyzes the significant short-term impacts brought about by
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the 2020 cyclone bomb in the southern region of Brazil. The investigation covers the years
2019 and 2021 and uses several spatial differences-in-differences model of the Spatial Lag
(SLX, SDM and SDEM) type applied to a set of municipalities in the states of Paraná (PR),
Santa Catarina (SC), and Rio Grande do Sul (RS).

The empirical investigation into the economic impact of the 2020 bomb cyclone on South-
ern Brazil’s economic sectors sheds light on the nuanced dynamics of natural disasters’
repercussions on regional economies. The findings underscore the multifaceted nature of
these impacts, highlighting both direct and indirect effects across different sectors.

The study revealed the significant and heterogeneous impact of the cyclone on different
economic sectors in southern Brazil. Specifically, the agricultural and extractive industries
experienced significant reductions in wage mass, total occupied personnel, and value added,
indicating the immediate consequences of the destructive aftermath of the cyclone. The
destructive force of the cyclone exacerbated vulnerabilities in certain sectors, such as crop
devastation, harvest losses, and infrastructural impairments.

The response of the manufacturing sector was more ambiguous, showing divergent out-
comes across different models regarding indirect effects, although the conclusions remained
similar for total effects.

In contrast, the commercial and service sectors benefited from the cyclone, experienc-
ing an increase in demand for services related to repair, construction, and trade activities
that are essential for post-disaster reconstruction. This sector demonstrated resilience, as
evidenced by statistically significant increases in wage mass, employment and value added.
These increases reflect the sector’s critical role in driving economic recovery efforts.

The study highlights the significance of examining both direct and indirect effects, along
with spatial spillovers, to fully understand the economic impacts of natural disasters. Spatial
econometrics models were used to capture the complex interplay between the direct effects
of the cyclone and its wider repercussions on neighboring regions and economic sectors.

These findings have significant implications for policymakers and stakeholders involved
in disaster management and regional economic development. Tailored public policies are
essential to address the specific needs of sectors most severely impacted by natural disas-
ters, such as agriculture and extraction. Initiatives that focus on reconstruction, economic
sustenance, infrastructural fortification are crucial for mitigating the adverse effects of such
events and facilitating long-term economic recovery.

The study’s alignment with broader patterns observed in similar studies conducted both
within Brazil and internationally underscores its relevance in the context of global climate
change. As extreme weather events become more frequent and intense, it is increasingly
vital to understand their economic implications for informed decision-making and policy for-
mulation.

In conclusion, the analysis of the 2020 bomb cyclone’s impact on Southern Brazil’s eco-
nomic sectors provides some insights into the complex dynamics of natural disasters’ reper-
cussions on regional economies. The study contributes to the ongoing discourse on disaster
risk management and sustainable development by highlighting sector-specific vulnerabilities
and resilience. It emphasizes the importance of proactive measures to improve economic
resilience and mitigate the adverse effects of future events.

The results support the importance of regional reconstruction policies that provide sup-
port to cities and regions, even if they are not directly affected by a disaster but experiencing
indirect effects stemming from overflow effects. Economic integration results in the trans-
mission of these effects to neighboring areas, subsequently rebounding through negative
externalities related to the loss of regional competitiveness.

19



References

AKAO, K.-I., AND SAKAMOTO, H. A theory of disasters and long-run growth. Journal of
Economic Dynamics and Control, 95:89–109, 2018. ISSN 0165-1889. doi: https://doi.org/
10.1016/j.jedc.2018.08.006. URL https://www.sciencedirect.com/science/article/
pii/S0165188918302549.

ANGRIST, J. D., IMBENS, G. W., AND RUBIN, D. B. Identification of causal effects using
instrumental variables. Journal of the American Statistical Association, 91(444):444–455,
1996. URL https://doi.org/10.1080/01621459.1996.10476902.

ANSELIN, L. Spatial econometrics. In BALTAGI, B. H., editor, A Companion to Theoretical
Econometrics, pages 310–330. Blackwell Publishing Ltd, 2003. URL https://doi.org/
10.1002/9780470996249.ch15.

ANSELIN, L., AND BERA, A. K. Spatial dependence in linear regression models. In ULLAH,
A., AND GILES, D. E. A., editors, Handbook of applied economic statistics, pages 275–
306. Marcel Dekker, 1998. URL https://doi.org/10.1201/9781482269901-36.

ASHER, S., AND NOVOSAD, P. Politics and local economic growth: evidence from india.
American Economic Journal: Applied Economics, 9(1):229–273, 2017.

BARDAKA, E., DELGADO, M. S., AND FLORAX, R. J. G. M. A spatial multiple treat-
ment/multiple outcome difference-in-differences model with an application to urban rail
infrastructure and gentrification. Regional Science and Urban Economics, 79:325–345,
2019. URL https://doi.org/10.1016/j.tra.2019.01.028.

BARONE, G., AND MOCETTI, S. Natural disasters, growth and institutions: a tale of two
earthquakes. Journal of Urban Economics, 84:52–66, 2014.

BARTH, J. R., HU, Q., SICKLES, R., SUN, Y., AND YU, X. Direct and indirect impacts
of natural disasters on banks: A spatial framework. Journal of Financial Stability, 70:
101194, 2024. ISSN 1572-3089. doi: https://doi.org/10.1016/j.jfs.2023.101194. URL
https://www.sciencedirect.com/science/article/pii/S1572308923000943.

BATTISTELLA, C. Ciclone de terça-feira supera furacão catarina e é o pior desastre com
ventos da história de sc. NSC Total, 2020. URL https://shorturl.at/FR079.

BOTZEN, W. J. W., DESCHENES, O., AND SANDERS, M. The economic impacts of natural
disasters: A review of models and empirical studies. Review of Environmental Economics
and Policy, 13(2):191–215, 2019. URL https://doi.org/10.1093/reep/rez004.
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