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This report contains the case study climate extremes analysis divided in 4 sections. The 
first section contextualize and describes the Araranguá River Basin main types of extremes 
weather and disasters, the second section analyses three episodes of extremes rainfall and 
gale winds, through the use of meteorological and nautical charts and meteorological 
station data through statistics. The fourth section describes the climate and physical 
indicators and their calculation in the RACE index.  
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1. Introduction 
1.1 Extremes weather events in Brazil 
Changes in weather patterns may develop in consequences that directly affect natural and human 
systems (IPCC 2013). These changes are part of the natural climate variability or may be a response to 
human actions (emissions of greenhouse gases and changes in land use) deriving on Climate Change. 
Often these changes are related to the rainfall regime, which may cause negative impacts depending 
on its intensity. In this sense, anomalies in climate variability and extremes events may result in 
different consequences (positive or negative and in varying degrees of intensity), requiring a better 
understanding by governments and society, so that impacts are minimized.  
 
In Brazil there are some evidences that hydrological climate extremes events have become more 
frequent an intense in the last decades due to climatic change (SREX IPCC REPORT 2012; IPCC 
2013). Flashfloods and landslides in Brazil were responsible for 74% of the deaths related to natural 
disasters in 1991-2010 period. In this sense, climate change could be considered a threat, which can 
further increase these numbers, if actions of adaptation and reducing vulnerability are not taken. 
Drought also is one of the main types of natural disasters that occur in the country. During the 1991-
2012 droughts have affected more than 14 million Brazilians. This is a concern for the following 
decades, which could be triggered by climate change. Climate projections in general show a 
significant increase in precipitation for southern Brazil with an increase in extremes rainfall 
phenomena (Chou et al. 2014).  
 
To address the vulnerability towards flashfloods and landslides Debortoli et al. (2015) evaluated 
Brazil's vulnerability to these natural disasters (Figure 1.1 and 1.2) through the construction of 2 
vulnerability indexes using three sets of variables: (1) climate, with IPCC climate extremes indexes; (2) 
environmental, including land use, drainage systems, relief map, slope, road density and hydrography 
variables; (3) socioeconomic, including Gini coefficient, HDI (Human Development Index), housing 
conditions and a poverty-related index. This study is part of the effort to contribute to the elaboration 
of the Third National Communication to the United Nations Framework Convention on Climate 
Change (UNFCCC), and to contribute to the assessment of impacts on strategic country’s issues. 
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Figure 1.1 Representation of the Landslides Vulnerability index results for Brazil for the baseline period (1960-1990) and 
RCP 4.5 and 8.5 scenarios in the 2071-2100 periods (top map). On the bottom map there is a representation of the increase 
in vulnerability (%) comparing to the baseline. The index is based on climate projections simulated by the Eta-HadGEM 
RCP AR5 4.5 and 8.5 of IPCC/AR5 scenarios and considers three dimensions (climatic, environmental and socioeconomic). 
The left map illustrate the baseline for landslides disasters, the red arrow indicates SC State with medium to high 
vulnerability. The map positioned to the right illustrates the baseline scenario for flashfloods. SC State is considered to have 
medium to very high vulnerability. The Araranguá river basin is considered highly vulnerable for flashfloods (Debortoli et al. 
2015). 
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Figure 1.2 Representation of the Flashfloods Vulnerability index results for Brazil for the baseline period (1960-1990) and 
RCP 4.5 and 8.5 scenarios in the 2071-2100 periods (top map). On the bottom map there is a representation of the increase 
in vulnerability (%) comparing to the baseline. The index is based on climate projections simulated by the Eta-HadGEM 
models RCP AR5 4.5 and 8.5 of IPCC/AR5 scenarios and considers three dimensions (climatic, environmental and 
socioeconomic). The left map illustrate the baseline for landslides disasters, the red arrow indicates SC State with medium to 
high vulnerability. The map positioned to the right illustrates the baseline scenario for flashfloods. SC State is considered to 
have medium to very high vulnerability. The Araranguá river basin is considered highly vulnerable for flashfloods (Debortoli 
et al. 2015). 
 
To reach the results presented in figure 1.1 and 1.2 Debortoli normalized the variables 
(aforementioned) on a scale between 0-1 and related it using Map Algebra technique (ArcGIS). 
Simulations at higher resolution were carried out using Eta-20km RCM (Regional Climate Model) 
nested with two global climate models: HadGEM ES and MIROC 5 (INPE Brazilian National 
Institute for Space Research). For the baseline period of 1961-1990 the vulnerability indexes were 
adjusted by an iterative process, which was validated by comparing it to the Brazilian National 
Disasters Data. The same indexes found at baseline were used to estimate the vulnerability until the 
end of the XXI century using the 4.5 and 8.5 IPCC/AR5 RCP (Representative Concentration 
Pathways) scenarios.  
 
The results indicate a large increase in Brazil’s vulnerability to landslides mainly in coastal zone, 
southern states, high lands of southeast states, and along the Amazon River due to climatic aspects 
only, not considering other factors such as increase in population size, etc. Flashfloods vulnerability, 
on the other hand, increases mostly in the south/southeast regions (SC state depicted in figure 2), 
the northeast coastal zone and parts of the Amazon basin. 
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Figure 2. Representation of the Flashfloods Vulnerability index results zoomed for Santa Catarina State (baseline period 
1960-1990 - top map - and for scenario RCP 8.5 bottom map). Darker colors indicate a higher score for vulnerability. The 
index is based on climate projections simulated by the Eta-HadGEM and Eta-MIROC models in scenarios RCP AR5 4.5 
and 8.5 of IPCC/AR5, and considers three dimensions (climatic, environmental and socioeconomic) with a grid of 20x20 km 
resolution. SC State is considered highly vulnerable for flashfloods comparing to other Brazilian regions (Debortoli et al. 
2015).  
 
The maps in figure 2 depicts SC state vulnerability to flashfloods, the top map indicates conditions 
for the baseline period (1961-1990) for both HadGEM and Miroc models. The bottom maps indicate 
the increase or decrease in (%) of vulnerability for the future during the 2071-2100 periods. The 
increase is most important in the western and central parts of the state for both models. The 
vulnerability decreases in the eastern part of the state especially in the south. The Vulnerability 
represented for the Araranguá river basin is discussed next. 
 
In Figure 3 the Vulnerability index for flashfloods is zoomed for the Araranguá river basin 
municipalities. The region is already considered highly vulnerable to gradual and flashfloods and has 
a medium to high vulnerability to landslides.  
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Figure 3. Representation of the Flashfloods Vulnerability index results zoomed for the Araranguá river basin (baseline 
period 1960-1990 - top map - and for scenario RCP 8.5 bottom map). The index is based on climate projections simulated 
by the Eta-HadGEM and Eta-MIROC models in scenarios RCP AR5 4.5 and 8.5 of IPCC/AR5 and considers three 
dimensions (climatic, environmental and socioeconomic) with a grid of 20x20 km resolution. The Araranguá river basin is 
considered highly vulnerable for flashfloods (Debortoli et al. 2015). 
 
During the baseline analysis (1961-1990) both climate models (HadGEM and Miroc) indicates that 
the most southern and most northern parts of the basin are more vulnerable to flashfloods, and the 
central-east region is the least vulnerable to flashfloods. In the scenarios analysis for the RCP 8.5 in 
the 2071-2100 periods the models indicate conflicting results towards the increase or decrease in 
vulnerability. The Miroc model indicates a very slight decrease in flashflood vulnerability in the future 
(the highest decreases are in the west and northeast parts of the basin). Contrariwise HadGEM model 
indicates an increase in vulnerability for the future with the highest increases for flashfloods in the 
southwest and west parts of the basin. These conflicting results are influenced by different climatic 
parameters considered by each global model, which in turn, denotes more or less rainfall activity 
depending on the analyzed variables such as the extremes rainfall indices: RX 1day, RX 5day and R 
95p for example (Debortoli et al. 2015). 
 
Camarinha et al. (2015) developed a similar index for Brazil but considering natural disasters of 
drought (Figure 4).  To analyze the vulnerability of the Brazilian municipalities to drought disasters, 
Camarinha assessed the effects of climate change to droughts until the end of 21th century. A 
composite index was created based on three different dimensions: i) Exposure, represented by climate 
anomalies related to the drought process, such as changes in accumulated rainfall averages, 
interannual variability of rainfall, and the frequency and magnitude of severe droughts (measured by 
the Standardized Precipitation-Evapotranspiration Index); ii) Sensitivity, encompassing 
socioeconomic, demographic, land use and water management data; iii) Adaptive Capacity, consisting 
of socioeconomic and institutional data from Brazilian municipalities, such as the Human 
Development Index (HDI), social inequality (Gini index) and illiteracy rate.  
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Figure 4. Representation of the Drought Vulnerability index results for Brazil for three analyzed periods: 2011-2040; 2041-
2070 and 2071-2099. The index is based on climate projections simulated by the Eta-HadGEM and Eta-MIROC models in 
scenarios RCP AR5 4.5 and 8.5 of IPCC/AR5, and considers three dimensions (climatic, environmental and 
socioeconomic). Camarinha et al. (2015). 
 
The climate variables used in this study are results from simulations of the Regional Climate Model 
Eta (with a downscaling of 20 km spatial resolution) nested with two global climate models (HadGEM 
ES and MIROC 5) and was provided by National Institute for Space Research. The baseline period 
was 1961-1990 and future periods were: 2011-2040; 2041-2070 and 2071-2099. For the simulations of 
future climate it was used the 4.5 and 8.5 IPCC/AR5 RCP (Representative Concentration Pathways) 
scenarios. All variables used in this study were handled, exploited and related in a Geographic 
Information System (GIS). The methodology allowed the identification of vulnerability hotspots, the 
targeting of adaptation strategies and the development of public policy to minimize the potential 
impacts of future droughts. The final results indicate that the most vulnerable regions are located in 
the Midwest, in the northeastern Brazilian semiarid and also on western Amazon. 
 
According to Camarinha’s study the Araranguá River basin it is not considered a hotspot region for 
drought in Brazil, therefore for least concern towards this disaster type. However due to poor water 
practices and river pollution the region should consider increasing its watershed management and 
conservation for the future guaranteeing its water resources and sustainability (for more details on 
environmental governance please refer to the Araranguá river basin environmental governance report). 
 
These recent studies developed by Debortoli and Camarinha (2015) will be used as a comparison 
reference for the RACE index proposed in the VACEA methodology. This comparison will show 
differences between a more local and regional analysis/approach (basin) to a larger scale analysis such 
as the one developed for Brazil. Differences and similarities in the results will also increase the degree 
of consistency among the developed researches.  
 

1.2 Extremes weather events in Santa Catarina State  
In the summer, autumn and spring Santa Catarina State (SC) constantly receives humid tropical air 
masses from the Amazon region that collide and meet with polar air masses from Antarctica. These 



FAPEU project no. 070/2012-2015 

VACEA PROJECT – CLIMATE EXTREMES 11 

two air masses when predominant or in shock produce extremes weather events such as: a) high 
rainfall totals that result in large areas affected by landslides and floods that leave a large number of 
dead and displaced inhabitants; b) periods of drought of 15 days or more that harm agriculture and 
livestock, affecting the income of farmers and ranchers; c) severe storms that often generate 
windstorms, hail, tornadoes and tidal storms, which leave innumerous constructions destroyed or 
roofless, producing significant harm to crops and public infrastructure at the municipalities 
(Herrmann 2014; Sung 2015).  
 
These extremes weather episodes in SC might endure along days and sometimes weeks, striking the 
populations with intense rainfall. In addition, a recent survey of tornadoes occurrence made in Brazil 
identified 77 events in SC between 1976 and 2009 periods (Oliveira 2012). This study indicates that 
southern Brazil after the United States is the second most favorable region in the world for the 
occurrence of such meteorological phenomena.  

 

1.3 Extremes Events in the Araranguá River Basin 
The focus of this research is to assess extremes events in seventeen municipalities of the Araranguá 
River Basin. This area was chosen because it is one of the most affected areas in SC by windstorms 
and floods. For instance the municipality of Araranguá was the epicenter of Furacão Catarina that 
occurred on 28 March 2004. In March 2004 Hurricane Catarina an atypical cyclone formation in the 
Southern Atlantic led the state to a catastrophic situation due to sustained winds of more than 150 
km/h and tidal storms (Sung 2015). This hurricane was characterized as the first hurricane recorded 
in the Southern Atlantic Ocean. In 2004 the losses in rural and urban areas were huge. Beyond 
material losses the hurricane affected a population of 412,548, leaving 33,165 homeless, 4 dead, 518 
injured and seven missing. After the hurricane other events have followed with great frequency and 
intensity such as: heavy rains, dry periods, hailstorms (with stones of 7 cm in diameter), extratropical 
cyclones and tornadoes. These phenomena caused destruction and left numerous families homeless. 
 
During the last two decades slow and gradual floods are the predominant disaster types in the 
Araranguá River Basin (CEPED 2012). These extremes episodes are caused by innumerous natural 
factors such as excessive rainfall (orographic effect), maritime moisture, low permeability rocks, high 
slope reliefs and meteorological and astronomical tides altering the river flows. Anthropogenic 
activities such as the rice culture which holds 67,000 of the 300,000 hectares of the basin area also an 
important driver for floods (Niles 2009). In the basin, upstream floods are more important when it 
comes to natural disasters. Studies developed by Niles (2009) identified an 18-hour period between 
upstream rains and downstream flooding in the municipality of Araranguá. Among the most striking 
episodes of flooding in this region are: 

• March 1974;  
• July 1983;  
• December 1995;  
• May 2008;  
• January and September 2009. 

 
In SC gradual floods are the main occurrence of disasters affecting each year innumerous 
municipalities. The second half of September 2009 for instance was a very critical period, with three 
extremes weather events that particularly hit the municipality of Araranguá: storm (rain with strong 
wind), hail and tornado - causing damage and panic in the population. The most affected inhabitants 
had a low income and lived in houses located in vulnerable areas (near the coast, maritime areas and 
slopes), nevertheless, the prior lack of preparation and information by the authorities to the extremes 
weather has led the Basin to a high degree of vulnerability.  
 
Coastal floods are also important in the Araranguá River Basin and are mainly caused by syzygy tides at 
new moon phase concomitant to easterly winds. These physical and weather patterns are the most 
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favorable situations for tidal flooding. This meteorological pattern was identified by the use of tidal 
data (board tides) collected by a tide gauge in Imbituba port in SC. 
 

1.4 Identification of the most prevalent threats in the Araranguá Municipality 
To identify which of the extremes weather events have a higher prevalence, we have used naturals 
disasters decrees and other civil, public and government documents to account for the frequency and 
magnitude of the disasters. The conceptual framework adopted for this analysis was the one from 
SEDEC (Acronym in Portuguese for National Protection and Civil Defense Secretariat) as defined in 
the National Civil Defense policy. 
 

SEDEC (National Protection and Civil Defense Secretariat) NATURAL DISASTERS FRAMEWORK 
 DESCRIPTION 

AFFECTED Person struck by the disaster and requiring assistance; 

ANSWER 

Comprise the relief effort with victim assistance and restoration of essential services in the 
disaster scenario. Resources are focused on the immediate response to the disaster, including 
temporary work and food security. Resources are managed by the Civil Defense Payment 
Card;  

DAMAGE 

Define the intensity or severity of injury resulting from an accident or adverse event. Human 
loss, material or environmental, physical or functional. It also means the intensity of human 
losses; material or environmental loss by people, communities, institutions, facilities and/or 
ecosystems as a result of a disaster; 

DISASTER a result of adverse events, natural or manmade, on a vulnerable ecosystem, causing human, 
material and environmental damage, with consequent economic and social losses; 

DISPLACED 
Person was forced to abandon temporarily or permanently his/her home, due to preventive 
evacuations, destruction or serious damage resulting from the disaster, and not necessarily lacks 
shelter provided by the system; 

HOMELESS Evicted or person whose housing was affected by injury or threat and in need of shelter 
provided by the government; 

INTENSITY The intensity of a disaster depends on the interaction between the magnitude of the adverse 
event and the system vulnerability, and it is quantified in terms of damages; 

MISSING Person was not found or unknown destination in disaster circumstances; 

RECONSTRUCTION Funds invested in the municipality for final work of reconstruction contracted with detailed 
government procedures; 

RISK 

Extent of potential damages or losses, expressed in terms of statistical probability of occurrence 
and intensity or magnitude of the anticipated effects. It is the relationship between the 
likelihood that an adverse event of threat or accident determined to materialize, with the 
degree of vulnerability of the receiving system to its effects; 

THREAT Occurrence estimation and magnitude of an adverse event, expressed in terms of statistical 
probability of realization of the event and the likely magnitude of its manifestation. 

VULNERABILITY 

Intrinsic condition of the body or receiver system, in coordination with the magnitude of the 
event or accident, characterizes the adverse effects, measured in terms of intensity of the 
likelihood of damage. Or, the relationship between the magnitude of the threat and the 
intensity of the resulting damage. 

 
According to the Civil Defense there have been 25 disasters (calamity decrees) since 1983 computed in 
the Araranguá municipality, which involved 34 extremes events. This data only represents calamity 
decrees that were decreed by the municipality, and might not represent in meteorological terms an 
extremes event. For this reason, it is necessary to assess which calamity decree represents an extremes 
event in meteorological terms. This comparison can reveal to which degree an extremes event is 
responsible for a disaster, or if socioeconomic factors and lack of governance had a higher 
participation in the disaster. It is believed that confusion by official bodies or undefined classification 
can be attributed to the lack of more precise definition of the event, or the low clarification of the 
population and the media about the differences of the events (Sung 2015).  
 
Of the 34 extremes weather events over a period of 29 years these can be divided in: 

• 20 events of intense rainfall; 
• 6 events of strong winds; 
• 3 events of hail; 
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• 1 event of frost; 
• 1 event coastal flood; 
• 1 event of lightening;  
• 1 tidal storm;  
• 1 for drought.  
 

The transitions months of May (autumn) and November (spring) contained most of the disasters (11), 
of which, seven (7) involving heavy rain. 
 
Based on these natural and anthropogenic phenomena and in order to reduce vulnerability to 
extremes events of flooding in Araranguá basin, some structural works have been developed in recent 
years. For example, the opening of the Araranguá river basin mouth, and the installation of secure bar 
and tide gates at the Araranguá municipality. These structural improvements have decreased the 
frequency and intensity of floods by improving the resilience of the municipality of Araranguá to 
extremes events. This fact was demonstrated when residents had to be evacuated in the last flood 
episode. The old evacuation limit was set at 1.90 m and now this limit is set at 2.50 m. These 
initiatives, however, are not enough, highlighting the need to construct a monitoring network along 
with political strengthening, structural and institutional articulation of the civil defense, and a strong 
Municipal Coordination at the basin municipalities. 
 
2. Extremes Weather Events Analysis for the Araranguá River Basin 
Currently Santa Catarina is the most affected State in Brazil by extremes precipitation events. It is 
known that excessive rainfall has caused great inconvenience to society deriving in floods and 
landslides, leaving some regions often in public calamity. These events are mainly caused by 
continuous passage of frontal systems due to circulation of the South Atlantic Subtropical High often 
influenced by maritime convergence. The State of Santa Catarina also has a hilly terrain that 
contributes to the formation and development of convective clouds; moreover, the watershed 
characteristics of the Araranguá River Basin favor the rapid and violent water flow in the basin, 
making it vulnerable to water excesses that cause natural disasters. 
 

2.1 Discussion on Meteorological and Weather Systin phenomena (Extremes 
Precipitation and Gale Wind Weather Event analysis)  
2.1.1 First Analysis 
In order to better understand the climatic extremes of the region this first analysis aimed at identifying 
the occurrence of natural disasters in southern Santa Catarina documented by the Civil Defense over 
the last 10 years. This study used survey databases and Extremes Climatic analysis to analyze and 
discuss the Araranguá River Basin case study area and more specifically the Araranguá municipality.  
 
In this first analysis precipitation surveys for the regions of Urussanga, Laguna and Araranguá 
municipalities were carried out for the period of 14 to February 16 - 2000 and for the period from 29 
September to 1 October - 2001. The survey of rainfall data has been prepared through queries in 
MySQL (database system management) that uses SQL as an interface. For the first survey, analyzed 
data from wind and precipitation for the period of 14 to February 16 2000 is reported below obtaining 
the following results: 
 
Precipitation research: 
SELECT `dia`, `mes`, `ano`, `urussanga_conv`, `urussanga_auto`, `laguna`, `ararangua` FROM 
`prec` WHERE `dia`>=14 AND `dia` <=16 AND `mes` =2 AND `ano` =2000 
 
Results: 
Year      Month    Day    Uru_conv         Uru_aut              Laguna         Araranguá 
2000     2        14             8.00              -9999.99             -9999.99         -9999.99 
2000     2        15            62.40             -9999.99  -9999.99         -9999.99 
2000     2        16            45.80             -9999.99  -9999.99         -9999.99 
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Wind Research: 
SELECT `dia`, `mes`, `ano`, `urussanga`, `laguna`, `ararangua`  FROM `vento` WHERE `dia`>=14 
AND `dia` <=16 AND `mes` =2 AND `ano` =2000 
 
Results: 
Day Month   Year      Urussanga              Laguna         Araranguá 
14   2   2000          2.30          -9999.99             4.70 
15   2   2000          1.30          -9999.99             3.00 
16   2   2000          1.70          -9999.99             1.30    
 
For the second survey precipitation was analyzed for the period between 29 to 30 September and 1  
October 2001. 
 
Precipitation Research: 
SELECT `dia`, `mes`, `ano`, `urussanga_conv`, `urussanga_auto`, `laguna`, `ararangua` FROM 
`prec` WHERE `dia`>=29 AND `dia` <=30 AND `mes` =9 AND `ano` =2001 OR `dia`=1 AND 
`mes` =10 AND `ano`=2001 
 
Results: 
Day Month Year Uru_conv        Uru_auto Laguna            Araranguá 
29   9 2001    1.90              -9999.99            -9999.99              -9999.99 
30   9 2001    9.50              -9999.99            -9999.99              -9999.99 
1 10 2001   97.10            -9999.99            -9999.99              -9999.99  
 
Precipitable water images were generated for 15/02/2000 and 01/10/2001 through NOAA / NCEP 
Reanalysis (Figure 5 and 6). 
 

                           
 
Figure 5. Precipitable water for 15/02/2000. 
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Figure 6. Precipitable water for 01/10/2001. 
 
First Analysis Conclusion: Data from the first study showed moderate to heavy rain for 
Urussanga’s  conventional weather station and light winds during the 14-16 February 2000 period. 
The precipitable water image showed rain for the entire state of Santa Catarina. Rainfall data showed 
heavy rains for  Urussanga’s conventional weather station during 29 Septinber to 01 October 2001 
period. The precipitable water image showed rain for the entire coast of the southern region of SC. 
 
2.1.2 Second Analysis  
 The purpose of this study is to describe an extremes event that occurred in March 2010 using 
images and software tool acquisition data. This extremes event caused moderate winds and heavy 
rainfall in the state. The event analysis occurred in March 2010 and it was based on satellite images, 
synoptic maps and searches in MySQL database. The analysis used daily data of the National 
Institute of Meteorology (INMET) for Urussanga, Laguna and Araranguá municipalities.  
 
Results 
 The satellite images (Figure 7) denote an intense movement in the Southern ocean currents 
(Figure 8) mainly in the state of Santa Catarina where unstable weather occurred on the 26 and 27th 
of March (www.mar.mil.brdhn/chm/meteo/). The greater activity of the South Atlantic Subtropical 
High indicates a trough (low pressure humidity channel) associated with a low-pressure centered in the 
continent. 
 

 
 
Figure 7. Satellite image highlighted for March 26th and 27 - 2010. 
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Figure 8. Surface charts at the 26 and 27th of March 2010. 
	
From the MySQL database it is possible to analyze the three chosen stations in order to check the 
high rainfall rates throughout the period, and to compare to its daily rainfall climatology at the same 
time and in the same database. For proper MySQL handling it is required to follow a sequence of 
steps to achieve the desired query. The Database Management System (DBMS) consists of specific 
features to facilitate the manipulation of information from databases in the software; it also allows the 
development of programs and applications.  The use of MySQL tool ensured the integrity of the 
stations data analyzed along with data integration, images, charts and data processing. The MySQL 
system also provided consistency and great performance at specific weather system analysis and 
regions. To run this feature a raw data file is required. The query is necessary to obtain the rainfall 
data of the reporting period: 
 
SELECT `dia`,`mes`,`ano`,`urussanga_conv`,`laguna`,`ararangua` FROM `prec` 
WHERE `dia` >=26 AND `dia` <=30 AND `mes` =3 AND `ano` =2010 
  
Second Analysis Conclusions: The query results for rainfall daily totals exceeded the values of the 
climatological normal in all seasons (Table 1 and 2). In this case there is a clear contribution of 
maritime convergence moisture provided by the South Atlantic Subtropical High, which caused high 
levels of rainfall and considerable cloudiness in late March. Despite the occurrence and the passage of 
frontal systems be the main causes of extremes precipitation events in the state of SC, the ocean 
circulation has a large influence in weather changes altering the meteorological systems conditions 
across the South.  
 
Table 1 – Rain in mm per day in 2010 for 3 municipalities in the Araranguá River 
Basin 
 

Day Month Year Urussunga 
Conventional WS Laguna Araranguá 

26 3 2010 54.80 20.6 56.00 
27 3 2010 5.40 1.8 6.80 
28 3 2010 36.70 20.6 20.60 
29 3 2010 17.00 2 21.00 
30 3 2010 40.80 25.6 17.20 

 
Source: INMET 
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Table 2 - Rain Average in mm per day (1961 to 2010) in 3 municipalities in the 
Araranguá River Basin 
 

Statistics Urussanga Laguna Araranguá 
Average Total 5,4 3,8 4,2 

Rain Average >1.0 13,6 11,9 12,6 
 
Source: INMET 
 
2.1.3 Third Analysis 
The two case studies analyzed in the third extremes event example encompass database for 3 weather 
stations: Urussanga, Laguna and Araranguá. The first and the second case studies were caused by the 
passage of a frontal system in the region where rainfall was more intense on May 12 2010, reaching 
125.5 mm and registering winds of up to 70 km/h in Urussanga municipality. In Figure 9 high 
moisture content is visible over the region. In the Brazilian Navy synoptic chart (Figure 10) the cold 
front in occlusion is visible. The number of cities in state of emergency came to 24 (the majority in the 
southern part of SC State). Criciúma was the most affected municipality.  
 
A query on the precipitation database of the three aforementioned cities:  
SELECT `ano`,` mes`, `dia`,` urussanga_conv`, `laguna`,` `prec` ararangua` FROM WHERE` 
dia`> = 7 AND 'dia` <= 13 AND `mes` = 5 AND` ano` = 2010 

      

                     
       Fonte: CPTEC                                                               Fonte: Marinha Do Brasil 
     
Figure 9. Map of the steam channel 00 UTC                                    Figure 10. Synoptic Navy Chart  
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                 12/05/2010.                                                                        00 UTC on 12/05/2010. 
 
Table 3 - Registered Precipitation table 
 

Month Day Year Ur_Conv Ur_auto Laguna Araranguá 
5 7 2010 0.00 0 0 0.20 
5 8 2010 79.50 74.2 79.6 56.60 
5 9 2010 17.30 16.8 38 6.80 
5 10 2010 8.70 9 31.4 6.20 
5 11 2010 12.00 12.2 7.2 10.60 
5 12 2010 125.50 119.4 161 104.40 
5 13 2010 14.50 10.4 18.4 27.60 

 
Second Query 
In mid-January 2011 a frontal system crossed south of Brazil from Argentina. The system caused 
heavy rains with average rainfall surpassing the average monthly rates in some cities; about 28 
municipalities have declared emergency. In Figure 11 the well-characterized front band system is 
visible on the state of Santa Catarina. The front was associated with a trough and was classified as 
stationary according to the synoptic chart of the Brazil Navy charts (Figure 12). Table 4 below 
shows the recorded rainfall rates. From the observed stations the automatic station of Urussanga 
recorded the highest rainfall with 105.4 mm on January 22. There was extensive flooding in the 
period where the highest values were observed in Urussanga on 04/02/2009 with accumulated 
rainfall of more than 122 mm. 
 
In the second consultation the extremes event analyzed that caused rain in these regions did not 
produce major rainfall amounts ranging from 0 <and> 80 mm of accumulated rainfall. The heaviest 
rainfall accumulation occurred in Urussanga on 28/09/09 with> 114 mm. 
 
SELECT `mes`,` dia`, `ano`,` urussanga_conv`, `urussanga_auto`,` laguna`, `` prec` ararangua` 
FROM WHERE `dia` = 16 AND` mes` = 9 = 2009 AND `ano` 
 
The consultation was held in precipitation database of the three aforementioned cities: SELECT 
`ano`,` mes`, `dia`,` urussanga_conv`, `laguna`,` ararangua`, `urussanga_auto` FROM WHERE` 
`prec` day `>` AND dia` = 21 <= 23 AND `` mes` = 1 AND ano` = 2011 
 
Table 4 - Registered Precipitation table 
 

Month Day Year Ur_Conv Ur_auto Laguna Araranguá 
2011 1 21 -9999.99 1.4 1.00 2.6 
2011 1 22 -9999.99 39.2 29.20 105.4 
2011 1 23 -9999.99 6.2 47.00 8 
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Source: CPTEC                                                                                Source: Brazil Navy 
 
Figure 11. Map of the steam channel 00 UTC                             Figure 12. Synoptic Navy Chart 21/01/2011.                                                                           
00 UTC 21/01/2011. 
 
Conclusions 
Even with meteorological stations with large percentage of data loss the statistics are consistent with 
the station with minimal data loss. Lost data compromise extremes periods that are not computed, but 
not the variability of the data that characterizes local climate. 
 
3. Climate Data Analysis and Detected Extremes Events for the Araranguá Municipality 
The following graphs and tables represent the data analysis developed for the Araranguá 
Municipality. The study includes precipitation and wind analysis (figure 13) during the two last 
decades and describes the climate variability (section 3.1) and climate extremes (section 3.2) 
reported in the area.   
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Figure 13. On the right panels average anual precipitation for 2008, 2009, 2010, 2011 and 2012 (January-April). On the 
left panels average Wind speed (Vento) for 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002 and 2003 during 00:12:18 
Greenwich Mean Time (GMT) for the Araranguá municipality. 
 
 
3.1 Climate Variability 
 
Table 4. Rain in mm per day (2000 until present time) 
 

Statistics Urussanga Laguna Araranguá 

Total Average 4.9 3.7 4.4 

Rain Average > 1.0 14.3 13.3 13.0 

Variability in Rain Average > 1.0 16.4 14.7 15.8 

Extremes (values above the 10 most extremes) 42 42 42 

Uncertainty (missing values %) 0.8% 70% 71% 

 
Tabela 5. Rain in mm per day (1961 a 2010) 
 

Statistics Urussanga Laguna Araranguá 

Total Average 5.4 3.8 4.2 

Rain Average > 1.0 13.6 11.9 12.6 

Variability in Rain Average > 1.0 17.2 16.3 16.3 

Extremes (values above the 10 most extremes) 58 58 58 

Uncertainty (missing values %) 6.4% 42% 96% 

 
Table 6. Wind speed in  Km/h (2000 until present time) 
 

Statistics Urussanga Laguna Araranguá 

Total Average 4.6 - 7.9 

Rain Average > 1.0 14.3 - 18.6 

Variability in Rain Average > 1.0 1.4 - 5.3 

Extremes (values above the 10 most extremes) 9 9 9 

Uncertainty (missing values %) 0 100 67 

 
Table 7. Wind speed in Km/h (1961 a 2010) 
 

Statistics Urussanga Laguna Araranguá 

Total Average 6.0 8.6 5.7 

Rain Average > 1.0 15.1 18.9 19.2 

Variability in Rain Average > 1.0 3.1 5.0 6.2 

Extremes (values above the 10 most extremes) 9 9 9 
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Uncertainty (missing values %) 1.2 48 48 

 

3.2 Climate Extremes Analysis 
 
Table 8. Climatic extremes survey in order of intensity: daily rain of 12 UTC from previous day up to 12 GMT from the 
reference day (1961-2010) 

N Date Intensity (mm/day) Description 

1 16/02/1971 160.4 Summer rain showers in Laguna 2.2 mm. Rain between day 15-18 close to 227.9 mm, with 
an increase of 30.5 mm in day 20. Temperatures above 32 C in Ararangua and Laguna, 

and above 34 C in Urussanga 

2 11/07/1983 135.5 Rain 300.1 mm between 6-12/07; 207 mm in Laguna 

3 18/08/1965 127.5 Rain 366.7 mm between 17-20/08; 233 mm in Laguna 

4 12/05/2010 125.5 Rain 243 mm between 8-12/05; 231.6 mm in Laguna; 184.6 mm in Ararangua 

5 03/01/2009 122.5 Rain 230 mm between 2-4/01; 138.5 mm in Laguna; 181 mm in Ararangua 

6 25/12/1995 120.0 Rain 225 mm between 24-27/12. 

7 12/05/1994 119.2 Rain 307 mm between 11-16/05. 

8 10/08/2005 118.0 Rain 171 mm days 9-10/08. 

9 17/08/1977 117.2 Rain 254 mm days 16-18/08. 256 mm in Laguna; 

10 22/07/1973 116.1 Rain 163 mm days 21-23/07. 

 
Table 9. Climatic extremes survey in order of intensity: daily rain of 12 UTC from previous day up to 12 GMT from the 
reference day (2000 until the present day) 

N Date Intensity (mm/day) Description 

1 12/05/2010 125.5 Rain 243 mm between 8 and 12/05; 231.6 mm in Laguna; 184.6 in Araranguá. 
Disasters: Flashfloods and rain 

2 03/01/2011 124.0 Rain 242 mm between 19 and 22/01; 72.4 mm in Laguna; 85.4 mm in Araranguá. 
Flashfloods and rain 

3 03/01/2009 122.5 Rain 230 mm between 2 and 4/01; 145 mm in Laguna; 181 mm in Araranguá 

4 10/08/2005 118.0 Rain 171 mm day 9 and 10/08. 

5 28/09/2009 114.9 Scattered showers in the region. 107 mm in Laguna; 74 mm in Araranguá. Disasters: 
Flashfloods and rain 

6 10/04/2006 104.8 Scattered Showers 

7 02/03/2002 103.7 Average wind 17 km/h day 02/03 in Araranguá. 

8 01/10/2001 97.1 Average wind 32 km/h day 29-30/09 in Araranguá. Disasters: evictions and floods 

9 29/12/2003 94.4 Scattered showers with temperatures above 32 C in Urussanga. 

10 19/02/2009 88.7 Scattered showers with temperatures above 30 C in Urussanga and Araranguá. 
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11 31/08/2005 72.6 Rain 150 mm between 30/08 e 01/09. Disasters: gale winds, hail and rain. 

12 15/02/2000 62.4 Rain 108.2 mm between 15 e 16/02. Disasters: floods. 

13 05/05/2004 60.9 Rain 222 mm between 4 e 8/05. Disasters: gradual flood, eviction, agricultural loss. 

14 26/10/2008 60.5 Rain 217.7 mm between 15 e 27/10. 177 mm in Laguna; 236.6 mm in Araranguá 
Disasters: continuous rain. 

15 12/09/2009 54.8 Rain 164 mm between 25 a 30/03. 101 mm in Laguna; 164.4 mm in Araranguá. 
Disasters: Flashfloods and rain 

16 12/09/2009 53.6 Rain 148.4 mm between 8 e 12/09. 173 mm in Laguna; 231.8 mm in Araranguá. 
Disasters: Flashfloods and rain 

17 03/05/2008 51.6 Rain 101.6 mm between 3 e 4/05. Disasters: gale winds and rain. 

 
Table 10. Daily wind climatic extremes average for: 00, 12, 18 GMT. (2000 to present) 
 

N Date Intensity 
(km/h) Description 

1 17/08/2008 18.0 cod 17396 
2 03/12/2004 16.9 cod 16043 
3 29/09/2005 16.9 cod 16343 
4 18/09/2000 15.5 cod 14506 
5 26/05/2004 15.5 cod 15852 
6 24/10/2006 15.5 cod 16733 
7 01/10/2007 15.5 cod 17075 
8 03/11/2000 15.5 cod 17118 
9 10/09/2010 15.5 cod 18150 

10 17/02/2007 14.4 cod 17122 
11 28/03/2004 13.3 Hurricane Catarina 
12 27/09/2009 ... Gale Winds 
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4. VACEA CLIMATIC PROJECTION RESULTS 
This document summarizes the climatic change projection findings for selected indicators in 
the VACEA Project. The indicators include climatic indexes of annual temperature, 
precipitation and weather extremes for the entire Araranguá River Basin. The period used 
for the projection analysis comprises the historical 1971-2000 decades, and projections from 
two GCMs (HadGEM2ES and MIROC5) downscaled to the Eta RCM model using a 20-km 
grid. The Brazilian National Institute of Spatial Research (INPE) provided the climate data 
and the results from AR5/RCP projection scenarios, including AR5-RCP 4.5 and 8.5 during 
the 2041-2070 periods. The VACEA Brazilian team developed and performed the scripts in 
the R-platform for the indexes calculation. 

 
 
 
 
 
 
 
 
 
 
 

 
4.1 Mean Annual Precipitation 

 
 

Figure 1 The maps represent the Mean Annual Precipitation (MAP) for the Araranguá River Basin. In the left the historical 
trends, and on the middle and right the projections for the AR5/RCP 4.5 and 8.5 scenarios. 

The following historical maps and projections includes: 
• Mean Annual Precipitation 
• Mean Annual Temperature 
• Coefficient of Variance for Precipitation 
• Coefficient of Variance for Temperature  

The following figures includes: 
• RX3 - Maximum consecutive three-day precipitation 
• Minimum Temperature 
• Cumulative Annual Precipitation 
• Mean Annual Temperature 
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The maps in figure 1 represent the Mean Annual Precipitation (MAP) for the Araranguá 
River Basin. In the left the historical trends, and on the middle and right the projections for 
the AR5/RCP 4.5 and 8.5 scenarios. The historical MAP in both models shows higher values 
along the coastline and lower values in mountain slopes. In the projections, precipitation 
values increase in both models but with opposite directions. In the MIROC model 
precipitation increase along the coast, and in HadGEM, precipitation increases mostly in 
mountain slopes and less along the coastline. Both situations cause concerns due to upstream 
and downstream flow affecting cities in lower elevations. 
 
4.1.1 Coefficient of Variance for Precipitation 
 

 
 

Figure 2 The maps represent the Coefficient of Variance for Precipitation (CVP) for the Araranguá River Basin. In the left 
the historical trends, and on the middle and right the projections for the AR5/RCP 4.5 and 8.5 scenarios. 

The maps in figure 2 represent the Cofficient of Variance for Precipitation (CVP) for the 
Araranguá River Basin. In the left the historical trends, and on the middle and right the 
projections for the AR5/RCP 4.5 and 8.5 scenarios. The historical CVP indicates that in 
HADGEM model CVP is higher in areas close to the ocean and in MIROC model the CVP 
is higher along the mountain areas and high plateaus. In general this region does not indicate 
a strong variability in precipitation. However, both models indicate that the center areas of 
the basin will face a decrease in variability (when compared to the average) in the coming 
decades. The HADGEM model shows a decrease along most part of the region, while 
MIROC model indicates an increase in variability in areas close to the coastline and in the 
higher mountain plateaus. The valley areas of the basin remain with decreasing variability in 
the future periods.  
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4.1.2 Cumulative Annual Precipitation 
Graphs 1 (for the HAGEM model) and 2 (for MIROC model) indicate the cumulative 
annual precipitation for two municipalities in the Araranguá River Basin. Araranguá, which 
lies close to the coastline, and Timbé do Sul in the mountain plateau. In the historical data 
from the HadGEM model the historical average for the Araranguá municipality decreases 
very little in the 4.5 scenario and variability increases; in the 8.5 scenario cumulative 
precipitation increases again but with less variability. In the MIROC model the cumulative 
precipitation increases in the future scenarios with greater variability including some outliers 
(transparent dots in the figure). In the case of Timbé do Sul municipality; both models 
indicate an increase in cumulative precipitation with greater variability and some outliers in 
both periods, in HadGEM model the outliers are for less cumulative precipitation, and for 
MIROC model the contrary.  
 

 
 

Graph 1 Indicate the cumulative annual precipitation in the HADGEM model for two municipalities in the Araranguá 
River Basin. Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. 

 
Graph 2 Indicate the cumulative annual precipitation in the MIROC model for two municipalities in the Araranguá River 
Basin. Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. 
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4.1.3 RX3 – Maximum consecutive three-day precipitation 
Graphs 3 (for the HAGEM model) and 4 (for MIROC model) indicate the Maximum 
consecutive three-day precipitation for two municipalities in the Araranguá River Basin. 
Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. For 
the Araranguá municipality HADGEM and MIROC models do not indicate an increase in 
the RX3 index, but instead, denotes outliers of extreme precipitation. In Timbé do Sul 
municipality; the HADGEM model indicates an increase in the RX3 index for future 
scenarios but no outliers. For MIROC there is a small increase in the RX3 average with 
outliers. From these models results we can infer that Araranguá Municipality will present 
more extreme RX3 weather events if compared to regions close mountains and plateaus such 
as Timbé do Sul municipality.  
 
 

 
Graph 3 Indicate RX3 – Maximum consecutive three-day precipitation in the HADGEM model for two municipalities in 
the Araranguá River Basin. Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. 

 
 

Graph 4 Indicate RX3 – Maximum consecutive three-day precipitation in the MIROC model for two municipalities in the 
Araranguá River Basin. Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. 



FAPEU project no. 070/2012-2015 

VACEA PROJECT – CLIMATE EXTREMES 28 

5.1 Mean Annual Temperature 
According to figure 3 both models represent the same historical mean annual temperature 
for the entire basin. In the left map of the figure, the map shows cooler average temperatures 
in the eastern high plateau areas and warmer temperatures along the coastline. Both 
HADGEM and MIROC models agree and indicate anomalies in temperature from 0.79 to 
3.9 degrees Celsius in future periods; with higher increases in the anomalies along the 
plateaus and mountain slopes areas, and smaller increases along the coastline. This increase 
in temperatures in the plateaus will foster farmers to change certain permanent crops such as 
fruits. 

 
 

Figure 3 The maps represent the Mean Annual Temperature (MAT) for the Araranguá River Basin. In the left the 
historical trends, and on the middle and right the projections for the AR5/RCP 4.5 and 8.5 scenarios. 

5.1.1 Coefficient of Variance for Temperature  
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Figure 4 The maps represent the Coefficient of Variance for Temperature (CVT) for the Araranguá River Basin. In the left 
the historical trends, and on the middle and right the projections for the AR5/RCP 4.5 and 8.5 scenarios. 

In the CVT both models indicate a higher variability in temperatures in the coastline if 
compared to the mountain areas. MIROC model shows a higher variability in coastline if 
compared with HADGEM. In the future periods HAGEM model shows a more prominent 
decrease in the variability than MIROC, when compared to the historical average. Both 
models indicate a decrease in variability compared to the historical average. In other words, 
temperature range along the seasons or intra-season will be less variable in the future 
according to the RCP scenarios.  
 
5.1.2 Mean Annual Temperature 
Graphs 5 (for the HAGEM model) and 6 (for MIROC model) indicate the Mean Annual 
Temperature for two municipalities in the Araranguá River Basin. Araranguá, which lies 
close to the coastline, and Timbé do Sul in the mountain plateau. According to the Hadgem 
model historical mean, temperature will increase by almost 2 degrees Celsius in the 
Araranguá municipality in both scenarios. In the MIROC model the situation is the same 
including a negative outlier. For Timbé do Sul municipality both models also indicate 
increases in the mean annual temperature if compared to the historical mean. TImbé do Sul, 
however, has much greater increases than Araranguá, this is probably due to its mountain 
location (also detected in section 2.1), temperatures tend to increase more in the mountain 
areas if compared to the coastline. 
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Graph 5 Indicate the mean annual temperature in the HADGEM model for two municipalities in the Araranguá River 
Basin. Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. 

 
 

Graph 6 Indicate the Mean Annual Temperature in the MIROC model for two municipalities in the Araranguá River 
Basin. Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. 

5.1.3 Minimum Temperature 
Graphs 7 (for the HAGEM model) and 8 (for MIROC model) indicate the Minimum 
Temperature for two municipalities in the Araranguá River Basin. Araranguá, which lies 
close to the coastline, and Timbé do Sul in the mountain plateau. In both models, both 
municipalities display exponential minimum temperature increases in future scenarios, the 
higher increases are seen in Timbé do Sul. In the MIROC model both municipalities also 
show increasing outliers for this index (indicator). In the coastline some crops will failure due 
to increase temperatures, especially fruits, the same applies for the mountain regions. 
Contrariwise, some permanent and temporary crops may benefit from a warmers climate in 
the mountain regions due to a decrease of frost (or black frost) events. 
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Graph 7 Indicate Minimum Temperature in the HADGEM model for two municipalities in the Araranguá River Basin. 
Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. 

 
 

Graph 8 Indicate Minimum Temperature in the MIROC model for two municipalities in the Araranguá River Basin. 
Araranguá, which lies close to the coastline, and Timbé do Sul in the mountain plateau. 

Conclusions 
The projection results in the Araranguá River Basin in both scenarios 4.5 and 8.5, indicates 
in its majority, an increase in mean temperatures and precipitation. However, the variability 
of both precipitation and temperatures decreases, as demonstrated by the models. Minimum 
temperatures tend to increase, and extreme events such as the ones indicated by the RX3 do 
not increase, but instead, its outliers. Cumulative Precipitation also increases but with less 
variability if compared to the historical mean.  
Farmers can be affected positively and negatively in many features concerning these future 
changes (scenarios). Higher areas will benefit of a decrease in frost episodes and some 
permanent crops and cultures will be able to move to higher altitude areas, contrariwise, 
some permanent crops like fruits will decrease its production due to warmer temperatures in 
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the coastline. Torrential rains may destroy temporary crops (cultures) in both high plateau 
and valley areas causing material losses to agriculture activities. The increase of RX3 index 
may indicate an increase in flooding episodes in areas that are already hotspots for these 
disasters types.  
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