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Dear Editor,

| am grateful for the opportunity to revise the paper ‘Fiscal policy response of local
governments to floods in Italy’, co-authored with Prof. Giovanni Marin and Dr. Chiara Lodi (University
of Urbino Carlo Bo, IT) for possible publication in the ‘Journal of Environmental Management’.

The paper has been reviewed according to the suggestions provided by the reviewers. In
particular, we add more details on specific technical aspects and we enriched the policy discussion.
We also have slightly changed the title as a result of our reasoning on reviewers’ comments and it
sounds now as: “The public finance response to floods of local governments in Italy”. Furthermore, as
required, we reduced the length of the paper of 10%.

The paper is not being considered for publication elsewhere and it has not already been
published elsewhere. We hope you would consider the paper interesting for ‘Journal of

Environmental Management’'.

If you need further information or clarification, do not hesitate to contact me

Yours Faithfully,

Marco Modica



Response to Reviewers

First of all, we wish to thank the editor and the two anonymous reviewers for reading this
work with such care and for their useful suggestions and comments on the manuscript.
We have addressed them as detailed below. We kindly thank you for your effort.

Editor

Following this message are the reviews of the above-referenced manuscript. We'll be glad
to consider this paper for publication after it's been revised in accordance with the
reviewers' comments. The paper also needs editorial revision to improve the English.
Please have it edited by a native English speaker prior to re-submission.

Due to space limitations in the printed journal, we are requesting that all authors reduce
the length of their papers by at least 10% if possible. If your paper includes large tables
or datasets, it is preferred that these be published as supplementary material in Science
Direct rather than in print. Further information is provided at the end of this message.
With the revised manuscript, please provide a detailed response to the reviewers'
comments, indicating how each comment is addressed in the revised manuscript. If you
disagree with any of the reviewers' comments, please address them in a rebuttal.

We thank the editor and the two anonymous reviewers for the useful comments and for
giving us the opportunity to revise our paper. We considered all the suggestions made by
the reviewers in the revised version of the paper. The paper has been reviewed by a
professional proofreading and we reduced the length of the paper from 7634 words to
6759. We also have slightly changed the title as a result of our reasoning on reviewers’
comments and it sounds now as: “The public finance response to floods of local
governments in Italy”. Finally, we also have updated highlights. Detailed responses on
reviewers’ comments are reported below.

Reviewer #1

There is one suggestion (which may be considered in revision). The author(s) should
discuss funding or financing sources to meet additional allocations. A debate between
transfers vs. taxation would add more value to the paper.

This is a very important point indeed and we thank reviewer 1 for this valuable comment.
we add in the Introduction, results and in the conclusion the following sentences:

“Italy is also the country with the largest absolute uninsured losses in the European
Union (Amadio et al., 2019; Donnini et al., 2020; EEA, 2016). Therefore, quite often, the
Italian government has funded reconstruction activities by imposing new taxes (e.g.,
excise duty on oil in 2009 after the L’Aquila earthquake; CNI, 2016). This is an issue for
a country highly affected by several hazards, and it casts a shadow on the will of the
Italian government to setup prevention and mitigation strategies”.

[...]

“This effect suggests that at least part of the additional expenditures borne by local
governments was financed by national or other subnational governments. At the same
time, it seems that local governments do not significantly change their revenues by




suspending or postponing the collection of local taxes to support the different economic
agents (citizens, workers, companies) affected by flooding. Furthermore, floods do not
seem to have a substantial (positive or negative) influence on the local tax base.
Therefore, the system seems to be based on central government transfers to meet the
necessary additional allocations. This could encourage free riding if local institutions
choose not to invest in prevention and mitigation, especially by considering that imposing
new taxes on the territories affected would turn into a sort of fiscal punishment that is
going to be added into the costs already generated by an event”.

[...]

“On average, Italian municipalities respond to flooding events by fostering public
investments; this expenditure growth is partly financed by increased transfers from other
levels of government. This result highlights the capability of municipalities to cope with
floods and react by boosting post-flood recovery. Moreover, the floods in question do not
affect the tax base, and the municipalities do not change local tax rates. A system that is
Sfully funded through taxation represents a sort of “bet with nature” that incentivises bad
government behaviour, as taxation is seen as cost-neutral with respect to spending in loss
prevention. As a result, governments forego prevention and mitigation activities (Modica
et al., 2019a). Still, other ways of funding or financing sources aimed at meeting
additional allocations might depend on the peculiar characteristics of the affected
individuals and territories”.

As an alternative, the author(s) should also apply a fixed effect panel to establish the
robustness of results.

Our results were indeed based on a fixed effect panel estimation. That was not clear
enough in the description of the empirical strategy, also due to some issue with formulas
that disappeared in the conversion from MS Word to PDF. In the revised version of the
paper, we explain our specification more explicitly.

Reviewer #3
The notation of the formula is invisible in pp 7-10, the authors should have checked
carefully before the submission.

We are sorry for that: in the conversion from MS Word to PDF there was some problem
with formula that we did not notice while approving the submission. Formulas are now
shown in the manuscript.

The research methodology by Propensity Score and regression analysis is innovative and
informative. Nevertheless, too technical presentation on indicators made it difficult to
understand its intuition for fiscal policy with a plausible volume and preparation for
municipalities.

We revised the description of the empirical strategy and of the indicators to make it more
compact and less technical. The table with detailed descriptions of indicators has been
moved to the appendix.




The background information of flooding hazards in Italy is insufficient, especially lack
of the historical statistics to support the motivation to establish this analytical mechanism.

According to this relevant comment we add in the introduction section more details on
the historical impacts and costs of flooding especially in Italy. In details, we add the
following paragraph:

“Italy is very susceptible to hydrogeological risks due to its geological, morphological
and hydrographic characteristics. Moreover, illegal building, overbuilding and
urbanisation represent other important drivers of risk. According to ISPRA (2021),
almost 94% of Italian municipalities show high hydrogeological risk. Specifically, 7
million people, 13.4% of buildings and 84,000 cultural heritage sites are at flood risk.
Moreover, according to the EM-DAT database, since the end of the 1930s, Italy has been
one of the most damaged countries in terms of deaths, injured/affected people and
damages due to extreme floods (54 disasters are reported). Main extreme events concern
the entire Po River Basin; northern Italian regions, such as Emilia Romagna, Tuscany,
Veneto, Lombardy and Liguria, are highly affected by floods. In 1951, the area of
Polesine, the territory located between the lower course of the Adige and Po rivers up to
the Adriatic Sea, had suffered the most dangerous flood of the last century: 239 deaths
and around 3 million of damages have been recorded (EM-DAT). Overall, a 2012 study
of ANCE/CRESME estimated that 61.5 billion euros of public funds were provided by the
Italian government for recovery after hydrogeological events between 1944 and 2012
(about 1 billion euros per year), and the estimated costs are even higher (Zampetti et al.,
2012). Italy is also the country with the largest absolute uninsured losses in the European
Union (Amadio et al., 2019; Donnini et al., 2020; EEA, 2016).”




Highlights (for review) Click here to view linked References %

e Dynamics of budget outcomes of Italian municipalities in the aftermath of floods

e Italian municipalities react to floods by increasing capital investments

e Results greatly depend on the degree of resilience and vulnerability of municipalities
e More resilient and less vulnerable municipalities better use available resources

e Less resilient and more vulnerable municipalities highly depend on transfers


https://www.editorialmanager.com/jema/viewRCResults.aspx?pdf=1&docID=117336&rev=1&fileID=2472636&msid=2a21ea7b-781a-46ea-8d15-69664486c1cd
https://www.editorialmanager.com/jema/viewRCResults.aspx?pdf=1&docID=117336&rev=1&fileID=2472636&msid=2a21ea7b-781a-46ea-8d15-69664486c1cd

Revised manuscript (Clean version) Click here to view linked References =

The public finance response to floods of local
governments in Italy

Abstract
This paper aims to empirically test the dynamics of budget outcomes of Italian

O©CO~NOOOA~AWNPE

11 municipalities in the aftermath of floods by accounting for heterogeneous
levels of resilience and vulnerability to natural disasters. Our findings are
14 based on a dynamic difference-in-differences model after propensity score
16 matching. They point to substantial impacts in terms of increased capital
18 expenditure and revenues from transfers, which depend on the degree of
19 resilience and vulnerability. Through our analysis, we account for multiple
21 aspects of risk to support policy decisions related to both ex-ante and ex-post

>3 disaster occurrence management.

26 Keywords: floods, fiscal policy of local governments, resilience, vulnerability
JEL codes: H2, H72, Q54


https://www.editorialmanager.com/jema/viewRCResults.aspx?pdf=1&docID=117336&rev=1&fileID=2472731&msid=2a21ea7b-781a-46ea-8d15-69664486c1cd
https://www.editorialmanager.com/jema/viewRCResults.aspx?pdf=1&docID=117336&rev=1&fileID=2472731&msid=2a21ea7b-781a-46ea-8d15-69664486c1cd

O©CO~NOOOA~AWNPE

1 Introduction

Over the past 50 years, climate-induced disasters have accounted for about 50% of worldwide
disasters recorded on the EM-DAT database and over 70% of all economic losses, which have
been estimated at about 3.7 trillion dollars (WMO, 2021). Even though scholars still do not
have the smoking gun that indicates the role of human activity in the increasing global
occurrence of small-scale extreme weather events, a growing number of studies points to a
causal link between climate change and such events, especially extreme rainfalls that turn into
flooding (WMO, 2021; Kirchmeier-Young and Zhang, 2020).

Today, it is well recognised that climate change (CC) represents one of the most urgent and
fundamental problems that public and private actors must face to reduce the number of victims
and injured from extreme climate-induced events as well as their associated economic costs.
CC is likely to exert a high influence on future extreme natural events, which will damage local
areas and communities. However, the amount of damage depends on the combination of the
actual occurrence of hazards (probability and magnitude) and the inherent socioeconomic
characteristics of the affected areas, which can be proxied with the multifaceted concepts of
resilience, vulnerability and exposure (Marin et al., 2021). For this reason, it would be more
correct to talk about “socio-natural hazards” instead of “natural disasters” (Hallegatte, 2014a).

The damage arising from an extreme event depends not only on physical factors but also on
the ability of local communities to be prepared for, face, mitigate and respond to the event.
Furthermore, the occurrence of natural disasters is initially faced by local public institutions
that assess the risk and manage first emergency response, as well as search and rescue activities.
These capabilities are connected with their level of proactivity; underprepared areas are the
most damaged ones (Breckner et al., 2016; Chan et al., 2016; Kahn, 2005; Ostadtaghizadeh et
al., 2016; Parsons et al., 2016; Raschky, 2008). Differences in the shock adaptation capacity
may also vary according to spatial and geographical characteristics, such as an area’s degree
of rurality.! Therefore, even though national and supranational entities are in charge of urgent
actions to cope with CC impacts, local governments should rethink their climate risk
assessment framework. This framework should deal with mitigation and adaptation activities
aimed at preventing the effects that a changed climate might have on local territories from an

ex-ante perspective and helping post-disaster recovery from an ex-post perspective.

L As highlighted by Cutter et al. (2016), economic capital is more relevant to increasing the disaster resilience of
urban areas, while social capital is more important in enhancing the resilience of rural areas.
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However, most of the mitigation and adaptation activities are also related to healthy local public
finance conditions and even though the literature has highlighted the impact of extreme climate
events on public finance (e.g., Heipertz and Nickel, 2008; Lis and Nickel, 2010; Phaup and
Kirschner, 2010), few studies have analysed the effect of selected impacts on government
budgets (e.g., Bachner and Bednar-Friedl, 2019). Little attention has been paid to the shocks
generated by extreme climate events in terms of local public financing capabilities and fiscal
policies. We argue that the areas that are more susceptible to suffering from a changed climate
will necessarily drain resources from the local public budget to prevent and mitigate risks and
recover after a shock affects them. This might be detrimental in the case of “recurrent”
disasters, such as floods. Over the past decades, due to global warming, floods have captured
higher attention as their frequency, severity and intensity are constantly rising worldwide
(EEA, 2010; IPCC, 2022). This hazard has underlined how major urban centres that have not
implemented an adequate risk assessment framework are the most damaged areas (Benson and
Clay, 2004). The EEA has estimated about 446 billion euros of economic losses caused by
climate-related extreme events between 1980 and 2019.

Given these premises, our work aims to empirically test the dynamics of local governments’
budgetary outcomes in the aftermath of floods in a country that is highly vulnerable to such
events — Italy (Faiella and Natoli, 2018). Italy is very susceptible to hydrogeological risks due
to its geological, morphological and hydrographic characteristics. Moreover, illegal building,
overbuilding and urbanisation represent other important drivers of risk. According to ISPRA
(2021), almost 94% of Italian municipalities show high hydrogeological risk. Specifically, 7
million people, 13.4% of buildings and 84,000 cultural heritage sites are at flood risk.
Moreover, according to the EM-DAT database, since the end of the 1930s, Italy has been one
of the most damaged countries in terms of deaths, injured/affected people and damages due to
extreme floods (54 disasters are reported). Main extreme events concern the entire Po River
Basin; northern Italian regions, such as Emilia Romagna, Tuscany, Veneto, Lombardy and
Liguria, are highly affected by floods. In 1951, the area of Polesine, the territory located
between the lower course of the Adige and Po rivers up to the Adriatic Sea, had suffered the
most dangerous flood of the last century: 239 deaths and around 3 million of damages have
been recorded (EM-DAT). Overall, a 2012 study of ANCE/CRESME estimated that 61.5
billion euros of public funds were provided by the Italian government for recovery after
hydrogeological events between 1944 and 2012 (about 1 billion euros per year), and the

estimated costs are even higher (Zampetti et al., 2012). Italy is also the country with the largest
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absolute uninsured losses in the European Union (Amadio et al., 2019; Donnini et al., 2020;
EEA, 2016). Therefore, quite often, the Italian government has funded reconstruction activities
by imposing new taxes (e.g., excise duty on oil in 2009 after the L’ Aquila earthquake; CNI,
2016). This is an issue for a country highly affected by several hazards, and it casts a shadow
on the will of the Italian government to setup prevention and mitigation strategies. Therefore,
we consider different levels of socioeconomic resilience and vulnerability among Italian
municipalities to infer whether their capacity to cope with disasters is affected by their
socioeconomic characteristics. Understanding a municipality’s fiscal response to disasters is
fundamental given that some previous decisions about the allocation of financial resources and
taxation can be changed (Benson and Clay, 2004; Tulbee, 2019; Miao et al., 2020). On the
expenditures side, planned investments and ongoing projects might be postponed or
abandoned, while new projects and expenditures might be needed to cope with emergencies
and post-event reconstruction. On the revenues side, local taxation provisions are generally
subject to negative (tax cuts for post-event recovery or reduced tax base) or positive (additional

transfers and taxation to cope with new expenditures) changes (Benson and Clay, 2004).

Currently, there are few studies on the impact of extreme climate events on the financial and
budgetary outcomes of public institutions, especially at the subnational level (Faiella and
Natoli, 2018). The literature focuses on analysing the consequences of extreme hazards on
fiscal policies at the country level, with mixed results (Heirpertz and Nickel, 2008; Lis and
Nickel, 2010; Noy and Nualsri, 2011; Melecky and Raddatz, 2014; Miao et al., 2018). The
findings of this literature depend on the different aspects that are considered (e.g., event
severity, country and government characteristics, model assumptions and variables). For
example, Noy and Nualsri (2011) used a sample of 42 developed and developing countries in
the 19902005 period. In the case of developed countries, they found that natural disasters have
a negative effect on revenues and cash surplus; they also recorded an increase in government
payments and outstanding debt. In the case of developing countries, all fiscal variables are
negatively affected by extreme events, except cash surplus. Similarly, Lis and Nickel (2010)
and Melecky and Raddatz (2014) found that less advanced nations face a larger effect on public

nominal budget balances in the aftermath of extreme events compared to advanced economies.

However, few studies have analysed the fiscal response in the aftermath of extreme climate
events at the subnational level. Miao et al. (2020) estimated the dynamic effects of several
natural disasters on government finance in 30 Chinese provinces in the period 1994-2014.

Their results suggest that expenditures and intergovernmental transfers increase in the



O©CO~NOOOA~AWNPE

aftermath of the event and then gradually decrease over time, while a limited effect on revenues
was found. Jerch et al. (2021) and Tulbee (2019) analysed the relationship between natural
disasters and local (municipal/county) government finances in the United States. Jerch et al.
(2021) found that hurricane exposure causes a decline in revenues and expenditures in the long
run as a result of the fall in local tax revenues. In the short run, the decrease in revenues is
mitigated by incoming intergovernmental transfers. Tulbee (2019) examined the impact of
extreme climate events (as declared by the Federal Emergency Management Agency) on the
fiscal spending and revenues of counties in the state of Kentucky between 2007 to 2017. He
found a significant increase in intergovernmental transfers and a decrease in incoming taxes,

while no significant change in expenditures per capita.

Considering the existing literature, we constrain our analysis to floods affecting municipalities
in nine Italian NUTS2 regions in the 20132016 period. To estimate the impact of floods, we
have implemented a dynamic difference-in-differences approach coupled with propensity score
matching over a panel of 4,185 Italian municipalities with monthly data. Since the amount of
loss and the ability to react to extreme climate events also depend on the structural
characteristics of each municipality, we have investigated the effects of selected floods on
budgetary outcomes by distinguishing between municipalities with high and low resilience and
vulnerability. To the best of our knowledge, our work is the first to assess the impact of floods
on budget outcomes at the municipal level by also analysing conditions of vulnerability and

resilience.

Our results suggest that on average, Italian municipalities react to floods by increasing
investments. This effect is not counterbalanced by adjustments in revenues, so substantial
imbalances could emerge. Through a deeper analysis of municipal budget breakdowns, we
argue that the results greatly depend on the municipalities’ degree of resilience and
vulnerability. Specifically, we show that more resilient (and less vulnerable) municipalities are
better able to face floods because they can handle greater flows of already available resources

without waiting for transfers from other government levels.

2 The general framework for disaster management in ltaly

In this article, we focus on a specific policy implemented by the Italian government; that is, the
decision by the Italian Council of Ministers on 28 July 2016 to allocate funds for reconstruction
interventions linked to 49 flooding events that had national relevance and affected the country’s

regions over the 2013-2016 period. For all these events, a state of emergency was declared.
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According to Italian legislation, a state of emergency can be declared after the occurrence or
in the imminence of exceptional events, such as extreme natural events (earthquakes, floods,
drought and, more recently, the Covid-19 pandemic). This state is strictly regulated by the law
and declared by the Council of Ministers in agreement with the governors of the affected
regions. The state of emergency allows public authorities to act urgently and with extraordinary
powers (i.e., derogating from ordinary legislation). This state lasts one year and can be extended
only for an additional 12 months. According to the Italian Civil Protection Department, a state
of emergency has been declared in Italy more than 100 times since 2013.

The decision of the Council of Ministers allows for the compensation of costs suffered by
private citizens and economic actors (e.g., repairing private buildings and businesses’
structures, systems and equipment), as well as for the purchase of stocks of raw materials, semi-
finished and finished products that were damaged or destroyed due to the event.

The first set of activities is carried out by the head of the Civil Protection; a regional delegate
is then appointed when the emergency phase has ended. The Civil Protection system generally
differentiates its activities by type of event and type of operative centre according to the
geographical extent of the event. Overall, a hierarchical structure from the municipal to the
national level is put in place, with the local mayor acting as the authority responsible for the
initial activities of the Civil Protection.

We analysed the Civil Protection and Delegate Commissioner ordinances providing
reconstruction funds in a selection of 40 flooding events, and we considered all the
municipalities that have received funds.? In our empirical analysis, we consider a municipality
as treated whenever it receives reconstruction funds. For instance, for the events affecting the
Campania region in 2015, we have recognised 152 treated municipalities out of 647. Our
starting sample includes 4,185 municipalities from nine Italian regions: Abruzzo, Basilicata,
Campania, Emilia Romagna, Liguria, Lombardy, Sardinia, Tuscany and Veneto. In this
sample, 517 municipalities are classified as treated; their geographical distribution is shown in

Figure 1.

2 As mentioned at the beginning of section 2, the document of the Italian Council of Ministers identified 49
flooding events, but for nine of them, the estimation of damages is not completed.
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Figure 1. Selected Regions and Treated Municipalities

[ Selected Regions
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W\ Veneto Bl Treated Municipalities

Emilia-Romagna
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Note: Sardinia and Basilicata are not shown on the map due to the absence of treated municipalities.

3 Empirical strategy

We aim to estimate the effect of floods on municipalities’ budgets by means of a dynamic
difference-in-differences approach. Even though we do not expect a risk of reverse causality
between floods and local governments’ budget outcomes, the likelihood that a flood occurs in
a specific municipality generating damages that justify the declaration of a state of emergency
might be correlated with some attributes that also influence the dynamics of our outcome
variables. For example, high-hazard local governments could increase their investments in the
maintenance of water-related infrastructure (e.g., reinforcement of levees) before the usual
flooding months. Furthermore, the patterns of revenues and/or expenditures of more resilient
municipalities are more (or less) smooth than the ones of less resilient ones. For this reason,
we decided to identify a priori a proper counterfactual by matching treated municipalities to
non-treated ones based on observable characteristics. Specifically, we estimate the propensity
score as the predicted probability of being subject to a flood given the pre-treatment observable

features of the municipalities and then match each treated municipality with one (or more) non-
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treated municipality that has the closest probability of being treated. We then run a dynamic
difference-in-differences model on the matched sample.

We exploit the high frequency (monthly) of our data on municipalities’ revenues and
expenditures to identify the short-term dynamics of the outcome variables in the aftermath of
a flood. To limit the issue of seasonality, we group time periods in semesters. Instead of
identifying ex-ante an arbitrary month as the beginning of the semesters (e.g., January and
July), for each event, we consider the first post-treatment semester to begin in the month when
the flood occurred.®

The difference-in-differences model is expressed by the following equation:
Yie = a; + Tt +¥je + N Treated; + Y3 o Bsie Treated; + &t (@D)]

where y;; is the outcome variable for municipality i, in the t semester; «; is the municipality
fixed effect that accounts (in a flexible way) for all time-invariant characteristics that could be
correlated with both the outcome variables and the treatment; 7, is the semester fixed effect;
¥;¢ is the calendar month dummy for month j, which is allowed to exert a time-varying effect
on the outcome variable to account for seasonality. The variable Treated; is the dummy
variable that equals 1 for treated municipalities (as defined in section 3) and 0 for untreated
matched municipalities. We assume that the occurrence of a flood in municipality i in a specific
month is exogenous (conditional on matching). The two sets of parameters of interest are n,_,
and fBs.¢, which measure, respectively, pre-trends and the average effect for treated
municipalities (ATT) on municipalities’ budgetary outcomes. The reference semester is the one

prior to the event semester. Finally, €;; represents the 11D error term.

4 Disaster risk assessment and propensity score matching

Concerning the estimation of the propensity score, the choice of the independent variables is
connected with the concept of disaster risk. The risk of a specific climate-related disaster

3 We consider semesters instead of months to account for the seasonality of local governments’ expenditures and,
especially, revenues. In Italy, local governments collect or receive the bulk of their revenues in December and
June (i.e., exactly six months apart). The definition of the beginning of the semester is specific to each treated
municipality, depending on when the flood occurs. As for the non-treated (matched) municipalities, we align their
time index to the one of the municipalities to which they are matched. For example, imagine that municipality A
is subject to a flood in October 2014. Then, according to our propensity score matching procedure, municipalities
B and C are matched to municipality A. The time index t for the three municipalities will be set to 0 for the
semester October 2014-April 2015 (i.e., the “event semester™). This is a particular application of a staggered
difference-in-differences approach that accounts for the recent criticism by Baker et al. (2022).
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represents the probability of value losses in terms of different aspects, such as damages to
economic activity and the well-being of affected areas. The risk is thus a function of the
vulnerability, resilience, exposure and hazard of the municipality under analysis (Hallegatte,
2014b; Marin et al., 2021). More formally, the risk for municipality i can be defined as:

R; = f(V;,Res;, E;, H;) = V; * (1 — Res;) * E; x H; 2

where V; corresponds to the vulnerability of municipality i; Res; is its resilience; E; represents
its exposure, and H; the flood-specific hazard. If a municipality reaches a high resilience and/or
a low vulnerability, mitigation of risks occurs even in presence of high hazard probability and
exposure, so the local system is expected to be weakly affected by a flood. Conversely, the risk
is likely to be high when the municipality shows low resilience and/or high vulnerability. A
detailed explanation of how the indicators are built is found below.

Vulnerability is defined as the set of characteristics of a municipality that can potentially
generate harm, independently of the flood risk (Sarewitz et al., 2003). By adopting the same
approach as Modica et al. (2019b) and Marin et al. (2021), a composite vulnerability index was
built that considers 17 municipality features. Each feature was weighted with the number of
times it was used in the literature to measure vulnerability. Each variable was normalised to
range between 0 and 1; then, the composite indicator was further normalised to range between
0 (low vulnerability) and 1 (high vulnerability).* To consider only relevant (discrete)
differences across municipalities, we defined a dummy variable equalling 1 when the
municipality has a vulnerability higher than its median value and 0 when this is not the case.
Resilience is the ability of a system to resist, recover, renew and realign after disturbances or
shocks (Pimm, 1984; Rose, 2005; Martin, 2012; Zhou and Chen, 2020). As was the case for
vulnerability, resilience was measured by starting from a composite index following Modica et
al. (2019) and Marin et al. (2021), which accounts for 13 socioeconomic variables.®
Aggregation, weighting and normalisation followed the same procedure used for vulnerability,
leading to an indicator of resilience ranging from O (low resilience) to 1 (high resilience). As
for vulnerability, we defined a dummy variable equalling 1 when the resilience of the
municipality is higher than its median value and 0 when this is not the case. Please note that

vulnerability and resilience have two different meanings and that their theoretical relation is

4 For a complete description of the socioeconomic variables of the vulnerability index, see Table A.2 in Appendix
A.
5 For a complete description of the socioeconomic variables of the resilience index, see Table A.3 in Appendix A.
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not univocal; rather, it depends on the framework one adopts (see Cutter et al. 2008 for details).
Without entering into this debate, our research framework considers the two concepts as
different though interrelated; this gives rise to distinct but quite strongly correlated indicators.
Exposure can be defined as all the assets and the population that may be affected by a hazard
(Hallegatte, 2014b). It includes socioeconomic and geophysical features of municipalities. A
municipality’s exposure was quantified by collecting socioeconomic and geographical data
from different sources. From the socioeconomic perspective, population numbers and
households’ taxable income were considered based on ISTAT and Ministry of Economy and
Finance data, respectively.® We also took into account the following geographical
characteristics of the municipalities: altitude (metres above sea level), coastal/island
classification (proximity to the sea or surrounded by the sea) and area (measured in square
kilometres).

Hazard is the probability of occurrence of an extreme event that can create perturbations to the
economic system. In our study, the hazard refers to floods. The flood probability for each
municipality was measured as the share of the total area at risk of flooding (hydrological risk).
ISPRA has identified three degrees of hydrological risk: high probability, with a return period
of 20-50 years (frequent floods); medium probability, with a return period of 100-200 years
(less frequent floods); and low probability of floods or other extreme events (ISPRA, 2021).
The hazard measure ranges between 0 and 1 according to the area that lies in each of the three
groups, and a weighted average was calculated and also normalised between 0 and 1 to get a
comprehensive flood hazard variable for the municipality. In our estimation of the propensity
score, the municipality risk variables (vulnerability, resilience, exposure and hazard) are
considered to be time-invariant.”

To account for possible differences in the pre-trends of the outcome variables between treated
municipalities and controls, we estimate a separate propensity score for each dependent
variable, including as a covariate the six-month change in (log) outcome prior to treatment.
Finally, as we also want to provide evidence about the heterogeneous effect for municipalities
with different levels of resilience and vulnerability, we also interact these pre-trends with our

dummies for resilience and vulnerability. To be as flexible as possible in the identification of

6 Concerning households’ taxable income, the database of the Ministry of Economy and Finance provides
information on the sum of incomes declared by residents of the municipality that is subject to the general income
tax for individuals (IRPEF). In our estimation of the propensity score, we included the lagged value of this income.
7 In contrast, income and population are time-varying variables. However, given that we only have information
on yearly change and the high persistence of these variables, we included them in our propensity score with a 1
year.
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good matches, we estimate each probit separately for each month when at least one event

occurred.®
Table 1. Propensity Score Matching Variables Description
Variable Description

Population Annual resident municipal population on 1st January.

Income Lagged per capita general income tax IRPEF.

Land Area Avrea of a municipality expressed in square kilometres.

Altitude Metres over sea level of the municipality’s city hall.

Island Dummy equals 1 if part of the territorial area of the municipality overlooks the sea, 0
otherwise.

Coastal Dummy equals 1 if the municipality area is surrounded by the sea, 0 otherwise.

Resilience Dummy equals 1 if the resilience of the municipality is above or equal to the third quartile,
0 otherwise.

Vulnerability Dummy equals 1 if the vulnerability of the municipality is above or equal to the third
quartile, 0 otherwise.

Hazard Share of the total area (in squares kilometres) at hydrogeological risk.

We match each treated municipality to the two nearest neighbours in terms of predicted
propensity score and impose a caliper to limit the bias arising from bad matching.® Exact
matching between treated and controls in terms of resilience and vulnerability is imposed.°

To test the validity of the matching based on the propensity score, we test whether treated and
controls share the same average characteristics by means of a simple t-test. We contrast these
mean comparisons with a mean comparison between treated municipalities and all (matched
and unmatched) untreated municipalities to understand whether the matching improves
homogeneity in the two groups of treated and controls. Our results are reported in Appendix B,
Tables B.1.1 and B.1.2. They suggest that the matching substantially reduces the bias that could
arise if municipalities with systematically different characteristics had systematically different
trends in the outcome variables. All the observable characteristics show no statistical
difference, on average, between treated and matched municipalities at conventional levels of
statistical significance after matching on the propensity score. Instead, if we consider all the
untreated municipalities as control groups, the differences were generally significantly

different from zero (see Table B.1.1).

8 February 2014, March 2014, September 2014, October 2014, November 2014, February 2015, March 2015,
September 2015 and October 2015. The results based on a single propensity score for all the events are very
similar to the ones reported in the article and are available upon request.

% We apply the usual rule of thumb to set the caliper to 1/4 of the standard deviation of the predicted propensity
score.

10 As an additional robustness check, we add one additional dimension to the exact matching; that is, the quartile
of the outcome’s six-month pre-trend. The results are reported in Appendix C.
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Figure 2 maps treated and matched control municipalities. There are 517 treated
municipalities and, based on propensity score matching, 2,117 matched control municipalities

(for at least one outcome variable).

Figure 2. Treated and Matched Control Municipalities
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Note: Treated municipalities are filled in black. Matched control municipalities are filled with different shades of
red to account for the average contribution (weight) of each municipality to the building of the counterfactual
across all different events and outcome variables.

5 Results

5.1 Baseline results

The dynamics of our estimated average treatment effect of floods on municipalities’ budgetary
outcomes are reported in Figures 3 (expenditures) and 4 (revenues). Generally speaking, no
significant pre-trend exists, so any post-treatment deviation of the trends between treated
municipalities and the counterfactual could be ascribed to the extreme event.

In all the figures, when “semesters from event” equals 0 (t = 0), we are referring to the “event

semester.” The treatment effect on total expenditures is positive until the third semester after a

11 Specifically, the whole sample of treated municipalities has 785 observations. Despite this, we only account for
517 because their pre- and post-trends can be fully observed in our reference period (2013-2016). In this way, we
avoid the risk of including in the pool of non-treated municipalities those that were affected by flooding prior to
2013 or after 2016, for which we do not have information.

11
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flood; it reverts to zero in the fourth semester. In terms of magnitude, the effect is sizeable:
from +3.4% in the event semester to +6% in the third post-treatment semester. Regarding the
precision of the estimates, the effects are statistically different from zero in the event semester
(p-value < 0.1) and the second (p-value < 0.01) and third (p-value < 0.1) semesters. These
results indicate that local governments react to flooding quite soon by increasing expenditures,
even though the full potential is reached one year after the flood. However, it seems that this

effect tends to fade away quite rapidly.

Figure 3. Difference-in-differences Baseline Estimations: Expenditures
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Note: Three levels of statistical significance are reported: p-value < 0.1 (blue), p-value < 0.05 (orange), and p-
value < 0.01 (green).

To dig deeper into the drivers of this overall effect, we consider expenditures in fixed capital
(i.e., investments) and current expenditures separately. Public investments represent a large
part of expenditures aimed at boosting the recovery and reconstruction of infrastructure and
buildings that were directly hit by the flood. The effect of a flood on capital expenditures
(bottom-left panel of Figure 3) only shows up in the second semester after the flood (t = 1) and
further grows in the third semester (t = 2). This effect is statistically different from zero (p-

value < 0.1) and quite large in magnitude; it corresponds to an increase (compared to the

12
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counterfactual) of 19% in the second semester and 26% in the third semester. Considering
current expenditures (e.g., personnel expenditures), we find no significant effect on treated
municipalities in the aftermath of a flood; this might signal that climate disasters provoke
immediate impacts on municipal capital and physical assets, which wear off when these assets

are replaced.
Figure 4. Difference-in-differences Baseline Estimation: Revenues
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Note: Three levels of statistical significance are reported: p-value < 0.1 (blue), p-value < 0.05 (orange), and p-
value < 0.01 (green).

When focusing on revenues (Figure 4), we observe that the effect of floods on total revenues
is characterised by a non-monotonic trend. An instantaneous (t = 0) significant increase in total
revenues happens when the shock occurs, which corresponds to a +4.9% increase (significant
at 5%). This effect is immediately reabsorbed in t = 1. In the third semester (t = 2), revenues
are subject to a new increase (not statistically significant) and then start to steadily decline.

By adopting the same approach as with expenditures, we break down total revenue into its main
components. Interestingly, no significant effects are found for current, capital and other
revenues. However, when considering revenues from transfers, we estimate a positive and

significant impact in the event semester and the third semester. This effect suggests that at least
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part of the additional expenditures borne by local governments was financed by national or
other subnational governments. At the same time, it seems that local governments do not
significantly change their revenues by suspending or postponing the collection of local taxes
to support the different economic agents (citizens, workers, companies) affected by flooding.
Furthermore, floods do not seem to have a substantial (positive or negative) influence on the
local tax base. Therefore, the system seems to be based on central government transfers to meet
the necessary additional allocations. This could encourage free riding if local institutions
choose not to invest in prevention and mitigation, especially by considering that imposing new
taxes on the territories affected would turn into a sort of fiscal punishment that is going to be
added into the costs already generated by an event. To summarise, in Italy, flooded
municipalities tend to respond by boosting the level of public investment (with a six-month
delay), which is financed (at least partly) by increased transfers from other levels of
government. This result suggests a good capacity to cope with extreme events and act with the
aim of enhancing post-flood recovery. In contrast, no change is observed in terms of current
expenditures and other revenues, which means that the events in question did not substantially
erode the tax base and that local governments did not change local tax rates.

5.2 Heterogeneous effects: high- vs low-resilience municipalities

Since municipalities react differently to extreme climate events depending on their
characteristics, we provide evidence about the effect’s heterogeneity based on the level of
resilience and vulnerability. Most studies of economic resilience and vulnerability support the
notion that a system’s ability to react to and cope with shocks varies according to its
characteristics. However, to our knowledge, few studies have shown the actual mechanism
through which a resilient system is better able to cope with unexpected shocks. In our work,
we show how the ex-ante more resilient and less vulnerable municipalities are able to cope
with unforeseen events through their capacity to better use internal budgetary resources, while
less resilient and more vulnerable municipalities mostly depend on transfers. Overall, our work
may be considered an explicit test of the capacity of resilient municipalities to cope with
unpredicted shocks and the ensuing socioeconomic vulnerability.

We consider the median value of resilience and vulnerability as the threshold to identify high-
vs low-resilience/vulnerability municipalities. As shown in Table 2, 35.20% of treated
municipalities are highly resilient and less vulnerable to floods. Less resilient and more

vulnerable damaged municipalities are similarly represented in the sample (38.88%). The
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residual 26% is distributed between less resilient/less vulnerable (14.12%) and highly

resilient/highly vulnerable (11.80%) treated municipalities.

Table 2. Treated Municipalities by Vulnerability and Resilience Level

Resilience/Vulnerability Low High Total
Low 73 201 274
14.12% 38.88% 53%
High 182 61 243
35.20% 11.80% 47%
Total 255 262 517
49.32% 50.68% 100%

First, we break down our sample by resilience; the results are reported in Figures 5
(expenditures) and 6 (revenues). In general, less resilient municipalities hit by floods do not
change their pattern of (total, current and capital) expenditures; the effects are not statistically
different from zero, with the sole exception of the increase in total expenditures in the second
semester after the event semester (p-value < 0.05). In contrast, we find large and significant
effects for resilient municipalities, especially for capital expenditures and total expenditures;
we also estimate a positive and significant effect on current expenditures in the third post-
treatment semester. In summary, municipalities with high resilience respond quite promptly to
flooding by boosting spending in infrastructures and other capital expenditures to favour post-
disaster recovery. Moreover, these municipalities also boost current expenditures in the long
run. The response to floods of less resilient municipalities is much weaker. This is one of the
first pieces of evidence that shows the mechanism through which more resilient municipalities
are better able to face extreme events thanks to their higher capacity to handle greater flows of
(internal) resources, without waiting for external aid. This highlights two important findings of
this work: 1) more resilient subjects have a higher capacity to quickly spend money, thereby
immediately starting the recovery process; 2) more resilient subjects are more aware that
investments are important to facilitate post-disaster recovery.

The results for revenues, broken down by level of resilience and revenue type (Figure 6),
indicate that less resilient treated municipalities record a statistically significant (p-value < 0.1)
and substantial increase in total revenues in the semester of the flood with respect to the
corresponding counterfactual, which is mostly driven by a substantial increase in transfers from
higher or equal levels of government. This does not happen to more resilient municipalities,

for which we find no immediate rise in total revenues and a smaller (and not significantly
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different from zero) increase in transfers compared to less resilient ones, while some evidence

of a significant increase in transfers appears in the last observed semester.?

12 «“Other revenues,” which are mainly connected to revenues from services provided on behalf of third parties,
appear to be positively affected by a flood in highly resilient municipalities.
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Our results suggest that other national or subnational governments (e.g., NUTS2 regions)
immediately transfer funds to support less resilient municipalities and that these transfers are
not effectively used by local authorities with poor resilience. At the same time, highly resilient
municipalities promptly respond to a flood by boosting capital expenditures, even without any

significant transfer of resources from other levels of government.

5.3 Heterogeneous effects: high- vs low-vulnerability municipalities

To corroborate our results on resilience, we replicate our analysis by looking at the
vulnerability of municipalities. As mentioned before, resilience and vulnerability are strongly
negatively correlated (correlation coefficient of -0.77). From our perspective, resilience and
vulnerability share some common characteristics but are two separate concepts that capture
socioeconomic differences among municipalities. This is reflected in the composition of the
two indicators of resilience and vulnerability. Roughly speaking, we suggest that resilience is
the capacity of a municipality to prevent damages from becoming embedded in the economic
system through a slowing down of economic growth, while vulnerability is related to the
capacity to suffer socioeconomic losses.

Figure 7 shows the differential effects broken down by the level of vulnerability for
expenditures. As expected, these results mirror those broken down by resilience (Figures 5 and
6). We estimate a substantial increase in total expenditures, driven by capital expenditures, in
the aftermath of a flood (compared to the counterfactual) for municipalities with a low level of
vulnerability. No significant effect is found for current expenditures nor for high- or low-
vulnerability municipalities.

Focusing on revenues (Figure 8), by comparing less vulnerable treated municipalities with the
corresponding counterfactual, we can see that the former experienced an increase in total
revenues until the second semester after the event semester and then a decrease. We do find
some peculiarities when considering vulnerability instead of resilience. In the aftermath of the
flood, more vulnerable municipalities show an increase in revenues (not entirely explained by
an increase in transfers, which is not statistically different from zero), while less vulnerable
ones experience an increase in transfers. We also observe a negative and significant post-flood
effect on own current revenues for more vulnerable municipalities; this might signal a higher
impact of the flood in more vulnerable municipalities in terms of a reduced tax base (e.g.,
because of a reduction in the number of economic actors in the locale and/or prolonged tax cuts

or exemptions).
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6 Conclusions

Observing that a growing number of floods have affected Italy in recent decades and
considering their impact on local economies, in this article we investigated the effect of
flooding on the short-term budgetary choices of local (municipal) governments, focusing on
4,185 municipalities in nine Italian regions over the 2013-2016 period. We used a dynamic
difference-in-differences model with an a priori identification of proper counterfactuals
through propensity score matching.

On average, Italian municipalities respond to flooding events by fostering public investments;
this expenditure growth is partly financed by increased transfers from other levels of
government. This result highlights the capability of municipalities to cope with floods and react
by boosting post-flood recovery. Moreover, the floods in question do not affect the tax base,
and the municipalities do not change local tax rates. A system that is fully funded through
taxation represents a sort of “bet with nature” that incentivises bad government behaviour, as
taxation is seen as cost-neutral with respect to spending in loss prevention. As a result,
governments forego prevention and mitigation activities (Modica et al., 2019a). Still, other
ways of funding or financing sources aimed at meeting additional allocations might depend on
the peculiar characteristics of the affected individuals and territories.

We extended our analysis to heterogeneous effects based on the ex-ante resilience and
vulnerability of the municipalities in question. The results show that more resilient and less
vulnerable municipalities can cope with unforeseen events because they can invest available
internal budgetary resources. These municipalities do not have to wait for external aid. Less
resilient and more vulnerable municipalities highly depend on transfers from other national and
subnational levels of government.

Our findings have interesting policy implications. They can support policymakers in planning
general disaster management as well as the relationship between national and local levels of
government in disaster and reconstruction management. For instance, Italy is currently
discussing a draft law on the adoption of a Code of Reconstruction. We believe that our results
could make a pivotal contribution to this debate for at least two reasons.

First, as municipalities respond to floods by increasing their capital investments without an
adjustment of their revenues, substantial imbalances can be generated in their financial budgets.
This finding points to the need to grant some degree of flexibility to incur deficits in the
aftermath of a disaster. Second, the prompt response in terms of increased capital expenditures

appears to be larger for more resilient and less vulnerable municipalities. Therefore, the ex-
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ante capacity to cope with extreme events and limit damages is a good predictor of a
municipality’s post-disaster recovery capability. In this respect, the implication is not
straightforward. On one hand, the long-term strategy for local and regional-national
governments should be to enhance the resilience of municipalities and reduce their
vulnerability. On the other hand, in the short term, there is room for direct intervention by the
regional or national government in terms of direct capital spending in flooded, less resilient
and more vulnerable areas. Relatedly, our findings highlight that the transfer of funds to local
governments in less resilient and more vulnerable municipalities is not enough to boost local
capital expenditures. This means that the failure to increase capital expenditures in these
municipalities does not depend on tight financial or regulatory constraints but on the inability
to operationalise additional spending in the short term.

This article can represent a starting point for future research. It would be very interesting to
consider the political-economic mechanisms behind a municipality’s budgetary dynamics by
examining, for example, a mayor’s characteristics and the electoral cycle. Furthermore, the
econometric approach used here could be employed to estimate the effects of other extreme
natural events, such as earthquakes, which also strongly affect the Italian peninsula. Finally, a
similar approach could be applied to the private sector (i.e., firms) to investigate if it responds

to extreme events in the same way as the public sector.
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1 Introduction

Over the lastpast 50 years, climate-induced disasters have accounted for about 50% of
worldwide recorded-disasters recorded on the EM-DAT database and over 70% of all economic

losses, which have been estimated at about 3.7 trillion dollars (WMO, 2021). Even #though
scholars still do not-stit have the smoking gun that indicates the role of human activity in the
glebal-increasing global occurrence of small-scale extreme weather events-a-recent-times, a
growing number of studies points to a causal link between climate change and several-extreme
weathersuch events, irparticularespecially extreme rainfalls that turn into flooding (WMO,
2021; Kirchmeier-Young and Zhang, 2020).

NewadaysToday, it is well recognizedrecognised that the-climate change (CC-henceforth)
represents one of the most urgent and fundamental problems that must-be-faced-by-beth-public

and private actors #-erdermust face to reduce the number of victims and injured from extreme
climate-induced disastersevents as well as thetheir associated economic costs—even—in—a

Indeed;. CC is likely to exert a high #mpactinfluence on future extreme natural events-that,

which will eenseguenthy—damage local areas and communities. However, the amount of
damagesdamage depends on the combination of the actual occurrence of hazards (probability
and magnitude) and the seeie-econemic-inherent socioeconomic characteristics of the affected
areas-that, which can be proxied with the {multi-facetedymultifaceted concepts of resilience,

vulnerability and exposure (directand-indirect—see-e-g—Marin et al., 2021). For this reason, it

would be more correct to talk about <“socio-natural hazards>hazards” instead of <“‘natural

disasters'disasters” (Hallegatte, 2014a)-as—processes—slow-or-sudden—thatare-located-n-the

10 2. O-Hhefioo 2Wa 12 a o1 )2, Z¥a O399 e 1 toyn O-Hhefveon
A G % 4%

The damage arising from an extreme event deesdepends not dependonly on physical factors
enhy-but also on the ability of local communities to be prepared for, face, mitigate and respond
to the eatastrophic-event-tee. Furthermore, the occurrence of natural disasters is firsthyinitially

faced by local public institutions whichthat assess the risk and manage first emergency;
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response, as well as search and rescue activities;—and-these. These capabilities are striethy

connected with their level of proactivity-

ee-theedantbermireshowsthabonderpresared, underpreparcd areas—elated-iodesspro-
active-thstitutions; are the most damaged ones (Breckner et al., 2016; Chan et al., 2016; Kahn,
2005; Ostadtaghizadeh et al., 2016; Parsons et al., 2016; Raschky, 2008);-while-differences).
Differences in the shock adaptation capacity te-adaptto-a-shoek-may also vary according to
spatial and geographical characteristics, such as thean area’s degree of rurality.! Therefore,

even H-urgent-actions—to-combat-CCand-its—tmpaets—are—in-charge—of-though national and

supranational entities_are in charge of urgent actions to cope with CC impacts, local

governments should rethink their climate risk assessment framework. This accounts

ferframework should deal with mitigation and adaptation activities aimed te—preventat

preventing the effects that a changed climate might exerthave on local territories #afrom an ex-

ante perspective and to-helphelping post-disaster recovery infrom an ex-post perspective.

However, most of the mitigation and this-isadaptation activities are also related to the-healthy

local public finance conditions:

Hoewever-despite-few-works-have- and even though the literature has highlighted the impact of
extreme weatherclimate events on public finance (e.g-., Heipertz and Nickel, 2008; Lis and
Nickel, 2010; Phaup and Kirschner, 2010}Hess), few studies have analysed the effect of selected
impacts on government budgets (e.qg., Bachner and Bednar-Friedl, 2019). Fe-ourknewledge;
HittleLittle attention has been givenpaid to the shocks generated by extreme climate events in

terms of local public financing capabilities and fiscal policies. n-fact—aeWe argue that the
areas that are more susceptible to suffer-harms-by-thesuffering from a changed climate will
necessarily drain resources tefrom the local public lecal-budget to prevent and mitigate the
riskrisks and te-recover after a shock affects them. This might be partictdarhy-detrimental fer
“reeurrent’In the case of “recurrent” disasters, such as floods. #rOver the lastpast decades, due

to thereasing-global warming, floods are-capturing-ahave captured higher attention-ghven-that

they-are-constanthyrising-worldwide—n-terms-of- as their frequency, severity and intensity are
constantly rising worldwide (EEA, 2010; IPCC, 2022). From-the-EU-to-China—from-India-te

L As highlighted by Cutter et al. (2016), the-economic capital is much-more relevant in-increasing-theresilience
of urban-areas-while-social-capitabs-much-more-importantin-to increasing the disaster resilience of urban areas,

while social capital is more important in enhancing the resilience of rural areas.




OCoO~NOUIAWNE

2022)—This type-of-hazard has underlined how major urban centres,—which that have not

implemented an adequate risk assessment framework; are the most damaged enesareas (Benson

and Clay, 2004). The Eurepean-Envirenmental-Agency(EEA) has estimated about 446 billion

euros of economic losses caused by climate-related extreme events between 1980 and 2019.

Given these premises, our work aims atto empirically testingtest the dynamics of local

governments’ budgetary outcomes in the aftermath of floods in Hahythatis-a-highhyvutnerable

country to Tlood (Faiella and Natoli, 2018).
We-take-into-account-thea country that is highly vulnerable to such events — Italy (Faiella and
Natoli, 2018). Italy is very susceptible to hydrogeological risks due to its geological,

morphological and hydrographic characteristics. Moreover, illegal building, overbuilding and

urbanisation represent other important drivers of risk. According to ISPRA (2021), almost 94%

of Italian municipalities show high hydrogeological risk. Specifically, 7 million people, 13.4%

of buildings and 84,000 cultural heritage sites are at flood risk. Moreover, according to the EM-

DAT database, since the end of the 1930s, Italy has been one of the most damaged countries in

terms of deaths, injured/affected people and damages due to extreme floods (54 disasters are

reported). Main extreme events concern the entire Po River Basin; northern ltalian regions,

such as Emilia Romagna, Tuscany, Veneto, Lombardy and Liqguria, are highly affected by

floods. In 1951, the area of Polesine, the territory located between the lower course of the Adige

and Po rivers up to the Adriatic Sea, had suffered the most dangerous flood of the last century:
239 deaths and around 3 million of damages have been recorded (EM-DAT). Overall, a 2012
study of ANCE/CRESME estimated that 61.5 billion euros of public funds were provided by

the Italian government for recovery after hydrogeological events between 1944 and 2012

(about 1 billion euros per year), and the estimated costs are even higher (Zampetti et al., 2012).

Italy is also the country with the largest absolute uninsured losses in the European Union
(Amadio et al., 2019; Donnini et al., 2020; EEA, 2016). Therefore, quite often, the Italian
government has funded reconstruction activities by imposing new taxes (e.g., excise duty on
oil in 2009 after the I.’Aquila earthquake; CNI, 2016). This is an issue for a country highly

affected by several hazards, and it casts a shadow on the will of the Italian government to setup

prevention and mitigation strategies. Therefore, we consider different secio-economiclevels of

socioeconomic resilience and vulnerability levels-ef-theamong Italian municipalities to infer

whether their capacity to cope with disasters is actuathyaffected by their secie-economic
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inherentsocioeconomic characteristics. Understanding_a municipality’s fiscal response to

disasters is fundamental given that some previous decisions about the allocation of financial
resources and taxation can be changed (Benson and Clay, 2004; Tulbee, 2019;; Miao et al.,

2020). detail—fremOn the expenditureexpenditures side, H-could-bepossible-that-planned
investments erand ongoing projects aremight be postponed or abandoned, while new projects

and expenditureexpenditures might be needed to cope with emergencyemergencies and post-
event reconstruction. FromOn the revenues side, local taxation provisions are generally
subjeetedsubject to negative (tax cuts for post-event recovery or reduced tax base) or positive
(additional transfers and taxation to bearcope with new expenditures) changes (Benson and
Clay, 2004).

Newadays—werksCurrently, there are few studies on the impact of extreme climate-related
events on_the financial and budgetary outcomes of public institutions-are-searee, especially at
the subnational level (Faiella and Natoli, 2018). The extant-literature is-especiatly-deveted-te
anahysefocuses on analysing the consequences of extreme weather—eventshazards on fiscal

policies at the country level, with mixed evideneeresults (Heirpertz and Nickel, 2008; Lis and
Nickel, 2010; Noy and Nualsri, 2011; Melecky and Raddatz, 2014; Miao et al., 2018).
ResultsThe findings of this literature depend on severalthe different aspects,—sueh-as-the- that
are considered (e.q., event severity-ef-events, country and public-goveraments’government
characteristics, model assumptions and variables-that-are-considered:). For example, Noy and
Nualsri (2011} -by-using) used a sample of 42 developed and developing countries everin the
1990--2005 period;-have-shewn. In the case of developed countries, they found that natural
disasters have a negative effect on revenues and cash surplus-ef-developed-countries—while;

they also recorded an increase ef—gevernments—paymentin _government payments and
outstanding debt-is+eeerded—Fer. In the case of developing countries, all fiscal variables are

negatively affected by extreme events, except the-cash surplus. Similarly, Lis and Nickel (2010)
have-assertedand Melecky and Raddatz (2014) found that less advanced eeuntriesnations face

a larger effect on public nominal budget balaneebalances in the aftermath of an-extreme
weather-event-thanevents compared to advanced economies.-Meoreover-thefiscal-impact-of
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However, few studies have analysed the fiscal response after—in the aftermath of extreme

climate events at the subnational level. Miao et al. (2020)-has estimated the dynamic effects of
several natural disasters on government finance in thirty30 Chinese provinces everin the period
1994--2014. Their results suggest that expenditures and intergovernmental transfers increase

in the aftermath of the event and then gradually decrease over time—Fhis+ise-in-publicspending

demenstrated-, while a limited effect ef-natural-disasters—whieon revenues was found. Jerch
atet al. (2021) and Tulbee (2019) analyseanalysed the relationship between natural disasters
and local (municipal/county) government finances in the US-Speeificathy-United States. Jerch

et al. 20 e R Ea S

(2021) found that hurricane exposure causes a decline efin revenues and expenditures in the

long run—Fhis-reduction-is-primarihy-connected-to as a result of the fall in local tax revenues.
In the short run, the decrease ofin revenues is mitigated by the-incoming flews-generated-by

intergovernmental transfers. Beth—results-characterise-municipatities-with-Hower-ncome-and
less-educated-population—Tutbee{2019) instead-estimates Tulbee (2019) examined the impact

of extreme climate events (as declared by the FEMAFederal Emergency Management Agency)
on the fiscal spendingsspending and revenues of Kentucky-counties in the state of Kentucky
between 2007 to 2017. Fulbee{(2019)findsHe found a significant increase in the
intergovernmental transfers and a decrease in incoming taxes, while no significant change in
the-expenditures per capita-are-recorded.

Considering the existing literature, we eenstraintconstrain our analysis to floods affecting
municipalities in 9nine Italian NUTS2 regions in the 2013--2016 period. To estimate the
impact of floods, we have implemented a dynamic difference-in-differences approach coupled
with propensity- score matching over a panel of 4,185 Italian municipalities with monthly data.
Since the entityamount of tessesloss and the ability to react to extreme naturalclimate events
also depend on the initial-siuationstructural characteristics of each municipality, we have

investigated in-depth-the effects of selected floods on budgetary outcomes by distinguishing

amoeng—high—and-lowresilientand—vulnerable-between municipalities:_with high and low
resilience and vulnerability. To the best of our knowledge, our work is the first that-assessesto

assess the impact of floods on budget outcomes eftecal{at the municipal} level by also
analysing the-vwnerable-andrestlient-conditions of the-affected-municipalitiesvulnerability and

resilience.
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Our results suggest that; on average, Italian municipalities react to floods by especiatly
increasing eapial-investments. This effect is not counterbalanced by adjustments in their
revenues, so substantial imbalances could emerge. Through a deeper analysis of
munietpatitymunicipal budget breakdowns, we have—arguedargue that_the results greatly
depend on the municipalities’ degree of resilience and vulnerability—ef—municipatities
themsehves.. Specifically, we have-been-able-te-show that more resilient (and less vulnerable)
municipalities have-aare better eapabilityable to face extreme-eventsfloods because they can
handle greater flows of already available resources; without waiting for transfers from other

government levels.

2 The general framework for disaster management in ltaly

In this paperarticle, we focus on a specific policy implemented by the Italian GeveramentAe
reby-enrgovernment; that is, the decision efby the Italian Council of Ministers efon 28 July 2016

that-aHeeatesto allocate funds for reconstruction interventions eflinked to 49 flooding events
that had national relevance and affected Hatanthe country’s regions over the 2013-2016 period

2013-2016-Mere-precisehyfor-. For all these selected-eventsevents, a state of emergency was
declared. According to Italian legislation, a state of emergency was-deelared-

Fhe-state-of emergency-in-the-Halianlegislation-can be declared upenafter the occurrence or in
the imminence of exceptional events, such as extreme natural events such-as-extreme-events;
e-g-—(earthquakes, floods, drought erand, more recently, the Covid-19 pandemic—). This state
is strictly regulated by the law and i-is-declared by the Council of Ministers in agreement with
the Gevernersgovernors of the affected regions. The declaration—ef-the-state of emergency
allows public authorities to act urgently and with extraordinary powers—Fhey—can—protect

citizens-ahd-repaiany-damage-by (i.e., derogating from ordinary legislation—Fhus;-the-state-of
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damages suffered by the affected territories. The state of emergency ). This state lasts 12
menthsone year and can be extended at-mestonly for 22an additional 12 months. According to

the_ltalian Civil Protection Department, a state of emergency has been declared in Italy more
than 100 times since 2013.
In—this—specific—context—theThe decision of the Council of Ministers allows for the
compensation of the-damages—related-tocosts suffered by private assetscitizens and economic
activities,—speetfically—structuralrestoration—ofactors (e.q., repairing private buildings and
damagedbusinesses’ structures, systems; and equipment-ef-economic-activities, for-which-the
ausal-link-between-the-damage-suffered-and-the-eventisrecognized,as-welas-), as well as
for the purchase of stocks of raw materials, semi-finished and finished products firished.that
were damaged or destroyed due to the events-and-no-lengerusableevent.
The first set of activities are-thusis carried out by the Headhead of the Civil Protection;-then; a
regional delegate is typicathythen appointed when the emergency phase is-concludedhas ended.

The Civil Protection system generally differentiates its activities by type of event and type of
Operative-Centresoperative centre according to the geographical extensienextent of the event.
Overall, a hierarchical structure from muniekpalitythe municipal to the national level is
structuredput in place, with the municipalities’local mayor acting as firstthe authority

responsible for the preliminary-civil-protectioninitial activities— of the Civil Protection.
We-have analysed the Civil Protection and Delegate Commissioner Ordinaneesordinances

providing fundsfer-reconstruction effunds in a selection of the-40 flooding events, and we have

considered all the municipalities that have received funds.?

2 As mentioned at the beginning of Sectiensection 2, the document of the Italian Council of Ministers has-identified
49 flooding events, but; for 9nine of them, the estimation of damages is not fuly-completed.



O©CO~NOOOA~AWNPE
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In our empirical analysis, we consider a municipality as treated whenever it receives

reconstruction funds. For instance, for the events affecting the Campania region in 2015, we

have recognizedrecognised 152 treated municipalities ever—64+—tn—general—wehavejust
considered-flooding—events—recognized-as—statesout of emergeney647. Our starting sample

includes 4,185 municipalities from 9nine Italian regions: AbruzziAbruzzo, Basilicata,
Campania, Emilia-_Romagna, Liguria, Lombardy, Sardinia, Tuscany and Veneto. In this
sample, 517 municipalities are classified as treated-and; their geographical distribution ameng

regions-is repertedshown in Figure 1.
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Figure 1. Selected Regions and Treated Municipalities

[ Selected Regions

of
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Note: Sardinia and Basilicata are not shown on the map due to the absence of treated municipalities.

23 Empirical strategy

OurWe aim is-to estimate the effect of floods on leeal-governments’municipalities’ budgets by
means of a dynamic difference-in-differences approach. Hewever—evenifEven though we do

not expect any—possiblea risk of reverse causality between floods and local governments’
budget outcomes, the likelihood that a flood occurs in a specific municipality generating an
number—of-damages that justifiesjustify the declaration of a state of emergency might be
correlated with some attributes that also influence the dynamics of our outcome variables. For
example, high-hazard local governments in-high-hazard-areas-could increase their investments
in the maintenance of water-related nfrastructuresinfrastructure (e.g-., reinforcement of levees)
—moenths—prior—to-before the usual flooding months-erthat. Furthermore, the patterns of

revenues and/or expenditures of more resilient municipalities isare more (or less) smooth than

the ones of less resilient ones. For this reason, we decided to identify a priori a proper
counterfactual by matching treated municipalities to non-treated ones based on observable
characteristics. Specifically, we estimate the propensity score as the predicted probability of

being subject to a flood given the pre-treatment observable features of the municipalities and
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then match each treated municipality with one (or more) non-treated enresmunicipality that has
the closest probability of being treated. We then run a dynamic difference-in-differences model
on the matched sample.

We exploit the high frequency (monthly) of our data on leeal-geveraments’municipalities’
revenues and expenditures to identify the short-term dynamics of eurthe outcome variables in
the aftermath of a flood. To limit the issue of seasonality, we group together-time periods in
semesters:—nstead. Instead of identifying ex-ante an arbitrary month as the beginning of the
semesters (e.g-., January and July), for each event, we consider the first post-treatment semester
to begin in the exact-month when the flood occurred.®

Mere-in-detat-the-The difference-in-differencedifferences model ean-beis expressed by the
following equation:

Opg=0p+ 0p+ Opp + 0p—, 00000005 4 3308000000004+ 0o ()

where [ is the outcome variable for municipality [ in the [] semester; a, is the municipality
fixed effect to-aceeuntthat accounts (in a flexible way) for all time-invariant characteristics that
could be correlated with both the outcome variables and the treatment; 7, is the semester fixed
effect; y . is the calendar month dummy for month [J, which is allowed to exert a time-varying
effect on the outcome variable to account for seasonality. The variable OO0 is the
dummy variable that equals 1 for treated municipalities (as defined in Sectionsection 3) and 0
for untreated {and-matched} municipalities. We assume that the occurrence of a flood in
municipality i in a specific month is exogenous (conditional on matching). The two sets of

parameters of interest are n__, and g, which measure, respectively, pre-trends and the

+0?

average effect enfor treated municipalities (ATT) on municipatitiesmunicipalities’ budgetary

outcomes.

semester—The reference semester is the one prior to the event semester. Finally, - represents

the independently-and-identicathy-distributed!ID error term.

3 We consider semesters instead of months to account for the seasonality of local governments’ expenditures and,
especially, revenues. tdeed—inln Italy, local governments collect or receive the bulk of their revenues in
December and in-June (i.e-., exactly six months away-ene-form-the-otherapart). The definition of the beginning of
the semester is specific to each treated municipality, depending on when the flood occurs. As for the non-treated
(matched) municipalities, we align their time index to the one of the municipalities to which they are matched.
For example, imageimagine that municipality A is subject to thea flood in October 2014. Then, according to our
propensity score matching procedure, municipalities B and C are matched to municipality A. Fhen;-theThe time
index t for the three municipalities will be set to 0 for the semester October 2014——April 2015 (i.e-., the <“event
semester):”). This is a peeuhiarparticular application of a staggered difference-in-differences approach that

accounts for the eritiquesrecently-put-forwardrecent criticism by Baker et al. (2022).

10



OCoO~NOUIAWNE

11



O©CO~NOOOA~AWNPE

- Disaster Risk-Assessment-and-Propensiy-Secore-Matehingrisk

assessment and propensity score matching

Fhe-choice-of-the-variables-to-be-used-irConcerning the estimation of the propensity score-ts
striethy-, the choice of the independent variables is connected with the concept of extreme

chimatedisaster risk. The risk of a specific climate-related disaster represents the probability of
value losses in terms of different aspects, espeeiaHy-ir-terms-ef-such as damages to economic
activity and weHbeingthe well-being of the-affected areas. The risk is thus a function of the

vulnerability, resilience, exposure and hazard of the municipality under analysis (Hallegatte,
2014b;; Marin et al., 2021)). More formally, the risk for municipality i can be defined as:

Du:D(DL,DDDL,Di,Di):DuX(]_DDDJ)XDJXDH (2)

where [1 corresponds to the vulnerability of the-municipality [15; [10107 is its resilience;; [
represents its exposure, and H; is the flood-specific hazard. Each-variableranges-between0
and-1.so-Hatleast one of them-assumes|t alow value {ora-high-oneforresilience), the obtained

. — municipality reaches a high resilience and/or a low
vulnerability, a-mitigation of risks occurs; even in presence of high hazard_probability and
exposure, so the local system is expected to be weakly affected by a flood. Conversely, the risk
is likely to be high when the municipality shows a-low resilience and/or high vulnerability. A

detailed explanation of how the indicators are built is found below.

12



O©CO~NOOOA~AWNPE

Vulnerability {——)-is defined as the set of munieipality’s-characteristics of a municipality that
can potentially generate harmsharm, independently of the flood risk eceurrence-(Sarewitz et
al., 2003). Fhi

ak-2021:Khan-etal-2020)-By adopting the same approach efas Modica et al. (26492019b)
and Marin et al5. (2021), a composite vulnerability index;-which was built that considers 17

municipality features,—s—buHt. Each feature iswas weighted with the number of times the
spectfic—measureit was used in the literature to measure vulnerability. Each variable has
beenwas normalised to range between 0 and 1-and;; then, the composite indicator iswas further
normalised to range between 0 (low vulnerability) and 1 (high vulnerability).-Finathys-in-erder
to* To consider the—more—mportantonly relevant (discrete) differences enby—amengacross
municipalities, we have—mplementeddefined a dummy variable for—this—measure,—which
egualsequalling 1 Hwhen the municipakities-havemunicipality has a vulnerability higher than
its median value; and 0 etheraise—when this is not the case.

Resilience {—++——)—iscensidered-asis the ability of a system to resist, recover, renew and
realign after disturbances or shocks (Pimm, 1984; Rose, 2005; Martin, 2012; Zhou and Chen,

2020). Fhe-higherisAs was the level-ofresthencetheloweristhempact-of sheekson-the

system-—Ascase for vulnerability, resilience iswas measured by starting from a composite index

following Modica et al. (2019) and Marin et als. (2021), which accounts for 13 secio-

econemicsocioeconomic  variables.®  Aggregation,  weighting and  normalisation

felewsfollowed the same procedure used for vulnerability, leading to an indicator of resilience
ranging from O (low resilience) andto 1 (high resilience). As for vulnerability, we have
includeddefined a dummy variable which—egualsequalling 1 Hwhen the resilience of the
municipality is higher than its median value; and 0 etherwise-when this is not the case. Please
note that even--conceptuaty—vulnerability and resilience have two different meanings; and
that their theoretical relation is not univocal-and; rather, it depends on the reference
framewerksframework one adopts (see Cutter et al;. 2008 for details). Without entering into

4 For a complete description of the socioeconomic variables of the vulnerability index, see Table A.2 in Appendix

f&mﬂy—struetute—femaleeendmenand—health— For a complete descrlptlon of the socioeconomic varlables of the

resilience index, see Table A.3 in Appendix A.

13
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this debate, our research framework considers the two concepts as different aspeets—Fhisthough
interrelated; this gives rise to distinct but quite strongly correlated indicators.

Exposure {—=)—can be identifieddefined as-the-set-of all the assets and the population that
eanmay be affected by a hazard (Hallegatte, 2014b). It includes secto-econremiesocioeconomic

and geegraphical/physicalgeophysical features of municipalities. Municipatitytevel-of-A

municipality’s exposure has-beepwas quantified by collecting secie-econemiesocioeconomic

and geographical data from different data-sources. From the secie-ecenemiesocioeconomic
perspective, population numbers and households’ taxable income have-beerwere considered-
I based on ISTAT)
and the—lalan—DepartmentMinistry of Economy and Finance {MEF)—databasedata,
respectively.® CoencerningWe also took into account the following geographical characteristics;
a-set-of three-variables-have-been-considered of the municipalities: altitude; (metres above sea

evel), coastal/island classification and4and—apea—Al¢|&+de—+s—eem+enﬂenaHy—measwed—as—the
ing(proximity

area-overtooksthe sea W%mm%%&ek%&ﬂe@as&w@and—th&am&&or surrounded
by the sea—Fina

to-the-area-of-a-municipality) and it-is-area (measured in square kilometres—Bata-en-15"ISTAT

Hazard—{(——)—H is the probability of occurrence of an extreme event that can create
perturbations to the economic system. In our study, as-abeve-mentioned;-the hazard specifically
refers to floods. The flood probability ef-eceurrenee-for each municipality iswas measured as
the share of the total area at risk of fleedsflooding (hydrological risk). FhreelSPRA has

identified three degrees of hydrological risk-have-been-identified-by-ISPRA: high probability
secenarto, with a return period of 20--50 years (frequent floods);); medium probability-risk, with

a return period of 100--200 years (less frequent floods}); and low probability-+isk of floods or
other extreme events (ISPRA, 2021). The hazard measure ranges between 0 and 1 according
to the area that lies in each of the three groups, and a weighted average has-beenwas calculated

and agatralso normalised between 0 and 1 ir—erderto get a comprehensive flood hazard

6 Concerning households’ taxable income, the MEF-database suppliesof the Ministry of Economy and Finance
provides information on the sum of incomes declared by residents of the municipality te-bethat is subject to the

general income tax for individuals (IRPEF). We-include-the-lagged-value-of-income-inln our estimation of the

propensity score, we included the lagged value of this income.

14
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variable effor the municipality._In our estimation of the propensity score, the municipality risk

variables (vulnerability, resilience, exposure and hazard) are considered to be time-invariant.’

i S _Mereover—toTo account

for possible differences in the pre-trends of the outcome variables between treated

municipalities and controls, we estimate a separate propensity score for each dependent
variable, including as a covariate the 6six-month change in (log) outcome prior to the-treatment.
Finally, as we also want to provide evidence about the heterogeneous effect for municipalities
with different levels of resilience and/er vulnerability, we also interact these pre-trends with
our dummies for resilience and vulnerability. WWith-the-aim-ef-beingTo be as flexible as possible
in the identification of good matches, we estimate each probit separately for each month
wherewhen at least one event occurred.®

Table 21. Propensity Score Matching variables-descriptionVariables Description

Variable Description

Population Annual resident municipal population on 1st January.

Income Lagged per capita general income tax IRPEF.

Land Area Area of a municipality expressed in square kilometres.

Altitude Metres over sea level of the municipality’s city hall.

Island Dummy equals 1 if part of the territorial area of the municipality overlooks the sea, 0
otherwise.

Coastal Dummy equals 1 if the municipality area is surrounded by the sea, 0 otherwise.

Resilience Dummy equals 1 if the resilience of the municipality is above or equal to the third quartile,
0 otherwise.

Vulnerability Dummy equals 1 if the vulnerability of the municipality is above or equal to the third
quartile, O otherwise.

Hazard Share of the total area (in squares kilometres) at hydrogeological risk.

We match each treated municipality to the two nearest neighbours in terms of predicted
propensity score and impose a caliper to limit the bias arising from “bad>bad matching.'® An
exaetExact matching between treated and controls in terms of resilience and vulnerability is

imposed.!

 In contrast, income and population are time-varying variables. However, given that we only have information
on vearly change and the high persistence of these variables, we included them in our propensity score with a 1

% February 2014, March 2014, September 2014, October 2014, November 2014, February 2015, March 2015,
September 2015; and October 2015. ResultsThe results based on a single propensity score for all the events are
very similar to the ones reported in the paperarticle and remainare available upon request.

10 We apply the usual rule of thumb to set the caliper to 1/4 of the standard deviation of the predicted propensity
score.

11 As an additional robustness check, we add one additional dimension to the exact matchings; that is, the quartile
of the outcome’s 6-menthssix-month pre-trend. ResultsThe results are reported in Appendix BC.
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To test the validity of the matching based on the propensity score, we test whether treated and
controls share the same average characteristics by means of a simple t-teststest. We contrast
these mean comparisons with a mean comparison between treated municipalities and all (both
matched and unmatched) untreated municipalities; to understand whether the matching
improves the-homogeneity in the two groups of treated and controls. Resuts-Our results are
reported in Appendix AB, Tables AB.1.1 and AB.1.2;. They suggest that the matching reduees
substantially reduces the bias that could arise if municipalities with systematically different
characteristics weuld-havehad systematically different trends in the outcome variables. Overal;
aHAll the observable characteristics are-notstatisticathy-differentshow no statistical difference,

on average, between treated and matched municipalities at conventional levels of statistical

significance after matching on the propensity score. Instead, if we consider all the untreated

municipalities as control groups, the differences were generally significantly different from

zero if we considered all untreated municipalities as control groups (see Table AB.1.1).

Figure 2 maps treated and matched control municipalities. There are 5172 treated

municipalities and, based on propensity score matching, 2,117 matched control municipalities

(for at least one outcome variable).

Figure 2. Treated and Matched Control Municipalities

12 Specifically, the whole sample of treated municipalities has 785 observations. Despite this, we only account for
517 because their pre- and post-trends can be fully observed in our reference period (2013-2016). In this way, we
avoid the risk of including in the pool of non-treated municipalities those that were affected by flooding prior to
2013 or after 2016, for which we do not have information.
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Lombardy ;

Emilia-Romagna

Abruzzi

[ Selected Regions
Treated and Matched Control Municipalities
Il Treated Municipalities
< 0.063
0,063 - 0,125
B 0,125-0,125
B 0,125- 0,25
Il 0,25- 0,375
Il 0,375-2,5

Sardinia

Lombardy ;

Abruzzi

Campania
Sardinia

Basilicata

Basilicata

[_1 Selected Regions
Treated and Matched Control Municipalities
Ml Treated Municipalities
< 0.063
0,063 - 0,125
Ml 0,125-0,125
B 0,125-0,25
I 0,25 - 0,375
B 0,375-2,5

Note: Treated municipalities are filled in black. Matched control municipalities are filled with different shades of
red; to account for the average contribution (weight) of each municipality to the building_of the counterfactual

across all different events and outcome variables.
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45 Results

415.1 Baseline results

The dynamics of our estimated average treatment effect of floods on municipalities’ budgetary
outcomes isare reported in FigureFigures 3 (expenditures) and 4 (revenues). OveralGenerally
speaking, no significant pre-trend exists, which-allowsus-te-considerso any post-treatment
deviation of the trends between treated municipalities and the counterfactual as-an-additional

effectinduced-by-the-floedcould be ascribed to the extreme event.

Total Expenditures Current Expenditures

.05
|

Treatment effect
0
|

Treatment effect
-.05

0
|

-.05

0 2 0 2
Semesters from event Semesters from event

Capital Expenditures

2
|

Treatment effect

0
|
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In all the figures, when “semesters from event” equals 0 (t= = 0), we are referring to “the “event
semester~semester.” The treatment effect on total expenditures is positive until the third
semester after a flood-and-then; it goes-backreverts to zero in the fourth semester. In terms of
magnitude, the effect is sizeable: from +3.4-percent% in the event semester up-to +6-percent%
in the third post-treatment semester. For—what—eceneernsRegarding the precision of the
estimates, the effects are statistically different from zero in the event semester (p-value< <
0.1);) and the second (p-value< < 0.01) and third (p-value< < 0.1) semesters. These results
indicate that local governments react to fleedsflooding quite soon by increasing expenditures,
even though the full potential is reached Zone year after the flood-eceurrence. However, it

seems that this effect tends to fade away quite rapidly.

Figure 3. Difference-in-differences Baseline Estimations: Expenditures

Total Expenditures Current Expenditures

.05
|

0
|

Treatment effect
0
|

Treatment effect
-.05

0 2 0 2
Semesters from event Semesters from event

Capital Expenditures

2
|

Treatment effect

0
|

-2 0 2 4
Semesters from event

Note: Three levels of statistical significance are reported: p-value < 0.1 (blue), p-value < 0.05 (orange), and p-
value < 0.01 (green).

To dig deeper into the drivers of this overall effect, we consider expenditures in fixed capital

(i.e., investments) and current expenditures separately. Public investments represent a large

part of expenditures aimed at boosting the recovery and reconstruction of infrastructure and

buildings that were directly hit by the flood. The effect of fleedsa flood on capital expenditures
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(bottom-left panel of Figure 3) only shows up in the second semester {t=1)-after the flood (t =
1) and further grows in the third semester (t= = 2). This effect is statistically different from zero
(p-value< < 0.1) and quite large in magnitude:; it corresponds to an increase (compared to the
counterfactual) of 19-pereent% in the second semester and 26-percent% in the third semester.
Considering current expenditures (e.g-., personnel expenditures), we de—not—find anyno
significant effect on treated municipalities in the aftermath of a flood-and; this might be-the
signal that climate disasters provoke immediate impacts on the-municipal capital and physical
assets-that, which wear off when these assets are replaced.

Figure 4. Difference-in-differences baseline-estimation—-Baseline Estimation: Revenues
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Note: Three levels of statistical significance are reported—Blue: p-value< < 0.1;-Orange (blue), p-value< < 0.05;
Green (orange), and p-value< < 0.01- (green).

FeeusingWhen focusing on revenues (Figure 4), we observe that the effect of floods on total

revenues is characterised by a non-monotonic trend. An instantaneous (t=_= 0) significant
increase efin total revenues happens when the shock occurs, eerrespendinrgwhich corresponds
to a +4.9% increase (significant at 5%):-this%). This effect is immediately reabsorbed in the
fellowing-semester(t= = 1).. In the third semester (t=_= 2), revenues are subject to a new
increase (not statistically significant) and then start to steadily decline.

By adopting the same approach efas with expenditures, we break down the-total revenues

valderevenue into its main components. Interestingly, no significant effects are found for ewn

current-revenues, capital revenues-and other revenues. Fhisis--line-with-Miao-et-al—(2020);

However, when considering revenues from transfers, we estimate a positive and significant
impact in the event semester and the third semester. This effect suggests that at least part of the
additional expenditures bornborne by local governments arewas financed by national or other
subnational governments. At the same time, it seems lkethat local governments do not
significantly change their-ewn revenues by suspending or postponing the collection of local
taxes to support the different economic agents (citizens, workers, companies) affected by the

fleedflooding. Furthermore, floods do not seem to have a substantial (positive or negative)

influence on the local tax base.

I-sum-Therefore, the system seems to be based on central government transfers to meet the

necessary additional allocations. This could encourage free riding if local

goveramentsinstitutions choose not to invest in prevention and mitigation, especially by

considering that imposing new taxes on the territories affected would turn into a sort of fiscal

punishment that is going to be added into the costs already generated by an event. To
summarise, in ltaly, flooded municipalities ir—Hakytend to respond te-extreme—events-by
boosting the level of public irvestmentsinvestment (with a 6-menthssix-month delayy}), which

areis financed (at least partly)-financed by increased transfers from other levels of government.
This result suggests a good capacity to cope with extreme events and te-act with the aim of
beesting—theenhancing post-flood recovery. On-the—other—handln contrast, no change is
observed in terms of current expenditureexpenditures and #-other revenues, which means that
the considered-events in guestion did not erede-substantially erode the tax base and that local

governments did not change local tax rates.
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4.25.2 Heterogeneous effects: high- vs- low--resilience municipalities

Since municipalities eeuld-react differently to extreme raturalclimate events depending on their
characteristics, we provide evidence about the effect’s heterogeneity of—the—effect
dependingbased on the level of resilience and vulnerability. StandardMost studies enof
economic resilience and vulnerability;-eften-provide support fer-the statementnotion that any

kind-of-system,—even-the-secio-economic-one—would-a system’s ability to react to and cope
tewith shocks;-mere-ertesswell; varies according to givenits characteristics-ef the-system-tself:

shock.thenscholars-argue that these systems-are resihient- and-not-vulnerable.. However, to our
knowledge, there-are-net-manyfew studies that-shewhave shown the actual mechanism through

which a resilient system is better able to cope with unpredictedunexpected shocks. In our work,

we show how the ex--ante more resilient and less vulnerable municipalities are able to cope
with unforeseen events through their better-capacity to better use internal budgetary resources,
while less resilient and more vulnerable municipalities mostly depend on state-transfers.
Overall, our work is-a-sert-efmay be considered an explicit test of the resilient-capacity of

resilient municipalities to cope with unpredicted shocks— and the ensuing socioeconomic

vulnerability.
We consider the median value of resilience and vulnerability,+espeetivehy; as the threshold to

identify high- vs: low--resilience/vulnerability municipalities. As shown in Table 2, 35.20% of
treated municipalities are highly resilient and less vulnerable to floods. Less resilient and more
vulnerable damaged municipalities are similarly represented in the sample (38.88%). The
residual 26% is egqualy—distributed between less resilient/less vulnerable (14.12%) and
highhighly resilient/righhighly vulnerable (11.80%) treated municipalities.

Table 2. Treated Municipalities by vsrerabiityVulnerability and resthieneelevel-Resilience

Level
Resilience/Vulnerability Low High Total
Low 73 201 274
14.12% 38.88% 53%
High 182 61 243
35.20% 11.80% 47%
Total 255 262 517
49.32% 50.68% 100%

As—a-first-stepFirst, we consider-the-breakdewn-ofbreak down our sample by resilience:; the
results are reported in Figures 5 (expenditures) and 6 (revenues). OveralIn general, less

resilient municipalities hit by floods do not change their pattern of (total, current and capital)
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expenditures:; the effects are not statistically different from zero, with the sole exception of

anthe increase efin total expenditures in the second semester pestafter the event semester (at

conventional 5%)--On-the-other-handp-value < 0.05). In contrast, we find large and significant
effects for resilient municipalities, especially se-for capital expenditureexpenditures and total

expenditure—whileexpenditures; we also estimate a positive and significant effect on current
expenditureexpenditures in the third post-treatment semester. In sum;—fleededsummary,
municipalities with high resilience respond quite promptly to the-fleedflooding by boosting
spending in infrastructures and other capital expenditures to favour post-disaster recovery.
Moreover, these municipalities also boost current expenditures in the leagerlong run—whie
the. The response to floods of less resilient municipalities is much weaker. ndeed-thisThis is
one of the first pieces of evidence; that shows the mechanism through which more resilient
{ane-ess-vulnerable}-municipalities are better able to better-face extreme events threughthanks

to their higher capacity to handle greater flows of (internal) resources, without waiting for

external

Fhis-evidence-highlights two important peiatsfindings of this work: 1) more resilient subjects

have a higher capacity to quickly spend money, thereby immediately starting the recovery
process; 2) more resilient subjects are more aware that investments are important to facilitate
the-post-disaster recovery.

ResultsThe results for revenues, broken down by level of resilience and revenue type (Figure
6), indicate that less resilient treated municipalities record a statistically significant (at-p-value
< 0.1%)) and substantial increase efin total revenues in the semester of the flood with respect
to the corresponding counterfactual, which is mostly driven by a substantial increase in
transfers from higher or equal levels of government. This does not happen;-instead-for to more
resilient municipalities, for which we find no immediate iaereaserise in total revenues and a

smaller (and not significantly different from zero) increase in transfers compared to less
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resilient ones, while some evidence of a significant increase in transfers appears in the last
observed semester-eniy. '

ln-sum-—our

15 Eorwhatconcerns—other Other revenues2—that,” which are mainly connected to revenues from services
provided on behalf of third parties, they—appear to be positively affected by a flood in highly resilient
municipalities.
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Figure 5. Difference-in-differences Estimations by Resilience Level: Expenditures
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Note: Three levels of statistical significance are reported: p-value < 0.1 (blue), p-value < 0.05 (orange), and p-value < 0.01 (green).
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Figure 6. Difference-in-differences Estimations by Resilience Level: Revenues
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Our results suggest that other national or subnational governments (e.g-., NUTS2 regions)
immediately transfer funds to support less resilient municipalities—Hewever-it-seems-Hke and
that these transfers are not effectively used by local gevernments-ef-municipatitiesauthorities
with poor resilience. At the same time, highly resilient municipalities promptly respond to a
flood by boosting capital expenditures, even without any significant transfer of resources from

other levels of government.
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4.35.3 Heterogeneous effects: high- vs- low--vulnerability municipalities

t-orderie
To corroborate our results on resilience, we replicate our analysis by looking at the

vulnerability of municipalities. As mentioned before, resilience and vulnerability are strongly
negatively correlated (correlation coefficient of -0.77). However—From our perspective,
resilience and vulnerability;—even—ithey share some common characteristics;_but are two

separate concepts that are—able—to—capture secie-economicsocioeconomic differences

betweenamong municipalities. This is reflected in the composition of the two indicators of
resilience and vulnerability. Roughly speaking, we ean—affirmsuggest that resilience;—+n-this
context; Is able-to-capture-the capacity of a municipality to aveid-that-theprevent damages wit
be—embedded—nto-from becoming embedded in the economic system by-shiftingthrough a
slowing down theof economic growth-trajectery, while vulnerability is related to the capacity
of-the-municipalitiesto suffer secio-econemiesocioeconomic losses.

Figure 7 repertsshows the differential effects broken down by the level of vulnerability for
expenditures. As expected, these results forexpenditure-broken-down-by-levelofvulnerabitity.

mirror the-onesthose broken down by resilience (Figures 5 and 6). We estimate a substantial

increase efin total expenditures, driven by capital expenditures, in the aftermath of a flood
(compared to the counterfactual) for municipalities with a low level of vulnerability. On-the
other-hand—neNo significant effect is found for current expenditures; nor for high- or low--
vulnerability municipalities.

Focusing on revenues-side (Figure 8), by comparing less vulnerable treated municipalities with
the corresponding counterfactual, theywe can see that the former experienced an increase in
total revenues until the second semester pestafter the event semester and then they-started-tea

decrease. We do find some specificitiespeculiarities when considering vulnerability instead of
resilience. In the aftermath of the flood, more vulnerable municipalities show an increase in
revenues (not entirely explained by an increase in transfers, which is not statistically different
from zero), while less vulnerable ones experience an increase in transfers. We also observe a
negative and significant post-flood effect on own current revenues for more vulnerable

municipalities-and; this might be-the-sign-efsignal a higher impact of the fleodingflood in more
vulnerable municipalities by-shrinking-the-in terms of a reduced tax base (e.g-., because of a

reduction in the number of economic actors present-in the territerieslocale and/or prolonged

tax cuts or exemptions).
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56 _Conclusions

Starting-with-the-observationObserving that a growing number of floods have affected Italy in
the-recent decades and considering their impact on local economies, in this paperarticle we

have-investigated the effect of fleedsflooding on the short-term budgetary choices of local

(municipal) governments, focusing on 4,185 fleeded-municipalities in Snine Italian regions
over the 2013--2016 period. We have-developedused a dynamic difference-in-differences
model with an a priori identification of proper counterfactuals through a-propensity score
matching-framewerk.

On average, we-estimate-that-Italian floeded-municipalities respond to extremeflooding events
by fostering public investments-and; this expenditure irereasegrowth is partly financed by
increased transfers from other levels of government. This result highlights the abititycapability
of municipalities to cope with floods and te-react by boosting the—post-flood recovery.
Moreover, the eonsidered—floods didin question do not affect the tax base, and the

municipalities eiddo not change local tax rates. A system that is fully funded through taxation

represents a sort of “bet with nature” that incentivises bad government behaviour, as taxation

is seen as cost-neutral with respect to spending in loss prevention. As a result, governments

forego prevention and mitigation activities (Modica et al., 2019a). Still, other ways of funding

or financing sources aimed at meeting additional allocations might depend on the peculiar

characteristics of the affected individuals and territories.
We then-extendextended our analysis to eensidering-heterogeneous effects based on the ex--
ante resilience and vulnerability of affectedthe municipalities—+H-seems-evident in question. The

results show that more resilient and less vulnerable municipalities can cope with unforeseen
events because they have—a—better—capacityto—usecan invest available internal budgetary
resources. These municipalities do not have to wait for external aid. Less resilient and more

vulnerable municipalities highly depend on transfers from other national and subnational

governments—levels of government.

Our resuttsbearfindings have interesting policy implications,—fer-instance-they-might-. They
can support policymakers that-atm-te-drawin planning general disaster management but-alseas

well as the relationship between national and local gevernmentslevels of government in the
disastersdisaster and {eventuab—reconstruction management. For instance, Italy is
newadayscurrently discussing thea draft law feron the adoption of a “Code of reconstruction”
ane-weReconstruction. We believe that our results might-becould make a pivotal contribution

to this debate for at least two reasons.
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First, as lecal—gevernmentsmunicipalities respond to floods by increasing their capital
investments without an adjustment of their ewn-revenues, substantial imbalances can be

generated in their aceeunts-financial budgets. This resuhtfinding points to the need to grant

some degree of flexibility to incur-n deficits in the aftermath of a disaster. Second, the prompt
response in terms of increased capital expenditures appears to be larger for more resilient and
less vulnerable municipalities. Ex-Therefore, the ex-ante capacity to cope with extreme events
and te-limit the-damages is a good predictor of municipatitya municipality’s post-disaster
recovery abHitycapability. In this respect, the implication is not straightforward. On-the one

hand, the long-term strategy for local and regional-national governments should be to enhance
the resilience of municipalities and te-reduce their vulnerability. On the other hand, in the short
term, there is room for a—direct intervention efby the regional or national
goveramentsgovernment in terms of direct capital spending in flooded, less resilient and more
vulnerable areas. Linked-to-thisRelatedly, our resuttsfindings highlight that the transfer of funds
to local governments in less resilient and more vulnerable municipalities is not enough to boost
local capital expenditures. This peints—to-the—factmeans that the failure to increase capital
expenditures in these municipalities does not depend on tight financial or regulatory constraints
but on the inability to operationalise additional spending in the short run-term.

This weorkarticle can represent a starting point for future research. Fer-instanee-itlt would be
of particularinterestvery interesting to consider the political-ecenremy-economic mechanisms
behind a municipality’s budgetary dynamics_by examining, for example-acceunting—for, a
mayor’s characteristics and fer-the electoral cycle. H-can-be-alse-pessible-to-apply-the-same

Furthermore, the econometric approach used here could be employed to estimate the

effeeteffects of other extreme natural events, such as earthquakes, thatwhich also strongly
affect the Italian peninsula-tee—Furthermere. Finally, a similar approach eancould be applied

to the private sector (i.e., firms) to investigate if it analegeushy-responds to extreme events:

10
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in the same way as the public sector.
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Supplementary Material

Appendix A - Outcomes Variables, Vulnerability and Resilience

Index Description

Table A.1 Outcomes description

Variable Description
Total Expenditures Total monthly expenditures
Current Expenditures Monthly current expenditures (personnel, raw materials and consumables procurement,

service provisions, use of third-party assets, current transfers, interests and financial
charges, taxes and fees, extraordinary charges from current operations, loan repayment
charges, expenses from services on behalf of third parties, payment to be settled).

Capital Expenditures Monthly capital expenditures (real estate acquisition, expropriations and onerous
easements, purchase of specific good for in-house production, use of third-party assets
for economic activities, Acquisition of furniture, machinery and technical and scientific
equipment, external professional appointments, capital transfers, shareholdings, capital
contributions, granting of loans and advances).

Total Revenues Total monthly revenues.

Own Current Revenues Monthly current revenues (taxes and fees, public services revenues, income from the
assets of the municipality, interests on advances and loans, net profits of special and
participates companies, dividends of companies).

Own Capital Revenues Monthly capital revenues (disposal of assets, debt collection, cash advances, short term
loans, borrowing and lending, issuance of bonds).

Revenues from Transfers Monthly revenues from transfers (capital transfers from state, regions, autonomous
provinces, public sector, other subjects).

Other Revenues Monthly other revenues (social security and welfare deductions for staff, withholding
taxes, other deductions from staff on behalf of third parties, security deposits,
reimbursement of expenses for services on behalf of third-party, repayment of advance
payment of funds for the treasury service, deposits for contractual expenses, collections
to be regularised).

Table A.2 The components of the vulnerability index

Vulnerability Note Sign
1 Extension of agriculture Percentage of agricultural land +
2 Dependency on Number of cattle per person +

agriculture
3 Age Dependency ratio +
4 Wealth Average income per household -
5 Poverty Households with potential economic discomfort +
6 Inequality Gini Index +
7 Unemployment Unemployment rate +
A . Synthetic index defined as the simple average of employees in

8 Institutional capacity di}:‘ferent branch of PA P g ploy -
9 Political rights Turnover of 2014 EU Parliament election -
10 Population pressure Population density +



11
12
13
14

15

16
17

Urbanisation
Building characteristics
Ecosystem conversion

Education

Family structure

Female condition
Health

Land use per capita

Herfindahl-Hirschman index for residential, non-residential
buildings (functional mix)

% of agricultural area actually used (SAU) on total agricultural area
Ratio between people in the age 15-24 who does not attend a regular
course of study and population of 15-24 years

Ratio between the number of single-parent households over total
number of households

Male employment rate over female employment rate

Hospital beds for 10,000 inhabitants

Source: Marin et al. (2021)



Table A.3 - The components of the resilience index

Resilience Note Sign
1 Density of business Number of local units per km2 +
2 Wealth Average income per household +
3 Debt Debt of the public administration per capita -
4 Poverty Households with potential economic discomfort -
5 Homeownership Affordability index +
6 Unemployment Unemployment rate -
7 Productivity Sales per employee +
. Herfindahl-Hirschman concentration index of employees in the
8 Sectorial dependence - -
economic sectors
9 Government effectiveness Paid expenditure / Committed expenditure of municipal governments +
A . Synthetic index defined as the simple average of employees in
10 Institutional capacity different branch of PA +
11 Educati Ratio between resident in the age 15-24 who does not attend a regular
ucation . - +
course of study and resident population of 15-24 years
12 Health Hospital beds for 10,000 inhabitants +
Synthetic index defined as the simple average of normalized scores of
13 Social capital No. and employees of non-profit association; Blood donations; No. of

non-sport newspapers sold/1000 person; tolerance and trust question
in the WVS

Source: Marin et al. (2021)



Appendix B — Balancing test of matching based on propensity score

and difference-in-difference estimates tables

Table B.1.1. Balancing test of matching based on propensity score — Unmatched

Population Income Area Altitude Island Coastal Hazard Resilience Vulnt;rabilit
Control 7.969 17.25 2.839 5.012 0.005 0.113 0.072 0.517 0.517
Treated 8.059 17.34 3.223 4.734 0.006 0.182 0.077 0.445 0.468
Difference 0.090 0.086 0.385 -0.278 0.001 0.069 0.006 -0.073 -0.050
t-stat 2.030** 1.740* 12.13*** -4.491%** 0.502 4.944%** 1.090 -4.070*** -2.768***
N. obs. 52865 51245 51121 51076 51121 51121 51121 52870 52870




Table B.1.2. Balancing test of matching based on propensity score - Matched

Outcome:

Population Inceom Area Altitude Island Coastal Pre-Trend Hazard
Total Expenditure
Control 8.007 17.28 3.161 4.903 0.006 0.0974 0.157 0.064
Treated 8.047 17.32 3.154 4.862 0.004 0.0875 0.125 0.062
Difference 0.040 0.033 -0.006 -0.041 -0.002 -0.010 -0.032 -0.002
t_Stat 0.558 0.412 -0.121 -0.383 -0.501 -0.570 -1.699* -0.214
N. Observations 1319
Outcome: Incom

Population Area Altitude Island Coastal Pre-Trend Hazard
Current Expenditure €
Control 8.031 17.31 3.191 4.791 0.007 0.100 0.094 0.065
Treated 8.050 17.32 3.154 4.830 0.004 0.087 0.086 0.064
Difference 0.019 0.013 -0.037 0.040 -0.003 -0.014 -0.008 -0.002
t-stat 0.260 0.169 -0.718 0.364 -0.656 -0.774 -0.528 -0.260
N. Observations 1315
Outcome Incom

Population R Area Altitude Island Coastal Pre-Trend Hazard
Capital Expenditure
Control 8.020 17.30 3.184 4.815 0.002 0.090 0.309 0.080
Treated 8.069 17.34 3.151 4.823 0.004 0.094 0.287 0.065
Difference 0.048 0.043 -0.033 0.008 0.002 0.004 -0.022 -0.016
t-stat 0.669 0.546 -0.649 0.077 0.633 0.228 -0.321 -1.905
N. Observations 1316
Outcome: Incom

Population R Area Altitude Island Coastal Pre-Trend Hazard
Total revenues
Control 8.070 17.35 3.134 4.808 0.005 0.103 0.257 0.072
Treated 8.050 17.32 3.149 4.845 0.004 0.0895 0.265 0.063
Difference -0.020 -0.036 0.015 0.037 -0.001 -0.014 0.008 -0.008
t-stat -0.279 -0.458 0.291 0.343 -0.259 -0.776 0.330 -1.104
N. Observations 1300
Outcome: Incom

Population R Area Altitude Island Coastal Pre-Trend Hazard
Own current revenues
Control 8.048 17.33 3.170 4.882 0.006 0.102 0.225 0.060
Treated 8.063 17.33 3.159 4.841 0.004 0.089 0.236 0.064
Difference 0.014 0.004 -0.011 -0.040 -0.002 -0.013 0.011 0.004
t-stat 0.197 0.0453 -0.208 -0.371 -0.472 -0.711 0.448 0.554
N. Observations 1322
Outcome: Incom

Population o Area Altitude Island Coastal Pre-Trend Hazard
Revenues from transfers
Control 8.065 17.34 3.136 4.826 0.006 0.087 0.384 0.067

Treated 8.045 17.31 3.146 4.846 0.004 0.083 0.438 0.060



Difference -0.020 -0.030 0.010 0.020 -0.002 -0.004 0.055 -0.006
t-stat -0.284 -0.388 0.185 0.180 -0.472 -0.232 0.854 -0.857
N. Observations 1281
Outcome: ) Incom ]

Population Area Altitude Island Coastal Pre-Trend Hazard
Capital Revenues €
Control 8.089 17.34 3.179 4.872 0.003 0.081 -0.038 0.068
Treated 8.174 17.42 3.225 4.780 0.006 0.097 0.047 0.071
Difference 0.085 0.083 0.046 -0.092 0.003 0.016 0.085 0.002
t-stat 1.036 0.909 0.768 -0.692 0.633 0.736 0.631 0.262
N. Observations 914
Outcome: ) Incom )

Population Area Altitude Island Coastal Pre-Trend Hazard
Other Revenues €
Control 8.014 17.29 3.148 4.878 0.004 0.110 0.177 0.056
Treated 8.051 17.32 3.147 4.837 0.004 0.093 0.153 0.062
Difference 0.037 0.029 -0.001 -0.041 -0.000 -0.017 -0.024 0.006
t-stat 0.510 0.362 -0.027 -0.378 -0.000 -0.889 -0.787 0.900
N. Observations 1317




Table B.2. Baseline Estimations - Expenditures

Treatment Effect Total Expenditures Current Expenditures Capital Expenditures
1st Semester (pre) 0.029 -0.002 0.001
(0.019) (0.016) (0.069)
Semester of the event 0.033* -0.014 0.019
(0.019) (0.017) (0.070)
1st Semester (post) 0.018 0.001 0.177**
(0.021) (0.0171) (0.070)
2nd Semester (post) 0.058*** 0.012 0.231***
(0.022) (0.020) (0.075)
3rd Semester (post) 0.038* 0.026 0.048
(0.023) (0.020) (0.084)
4th Semester (post) -0.008 -0.021 0.206**
(0.024) (0.021) (0.092)
N. Observations 8496 8481 8453

Notes: Fixed effect model. Standard errors clustered by municipalities in parenthesis. * p<0.1, ** p<0.05, *** p<0.01.

Table B.3. Baseline Estimations — Revenues

Treatment Effect Total Revenues Rit’/gnegés Re\{_ergggfse:rsom Rse:sgriﬂzs Other Revenues

1st Semester (pre) -0.015 -0.011 -0.069 -0.035 0.012
(0.023) (0.023) (0.057) (0.137) (0.032)

Semester of the event 0.048** -0.012 0.119** 0.074 0.024
(0.022) (0.027) (0.057) (0.139) (0.035)

1st Semester (post) -0.014 -0.009 -0.017 -0.018 0.025
(0.021) (0.019) (0.056) (0.140) (0.041)

2nd Semester (post) 0.036 -0.024 0.115* 0.124 0.050
(0.024) (0.023) (0.060) (0.162) (0.047)

3rd Semester (post) 0.004 0.005 0.015 -0.006 0.016
(0.025) (0.020) (0.068) (0.176) (0.046)

4th Semester (post) -0.010 -0.033 0.131* -0.059 0.047
(0.025) (0.023) (0.068) (0.229) (0.046)

N. Observations 8370 8514 8261 5194 8481

Notes: Fixed effect model. Standard errors clustered by municipalities in parenthesis. * p<0.1, ** p<0.05, *** p<0.01.

Table B.4. Estimations by resilience level - Expenditures

Below Median Above Median



Total

Treatment Effect Expenditures

Current

Expenditures

Capital
Expenditures

Total
Expenditures

Current
Expenditures

Capital
Expenditures

1st Semester (pre) 0.038 -0.012 -0.007 0.018 0.010 0.011
(0.029) (0.027) (0.095) (0.023) (0.019) (0.099)
Semester of the event 0.035 -0.025 0.042 0.030 -0.002 -0.007
(0.030) (0.028) (0.102) (0.023) (0.020) (0.095)
1st Semester (post) -0.022 -0.008 0.117 0.064*** 0.011 0.247***
(0.033) (0.028) (0.108) (0.022) (0.018) (0.084)
2nd Semester (post) 0.069* 0.023 0.138 0.044* -0.001 0.338***
(0.036) (0.033) (0.111) (0.025) (0.021) (0.099)
3rd Semester (post) 0.014 0.014 0.040 0.060** 0.037* 0.065
(0.038) (0.035) (0.126) (0.026) (0.022) (0.110)
4th Semester (post) -0.054 -0.067* 0.171 0.019 0.006 0.242**
(0.046) (0.040) (0.168) (0.027) (0.022) (0.109)
N. Observations 4291 4168 4278 4205 4313 4175

Notes: Fixed effect model. Standard errors clustered by municipalities in parenthesis. * p<0.1, ** p<0.05, *** p<0.01.



Table B.5. Estimations by vulnerability level - Expenditures

Treatment Effect

Total

Expenditures

Below Median

Current
Expenditures

Capital

Expenditures

Total

Expenditures

Above Median

Current
Expenditures

Capital
Expenditures

1st Semester (pre) 0.031 0.011 0.070 0.027 -0.014 -0.067
(0.024) (0.019) (0.092) (0.029) (0.027) (0.102)
Semester of the event 0.030 -0.007 0.113 0.036 -0.021 -0.074
(0.023) (0.020) (0.091) (0.031) (0.028) (0.107)
1st Semester (post) 0.068*** 0.004 0.253*** -0.032 -0.002 0.101
(0.024) (0.019) (0.091) (0.033) (0.028) (0.105)
2nd Semester (post) 0.064** -0.001 0.346*** 0.051 0.024 0.117
(0.026) (0.022) (0.098) (0.036) (0.034) (0.114)
3rd Semester (post) 0.045 0.017 0.018 0.033 0.039 0.114
(0.028) (0.021) (0.109) (0.038) (0.037) (0.131)
4th Semester (post) -0.022 -0.034 0.239** 0.032 0.006 0.198
(0.029) (0.023) (0.103) (0.042) (0.039) (0.181)
N. Observations 4551 4480 4534 3945 4001 3919

Notes: Fixed effect model. Standard errors clustered by municipalities in parenthesis. * p<0.1, ** p<0.05, *** p<0.01.



Table B.6. Estimations by resilience level - Revenues

Below Median Above Median
et T8 ot Piop® o csel ove | ol owet Cons o obe
ransfers Transfers
1st Semester (pre) -0.023 -0.032 -0.138 0.029 -0.007 -0.0056 0.013 0.010 -0.129 0.033
(0.035) (0.037) (0.089) (0.183) (0.052) (0.029) (0.026) (0.066) (0.199) (0.036)
Semester of the event 0.092*** -0.032 0.150* 0.194 0.003 -0.002 0.010 0.083 -0.082 0.049
(0.035) (0.046) (0.088) (0.189) (0.053) (0.025) (0.026) (0.068) (0.206) (0.044)
1st Semester (post) -0.041 -0.026 -0.031 -0.010 -0.021 0.016 0.009 -0.000 -0.025 0.077*
(0.034) (0.030) (0.088) (0.170) (0.066) (0.020) (0.021) (0.065) (0.233) (0.045)
2nd Semester (post) 0.043 -0.045 0.153 0.079 -0.001 0.027 -0.000 0.071 0.177 0.108**
(0.039) (0.036) (0.095) (0.223) (0.075) (0.025) (0.027) (0.069) (0.226) (0.051)
3rd Semester (post) -0.035 -0.023 -0.072 -0.348 -0.075 0.037 0.033 0.090 0.292 0.101**
(0.044) (0.033) (0.109) (0.244) (0.080) (0.025) (0.021) (0.084) (0.255) (0.048)
4th Semester (post) -0.042 -0.036 0.101 -0.753* -0.014 0.006 -0.022 0.153* 0.274 0.098*
(0.047) (0.040) (0.119) (0.420) (0.079) (0.027) (0.027) (0.081) (0.278) (0.054)
N. Observations 4253 4308 4087 2751 4240 4117 4206 4174 2443 4241
Notes: Fixed effect model. Standard errors clustered by municipalities in parenthesis. * p<0.1, ** p<0.05, *** p<0.01.
Table B.7. Estimations by vulnerability level - Revenues
Below Median Above Median
Treatment Effect Total Current Re;: gr;rzjes Capital Other Total Current Rex gr:]les Capital Other
Revenues Revenues Transfers Revenues Revenues Revenues Revenues Transfers Revenues Revenues
1st Semester (pre) -0.000 0.001 -0.0135 -0.117 0.014 -0.030 -0.023 -0.124 0.033 0.010
(0.030) (0.026) (0.076) (0.189) (0.037) (0.034) (0.037) (0.083) (0.192) (0.053)
Semester of the event 0.017 0.017 0.136* -0.026 0.043 0.078** -0.041 0.102 0.167 0.006




(0.028) (0.027) (0.081) (0.209) (0.043) (0.034) (0.047) (0.081) (0.186) (0.055)

1st Semester (post) 0.028 0.033 0.012 0.038 0.077 -0.055* -0.051* -0.044 -0.069 -0.027
(0.024) (0.021) (0.075) (0.222) (0.048) (0.033) (0.030) (0.083) (0.177) (0.066)

2nd Semester (post) 0.039 0.031 0.149* 0.217 0.088 0.032 -0.079** 0.082 0.029 0.013
(0.029) (0.027) (0.082) (0.237) (0.055) (0.038) (0.037) (0.088) (0.221) (0.076)

3rd Semester (post) -0.012 0.034 0.045 0.185 0.070 0.029 -0.024 -0.016 -0.206 -0.048
(0.030) (0.021) (0.094) (0.246) (0.053) (0.040) (0.034) (0.097) (0.248) (0.078)

4th Semester (post) -0.023 0.007 0.121 0.056 0.042 0.020 -0.086** 0.180* -0.272 0.084
(0.029) (0.027) (0.091) (0.279) (0.055) (0.044) (0.039) (0.101) (0.412) (0.078)

N. Observations 4436 4501 4410 2548 4458 3934 4013 3851 2646 4023

Notes: Fixed effect model. Standard errors clustered by municipalities in parenthesis. * p<0.1, ** p<0.05, *** p<0.01.



Appendix C — Robustness checks

In order to check the robustness of our analysis, we have estimated the municipalities budgetary
outcomes by applying a propensity score matching where municipalities are matched by
considering the exact value of their level of resilience and the quartile of their 6-month pre-

trend. Obtained results are reported from Figure B.1 to B.6 and are robust.

Figure C.1. Difference-in-differences baseline estimations - Expenditures
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Notes: three levels of statistical significance are reported. Blue p-value<0.1; Orange p-value<0.05; Green p-
value<0.01.



Figure C.2. Difference-in-differences baseline estimations - Revenues
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Notes: three levels of statistical significance are reported. Blue p-value<0.1; Orange p-value<0.05; Green p-
value<0.01.



Figure C.3. Difference-in-Difference estimations by resilience level - Expenditures
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Notes: three levels of statistical significance are reported. Blue p-value<0.1; Orange p-value<0.05; Green p-value<0.01.
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Figure C.4. Difference-in-Difference estimations by resilience level - Revenues
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Notes: three levels of statistical significance are reported. Blue p-value<0.1; Orange p-value<0.05; Green p-value<0.01.



Figure C.5. Difference-in-Difference estimations by vulnerability level - Expenditures

Total Expenditures Current Expenditures
“ulnerahility below median “ulnerability abave median “ilnerability below median Yulnerabilty ahove median
2 | 2 | = | ik |
| | ] |
o o | T o | o
£81 £24 | ] 5 | £
E 5 T I —= E
E E E E
| Sl N i i | B | :
= = It = | =
L w L : [ r ‘T n
ES 3 | : |
o L |
1 | b | - % | !
T T T T T T T T T T T T T T T
4 -2 2 4 -2 0 2 4 -2 1} 2 4
Semesters from event Semesters from event Sem esters from event Semesters from event

Capital Expenditures

Treatm ent e ffect

“ulnerability below median “ulnerability above median
o | i
| 1
] | I
» |
So | 1
5 | '
£
%o | B
= | : L
o | - L
| A |
T T T T T T T
0 2 4 -2 0 2 4
Semesters from evert Semesters from event

Notes: three levels of statistical significance are reported. Blue p-value<0.1; Orange p-value<0.05; Green p-value<0.01.



Figure C.6. Difference-in-Difference estimations by vulnerability level - Revenues
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Notes: three levels of statistical significance are reported. Blue p-value<0.1; Orange p-value<0.05; Green p-value<0.01.
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