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Abstract

Flash floods are the type of natural hazard that causes more deaths and material damage in Brazil. In this paper, we show that existing
disaster databases do not reflect the damages and annual losses caused by flash floods. In addition, the national official disaster database (S2iD)
and global disaster database (EM-DAT) are contrasting regarding informed economic losses. For instance, for Brazil, from 1991 to 2022 S2iD
reports an impact of $16,840,496,970, while in EM-DAT the impact is $386,784,000 (only 2.23% ). To understand this contrast between local and
global databases on a more detailed scale, we carry out an analysis of the impact costs of flash flood episodes in Santa Catarina state. Due to the
catastrophic effects of extreme episodes, these are more evident in contrast to other minor ones that go unnoticed; however, the data shows us
that the economic effect of local and frequent disasters can exceed the amount of those considered extreme. Local data show that the cumulative
effect of damages and losses can contribute to increased vulnerability. These are the two main reasons that lead us to highlight the importance of
countries having national, historical, reliable, homogeneous, consolidated, and highly disaggregated disaster databases.
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Brazilian Flash Floods in Global and National Disaster

Databases

Flash floods are frequent hazardous events associated with
intense precipitation in small hydrographic basins of accidental
relief, whose rapid development makes early warning difficult.
These types of hydrological phenomena can be very destructive
and their cumulative impact, in the short and long-term, on
economic, social, and environmental systems, can be devastating
and exceed the communities’ capacities for preparedness,
response, and recovery [1] .

From the EM-DAT database, we could not identify the exact
size of the local losses due to flash floods, for two reasons, firstly
because they are registered under the flash flood and also riverine
floods categories (this second category of classification does not
exist in Brazil), making it difficult to recognize the real cause of the
disaster, and secondly because each record includes the name of
different places, making it difficult to recognize the real location
of the disaster. The values noted in Table 1 reflect the losses
associated with these two integrated categories at the national
level; for comparison with the detailed data from the national
database, we only use values from the Flash Flood category.

All monetary values are updated to the US dollar of December 2022.

In contrast with EM-DAT, data from the national official
disaster database (S2iD) reflect higher values. In Brazil, from
1991 to 2022 there were 9407 flash floods (locally known as
“enxurradas”), causing 40% of deaths (1872) and 36.7% of
material damage ($9,174,417,818)% In Figure 1 we can see
that Santa Catarina stands out among the Brazilian States most
intensely affected by flash floods, it occupies the first place in
terms of damages and losses, which include effects on public and
private sectors (Table 2).

Our interpretation of the datain Tables 1 & 2 coincides with the
results of previous studies: the provision of detailed information
on the impacts of hazardous events is more common on national
databases with the local resolution, while global databases like
EM-DAT only include disasters with more than 10 deaths. As a
result, the impact may be undervalued and to make additional
analysis it is required to complement the data with other sources
of information. Therefore, these data are insufficient for the
implementation of public policies, since their creation requires
even more detailed data on the location and frequency of disasters
[4], as well as more precise information on the hazards and their
impacts [5].

2The numerical values presented here are calculated from official data available in the Digital Atlas of Disasters in Brazil, prepared in turn from
official data of the Secretary of Civil Protection and Defense of the S2iD bank (Integrated System of Information on Disasters).

Int J Environ Sci Nat Res 32(1): IJESNR.MS.ID.556329 (2023)


http://juniperpublishers.com
https://juniperpublishers.com/ijesnr/
http://dx.doi.org/10.19080/IJESNR.2023.32.556329

International Journal of Environmental Sciences & Natural Resources

Table 1: Amount of damages and losses from floods in Brazil from 1991 to 2022.

Variable Flash Flood Riverine Flood Total
Records number 10 62 72
Total deaths 198 2479 2677
Total damages® $386,784,000 $6,522,121,000 $6,912,905,000

Data source: Own elaboration from data of The International Disaster Database, EM-DAT [2].

Table 2: Amount of damages and losses from flash floods in Santa Catarina State from 1991 to 2022.

Variable Description Total
Human damages Number of deaths 197
Material damages Residences, hospitals, and school buildings; road infrastructure $1,466,975,605

Public losses Public services (water, sewage, energy, transport, communication, security, road cleaning) $224,229,587
Private losses Agriculture, livestock, industry, services $1,381,288,658
Total damage and losses Material damages, public and private losses. $3,072,493,851

Data source: Own elaboration from data of Digital Atlas of Disasters in Brazil [3].
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Figure 1: Spatial distribution of flash floods in Brazil. UF_BR is Unidade Federativa (in Portuguese).

Data source: Own elaboration from data of Digital Atlas of Disasters in Brazil [3].
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Flash floods occur practically throughout the entire Brazilian
coastal region, due to the coexistence of topographic, climatic, and
geological conditions that make this region susceptible to this
type of phenomenon. Discussing these conditions is beyond the
scope of this article. However, it is observed in the maps of Figure
1 that this region concentrates most of the occurrences and their
most intense effects. It should also be noted that this is the most
densely populated region in Brazil, therefore highly exposed and
vulnerable.

Analysis of the Impacts of Flash Floods on the Santa

Catarina State

The Itajaf region, in the state of Santa Catarina, stands out
for the number of flash floods and the intensity of their effects
registered between 1991 and 2022. Table 3 shows that in each
category of impacts there are at least three cities that belong
totally or partially to this region (bold type), even occupying the
first positions in the ranking.

Table 3: Ranking of municipalities by four impact categories in Santa Catarina State from 1991 to 2022.

Records Number Deaths Materials Damages Total Damages and Losses
Camboriu 23 Blumenau 29 Blumenau $1,661,202,456 Blumenau $3,262,614,065
Alfredo Wagner 22 Ilhota 26 Itajai $1,120,504,310 Itajai $2,328,121,927
Corupa 21 Gaspar 16 Joinville $528,584,092 Gaspar $888,175,055
Timbé do Sul 20 Jaragua do Sul 14 Sdo José $319,032,832 Joinville $567,924,392
Ararangua 19 Presidente Gettlio 12 Florianépolis $175,421,921 Jaragua do Sul $486,342,525
Dionisio Cerqueira 18 Sdo José 11 Ilhota $170,492,129 Ilhota $336,787,326
Orleans 18 Luiz Alves 10 Jaragua do Sul $148,374,578 S30 José $324,337,346
Aurora 18 Florianépolis 8 Camboriu $133,378,801 Corupa $236,138,800
Presidente Nereu 18 Itajai 6 Presidente Gettlio $91,045,999 Florianépolis $185,825,605
Biguagu 18 Igara 5 Palhoga $78,981,014 Ararangua $182,128,828

Data source: Own elaboration from data of Digital Atlas of Disasters in Brazil [3].

Population projections for the Itajai River Basin indicate a total
of 1,253,845 people for 2021, with a density of 125.3 inhabitants/
km? [6]. This region was colonized by European immigrants
who settled in the so-called “lowlands”, consolidating a culture
of logging, industrial, agricultural and livestock development,
which led to a historical process of environmental degradation
and urbanization of floodplains that aggravates the conditions of
exposure to flash floods.

a) The 1,893 flash floods that
occurred in Santa Catarina between 1991 and 2022 affected

Record numbers.

285 municipalities in the state, out of a total of 295. This means
that 97% of the municipalities in Santa Catarina were affected at
least once by flash floods in that period (Figure 2). In Table 3 we
observe that the frequency of occurrences is very similar among
the top ten cities in the ranking. This frequency is not necessarily
related to the intensity of the impact, since the highest values of
damage and losses were registered in cities that do not appear in
this category.

b) Deaths. The 197 deaths by flash floods registered
in Santa Catarina occurred in 47 municipalities. The first ten
municipalities in the ranking concentrated 69.5% of the deaths,
among which there are six municipalities that are totally or
partially located in the Itajai region. At the national level, the
events occurred in Blumenau and Ilhota, are in fifth and sixth
place, preceded by four municipalities in Rio de Janeiro affected
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by the January 2011 event (Nova Friburgo, Tereso6polis, Petrépolis
and Sumidouro), considered up to the date, the most lethal in the
country.

c. Damages and losses. Flash floods in Brazil were
concentrated in municipalities in the states of Santa Catarina and
Rio de Janeiro, especially as a consequence of major disasters such
as those that occurred in 2008 in Santa Catarina and 2011 in Rio
de Janeiro (7). We find that the damages and losses in Blumenau
and Itajai municipalities in 2008 represent 35% of the total costs
for Santa Catarina state, in the period analyzed (Figure 3), which

are concentrated in material damages and in the sector services.

Fifty percent of the losses and damages occurred in 279
municipalities over 30 years, only one catastrophic event caused
the other fifty percent of the losses and damages in only six
municipalities, as Figure 3 shows. Material damage includes
damage to more than 170,000 homes in 227 municipalities,
and more than 9,000 homes destroyed in 130 municipalities,
highlighting those affected by the 2008 event. As for the affected
infrastructure, this includes road and port infrastructure. The
economic sectors severely affected were industry and services, it
is worth noticing that the services sector represented more than
70% of the added value of the GDP of Blumenau and Itajai, which
have the third and fourth highest GDP values in the state, and after
the 2008 event, it had a reduction in the aggregate value of the
service sector [8,9].
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Figure 2: Flash floods records by municipalities in Santa Catarina state, from 1991 to 2022.
Data source: Own elaboration from data of Digital Atlas of Disasters in Brazil [3].
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Figure 3: Damage and losses, Santa Catarina municipalities, 1991 to 2022.
Data source: Own elaboration from data of Digital Atlas of Disasters in Brazil [3].

)

Final Considerations

hazardous events and their effects like deaths (and other human

addition to the degree of affectation in each of these variables.

This information is essential to assist the development and

Disaggregated data are suitable to identify the frequency of

damages), material damages, and private and public losses, in

implementation of public policies for disaster risk management.
Due to their characteristics and objectives, local databases meet
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the demand for this type of data and can be used at the municipal,
national, and regional levels. Compared to global databases, these
have an advantage, which provide aggregated data that only
allow generic analysis and do not reflect the reality of impacts at
detailed scales. As noted throughout the paper, incomplete global
or national databases underestimate the impacts of flash floods.

Disaster occurrence databases make it possible to get an
approximate idea of the direct costs of disasters, whether those
considered “major” disasters, such as those included in EM-DAT,
that consider over 10 deaths, those registered by insurance
companies, such as Swiss-Re, for instance, in the Disaster
Information Management System (DesInventar) [10,11], or in the
Brazilian’s Disaster Information Database (S2iD) (BRASIL, 2022).
The existence of various databases with different characteristics
is an opportunity to expand research on the economic impact of
disasters, taking advantage of the potential of each one. Despite
the existence of these databases, scientific studies that analyze
them to estimate the impacts of disasters on the public and private
sectors in the South Hemisphere are still scarce [12], especially on
alocal scale [13].

As episodes like flash floods occur frequently, their
underreporting may result in the invisibility of the accumulated
vulnerability of the exposed communities by public managers. As
observed in Santa Catarina, between 1991 and 2022 most of the
municipalities of this state suffered the impact of flash floods at
least once in the period, of which only six are noteworthy due to
the large numbers of their negative effects. However, those other
municipalities that were also affected and that need to record their
damages and losses in the occurrence databases cannot be lost
sight of. This conclusion is valid for the entire Brazilian territory,
especially for municipalities located in regions more susceptible
to flash floods, such as the coastal region.
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