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1. Overview 

 

The INCT for Climate Change Phase 2 (INCT MC2) aims to implement and develop a comprehensive 

network of interdisciplinary research on global change and sustainability, and is based on the 

cooperation between about 30 research groups from all regions of Brazil from various national  

international research groups, involving in its entirety over approximately 350 researchers, students 

and collaborators and establishing itself as one of the largest networks of environmental research 

developed in Brazil (Figure 1.1) 

 

 

 
 

Figure 1.1. National and international partners of the INCT MC2 

  

The program consists of six thematic lines (or subcomponents):  

 

1. Food security;  

2. Water security;  

3. Energy security;  

4. Health and climate change; 

5. Natural disasters, impacts on physical infrastructure in urban areas and urban development;  

6. Impacts on Brazilian ecosystems in view of changes in land use and biodiversity.  

 

All these components are connected via 3 integrative themes or cross cutting themes: 

  

7. Economy and impacts in key sectors;  

8. Modelling the earth system and production of future climate scenarios to study vulnerability, 

impacts, adaptation and resilience;  

9. Communication, dissemination of knowledge and education for sustainability.  

 

Starting in Year 6, we have created a new phase of Integration  and synthesis of the results of the 9 

components, and the structure of the projects until the end of the project in 2025 is shown in Figure 

1.2. 
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Figure 1.2. New structure of the INC MC2 since 2022. 

 

So far, the scientific agenda of the INCT-MC2 was developed as planned, starting in 2017 and ending 

in 2025. This agenda provides scientific excellence in various areas of global environmental change 

and their implications for sustainable development. Emphasis on the impacts of climate change in 

agriculture, health, renewable energy, urban development and natural disasters such as central themes 

integrated into environmental modeling, the economics and communication of these impacts to the 

public, the scientific community and the academia, industry, business and government can contribute 

to maintaining excellence in activities in Science & Technology and Innovation as the axis of the 

sustainable environmental development, with character integrative and innovative. 

 

Different from the Report of Year 1, where only FAPESP funded components were explained, in 

Years 2, 3, 4, 5 and now in year 6 we decided to include all components of the project, that include 

contributions of the UFMG and FIOCRUZ in MG, and partnerships with UFSC, UFRJ, IPEA, and 

other institutions outside of the State of Sao Paulo.  This provides a better holistic view of the project 

and its components. 
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Perhaps one of the most important contributions of the INCT MC2 was  the participation of several of 

the researchers of this project in the elaboration of the Scientific Report of Science Panel for the 

Amazon (SPA) and in the IPCC AR6 WG1 And 2. In response to these challenges and inspired by the 

Leticia Pact for the Amazon, a group of over 200 preeminent scientists from the region have untied to 

form the unprecedented. The Panel was convened by the United Nations Sustainable Development 

Solutions Network (SDSN), and provided a comprehensive, first-of-its-kind scientific assessment of 

the state of the Amazon, current trends, and recommendations for the long-term well-being of the 

ecosystem and its people. Its  recommendations promote conservation as well as sustainable 

development of the region, with a vision of a standing forest, flowing rivers bioeconomy based on 

local and Indigenous knowledge, technology, and innovation.  On March 2023 the SPA released their 

initial findings as well as a draft version of their full report for public consultation. The SDSN and the 

World Bank co-hosted a high-level dialogue in Belem, Pará to present these initial findings and foster 

conversations between scientists and policymakers to advance sustainable development pathways in 

the Amazon.  

 

2. Objectives and aims 

 

The objectives of the INCT MC2 have not changed: 

 

¶ To implement and develop a comprehensive network of interdisciplinary research on global 

environmental change and sustainability 

¶ To develop actions aimed at assessing adaptation to environmental changes and the transformation to 

sustainability, to reflect the vulnerabilities and resilience trajectories and propose ways in adapting to 

these changes, especially in relation to decision in the political sphere.  

¶ To merge science with education from primary to the post-graduate levels. 

¶ To provide an overview of issues related to sustainability  and environmental-social-corporate 

responsibility, in order to facilitate the participation or even the implementation of activities in different 

areas of management of public and private institutions and their relationships with stakeholders. 

¶ To maintain excellence in activities in Science & Technology & Innovation as the structural axis of 

sustainable environmental development, with an integrator and innovative character. 

¶ To transfer knowledge using instruments that go beyond only scientific articles, but producing audio-

visual material, web tools, and other outlets that allow the development of a scientific culture in society, 

improving the impact of Brazilian science and enabling increased international insertion of Brazil in 

environmental negotiations. 

¶ To develop a research agenda in global change to identify and understand the current impacts of 

climate variability on natural and human systems in Brazil;  

¶ To enhance and expand the scope of studies on global changes and their impacts on important sectors 

to the economy of Brazil.  

¶ To engage and educate society, aiming to increase the resilience of these sectors.  

¶ To sensitize the public perception of science and technology in relation to global change and impacts 

on society.  

¶ To contribute prominently in the research and development of the National Plan on Climate Change 

and the National Adaptation Plan to Combat Drought and Desertification, in partnership with federal, 

state and international research programs on global change 

¶ To produce publications and model data that can be used to provide scientific contributions to 

scientific panels, The Rede Clima, special reports of the Brazilian Panel of Climate Change and the 

Fifth National communication of Brazil to UNFCCC.   

 

3   Coordination 

 

Coordinator:   Jose A. Marengo, Researcher, Level 1 B-CNPq classification, CEMADEN, Sao Paulo 

Vice-Coordinator:  Tercio Ambrizzi, Researcher, Level 1 A-CNPq classification, IAG USP, Sao 

Paulo 
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-Steering Committee  

 

Name Field of work Institution  e-mail 

Jose Antonio 

Marengo Orsini 

Projectôs coordinator. 

Climate modelling, 

impacts and 

vulnerability 

assessments  

CEMADEN jose.marengo@cemaden.gov.br 

Tercio 

Ambrizzi 

Vice-coordinator, 

Climatology, climate 

studies, water 

security 

IAG USP ambrizzi@model.iag.usp.br 

Paulo Nobre Oceanic and coupled 

atmosphere-ocean 

modelling 

CPTEC INPE pnobre@cptec.inpe.br 

Roberto 

Schaeffer 

Energy and climate 

change  

COPPE UFRJ roberto@ppe.ufrj.br 

Paulo Eduardo 

Artaxo Neto 

Environmental 

physics, Amazonia, 

and climate change 

IF USP artaxo@if.usp.br 

Eduardo Mario 

Mendiondo 

Hydrology and water 

security 

USP  EESC emm@sc.usp.br 

Ulisses E C 

Confalonieri 

Health and climate 

change  

UFMG e 

FIOCRUZ 

uconfalonieri@gmail.com 

efrangel@ioc.fiocruz.br 

Eduardo 

Haddad  

Economy of climate 

change  

FEA USP ehaddad@usp.br 

 

All members of the Steering Committee (CG) are also coordinators of the Associated Laboratories.  The 

Federal University of the Sate of Santa Catarina (UFSC) and the State University of Campinas 

(UNICAMP) are also Associated Laboratories.  Associated Laboratories are those centers whose 

members are part of the CG but are not part of the group that is submitting the proposal. The progress of 

the Project is monitored by a Scientific Committee (CC), that is constituted by the coordinators of the 

sub components (themes) and from the cross cutting activities.  We have meet virtually in March 2023 

to see the progress of the project.   

 

The transfer of knowledge to society must be developed from a system of investigation, management 

and experimentation information in the area of climate change, by means of: 

 

Å Theoretical strengthening of studies that support actions that invest in scientific communication and 

dissemination; 

Å The generation of analyzes of the relationships between sciences, technologies and society; 

Å The creation of new approaches methodologies that allow experimenting with social media and 

languages; 

Å The investigation of potentialities cultural artefacts (newspapers, magazines, movies, TV shows, 

works 

art, blogs, videos, radio shows, podcasts, etc); 

Å The production and dissemination of information and quality materials that can serve as tools for 

public managers and civil society organizations in the evaluation, policy formulation and 

implementation public. 

 

mailto:jose.marengo@cemaden.gov.br
mailto:ambrizzi@model.iag.usp.br
mailto:pnobre@cptec.inpe.br
mailto:roberto@ppe.ufrj.br
mailto:artaxo@if.usp.br
mailto:emm@sc.usp.br
mailto:uconfalonieri@gmail.com
mailto:efrangel@ioc.fiocruz.br
mailto:ehaddad@usp.br
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In this project, we want the community to science in global environmental change is heard, not only to 

legitimize what has already been decided by governments, but to influence the processes that are 

ongoing in public administration regarding environmental policies and major undertakings that may 

affect the environment. 

 

The experience gained at the INCT-MC2 in the period 2017-2023 can be evaluated from the degree of 

interdisciplinary synergy in S&T and its continuity Social. Internally, the INCT-MC2 values this 

synergy in the integration between Subcomponents and Cross Axes. On the one hand, this synergy is 

accelerated in the Security Subcomponents Food, Water Security, Security Energy, Health, Impacts on 

Ecosystems Brazilians in view of changes in land use and Biodiversity, Natural Disasters, Analysis 

Integrated for Policy and Decision Making Public. Also, the synergy is strengthened in the Transversal 

Axes of Economy and impacts on highlighted sectors, Communication, Disclosure, Education and 

Modeling of the Earth System and Production of Future Scenarios. On the other hand, in the period 

2020-2023, the INCTMC2 Subcomponents and Transversal Axes brought global recommendations for 

the federal, state and municipal levels in the Brazil. 

 

The coordination of the components of the project have been updated: 
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was created to support the integration of results from all the components of both the main themes as 

cross-cutting themes. this integration is being done using the NEXUS+ methodology used in the 

Fourth Communication of Brazil with the UNFCCC(4CN), always considering the relevance to the 

Sustainable Development Goals SDG-12 (sustainable agriculture), SDG-3 (ensure healthy living), 

SDG-7 (Clean energy and affordable: ensure access to cheap energy), SDG-11 (Sustainable Cities and 

Communities), SDG-13 (Action against global climate change), SDG-15 (Terrestrial Life: Protect, 

Restore, and Promote the sustainable use of terrestrial ecosystems), between others. By early 2023, 

hundreds of publications were generated by the collaboration between the various components of the 

INCT MC2, as well as such as numerous lectures, seminars, podcasts, interviews on social networks, 

in magazines and newspapers from Brazil and abroad, highlighting the theme of climate change and its 

characteristic transversal and integrative. so far 5 reports have already been generated and approved by 

the FAPESP and CNPq. 

 

An extension of the project until 2025 will help to include topics that were not contemplated when the 

proposal was drafted in 2015 and which were gradually included in the current search schedule. For 

example, the theme of climatic extremes observed in Brazil and the another containing some 

reflections on the relationship between COVID-19 and climate change, were included, although it is 

still a controversial topic and still without a consensus in the community scientific about their 

associations. 

 

Few online meetings too place among INCTs in 2020 and 2023.  Recently, CNPq and some FAPs 

approved 60 new INCTs in 2023, and there are conversations with MCTIs to make the INCTs a 

regular programme from CNPq. This was discussed in the 75
th
 annual meeting of the Brazilian Society 
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of Science Progress  (SBPC) that occurred in Curitiba, Parana, during 23-29 Juy 2023, The main topic 

of the Agenda was the current and future situation of INCTĔs/r INCTs. 

 
 

4.  New Development on the INCT MC2 after 2022 

 

As for our INCT MC2, after our request for extension to 2025, FAPESP granted these fellowships: 

 

 
 

In addition, these PD fellowships were granted by FAPESP until June 2025, and the table shows them 

already distributed among the various components of the project. 

 

Fellowships PD Granted Number Duration (Months) 

  Food security 1 12 

Water security 1 12 

Energy security 1 12 

Natural disasters 1 12 

Economy 1 12 

Modeling 1 12 

TOTAL 6   

 

Other type of fellowships were also granted buy FAPESP: 

 

Fellowships TT Granted Number Duration (Months) 

From the second half of 

2022 a new component 

Food Security 0 0 

Water Security 0 0 

Energy Security 1 TTIVA 24 

Natural disasters 1 TTV 24 

Economy 0 0 

Comunication 1 TTIV 24 

Modeling       1 TTV        24 
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TOTAL     

 

5. Reports by component  
 

In the following we focus on the reports from each sub component and crosscutting component, 

showing main results and activities developed in Year 4 of the project. We also include information on 

new team members coming into the project, explain some changes in the coordination of the 

components if that is the case and plans for Year 4.  All information on scientific production and 

activities from each of the components (workshops, publications, participation in events, use of the BC 

and RT, fellowships [bolsas]) are listed in upcoming sections. The report is from activities developed 

by all components of the project.  

 

5.1  Coordination 

 

The two coordinators Jose Marengo and Tercio Ambrizzi have meet during year 4 in several 

occasions, some of these meetings took place USP, and other during other meetings and conferences 

where we both were there.  We have changed the way the coordination works.  For the administrative 

issues, CEMADEN hired Ms. Josiane Rosa, who is working part-time dedicated to this project.  Ms 

Rosa helps the coordination with the procedures to indicate bolsas to CNPq, CAPES and FAPESP, 

with payments, meetings organization and air travel arrangements for participant scientists to meetings 

among INCT MC2 participants.    

 

In addition to administrative activities, the coordinators together with their students, bolsistas and 

collaborators have developed a scientific agenda on investigation of observed climate variability and 

change, with focus on extremes in regions such Amazonia, Northeast Brazil, Pantanal and major cities, 

such as Sao Paulo. Some papers have been produced as well as reports in various journal, magazines 

and the Revista Pesquisa FAPESP.  This is being done since the beginning of the project and 

constitutes a background fall all components.  All these results are detailed in the reports by 

component.  

 

In the following we report some of the major studies developed by the coordination. As mentioned in 

Year 4, the coordination works on some comprehensive e studies dealing with weather and climate 

extremes, providing some ground basis for the work of the components.  From year 1-4 we have 

relayed on graduate students and bolsistas from INPE, USP and UNESP and from years 5 to 7 we will 

work with a bolsista that will work on the integration of results from all components.  This shows that 

years 5-7 will be mainly integration of research results from years 1-4.  The bolsistas will come from 

the extension approved by the CNPq for 2 more years of the project.  

 

5.1.1 State of Climate for Latin America and Caribbean 2022 (WMO document lead by Jose 

A. Marengo and other representatives from the region) 

 

The report was released during a WMO Regional Technical Conference for South American countries, 

organized by WMO in Havana, Cuba on  July 2023.This is the third year that WMO has produced this 

annual regional report, which provides decision-makers more localized information to inform action. It 

is accompanied by an interactive Story Map (Figure 5.1) 
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Figure 5.1. State of the Climate in Latin America and the Caribbean 2021 (WMO 2022) 

The report included some scientific results of the INCT MC2 for Brazil, and among the main results 

relevant to Brazil and South America, we can mention: 

 
- Rainfall : In South America, below-normal rainfall was recorded in the central and southern regions of Chile 

(between 20% and 60% below normal) and in the central and south-western Andes of Peru and in Bolivia 

(between 30% and 50% below normal). As in 2021, below-normal rainfall was dominant over the ParanáïLa 

Plata Basin in south-eastern Brazil, northern Argentina, Paraguay and Uruguay, suggesting a late onset and weak 

South American monsoon. Above-normal precipitation anomalies (10%ï20%) dominated the semiarid region of 

north-eastern Brazil, southern Argentina, the northern coast of Peru, central and coastal Colombia, central South 

America and eastern Amazonia, French Guiana, Suriname and Guyana. Positive precipitation anomalies in 

south-east Brazil were related to heavy precipitation events concentrated in a few days. Some of the observed 

rainfall patterns were consistent with the typical rainfall patterns associated with La Niña conditions. 

- Extreme rainfall :I n central South America, episodes of extreme rainfall triggered flooding and landslides that 

affected thousands of people. In the state of São Paulo, Brazil, at least 19 people died due to landslides and 

flooding after heavy rainfall on 28 January. Earlier, on 11 January, heavy rainfall of more than 200 mm in 24 

hours led to flooding and landslides in Minas Gerais (Brazil), in which at least 15 people died. On 15 February, 

in Petropolis in the state of Rio de Janeiro, Brazil, 258 mm of rain fell in three hours (greater than the monthly 

average of 210 mm) and a total of 530 mm of rain was recorded in 24 hours, leading to more than 230 

fatalities.32 Heavy rainfall occurred again on 20 March, 415 mm in 10 hours, leading to landslides and flooding. 

On 2ï3 April, in Paraty and Angra dos Reis (about one hundred kilometres south-west of Petropolis), at least 16 

people died after a record amount of rainfall, over 800 mm in 48 hours, triggered floods and landslides.  

- Floods: Exceptionally heavy rains fell in the states of Pernambuco, Alagoas, and Paraíba (north-east Brazil). In 

Recife, in state of Pernambuco, the intense rainfall from 25 to 30 May, 551 mm (the monthly average is 411 

mm), led to 130 deaths, impacted about 130 000 people, and caused the city to declare a state of emergency. In 

Rondônia, in western Brazilian Amazonia, heavy rain from early February increased the levels of rivers, causing 

flooding in the municipality of Cacoal.36 The Rio Negro at Manaus reached the severe flood level (29 m) in 

early May and 29.37 m by 23 May, the fourth highest level since 1903. 

- Drought: The drought conditions in 2022 across the La Plata Basin in south-eastern South America were the 

worst since 1944. Below-normal rainfall was dominant in south-eastern Brazil, northern Argentina, Uruguay, 

Paraguay and eastern Bolivia, suggesting an early ending of the South American Monsoon. The third La Niña 

year in a row caused a prolonged period of drought conditions, mainly in south-eastern South America. In 2022, 

central Argentina recorded its driest year since records began in 1960. 

- Heat waves: A large area centred around the central-northern part of Argentina, southern Bolivia, central 

Chile, and most of Paraguay and Uruguay experienced record-breaking temperatures during two consecutive 

heatwaves in late November and early December 2022. In Chile, forest fires caused significant damage to the 

flora and fauna after the burning of the Chilean Palm, a species native to the Valparaíso region.58 In the Bolivian 

Amazon, during the heatwave from 25 to 30 November, the city of Cobija recorded 37.7 °C on 28 November 

(the mean monthly maximum is 30.8 °C) The region is also experiencing a prolonged drought that started in 

2019 and has worsened over the years. From 4 to 12 December, temperature records tumbled across Argentina, 
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as 24 weather stations recorded temperatures above 40 °C. Rivadavia station, located near the border with 

Bolivia and Paraguay, recorded a maximum temperature of 46 °C on 7 December. 

-Cold waves: On 16 May, a subtropical storm over the South Atlantic favoured the intensification of an intense 

cold air surge that reached most of subtropical South America east of the Andes.65 In Brazil, a cold event from 

16 to 23 May (the longest in 2022) affected most of the country, including western Amazonia; this event also 

affected Bolivia. On 18 May, the city of Sao Paulo recorded the third lowest temperature for the month of May 

in 32 years, 6.6 °C (the mean monthly minimum is 13.1 °C). In Gama (Brasilia), the minimum temperature 

reached 1.4 °C on 19 May, the lowest temperature recorded for May since 1963 (the mean monthly minimum is 

15.6 °C). Cold events affected the Bolivian Altiplano from May to December, and the El Alto station recorded 

the lowest May temperature recorded in Bolivia in 24 years, 9.8 °C, on 23 May (the mean monthly minimum is -

0.6 °C). 

-Impacts on agriculture: Drought conditions in 2022 led to damages to agriculture and reduced crop yields, 

affecting global crop markets. In Brazil, a lack of rain and high temperatures were associated with large 

agricultural losses during the year. Brazil is one of the worldôs breadbaskets; agriculture amounts to nearly 7% of 

its annual gross domestic product (GDP). For the first quarter of 2022, there was a reduction of 5.2% in Brazilôs 

agricultural production index compared to the first quarter of 2021. This was largely due to poor harvests of soy 

and corn associated with drought (it was the third consecutive dry year in parts of the country). Coffee yields 

were also affected and are expected to be the lowest since 2014; Brazil is the worldôs largest coffee bean 

producer. 

-Impacts on water resources: The Paraná River, on which Argentina relies to export 80% of its agricultural 

products, was affected by low water flow due to the ParanáïLa Plata Basin (LPB) drought. Levels of the 

Paraguay River at Ladario reached 64 cm below normal (the annual average level for 1900ï2022 was about 280 

cm). This situation can partially be attributed to dry conditions related to the La Niña event that started in 2020 

and extended into 2022. In the LPB in 2022, the drop in hydropower productivity did not lead to an energy crisis 

but led countries to turn to less sustainable energy sources, such as thermoelectric sources, which use fossil fuels, 

making energy more expensive. The drought and associated low river flows caused problems for energy 

production at the hydroelectric plants in the region. Electricity production in the two binational power plants in 

the LPB ï Yacyretá (Argentina and Paraguay) and Itaipú (Paraguay and Brazil) ï has been drastically affected 

by the low levels of water. Itaipú has shown a steady decrease in water levels since 2018. A similar pattern has 

been seen for Yacyretá, although the decrease in hydropower generation began a little later than in Itaipú. 

5.1.2 Hydrogeological disasters in the city of São Sebastião in the Northern Coast of the State 

of São Paulo in February 2023  

 
On February 18th-19th, 2023, heavy rainfall affected the municipality of São Sebastião, on the coastal 

region of the state of São Paulo in southeast Brazil. Extreme rainfall of about 680 mm in less than 24 

hours triggered multiple fatal and flash floods landslides in the city. This is perhaps the highest rainfall 

measured in all of Brazil in modern history. Therefore, the water-saturated soil led to deadly floods, 

debris flow, and landslides resulting in 65 casualties and damages. The meteorological situation was 

associated with a cold front crossing over a warmer subtropical South Atlantic off the coast of São 

Paulo. This was in addition to the orographic effect the Serra do Mar Mountain, causing an extreme 

and historic heavy precipitation event. This front remained stationary over the northern coast of  areas 

of the State of São Paulo, and it rained continuously from around 19:00 on February 18th  to 11:00 

hours on February 19th. CEMADEN identified high and very high hydrological and geological risks, 

and alerts for those risks were submitted to emergency services at the municipal level with few days in 

advance.  However, it looks like São Sebasti«oôs population either was not warned of the upcoming 

disaster or if warned the population did not take any action because did not believe in the possibility of 

a disaster.  This shows a need to improve perception of the imminence of a disaster. So, multi-hazard 

early warning systems are vital for adaptation and risk reduction in areas susceptible to disasters.  

Public policies must be implemented so lives can be saved. At the Vila Sahy in São Sebastião, extreme 

rainfall of more than 600 mm in less than 24 hours has triggered multiple fatal and flash floods 

landslides. This city reported most of the fatalities, 47 of the 65 deaths. Neighboring municipalities 

such as Ilhabela, Caraguatatuba, Bertioga, and Ubatuba were also heavily affected. These disasters 

destroyed infrastructure, leading to significant loss of life and destruction to the region.  

 

The meteorological situation that led to heavy rainfall on February 18
th
-19

th
, 2023, was a cold front 

with a combination of various factors, such as warmer surface water in the subtropical South Atlantic 

off the coast of São Paulo and the orographic barrier represented by the Serra do Mar caused an 

extreme and historic heavy precipitation event. This front remained stationary over the NCSP and 
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rained continuously from around 19:00 hours on February 18
th
 to 11:00 on February 19

th
. According to 

rainfall data from the National Center for Monitoring and Early Warning of Natural Disasters 

CEMADEN, from February 18
th
 -19

 th
, it rained 682 mm in Bertioga and 626 mm in São Sebastião. 

Such a rain amount is perhaps the highest single-day rainfall total in the country's recent history. The 

previous high rainfall event was in February 15
 th

 2022, when Petrópolis recorded 534 mm in 24 hours. 

It was the town of São Sebastião, 80 km north of Bertioga, where all but one of the deaths occurred. A 

high hydrogeological risk alert across the NCSP cities was issued 2 days before the tragedy. Late night 

of February 18, heavy rainfall impacted São Sebastião, and from the end of the night to the early 

morning of February 19, 2023, landslides, debris flow, and flashfloods impacted the region.  

 

Figure 5.2  shows that rainfall in the NCSP, particularly between São Sebastião, Bertioga, and 

Guarujá, varied between 200 and 600 mm, and the most abundant rainfall occurred between February 

18
th
 -19

th
. Almost no rain on February 20, and some rain on February 21

st
 -28th.  The diurnal rainfall 

variability on February 18
th
-19

th
 for stations in São Sebastião, Guarujá, and Bertioga shows  that the 

highest rainfall volumes started to show up at 19:00 UTC (16:00 hours local time) and reached a 

maximum between 20:00 and 23:00 UTC hours (17:00 and 20:00 hours local time) on February 18
 th

 

(reaching between 60 and 140 mm) and continued until 11:00 UTC (08:00 hours local time) of 

February 19
 th

. In some stations, rainfall rose again between 02:00 and 09: UTC on February 19
 th

, in 

light blue from Sebastião. This means that in some stations, the abundant rainfall lasted almost 15 

hours, from the afternoon of February 18
 th

 to the late morning of February 19
 th

.   

 

 

 

 
 

Figure 5.2. Daily variability of rainfall between February 11
th
-28

th
 for the Sao Sebastiano, Bertioga 

and Guarujá region of the NCSP (see map on the upper right side of the panel). Units in mm/day.   

 

Figure 5.3 shows accumulated monthly rainfall from February 2023 for the NCSP (Figure 8a), as well 

as accumulated daily 12:00 UTC to 12:00 UTC during February 18th -19th, 2023 (Figure 8b) from 

stations from the CEMADEN rainfall network. In February 2023, rainfall was well above average. 

The February climatology varies between 300 to 320 mm/month (www.ciiagro.org.br/boletins.html, 

last accessed on March 17, 2023).  However, in February 2023, rainfall in São Sebastião varied 

between 640-850 mm/month, and in Bertioga and Guaruja, the accumulated varied between 210-1030 

mm/month. Based on the diurnal behavior of rainfall from Figure 9b, the daily accumulated rainfall 

between 12:00 UTC to 12:00 UTC on February 18
 th

 -19
 th

  varied between 300-650 mm in Sao 

Sebastião and 150-680 mm/24h in Bertioga and Guarujá. In comparison, on February 17
 th

 -18
 th

  and 

19
 th

  -20
 th

 , rainfall varied between 0-25 mm in Sao Sebastião and 5-20 mm in Bertioga and Guarujá.  
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Figure 5.3.  a) Accumulated monthly rainfall from February 2023, in mm/month for the NCSP; b) 

Accumulated 12:00 UTC to 12:00 UTC daily rainfall during February 18
th
-19

th
  2023 in mm/day for 

the NCSP.  Circles in the map show location of CEMADENôs stations.  Color scale is indicated with 

circles on the right side of each panel. Source of data CEMADEN. 

 

The extreme rainfall event caused the widespread collapse of slopes that concentrated in a continuous 

strip of about 40km long and about 10km wide, notably involving the areas of high hills adjacent to 

the coastline of São Sebastião, including small islands and mountainous areas. The event was of great 

magnitude resulting in specific clusters of landslides and flows, which resulted in extraordinary 

volumes of mobilized material. The density of landslide scars (Figure 5.4) reveals the places where the 

event resulted in more severe impacts, highlighting the beaches of Barra de Boiçucanga (434 

residences in risk areas), Camburi (608 residences), Baleia (185 residences), Barra do Sahy (162 

residences) and Juquehy (575 residents) totaling 1964 residences most strongly affected by the event. 

 
Figure 5.4. Landslides scar density from landslides triggered during the February 18

th
 -19

th
 , 2023 

event, in São Paulo North Coast. 
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Disaster risk is notoriously a combination of climate and meteorological hazards, vulnerability, and 

people's exposure. The analysis of the critical rainfall thresholds with the observed data collaborated 

with consolidating the knowledge of the region's risk. The urban dynamics observed in areas 

susceptible to mass movement and flooding will continue to pressure occupation in geological and 

hydrological risk areas, requiring constant mapping to update the risk sectors. Urban control has the 

challenge of containing the advance of urban expansions over Atlantic Forest conserved slopes, 

especially where susceptibility can be considered medium or low on coastal hillsides, as in São 

Sebastião. 

 

EWSs of mass movements and flooding can advance with the increase of automatic rain gauges 

associated with risk areas and, especially with investments in meteorological radar along the coastline 

and given the geographical character of the municipality, one can see the fundamental role of the 

action of protection and civil defense centers on each beach in the preventive and response actions 

against disasters.   It is expected that an early warning triggers early action. In the case of fast-moving 

hazards, such as flash floods and landslides, this sometimes means evacuating and seeking appropriate 

shelter. In the case of São Sebastião and adjacent regions on the February 18
th
 -19

th
, 2023 disaster, 

forecasts of alerts from high-risk hydrological and geological disasters were issued on time, and they 

reached the municipal Civil Defense offices.  The local Civil Defense is responsible for interacting 

with the population and evacuating populations out of risk areas. Concerning Civil Defense activities, 

the primary needs, according to a recent study by, are related to financial support, structure, and 

capacity building. The disaster in São Sebastião shows the need for well-coordinated initiatives to 

support the Civil Defense of municipal governments, so vulnerable populations may be more resilient 

and can cope with disasters caused by extreme weather events. As in other regions of Brazil and the 

world, landslides and debris flow are exacerbated by inadequate infrastructure and poor planning, with 

many homes and buildings in high-risk areas vulnerable to these disasters. Therefore, multi-hazard 

early warning systems are essential for effective adaptation in areas at risk from weather and climate 

extremes, and this is being discussed in several panels and scientific networks. 
 

5.1.3 Mesoscale convective systems over the Amazon basin in a changing climate under global 

warming.  

 

Climate change is imminent and threatens the largest watershed in the world, the Amazon basin. As 

general circulation models may fail to represent cloud-scale phenomena, precipitation in a changing 

climate under global warming is still a factor of great uncertainty, especially in Tropical regions. In 

this study, long-term high-resolution simulations from a global cloud-resolving model under the scope 

of the Coupled Model Intercomparison Project (CMIP6) have analyzed the climate change impacts on 

the mesoscale convective systems (MCSs) over the Amazon basin. The authors generated a complete 

spatial, temporal, and statistical characterization of the MCSs for the past (1950ï1960), present (2000ï

2010), and near-future (2040ï2050). They found that MCSs are a critical mechanism for precipitation, 

especially in austral winter.  

 

The simulations are consistent with the observed precipitation and MCSs patterns over the Amazon 

basin, indicating that MCSs are less frequent compared to the past and are expected to continuously 

decline in the near-future. Most decreases are projected from September to December, while an 

increase between June to August, mainly in the southern portion of the Amazon basin, as indicated in 

Figure 5.5. In addition, the investigation presented shows a great potential of using a global cloud-

resolving model under the CMIP6 scope to investigate mesoscale systems in a warming climate. 
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Figure 5.5 - Differences in the seasonal MCSs density over the Amazon basin between 2000-2010 and 

1950-1960 (left panels), 2040-2050 and 1950-1960 (center panels), and 2040-2050 and 2000-2010 

(right panels). All the lifespans were considered. Only statistically significant values above 95% were 

displayed. 

5.2 Food security 

 

This subcomponent is divided into three activities 

 

- Activity 1 - Climate, agriculture and implications for food security 

- Activity 2 - Economy, Climate and implications for food security 

- Activity 3 - Climate, livestock and implications for food security 

 

5.2.1 Activity 1 - Climate, agriculture and implications for food security 

 

In this stage of the work, activities were developed to verify the evolution of the food supply, in terms 

of agricultural production, for some components of the basic basket, such as rice, beans, wheat and 

cassava. Subsequently, a projection was made of the possible increase in this food supply from the use 

of more sustainable practices. 

 

5.2.1.1 Rice: 
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Rice is a staple o f  the Brazilian diet and is present in food consumption in all regions of Brazil. The 

supply of this grain is projected to remain stable, following population growth, with a slight retraction 

near 2050 - just when population growth in Brazil is expected to slow down. 

 

Projections indicate a production of 12.2 million tons in 2050 on an area of approximately 1.6 

million hectares. Given the history of grain production and land use in Brazil, rice, along with 

beans, is expected to lose area relative to other crops such as soybeans and corn. Similarly, the 

smaller area is expected to be compensated by productivity gains, stabilizing production at around 

1.6 million hectares.  Figure 5.6 below illustrates the evolution of rice production until 2050. 

 

Figure 5.6: Evolution of rice production until 2050.   Source: IBGE, Municipal Agricultural Survey 

until 2020. 

 

5.2.1.2 Beans 

As in the case of rice, projections indicate a stability in bean consumption, with a slight retraction 

towards 2050, following the deceleration of population growth in Brazil. 

 

Projections indicate a production of about 3 million tons on 2 million hectares in 2050. A 

reduction in area relative to other crops is expected due to pressure from soybean and maize 

expansion. This loss of area will be compensated by productivity gains through the expansion of 

the use of biological nitrogen fixation technology in legumes. Figure 5.7 shows the evolution of 

bean production for Brazil until the year 2050. 

 

 
 

Figure 5.7  Evolution of bean production in Brazil until the year 2050. Source: IBGE, Municipal 

Agricultural Survey until 2020. 

 

5.2.1.3 Wheat 
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Wheat production was 6.3 million tons in 2020 using an area of 2.4 million hectares. International 

demand for wheat is projected to increase by 2050, driven by population growth and climate 

vulnerability of the crop in different regions of the world. Vigorous production growth via 

exports is projected, pressured by higher external demand until 2050. 

 

Wheat is expected to gain area relative to other crops in regions where irrigation and the 

development of new cultivars have provided a significant increase in productivity. An area of up to 

3.7 million hectares is projected by 2050. Figure 5.8 shows the evolution of wheat supply in Brazil 

until the year 2050. 

 

 

 
Figure 5.8. Evolution of wheat supply until 2050. Source: IBGE, Municipal Agricultural Survey until 

2020. Due to the national and international situation, wheat is a crop whose projection indicates an 

increase in grain supply. 

5.2.1.4 Cassava 

Cassava production in 2020 was approximately 18 million tons on 1.2 million hectares. Cassava 

is widely used in the daily life of Brazilians, however historical data show that production has 

been losing space in the competition for land use with other crops. Several factors affecting both 

the supply side, such as price and climate variability, and the demand side, such as consumer 

income, for example, are contributing to this effect on cassava production. 

 

Production is projected to be about 16.2 million tons by 2050 on an area of about 1 million 

hectares. By 2050, cassava will lose area relative to other cash crops. The reduction in cassava 

production reflects shrinking demand as households migrate to more attractive carbohydrate 

sources (rice and wheat derivatives, for example) with the expected increase in income. Figure 

5.9 illustrates the evolution of cassava production until the year 2050. 
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Figure 5.9 Evolution of cassava production until the year 2050.  Source IBGE 2020 

 

Analyzing the entire period and all crops, it is clear that there will be a retraction of the planted area 

mainly for rice, beans and cassava crops and a small increase in the corn area. This means that little by 

little these areas will be replaced by commodities such as soybeans and corn and this will certainly 

have an impact on food supply. Figure 5.10  illustrates the projection of planted areas until the year 

2050 for various crops in Brazil. 

 

 
Figure 5.10.  Variation of planted area for various crops in Brazil between the years 2021 and 2050. 

Bean, rice and cassava crops show a decrease in planted area when compared to soybean and corn. 

Projections of the production and area of the main crops show that the planted area in Brazil is 

expected to exceed 100 million hectares by 2050. This expansion is concentrated in soybean, corn 

(second crop) and sugarcane (not shown in the figure above). Part of the increase in corn and cotton 

production is expected to be in soybean area. Some crops, such as rice, beans and cassava, are 

expected to lose area. Naturally, a part of the expansion of soybean, corn and sugarcane area should 

occur on new areas and substitution of other crops. This expansion may also occur in areas of 

degraded pasture. However, it is of utmost importance that there is an acceleration of the conversion of 

low or very low productivity pasture areas, due to lack of management, into crop areas or integrated 

production systems. 

By 2050 there is a need to accommodate an expansion of about 45.6 million hectares in crop areas. 

This expansion is concentrated in an increase of 37 million hectares to the current soybean area and 

about 6 million hectares to the current corn area. Reducing the pressure for the extension of the area of 

crops in Brazil necessarily involves t h e  e x p a n s i o n  of techniques and technologies that 

increase land productivity without the need for new areas. The expansion of the high quality no-till 

system, associated with integrated production systems,  can take grain productivity to a new level. In 

addition, the rapid advance of research, innovation and technology of new cultivars should expand the 

adoption of biological nitrogen fixation in legumes (beans) and grasses, contributing to the 

productivity of corn, rice and pasture areas. 

A quick assessment of food consumption in Brazil, especially with regard to some items in the basic 

food basket, indicates that Brazilians are eating less. Table 1 shows the evolution of rice, beans, 

cassava and wheat consumption between 1985 and 2020.  In all cases, consumption in KG/inhabitant 

fell. The most pronounced drop was in cassava, the staple of the diet in the North and Northeast 

regions. 

 

Table 5.1. Per capita consumption of 4 items of the basic food basket in the last 35 years, in 

 kg/inhabitant. 

       Rice  beans cassava wheat 

1985 67 19 171 32 
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1990 74 16 159 37 

1995 65 21 151 13 

2000 67 16 120 14 

2005 71 16 129 31 

2010 65 18 125 31 

2015 60 16 114 26 

2020 49 14 83 26 

 

As temperatures and rainfall increase, the food production situation may be affected. In recent years, 

climate change has had a strong impact on soybean and maize production, reducing the harvest by 

more than 25 million tons. 

 

5.2.2 Activity 2 - Economy, Climate and implications for food security 

 

In activity 2 the results were indicated in the previous report (Year 5) 

 

5.2.3 Activity 3 - Climate, livestock and implications for food security 

 

Animal protein production in 2020 - beef, pork and chicken - was 27.9 million tons, of which 49% 

was chicken, 34% beef and 16% pork. 

 

Total animal protein production is projected to grow to around 51.5 million tons in 2050. That is, 

an 84% growth compared tto 2020. 

 

Following the short-term downward trend, a slight decrease in beef production is expected until 2025 

due to uncertainties regarding restrictions and sanitary barriers of the main export destinations. 

However, in the long term (2050), beef production is expected to grow to around 11.8 million 

tons. Several national (MAPA) and international (USDA) projections point to a sustained growth 

in international demand. S i m i l a r l y , chicken production is projected to chicken production 

of 31.7 million tons in 2050, representing about 62% of total meat production in Brazil. Pork is 

expected to grow by 3.3 million tons by 2050 to a total of 7.9 million tons, or about 15% of total meat 

production (Figure 5.11). 

 
Figure 5.11: Evolution of animal protein supply up to the year 2050. 

 

5.2.4 Some considerations: 

 

To ensure food security for Brazilians and the country's growing relevance to the world supply, 

grain production in 2050 should reach approximately 535 million tons in a planted area of about 

111 million hectares. These figures represent a growth of around 106% in production and 71% 

in area compared to 2021. This will require an increase in productivity, technological advances, 

wide adoption of modern practices and techniques such as no-till and integrated systems, an 
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increase in the second crop area, reduction of the productivity differential between producers and 

regions, intensification of livestock, pasture recovery and better use of agricultural areas, among 

others. Public policies and actions by the private sector and the third sector must be improved and 

coordinated to this end, combining the availability of financial resources, investments in 

innovation, technical assistance and technology transfer, land security, environmental regularization, 

storage conditions and production outlets, and product and food quality control. All these efforts 

must also consider the improvement of the environmental and social sustainability of agriculture, 

integrating the objective of food security with the objectives of adapted and resilient systems and 

the reduction of greenhouse gas emissions. 

 

5.2.5 Targets  

 

Assessment of the vulnerability of food security due to changes in crops and pastures (such as new 

production systems and production intensification), until the year 2050. 

 

The targets were achieved and described according to the results. The strongest impacts are related to 

the reduction of food supply, mainly rice, beans, cassava and wheat, and in some cases greater 

vulnerability of crops in the southern region, due to the effects of climate change, mainly water 

deficiencies, already described in the previous report. 

 

5.3 Water security  

 
5.3.1 Highlights:  

 

With IPCC/AR6, UNESCO-IHP IX, UNEP WWQA, WMO Strategic Plan, IBPES and COP27, the 

6th-yr INCTMC2 Water Security promoted ñarchetypes of participatory resilienceò by ñactorsò, 

ñmodels" and ñdatasets" with 2023-2032 HELPING Science Decade (see Figure 5.12 and Table 5.2):   

1- Synergistic and Interdisciplinary Dialogue with new INCTs: i.e. the Nat. Observatory of Water 

Security & Adaptive Mgmt ("ONSEAdapta", SDG6)  and ñFighting Hungerò (SDG 2),  

2- EDI-driven (Equity, Diversity & Inclusion) affiliated research groups: namely ñIEA/USP Planetary 

Healthò (SDG 3), FAPESP Research, Dissemination & Innovation Center, ñCEPIDsò (CeMEAI-

ñApplied Maths for Industry", SDG 9) and Center for Research on Biodiversity Dynamics and Climate 

Change (SDG 15), FAPESP Eng. Res. Center (C4AI-ñArtificial Intelligenceò), FAPESP-Belmont 

Forum (MADIS-ñManagement of Disaster Risk and Societal Resilienceò;  

3- Educative Game-Changing Accelerators: with the INterdisciplinary CLimate INvestigation cEnter 

(INCLINE), the Center for Education and Research on Disasters (CEPED/USP), the UNESCO Chair 

on Urban Water (SDG 4) and Panta Rhei initiatives through new open tools, i.e. the Brazilian 

Ecohydrological Simulation Tool (BEST) and the HydroPol2D;  

4- Participatory Serious Games: ñCoevolutionary Amazon Health & Sanitationñ paradox (ñCASHò 

Paradox), ñBRazilôs Offset of Net-Zero Emissions toward GOals for Leveraging Developmentò 

(ñBRONZE-2-GOLDò), and ñRecycling Water Assets for Sustainable Habitatsò (ReWASH), and 

Climate Justice, Equity, Diversity & Inclusion to Accelerate Water security and Adaptation 

Knowledge Exchange for Net-zero & Sustainability  (ñJEDI AWAKENSò); 

5- New Demonstrative Pilot Projects (without Complementary Benefits): the FAPESP-NSFChina 

SDIC Flash Droughts Under Climate Change, the FACEPE-FAPESP Global change,  sustainable 

development with WEFE viability and the IAHS New Scientific Decade HELPING; 

6- FAIR data management: with CARE principles, through IAHS Panta Rhei benchmark dataset with 

socio-hydrological data of paired events of floods and droughts, the UNESCO-IHP-IX Operational 

Plan (2022-2029), IWA 'Earth Observation for water management' Community of Practice, Brazilian 

datasets (PNSH/ANA, CAMELSôBR & CABra); 

7- New Centers of Global Change Climate Action e-Courses: in partnership with other UN Water 

Learning Centers, to boost interdisciplinary training using INCTMC2ôs experiences through 

ABRHidro-Education Technical Comission, IAHS  International Commission on Human-Water 

Feedbacks & WG History of Hydrology, and UNEP World Water Quality Alliance courses; 

8- Social action: #OneDropOfScience #OneDoseOfResilience #BeFAIRwithCARE 

#GenerationRestoration. 

https://onseadapta.org/
https://jornal.usp.br/artigos/o-combate-a-fome-e-a-inseguranca-alimentar-exige-pesquisa-cientifica-e-participacao-social/
http://saudeplanetaria.iea.usp.br/en/
http://saudeplanetaria.iea.usp.br/en/
https://bv.fapesp.br/en/auxilios/58570/cemeai-center-for-mathematical-sciences-applied-to-industry/
https://bv.fapesp.br/en/auxilios/58570/cemeai-center-for-mathematical-sciences-applied-to-industry/
https://bv.fapesp.br/en/auxilios/112189/center-for-research-on-biodiversity-dynamics-and-climate-change/
https://bv.fapesp.br/en/auxilios/112189/center-for-research-on-biodiversity-dynamics-and-climate-change/
https://bv.fapesp.br/en/auxilios/105714/center-for-artificial-intelligence/
https://bv.fapesp.br/en/auxilios/106993/toco_dr-theory-of-change-observatory-on-disaster-resilience/
http://www.apple.com/
http://www.ceped.eesc.usp.br/
https://swat.tamu.edu/news/2023/brazil-is-back/
https://swat.tamu.edu/news/2023/brazil-is-back/
https://doi.org/10.1016/j.jhydrol.2023.129982
https://events.gfz-potsdam.de/fileadmin/panta_rhei/images/Programme_Panta_Rhei_Symposium3.pdf
https://edisciplinas.usp.br/pluginfile.php/7758268/mod_resource/content/1/ENUNCIADO%20-%20TP4%20-%20SHS411.pdf
https://edisciplinas.usp.br/course/view.php?id=108201
http://www.apple.com/
https://bv.fapesp.br/en/auxilios/111130/global-changes-and-sustainable-development-with-water-energy-viability-and-economic-solvency/
https://bv.fapesp.br/en/auxilios/111130/global-changes-and-sustainable-development-with-water-energy-viability-and-economic-solvency/
https://iahs.info/News/Forms-and-forums.do
https://www.nature.com/articles/s41597-021-00892-0
http://www.apple.com/
http://www.apple.com/
https://unesdoc.unesco.org/ark:/48223/pf0000381318
https://unesdoc.unesco.org/ark:/48223/pf0000381318
https://iwa-network.org/projects/earth-observation-for-water-management-community-of-practice/
https://pnsh.ana.gov.br/home
https://essd.copernicus.org/articles/12/2075/2020/
https://hess.copernicus.org/articles/25/3105/2021/
https://www.abrhidro.org.br/comissao-ensino/index.php?ID=507
https://iahs.info/News/news/new-international-commission-on-human-water-feedbacks-ichwf-of-iahs/
https://iahs.info/News/news/new-international-commission-on-human-water-feedbacks-ichwf-of-iahs/
https://iahs.info/Initiatives/Working-Groups/History-of-Hydrology/
http://www.apple.com/
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Figure 5.12. Summary of highlights of the INCTMC2 Water Security subcomponent in the 2022/2023 

period 

 

Table 5.2. State of objectives and goals of INCTMC2-Water Security (from Marengo, 2014). Shaded 

cells represent new 2022/2023 workable topics appended for extension period until 2025. 

 
 

5.3.2  Scientific and Management Actors (Science-For-Policy) 

 

This part outlines a summary of activities developed by INCTMC2ôs water security (WS) affiliated 

institutions, i.e. UFPE, UFCG, USP, UFCG, UFRGS, CEMADEN, INPE, FUNCEME and 

EMBRAPA, with new affiliated institutions: UFMS, UFSC, UnB and ABRHidro, boosted through 

both the Latin American Unsolved Problems in Hydrology Workshop (Florianopolis-SC, 2023; Figure 

http://www.apple.com/


Report Year 6, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate Change-Phase 2)  

 

 

 24 

5.13) and the Panta Rhei Symposium (Potsdam, 2023; Figure 5.14). Detailed information can be 

consulted in respective publications (see Section B). Highlights of the INCTMCôs 6th year 

(2022/2023) were addressed in how Brazilian INCTMC2-WS' actions met global programs of 

UNDRR, UNFCCC, UN-Habitat, UNESCO-IHP-IX (2022-2029) and socio-hydrology initiatives of 

IAHS/Panta Rhei and IAHS/Unsolved Problems in Hydrology (UPH). 

Figure 5.13. INCTMC2 Water Security in the Latin Americaôs UPH, Florian·polis, 2023. Source: 

UFSC 
 

 
Figure 5.14. 

INCTMC2 

Water 

Security in 

the Panta 

Rhei Symp., 

Potsdam, 

2023.  

Source: 

GFZ, 

https://iahs.info/News/news/panta-rhei-symposium/  

 
The polycentric governance statement of the INCTMC2-WS subcomponent is: ñhow new sustainable, 

resilient private-public partnerships promote targeted investment in climate services to strengthen 

community-based, hybrid early warning systems and decision support for water resources adaptation 

in climate-sensitive sectors and for most vulnerable people in the Tropics, through metrics and levels 

of indices
1
, with flexible, adaptable and participatory mechanisms

2
, and using resilience-driven 

(absorptive, adaptive, transformative) methods
3
ò. 

   

Hence, this 6th year of the INCTMC2-WS was consolidated through relevant research-into-policy 

networks with the IAHS Panta Rhei benchmark dataset with socio-hydrological data of paired events 

of floods and droughts, the UNESCO-IHP-IX Operational Plan (2022-2029), the IWA 'Earth 

                                                 
1
 Indices: Nationally Determined Contributions of Parties (NDC) for UNFCCC,  Nature's Contribution to People (NCP) for CDB & IPBES, and 

Digital Sequence Informationò (DSI) for Natural Capital from CBD. 
2
 Mechanisms: -  Enhanced Transparency Framework (ETF), post-Paris 2015/UNFCCC, Monitoring, Report & Verification (MRV) on GHG from 

UNFCCC, Global Stocktake (GST) from UNFCCC, Sustainable Development Mechanism (SDM) of zero-net targets, Principles of Sustainable 
Insurance (PSI-UNEPFI) and Green Bonds, Waste Wise Cities from UN-Habitat,  Water, Sanitation & Hygieneò(WASH) services from UN-Agenda 
2030. 
3
 Methods: Nature-based Solutions (NbS), Ecosystem-based Adaptation(EbA), Community-based Adaptation(CbA), Participatory Action Research 

(PAR) 

http://www.apple.com/
https://iahs.info/News/news/panta-rhei-symposium/
http://www.apple.com/
http://www.apple.com/
https://unesdoc.unesco.org/ark:/48223/pf0000381318
https://iwa-network.org/projects/earth-observation-for-water-management-community-of-practice/
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Observation for water management' Community of Practice, Brazilian open datasets on water security 

(PNSH/ANASB, CAMELSôBR & CABra). 

 

Moreover, being Brazil a global player in natural capital has the INCTMC2 water security 

subcomponent decided to include the Intergovernmental Science-Policy Platform on Biodiversity & 

Ecosystem Services (IPBES) and the Convention of Biological Diversity (CBD) as programs for 

linking INCTMC2-WSô science-for-policy goals.  

 
5.3.2.1 Advances at Multiple Scales of Water Security 

In this 2022/2023 period, research groups of INCTMC2-Water Security have gained advances like 

continental river flowsô datasets (A.1.1),  sociohydrological datasets of paired events (floods and 

droughts, A.1.2), and datasets on droughts-and-floods change in Brazil (A.1.3). 

 

5.3.3 Continental river  flow datasets 

 

In the period 2022/2023, the assessment of South American sediment fluxes under climate changes 

(Fagundes et al., 2023; Figure 5.15) and the assessment of climate change impact on flood discharge 

in South America and the influence of its main drivers (Brêda et al, 2023, Figure 5) are outlined for 

the INCTMC2 Water Security.  

 
 

Figure 5.15. Projected impacts for South America due to climate change with the regional climate 

models Eta-BESM, Eta-CanESM2, Eta-HadGEM2-ES and Eta-MIROC5, considering the RCP 4.5 

scenario for the period between 2021 and 2055, for the water and sediment variables: A) annual 

surface runoff; B) daily average discharge; C) annual total sediment discharge; D) annual sediment 

yield estimated using MUSLE equation; E) average daily suspended sediment concentration (SSC); 

and F) annual suspended sediment (SS) deposition in the floodplains. All values on the maps are 

presented as percentage values, estimated by comparing future projections (2021ï2055) with past 

values (1961ï1995). The median change was estimated from the comparison between the estimated 

https://iwa-network.org/projects/earth-observation-for-water-management-community-of-practice/
https://pnsh.ana.gov.br/home
https://essd.copernicus.org/articles/12/2075/2020/
https://hess.copernicus.org/articles/25/3105/2021/
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sediment-yield
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sediment-yield
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/suspended-sediment
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future and past values. The significant change was estimated considering that 3 or 4 models presented 

a statistical change of the mean at the significance level Ŭ = 10 % and 3 or 4 models showed an 

agreement of increase or decrease in the value of the variable studied. The low-confidence regions are 

those in which the hydrological-hydrodynamic model presented by Siqueira et al. (2018) showed low 

performance. Source: Fagundes et al (2023). 

 
Fagundes et al (2023) highlighted that: (a) simulated sediment flows show contrast in northern 

(decrease) and southern (increase) South America (SA), (b) an increase in sediment transport >30 % 

might occur for the main South American basins, (c ) the highest changes in sediment discharge may 

occur in Doce (ī54 %) and Upper Paraná (409 %) rivers, (d) changes in water and sediment 

discharges can induce a new water composition in the Amazon basin, and (e) 

Future changes in sediment fluxes may greatly affect SA aquatic ecosystems. (Figure 5.16). 

 

Figure 5.16. Relative change of flood discharge projections for the RCP4.5 scenario compared to the 

historical period. The left and center panels show the upper and lower limits related to the ensemble 

of 4 downscaled climate models, respectively, while the right panel indicates the agreement between 

these models regarding the change sign. Relative differences are shown for the second-highest (a) and 

median (b) annual maximum discharges from the future and historical periods. Source: Brêda et al 

(2023). 

 

Otherwise, Brêda et al (2023) highlighted that (a) extreme rainfall events that lead to floods in large 

rivers are expected to decrease, (b) antecedent soil moisture is expected to be reduced in most of South 

America, and (c ) soil moisture seems more impactful than precipitation regarding ordinary floods. 
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5.3.4 Sociohydrological datasets of paired events (floods and droughts)   

 

When addressing South American datasets of paired events of floods and droughts (Figure 5.17, Upper 

Chart), several highlights are enhanced (Figure 6, Lower Chart). The dataset can be used by the 

scientific community for exploratory data analyses, e.g. focused on causal links between risk 

management; changes in hazard, exposure and vulnerability; and flood or drought impacts. The data 

can also be used for the development, calibration, and validation of socio-hydrological models. The 

dataset is available to the public through the GFZ Data Services (Kreibich et al., 2023, 

https://doi.org/10.5880/GFZ.4.4.2023.001).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.17. Upper Chart: Geographical distribution of paired events of floods and droughts. Lower 

Chart: Fraction of entries of each indicator for flood (a, left) and drought (b, right) paired events. 

Source: Kreibich et al (2023).  

 

5.3.5  Datasets on droughts-and-floods change in Brazil  

 

Chagas et al (2022) highlighted that accelerating water cycle has occurred in 29% of  Brazilian 

territory (2.7 million km2), with deceleration in 4% (0.4 million km2), drying in 42% (3.9 million 

km2); and wetting in 25% (2.4 million km2). In parallel, Ballarin et al (2023) proposed Brazilian 

water security threatened by climate change and human (Figure 5.18, 5.19). 

 

 

 

https://doi.org/10.5880/GFZ.4.4.2023.001
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Figure 5.18. Upper Chart: Spatial distribution of the accelerating, decelerating, wetting, and drying 

streamflow trends in Brazil. a The location of the four quadrants of regional streamflow trends, with 

darker colors indicating larger change intensities. Lower Chart: Classification of streamflow trends 

into accelerating, decelerating, wetting, and drying quadrants. (a)  Symbols without borders indicate 

flood and drought flow trends of n = 886 stations. Hotspots (Northern Amazonia ï NA, Southern 

Amazonia ï SA, Southern Brazil ï SB, and Brazilian Highlands ï BH) are indicated by colors. 

Symbols with borders represent the median trend of each hotspot, and the error bars indicate the 

median temporal uncertainty of the trend estimates. b Classification of regional trends, with darker 

colors indicating higher areal fraction per bin. Source: Chagas et al (2022). 
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Figure 5.19. Water scarcity changes. (a and b) Projected relative changes in the long-term mean 

scarcity index in Brazil for the distant future (2070ï2100) and historical period (1980ï2010) under 

the SSP2-4.5 and SSP5-8.5 scenarios, respectively. Changes per Brazilian biome are displayed in 

traditional boxplots (A: Amazon, C: Cerrado, Ca: Caatinga, Af: Atlantic Forest, and P: Pampa). (c 

and d) Relationship between relative changes for the distant future (2070ï2100) and historical period 

(1980ï2010) in water availability (ȹQ), water demand (ȹDem), and in the water scarcity index 

(ȹScarcity) for the SSP2-4.5 and SSP5-8.5. A yellow, dashed line separates catchments with positive 

and negative changes in the scarcity index. A gray, dashed line separates catchments with positive and 

negative changes in water availability. Red (blue) numbers indicate the fraction of catchments whose 

water scarcity is expected to get worse (better). (e and f) Catchments classified in four different 

categorical classes according to their positive/negative changes in future water availability (ȹQ) and 

water demand (ȹDem). Categorical classes per biome are displayed on stretched bar plots. Source: 

Ballarin et al (2023). 
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5.3.6 Water-Energy Nexus and Storage Services under change 

 

Acceleration processes have also affected water-energy nexus (see Figure 5.20) as highlighted by 

Cuartas et al (2022) and Tomasella et al (2023). Signals of land-use and climate change pointed by 

Ballarin et al (2023) and Chagas et al (2023) do justify freshwater storage services linked to climate 

services, especially for official list of dams and reservoirs in Brazil (see Figure 5.21).  
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Figure 5.20. Upper Chart:Monthly electricity generation for Brazilian regions (Cuartas et al, 2022). 

Lower Chart: Stored energy in hydropower plants of the Center-West and Southwest of Brazil (blue 

line) and thermal power generation (red line) over the period 2011ï2021. Source: ONS, adapted from 

Tomasella et al (2023). 
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Figure 5.21. Blue boxes: geographical distribution of freshwater reservoirs in Brazil, with 

classification of principal purpose of existing freshwater reservoirs (total dataset: 22000 reservoirs,  

adapted from ANA/SNISB). Pink boxes: preliminary results of potential Green House Gas emissions of 

selected freshwater reservoirs in Northeast Brazil and their equivalent future forest areas around 

reservoirs needed to assimilate lake-originated carbon emissions, under existing land-uses and 

climate, and through BRONZE-2-GOLD approach ("Brazilian Offset for Net-Zero Emission toward 

Goals with Leveraging Developmentò). Further studies are expected for the combination with works 

of Ballarin et al (2023, climate change and land-use) and Chagas et al (2022). Source: Silva et al 

(2023, IUGG Berlin). 

 

5.3.7 Water Security Insurance for  multi -hazard and multi -risk  pooling 

 

For poor-gauged catchments, Benso et al (2023) addressed water security insurance mechanisms under 

change for both multi-hazard and multi-risks (Figure 5.22. By using ñimmediate-ñ, ñintermediate-ñ 

and ñdistant-scenarioò changes has Gesualdo (2023) optimized premiums under climate change.  

 

 

 
 

 

Figure 5.22. Upper Chart:  Dynamic Water Insurance Under Change (Benso et al, 2023). Lower Chart: 

Dashboard (left) of drought risk pooling and insurance premium simulations (right) (Gesualdo, 2023) 

 

5.3.8  Urban flash floods risk  assessment under climate change 
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To assist small catchments draining to 40000 flood risk prone areas in Brazil, Castillo et al (2023) 

incorporated climate change scenarios to assess water security in the scale of human instability under 

urban flash-floods (Figure 5.23). Using the HydroPol2D model (Gomes Jr. et al, 2023), it is possible 

to map future flash-flood risk changes with distributed zoning and in poor-gauged areas.  

 

 
Figure 5.23. Example of urban flash-flood risk mapping for human instability under climate change 

using INCTMC2/HydroPol2D. Source: Castillo et al (2023) 

 

5.3.9  New Water Security Models for  Adaptation Under Change 

 

Gomes Jr. et al (2023) presented a general fully-conceptual distributed water quality model 

(HydroPol2D) assisting not only DRR-frameworks but also long-term scenarios under change. On the 

one hand, HydroPol2D is open source code, friendly envisaged for coupling Climate-Impact Drivers 

(CID/IPCC) with INCTMC2ôs Water Security, thereby merging cascading risks with other 

subcomponents, i.e.: ñNatural Disastersò, ñFood Securityò, ñIntegrated Modelingò, ñEnergy Securityò, 

and "Educationò. On the other hand, HydroPol2D is refined to handle new risk-transfer schemes under 

RCP x SSPôs trials (see Figure 5.24, 5.25). 
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Figure 5.24. Upper chart: Example of Willingness To Pay as insurance scheme under INCTMC2ôs 

scenarios with different RCP x SSP coupled by simulation models of water quantity and quality, i.e. 

HydroPol2D, https://doi.org/10.1016/j.jhydrol.2023.129982. Lower chart: CID (Climate-Impact 

Drivers) of Water Security Hazards simulated with INCTMC2/HydroPol2D related to framework for 

complex climate change risk assessment, Simpson et al (2021), One 

Earth, https://doi.org/10.1016/j.oneear.2021.03.005. New ñresponse" archetypes of strategies  of 

adaptation to CID-water security extremes are presented in Figure 5.13.   

 

Figure 5.25. Examples of new archetypes of climate-driven adaptation (IPCC/CID responses) of 

INCTMC2 Water Security subcomponent with main drivers (left, red lines), cascading IPCC-based 

risks (Pörtner et al, 2022) through reactive cycles (black lines) and proactive human-water feedbacks 

(colored lines). Adaptation strategies (i.e. ñJEDI AWAKENSò, ñReWASHò, ñBRONZE-2-GOLDò) 

aim to: (1) mitigate pressure on biodiversity, forest degradation and Indian people collapse in 

Amazon-dependant areas (i.e. pink, dotted lines), (2) recycle urban waters in Brazilian megacities 

(blue lines) and (3) promote new freshwater storage services for ANA/SNISB dataset (orange, dotted 

lines). Source: Mendiondo et al, 2023, Panta Rhei Symp.& IUGG Berlin. 

 

https://doi.org/10.1016/j.jhydrol.2023.129982
https://doi.org/10.1016/j.oneear.2021.03.005
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Furthermore, under a co-funded program between the Pernambuco's (FACEPE) and Sao Pauloôs 

(FAPESP) agencies for research, they conducted a three-day SWAT+ short course, delivered in-person 

and via teleconference, at the University of Sao Paulo (USP) in Sao Carlos. This course was the kick-

off of a long-term collaborative effort among the Brazilian Water Resources Association Technical 

Commission on Education ("ABRHidro-CT-Educacaoò), the National Institute of Science & 

Technology National Observatory for Water Security and Adaptive Management (ñINCT-

ONSEAdaptaò), funded by CNPq (Brazilian Research Council),  and the UNESCO Chair on Urban 

Waters of USP. 

This has led to discussions with Dr. Srini about developing a version of HAWQS, tentatively called 

ñBESTò (Brazilian Ecohydrological Simulation Tool), that would cover all of Brazil. BEST will be a 

collaborative platform. Tentative plans include Dr. Srini providing a 10km x 10km SWAT model 

(initially uncalibrated) for the entire country. Brazilian researchers would be encouraged both to help 

calibrate the country-wide model and to contribute their more detailed, calibrated and validated SWAT 

models for other watersheds, starting with models of important Brazilian watersheds developed by the 

group. The Brazilian SWAT community would reach out to other universities and government 

agencies like EMBRAPA and ANA to contribute to this national effort. 

5.4 Human health and climate change 

The works were carried out along two complementary lines: A) application of models for projecting 

the distribution of parasitic disease vectors (different forms of leishmaniasis), depending on the 

climatic suitability for the proliferation of these vectors (ñDistribution Potentialò). In the last year of 

the project, the geographic scope of the analyzes will be expanded, initially restricted to the states of 

Minas Gerais and Rio de Janeiro. B) Retrospective analyzes of the effects of 5 geomagnetic factors on 

mortality from different causes (cardiovascular, neurological, autoimmune and infectious), in the 

South and Northeast regions of Brazil. In the final year, emphasis will be given to the effects of the 

Schumann Resonance phenomenon, due to the vast database of this parameter, existing for the study 

period (1996-2020). 

 

5.4.1 Activities developed  

According to the World Health Organization (2010, 2011) policies for surveillance and control of 

neglected diseases must be aligned with agendas committed to the assessment of climate and 

environmental changes. Thus, studies are being carried out with sandflies, insect vectors of 

leishmaniasis, an important disease in which Brazil has one of the highest numbers of cases (OPAS 

2020, 2021). 

In the first year, projections of the distribution of 04 vectors of American Cutaneous Leishmaniasis - 

ACL (Bichromomyia flaviscutellata, Nyssomyia whitmani, Nyssomyia intermedia and Nyssomyia 

neivai) were produced in scenarios of climate change in Brazil. In the following year, projections were 

made for other vector species Psychodopygus wellcomei, Psychodopygus complex, Nyssomyia 

umbratilis, Migonemyia migonei, Lutzomyia longipalpis and Lutzomyia cruzi, the latter two being 

vectors of American Visceral Leishmaniasis - AVL. In the third year, the results of the climate 

suitability scenarios of the vectors studied individually were analyzed, as well as their associations 

with the distribution of the respective ACL and AVL. In the fourth year, with the updating of the new 

scenarios of the Intergovernmental Panel on Climate Change (IPCC), the updating of the database 

related to the modeling of vectors was also started, so it was possible to calculate projections of the 

vector distribution associated with the variables socioeconomic conditions and the incidence of 

leishmaniasis, serving as a basis for calculating the vulnerability indexes of Brazilian municipalities. 

Such results, aggregated and analyzed by municipality, constitute important products to subsidize the 

National Leishmaniasis Control Program and the State and Municipal Health Secretariats of the 

country, aiming at a better planning of surveillance and control actions.  

And in year 5, the municipal vulnerability in the State of Rio de Janeiro was analyzed for transmission 

of AVL (human and canine), as well as updating the record of Lu. longipalpis, an important vector of 

the disease, and its municipal classification. In the same year, the analysis of the spatial distribution of 
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was studied Ny. whitmani in Brazil, in association with vegetation cover and the six Spatial Circuits of 

the LTA, which showed higher vector density in Dense Ombrophylous Forests, Seasonal Deciduous 

Forests, Seasonal Semideciduous Forests, Cerrado and Steppe. Finally, a systematic review of the 

climatic conditions that may affect the distribution of Covid-19 was started, in addition, the production 

of the modeling process to predict the distribution of Covid-19 under the effects of climatic conditions 

in the Brazilian territory. 

In this year 6, the geographical distribution of was correlated Ny. whitmani, an important vector 

species of ACL in Brazil, and the population's vulnerability to the disease, through scenarios of 

environmental changes caused by land use. And to analyze future projections in relation to this 

vulnerability of the population in the face of climate change, it is necessary to understand how the 

dynamics of the disease occurs today in relation to the distribution of vectors in different ecological 

niches. Thus, an update of the municipal vulnerability for the transmission of AVL, ecological niche 

modeling and predicted geographic distribution of disease vectors in the state of Rio de Janeiro were 

carried out. Update of the vector distribution database (Lu. longipalpis and Mg. migonei) of AVL in 

the state, and creation of a thematic map of the spatial distribution of Lu. longipalpis and Mg. migonei, 

in the state of Minas Gerais, where about 70% of the cases of the disease in the Southeast Region are 

registered, as well as the production of maps related to vulnerability, municipal classification of the 

state and use and land cover in relation to these vectors. 

With the current increase in global warming, it is believed that the results produced here can 

corroborate with the public power in the elaboration of strategic plans to mitigate the effects of global 

warming. 

5.4.2 Analysis of the Spatial Distribution of Nyssomyia whitmani, Social Vulnerability and Risk 

Factors for American Cutaneous Leishmaniasis in Association with Vegetation Coverage in the 

Southeast Region 

Vector-borne infectious diseases are exceptionally vulnerable to climate change as they depend on 

close relationships between microecological conditions, different parasite species, vectors and hosts 

that interact in complex transmission cycles. In Brazil, American Cutaneous Leishmaniasis (ACL) 

occurs in all Brazilian states, a disease sensitive to environmental factors, affected by changes in 

precipitation, temperature, humidity and land use. The study aims to correlate the geographic 

distribution of Ny. whitmani, to evaluate the vulnerability of the population to the occurrence of ATL 

in scenarios of environmental changes caused by land use. In order to evaluate the spatial distribution 

model of the vector and the surveillance and monitoring of ACL, in the municipalities of the states of 

the Southeast Region, databases were built with records of the occurrence of the vector, of the disease, 

associated with data on land use and cover (http://www.inpe.br).  

These data were integrated into the Geographic Information System (GIS), a tool for investigating and 

forecasting environmental changes and creating thematic maps. Of the 1,667 municipalities in the 

states of the Southeast Region, Ny. whitmani was registered in 372 of them (Figure 5.26). Most of the 

vegetation cover in the Southeast Region is formed by the Atlantic Forest, which may undergo 

changes due to environmental and climate changes caused by the continuous process of environmental 

degradation. This favors the establishment of Ny. whitmani and the occurrence of human cases of ACL 

due to the strong association between the vector and the disease in areas with intermediate vegetation 

cover density. Future projections for ACL indicate the continuous process of expansion of the disease 

in the face of predicted climate changes and reinforce the wide geographic extension of this disease in 

Brazil. The use of geotechnology in assessing municipal vulnerability to ACL transmission is an 

important support product for the Brazilian Control Program. 

http://www.inpe.br/
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Figure 5.26. Spatial distribution of Nyssomyia whitmani in association with production areas and 

occurrence of ATL in Brazil, according to the Kernel technique. 

5.4.3 Municipal vulnerability for transmission, ecological niche modeling and predicted 

geographic distribution of American Visceral Leishmaniasis vectors in the state of Rio de 

Janeiro, Brazil 

Leishmaniases are sensitive to climate and environmental changes, the vectors are highly dependent 

on climate. The state of Rio de Janeiro (RJ) has a low number of cases of human American Visceral 

Leishmaniasis (AVL); and, paradoxically, a high number of infected dogs, human mortality, vector 

adaptation, urbanization and expansion of the disease. This study aims to identify vulnerable 

municipalities, map the spatial distribution of diseases, AVL vectors (Lu. longipalpis and Mg. 

migonei), and predict spatial distributions using ecological niche modeling based on climatic and 

environmental variables. The occurrence of vectors, human and canine cases of AVL were obtained 

from the National Information System for Notifiable Diseases in RJ and the literature; associated with 

uncorrelated bioclimatic variables: temperature, precipitation, altitude and Enhanced Vegetation 

Index. The models were based on algorithms: bioclim, logistic regression, random forest, maximum 

entropy and support vector machines; were executed in R and the final maps were drawn in QGIS. In 

the last three years in RJ, 48% of the municipalities registered transmission by AVL (human and/or 

canine) (Figure 5.27), 52% can be classified as vulnerable and 29% of this group receptive (where 

there is the presence of AVL vectors), no municipalities classified as non-vulnerable were found 

(Figure 5.28).  

It is noteworthy that among the municipalities with human transmission, all were classified as sporadic 

transmission, except for the municipality of Rio de Janeiro, which is classified as having moderate 

transmission (Figure 5.29). The state has only 37% of municipalities with registration Lu. longipalpis 

and/or Mg. migonei, with a clear need for entomological studies in the region (Figure 5.30). The 

database included 42 records for Lu. longipalpis and 88 of Mg. migonei, present in 19 and 31 

municipalities in RJ. Lutzomyia longipalpis and Mg. migonei are predicted to co-occur in the 

metropolitan region, coastal plain, parts of the green coast and south of the northern region. 

Migonemyia migonei is predicted to occur additionally in the middle Paraíba, Center-South, Northwest 
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and south of the Costa Verde (Figure 5.31, 5.32, 5.33). After detection of the vector in vulnerable 

municipalities, the recommended control actions are health education, environmental management and 

canine investigation, aimed at early detection of AVL cases. These studies provide subsidies for 

surveillance and prevention campaigns and contribute to knowledge of the ecology and distribution of 

vectors in RJ, where the disease has shown increased transmission in urban areas in recent years. 

 

Figure 5.27. Distribution of human and canine cases of AVL in the state of Rio de Janeiro 

January, Brazil, in the period 2020 ï 2022. 

 

Figure 5.28. Distribution of AVL transmission and vulnerability in the state of Rio de Janeiro, Brazil, 

in the period 2020 ï 2022. 
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Figure 5.29. Distribution of AVL transmission classification in the state of Rio de Janeiro, Brazil, in 

the period 2020 ï 2022. 

 

Figure 5.30. Distribution of AVL vector records in the state of Rio de Janeiro, Brazil, in the period 

2020 ï 2022. 

 

Figure 5.31. Potential distribution of Lutzomyia longipalpis records in the state of Rio de Janeiro, 

Brazil. 


