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Flood maps can be used in combination with georeferenced
datasets of assets of different types, like road networks,
production plants, public infrastructure, real estate and so on.
As such, State or national institutions can benefit from the
information provided in order to prioritize areas for DRM
interventions and investment across the state or to promote
private developments in safe zones, for example.

Santa Catarina is exposed to
recurrent disaster events, among
which floods play a major role. The
economic effects of such events
as indicated by a historical data
base* which shows that damage
and losses are significant and,
at the same time, the state’s
financial response capacity is
still limited. That is, while over
the years the state has shown
significant progress in disaster risk
management (DRM) and has been,
in fact, a benchmark in Brazil,
still there is room to significantly
improve its DRM strategy.
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And while the historical records
shown are extremely valuable
for DRM planning, adopting a
forward-looking approach is
necessary for the design and
update of a DRM strategy based
on the following pillars of action:
(i) risk identification, (ii) risk
reduction, (iii) preparedness,
(iv) financial protection, and (v)
resilient recovery.
With the above DRM framework
in mind, a study combined an
investigation of the historical
patterns of natural hazards (and
its effects) in Santa Catarina with
a catastrophe flood risk model to
deliver a state-level knowledge
base for DRM planning.
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The Annual Average Loss (AAL) represents an
average sum of the annual losses calculation.
It is the mean value of a loss exceedance
probability (EP) distribution. It represents the
expected loss per year, averaged over many
years. The one-year return period loss is
expected to be equaled or exceeded every year.
Its exceedance probability is therefore 100%.
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The state of Santa Catarina in
Southern Brazil may be associated
with different parts of the world,
with its territory size equivalent
to Hungary and population size
similar to Paraguay. The state is
affected by a great diversity of
natural adverse events: droughts,
floods, flash floods, hail, mass
movements, windstorm, tornado,
coastal erosion and the only
hurricane recorded in Brazil so far.
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GDP (2013)
million R$

Santa Catarina state in numbers

Most Populous
Municipalities
In thousands of people

27.310,2 km2
1.200.712

Joinville
jaraguá do sul

itajaí valley
13.097,6 km2
1.508.980

Blumenau

chapecó

555 Joinville

itajaí

462

são José
Florianópolis

florianópolis

334 Blumenau
229

22.324,3 km2
406.741

São José

criciúma

south

9.718,9 km2
925.065

Chapecó

202 Itajaí
160 Jaraguá do Sul
*IBGE 2010

7.355,3 km2
994.095

serrana
(mountain region)

205 Criciuma
202

greater
florianópolis

**IBGE 2016

population

estimation 2016

6.910.553**

Note that the eastern regions of the state have the most populous
municipalities of the state and concentrates over 42% of the state’s
population and it is heavily impacted by natural disasters as shown
latter in hazard modeling step of the study.
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NAtural Disasters in numbers

impacts of Natural Disasters

From 1995 to 2014, there were more than 2.704 reports of damages and losses due to natural disasters in
Santa Catarina. There were significant annual peaks in the number of records, which reflects events of
greater magnitude. On average, 135 events were recorded per year. The Western and Southern regions
presented a slightly greater incidence of events.

Losses reported distribution of damages
per sector

4%
R$ 193,3 MI

by type

9%

91%

public

private

Facilities

63%
R$ 3,28 BI

33%
R$ 1,75 BI

Infrastructure
damages

housing
damages
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13,5 millions

746 thousand

Population directly affected,
including the homeless, displaced
persons, deaths and sick.

746,600 people needed shelter
or have been displaced from
their homes.

Housing
Damage

$
$ $

$

Economic
Losses

110 thousand r$ 17,64 billions
11,200 houses were
destroyed and 99,294
damaged.

Damage losses and Materials
reported by municipalities in 2704
records. Real amounts fixed for 2014.

*National Secretariat of Protection and Civil Defense. Data from disaster records reported by municipalities to the state Civil Defence agency or the National Protection Bureau and
Civil Defense - SEDEC. 6,464 records were employed, of which 2,704 informed economic losses.

Average Annual Losses reported as GDP %
of municipalities

Municipalities with greater reported losses

vargem
10,8%

joinville
R$ 345 MI

Abdon Batista
9,3%

Blumenau
R$ 1,8 BI

Celso Ramos
10,1%

ITAJAí
R$ 1,4 BI

Alto Bela vista
7,4%

GASPAR
R$ 1,8 BI

Only in the events of Nov 2008, flooding affected about 73 municipalities and over
1.5 million people. At least 135 people were killed, over 78,700 forced to evacuate
their homes, 27,400 people left homeless, 7,154 homes were completely destroyed
(CEPED UFSC 2016) and 186,000 left without electricity for weeks (BBC 2008).

$

Municipalities
affected
Catarina Hurricane 2004
Drought 2004 - 2005
floods Vale do itajaí 2008
floods september 2011
floods Vale Itapocu 2014

homeless and
DISPLACED

R$ 5,23 BI

R$ 12,41 BI
Major Natural
disasters

Population
affected

Fatalities, Damages, and Economic shocks
1995 - 2014*

14
163
73
58
4

Damages
and Losses

Population
affected

R$ 376.6 MI
R$ 1,763.1 Bi

47.963

123.262

Housing
Damage

18.756
1.235.590
1.528.230
935.517

R$ 4,684.2 BI
R$ 1,093.6 BI
R$ 327.4 MI

homeless and
DISPLACED

66.653

-

-

122.135

73.111
201.338

17.942

34.126
11.167
5

NAtural Disasters

Distribution of damage and losses according to disaster type

Hydrological disasters are related to floods, mudslides and landslides.
Climatological disasters are related to drought.
Meteorological disasters are those of sudden origin, windstorms, tornadoes, hurricanes, among others.

9,2% 1.630
Meteorological

21,6

0,1%
others

10% 1.687
flood

3% 500

5.845

climatological

55,7%

9.863
hydrological

The approach for this study
was to use well-established
Revitalised ‘Flood Studies
Report / Flood Estimation
Handbook’ (FSR/FEH) rainfallrunoff Method (ReFH).

Validation
The model was
validated against
historic data
from previous
flood events in
the State.

The hydrological modeling,
hydraulic modeling, and
results validation, are the
main components of a flood
hazard model.

Hydrological modelling is where we use a variety of techniques or local science
to figure out ‘how much water’ and ‘where to put it’ geographically speaking.

44%

7.806
flash flood

windstorm

35% 6.197

Flood Maps show where and with what depth
floods may occur in the census tract level.

drought

hail

3% 500

33%

Flood Hazard Model

7% 1.257
other

Hydraulic modeling using 2D models, which involves modeling flow over
floodplain surface. After flood maps are ready, the results are validated
against historical events.

TOTAL RUNOFF HYDROGRAPH for a 1000 years Return Period
1995 to 2014 - Spatial
Distribution of Disaster
Events in Santa Catarina
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Flood Hazard Map

“hot-spots” for floods

Exposure and Vulnerability
Vulnerability in the context of this study is an expression of the tendency of an element or a set of elements to
suffer damage when subjected to a hazard.
The impact of a hazard will not be equal in all cases. Impact is highly dependent on the characteristics of the asset at
any given location. Some property construction types are more vulnerable to flooding.

Built Value*

Built area - Residencial

12%

67%

Apartments

brick
Houses

21%
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Flood maps provide an important
visualization of the flood-prone
areas. These maps are a result of
the Flood Hazard Model that aims to
better understand floods through a
combination of historical data and
computer generated simulations.
More generally, at any level, the flood
maps can be used in combination
with georeferenced datasets of
assets of different types, like road
networks, production plants, public
infrastructure and so on.

57%

Apartments

brick
Houses

31%
Wooden
Houses

*Percentage of the total monetary value of replacement/reconstruction.

Vulnerability of various types of building
The impact of hazard is not equal in all cases. Some
property construction types are more vulnerable to
flooding. The vulnerability of various property types
in Santa Catarina was researched. A series of curves
relating Mean Damage Ratio (MDR) to flood intensity
(depth) was produced. It allows exposure portfolios to be
parameterised to reflect characteristics of insured assets.

One story

1

loss
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Wooden
Houses

12%

external water level

three stories

0.8
0.6
0.4
0.2
0
0.0

flow direction

two stories

1.0

MDR =

2.0

3.0
4.0
5.0
6.0
water depth (metres)

7.0

Average Cost of repair
cost replacement value sum

8.0
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Damage curves for Brazil specific building types
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Complementary, we intersected
the flood hazard layer (map) with
census derived economic data for
regional areas (built value).

Mean damage ratio (MDR)
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Delineated in blue is the flood map
which is associated with urban
areas and further split into a grid.
In this way the census data is finely
disaggregated and
the spatial resolution of the results
are improved.

10.0

Exposure
Census derived economic data for regional areas, delineated in blue has been associated with urban
areas and further split into a grid. This layer was intersected with Flood Hazard maps. This returned the
percentage to the exposure cell is flooded and the average flood depth intensity affecting that cell.

Floods and Financial Loss in SC
A Catastrophe (CAT) model is an automated model that generates a set of simulated events. Each simulation
carries estimations of the magnitude, intensity, and location of an event to determine the amount of damage
and calculate the probable loss as a result of an extreme event. (Lloyd’s Market Association 2013).
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municipality Avarage Annual Loss

harzard

Expousure
risk

vulnerability

0 - 150,000
150,000 - 500,000
500,000 - 1,000,000
1,000,000 - 2,500,000
2,500,000 - 5,000,000
5,000,000 - 7,500,000
7,500, 000 - 10,000,000
10,000,000 - 25,000,000
25,000,000 - 50,000,000
> 50,000,000

itajaí
palhoça
blumenau
navegantes
gaspar
jaraguá do sul
guaramirim
joinville
rio do sul
tijucas
tubarão

1º
2º
3º
4º
5º
6º
7º
8º
9º
10º
11º

R$ 100,115,000
R$ 42,905,000
R$ 39,102,000
R$ 34,267,000
R$ 29,454,000
R$ 27,568,000
R$ 24,355,000
R$ 20,507,000
R$ 19,365,000
R$ 13,357,000
R$ 13,056,000
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Looking forward, how much do floods cost at different return periods?
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The Aggregate Exceedance
Probability (AEP) represents the
probability that the total cost
of all events within a year will
combine to exceed a certain
threshold. These figures should
be used when assessing gross loss
ratios. Bigger flood events occur
(and are exceeded) less often and
will therefore have a lower annual
probability. Note that AEP refers
to a loss being exceeded, and not
the exact loss itself.

Concluding REMARKS
This pilot study was part of a Non-lending Technical
Assistance to the State of Santa Catarina. The State
is exposed to recurrent disaster events, among which
floods play a major role. The goal of this study was to
capture and expose the economic effects of floods as
indicated by the significant historical damage and losses.
To do so, the World Bank Team processed available
data through GIS system producing thematic layers.
Flood maps were generated identifying ‘hotspots’ for
floods (Flood Model). The constructed built volume
for the state was analyzed and a cost associated to
the volume based on the main construction patterns
(Exposure Model). The final step, was to run the

Catastrophe (CAT) Model through 10,000 synthetic
events simulating the innumerous dynamics between
floods, exposure and vulnerability.
The result is seen in probability of a flood event
occurring with different magnitudes and how much
financial loss may result from such events. Based on
these results there is a 10 percent chance that all events
within any given year will generate losses of R$1.8 billion
or more. Events with a 20-year return period could
generate losses of R$2.3 billion or higher. The knowledge
generated through this pilot study contributes to the
enhancement of a disaster risk management strategy for
the State of Santa Catarina.

return period
The AEP results show the probability that the total cost of all events in a given year will exceed a certain threshold.
Therefore, based on these results there is a 10% chance that all events within any given year will
generate losses of R$1.8 billion or more. Events with a 20 year return period could generate losses of
R$2.3 billion or higher.

Sources

Policy Implications
In the context of this study, macro and complex State
activities such as planning and investment decisions
would benefit from additional strategic information
on disaster risk management that could lead to DRM
informed decision-making, inter alia:
Recommendations on future structural and nonstructural flood management options aimed at achieving
a reduction in flood damage;

use types are not developed within areas which may
experience significant flood hazard;
Inhabitants within hazard zones can be educated and
sensitized on the risks they are exposed to and prewarned of an impending flood;
Flooding hazard maps can be used to coordinate the
disaster response across its many stakeholders;

BBC (2008) Flood deaths in Brazil rise to 84, http://news.bbc.co.uk/1/hi/7747456.stm, accessed 19/05/2016
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CEPED UFSC (2016) Relatório dos Danos Materiais e Prejuízos Decorrentes de Desastres Naturais em
Santa Catarina, World Bank – Brasilia, Brazil
IBGE. Censo Demográfico 2010 – Características Gerais da População. Resultados da Amostra. IBGE,
2003. Disponível em ftp://ftp.ibge.gov.br/Censos/Censo_Demografico_2010/Resultados_Gerais_da_Amostra/
Microdados/, accessed 19/05/2016.
Lloyd’s Market Association (LMA) (2013) Catastrophe Modelling, Guidance for Non-Catastrophe Modellers,
available from-http://www.lmalloyds.com/Web/market_places/finance/Cat_Modelling_Guidance.aspx

All values were converted to 2014 values. Exchange rate from the Central Bank of Brazil of 3.2402 - as of Sept 21, 2016

Use flood maps and probabilistic loss estimates to direct
future activity in flood risk reduction;
The data products can be used to inform decisionmaking to avoid people settling in flood prone areas as
well as to reduce flood risks at established settlements;
Hazard maps are useful for land use planning to enable
zonation of land ensuring that highly vulnerable land

Hazard and loss data provided can be used to identify
locations which present maximum return on investment
if flood reduction strategies were to be implemented
(structural risk reduction decisions); and
Use the flood map and loss estimate products as an
information source to guide better informed decisions
regarding the management of reservoirs as a way of
flood defense.
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Global Facility for Disaster
Reduction and Recovery
The Global Facility for Disaster Reduction and
Recovery (GFDRR) is a global partnership that
helps developing countries better understand
and reduce their vulnerabilities to natural
hazards and adapt to climate change. Working
with over 400 local, national, regional, and
international partners, GFDRR provides grant
financing, technical assistance, training and
knowledge sharing activities to mainstream
disaster and climate risk management in policies
and strategies. Managed by the World Bank,
GFDRR is supported by 34 countries and 9
international organizations.

The World Bank Group
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The World Bank is a vital source of financial and
technical assistance to developing countries
around the world. We are not a bank in the
ordinary sense but a unique partnership to
reduce poverty and support development.
The World Bank Group comprises five
institutions managed by their member countries.
Established in 1944, the World Bank Group is
headquartered in Washington, D.C. We have
more than 10,000 employees in more than 120
offices worldwide.
Since 2010, the World Bank has been
actively involved in the field of Disaster Risk
Management (DRM) with the Government of
Brazil through lending operations in the Water,
Transport and Urban sectors, technical assistance
and knowledge exchange activities.

www.worldbank.org
SCN Quadra 2 Lote A - Ed. Corporate Financial Center, 7º Andar - 70712-900
Brasília – DF, BRASIL
Tel 55 (61) 3329-1000 Fax 55 (61) 3329-1010
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