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1. Overview

TheINCT for Climate Change Phase 2 (INCT MCAlins to implemenanddevelop acomprehensive
network of interdisciplinary researclon global changeand sustainabilityand is based on the
cooperationbetweenabout 30research groupsrom all regions of Brazilfrom various national
international research groygavolving in its entiretyover approximately850 researchersstudents
and collaborators ad establishing itself asne of the largeshetworks of environmentalesearch
developedn Brazil (Figure 11)
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Figure 11. National and international partners of the INCTCRI
The prograntonsists obix thematic linegor subcomponenjs

Food security;

Water security;

Energysecurity

Health and climate change;

Naturaldisastersimpacts ormphysical infrastructura urbanareasand urban development
Impactson Brazilian ecosystenis view of changes ifand useandbiodiversity,

ogabkwnpE

All thesecomponentare connectedia 3integrative themes or cross cutting themes

7. Economy andmpactsin key sectors

8. Modelling the earth systerand production ofuture climate scenarids studyvulnerability,
impacts, adaptation and resilience

9. Communicationdisseminatiorof knowledge an@ducation fosustainability

Starting in Year 6, we have createth@w 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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Laboratérios Associados Comité Cientifico (CC e CG)

Secretaria INCT-MC2

Fase de sintese e integrac&o de resultados das componentes

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

So far, the scientifiagenda of the INCMC2 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 impadisate 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 tlaeademia, 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, 5and now in yeab we decided to include all components of the project, that include
contributions of the UFMG and FIOCRUZ in MG, and partnerships with UFSC, UPE#, 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 researchersf dhis project in the elaboration of the Scientific ReportSaience 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 scientistaifeoragion have untied to

form the unprecedented. The Panel was convened by the United Nations Sustainable Development
Solutions Network (SDSN), and provided a comprehensive;diris-kind scientific assessment of

the state of the Amazon, current tren@énd recommendations for the lelegm wellbeing 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 ard 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 cehosted a higltevel dialogue in Belem, Paré 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 aomprehensive network of interdisciplinary reseammh global
environmental change and sustainability

1 To develop actions aimed assessing adaptatiom environmental changes and the transformation to
sustainability to reflect thevulnerabilitiesand reslience trajectories angbropose ways in adaptirtg

these changes, especially in relation to decision ipadligcal sphere

9 To mergesciencewith educatiorfrom primary to the poggraduate levels.

To provide anoverview of issues related tsustainallity and environmentakociatcorporate
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 mantain excellencén activities in Science & Technology & Innovation as the structural axis of
sustainable environmental development, with an integrator and innovative character.

T To transferknowledgeusing instruments that go beyond only scientific aricleut producingudio

visual materiglweb 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 negotians.

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;

1 To enhance and expand the scope of studies on global changes and their impacts on important sectors
to the economy of Brazil.

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

1 To sensitize the public perception of scieacel technology in relation to global change and impacts
on society.

1 To contribute prominently in the research and development dfi#tienal Plan on Climate Change
and theNational Adaptation Plan to Combat Drought and Desertificatiompartnership vih federal,

state and international research programs on global change

To produce publications and model data that can be used to provide scientific contribmtions
scientific panels, The Rede Climspecial reports of the Brazilian Panel of Clim@leange and the

Fifth National communication of Brazil to UNFCCC.

3 Coordination

Coordinator:  Jose A. Marengo, Researcher, Lev8-CNPq classification, CEMADEN, Sao Paulo
Vice-Coordinator: Tercio Ambrizzi, Researcher, Level 2@NPq classification]AG USP, Sao
Paulo
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-Steering Committee

Name Field of work Institution e-mail
Jose Antonio |Pr oj ect 6s CEMADEN jose.marengo@cemaden.gov.k
Marengo Orsini Climate  modelling,

impacts and

vulnerability

assessments
Tercio \Vice-coordinator, IAG USP ambrizzi@model.iag.usp.br
Ambrizzi Climatology, climate

studies, water

security
Paulo Nobre Oceanic and coupled | CPTECINPE | pnobre@cptec.inpe.br

atmospher@cean

modelling
Roberto Energy and climate | COPPE UFRJ| roberto@ppe.ufrj.br
Schaeffer change
Paulo Eduardo [Environmental IF USP artaxo@if.usp.br
Artaxo Neto physics, Amazonia,

andclimate change
Eduardo Mario |Hydrology and water | USP EESC | emm@sc.usp.br
Mendiondo security
Ulisses E C [Health and climate | UFMG e| uconfalonieri@gmail.com
Confalonieri change FIOCRUZ efrangel@ioc.fiocruz.br
Eduardo Economy of climate | FEA USP ehaddad@usp.br
Haddad change

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. Associataedbdlatories are those centers whose
members are part of the CG but are not part of the group that is submitting the pidpogabgress of

the Project is monitored by a Scientific Committee (CC), that is constituted by the coordinators of the
sub componest(themes) and from the cross cutting activities. We have meet virtually in 21@28h

to see the progress of the project.

The transfer of knowledge to sociatyust be developed from a systemimfestigation, management
and experimentatiomformationin the area o€limate changdyy means of

A Theoreti
dissemination;

cal S tthratesnppdrt laaions thag invest soiemtificicdmneugication and

A The generation of an alsceacessteclnblogieshasdciatye | at i ons hi
A The <creati on methodologiew tha pllpvexpeansehtiags with social media and
languages;

A The invest i ga tultuahartafatts (pewspapenhiagaaihes, tmowes, TV shows,

works

art, blogs, videos, radio showmdasts, etc);

A The production and dndsgulgynmateramls that nan sefae tools foo r ma t i
public managers andcivil society organizations in the evaluatiomolicy formulation and
implementatiorpublic.
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In this project, we want theommunity toscience in global environmental changdésrd, not only to
legitimize what has already been decid®d governments, but to influence the procested are
ongoing in public administrationegarding environmental policies and majordertakigs that may
affect the environment.

The experience gained at the INGIC2 in the period 2012023 can be evaluated from the degree of
interdisciplinary synergy in S&T and its continuity Social. Internally, the INGT2 valuesthis

synergy in thantegration 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 BiodiversityraN®isasters, 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 andoBuction of Future Scenarios. On the other hand, in the period
20202023, 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 tmejgct have been updated

“ COORDENADORES (INSTITUIGAO, ESTADO) ATIVIDADES DESENVOLVIDAS NO PROJETO

Coordenagao do projeto, modelagem climatica,
avaliagdes de impactos e vulnerabilidade, extremos,
adaptacdo, lider do CG e CC. Sintese e Integragdo dos
restados do projeto.

Coordenador J. Marengo (CEMADEN, SP)

Vice-coordenador do projeto, climatologia, estudos
Vice-coordenador T.Ambrizzi (IAG-USP, SP) climaticos, seguranca hidrica, membro do CG e CC.
Sintese e Integracao dos restados do projeto.
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SUBCOMPONENTES OU

TEMAS INTEGRATIVOS/ COORDENADORES (INSTITUICAO, ESTADO) ATIVIDADES DESENVOLVIDAS NO PROJETO
TRANSVERSAIS

Hidrologia, seguranca hidrica, avaliagdes de risco,

k- tendicndo (EE el 56, oF) coordenador de subcomponente, membro do CG.

Seguranca hidrica

Modelagem hidrolégica em dreas urbanas e rurais no

e semiarido brasileiro, coordenador de subcomponente.

Seguranga alimentar, modelagem agricola,

Seguranca alimentar E. D. Assad (EMBRAPA, SP) GeBIHARAtaE delswtcorpanante

Energia e mudangas climaticas, coordenador de

R schactior (CORREILERL RI) subcomponente e membro do CG.

Energias renovéveis, energia e mudangas climaticas.
Seguranga energética E. B. Pereira (CCST-INPE, SP) Cenérios de energia edlica e potencial solar,
coordenador de subcomponente.

Energia e mudangas climéticas, coordenador de

A. Szklo (COPPE-UFRJ, RJ) e

Salde e mudangas climéticas, vulnerabilidade e saide
U. Confalonieri (UFMG-FIOCRUZ, MG) climética, coordenador de subcomponente, membro
Satde do CG.

Salde e comunicagao social, educagédo, coordenador

E. Rangel (FIOCRUZ, RJ) & eotonen o

Economia das mudangas climaticas, coordenador de

B addediFE ISR SR, tema integrativo, membro do CG.

Economia e impactos em
setores-chave

Economia das mudancas climéticas, coordenador de

S. Margulis (IPEA, DF; Way Carbon, MG) i e s

Economia das mudancas climéticas, coordenador de

L-FerealllEEs, DF), tema integrativo.
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SUBCOMPONENTES OU

TEMAS INTEGRATIVOS/ COORDENADORES (INSTITUIGAO, ESTADO) ATIVIDADES DESENVOLVIDAS NO PROJETO
TRANSVERSAIS

Linguagens, comunicagdo cientifica, coordenador de

A. Amorim (UNICAMP, SP) T

Comunicagdo, difusao de
conhecimento e educagéo

para sustentabilidade S. Dias (UNICAMP, SP) Educagdo - conhecimento e arte, coordenador de

tema integrativo.

Desenvolvimento de modelo oceénico e acoplado
Modelagem do sistema oceano-atmosfera, BESM - Brazilian Earth System
x P. Nobre (CPTEC-INPE, SP § : .
terrestre e produgéo de Caid il Model, coordenador de tema integrativo, membro do

cendrios futuros de clima para CG.

estudos de vulnerabilidade,

impactos, adaptagio e Modelagem climéatica regional, cenérios futuros de
resiliéncia S. Chou (CPTEC-INPE, SP), mudangas climéaticas de alta resolugéo, coordenador

de tema integrativo.

R. Alvals (CEMADEN, SP) Desastres naturais, av.ahag:oesf de impactos e riscos,
coordenador de tema integrativo.

Desastres naturais, areas

urbanas, infraestrutura fisicae  R. Rodrigues (UFSC, SC)

desenvolvimento urbano

Desastres naturais, zonas costeiras, coordenador de
tema integrativo.

Mudangas climaticas e desenvolvimento urbano,

R e, cidades resilientes, coordenador de tema integrativo.

Fisica ambiental, Amazonia, coordenador de tema

Fantaxo (IFUSE, SE) integrativo, membro do CG.

Impactos nos ecossistemas
brasileiros frente as

mudangas do uso da terra e 3 Inventérios de emissdes de gases de efeito estufa,
biodiversidade M. Bustamante (UNB, DF) estudos na regido do Cerrado, coordenador de
subcomponente.
FASE DE SINTESE
E INTEGRACAO DE COORDENADORES (INSTITUIGAO, ESTADO) ATIVIDADES DESENVOLVIDAS NO PROJETO
RESULTADOS
e J. Marer?gc? (CEMADEN, SP) Preparaga'o de dossiers e artigos de mtegrag:ao
et eEolentre darborenes T. Ambrizzi (IAG-USP, SP) entre as diferentes componentes do projeto usando
g P S. Viggiani (USP) NEXUS+.

was created to support the integration of results from all the components of both the main themes as
crosscutting themes. this integration is being done using the NEXUS+ methodology used in the
Fourth Communicatiomf Brazil with the UNFCCC(4CN), always considering the relevance to the
Sustainable Development Goals SD& (sustainable agriculture), SBE&(ensure healthy living),

SDG-7 (Clean energy and affordable: ensure access to cheap energy),13BGstainable iGes and
Communities), SDE3 (Action against global climate change), SD%& (Terrestrial Life: Protect,
Restore, and Promote the sustainable use of terrestrial ecosystems), between others. By early 2023,
hundreds of publications were generated by thilootation 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
characeristic 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 amthich 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 COMID 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, CNPg and some FAPs
approved 60 new INCTs in 2023, and there are conwensawith MCTIs to make the INCTs a
regular programme from CNPq. This was discussed in tham8ual meeting of the Brazilian Society
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of Science Progress (SBPC) that occurred in Curitiba, Parana, durdty Ry 2023, The main topic
ofthe Agendawas he current and future situation of | NCT

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:

Sdo Paulo, 21 de margo de 2023.

Timo(a). Sr(a).
Prof(a). Dr(a). JOSE ANTONIO MARENGO ORSINI

Em resposta a correspondéncia de V.Sa., datada de 16/12/2022, informamos
que suas solicitagdes foram autorizadas, conforme abaixo:

- ADITIVO RECOMENDADO:
6 quotas bolsa PD 12m;

2 quotas bolsa TT-5 40h 24m;

1 quota bolsa TT-4 40h 24m;

1 quota bolsa TT-4A 40h 24m.

- VIGENCIA:

De: 01/07/2027 a 30/06/2023

Para: 01/07/2027 a 30/06/2025

Compromissos de RC e PC: 30/06/2024 e 30/07/2025.

PARECER DAS COORDENACOES

Prezado Professor, agradecemos seu pedido. Contudo considerando que o CNPQ concedeu aditivo de
MP, MC, bolsas e que seu projeto ainda tem saldo de mais de um milhdo ndo ha justificativa para o
aditivo solicitado. A Fapesp concede aditivo de pequeno valor para bolsas conforme descrito a seguir:
Recomenda-se a concessao de mais 6 cotas de 12 meses de bolsas de PD, duas cotas de bolsa TT5 de 24
meses, uma cota de bolsa TT4 de 24 meses e uma cota de bolsa TT4A de 24 meses.

it as justi e o fato da agéncia parceira ter concedido a prorrogacio de
vigéncia, recomenda-se aprovar os 24 meses adicionais em carater excepcional.

Por favor, para qualquer consulta ou icagdo sobre esta
use exclusivamente os servigos do “Converse com a FAPESP” em www.fapesp.br/converse.

Certos da compreens3o de V.Sa. quanto aos procedimentos desta Fundagdo,
aproveitamos o ensejo para lhe expressar nossas saudagdes.
Atenciosamente,

Luiz Eugénio A. M. Mello
Diretor Cientifico

In addition, these PD fellowships were grantedmBWPESP 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 12
Water security 12
Energy security 12
Natural disasters 12

I G

Economy 12
Modeling 12
TOTAL
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 1TTIVA 24
Natural disasters 1TTV 24
Econony 0 0
Comunicdion 1TTIV 24

Modeling 1TTV 24

1C
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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 Yeafrthe project. We also include information on

new team members coming into the project, explain some ehkaimgthe coordination of the
components if that is the case and plans for ¥earAll information on scientific production and
activities from each of the components (workshops, publications, participation in events, use of the BC
and RT, fellowships [deas]) are listed in upcoming sections. The report is from activities developed
by all components of the project.

51 Coordination

The two coordinators Jose Marengo and Tercio Ambrizzi have meet duringdyearseveral
occasions, some of these meesinigok 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 workingtjppaet dedicated to this projectMs

Rosa helps the coordination with the procedures to indlmasasto 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
collaboratorshave developed a scientific agenda on investigation of observed climate variability and
change, with focus on extremes in regions such Amaz Northeast BraziPantanal anthajor cities,

such as Sao PaulS8ome paperhave 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 abackground 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 stddiaing with weather and climate
extremes, providing some ground basis for the work of the components. From-4eae 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 willvork on the integration of results from all components. This shows that
years 57 will be mainly integration of research results from yea#s IThe 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 iHavang Cubaon July 203.This is thethird year that WMO has produced this
annual regional report, which provides decisinakers more localized information to inform action. It

is accompanied by an interactive Story M&jgure5.1)

11
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Figure 5.1 Stateof 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 Americabelownormal rainfall was recorded in the central and southern regions of Chile
(between 20% and 60% below normal) and in the central and-e@stiern Andes of Peru and in Bolivia
(between 30% and 50% below normal). As in 2021, beiownal rainfall was dminant over the Parahiéa

Plata Basin in soutkastern Brazil, northern Argentina, Paraguay and Uruguay, suggesting a late onset and weak
South American monsoon. Abovermal precipitation anomalies (1020%) dominated the semiarid region of
north-easterrBrazil, 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
southeast Brazil were related to heavy precipitatewents concentrated in a few days. Some of the observed
rainfall patterns were consistent with the typical rainfall patterns associated with La Nifia conditions.

- Extreme rainfall ;1 n central South America, episodes of extreme rainfall triggered flo@diddandslides that
affected thousands of people. In the state of Sdo 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 fhoding and landslides in Minas Gerais (Brazil), in which at least 15 peopleQtietb 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 mmraih was recorded in 24 hours, leading to more than 230
fatalities32 Heavy rainfall occurred again on 20 March, 415 mm in 10 hours, leading to landslides and flooding.
On 2 3 April, in Paraty and Angra dos Reis (about one hundred kilometreswestlofPetropolis), 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 Paraib&#soBhazil). In

Recife, h 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 .dmergency
Rondbnia, in western Brazilian Amazonia, heaawy 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 ssagtern South America were the
worst since 1944. Belowormal rainfall was dominant in souéastern Brazil, northern Argentina, Uruguay,
Paraguay and eastern Bolivia, suggesting an early g@ridithe South American Monsoon. The third La Nifia

year in a row caused a prolonged period of drought conditions, mainly ineastérn South America. In 2022,
central Argentina recorded its driest year since records began in 1960.

- Heat waves A large area centred around the cervnakthern part of Argentina, southern Bolivia, central
Chile, and most of Paraguay and Uruguay experienced raceatting temperatures during two consecutive
heatwaves in late November and early December 2022. In Chile} fies caused significant damage to the

flora and fauna after the burning of the Chilean Palm, a species native to the Valparaiso 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) Tlegion 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, leaatde: forder 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 subtropBmalith 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 tatumgefor 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 evens 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 mirimum is

0.6 °C).

-Impacts on agriculture: Drought conditions in 2@2led 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 |l osses during the year . m&ntatarnearly %sof one of
its annual gross domestic product (GDP). For the fir.
agricultural production index compared to the first quarter of 208 was largely due to poor harvests of soy

and orn 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 | owes
producer.

-Impacts on water resources:The Parana River, on which Argentina relies to export 80% of its agricultural
products, was affected by low water flow due to the Patanm&lata Basin (LPB) drought. Levels of the

Paraguay River at Ladario reached 64 cm below normal (the annual averader|@9eid 2022 was about 280

cm). This situation can partially be attributed to dry conditions related to the La Nifia 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 crisi

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 pkanin the region. Electricity production in the two binational power plants in

the LPBi Yacyretd (Argentina and Paraguay) and Itaipt (Paraguay and Brd@B been drastically affected

by the low levels of water. Itaipl has shown a steady decreasdédn lexels since 2018. A similar pattern has

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

5.12  Hydrogeological disasters in the city of S&do Sebastido in the Northern Coast of the State
of S&o Paulo in February 2023

On February 18#19th, 2023, heavy rainfall affected the municipality of S&o Sebastido, on the coastal
region of the state of Sdo Palih 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 wsdrratedsoil 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 Sdo
Paulo. This was in additioto 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 S&o Paulo, and it rained continuously from around 19:00 arafyeb8th to 11:00

hours on February 19tiKEMADEN 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®d Sebasti «xob6s popul ation either
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 disastedtihazard

early warning systems are vital for adaptation and risk reduction in areas susceptible to disasters.
Public policies must be implemented so lives can be s&idte Vila Sahy in Sdo Sebastido, extreme
rainfall of more than 600 mm in letkan 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 llhabela, Caraguatatuba, Bertioga, and Ubatuba were also heavily affected. @kegs dis
destroyed infrastructure, leading to significant loss of life and destruction to the region.

The meteorological situation that led to heavy rainfall on Februdfy138 2023, was a cold front

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

off the coast of Sdo 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 continously from around 19:00 hours on February tt811:00 on February 19According to

rainfall data from the National Center for Monitoring and Early Warning of Natural Disasters
CEMADEN, from February 18-19™ it rained 682 mm in Bertioga and 626 nimS&o Sebastido.

Such a rain amount is perhaps the highest sithgjerainfall total in the country's recent history. The
previous high rainfall event was in February™222, when Petrépolis recorded 534 mm in 24 hours

It was the town of S&o Sebadsii 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 Sdo Sebastido, and from the endroglthéo 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 S&do Sebastido, Bertioga, and
Guaruja, varied between 200 and 600 mm, and the most abundant rainfall occurred between February
18" -19". Almost no rain on February 20, and some rain on Februdhy28th. The diurnal rainfall
variability on February 1819" for stations in S&o Sebastido, Guaruja, 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 @8: UTC hours (17:00 and 20:00 hours local time) on Februaly 18
(reaching between 60 and 140 mm) and continued until 11:00 UTC (08:00 hours local time) of
February 19". In some stations, rainfall rose again between 02:00 and 09: UTC on Febrlaip 19

light blue from Sebastido. This means that in some stations, the abundant rainfall lasted almost 15
hours, from the afternoon of February™1#® the late morning of February 19
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Figure 5.2 Daily variability of rainfall between Februarg1™-28" for the Sao Sebastiano, Bertioga
and Guaruja region of the NCSP (see map on the upper right side of the panel). Units in mm/day.

Figure5.3 shows accumulated monthly rainfall from February 2023 for the NCSP (Figure 8a), as well
as accumulatedaily 12:00 UTC to 12:00 UTC during February 1819th, 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.or¢ebinbdtml,

last accessed on March 17, 2023Jowever, in February 2023, rainfall in Sdo Sebastido varied
between 64850 mm/month, and in Bertioga and Guaruja, the accumulated varied betwetd3P10
mm/month. Based on the diurnal behavior of rainfiadhf Figure 9b, the daily accumulated rainfall
between 12:00 UTC to 12:00 UTC on February™&89™ varied between 30650 mm in Sao
Sebastido and 18880 mm/24h in Bertioga and Guaruja. In comparison, on Februdty18™" and

19™ -20™, rainfall varied between-25 mm in Sao Sebastido an@® mm in Bertioga and Guaruja.
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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 Februar{f-18" 2023 in mm/day for

the NCSP. Circles in the map show | ocation of
circles on the right side of each panel. Source of data CEMADEN.

The extreme rainfall event caused the widespread collapse o$ stegieconcentrated in a continuous

strip of about 40km long and about 10km wide, notably involving the areas of high hills adjacent to
the coastline of Sdo Sebastido, including small islands and mountainous areas. The event was of great
magnitude resultip in specific clusters of landslides and flows, which resulted in extraordinary
volumes of mobilized material. The density of landslide scars (Flpdyeeveals the places where the

event resulted in more severe impacts, highlighting the beaches of darBoicucanga (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

.
S00000£Z

Caraguatatuba

50005142

Séo Sebastido

Density of landslide scars Ilhabela

B
)
S0000€£2

Very low $ &
Low f é‘
Moderate a
[ High
I Very High 0 5
| E— N
3
=3
i | | | ‘ i &
5115000W 5100000W 5085000W 5070000W 5055000W 5040000W

Figure 5.4. Landslides scadensity from landslides triggered during the February' 189" , 2023
event, in S&o 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 critia@fall 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
hydrologicalrisk 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 omakddlfsides, as in Sao
Sebastido.

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 geograplaiccharacter 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 disasterslt is expected that an early warning triggers early actiothé case of faghoving

hazards, such as flash floods and landslides, this sometimes means evacuating and seeking appropriate
shelter. In the case of Sdo Sebastido and adjacent regions on the Febfud§" 18023 disaster,
forecasts of alerts fromidih-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. ConcelimihB&lense activities,

the primary needs, according to a recent study by, are related to financial support, structure, and
capacity building The disaster in S0 Sebastido shows the need forcomitlinated initiatives to

support the Civil Defense of micipal governments, so vulnerable populations may be more resilient
and can cope with disasters caused by extreme weather evgiitisother regions of Brazil and the

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

many homes and buildings in higisk areas vulnerable to these disasters. Therefore,-nazérd

early warning systems are essential for effective adaptation in areas at risk from weather and climate
extremes, and this is being discusBeseveral panels and scientific networks.

5.13 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 clscale phenomena, precipitation in a changing
climate under global warming is still a factor of greatenminty, especially in Tropical regions. In

this study, longerm highresolution simulations from a global cleueksolving model under the scope

of the Coupled Model Intercomparison Project (CMIP6) have analyzed the climate change impacts on
the mesosda convective systems (MCSs) over the Amazon basin. The authors generated a complete
spatial, temporal, and statistical characterization of the MCSs for the past1268), present (2000

2010), and nedfuture (20402050). They found that MCSs are aicet 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 expamtéiduously

decline in the nediuture. 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 preged 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 betwe@020@hd
19501960 (left panels), 2042050 and 1951960 (center panels), and 202050 and 200010

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

5.2 Food security

This subcomponent is divided into threstities

- 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.

5.21.1 Rice;:
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Rice is a staple f the Brazilian diet and is present in food consumption in all regions of BFaail.
supply of this grain iprojected 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 omraa of approximately 1.6
million hectares. Given the history of grain production and land use in Brazil, rice, along with
beangs expected to lose area relative to other crops such as soybeans anSirodarly, the
smaller area is expected to be camgated by productivity gains, stabilizing production at around
1.6 million hectaresFigure5.6 below illustrates the evolution of rice production until 2050.

3

Producao

m__m

Figure 5.6. Evolution of rice production until 2050Source: IBGE, Municipal Agriculturaburvey
until 2020.

5.21.2 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 dygessure from soybean and maize
expansion. This loss of area will be compensategrbguctivity gainsthrough the expansion of

the use of biological nitrogen fixation technology in legumes. Fi§urshows the evolution of
bean production for Brazil until the year 2050.
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Figure 5.7 Evolution of bean production in Brazil until the year 20S6urce:IBGE, Municipal
Agricultural Survey until 2020.

5.21.3 Wheat
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Wheat production was 6.3 million tons in 2020 using an dr&lamillion 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. Figar@shows the evolution of wheat supply in Brazil

until the year 2050.
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Figure 5.8.Evolution of wheat supply until 2058ource: 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.

5.21.4 Cassava

Cassava production in 20 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 factdisgafieth

the supply side, such as price and climate variab#ityd 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 ctsdicrops. The reduction in cassava
production reflects shrinking demand as households migrate to atweetive carbohydrate
sources (rice and wheat derivatives, for example) with the expected increase in income. Figure
5.9illustrates the evolution of cassava production until the year 2050.
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Figure 5.9 Evolution of cassava production until the y@®50. 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 areawill be replaced by commodities such as soybeans and corn and this will certainly
have an impact on food supply. Figgd 0 illustrates the projection of planted areas until the year
2050 for various crops in Brazil.
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Figure 510. 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 thatathtedparea 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 imybean 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. Redubie pressure for the extension of the area of
crops in Brazil necessarily involvashe e xpansion of technigues and technologies that
increase land productivity without the need for new areas. The expansion of the high qutility no
system, associatexith integrated production systemscan 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 gassantributing 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 evolutios, dkans,
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 lems of the basic food basket in the last 35 years, in
kg/inhabitant.

Rice beans cassava wheat
67 19 171 32
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74 16 159 37
65 21 151 13
67 16 120 14
71 16 129 31
65 18 125 31
60 16 114 26
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.

52.2  Activity 2 - Economy, Climate and implications for food security
In activity 2 the results were indicated in the previous reaar 5)
5.2.3  Activity 3 - Climate, livestock and implications for food security

Animal protein production in 2020beef, pork and chickenwas 27.9 million tons, of which 49%
was chicken, 34% beef and 16% pork.

Total animal protein production is projected to grimvaround 51.5 million tons in 2050. That is,
an 84% growth compardf020.

Following the shorterm 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), begfoduction is expected to grow to around 11.8 million
tons. Several national (MAPA) and international (USDA) projections point to a sustained growth
in international demandsimilarly, chicken production is projected to chicken production

of 31.7 million bns in 2050, representing about 62% of total meat production in BPazK.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).
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Figure5.11 Evolution of animal proteisupply 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 approxima&3$ million tonsin a planted area of about

111 million hectares. These figures represent a growth of aroii@% in production and71%

in area compared to 2021. This will require an increase in productivity, technological advances,
wide adoption of modern practices and techniques such 4l aad 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 basterof agricultural areas, among
others. Public policies and actiobg 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 secemtyronmentategularization
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 olipes 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 intensificatiomlil 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 southe region, due to the effects of climate change, mainly water
deficiencies, already described in the previous report.

5.3 Water security
5.3.1Highlights:

With IPCC/AR6,UNESCOGIHP I1X, UNEP WWQA, WMO StrategicPlan, IBPES and COP27,the
6th-yr INCTMC2 Water Security promotedfi a r ¢ h eft parficppatoryr e s i | byd@iraced @ r s 0,
i mo d endfsd a t avithe2®2832032HELPING ScienceDecadgseeFigure5.12andTable5.2):
1- Synergisticand Interdisciplinary Dialogue with new INCTSs: i.e. the Nat. Observatoryof Water
Security& AdaptiveMgmt ("ONSEAdapta, SDG6) andfiFightingHungen (SDG 2),

2- EDI-driven (Equity, Diversity & Inclusion affiliated researctgroups:namelyii | E A / PlaBeRry
Healthd (SDG 3), FAPESP Research Dissemination& Innovation Center,i C E P | (DaeM&AF
i A p p Mathsfdr Industry”, SDG9) andCenterfor Researcton Biodiversity DynamicsandClimate
Change(SDG 15), FAPESPENg. Res. Center(C4AFA Ar t i If n tced lal),iFGRESRBemont
Forum(MADISfiManagementf DisasteiRisk andSocietalResilience;

3- EducativeGameChangingAccelerators with the INterdisciplinary CLimate INvestigationcEnter
(INCLINE), the Centerfor Educationand Researcton Disasterf CEPED/USP)the UNESCOChair
on Urban Water (SDG 4) and PantaRhei initiatives through new open tools, i.e. the Brazilian
EcohydrologicaSimulationTool (BEST)andthe HydroPol2D

4- ParticipatorySeriousGames:fiCoevolutionaryAmazon Health & Sanitatiorfi paradox( i CAS H 0
Paradox),iBRazilis Offset of Net-Zero Emissionstoward GOals for Leveraging Developmera
( BRONZE2-GOLDO0 ) and fiRecycling Water Assets for SustainableHabitat® (ReWASH and
Climate Justice, Equity, Diversity & Inclusion to Accelerate Water security and Adaptation
KnowledgeExchangdor Net-zero& Sustainability( i J BERVAKENSO0) ;

5- New DemonstrativePilot Projects(without ComplementaryBenefits): the FAPESRNSFChina
SDIC Flash Droughs Under Climate Change the FACEPEFAPESP Global change, sustainable
developmenwith WEFE viability andthelAHS New Scientific DecadeHELPING;

6- FAIR datamanagementwith CARE principles throughlAHS PantaRhei benchmarldatasewith
socichydrological dataof pairedeventsof floods and droughts the UNESCGIHP-IX Operational
Plan(20222029) IWA 'EarthObservatiorfor water managementCommunityof Practice Brazilian
dataset¢§PNSH/ANA, CAMELS&BR & CABra);

7- New Centersof Global ChangeClimate Action e-Courses:in partnershipwith other UN Water
Learning Centers, to boost interdisciplinary training using INCTMC26 sexperiencesthrough
ABRHidro-Education Technical Comission IAHS International Commissionon HumanWater
Feedbackg& WG History of Hydrology, andUNEP World WaterQuality Alliance courses;

8- Social action  #OneDropOfScience #OneDoseOfResilience #BeFAIRwithCARE
#GenerationRestoration.

At the GLOBAL scales ACTORS At the NATIONAL scales: 22
UNESCO-IHP IX Phase (2022-2029), IPCC/AR6 (2021), -, = Braz. Water Security Plan (PNSH, 2019-2035), Braz.
UNEP WWOA/GEMS, WMO Strategic Plan, #Act4SDGs, - 2" ~ o  WaterSecurityAct(#14026/2020), and Braz. Payment

gy for Ecosystem Service Act (#14114/2(020)

IBPES, COP27-Montréal-Kunming and DRR/Sendai , » _ ~
A INCT Climate Change =

>
&

£

~.
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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/
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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/
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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
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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/
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Figure 5.12 Summarnyof highlightsof theINCTMC2WaterSecuritysubcomponerih the 2022/2023

period

Table5.2 Stateof objectives andgoalsof INCTMC2-Water Security(from Marengo,2014).Shaded

ceIIsrepresennew2022/2023N<_)rkabletoplcsappendecﬂor extenS|orper|odunt|I 2025

10.2.3 Majp.obisstives —(page 34)

2017/18

2mo21

e - —

21f22

2(1!2/23' 2m3/24 | 20425

1. dent ficaton of stralegic river basins o syslematize data cd-
lecton of water swply and demand with hydro-climate models

 evaluate indicatorsof water security for users.

2. Calibmtion and vdidation, gsatialiv-distbbuied. ofhydrologica
pracesses,i.a rainfal- evapotanspmtion, and ruroff, under
conditions ofquasi-stationarity for several spatial scales, land

New open models: ie. Bra-
zilian Ecohydrological Simu]
lation Tool (BEST) and, ths)

roPol2D

3. Simulation of cd ibmted models, caupling with climate models
of medium-and long4arm, for praspeding indicaors ofvdrera-
bility and risk of hydrologicd exrames unde futume scenarios

4. Evaluaton of new adaptation stralegiesfor water security for
multiple uses under nonstatonary conditionsusirg classicd and

e b ala fee atehs Gemm el aa ol ven

e b e -

5. Proposi ion of strategies for improving water security canmu-
nication among stakeholders, sdent ic conmunity, policymak-
ers and vdrerable popd aton 1o hydrologicd exdremes

FAIR data mgmt; Paota Rhell
benchmark dataset, sodo-hy-
drological ~ events  of
fleodssdranains UNESCO|HP
IX Plan (2022-2029), WA ‘Earth
Obs, Water NMegat Comm, Prac:

tice, PNSH/ANA, CAMELS BR &
CABR,

1st Highlightfor the 2023/2025 Period (extension ): " Update NewUnderstanding on Water Security” TASKS:
new resilient strategies (IPCC, 2022; Krgibigl) et al, 2022); new goals on water security &

(Diez-Tierr a et al, 2022, AR6/IPCC, P 8(QRy, et al, 2022);

education (UNESCO | HP 41X, 2022-2029); new water balance und e change (8ala&JA et al, 2022; Chagas et al, 2022);

indices (ISH/ANA, 2022) and for the Nat.Water Resources Plan 2022-2040 (ANA,K62022);

Gomes Iret al, 2022); new Act Project (PL) (Brasil 4546/21; Sao Paulo, 146/2 2}

new modelsof water OURAIRWCAWA (Maced o et al, 2022;

new scenariosfrom C35S CORDEX

new demands for water security|

2nd Highlight forthe 2023/2025 Period (extension ): ® Accel eratin g scie ntific communication and science literacy to the wide audience
of stakeholders TASKS: newtools for water security policies for the periodsof 2022-2040, 2040-2060, 2060-2080 with:natio n-wide and statew ide
enactments; indicesof usage, efficiency and performance; climate modeling outp uts, alert issuing and gragQRYBA interann ual predi ctions; water
reso urces pridng; water reso urces {#gQage WASH tariffs; payment for ecosystem services (PES} river basin plans; GEE in vento ries; Eco logic-Eco
nomicZoning e Strategic Environ men tal As ses sment; Disas ter Risk Redu ction plan

; Insurance and Clim

ate Service

S.

10.2.5 Emected. Goals (pa=e, 36)

[1.] Strengthening information and databases for present and fu-
tre climate -hydrology information in strategic basins under
growing risks ofhydrologica exdremes.

[2.] Consolidation of a cooperative research network
from institutions of excellence in Brazil to evaluate the
watersecurity to the extremes of floods anddroughts.

[3.] Promotion of adaptation strategy of climate-water
resilie nce for sustainable developmentin Braz. basins

[4.] Providing technical tools for policies with strategies
of adaptation tofuture changes aimed at mitigating hy-
drological vul nerability.

3rd Highlight for the 2023/2025 Period (extension):|NCTMC2 Water Secur ity archetyp esfor
and "Datasets” engaged through CARLA BR§{ partidp atory-in quired research using seriousgames (reactive vs. gRis
UARARFOW and Sodal Campaigns #O0neDropOfSdence #OneDoseOfR esilience #BeFAIRw ithCARE #Generatio n-

Res toration ,and 2023-2032 HELPING (Hyd rology Engaging Local People IN one Globd wor id)

“Actors”, "

Models"

New Reactive SeriousGames:

& Sanitation” Paradox
("CASH ” Paradox)

New Partid patory Serious
Games:

“BRagils Offset of NetZero
Emissions toward GQals forl ey

(BR ONZE-2-GOLD),

Becvding Water Assets forSus:
tainab le Habitats " (RRW.ASH)
“Climate Justice, Equity, Diver-
sity & Inclusion to Acceler ate
Water security and Adaptation)
Know ledge Exchange for Net-|
zero &  Sustanability"(JEDI
AW AKENS

[5.] Newcaurses of waler security in graduate pragrams, includ-
ing interdisaplirary seminars and crossculting raining caurses

for public-and-private sectors.

B.Pstgaduate Award of Braziian researchers gnihg subigcl,
of walsr security with increased patticipation in natonal and in-
ternasonal prg ects, and with publicprivate patnemships (PPPs)

New Global Change & Climate

Action Courses: 4 Bilidro Edu-
cation Technicd Camissiapand

on HumanWater Feedbacks,
WG History of Hwirology &
UNEPWW QA

[7.] Publicat an of research resultsin media accessible b intar-
ested parties,as well as in inlernasional jourralsof high impact
and acoss disaplires.

[8.] Expansion of patticipaton of Braz#ian researchers in inter-
nasonal forums for innovation and sd Wions on water security.

New INCTs:

“ONSEAdaRta, -Nat. Observatory forWater Security

"Fighting Hunger & Food Security

& Adaptive Mgmt.”

[9.] Promotion ofa sdence-bo-policy networkfor the 20192035
Braziian Water Resourcas Plan (ANA), under the legalframe-
wok { 943307 Braz. Wat Res Act; 12.18709: the Braz.Cl-
mate Change Act, 12608/12, Braz. CnilDefense Act, 14.026,

New D Pilot Pro-
Jjects (without Compl
Benefits): the FAPESPW
SDIC Elash Droughts Under Cli-
mate Change, the FACEPE-
FAPESP Global change, sustain-
able development with WEFE vi-
ability and the IAHS New Scien-
fific Decade HELPING

5.3.2 Scientific and Management Actors (Sciendeor-Policy)

This part outlines a summary of activities deve
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 theLatin American Unsolved Problems in Hydrology shop(FlorianopolisSC, 2023; Figure
23
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5.13 andthe Panta Rhei Symposiu(Potsdam, 2023; Figurb.14). Detailed information can be
consul ted i n respective publications (see Sect
(2022/2023) were addressed in how Brazilian INCTMEZ' actions met global programs of

UNDRR, UNFCCC, UNHabitat, UNESCGHP-IX (20222029) and socitnydrology initiatives of

IAHS/Panta Rhei and IAHS/Unsolved Probleim$iydrology (UPH).

Figure5.131 NCTMC2 Water Security in the Latin Ameri c:

N T

UFSC

Figure5.14
INCTMC2
Water

Security in
the Panta
Rhei Symp.,
Potsdam,
2023.
Source:

GFZ,

J Pt S :
SRS S T LTS (=3 ¥ P

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

The polycentric governance statement of the INCTMEZR subcomponentist h ow new sustai.t
resilient privatepublic partnerships promote targetedvestmenin climate services to strengthen
communitybased, hybrid early warning systems and decision support for water resources adaptation

in climatesensitive sectors and for most vulnerable people in the Trdpicaigh metrics and levels

of indiced, with flexible, adaptable and participatory mechaniémand using resiliencedriven

(absorptive, daptive, transformative) methd'ds.

Hence, this 6th year of the INCTMG®RS was consolidated through relevant researttipolicy
networks with thdAHS Panta Rei benchmark dataset with sog¢igdrological data of paired events
of floods and droughisthe UNESCOIHP-IX Operational Plan (2022029) 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 Informationd(DSI) for Natural Capital from CBD.

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 & Hy g i e n e 0 $eWieS trbo)n UN-Agenda
2030.

Methods:Nature-based Solutions (NbS), Ecosystem-based Adaptation(EbA), Community-based Adaptation(CbA), Participatory Action Research
(PAR)
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Observation for water management' Community of PradBcazilian open datasets on water security
(PNSH/ANASBC AME L S & BABra).

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

subo@mponent decided to include the Intergovernmental SciEntey Platform on Biodiversity &
Ecosystem Services (IPBES) and the Convention of Biological Diversity (CBD) as programs
linking INCTMC2-WS 6 s efdr-policg goals.

5.3.2.1 Advancesat Multiple Scalesof WaterSecurity

In this 2022/2023period, researchgroupsof INCTMC2-Water Security have gainedadvancedike
continentalriver f | o desadetqA.1.1), sociohydrologicaldatasetsof paired events(floods and
droughts A.1.2), anddataset®n droughtsandfloodschangen Brazil (A.1.3).

5.3.3Continental river flow datasets

In the period 2022/2023 the assessmeraf South Americansedimentfluxes underclimate changes
(Fagunde=t al., 2023; Figure5.15 andthe assessmentif climate changeimpacton flood discharge
in SouthAmericaandthe influenceof its main drivers (Bréda et al, 2023, Figure 5) are outlined for
the INCTMC2 WaterSecurity.

for
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Figure 5.15 Projectedimpactsfor SouthAmericadue to climate changewith the regional climate
modelsEta-BESM, Eta-CanESM2,Eta-HadGEMZ2ES and EtaMIROCS5, consideringthe RCP 4.5
scenariofor the period between2021 and 2055, for the water and sedimentvariables: A) annual
surfacerunoff; B) daily averagedischarge;C) annualtotal sedimentdischarge;D) annual sediment
yield estimatedusing MUSLE equation; E) averagedaily suspendededimentconcentration(SSC);
and F) annual suspendedediment(SS)depositionin the floodplains. All valueson the mapsare
presentedas percentagevalues,estimatedby comparingfuture projections (2021 2055) with past
values(1961 1995). The medianchangewas estimatedirom the comparisonbetweerthe estimated
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future and pastvalues.Thesignificantchangewasestimatedconsideringthat 3 or 4 modelspresented
a statistical changeof the meanat the significancelevel U= 10% and 3 or 4 modelsshowedan
agreemenbfincreaseor decreasen thevalueof thevariable studied.Thelow-confidenceegionsare
thosein whichthe hydrologicathydrodynamicmodelpresenteddy Siqueiraet al. (2018) showedow
performanceSource:Fagundesetal (2023).

Fagundeset al (2023) highlighted that: (a) simulated sedimentflows show contrastin northern
(decreaseand southern(increase)SouthAmerica (SA), (b) anincreasein sedimenttransport>30%
might occurfor the main SouthAmericanbasins,(c ) the highestchangesn sedimentdischargemay
occur in Doce ( T 364 and Upper Parana(409%) rivers, (d) changesin water and sediment
discharges can induce a new water composition in the Amazon basin, and (e)
Futurechangesn sedimenfluxes maygreatlyaffect SA aquaticecosystemgFigure5.16).
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Figure 5.16. Relativechangeof flood dischargeprojectionsfor the RCP4.5scenariocomparedo the
historical period. Theleft and centerpanelsshowthe upperand lower limits relatedto the ensemble
of 4 downscalectlimate models respectivelywhile the right panelindicatesthe agreemenbetween
thesemodelsregardingthe changesign. Relativedifferencesare shownfor the seconehighest(a) and
median(b) annual maximumdischargesfrom the future and historical periods.Source:Brédaet al
(2023).

Otherwise Brédaet al (2023) highlightedthat (a) extremerainfall eventsthat leadto floodsin large
riversareexpectedo decrease(p) antecedensoil moistureis expectedo bereducedn mostof South
America,and(c ) soil moistureseemsnoreimpactfulthanprecipitationregardingordinaryfloods.
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5.3.4  Sociohydrologicaldatasetsof paired events(floods and droughts)

WhenaddressingouthAmericandataset®f pairedeventsof floodsanddroughts(Figure5.17, Upper
Chart), severalhighlights are enhancedFigure 6, Lower Chart). The datasetcan be usedby the
scientific community for exploratory data analyses,e.g. focused on causal links betweenrisk
managementchangesn hazard,exposureand vulnerability; andflood or droughtimpacts.The data
canalso be usedfor the developmentgalibration,and validation of sociohydrologicalmodels.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
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Figure 5.17. Upper Chart: Geographicaldistribution of paired eventsof floodsand droughts.Lower

Chart: Fraction of entriesof eachindicator for flood (a, left) and drought (b, right) paired events.

Source:Kreibichetal (2023).
5.3.5 Datasetson droughts-and-floods changein Brazil

Chagaset al (2022) highlighted that acceleratingwater cycle has occurredin 29% of Brazilian
territory (2.7 million km2), with decelerationn 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) proposedBrazilian
watersecuritythreatenedby climatechangeandhuman(Figure5.18, 5.19.
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Figure 5.18 Upper Chart Spatialdistribution of the accelerating,deceleratingwetting,and drying
streamflowtrendsin Brazil. a Thelocation of the four quadrantsof regional streamflowtrends,with
darker colors indicating larger changeintensities.Lower Chart Classificaton of streamflowtrends
into accelerating,deceleratingwetting,and drying quadrants.(a) Symbolswithout bordersindicate
flood and drought flow trendsof n = 886 stations.Hotspots(Northern Amazoniai NA, Southern
Amazoniai SA, SouthernBrazil T SB and Brazilian Highlands1 BH) are indicated by colors.
Symbolswith bordersrepresentthe mediantrend of eachhotspot,and the error bars indicate the
mediantemporaluncertaintyof the trend estimatesb Classificationof regional trends,with darker
colorsindicatinghigherareal fraction per bin. Source:Chagasetal (2022).
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Figure 5.19 Water scarcity changes.(a and b) Projectedrelative changesin the long-term mean
scarcity indexin Brazil for the distantfuture (2070 2100) and historical period (1980 2010) under
the SSP24.5 and SSP58.5 scenarios,respectively.Changesper Brazilian biome are displayedin

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

andd) Relationshipbetweerrelative changedor the distantfuture (2070 2100)and historical period
(1980'2010) in water availability ( g Qwater demand( gD e am}l in the water scarcity index
( S ¢ aforahe 8SP24.5 and SSP58.5. A yellow, dashedine separatescatchmentsvith positive
andnegativechangesn the scarcityindex.A gray, dashedine separatesatchmentsvith positiveand
negativechangesn water availability. Red(blue) numbersandicatethe fraction of catchmentsvhose
water scarcity is expectedio get worse (better). (e and f) Catchmentsclassifiedin four different
categoricalclassesaccordingto their positive/negativehangesdn future water availability ( oo @nd
water demand( oD e @ajegoricalclassesper biomeare displayedon stretchedbar plots. Source:
Ballarin etal (2023).
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5.3.6Water-Energy Nexusand Storage Servicesunder change

Accelerationprocessesave also affectedwaterenergy nexus (see Figure 5.20 as highlighted by
Cuartaset al (2022) and Tomasellaet al (2023). Signalsof land-use and climate changepointedby
Ballarin et al (2023)and Chagaset al (2023) do justify freshwaterstorageserviceslinked to climate
servicesgespeciallyfor official list of damsandreservoirdn Brazil (seeFigure5.21).
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Figure5.2Q Upper Chart:Monthlyelectricity generation for Brazilian regions (Cuartas et al, 2022).
Lower Chart: Stored energy in hydropower plants of the Cetest and Southwest of Bra@lue
line) and thermal power generation (red line) over the period PRA21. Source: ONS, adapted from
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Cantim 8644 PE 0.088 0.230 Flow regularization 3254.00 1907.36
Bolandim 7707 PE 0.120 0.980 Human supply 8766.00 5340.26
Barragem B 19063 PE 0.049 0.450 Recreation 5789.00 4527.85
Barragem 1 20951 PE 0.051 0.043 Irrigation 240.63 501.00
Barragem 2 20952 PE 0.006 0.003 Irrigation 240.63 501.00
Serra do Jardim 22055 PE 0.200 0.004 Human supply 70.06 110.00
Tamboril | 21420 PE 0.114 0.028 Human supply 2919.00 3625.45
Penedo Velho 3961 PE 0.234 0.089 Lrrigation 8256.00 2563.35

e —
I-N_F%.‘ 21466 PE 0.002 0.150 Industrial 22538.00 6526.58
1acho da Palna 207438 PE 0.020 0.001 Human supply 29621 $55.00
11 Spray 18368 0.020 0.030 Flow regularization 310.02 625.25
12 Sitio Timoteo 20954 0.050 0.002 Lrigation 168.72 370.27
13 Mondé 8641 0.110 0.040 Human supply 42.88 211.50
20955 0.020 0.030 Trrgation 55.17 25420
15 Bambu 3960 0.020 0.003 Industrial 135.35 313.32
16 Sdo Luiz 21470 0.110 0.020 Industrial 9440.00 1318.00
17 Do Chau 8633 0.110 0.010 Flow regularization 6340.00 880.00
18 Zenite 8660 0.003 0.002 Human supply 5020.00 962.00
19 Riacho Escuro 21583 0.037 0.010 Flow regularization 3126.00 1856.25
20 Sdo Sebastido 20751 0.250 0.013 Human supply 4504.00 865.00
21 Catu 7874 0.018 0.004 Irrigation 3126.00 1802.14
22 Barragem A 4067 0.013 0.216 Irrigation 254.00 600.00
23 Acude do Alemido 8649 0.013 0.070 Flow regularization 536.00 950.00
24 Acude da Nagdo 7701 0.263 0.110 Human supply 734.00 130.00

Reservatério Cedro 1622 126 7.23 Human supply 5025.00 37.70

Barragem Santa Cruz do Apodi 3398 648.846 31.95 Human supply 870.00 700.00
Eng. Avidos 7363 255.000 18,67 Human supply 680.00 539.07

Sobradinho 4596 34160.00 3135.65 Hydroelectricity 2500.00 1000000.00
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Tomasella et alZ023).
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Figure 5.21 Blue boxes geographical distribution of freshwater reservoirs in Brazil, with
classificationof principal purposeof existingfreshwaterreservoirs(total dataset:22000reservoirs,
adaptedirom ANA/SNISB)Pink boxes preliminaryresultsof potential GreenHouseGasemission®f
selectedfreshwaterreservoirsin NortheastBrazil and their equivalentfuture forest areas around
reservoirs neededto assimilate lake-originated carbon emissions,under existing land-uses and
climate, and through BRONZE2-GOLD approach("Brazilian Offsetfor NetZero Emissiontoward
Goalswith LeveragingD e v e | o p Faehertstad)esare expectedor the combinationwith works
of Ballarin et al (2023, climate changeand land-use)and Chagaset al (2022). Source:Silva et al
(2023,IUGG Berlin).

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

For pog-gauged catchments, Benso et al (2023) addressed water security insurance mechanisms under
change for both muHlhazard and muhiisks (Figure5.22 By wusi ngi, fiifinmmetdeirameed i e
and Adicehanti o0 changes has Gesualdo (2023) opti |
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Figure5.22 UpperChart: DynamicWaterlnsurancdJnderChangegBensoetal, 2023).Lower Chart:
Dashboardleft) of droughtrisk poolingandinsurancgpremiumsimulaions(right) (Gesualdo2023)

Flood

5.3.8 Urban flash floodsrisk assessmentinder climate change
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To assistsmall catchmentgdrainingto 40000flood risk proneareasin Brazil, Castillo et al (2023)
incorporatecclimate changescenariogo assessvatersecuity in the scaleof humaninstability under
urbanflash-floods (Figure5.23. Using the HydroPol2Dmodel (GomesJr. et al, 2023),it is possible
to mapfutureflashflood risk changeswith distributedzoningandin poorgaugedareas.

Body 0. 37 3,0
Orientation 45 a.0
A 2 Backward Toppli
L \ ppling

Instability (BTT)

Forward Toppling

% \ Instability (FT1T)

Figure5.23 Exampleof urbanflashflood risk mappingfor humaninstability underclimate change
usingINCTMC2/HydroPol2D.SourceCastilloetal (2023)

5.3.9 New Water Security Modelsfor Adaptation Under Change

Gomes Jr. et al (2023) presenteda general fully-conceptual distributed water quality model
(HydroPol2D)assistinghot only DRR-frameworksbut alsolong-term scenariosinderchange On the
one hand,HydroPol2Dis opensourcecode,friendly envisagedor coupling ClimateImpact Drivers
(CIDNIPCC) with | NCT MCWadtes Security, thereby merging cascadingrisks with other
subcomponents.e.:fi Na t ir ad sit Fea$sebc,u il tnyt o de leidB iy @ egcyur i t y o,
and" E d u ¢ aOnihenthérhand,HydroPol2Dis refinedto handlenewrisk-transferschemesinder
RCPx S S Ptihats (seeFigure5.24,5.25.
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Figure 5.24. Upper chart: Exampleof WillingnessTo Pay as insuranceschemeunderl NCT MC2 0 s
scenarioswith different RCP x SSPcoupledby simulationmodelsof water quantity and quality, i.e.
HydroPol2D, https://doi.org/10.1016/j.jhydrol.2023.2282 Lower chart: CID (Climatelmpact
Drivers) of Water SecurityHazardssimulatedwith INCTMC2/HydroPol2Drelatedto frameworkfor
complex climate change risk assessment, Simpson et al (2021), One

Earth, https://doi.org/10.1016/j.oneear.2021.03.008ew fi r e s p arohstgpésof strategies of
adaptationto CID-watersecurityextremesre presentedn Figure 5.13

Figure 5.25. Examplesof new archetypesof climatedriven adaptation (IPCC/CID responses)f
INCTMC2 Water Securitysubcomponentvith main drivers (left, red lines), cascadinglPCC-based
risks (Portneret al, 2022)throughreactivecycles(blacklines) and proactivehumanwater feedbacks
(colored lines). Adaptationstrategies(i.e. i J E B WA K E NiFBRe WA SITHBOR ONZEOL Do)
aim to: (1) mitigate pressureon biodiversity, forest degradationand Indian people collapse in
Amazordependantareas (i.e. pink, dottedlines), (2) recycle urban watersin Brazilian megacities
(blue lines) and (3) promotenewfreshwaterstorageservicesfor ANA/SNISBlataset(orange,dotted
lines).Source:Mendiondcetal, 2023,PantaRheiSymp.&UGG Berlin.
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Furthermore, under a danded programb et ween the Pernambuco's (FAC
(FAPESP) agencies for research, they conducted adye&WAT+ short course, deliveredperson

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

off of a longterm collaborative effort among the Brazilian Water Resources Association Technical
Commission on Education ("ABRHIdd@T-Educacaoo) , t he Nati onal I n
Technol ogy Nati onal Observatory for \NNCT-e r Sec
ONSEAdaptao), funded by CNPapd tlieBJINBSLO Chaiaon URans e ar ¢
Waters of USP.

This has led to discussions with Dr. Srini about developing a version of HAWQS, tentatively called
ABESTO (Brazilian Ec ool hdtrwouldaayer allaof Bra8li BESTIwWdltbé aon T o
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
calibrae the countrywide 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 otbeiversities 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 ofparasitic disease vectors (different forms of leishmaniasis), depending on the
climatic suitability for the proliferation of t
the project, the geographic scope of the analyzes will be expand&dlyirestricted 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 Northeasegions 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 (19962020).

5.4.1 Activities developed

According to the World Halth 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 (Bichromomyiaflaviscutellata Nyssomia whitmani Nyssomyiaintermedia and Nyssomyia

neivaj were produced in scenarios of climate change in Brazil. In the following year, projections were
made for other vector speciddsychodopyguswvellcomej Psychodopygussomplex Nyssomyia
umbratilis Migonemyiamigonej Lutzomyialongipalpis and Lutzomyiacruzi, the latter two being
vectors of American Visceral LeishmaniasisAVL. In the third year, the results of the climate
suitability scenarios of the vectors studied individually were analyzedielisas 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 vexs 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 Braziizcipalities.

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&illance 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 recotdidongipalpis an important vector of

the disease, antsimunicipal classification. In the same year, the analysis of the spatial distribution of
35



Report Yeai6, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate Chdtigese 2)

was studiedNy. whitmaniin Brazil, in association with vegetation cover and the six Spatial Circuits of

the LTA, which showed higher vector density in Dense Ombylopis Forests, Seasonal Deciduous
Forests, Seasonal Semideciduous Forests, Cerrado and Steppe. Finally, a systematic review of the
climatic conditions that may affect the distribution of CetRlwas started, in addition, the production

of the modeling preess to predict the distribution of Covi® under the effects of climatic conditions

in the Brazilian territory.

In this year 6, the geographical distribution of was correltgdwhitmanj an important vector
species of ACL in Brazil, and the populat®rvulnerability 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
dynanics 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 diseastors in the state of Rio de Janeiro were
carried out. Update of the vector distribution databaseléngipalpisandMg. migone) of AVL in

the state, and creation of a thematic map of the spatial distributlan loihgipalpisandMg. migonej

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 thesengect

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 Distributimn of Nyssomyiawhitmani, Social Vulnerability and Risk
Factors for American Cutaneous Leishmaniasis in Association with Vegetation Coverage in the
Southeast Region

Vectorborne 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 Bra&iherican 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 ofNy. 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, imnineicipalities 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 cavigp:(/www.inpe.by.

These data werategrated 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 Regidly,. whitmaniwas registered in 372 of thefigure5.26). 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 estahlinent ofNy. whitmaniand 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 expantierdisfease

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 Brazili@ontrol Program.
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Figure5.26 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 modelingand 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 JanegiRJ) 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 vecttus longipalpis and Mg.
migone), and predict spatial distributions using ecological niche modeling based on climatic and
environmental variables. The occurrence of vectors, human andc:azases 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 baken 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 Avian(taund/or
canine) (Figures.27), 52% can be classified as vulnerable and 29% of this group receptive (where
there is the presence of AVL vectors), no municipalities classified awuioerable were found
(Figureb.29.

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 (Figur&.29. The state has only 37% wmunicipalities with registratiohu. longipalpis

and/or Mg. migonej with a clear need for entomological studies in the region (Figu88. The
database included 42 records fan. longipalpis and 88 of Mg. migonej present in 19 and 31
municipalities in RJ. Lutzomyia longipalpis and Mg. migonei are predicted to eoccur in the
metropolitan region, coastal plain, parts of the green coast and south of the northern region.
Migonemyiamigoneiis predicted to occur additionally in the middle Paraiba, Ce&death, Northwest

37



Report YeaiB, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate Ché&tigese 2)

and south of the Costa Verde (Figlr81, 5.32, 5.38 After detection of the vector in vulnerable
municipalities, the recommended control actions are health education, environmental management and
canine investigation, aimed at earlytelgtion 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.
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[] No reported cases

Figure 5.27. Distribution of human and canine cases of AVL in the state of Rio de Janeiro
January, Brazil, in the period 20202022.

A

[ with transmission
[] Vulnerable, receptive
[] Vulnerable, not receptive

Figure 5.28 Distribution of AVL transmission and vulnerability in the state of Rio de Janeiro, Brazil,
in the period202071 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 2022.

Figure 530. Distribution of AVL vector records in the state of Rio de Janeiro, Brazil, in the period
202071 2022.

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