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1. Overview

The INCT for Climate Change Phase 2 (INCT MCajms toimplementand develop a
comprehensivaetwork ofinterdisciplinary researcbn globalchange and sustainabilitgndis
based on theooperationbetweenabout 30research groupfom all regions of Brazil and 4
international research groypsvolving in its entirety over approximately350 researchers
students andcollaborators andestablishing itself asone of the largestnetworks of
environmentatesearch developed Brazil.

The prograntonsists obix thematic linegor subcomponenjs

Food secuty;

Water security;

Energysecurity

Health and climate change;

. Natural disasters impacts on physical infrastructurein urban areas and urban
evelopment

Impactson Brazilian ecosystems view of changes itand useandbiodiversity

N N N

All thesecomponentsre connectedia 3integrative themes or cross cutting themes

1. Economy andmpactsin key sectors

2. Modelling the earth systenand production offuture climate scenarioso study
vulnerability, impacts, adaptation and resilience

3. Communicationdisseminatiorof knowledge an@ducation fosustainability

So far theINCT MC2 scientific agendaas been developed as planned, providicigntific

excellencen various areasf global environmental changandits implicationsfor sustainable
developmentThe emphasi®n the impactof global climate changen agriculture, health
renewable energyrban developmenand naturadisasters such aentral themeintegrated
with environmentaimodelling, the economiceindthe communicéon of these impacts$o the

public, scientific communityand academicsector industry businessand governmentcan

contribute tamaintain excellenci activitiesin Science& Technology& Innovationas the axis
of sustainableenvironmental developmenwith an integrativeand innovative characteiThis

project includesknowledge transfeusinginstrumentsthat go beyondnly scientific articles,

but producingaudicvisual,web tools andother outletghat allowa scientificeducation of the
population improving the impact of Brazilian scienceand also a greaterinternational
integrationof Brazil inenvironmental negotiations

Different from the Report of Year 1, where only FAPESP funded components were explained,
in Years 2 34 and now in year 3ve 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 prgect and its components.

Since March 2020, due to tligOVID-19 pandemics, many meetings, conference® baen
cancelled or moved to 2@2and participation in some international and national gatherings
were cancelled because either the meeting were mimv@®d2 or cancelled. In any case,
participation in meetings and seminars by means or virtual platforms (Zoom, Goto Meeting, etc)
made possible the interaction among participants. The scientific production and publication
activities did not stop and ctinue as planned. Participation in many national and international
meetings after March 2020 were in the form of Webinars, Lped,castand other using the
virtual platforms due to the impossibility to travel imposed by the pandemBicsow, we have

slowly started to have presential meetings among leaders now that situations is improving. For



Report Yeat5, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate
ChangePhase 2)

instance, we had on Junel® 2@®2 the first presential meeting since the beginning of the
pandemics. Other presential meetings have took place betweerotbeators of the project
in Sao Paulo and with other partners in Rio de Janeiro.

Outside the scope of the initial project, there is a proposal to include the in the Health
Component theme COVHRY9, since this condition has generated major social, eucno
environmental changes, i.e., global and planetary changes, which can generate impacts on the
results analyzed (See Annexe€pnsidering this context, it is possible that the seasonality of
the new coronavirus (SARSOW-2) may also rest in climatic pscts, given that its seasonality

in the world and in Brazil is still practically unknown, but it can share similarities with other
VARIS. Obviously, human behavior, globalization and control measures (ie wearing masks,
social isolation, lockdown, amonghatrs) are nowlimatic factors that, in fact, seem to have the
greatest impact on the epidemiology of SARSC-2, but the climatic factors should be better
analyzed in the Brazilian context to help understand the epidemic in the country. This
understandingcan benefit both from vulnerability assessments that allow identifying the
territories most susceptible to localized outbreaks, and from the climate approach in
epidemiological models that provide a holistic view of the behavior of the new pathogen.

Therefore, the introduction of the COVHD9 theme in the Health component of the INCT is
justified, as this condition has generated major social, economic, and environmental .changes
The COVID-19 is also considedas a research activity in the components of energy and natural
disastersThis has developed slowly since there is still some controversies on the link between
climate and COVIB19 as reported by the components of the health component.
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Perhaps one of the most important contributions ofI&T MC2 was the participation of
several of the researchers of this project in the elaboration of the Scientific RefSoiede
Panel for the Amazon (SPA). In response to these challenges amddrisp the Leticia Pagt
for the Amazon, a group of over 200 preeminent scientists from the region have untied o form
the unprecedented. The Pamealsconvened by the United Nations Sustainable Development
Solutions Network (SDSN),and provideda comprehesive, firstof-its-kind scientific
assessment of the state of the Amazon, current trends, and recommendations fortdrenlpng
well-being of the ecosystem and its people. Its recommendations promote conservation as well
as sustainable development of ttegion, with a vision of a standing forest, flowing rivers
bioeconomy based on local and Indigenous knowledge, technology, and innov@tioduly
2022the SPA releagktheir initial findings as well as a draft version of their full report [for
public corsultation. The SDSN and the World Bankluastd a highlevel dialogue to present
these initial findings and foster conversations between scientists and policymakers to advance
sustainable development pathways in the Amazon.
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Some other significantontributions of the INCIMC2 appeared in the IPCC AR6 Working

Group 2 released in March 22, the State of Climate Report for Latin America and Caribbean
2021 launched by the World Meteorological Organization on July 2022, and for the UKCSSP
project fundedy the Newton Fund in collaboration between UKNIEMADEN-INPE-INPA.

2. Objectives and aims
The objectives of the INCT MC2 have not changed:

To implement and developa@mprehensive network of interdisciplinary reseayahglobal
environmental change asdstainability

To develop actions aimed atssessing adaptatioto environmental changes and the
transformation tosustainability to reflect thevulnerabilities and resiliencetrajectories and
propose ways in adaptirtg these changes, especially in relation to decision impditidcal
sphere

To mergesciencewith educatiorfrom primary to the posgraduate levels.

To provide anoverview of issues related teustainability and environmentakociat
corporate resportsility, 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 excellencm activities in Science & Teclaogy & 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
producingaudiovisual 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 negotiations.

To develop a research agenda in global gbato 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 developmiktite National Plan on Climate
Changeand theNational Adaptation Plan to Combat Drought and Desertificatfopartnership
with federal, state and international research programs on global change

To produce publications and model data that can be toseibvide scientific contributions
for the IPCC ARG, special reports of the Brazilian Panel of Climate Change and the Fourth
National communication of Brazil to UNFCCC.

3 Coordination

Coordinator: Jose A. Marengo, Researcher, Lev@-CNPqclassification, CEMADEN, Sao
Paulo

Vice-Coordinator: Tercio Ambrizzi, Researcher, Level 2@NPq classification, IAG USP,
Sao Paulo

-Steering Committee

Name Field of work Institution e-malil
Jose AntonigPr oj ect 6 s CEMADEN jose.marengo@cemaden
Marengo Orsini  (Climate modelling, impact ov.br

and vulnerability

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

Paulo Nobre Oceanic and couple| CPTEC INPE | pnobre@cptec.inpe.br

atmospher@cean modelling
Roberto Schaeffer Energy and climate change| COPPE UFRJ| roberto@ppe.ufrj.br

Paulo Eduarddgnvironmental physicy IF USP artaxo@if.usp.br
Artaxo Neto Amazonia, and climat
change

Eduardo  Mario Hydrology and wate| USP EESC | emm@sc.usp.br
Mendiondo security

Ulisses E CHealth and climate change | CEDEPLAR | uconfalonieri@gmail.com
Confalonieri UFMG e| efrangel@ioc.fiocruz.br

FIOCRUZ
Eduardo Haddad [Economy of climate change FEA USP ehaddad@usp.br

All members of the Steering Committee (CG) are also coordinators ofAslseciated
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 ar¢ ofothe group

that is submitting the proposalhe 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 virtuadlyviarch to see the progress of the
project.

We have to inform that FAPESP approved the Report of ¥.ear
4. New Development®on the future of the INCTs

In July 2021 there was a meeting of INCT coordinators, led by Prof. Jailson Andrade from the
UFBA with the Ministry of CT to discuss the future of the INCTBhe meeting was to discuss

the harmful and continued attacks on Science and Scieniigts.INCTs lookedto act
strategically and articulatelyith the help of theABC and SBPQo produce a manifesto in
support of C,T&l, ready, articulated and demonstrating a vital Structuring Progfathe
INCTs for the country There was an important meeting of presentations of the INCTs by Prof.
Jailson representing all INCTs with the odoasof the 78 anniversary of CNPdOn May 2022

The ABC and CNPq organized s series of Webinars on thestemsantto the INCTs:"Os
INCTs e o Futuro da CT&I no BrasilO INCT MC2 was presented on the first webinar (see
annexes for information. In July 22, during the 57th Annual Meeting dBtheilian Society of
progress of Science (SBPC) in Brasilia there will be a virtual meeting of coordinators of INCTs
to discuss sme of the common problems the IMNCT face amd also on the future of the INCT
program.

By September 2021 we were informed of the intensions of the CNPq to extend the INCT for
t wo more year s, wi t h capital and fi esouscese i 0 O
provided were for about 30% of the requested total budget, and were provided by CNPq only,
not for the FAPS nor CAPES. All information on the approved amounts for capital custeio and
bolsas for the INCT MC2 are listed at the annex section. Toiegbrwill continue until July
2025funded by CNPgbut the funding from FAPESP weind inJune 2023.
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d hos- d Iniciagdo Pesquisador
Area outorado ., ifica DTI-A DTI-B DTI-C  Visitante Apoio Tecnico
Janior (1) Pv)
(PDJ)
saude 0 0 48 24 0 0 0
omunicacao 0 0 24 0 24 0 0
Zconomia 0 0 24 0 0 0 0
seg Alimenta Alimentarvadas 0 0 36 12 0 0 0
Desastres 0 0 42 0 0 12 0
Viodelagem 0 0 36 48 18 0 0
Seg Hidrica 0 0 48 0 0 0 0
Zcossistemas 0 0 0 24 0 0 0
Seg energia 0 0 42 30 0 0 0
Zoordenacao 0 0 24 12 0 0 0
Area Bolsa Capital Custeio Total
Saude 264.000 [ 25.000 [ 76.400 EOL
Comunicacao 122400 | | 13130 [ aasz00 229230
Economia 96.000 :"; 66.000 L 83.600 @
Seg Alimenta Alin|  180.000 | | 10.000 || 28.600 Easoo
Desastres 230400 | 17300 || 2252 Ezzz
Modelagem 307.800 0 0 E
Seg Hidrica 192.000 l 16.100 [ | 57.000 Eﬂ
Ecossistemas 72.000 0 E- 226.400 E
Seg energia 258.000 0 | 20.920 ; 920
Coordenacao 132.000 [ 31.400 ( 139.000 .400
TOTAL  1.854.600 178.930 798.142 2.831.672

Figure 1. Resources granted buy CNPq for an extension of 2 years for the INCT MC2. Upper
side: Number of months for each type of bolsa granted for each component, Lower side:
distribution of resources (bolsas, capital and custeio) for two more years.

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 Yéaof the project. We also include
information on new team members coming into the project, iex@ame changes in the
coordination of the components if that is the case and plans fordyeadl information on
scientific production and activities from each of the components (workshops, publications,
participation in events, use of the BC and RTlowships [bolsas]) 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 during yeaeveral
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, whwoiking parttime
dedicated to this project. Ms Rosa helps the coordination with the procedures to inalsate

to CNPg, CAPES and FAPESP, with payments, meetings organization and air travel
arrangements for participant scientists to meetings among MIC2 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 extres in regions such Amazonia, Northeast Byazil
Pantanal andnajor cities, such as Sao Pautnme papey have been produced as well as
reports in various journal, magazines and the Revista Pesquisa FAPESP. This is being done
since the beginning of thegect and constitutes a background fall all components.
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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 extmes, providing some ground basis for the work of the components.
From year 14 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 yeais Wwill be mainly integration of research results
from years 14. The bolsistas will come from the extension approved by the CNPq for 2 more
years of the project.

5.1.1 State of Climae for Latin America and Caribbean 2021 (WMO document
prepared by Jose A. Marengo and other representatives from the region)

Extreme weather and climate change impacts including ‘tlenaght, extreme rainfall, land

and marine heatwaves and glacier melt a@ffecting the Latin America and the Caribbean

region, from the Amazon to the Andes and from Pacific and Atlantic Ocean waters to the snowy
depths of Patagonia. The World Meteorological Organization (WMQ) State of the Climate in

Latin America and the Carilklan 2021 highlighted the fagaching repercussions for
ecosystems, food and water security, human health and poverty. Deforestation rates were the
highest since 2009, in a blow for both the environment and climate change mitigation. Andean
glaciers havé ost more than 30 percent of their area
Mega droughto is the | ongest in at | east 1,000
hazards, including droughts, heatwaves, cold waves, tropical cyclones awnd, floave
unfortunately led to the loss of hundreds of lives, severe damages to crop production and
infrastructure and human displacement.

Increasing se&evel rise and ocean warming are expected to continue to affect coastal
livelihoods, tourism, healtlfpod, energy, and water security, particularly in small islands and
Central American countries. For many Andean cities, melting glaciers represent the loss of a
significant source of freshwater currently used for domestic use, irrigation, and hydroelectric
power. In South America, the continued degradation of the Amazon rain forest is still being
highlighted as a major concern for the region but also for global climate, considering the role of
the forest in the carbon cycle.

The report was released during?MO Regional Technical Conference for South American
countries, organized by WMO in Cartagena, Colombia, on 22 July 2022.This is the second year
that WMO has produced this annual regional report, which provides denisikers more
localized informatiorto inform action. It is accompanied by an interactive Story [Fagure2)
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Worsening climate change and the compounding effects of the GO¥Eandemic have not

only impacted the biodiversity of the region, but have also stalled decades of progress against

poverty, food insecurity and the reduction of inequality in the region

Addressing such interconnected challenges and their associated impacts will require an

interconnected effort. Nmatter how it is taken, action must be informed by science. The State
of the Climate in Latin America and the Caribbean report, the second of its kind, is a critical
source of scienebased information for climate policy and démmsmaking.

Key findings:

f

Temperature: The warming trend continued in 2021 in Latin America and the

Caribbean. The average rate temperature increase was around 0.2°C/decade between

1991 and 2021, compared to 0.1°C/decade between 1961 and 1990.

Glaciers in the tropical Andes have lost 30% and more of their area since the 1980s,
with a negative mass balance trend-@07 m water equivalent per year during the
19902020 monitoring period. Some glaciers in Peru have lost more than 50% of their
area. Glacieretreat and the corresponding-itass loss has increased the risk of water
scarcity for the Andean population and ecosystems.

Sea levelsn the region continued to rise at a faster rate than globally, notably along the
Atlantic coast of South America south of the equa®bZ+ 0.0mm per year, from

1993 to 2021) and the subtropical North Atlantic and the Gulf of Mexico
(3.48+ 0.1 mm pe year, from 1993 to 1991pea level rise threatens a large proportion

of the population, which is concentrated in coastal &régscontaminating freshwater
aquifers, eroding shorelines, inundating Iying areas, and increasing the risks of
storm surges

The #fACentr al Chi lcomtinugleig 2021Dat A3 ygdrd to date, this
constitutes the longest drought in this region in at least one thousand years,

exacerbating a drying trend and putting

crisis. Additionally, a multtyear drought in the Paratha Plata Basin, the worst since
1944, affected centralouthern Brazil and parts of Paraguay and Bolivia.

The Paranala Plata basin droughtinduced damages to agriculturereduced crop
production, including sdyean and corn, affecting global crop markets. In South
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America overall, drought conditions led to a decline26% in the 2022021 cereal
harvest compared with the previous season.

1 The 2021 Atlantic Hurricane seasorhad the third highest number of nanstdrms on
record, 21, including seven hurricanes, and was the sixth consecutive refoomad
Atlantic hurricane season. Some of these storms directly impacted the region.

1 Extreme rainfall in 2021, with record values in many places, led to floods and
landslides. There were substantial losses, including hundreds of fatalities, tens of
thousands of homes destroyed or damaged and hundreds of thousands of people
displaced. Floods and landslides in the Brazilian states of Bahia and Minas Gerais led to
an estimged loss of US$ 3.1 billion.

i Deforestation in the Brazilian Amazon rainforest doubled compared to the
20092018 average, reaching its highest level since 2009. 22% more forest area was lost
in 2021 compared to 2020.

1 A total of 7.7 million people, in Guateala, ElI Salvador and Nicaragua, experienced
high levels offood insecurity in 2021, with contributing factors including continuing
impacts from hurricanes Eta and lota in late 2020 and C@@[Ppandemic economic
impacts.

1 The Andes, northeast Brazil arfietnorthern countries in Central America are among
the most sensitive regions to climatadated migrations and displacements, a
phenomenon that has increased in last 8 yeMigration and population
displacementhave multiple cause£limate change andssociated extreme events are
amplifying factors, which exacerbate social, economic and environmental drivers.

i South America is among the regions with the greatest documented need for
strengthening of early warning systems Multi-hazard early warning systes
(MHEWS) are essential tools for effective adaptation in areas at risk from weather,
water and climate extremes.

The two great oceans that flank the contidetiite Pacific and the Atlaniicare warming and
becoming more acidic as a result of carbon diexichile sea level also rises. Unfortunately,
greater impact is in store for the region as both the atmosphere and ocean continue to rapidly
change. Food and water supplies will be disrupted. Towns and cities and the infrastructure
required to sustain themwill be increasingly at risk. Human health and welfare will be
adversely affected, along with natural ecosystemazonia, northeastern Brazil, Central
America, the Caribbean, and some parts of Mexico will likely see increased drought conditions,
while hurricanes impacts may increase in Central America and the Caribbean. Climate change is
threatening vital systems in the region, such as the glaciers in the Andes, the coral reefs in
Central America, the Amazon forest, that are already approaching ariieditions under risk

of irreversible damage.

In addition to impacts from the COVHDO pandemic, in the LAC region the United Nations
Office for Disaster Risk Reduction registered a total of 175 disasters during the@Z20

period. Of these, 88% haveeirorological, climatological and hydrological origins. These
hazards accounted for 40% of recorded disastated deaths and 71% of the economic losses.

To reduce adverse impacts of climatéated disasters and support resource management
decisionsand improved outcomes, climate services,-&nend early warning systems, and
sustainable investments are required but are not yet adequately deployed in the LAC region. It is
vital to strengthen the climate services value chain across its constituepbremtsi
including observing systems, data and data management, better forecasting, strengthening of
weather services, climate scenarios, projections, and climate information sy§tahasthe

report is regional most of the information from Brazil corftes results of the INCT MC2

11
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5.1.2 Deadly disasters in Southeastern South America: Flash floods and landslides of
February 2022 in Petropolis, Rio de Janeiro

On February 15, 2022he city of Petrépolisn Rio de JaneiroBrazil, received an unusually

high volume of rain within three hours (258 mm). It resulted in flash floods and subsequent
landslides that caused 231 fatalities, the deadliest landslide disaster recorded in Pdtrépolis.
this paper, we analyzed the root cause and the key triggeriiogsfaf this landslide disaster by
assessing the spatial relationship of landslide occurrence with various environmental factors.
Rainfall data were retrieved from 1977 to 2022, while other remote sensing data from 1985 to
2020, were utilized to map thenldslide scars, soil moisture, terrain attributes,-tifigight
displacement (land surface deformation), and urban sprawling. The results showed that the
average monthly rainfall for February 2022 was 200 mm, the heaviest recorBetrdpolis

since 1932.

From the rainfall spatial distribution, heavy rainfall was also recorded mostly in regions where
the landslide occurreds for terrain,23% of slopes between 4®° had landslide occurrences

and easfacing slopes appeared to be the most conducivdafuislides as they recorded
landslide occurrences of about 9 to 11%. Regarding the soil moisture, higher variability was
found in the lower altitude (842 m) where the residential area is concentrated. From our land
deformation assessment, the area is gpoddly stable, and the landslide occurred only in the
thin layer at the surface of the 1,700 buildings found in the region of interest, 1,021 are on the
slope between 20 to 45° and about 60 houses were directly affected by the landslides. As such,
we condude that the heavy rainfall was not the only cause responsible for the catastrophic event
of February 15, 2022; a combination of unplanned urban growth on slopes betwéeh 45
removal of vegetation, and the absence of inspection were also signifieemdnéd of this
natural disaster.

The weather forecasts issued by INMET and CEMADEN for the mountainous region of Rio de
Janeiro released earlier on February 14 warned about isolated convective rainfall, which could
occur in some areas of the city. Howeveo meteorological model predicted such significant
amounts of rainfall over the regiohhe heavy rainfall that occurred in the city of Petrépolis on
February 15 was caused by the action of a meteorological phenomenon known as mesoscale
convective cell,with extraordinary characteristics without known recorded antecedents. The
situation was influenced by the presence of the South Atlantic Convergence Zone (SACZ), that
at the time was positioned over the state of Rio de Janeiro and created a favoliaimenent

for atmospheric convection.

The other key element that led to the extraordinary rains in the center of Petrépolis was the
passage of a cold front, with very particular characteristics, which occurred at the exact moment
when the rain showers began to form over the city. This coid, fom the one hand, was weak
enough to not be able to dissipate the instability necessary to form the storm clouds and, on the
other hand, it was strong enough to change the wind direction, which came from the south,
exactly perpendicular to the Petrogolnountain range. As a result of this combination of
factors, the mesoscale convective cell cloud (technically called of cumulonimbus), which should
have lasted a few minutes, lasted several hours due to the interaction of the southerly winds
associated wh the cold front with the mountainFigure 12 shows thsurface winds and
temperature for the 18:00 UTC on February(Egure 3) It is noticedthe cold front with the
temperature gradient and changes in wind direcwutherly winds on the mountaingien

where the urban part of the of the city of Petrdpolis (region prone to landslides) turned the
"orographic cloudo (cloud that positions on
not precipitate) into a convective cell, which is very rabeie to the sudden formation and the

null displacement of the storm, the weather radars also did not allow its anticipated tratking.

is noteworthy that the current state of knowledge and meteorological forecast does not allow
predicting where each inddual cloud will form, with which this event could not be predicted

in advance.
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Figure3. GFS analysis at 18:00 UTC for February 15 2022 for the Petrépolis re§lades
represent surface temperature, isolines represent sea level pressure and the barbs shows wind

speed (in knots).

Figure4 (lower side) shows the radar images of Pico do Couto site, where the formation of the
cloud can be seen exactly above theteeof the city of Petrépolis. It should be noted that only

the residential area of the municipality was affected by the rain, which lasted more than three
hours. The accumulated rainfall over the Petrépolis station (Fupeer side) shows the most
intense rain between 19:00 and 21:00 UTC. The highest record of 260 mm in just 4 hours,
occurred between the afternoon and evening of February 15, is unprecedented in the city. It can
also be noted the curvature of the storm produced by the southerly (n¢pdssented by blue
arrows in the figure) which resulted in its long persistence.

Petrépolis
Precipitacio Acumulada Horaria
Dias 13 a 16 de Fevereiro

Figure4. (upper side) Hourly rainfall for wvari ou:
Petropolis during February 413 2022; (lower side) radar images at ®ieo do Couto site
between 19:00 to 20:30 UTC for February 15 2022. (Ses@EMADEN)

According to CEMADEN from a hydrological point of view, the events recorded on February

15, 2022, in the city of Petrépolis were characterized as landslides, floodaahdflbod

typol ogi es. The municipalityés hydrography ind
which are in an anthropized hydrographic basin while its topographic characteristics resulted in

high speed and energy surface runoff. Due to theseathestics and the meteorological event

that hit the municipality, there was an increase in the levels of rivers and streams during the
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intense and concentrated rains. The drainage systems were overloaded and, as a result, the
rainwater runs off the surfagcausing flash floods and floods.

Regarding the occurrence of landslides, the Geotechnical Stations of CEMADEN installed in
the municipality of Petrépolis indicate that there was a significant increase in soil moisture
during the rainfall event that occurred between 15:30 and 19:00 onafelk5, 2022. The
monitoring station also indicated that prior to the event, soil moisture was already high since the
previous rains exceeded 220 mm/14 days and 350 mm/21 days (recorded in some of the
CEMADEN stations). The preceding rise in soil moistwas an inducing, preparatory factor

for the occurrence of landslides. The abrupt elevation of soil moisture in a short time interval,
due to intense and concentrated precipitation and consequently, the oversaturation of the
ground, provided the triggeringf mass movement processes. On the other hand, it was also
verified that very high soil moisture was not recorded at deep levels (sensors in depths 2.0 m,
2.5 m and 3.0 m). In other words, a priori, the processes were closely related to intense surface
runoff and percolation with very high positive pressure in fractures. The high fracture density
favors the formation of large blocks of rocks on the slopes. Blocks of rocks and colluvial soil
deposits were incorporated into the mass of debris and depositatidy bottom as a poorly
sorted materiglAlcantara et al 2022).

5.1.3 Cold Waves of Winter 2021 in central South America: Characteristics and impacts

During the austral winter of 2021, the meteorological services of Brazil, Argentina, Peru,
ParaguayBolivia, and Chile all issued forecasts for unusually cold conditions. Rémard
minimum temperatures and cold spells were documented, including two strong cold waves. In
this study, we define eold waveas a period in which daily maximum and minimumn ai
temperatures are below the corresponding climatological 10th percentile for three or more
consecutive days. From Juaugust 2021, two intense cold wave events: in the last week of
June and again at the end of July, resulted in rema@aking minimum déy temperatures in

several places in central South America and Chile. Several locations had temperatures about 10
°C below average, central South America had freezing conditions, and southern Brazil even
saw snow. In both events, the cold air intrusi@swharacterized by an intense upgietrough

located close to 35 °S and 70 °W. The southerly flow to the west of this trough brought very
cold air northward into subtropical and tropical South America. A northward flow between the
cyclonic and anticyclaic perturbations caused the intense southerly flow between the ridge and
trough. This condition facilitated the inflow of nesurface cold air from southern Argentina

into southeastern Brazil and tropical South America east of the Andes. In the ity B&Slo,

these cold waves killed 13 homeless people, from hypothermia. The frost and snowfall across
southern and southeastern Brazil caused significant damage to coffee, sugarcane, oranges,
grapes, and other fruit and vegetable crops. Wine and coffdegtian fell, the latter by 30%,

and prices of food and commodities in the region rose.

To define cold waves, Figugeidentifies cold episodes between June 1 and August 31, 2021. It
features minimum and maximum temperature data from weather statibasbliie color
indicates when daily minimum and maximum temperatures were both below the corresponding
climatological 10th percentile, representing cold days. The red frame delimits the cold wave
events. Cold waves were detected from June 27 to July Zr@nduly 26 to August 2. The

first was longer and affected four countries and reached lower latitudes. Figure 3 shows also
that in addition to the cold waves, cold spells occurred in other periods and regions: around June
19, July 1920, and August 12nd 26, where the minimum or maximum temperatures dropped
below the 18 percentile and the spatial coverage of the cooling was lower than the cold waves
in the last week of June and July.

In Argentina, minimum temperature reachéd °C in Catamarca on June 28 (LTM: 8@,

with the previous record 66.8 in June 15, 1961), and the station Presidente Roque Saenz Pefa
detected-2.5 °C in June 28 (previous record 7.1 °C, LTM: 11.0 °C) and in Formosa

14



Report Yeat5, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate
ChangePhase 2)

minimum temperature reachetl3 °C (previous record 0f2.3°C, LTM: 12.0°C) on the same

day. On July 29 minimum temperatures-@f4 °C and-2.5°C were detected in Presidente
Roque Saenz Pefia and Formosa, respectively (LTM:°00ahd 11.7°C, respectively). Those
were new monthlyibtorical records, being the previous ored °C on July 18, 2017, an@.3

°C on July 1, 1976). In Formosa and Presidente Roque Saenz Pefia the episodes e68Qune 28
and July 2729 were cold waves, while in Catamarca these cold events were claasifoedtd

spells and not cold waves.

On July 29 the station of Bom Jardim da Serra in the State of Santa Catarina registered a
minimum temperature 08,6°C with snow. This was considered the coldest day in Brazil in
2021. On 28 Juné 2 July, Vilhena, &ate of Rondbnia, Brazil, reached 8@ (19812010
monthly average: 19.2 °C). On 26ne, Campo Grande, State of Mato Grosso do Sul,
experienced 4 °C (1982010 monthly average: 15.8 °CJINMET).

In Paraguay, record low temperatures and cold waves were recorded at Pedro Juan Caballero on
June 29 (1.0 °C, LTM : 8.%C), San Juan Bautista on June 30Q°C, LTM: 11.9°C) and Pilar

on June 30 (0.2C, LTM: 12.2°C). However, the cooling in MariscBktigarribia June 30Z.6

°C, LTM: 13.6 °C) was classified as cold spell (DMH). In Bolivia the-talle lowest
temperatures were recorded in some stations of the Chiquitania and Pantanal regions and new
historical minimum temperature records were eghbd on 30 June (SENAMHI).

From June 26 to July 2, the anomalies extended from central and southern Brazil, central and
northern Argentina and Paraguay to eastern Bolivia, western Brazil and the Peruvian Amazon,
with maximum daily temperatures§ 8°C below average. Minimum daily temperatures of at
least-4 °C less than baseline occurred in the same regions and extended further into central and
southern Chile. During the cold wave episode from July 27 to August 1, maximum daily
temperature anomalies (a&glst-4 °C lower than baseline) arose in southeastern Brazil, northern
Argentina, and Paraguay. Anomalies in Bolivia and western Amazonia were in the ratige of

to -3 °C. Minimum temperature anomaliegt( er@nore) concentrated in southeastern Brazil,
Uruguay, Paraguay, northern and central Argentina, and central Chile, extending further into
those regions than the June cold wave had.
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Figure5. Identification of cold waves based on simultaneous occurrence of daily minimum and
maximum temperatures below the corresponding climatologid¢apéfcentile (blue) and cold

wave event (red frame) for weather stations in the study area. Stations frentidag Bolivia,

Brazil, Paraguay, and Peru are organized showing the northernmost stations at the top and
southernmost station at the bottom. Countries are indicated by color boxes. (Marengo et al
2022b).

15



Report Yeat5, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate
ChangePhase 2)

5.1.4 Heavy rainfall associated with natural dsasters in southeastern Brazil in November
December 2021: Meteorological context, trends in extremes and impacts

In Southeast Brazil, floods and landslides are responsible for most of the loss of lives due to
heavy precipitation events, mainly duringnsuer. In November and December 2021, the
northern area of the State of Minas Gerais and the southern part of Bahia were affected by
disasters after periods of heavy rain. This study evaluated the meteorological conditions leading
to December 229 th, wherit rained up to 300 mn&oil saturatiomeached higher levels in this
period, resulting in landslides and floods exacerbated by extreme rainfall evpreasious wet
periods, November and December. While precipitation was heavy, they claimed fewer lives
when compared with previously documented disasters in the region from 2011 and 2020 that
caused more fatalities. The estimated losses in both states baere 3l billion dollars in
NovemberDecember 2021. Monitoring and issuing risk alerts for these disasters helped
minimize related damage and protect human lives and properties.

The South Atlantic Convergence Zone (SACZ) is one of the atmospheric sysbempsnents

of the South American Monsoon System. The SACZ is a convective band that extends
northwestsoutheast from the Amazon Basin to the subtropical South Atlantic Ocean, being
identifiable by persistent cloudiness and frequently configured in thibsismmertime. These
variations relate to the propagation of ratitude wave trains east of South America that
modify circulation and moisture transport in the tropics and subtropics from the Amazon region
by the South American Lowevel Jet east of thAndes LLJ. Various studies have shown that
the regional distribution of extreme precipitation depends on both the intensity and form of the
convection in the SACZ. In addition, the nedhbuth Atlantic SST gradient influences SACZ,
LLJ, and continentalainfall.

While rainfall peaks in Decembdanuary in NMG and SBA maximum occurs in Masgbril.

So, the SBA's heavy rainfall events in November and December 2021 were atypical in terms of
timing and intensity. As shown in Figu@af, over the SBANMG region, November and
December climatology should be between-260 mm. In December 2021, it rained more than
250 mm, and rainfall anomalies show more tH40 mm above average, meaning that rainfall

in the region in December 2021 was several times abaweahdBased on that, the study region

is defined and shown in the red boxes in Figureflamd further analyses will focus on that
region for stations in SBA and NMG that surpassed 200 mm in December 2021.

Starting in November 2021, Brazil's SBA and NNM&gions have been affected by heavy rains
and subsequent floods and landslides. In SBA, According to INPE (www.cptec.inpe.br), SACZ
episodes were detected on Novemb&rd 8" and 10" to 17" that affected the same region,

plus the state of EspidtSanto in the latter event. Another SACZ episode by"230 ™
November 2021 affected Bahia Espirito Santo and Rio de Janeiro (Figure 2). According to the
INMET (www.inmet.gov.by and CEMADEN www.cemaden.gov.brin December 2021, three
episodes (December-4™ 7™ -11" 23™-27™) of the SACZ affected the region between the
SBA and NMG. On December 7 storms caused by the passage of a subtropical cyclone
formed near the coast of Rio de Janeiro that combined with moisture convergence and the
SACZ produced heavy precipitation that affected several cities in the SBA (Bjgure

According to INMET, in éur days, it rained 491 mm in Itamaraju, 253.6 mm in Porto Seguro,
216.1 mm in IIhéus, which are cities in SBA where the December rainfall climatology oscillates
between 15200 mm. In Itamaraju, according to CEMADEN, it rained 769.8 mm in December
2021 (dimatology of 148 mm), the previous record in December 1989. In that year, abundant
rainfall caused overflowing rivers and flooding, closing on highways, including the BR 101,
near the city of Iltamaraju. Consequently, 2 people died, 267 were injured, @e3&lleft
homeless, 15,199 were displaced, and 220,297 were affected by the floods.
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In Salvador, the capital of Bahia, it rained 175.65 mm from Decemnibet0l", where the
climatology is 58.1 mm. On December 18, according to Noticias Agricolas
(www.noticiasagricolas.com.br/noticias/soja/304&34essale-chuva-atingelavourasde-
sojanaBahiacomalagamentog-plantasmortas.htmi#. YfE7NWBVBI last accessed on March

1%, 2022), the abundant rainfall affected soybean fields in the state of BA with floods and dead
plants due to wet soil on the field. While theming for 2021/2022 was benefited from early
rainfall in October, rainfall increased and triggered floods. The rains persisted in significant
volumes. On December $5another ZACS episode provided high accumulated rainfall values
such as 86.2 mm ini¥ria da Conquista, 70.8 mm in Salvador, and 57.0 mm in Cruz das
Almas.

From December 2% to 29™, some atmospheric trough episodes occurred in the coast of the
state of Bahia, in addition to the convergence of moisture in the middle and lowerckayéang

from Amazonia and evaporation from a warmer tropical South Atlantic off the coast of the State
of Bahia (around 2.5°C warmer than average since November 2021) provided more rainfall to
SBA. As a result, by December 26, greater daily rainfall sotetre detected in locations in
SBA: 127.6 mm in ltirugu, 77.6 mm in Barreiras, 66.8 mm in Guanambi 63.8 mm in Salvador,
and 58.6 mm in Ilhéus.

By December 27 th, in Itabuna, in SBA, the Cachoeira river that crosses the city raised by about
10 m, bridgs were closed, energy was shut down, and the isolated population had to be rescued
by helicopter (SBT News 2024ww.sktnews.com.br/naoticia/primeirompacto/19176&huvas
na-BahiaRio-emltabunasobequasel0-metros las accessed o January '272022). During

that period, the heavy rains in southern Bahia continued to claim victims across the state, two
dams broke due tihe storms, and dozens of cities are still entirely flooded. In addition, rescue
and relief operations have been highly complex and-tiomsuming due to flooding on roads

and the continuation of rains in the region.

In November, while the rainfall amoumtas much higher during the first two periods, it is
noticed that rainfall started in NMG and later moved to SBA. This is more obvious"br70

" November when from 18 -13 ™ intense rainfall affected NMG, and from i4to -17 "
November the intgse rainfall migrated SBA with the almost same intensity. CPTEC/INPE and
INMET [42, 43] identified episodes of SACZ od'®-7"12™ -15™ and 20" -23™ November

2021, and on ¥ -11" and 22" -29"™ December 2021. In the third period, the two regions
experienced heavy rainfall almost simultaneously, even though less heavy than in the other
periods. However, the impacts were much higher because the soil was wet due to the
accumulated heavy rainfall previous periods in November and early and middle December.

Based on these criteria, we have selected three periods with intense rainfall in the region for
detailed analysis of rainfall distribution®t8 ™ 10™-17", and 27" -30" November2021 and

two from December 2021: 7 -11™ and 22™ -29 ™ December, considering data from the
CEMADEN network (Figures 2). In addition, some special analyses were performed for the 22
.29 ™ December period, which was very wet in both regions. I when the disasters
triggered by heavy rainfall left more fatalities (Fig@)e
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Figure.6. (Upper panel) ainfall in the States of Bahia and Minas Gerais in southeast Brazil.
A)Climatology for November, B) Climatology for December, C) Accumulated rainfall in
November 2021, D) Accumulated rainfall in December 2021, E) Rainfall anomaly for
November 2021, F) Raial anomaly for December 2021. Units in mm/month. The color scale

is shown on the upper left side of each panel. Anomalies are relative t20981The area of
interest covering the southern part of the state 0 Bahia and the northern region of Maias Ger

is shown inside the red square. Source of data: CHIRPS. (Lower panel) Maps of accumulated
rainfall for the Southern Bahia and the northern Minas Gerais States during the wet periods
identified in Figure 2 for November (A, B, C) and December (E, F) nm iigures D and G

show the monthly rainfall accumulated for November and December 2021, respectively. The
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color scale is shown on the upper left side of each pafelrce of data: CEMADEN
Network.

5.1.5 Increased climate pressureon the agricultural fr ontier in the Eastern Amazonia
Cerrado transition zone

Several largescale drivers of both anthropogenic and natural environmental changes are
interacting nonlinearly in the transition zone between eastern Amazonia and the adjacent
Cerrado, considered to be another Brazilian agricultural frontier. -usedchage for
agrobusiness expansion together with climate change in the transition zone between eastern
Amazonia and the adjacent Cerrado may have inda®eatsening of severe drought conditions

over the last decade. Here we show that the largest warmindrgngd trends over tropical

South America during the last four decades are observed to be precisely in the eastern
AmazoniaCerrado transition region, where they induce delayedse@ton and worsen severe
drought conditions over the last decade. Our tes@ylidence an increase in temperature, vapor
pressure deficit, subsidence, dtgty frequency, and a decrease in precipitation, humidity, and
evaporation, plus a delay in the onset of the wet season, inducing a higher risk of fire during the
dry-to-wet transition season. These findings provide observational evidence of the increasing
climatic pressure in this area, which is sensitive for global food security, and the need to
reconcile agricultural expansion and protection of natural tropical biomes.

Landuse change for agrobusiness expansion together with underlying climate change may

induce higher frequency of extreme climate events, increasing the exposure and vulnerability of

tropical forests and Cerrado. The transition zone between the Eastamoand the Cerrado

(EAC) biomes comprises the largest area of contact between forest and savanna in the tropics,
with the Cerrado recognized as the worl dobés mc
Asavanni zati ono of Ama zquilibriumn state lpcpmes tnare likelyast s uc h
the climate gets warmer and drier, deforestation advances and fires become more frequent. The
expected result of this interplay of processes is a contractitmedfiumid and dense forests
givingway toa Cerradbk e bi ome. Model ing studies show that
pointsod |inked to their exceedi n Gatellittbasdde f or est ¢
observations have recently revealed that the area of degradation and natural disturbaisce there
surpassing that impacted by deforestation in the Amazon region. Acting synergistically with
processes already in play in the Amazon, the deterioration described here may increase climate
change pressure in the region, especially putting at risk preduateas responsible for

supporting global food security.

Compound changes in hydrological and climate variables. Regions suffering -tefdong
warming and/or drying trend (19€D020) are identified through the analysis of spatial patterns

of these treds for different radiative, atmospheric, and hydrological variables @rigeAC
experienced a widespread and significant warming trend °(0038Q/decade, p<0.05) during

the dryto-wet transition season Ju@yctober (JASO) over last four decades (Fig. 1a). The
observed actual evapotranspiration (EVP) reduction (Axy.tends to elevate temperature,
which increases sensible flux to offset the net downward radiative flux. Ggnaraincrease

of surface net radiation and consequent increase of temperature lead to an increase of EVP if
there is sufficient moisture in plants and soil. The widespread increase of vapor pressure deficit
(VPD, Fig. 1c) is in line with the spatial path of warming observed in air temperature. This
also agrees with global increases of VPD leading to reductions in vegetation*§rowth
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Figure 7 Spatial patterns of trends and compound changes. TrendsZQ28) for the JASO
seasonal period in air tgrarature T2m (a), actual total evapotranspiration EVP (b), vapor
pressure deficit VPD (c), precipitation PP (d), frequency of dry days DDF (e), atmospheric
water vapor content TCWV (f), omega at 500 hPa (g) and wet season onset WSO (h). Values of
trends gven in units per decade. Only pixels statistically significant atathe0.05 level are
displayed. Hydrological and climate changes are combined to display those pixels where
positive trends in T2m, VPD and DDF, and negative trends in PP, EVP and TCWV are
simultaneously observed (i). Compound trends are categorized into three levels: pixels without
statistical significance (All p), pixels statistically significant at p<0.2, and pixels statistically
significant at p<0.05. In all maps, the Amazon and MATO®HBgions are marked by black

and blue contour lines, respectively.

Overall, precipitation trends during the epswet transition season do not show a statistically
significant widespread spatial pattern, but negative trends predominate over southern and
southeastern Amazonia (Figd). A delayed wet season onset (WSO) is also noticed over
eastern Amazonia (Figrh), associated with an increase in atmospheric subsidence, as
suggested by the positive trend in vertical velocity (omega) at 500 hPa ovezdiois (Fig.

79). Accordingly, EAC is characterized by a significant increase of the frequency of dry days
(DDF, Fig. 7e). The observed DDF increases associated with increased subsidence over this
region, are partially related to an intensification of itredley and Walker cells, and a higher
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frequency of winter weather types during Septentbetober. Moreover, the increase in DDF

over this region is related to a warming of the northern tropical Atlantic Ocean and a weakening
of moisture transport from theopical Atlantic Ocean. This is consistent with previous findings
demonstrating the increased dry season length, also observed through the delayed WSO (Fig.
7h). There is a reduction in the atmospheric water vapor content (TCWV) in eastern Amazonia
(Fig. 7f), and a northwest to southeast gradient, wet over the north and dry over the south.

In waterlimited areas such as the eastern Amazon, however, an increase of temperature is
unlikely to increase EVP, especially in the dry and-trywet seasons. Vation in water
availability governs EVP in the seasonally dry tropical forests in the south and southeast
Amazon, towards the transition with the Cerrado biome:ddigpted plants can control stomata
opening or shed their leaves in response to watecidefbut unadapted plants cannot. If the
stomata are closed for too long, an increase in plant mortality by carbon starvation is expected.
On the other hand, if plants are unable to avoid water loss, mortality is likely to increase
because of cavitationll these processes are fundamentally linked to cairetpyosphere
coupling, with complex interactions between climate and plant phenology.

The analysis of longerm trends (Figs7a-h) evidenced that some of the hydrological and
climate changes are already widespread in EAC, whereas other changes are focused on
southern/southeastern Amazonia or even finer regional scales. By combining changes of all the
variables into a single corapnd indicator (Fig7i), we show that EAC is suffering a combined

dry and warming trend. The EAC sensitive region is mainly composed of Cerrado and
encompasses roughly the MATOPIBA region. Therefore, the MATOPIBA region shows the
strongest heating andyilng trends observed across the whole of the Amazon and Tocantins
basins and Cerrado biome. This agrees with the fire distribution focused across the southern
boundary of the Amazon basin and in the EAC during the-Magust dry season because the
disturbel forests are more prone to burning in the-tdryvet transition season than in the wet

and dry seasons.

5.1.6 Intraseasonal Drivers of the 2018 Drought Over S&o Paulo, Brazil

Dry conditions occurred over Sdo Paulo state (southeastern Brazil) fromafetaruduly 2018,
causing the driest semester in 35 years. Socioeconomic impacts included a record number of fire
spot s, most adverse conditions to pollutant
reservoirs stored volume in 17 years. Thisdgtaliscusses climate drivers to the onset and
persistence of the dry conditions, with special attention to the intraseasonal forcing. Barotropic
atmospheric circulations forced by the intraseasonal P&ifith America teleconnection
pattern (PSA), embedd in the lower frequency setup of the Pacific Decadal Oscillation and
the Atlantic Multidecadal Oscillation, were identified as main lesgale forcings to reduce
precipitation. Drought evolution was modulated by other intraseasonal drivers such as the
Madden Julian Oscillation (MJO), Antarctic Oscillation (AAO) and3®days Oscillations. A

break in the @nonth dry condition, in March 2018, highlighted the important role of such
oscillations in determining precipitation anomalies over S&o Paulo (SBlltRehow that
intraseasonal phenomena and their interactions control drought characteristics such as
magnitude, persistence and spatial distribution within a setup determined byfreguemncy
oscillations. The intraseasonal timescale seems to be Keyast be considered for a complete
description and understanding of the complex drought evolution process in Sado Paulo.

In order to summarize the finds described above, a schematic representation of the main climate
drivers for the February 2018 and Ap2018 dry conditions are presented in Bign both

months, intraseasonal PSA and MJO signals were the most important drivers. A distinction
between summer and autumn is seen in the role of South Atlantic Convergence Zone (SACZ) in
the former, and Soutltlantic Surface High (SASH) and Intertropical Convergence Zone
(ITCZ) in the latter. The intraseasonal AAO also contributed to this scenario, enhancing the
drought in February, during the positive phase, and weakening it in the following months. The
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precpitation pattern change between February and March was in part due to the AAO turning
from positive to neutral, illustrating the importance of this oscillation to characterize monthly
dry conditions over SP. But the role of AAO in SP drought seems néedin its intraseasonal
variability. The Oscillation also presents an interannual variability that, albeit much smaller than
the intraseasonal one, may contribute to longer wet and dry periods over SP.
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wave propagation
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Figure 8: Schematic representation of the melimate drivers for the (A) February 2018 and
(B) April 2018 dry conditions.
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5.2  Food security
This subcomponent is divided into three activities

- Activity 1 - Climate, agriculture and implications for food securii§ear 5)

- Activity 2 - Economy Climate and implications for food securityear 6)

- Activity 3 - Climate, livestock and implications for food securiglready reported in Year
4).

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

In this stage of the worlstudies were developed to assess food security vulnerability due to
changes in crops and pastures (such as new production systems and production intensification)
based on the estimate of land use change from 1985 to 2018 made by MAPBI®/ifGre

9 this variation between 1985 and 2020 is indicatgticulture and cattleaising: 263 million
hectares

Agriculture: 181 million hectares Agriculture: 209 million hectares

Agriculture: 241 million hectares Agriculture: 254
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Figure9. Variation of land use in Brazil, from 1985 to 2020.

The period concerned the occupied area grew by 68% and productivity by mo2@®&&anThe
country is the world's largest exporter of soy, coffee, sugar, orange juice, sugar cane ethanol,
beef and chicken.

From 1960 to 2020, the agribusiness export agenda reached more than 350 items. In 2020,
agribusiness exports were on the ordetJ8% 100.7 billion, increasing 3.98% from the US$

96.8 billion obtained in 2019. Basically, Brazil has become an exporter of commodities, where a
great part of these exports are not reflected in the Brazilian people's diet. What was observed
was the increasin hunger in the country, which is reflected mainly in the basic food basket
items. Table 1 shows the Brazilian consumption levels, in kilograms of food per inhabitant, over
the last 35 years. What can be observed is that the average consumption desededihese
figures may indicate production strategies to ensure food security in the country.

Table 1. Per capita consumption of 4 basic food basket items in the last 35 years, in
kg/inhabitant.

Rice Bean cassava wheat
67 19 171 32
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

With the increase in temperature and rainfall, the food production situation can be affected. In
recent years, climate changms had a strong impact on the production of soy and corn,
reducing harvests by more than 25 million tons.

Assessment of climate change and agricultural impacts in the pilot area of the S&o Francisco
River Basin.

This part of the work was done with theederal University of Ceara, Civil Engineering
Department and IFAL, Federal Institute of Alagoas. The main result of this interaction was at
the end of the studies the publication of a book entifdakus Recursos hidricos, Agricultura e
Energia, na Baciaestendida do Rio S&o Francisco ", with 4 chapters, indicating the application
of the relationship between food security, water security and energy security.

Main results

The main results of the work on the spatethporal characterization of the BE8BEing the
MapBiomas products are presented; then aspects of drought perception will be addressed as a
way of subsidizing water security and the impact of climate change on water levels in the
BESF; results related to agricultural production are also piexkefAssessments of greenhouse

gas emissions (GHG), and carbon sequestration by soil will be presented in the next report.

Spatialtemporal characterization of the BESF
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Starting from the need for LULC maps for the entire BESF, the proposal was tosietethe
structuring, reclassification, and validation of the annual MapBiomas LULC maps for the
Extended S&o Francisco Basin.

The data series used in the characterization of the BESF correspond to collections 3.1 and 4.1
(1984 to 2018). The classifitah adopted by MapBiomas is subdivided into 27 classes.
However, since in the scope of the project the classifications would be used in simulations and
diverse modeling, it was decided to group the classes into more comprehensive groups. Some
groups were @amposed of only one class of interest to the project, such as the six agricultural
use classifications and the urban infrastructure class. Fiduilustrates the adopted legend

code and the composition of the LULC groups adopted in the reclassifioptoation.

Figure10- Legend codes after reclassification of MapBiomas products

. GRUPO DEUSO E
CODIGO COBERTURA DO S0LO CLASSES MAPBIOMAS UTILIZADAS

0 Sem Informagao Area n3o observada

Floresta, floresta natural, formagdo
florestal, formagdo savanica, mangue,
1 Vegetacdo floresta plantada, formagdo natural ndo
florestal, formagdo campestre, apicum,
outra formagdo natural ndo florestal

2 Agropecuaria Agrepecuaria

3 Pastagem Pastagem

4 Agricultura Agricultura

5 Cultura Anual e Perene Cultura anual e perene
6 Cultura Semi-Perene Cultura semi-perene

Mosaico de Agricultura e

Mosaico de agricultura e pastagem
Pastagem g P g

Area nio vegetada, praia e duna,

8 Solo Exposto afloramento rochoso, mineragdo, outra drea
ndo vegetada
9 Area Edificada Infraestrutura urbana
P Corpos d’4gua, rio, lago, oceano,
10 Corpo Hidrico

aquicultura

MapBiomas, through the availability of annual land use and land cover mapping data, allows
interested parties to analyze changes and transitions in land use at varicaplyecgrales,

from a local micro scale to a regional or national scale. One can see that there are a number of
complexities involved in both land use and land cover change and the newly formed BESF.

The study points out that between 1985 and 2018, tlge&ligchange observed refers to the
reduction of vegetation that reached just over 3% of the total area of the extended watershed.
Agriculture and cattle ranching, on the other hand, grew just under 2% in area. Another factor
worth noting is that as urbamfrastructure expanded, water bodies reduced in the same
proportion, around 0.08%.

Figurell- Land Use and Land Cover for the years 1985, 1995, 2005, and 2018 in the Extended
S&o Francisco River Basin.
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All 34 maps extracted from MapBiomas were qu#tiand used by the various researchers of

the project team as input for simulation models (carbon stock, hydrological models, etc.). The
possibilities of use in subdivisions of the BESF aslsakins allowed for diverse analyses as
canbeseeninsevem@h apt ers of the book i Nexus Recursos
Bacia estendida do Rio Sao Francifeigura 11)

Impact of climate change on the flow regime

Climate change is a global phenomenon, anthropically caused, with impacts that are
likely to compromise the current form of economic production and social organization on the
planet. Projecting and quantifying these impacts are necessary steps in thectonsof
mitigation strategies. In the S&o Francisco River Basin, the intricate Bfa¢egyFood
NEXUS makes the socienvironmental system even more sensitive to climate change. Among
the projected impacts, changes in the flow regime have implicdtorthe water supply for
food and energy production.

In this component of the SHAE IP, the Global Climate Model (GCM) projections made
available in the sixth cycle of the Coupled Model Intercomparison Project (CMIP6) were
combined with rainfalfunoff moctling to assess the impacts of climate change on the flow
regime in the S&o Francisco River Basin. The impacts were assessed specifically on the
catchments of the tributaries of the Trés Marias, Sobradinho, Retiro Baixo, and Queimado
reservoirs.

In the IPCCS6, the scenarios for climate change assessment combine the emission trajectories,
represented by the RCPs, with possible spalitical dynamics of global development, which

may rely on mitigation actions or result in intensified impacts. The guitical trajectories

are condensed into five scenarios called Shared Socioeconomic Pathways (SSPs) (Riahi et al.,
2017), which correspond to narratives for global development.

In this study, the scenarios SSP- 2.5 and SSP 5 8.5 were considered, whiatombine,
respectively, the SSP 2 and SSP 5 scenarios with RCPs 4.5 and 8.5. In this way, two distinct
trajectories were represented: a first more optimistic one and a second one considering the most
intense impact level.

For each of these scenarios, #dight CMIP6 climate models were considered: BCK22-MR,
CanESM5, FGOALSg3, MIROC6, MASMI1-2-HR, MRI-ESM20, NESM3, and IPSL
CMG6A-LR. Precipitation and maximum and minimum temperature data were extracted from
each model, in historical model simulationslam projections for the 21st century.

In the historical simulations, the period 198015 was cut out for precipitation data and the
period 19862013 for temperature data. For the projections, the period-2020 was
considered, which was broken downtlire analysis into subperiods of 30 years (with a step of
10 years and overlapping of 20 years), that is, ZIH0, 20312060, until 20742100.

The following will only present the results related to the Sobradinho reservoir (Figure 8), the
others are avhia b | e in the Book fiNexus Recur sos h2dri i
estendida do Rio S«o Franciscobo

The CMIP6 climate change models project for the S&do Francisco River Basin a consistent
increase in temperature over the 21st century, followirgdiiobal trend. Consequently, an
increase in ETP is projected. On the other hand, the eight models evaluated do not agree
regarding the direction of the projected trend for the region's precipitation regime. Yet, at least
four models point to significaniaviations in average precipitation (betwe48% and +119%).

The framework developed for assessing the effect of climate change on the flow regime showed
that the projected trends for precipitation and ETP are combined and result in more intense
variationtrends in the flow regime, with the most extreme models showing variations as high as
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-97% and 627%. Significant variations are observed already in the&SRB2enario, with an
intensification of the trends occurring in the S5 scenarigFigure 12).

Figurel2 - Time evolution of hydrological variables (precipitation, ETP and flow) projected by
eight MCGs in the SSP2.5 and SSPB.5 scenarios in Sobradinho reservoir.
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Even though the projections differ on the trend of the flow regime, imply®®f gncertainty in
the evaluation of water supply, the projection of an increase in ETP implies an increase in
demand per unit of planted area, considering the maintenance of irrigation techniques. If the
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total irrigated area is maintained, there will &e increase in demand. In the worst of the
projected scenarios, there will be a decrease in supply (which could-8586h accompanied
by an increase in demand, intensifying competition among water uses in the region.

Agriculture and cattle ranching iiwétors: current data and future climate change scenarios

In the context of the SHAE IP, this component collected data related to livestock (cattle) and
agriculture (harvested area, production and productivity of rice, sugarcane, beans, cassava, corn
and soy crops) for the period 2005 to 2017, and generated projections of these variables under
climate change scenarios. The survey of this data had two objectives: i) compile the primary
data used in the estimates of greenhouse gas emissions in theiiBE$#Huate the dynamics

of the activities of the agricultural and livestock sector in the period 2005 to 2017, and the
impacts of climate change on the indicators of production and productivity in the BESF. To
estimate productivity for the BESF, the mofite databases from Xavier (2015) and the
HadGEMZ2ES global climate model were used. Both contain 11,299 points gridded at 0.25° and
their importance lies in daily information on climate parameters such as maximum temperature,
minimum temperature, and réatl.

Only a few results about the productivity indicators for agricultural crops and pastures, as well
as livestock projections will be presented here. Considering the average data for all the
municipalities in the BESF, the simulations with climatengescenarios point to an increase

in productivity for most crops in the region. Only the rice crop showed a reduction in
productivity levels. For example, comparing the period 22d30 with 2017 (base year), an
average reduction of 3.4% was estimatede Bther crops are expected to show productivity
gains of 5.9, 10.8, 8.2, 14.7, and 21.1% for sugarcane, beans, cassava, corn, and soybeans,
respectively (Figurel3). The plants have their own adaptation to the prevailing climatic
conditions in their envinoment, allowing for technological development that indicates new crop
accommodations considering the new climate through climate risk zoning for agriculture in the
BESF region.

Figure 13 - Current and projected agricultural productivity (¢ha of the nain crops in the
BESF in 2017 and based on climate change scenarios.
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The pastures, on the other hand, showed a tendency to increase biomass productivity in the
period 203140, with a median indicating productivity of 11,159.31 kglhawith a small
reduction in the period 20430 in the BESF. The greatest variability in fpae biomass
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productivity is observed in the period 202Q, however, presenting the lowest median among
the periods (8,527.83 kg 413 (Figure 1).

Figure ¥ - Pasture biomass in different periods of climate change, considering all the

municipalities n the BESF.
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With the changes in pasture biomass simulated under different climate change scenarios, it was
estimated that in the period 2080 the herd could be 36.7 million of heads, an increase of
24.6% compared to 2017 (TabB. The largest increaswere observed for beef cattle
(+36.8%), dairy cattle (+33.0%) and bubalines (+33.3%), while sheep, goats and horses will
have their herds increased by 6.1, 10.4 and 19.7%, respectively.

Table 2 - Animal population projection under future climate scessiin the Extended Séo
Francisco River Basin for the periods 2681, 203140 and 20450.

2017 202130 203140 204150

Herd Number of animals (in millions of heads)

Beef Cattle 14,69 14,99 21,56 20,10
Dairy Cattle 2,15 2,38 2,97 2,86
Goats 5,36 4,76 6,09 5,92
Sheep 6,51 6,00 7,07 6,91
Equines 0,71 0,65 0,90 0,85
Bubalines 0,03 0,03 0,05 0,04
Total 29,45 28,80 38,64 36,69

The analysis of the dataset from the present period {200%) allowed for the identification of
important trends in the BESF. With regard to livestock, the results show that there has been an
increase in the yield of several species, indicating that ievére face of the climate, soil, and
socioeconomic limitations that characterize the region, producers have managed to improve
productivity indicators. Clear examples of this change are: i) the 65.5% increase in the high
productivity cattle herd; ii) thel6.4% increase in poultry raising; and iii) the approximately
38% increase in industrial swine raising in detriment of subsistence raising. There was also a
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50.6% increase in the sheep herd, while the beef cattle and goat herds remained stable in the
period studied.

In agriculture, considering the six crops studied, the results show productivity gains in
the ESBS, since the area harvested with these crops grew only 2.9%, while production increased
40.5% in 12 years. The negative highlight comes from aganivhich showed significant
reductions both in harvested areai7(2%) and productivity-22.5%).

Finally, the results of the climate change scenarios point to a tendency for an increase in the
biomass production of pastures, which will allow for anéase in livestock activity. The same
should occur with agricultural crops, since the results indicate increases in the average
productivity of the crops covered in this study. However, it is necessary to take into
consideration the prospect of an increasdhe frequency and intensity of extreme events,
which can mitigate the theoretical gains in productivity and agricultural production, and
negatively impact water, energy and food security in the BESF.

Agricultural production losses and extreme weathents in the BESF

The data from the previous topic showed that between 2005 and 2017 there were
significant increases in productivity and production of agricultural and livestock production in
the ESFS, which is important to help ensure food securityeimegion. However, the increased
frequency of occurrence and intensity of extreme events due to climate change is expected to be
a challenge for the region. According to Carvalho et al. (2020), droughts hit the northeast region
most intensely in the ye2010, 2012, 2014, and 2017, causing reductions in rainfall ranging
from 15.0% to 70%. In this context, this chapter aimed to evaluate agricultural production
losses from planting to pigarvest in the Extended Sdo Francisco River Basin (BESF) in the
peliod 2005 to 2017, and correlate these data with extreme drought.

Figure B shows the results of loss rates from planting tehameest of the main crops
present in the BESF between 2005 and 2017. The results show that the loss rates can reach
levels clse to and above 30%, as occurred in the crops of beans, cassava, and corn, which
obviously significantly impacts the entire production chain. It was also observed that the years
2012, and 2015 to 2017 were the most critical for almost all crops. The @&2rhad high
losses in all crops (except soybeans), while the period between 2015 and 2017 was marked by
significant losses, for example, in rice, beans, and corn. Among the crops evaluated, sugarcane
was the least susceptible to losses untihaerest.

Figure B - Loss rates from planting to ptarvest of the main crops present in the BESF
between 2005 and 2017.
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Figure B shows the spatialized results by municipality in the BESF. For the bean crop it is
observed that there were losses of up to 96% in 2017. These losses presented in 2017 occurred
in almost the entire length of the basin, reaching a greater number of malitiéspwhen
compared to 2005The data for the other crops can be seen in Book Nexus Recursos hidricos,
Agricultura e Energia, na Bacia estendida do Rio Sao Fran@ikeee results for the bean crop

serve to illustrate the impact of droughts on agngalt production, demonstrating that the
increased frequency and intensity of extreme events, in this case droughts, can substantially
affect and hinder food security in the BESF.

Figure B - Index of agricultural losses (%) from planting to pavestof beans in the years
2005 (A) and 2017 (B) in the municipalities that make up the Extended S&o Francisco River

Basin.
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Activity 3 was reportedh Year 4.
5.3Water security

5.3.1 Highlights

The noteworthy results achievedduring the 5th year of the INCTMC2 project were the

continuouspromotionof INCTMC2 water securitygoalson (seeFigure 17, 18 and Table 3,

with a Summaryand Appendixenclosed):

- COVID+IPCC/AR6communicatiorstrategiesor societyandusers,

- synergicallianceswith otherinterdisciplinarygroups,and

- acceleratingactionwith UNESCGIHP-IX for scienceto-policy adaptation.

Theseachievementwveredevelopedhroughstrategie®f:

(1) water securitydesignedcoursesworkshopsand webinarswith InnSciD SP 2021+ TWAS
ScienceDiplomacyLAC andUNESCGIHP-IX (20222029)

(2) synergy and sharing knowledge with grantel projectsaround! N C T M Cgddisswith
FAPESP Research,Dissemination& Innovation Center (CeMEAI-ii A p p IMatlkesdor
Industry), FAPESP Engineering ResearchCenter (C4AI-i Ar t i If ritca lal),iagde nc e 0
FAPESPBelmontForum(MADIS-fi Ma n a g ef DisastérRiskandSocietalRe si |,i ence 0
newtitle)

(3) participationin co-authoredpublicationsin high-impactjournals(Nature with early-career
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scientistandwith comparativedatasetpromotingINCTMC?2,

(4) updatingINCTMC2 water securitytimeplan (seeTable 1) with premisesfrom the WMO
Stateof the Climatein Latin Americaandthe Caribbearandthe UNESCOrecommendation
onopenscience

COVID-induced interdisciplinary
communication among
I NCTMC26s ppos-tners &
IPCC/ARG intersectorial dialogue
with international stakeholders
under new regulation
frameworkd of the Brazilian
Water Security Plan (PNSH, 2019-
2035), the New. Brazilian Water

CAaniivitrs A At [HAANNLIOINDINN A A

INCTMC2 water %2021/2022

?,?ﬁé’r”% %Illigges Withchievement  INCTMC2 water

P terdisciol S 0 security alliances
Interdisciplinary INCTMC2 with international
projects (C4AI water initiatives of:
#2019/07665'4 0 carctirit\y UNESCO_|HP IX
MADIS #2019/23393- Phase (2022-2029)
4, CeMEAI UNEP '
#2013/07375-0) WWOA/GEMS
through: NbS efficiency WMO Strategic Plan
under LULC SSSP) & #ACt4SDGs, IBPES'
climate (RCP), EbA & COP2,7 to

valuation & water risk
"nA +

AnAA~NArLAAN

Figurel7. Summaryof achievementsf theINCTMC2 watersecuriy in the period2021/2022.

Table 3. Stateof objetivesand goals of INCTMC2-Water Security (adaptedfrom Marengo,

2014). Shadedcells representworkable topics of CNPg DTl scholarships(CEMADEN +

APAC)

2017/12018/1)2019/20 2020/(2021/2 2022/2
Q (o] ) 2 2

10.2.3Main objectives (page34) P
1. Identificationof strategicriver basingto

systematizelatacollectionof watersupply

2. Calibrationandvalidation,spatially
distributed,of hydrologicalprocesses,e.
rainfall- evanotranspiratiorandrunoff. under
3. Simulationof calibratedmodels,coupling
with climatemodelsof mediumandlong-
term.for prospectindandicatorsof

4. Evaluationof newadaptatiorstrategiegor
watersecuritvfor multiple usesunder

5. Propositionof strategiedor improving
watersecuritycommunicatioramong
stakeholdersscientificcommunity,policy

10.2 BFxnectedGoals(nanel36)

[1.] Strengtheningnformationanddatabases
for presentandfuture climatehvdroloav

[2.] Consolidatiorof a cooperativeesearch
networkfrom institutionsof excellencan

[3.] Promotionof adaptatiorstrategyof
climatawatecreciliencefnr ciictainahle
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[4.] Providingtechnicaltoolsfor policieswith
strategie®f adaptatiorto future changes

[5.] New coursesf watersecurityin graduate
programsjncludinginterdisciplinary

[6.]Postgraduatédward of Brazilian

researcheren the subjectof watersecurity
with increasedgatrticipationin nationaland
[7.] Publicationof researchresultsin media
accessibl¢o interestedbarties,aswell asin

[8.] Expansiorof participationof Brazilian
researchers internationaforumsfor

[9.] Promotionof ascienceto-policy network
for the20192035Brazilian WaterResourceg
Plan(ANA), underthelegalframework(

9.433/97 Braz.Wat. Res.Act; 12.187/09the

5.3.2 Scientific and Management Activities (Scienc&or-Policy)

This part outlines a summary of activities de
affiliated institutions, i.e. UFPE, UFCG, USP, UFCG, UFRGS, CEMADEN, INPE, FUNCEME
and EMBRAPA, with affiliated networks from ABRHidro. Activities were subdivided into
sections of advances in water security at local scales, climate change and trends in selected
scales, earth observation for water managenaat,combined strategies with key stakeholders.
Detailed information can be consulted in respective publicationsdiseXX) After COVID,
highlights of the 5th year were addressed in how Brazilian INCTIMKX actions met global
programs of UNDRR, UNFCCC, UNabitat, UNESCGAHP-IX (2022-2029) and socio
hydrology initiatives of IAHS/Panta Rhei and IAHS/Unsolved Problemdydrology (UPH).
Moreover, being Brazil a global player in natural capital has the INCTMC2 water security
subcomponent decided to include the Intergovernmental SeRwimy Platform on
Biodiversity & Ecosystem Services (IPBES) and the Conventionab@ical Diversity (CBD)

as programs for linking INCTMCR®S 6 s edr-policg goals.

The polycentric governance statement of the INCTMEZ2issinhow new sustainabl e,
PPPs promote targeted investmantlimate services to strengthen commubiiyged, hybrid
early warning systems and decision support for water resources adaptation in eienaitve
sectors and for most vulnerable peopi the Tropicsthrough metrics and levels:of

- Nationally Determined Contributions of Parties (NDC) for UNFCCC,

- Nature's Contribution to People (NCP) for CDB & IPBES,

-Di gi t al Sequence I nformationo (DSI) for Nat.
with flexible, adaptable and participatory mechanisais

- Enhanced Transparency Framework (ETF), pBatis 2015/UNFCCC,

- Monitoring, Report & Verification (MRV) on GHG from UNFCCC,

- Global Stocktake (GST) from UNFCCC,

- Sustainable Development Mechami (SDM) of zermet targets,

- Principles of Sustainable Insurance (RENEPFI) and Green Bonds,

- Waste Wise Cities from UNabitat,

-Water, Sanitation & HygiAgendmad0BOWASH) services
usingresiliencedriven (absorptive, adaptivéransformative) methods:

- Naturebased Solutions (NbS),

- Ecosystenbased Adaptation(EbA),

- Communitybased Adaptation(CbA),

- Participatory Action Research (PAR)
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Hence, this 5th year of the INCTMGAS was consolidated through relevant researttha
policy networks with thdAHS Panta Rhei benchmark dataset with sdéwidrological data of
paired events of floods and droughitse UNESCGIHP-IX Operational Plan (2022029) the
IWA 'Earth Observation for war management' Community of PractiBeazilian open datasets
on water securityfNSH/ANASB CA ME L S & BABra).

5.3.3 Advancesat Multiple Scalesof Water Security

In this 2021/2022period, researcihgroupsof INCTMC2-Water Securityhavegainedadvances
despite of COVID pandemiclike continentalriver f | o w sldiasets forecastsand post
processingkills, whenappropriatgA.1.1),

-Continentakiver flow datasetsforecastandpostprocessg

In early 2022, the first Brazilian PhD Thesison South Americariver flow datasetsforecasts
and postprocessingassessmentvas defended under examination board of scientists of

INCTMC2 water security subcomponent-or shortterm water resiliencemaps,Siqueiraet al

(2021,d0i:10.1016/j.jhydrol.2021.12652@isethe Reliability Index mapsdepictingregionally
the deviation from flatness, and the EnsembleModel Output Statistics (EMOS) and the

EnsembleCopulaCouplingil t r a(EC&3)dFiguresls, 19)

Figure18. Rl maps of ensemble streamflow forecasts for a lead time of seven days. Results are
shown for the raw ensemble (left), EMOS univariate postprocessing (center) andEMOBE
multivariate postprocessing (right). Source: Siqueira et al (2021).

7’ W 60 W 45w 75" W 60 W 45°w
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Figure 19. Examplesof streamflowforecastdssuedfor selectedocationsandselecteddatesin
SA (reservoirsof the Brazilian SIN). Forecastsare presentedor the raw ensemblgleft) and
EMOS predictive distributionstogetherwith postprocessednsembldracesderivedusingthe
ECGCT (right). Observedlischargesaindensemblenembersareshownin black (thick) andgray
(thin) lines, whereagthe centereds0 % and 90 % EMOS predictionintervalsare presentedn
darkandlight bluecolors, respectivelySource:Siqueiraetal (2021).

5.3.4 Datasetson unprecedenteddroughts-and-floods

One of themis the participationof INCTMC2-Water Securitys u b ¢ o mp scierdisisin @ s
global comparativestudy publishedin the scientific journal Nature (Kreibich et al (2022) The
challenge of unprecedentefloods and droughts in risk management, Nature
https://doi.org/10.1038/s4158R2-049175).
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Ontheonehand,the paperhasshownthatgearingrisk managemenmneasureso theworstcase
eventexperiencedo dateis not enoughto reduceimpactsfrom unprecedente@vents.This
paperdepictsthe despitethe impactof suchnaturalhazardscanbe reducedhroughappropriate
risk managementif the causesf the increasingdamageare known, however,this hasso far
beenhamperedy alack of empiricaldata.So,alargescaleinternationakollaborativeeffort by
researchergrom the International Associationof Hydrological Scienes () has now led to
important lessonsfrom past events.A unigue data set of two successiveextremeflood or
droughteventsin the sameareawas compiledand studied.Regionswith large differencesin
populationstructure,sociceconomic,climatic and hydrological conditionson all continents
were studied. The analysesconfirmed the assumptionthat appropriaterisk management
generallyhelpsto reducedamage.

However,on the other hand, is particularly difficult to reducethe impact of extremeevents
whosemagnitudenasnot beenseenin the pastin the affectedareabecausef two factors.First,
infrastructuressuch as damsand reservoirshave an upperdesignlimit up to which they are
effective, but oncea thresholdis exceededthey becomeineffective Secondfisk management
is usually introducedor adjustedreactively after major floods and droughts,while proactive,
anticipatorystrategiesarerare. The reasonfor this behaviouris partly dueto a cognitive bias
relatedto therarity andpreviousuniqguenes®f theseextremeeventsaswell asto the natureof
humanrisk perception:eventsthat one hasalreadyexperiencedneselfare morelikely to be
expected again in the future. Thus, this INCTMC2-contributed paper states worldwide
approach that applying thesesuccesdactors can counteractthe current trend of increasing
damagdrom extremeeventsunderclimatechangeconditions.

-Digital Waterfor Resilience

The INCTMC2 Water Security has developed new insights to combine a new, three
dimensiom | approach to water security from freal v
watero (2Z), through operational questions to f.
for water management' Community of Practichttys://iwanetwork.org/projects/earth
observatiorfor-watermanagementommunityof-practicej, namely :

1. How INV+O&M costs of online digital water monitoring (measured$/bytes/Liter) are
reshaping: (1) preCOVID expectedReturn of Investment (ROI*), an@) postCOVID
unexpected "digital water gap" (DWGdmtweermprojects in developERndprojects in
developING countries,

2. How can we visualize and interpret DWiGavhen comparing INV+O&M costs between
projects in developed countries and in developing ones?

3. What type of new acceptable ralersion can we accept with decreasing ROI* on digital
water monitoring in developing countries where COVID has impabetiardest?

4. How could this new posEOVID DWGap help stakeholders (investors, users and utilities)
acceptdecreasing ROIbn digital water monitoring for new projects in challenging sites, like
Manaus City in Amazon Basin, Mumbai in India, or Lagobligeria etc?

5. With increasing inequalities to afford secure sanitation especially in COVID times (i.e. in
Africa, LATAM, MESA and Asia), it is expected that theWGapand theROI* would change,
but up to what safemits?

6. How Digital Twins (DT) fo Naturebased Solutions (NbS) contribute to better assess those
safe limits for both ROI* and DWGap?
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Thus,theINCTMC2-WS &cientistshavealsofocusedhis 3D approacHreal, virtual anddigital
watercycle)onfi b b @ t i®.GAgriculture and Food, Climate Change Environment,Natural
Resources& Blue Economy, Environmentaland Social Framework, Urban, Disaster Risk
ManagementResilience& Land, Social Sustainabilityand Inclusion,and WaterWaterGlobal
Practice (GP), WIA (Water in Agriculture), Water ResourcedManagement{WRM), Global
SolutionsGroups(GSGs),especiallyrelatedwith thefi S t @af Clienatein Latin Americaand
Car i b hltgsipublic.wmo.int/en/media/presslease/wmeassuesreportstateof-climate
latin-americaand-caribbeah

5.3.5. Adaptation Measuresof Water Security in Northeast Brazil

Underthe supervisionof Prof Suzanas MontenegroandProf A Ribeiro,a new studyanalysed
adaptingmeasuresboth structuraland non-structural,in the Rio Capibaribeand Rio Ipojuca
basinstocoping with climate change(PhD student:Luiz GustavoCostaFerreira Nunes)The
objective of the researchaims to proposean adaptationplan to face climate change listing
mitigating measuresto the different uses of water, considering the non-stationarity of
hydrological and meteorologicalvariables.Analyzing, through modeling, the vulnerability of
the existingwaterinfrastructureto future scenariosin additionto simulatingvariousmitigating
measurespoth structural and nonstructural. Briefly, the methodologyis divided into: (a)
analysisand considerationsboutcurrentflow and precipitationtrends(diagnosis)and future
scenarios(prognosis);(b) applying a rainflow model (MODHAC) and then (c) allocating
water; where, the vulnerability of the existing water infrastructureand the implementationof
various adaptivemeasuresn an isolatedand combinedmannerwill be considered;finally,
basedon theseresults,(d) an adaptationplan will be proposedlisting the priority and most
effective measuredor tackling climate change.Thedata used were extractedfrom CMIP5,
modelHadGEMZ2ES. This datasetof climatic variablescompriseghe periodfrom 1850-2100.
However,this study mustevaluatetwo distinct periodsof 30 years:a baseperiod(1981:2010)
and a mediumlong term future period (2051-2080), for the RCP8.5scenario.The calibration
andvalidationof MODHAC for the CapibaribeRiver and IpojucaRiver Basinis describedn
RibeiroNetoetal. (2014).Theallocationmodelthatwill beusedwill be AcquaNET.Theinitial
resultsshowedthatthe bestperformancef the RCP8.5modelfor the studybasinswasrl, with
NSE = 0.22,NMRSE = 9.98%and PB = -13.31%;consideredxcellentby NMRSE (lessthan
10%) and satisfactoryby BP (between 2 &nd+ 25%). Figure la illustrates the observed
precipitationand the historical baseperiod of RCP8.5in the contribution basin of the Pogo
Fundo reservoir. The trend analysiswas performedusing the Mann-Kendall test and found
changesin the trend for the future period in the subbasirs: Goita (Capibaribe), Tapacura
(Capibaribe) Varzeado Una (Capibaribe)and Foz (Ipojuca). In all casesthe changeoccurred
betweenthe years2055and2056.No trendchangesverefoundin the observedoeriod.Figure
1b illustratestheintersectionof the two statisticalcurves,U (tn) andU * (tn), correspondingo
thelocationof the approximatepoint of trendchangeor the Tapacur&ubbasin.

-Climatechangeandtrendsof therainfall of the city of Recife PE

Subjectof major discussions,recent climate changeshow the impact and magnitude of
anthropic actions in the natural environment. The magnitude of the impacts causedby
the changesreflects not only the major disasterscausedby extreme events, but also the
economicandsocialspheresasthesechangedriggeranimbalancean ecosystemsaswell asin
climate configuration and hydrological regimes. Therefore, this study aims to
analyze thetransformationsof rainfall over time by detecting trends in time seriesof
hydrological data.The trendsandfluctuationsof the climatologicalvariables referringto the
precipitationseriesobtained from 4 rainfall seasonslocated in RecifePE, were analzed
by the MannKendalltest.Accordingto the Mann-Kendall sequentiatest,therewasa period
of significantincreasen rainfall that may have its occurrencerelated to extreme events
in the region. Thus the resultsexpressa nonsignficant reductionin rainfall patternsin
Recife.
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-SciencélNebinars For Open Science

In severalBrazilian postgraduatgrogramsusually offer courseswith syllabi relatedto water
security and climate change.In the third year of the INCTMC2, with a partnershipamong
UFPE, UFCG and USP postgraduateprograms, using common scheduleand syllabi, but
independeninternal codes,and with cofinancingof CAPES, CNPg and FAPESP,some of
courseshave addressednterdisciplinary and international topics on water security, global
changesand regional impacts. http://climacom.mudancasclimaticas.net.br/3owebinardéo
from 6 P ag@ o N e xthesvébinaron 6 ' Waoveeexploitationand closure of hydrographic
basins: causes and consequerbg e Mollé, Fracois, IRD/G-EAU,

https://youtu.be/mGRbYxXE4vQGhas taken great attentionto INCTMC2 Water Se c ur i

recommendationf®r the Sixth Year.

-Open ScienceRepository,PopularizationOutreachand Citizen Literacy on Interdisciplinary
WaterSecuity UnderGlobal Changes

During the Fifth Year of the INCTMC2, the Water Security Subcomponentas strongly
promotedopenscienceoutreachanda wide popularizatiorof internationalandinterdisciplinary
webinarsthrough CEPED/SPwebsite(www.ceped.eesc.usp)bWith | N C T M G&séachers
andinternationalgueststhroughpartnerednitiatives, INCTMC2-water securityscientistshave
followed the recommendationgrom the School of AdvancedStudieson Water & Security
underChange with an openrepositoryof syllabi, knowledgeandthinking evolutionavailable
to supportwater literacy, socialempowermenand policy makingtowardsa low carbon,more
sustainabl@ndresilientsociety

5.4  Human health and cimate change

5.4.1 According to the World Health Organization (2010, 2011) the policies for

surveillance/control actions for neglected diseases must be aligned with agendas

committed to the assessment of climate and environmental changes.

Year 1. Projections were produced of the distribution of 04 vectors of American
Cutaneous LeishmaniasisACL (Lutzomyia flaviscutellata, Lutzomyia whitmani, Lutzomyia

intermediaandLutzomyia neivaiin climate change scenarios.

Year 2:Projections for other vdor species.utzomyia wellcomei, Lutzomyia complexa,

Lutzomyia umbratilis, Lutzomyia migonei, Lutzomyia longipadpid Lutzomyia cruzithe last
two as vectors of American Visceral Leishmania$\/L.

Year 3: The results were analyzed on the climaté&agility scenarios for vectors

studied individually, as well as their associations with the distribution of the respective
and AVL.

ACL

Year 4:With the update of new IPCC scenarios, the modeling for the vectors is being
updated once the database is yeadlhe vector distribution projections associated with
socioeconomic variables and the incidence of leishmaniasis will serve as a basis for calculating
vulnerability indices for Brazilian Municipalities. Such results, aggregated and analyzed by
municipality, constitute important products to support the National Control Program for the
Control of Leishmaniasis and the Secretariats, State and Municipal Health Departments in

Brazil, aiming at better planning of surveillance and control actions.

Year 5:Municipal vulnerability in the state of Rio de Janeiro/ Brazil, for transmission
of American Visceral Leishmaniasis, human and caNiiseeral Leishmaniasis, records of the

vectorsLutzomyia(Lutzomyid longipalpisand municipal classification.
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The analysisof Lutzomyia (Nyssomyia) whitmani spatial distribution in association
with vegetation cover and the six Spatial Circuits of ACL, showed a higher density of the vector
in Dense Ombrophilous Forests, Seasonal Decidual Forests, Seasonal Semideciduous Forests,
Savanna and Steppe.

The systematic review of climatic conditions that might affect the Cb@idistribution
is under construction. Also, the modelling process to predict the @Q8vitistribution under
climatic conditions effects in Brazilian territoiyin process of production.

5.4.2 Municipal vulnerability in the state of Rio de Janeiro/ Brazil, for transmission of
American Visceral Leishmaniasis.

The State of Rio de Janeiro (RJ) has a small number of human cases of AVL; but it
should not be neglected due to the high number of infected dogs, mortality, the vector
adaptation, urbanization, and expansion of the disease. Therefore, preventive nieaderds
areas are crucial to avoid its spread. This study aimed to identify vulnerable municipalities in
RJ and guide future entomological surveys, by mapping the spatial distribution of the disease
(human and canine) and its local vector(L.) longipalpis.

The occurrence df. (L.) longipalpis human and canine cases of AVL were obtained at
the National Information System on Notifiable Diseases, from the Health Department of the
State of RJ, from the National Reference Services on Leishmaniasis and from the literature. The
data were integrateitito a Geographic Information System/QGIS and classified according to
the above mentioned criteria, established by the Brazilian Ministry of Health. In the period of
20112022, human AVL occurred in 09 and canine VL in 41 of the 92 municipalities in RJ. In
the last three years (20B®921), 27 municipalities had records of canine VL (FigzOe Five
municipalities had records of human AVL; all classified as sporadic transmission, where Barra
Mansa, Rio de Janeiro and Volta Redonda are municipalities witind® of canine VL and the
presence of the vectar (L.) longipalpis

In the state, 62 (67%) vulnerable municipalities were identified, 09 (8%) of which were
receptive, and only one municipality was classified as silent and not vulnerable (Aperibé)
(Figure 21). Rio de Janeiro has only 17 (18%) municipalities with entomological survey and
records of the vector (Figu2?). The transmission of AVL currently occurs in 32% of the RJ
and classified as sporadic. Approximately 82% of all the state, and amengulirerable
municipalities, 85% municipalities do not have information on sandflies, which shows a clear
need for entomological studies.

It is known that notifications about human and canine cases of VL are still precarious, a
fact that needs to be rewvied, since they are essential data for surveillance and control actions
to be implemented efficiently in the state and in the municipalities. After the detection of the
vector in vulnerable municipalities, the recommended control actions are: healthi@duca
actions, environmental management, and canine investigation, aiming at the early detection of
AVL cases. This type of study has as its main perspective to provide support for surveillance
campaigns and prevention of AVL transmission, whose model dmeildpplied to different
regions of Brazil.
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] Canine VL

[ Human VL

I Canine + Human VL
[ No reported cases

Figure 20: Occurrence of human and canine Visceral Leishmaniasis of the State of Rio de
Janeiro.
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Figure 2. Classification of municipalities of the State of Rio de Janeiro according to the
transmission of Amecan Visceral Leishmaniasis.

By

Figure 22: Entomological survey and records of the vedtotzomyia(L.) longipalpison the
State of Rio de Janeiro.

Legend

Lutzomyia longipalpis
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5.4.3 Vulnerability of Brazilian population to climate change: A case study of American
Cutaneous Leishmaniasis (ACL) in association with the spatial distribution ofutzomyia

(Nyssomyia whitmani (Diptera: Psychodidae: Phlebotominae), with emphasis on the Stat
of Rio de Janeiro, in comparison with other states in the context of the Southeast Region.
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Given the complexity and challenge of controlling ACL in Brazil, the indication of
future risk scenarios for epidemic outbreaks can optimize costs and fadhgaptanning of
well-targeted actions with a focus on monitoring and surveillance of environmental impacts.
The present proposal is organized in two main objectives having as target the State of Rio de
Janeiro in the context of the Southeast Region.

The first objective is to generate future projections of the geographic distribution of
whitmanj the most important vector of ACL in Brazil, through ecological niche modeling;

The second is to assess the vulnerability of the Brazilian population déoc¢hieence of
ACL in climate change scenarios. With this, we intend to update the known distribution and
generate maps of potential areas of occurrenck. afhitmaniof greater relevance for the
transmission of ACL in Brazilian territory.

Future projedons indicate a greater area of expansion of the climatic suitability of
whitmanifor the North region of Brazil, and reinforces the expansion trend towards the South.
Although climate change scenarios show that the Amazon region will gradually bedeme d
the results indicate that whitmaniwill remain present in the region and should expand its area
of climatic suitability. The models were able to identify that the continuous process of
environmental degradation favors the establishmeht whitmani and the occurrence of ACL.

In this view and associated with the new epidemiological patterns resulting from drastic
environmental changes, the epidemiological scenario for ACL points to a continuous increase in
human cases.

5.4.4 SARSCov2: Assessmenof the relationship between climate and Covidl9 in
Brazil: a systematic review.

For this topic, the present study aims to model the spatial distribution of communicable
diseases in different scenarios of global warming and to understand how thinpeitt the
probability of emergence of new cases. Although the etiological, clinical and epidemiological
knowledge are evolving, some studies suggest that the incidence ofGARS might be
influenced by environmental characteristics, such as regianatat differences.

In addition to weather conditions, air pollution had been studied asfactoo for
Covid-19 lethality since most of the pexisting conditions that increase the risk of death from
SARSCoV-2 can also be affected by the lermgm exmsure to air pollution. Here, we
investigate the regional climatic characteristics in the distribution of cases ofChuidBrazil
and the possible effects of air pollution on the lethality of SARS-2 in Brazil. This is an
ecological study that seeks estimate the probability of favorable climatic conditions for the
occurrence of cases of COVI® and American cutaneous leishmaniasis using georeferenced
cases for the period of 202021; and secondly, the Covi® lethality rates in 2020/2021 for
each municipality in Brazil will be related to the mean concentrations of fine particulate matter
(PM2.5) extracted from the period 20R6820. For the construction of models for predicting
future warming scenarios for diseases, a species distribution mdddbewsed (proposed to
predict species distributions based on environmental covariates for each grid in a grid). The
environmental variables will be extracted from the database generated from the IPCC
regionalized climate model EtdadGEM2 ES RCP 8.5, fahe IPCC 1.5°C, 2.0°C and 4.0°C
global warming scenarios for the years 2020 to 2100. These projections are used to assess
impacts as a consequence of climate change using impact methodologies and models, where the
input variables are present and futulienate scenarios derived from the EHfadGEM?2 ES
models.

As preliminary results, the analysis of suitability and contribution of bioclimatic
variable to the modeling of high cumulative incidence of Cd#dndicated that the variables
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annual mean tempature, temperature seasonality, annual temperature range, annual
precipitation and precipitation seasonality indicated a greater contribution to the general model
in relation to the other variables used. Of the five selected variables, the annual temperatu
range was the variable with the best relative contribution to the seven models selected for the
modeling and the average annual temperature was the variable that made the smallest
contribution to the modeling (Figur23). The areas highlighted in red ¢ime map presented

points of high climatic suitability (i.e., greater probability that climatic factors are contributing

to the high health indicators investigated), mainly in the North and South regions and in some
points in the Central West region.

Figure23. Prediction of suitable environmental conditions for the high cumulative incidence of
COVID-19 in the years 2020 and 2021, Brazil.

5.4.5 Analyzing the SarsCov 2 epidemic from a socieclimate perspective

Acute viral infections of the respiratory trgeiARIs) are responsible for a high burden of
acute diseases in all age groups and their association with local weather patterns in various parts
of the world has long been demonstrated (Chadha et al., 2020; Li et al., 2019; Moura, Perdigéo,
& Siqueira, 2009; Shek & Lee, 2003; Stewart, 2016). The most common viral types are
Influenza, an important cause of morbidity and mortality in humans and responsible for
seasonal, pandemic and zoonotic outbreaks (e.g. H2N2, H3N2, HIN1, H5N1, H5N9). However,
other noninfluenza respiratory viruses have recently emerged or were detected such as the
coronaviruses of severe acute respiratory syndrome (S2dRSand SARSCoV-2) and of the
Middle East respiratory syndrome (MER®V), adenovirus type 14 (Ad14 ), human rhinovirus
C (RV-C) and human bocavirus species (Dunn & Miller, 2014).

In general, a fundamental role of temperature is observed in the seasonality of these
viruses, including the frequent migration of influenza viruses from warmer to colder
geographical regionsLi( et al., 2019; Sundell, Andersson, Brittdiong, Lindh, & Westin,

2016). In fact, almost all vARIs share the same seasonality in temperate regions, where cases
are more prevalent in winter, while there is greater temporal diversity in the tropicsall,i et
2019; Stewart, 2016). However, the timing of vARI epidemics varies between and within
countries (BloorrFeshbach et al., 2013).

Regarding coronaviruses, a study found that SARS probably behaved in a seasonal
manner in China, appearing initiallyetveen late autumn and early spring, times when
temperature, relative humidity and wind speed were the main meteorological factors affecting
its transmission (Yuan et al., 2006). Sun et al. (2020) report that in the past 17 years two
generalized SARS epidecs have occurred in China caused by the coronavirus, and that some
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general patterns related to the epidemic are noticeable such as: the two epidemics appeared in
the winter season, when a favorable condition for the survival of the virus is obserddabifan
occurred in times of severe drought, rare conditions in the locations where the epidemic broke
out.

Considering this context, it is possible that the seasonality of the new coronavirus
(SARSCOW-2) may also rest in climatic aspects, given that its seasonality in the world and in
Brazil is still practically unknown, but it can share similarities with oth&RIS. Obviously,
human behavior, globalization and control measures (ie wearing masks, social isolation,
lockdown, among others) are nrolimatic factors that, in fact, seem to have the greatest impact
on the epidemiology of SARBOC-2, but the climatidactors should be better analyzed in the
Brazilian context to help understand the epidemic in the country. This understanding can benefit
both from vulnerability assessments that allow identifying the territories most susceptible to
localized outbreaks,na from the climate approach in epidemiological models that provide a
holistic view of the behavior of the new pathogen.

Therefore, this research is justified since Covid 19 generated great social, concern. Due to
the extension of the Brazilian territorthe intention is to use the state of Minas Gerais as a
proxy for the possible socioeconomic and climatic relations that can be observed in other
regions of the country with regard to the coronavirus epidemic. The state has 853 municipalities
with very different human, economic, and climatic conditions, ranging from places such as the
Jequitinhonha Valley and North region (seamid), with a hot, dry climate and greater human
poverty, to the Tridngulo Mineiro and Alto Paranaiba, with better living conditiomd
subtropical climate. The objective of the work is i) to survey social and health system
vulnerabilities in the municipalities of Minas Gerais and ii) to study climatic patterns that may
be related to the SARSOV-2 epidemic in the state during thiest year of registered cases
(March 2020- February 2021). To this end, meteorological, social, economic, demographic,
epidemiological and health data were produced/collgdialles 4, 5).

Meteorological data were being processed in partnership wita$Bm Marcelo de Paula
Correa, Director of the Natural Resources Institute of the Federal University of Itajub&/MG
(Unifei). Epidemiological, health, social and economic data were being collected on
governmental websites. Data were analyzed using STAT#iore 16.0 software. In this, the
accumulated incidence of COVID19 cases was calculated in each of the 14retaons of the
state of Minas Gerais, corresponding to the period between 03/01/2020 and 04/08/2021.
Fourteen health and socetonomic/housingariables were used in the study.

The results showed that the macegions of Minas Gerais presented a diversity of
housing and demographic conditions. Vale do Ago is the mragion with the highest
percentage of people in vulnerability due to saisitaconditions, followed by the East maero
region. The macro North had the highest percentage of households with a high density of more
than two people per bedroom. The percentage of women was similar among the twelve macro
regions.

The cumulative incidece of COVID19 in the analyzed period was higher, respectively,
in the macreregions Tridangulo do Norte and Vale do Acgo, while the lowest cumulative
incidence was identified in Jequitinhonha. The average incidence in the period was higher in the
Centro maro-region, followed by Vale do Aco.

The East macroegion had the highest minimum, maximum and average temperatures.
The lowest minimum temperature was identified in the South rragion, while the lowest
maximum temperature was in the Central Soutlcrmeegion. A statistically significant and
very weak correlation was identified between the daily incidence of C&@Iand the
minimum temperature in the Central South, East, Northwest, West, South, North Triangle and
Vale do Aco macraegions. With avexge temperatures, the correlations were statistically
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significant and very weak in the Center, East, South East, Northeast, Northwest, Southeast,
South and Southern Triangle. With maximum temperatures, a statistically significant and very

weak correlationwas identified in the Center, East, South East, Northeast, Southeast and
Northern Triangle macreegions(Tables 6, 7)
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Table4- Multiple linear regression model considering the cumulative incidence of CQVYID

as an outcome and sociodemographic andihgatiables as independent.

Variaveis Erro padrdao  Coeficiente Valor de 1C95%

p
Percentual em 0,442 0,352 0,572 -5,272; 5,977
vulnerabilidade por
condicbes de saneamen
Percentual de domicilios 0,729 -0,478 0,631 -9,749; 8,793
com alta densidade
Estimativa populacional 0,050 0,017 0,790 -0,624; 0,650
de zero a quatro anos
Percentual de mulheres 555.7976 232,569 0,748 -6829,508; 7294,648
Populacéo residente 0,002 -0,001 0,709 -0,032; 0,0304
Densidade populacional 0,054 -0,029 0,688 -0,732;0,665
Populacéo residente con 0,007 0,008 0,477 -0,088;0,104
65 ou mais
Auxilio emergencial 0,001 -0,0006 0,784 -0,023;0,021
Familias beneficiadas 0,009 0,005 0,651 -0,114;0,125
pelo Bolsa Familia
IFDM emprego e Renda 44.6340 11.360 0,841 -555,768;578,489
Proporgéo da populacédo 0,493 -0,189 0,767 -6,463;6,084
atendida pela ESF
Gasto per capita com 0,015 0,006 0,755 -0,186;0,198
atividades de saude
Constante 208,3161 -99,804 0,716 -2746,711; 2547,102

Table 5- Correlation between temperature variabtdesl daily incidence of COVIEL9 in the
macraregions of Minas Gerais between 03/01/2020 and 04/08/2021.

Temperatura Temperatura média  Temperatura maxima
Macrorregibes minima

r Valor r Valor de R Valor de p*

de p! p*

Centro -0,002 0,968 0,099 0,048 0,126 0,011
Centro Sul 0,122 0,014 0,076 0,129 0,065 0,195
Jequitinhonha 0,025 0,620 0,087 0,082 0,092 0,067
Leste 0,103 0,040 0,114 0,022 0,100 0,045
Leste do Sul 0,076 0,128 0,126 0,011 0,115 0,022
Nordeste 0,073 0,144 0,134 0,007 0,144 0,004
Noroeste 0,101 0,043 0,101 0,043 0,044 0,379
Norte 0,050 0,318 0,043 0,318 0,076 0,131
Oeste 0,103 0,040 0,068 0,172 0,019 0,703
Sudeste 0,075 0,136 0,106 0,033 0,113 0,024
Sul 0,178 <0,001 0,140 0,005 0,029 0,560
Tridngulo do Norte 0,105 0,035 0,047 0,351 0,115 0,021
Tridngulo do Sul 0,047 0,346 0,102 0,040 0,026 0,595
Vale do ago 0,099 0,048 0,079 0,115 0,083 0,098

ATeste de correlagéo de Pearson.
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Table 6- Correlation between temperature variables and daily incidence of GO¥ID the
macraregions of Minas Gerais between 03/01/2020 and 04/08/2021.

Temperatura Temperatura média Temperatura
Macrorregibes minima maxima
r Valor r Valor de R Valor
de g p" de g
Centro -0,002 0,968 0,099 0,048 0,126 0,011
Centro Sul 0,122 0,014 0,076 0,129 0,065 0,195
Jequitinhonha 0,025 0,620 0,087 0,082 0,092 0,067
Leste 0,103 0,040 0,114 0,022 0,100 0,045
Leste do Sul 0,076 0,128 0,126 0,011 0,115 0,022
Nordeste 0,073 0,144 0,134 0,007 0,144 0,004
Noroeste 0,101 0,043 0,101 0,043 0,044 0,379
Norte 0,050 0,318 0,043 0,318 0,076 0,131
Oeste 0,103 0,040 0,068 0,172 0,019 0,703
Sudeste 0,075 0,136 0,106 0,033 0,113 0,024
Sul 0,178 <0,001 0,140 0,005 0,029 0,560

Triangulo do Norte 0,105 0,035 0,047 0,351 0,115 0,021
Triangulo do Sul 0,047 0,346 0,102 0,040 0,026 0,595
Vale do aco 0,099 0,048 0,079 0,115 0,083 0,098

Table 7- Correlation between variables of humidity, precipitation and O3 concentration and
daily incidence of COVIBL9 in the macraegions of Minas Gerais between 03/01/2@2l
04/08/2021.

Umidade Precipitacdo Concentracdo  de
Macrorregides 03

r Valor r Valor de R Valor de

de g p* p*

Centro -0,127 0,011 -0,035 0,485 -0,015 0,752
Centro Sul 0,029 0,556 0,059 0,241 -0,029 0,564
Jequitinhonha -0,054 0,278 0,024 0,631 0,029 0,558
Leste 0,014 0,775 0,010 0,841 0,092 0,066
Leste do Sul -0,100 0,046 -0,016 0,765 0,065 0,194
Nordeste -0,060 0,228 -0,034 0,496 0,048 0,336
Noroeste 0,044 0,379 0,001 0,982 -0,008 0,868
Norte 0,076 0,131 -0,019 0,702 0,060 0,227
Oeste 0,019 0,703 0,083 0,095 0,002 0,997
Sudeste 0,113 0,024 -0,005 0,900 0,017 0,722
Sul 0,029 0,560 -0,003 0,994 -0,004 0,924
Tridangulo do Norte  -0,143 0,004 -0,004 0,935 0,117 0,019
Triangulo do Sul -0,058 0,249 0,018 0,714 0,130 0,009
Vale do ago 0,051 0,308 0,005 0,915 -0,015 0,755

Data analysis and preliminary results were carried out between June 2021 and June 2022.
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5.5 Energy security

To assess the extent to which Brazilian economic development and the increase in energy use is
compatible with the objectives of a sustainable and less cambarsive economy, further
assessing the relationship betwégmre climate and energy availability.

5.5.1 Activities carried out during the fifth year

a) Scientyc and Administrative Activities developed in th8 ¥ear (July 2021 to Jule 2022),
together with information from meetings and working groups whegdNICT may have been
presented.

Integrated Assessment Modelling tools improvements and advances (COPPE)

The energy security componentodés team at COPPE
end of February 2021, when the last CNPq scholarsdlipsated to the COPPE/UFRJ team

were paid. As a consequence, no further activities were developed by the COPPE team to the
project after February 2021.

Burning biomass aerosols impact on incoming solar energy (INPE, UNIFESP)
Problem statement

Atmospheric aerosols are the most important factor for solar radiation extinction in cloudless
conditions, followed by water vapor. Amazon and central Brazil burning season spanning from
August to October causes large scale impact on the atmosphericiti@msedue to high loads

of burning biomass aerosols emitted to the atmosphere. During this period of the year, in
Central Amazon, values of AOD at 500 nm between 0.75 and 1.0 are frequently found, while in
the Southern Amazon values well above 1.0 arengon. AOD up to 5.0 have been reported in
years with more intense biomass burning activity. The higher aerosol optical depth affects solar
irradiance reflection and scattering, reducing the amount of shortwave radiative energy reaching
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the surface, also aneasing the diffuse fraction. These aerosol plumes are transported for long
distances, impacting regions of interest for solar power exploitatiigure 24).

Brazil has a vast potential solar energy resource and has experienced a boost in photovoltaic
deployment in recent years due to government incentives and technological advances. In
particular, concentrating solar power (CSP) technologies have shown a noteworthy potential for
Brazil in scenarios of climate change mitigation, especially as a comptang heat supply for
industrial processes or hybrid power generation. It should be noted, however, that some
potential areas for CSP development, like the Celfttedt and the Southeast regions, are often
affected by biomass burning haze during the dgsen.

Solar irradiance data are available only in a few locations in Brazil and are sparsely and
heterogeneously distributed. Measurements of the direct component of irradiation are even more
scarce, which makes it difficult to assess the potential isftdthnology. Numerical models

came as an useful tool to improve the spatial monitoring of solar irradiance. The BRRSIL
model is one of this model and has been used by LABREN/INPE in partnership with the
Federal University of Sdo Paulo for the assesgnof the solar energy potential of the entire
country.

BRASIL-SR model

BRASIL-SR is a satellitthased model that estimates the downward surface solar irradiance
developed by INPE. The core of the BRASIR is a physicalipased radiative transfer model

that is executed for two atmospheric conditions: cloudless and overcast with a very high cloud
optical depth. Then, the solar irradiance components at the surface for any cloud cover
conditions are obtained by the interpolation between both solutiong tneneffective cloud

cover index obtained from visible satellite imagery. For clear sky assessments, the model
BRASIL-SR requires the following regional input data for each grid cell: longitude, latitude,
altitude, surface temperature, relative humiditgtal precipitable water vapor (PWYV), total
ozone i n t he col umn (03), AOD in 550 n m
classification, and the Moderate Resolution Imaging Spectroradiometer (MOBdBgdtional
reflectance distribution functions (BRDFetel parameters. Additionally, local data from
observations (e.g., from the Aerosol Robotic NetwAEBRONET) of PWV, O3, AOD, and AE

can be entered as input for a particular grid cell, overriding regional data.

Methods

During this period a new versiorf the BRASIL-SR clearsky model was developed by the
LABSOLAR/INPE, with partnership with the Federal University of Sdo Paulo (UNIFESP), to
improve the representation of aerosol radiative attenuation and reduce the uncertainties of the
surface solar irradince estimates in cloudless hazy conditions and clean conditions. The main
advances were:

0 Better assimilation of burning aerosols

0 Improved aerosol spectral attenuation

0 New surface albedo representation due to inclusion of Bidirectional Reflectance
Distribution Functions (BRDF)

0 Improved simulation of water vapor and ozone spectral attenuation processes.

0 New approach for using defiaddington optical depth scaling in simulations

The numerical experiments compared AOD inputs from local observatideBRQNET) and
regional gridded datasets (MERRAreanalysis) for four sites in Central Brazil and Amazon:
ARM_Manacapuru, Manaus_EMBRAPA, Brasilia_SONDA and Palmas_SONDA.
ARM_Manacapuru, Manaus_ EMBRAPA and Brasilia_ SONDA havdocated AERONET
stations, wih the same name, that provide level 2.0 AOD , PWV, and O3 column content data.
Additionally, spectral irradiance data were available from multifilter rotating shadowband
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radiometers (MFRSR), operating at Manaus_ EMBRAPA and ARM_Manacapuru. These two
sites vere part of the GoAmazon experiment under the classification of time point zero (TOe)
and three (T3), respectively. In addition to the comparison with observational data, BEBRSIL

results were compared with two broadband clear sky models, McClear and2 RESIT

comparisons were made for the dry seasons of 2014 and 2015 on a minute basis usikg clear
periods onlyCloudy samples were removed using appropriate algorithms.
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Figure 24: Study area and ground stations used for validation (ARM_Manacapuru,
Manaus_ EMBRAPA, Brasilia_ SONDA and Palmas_SONDA)

Results

Results for DNI without delt&ddington scaling presented the best skill in all sites and for both
experiment s.
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while it ranges from 0.1 to 2.1% for the regional AOD data. The overall skill of BR/&ARLfor
the estimation of both GHI and DNI was improved during this wWbBigures 25, 26)
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Results indicate a good skill of BRASER for the estimation of both GHI and DNI. For the
period of study, the model skill showed a comparable or superior skill than giaeabtvith
broadband models McClear and REST2 at the measurements sites, except for Palmas_SONDA
where McClear presented the best skKill.

The RMSD deviations of the GHI provided by BRASER using local AOD data (in situ
experiment) was below 2.9% for gifound sites and below 5.7% for regional experiment. The

bias for GHI were below 1.3% for the-@itu experiment, and below 2.1% for the regional
experiment. Our results also confirmed former research outputs thaEdeditagton scaling in

the twostreamapproximation led to an overestimation of the DNI. For thsitim experiment,

t he DNI bias without scaling varied from 12.
For the regional experiment, bias were slightly positive, ranging from 0.1 to 2.186RWSD

ranged from 5.9 to 9.6%, except for Palmas_SONDA that presented some quality issues in DNI
ground datgFigure 27).

In summary, this study confirmed that aerosol emitted to the atmosphere by biomass burning
events can intensely attenuate incidenlar irradiance to the surface. The new improved
version of the model BRASHSR provides GHI and DNI outputs with low uncertainties for
cloudless conditions for all aerosol loads. Future studies should cover more extensive
timeframes and geographicakas, allowing a more comprehensive and detailed performance
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benchmark for this model. There is work in progress to improve cloud representation in
BRASIL-SR. The major goal is to develop a reliable spectral model providing GHI, DNI for
any atmospheric coittbn concerning cloud or aerosol optical thickness in a tropical region.
The fine spatial resolution of the GOES imagery and its cloud and aerosol products can help to
overcome the ground data scarcity. In addition, a parameterization for circumsal&tiona
should be included in future versions of BRASR.

5.5.2 Climate projections downscaling for solar and wind assessment in Brazil

Renewable energies are in the core of current energy transition, contributing to reduce GEE
emissions but may be esxped to climate change impact. Future wind and solar resource
availability and variability is being assessed through CMIP6 datasets. Earth system models
provide valuable information on climate response to global environmental changes, but results
should beassessed carefully due to high uncertainties inherent in these models. In this work a
statistical downscaling procedure is used to adjust models to observations and to produce more
reliable projections, especially for extreme events. An uncertainty #8jalysing large
ensemble models is developed for defining confidence intervals and to rank the best performing
models to build a smart mutthodel ensemble. For this purpose, the activities below summarize
the achievements during the last year by LABRERENIn partnership with the Federal
University of Sdo Paulo:
A Devel opment of a validation algorithm for

and the SONDA network;

A Comparison of r ean-hangERAS)todasenseddatg€te Bdptif MERRA
the best datasets for representing wind and solar resource;

A Bias correction of selected rewmahdyses to
solar irradiation;

A Development of codes for faster downloads ¢

A Def i ni t igetrareasfovertBrarildoesuppoa comparisons between the models
(SemiArid, Central and Southern Brazil).

A Performance evaluation of the CMIP6 model
correlation between the historical loteym averages from models anbservations for each
target area.

A Performance evaluation of CMIP6 models abi
the calculation of monthly averages within each target area.

After the first steps (development of data quality check routines), the next stage was to
determine which reanalyses dataset (MERBAFSR and ERA5) would be chosen to correct

the climate models. This was made based on a-ofidmalysis off the quantl map fit and the
correlation analysis. The more temporally correlated the observed and reanalysis data are the
higher the odds that the quantile mapping transfer functions will improve the reanalysis
performance. Figur@8 compares the daily series of the three sets of reanalysis with Brazilian
Solar Atlas data for the 17 years of daily data.

As a result from literature review, 20 climate models were selected among those available in
CMIP6 to proceed in this analysis asdebed below:

25km spatial resolutionCESM1-CAM5-SEEHR, CMCGCM2-VHR4 and ECMWHFS-HR;

50km spatial resolutionECMWFIFS-LR, ECMWFIFS-MR and MPIESM1-2-XR;

100km spatial resolutionCESM2, ECEarth3, ECEarth3Veg, EGEarth3Veg, INM-CM4-8,
INM-CM5-0, MPFESM1-2-HR and MR{ESM2-0;

250km spatial resolution ACCESSESM1-5, FGOALSg3, IPSI-CM6A-LR, IPSL-CM6A-
LR-INCA, KACE-1-0-G and MIROCS.
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MERRA-2

Figure 28: Temporal correlation coefficient (Pearson) between daily total irradiation data from
the BrazilianSolar Atlas and reanalysis: a) MERRAb) CFSR and ¢) ERAS.

y
A I~
. W - [ [ - -~ e

Three areas of interest were defined for the initial analysis of the models. These regions were
proposed due different characteristics in terms of the climatology of solar irradiation, but with
an important complementarity between saelémd-hidro resources a box in the Serririd

region, a box inside Central Brazil and a last one, considering the southern region. The map in
Figure29 shows the mean global irradiance of the bias corrected ERé\ha areas of interest.

Figure 29: Global solar irradiance mean estimated by ERAS with the three
areasof interest.

Among the 20 CMIP6 climate models chosen for an initial evaluation, the spatial resolutions are
distributed as followsSomecomputational scripts were developed to download this data:

25km spatial resolutionCESM1X-CAM5-SE-HR, CMCGCM2-VHR4 e ECMWFIFS-

HR;

50km spatial resolutionECMWHIFS-LR, ECMWFIFS-MR e MPFESM1-2-XR;

100km spatial resolutionCESM2, ECEarth3, ECEath3-Veg, ECEarth3Veg, INM-

CM4-8, INM-CM5-0, MPFESM1-2-HR e MRFESM2-0;

250km spatial resolution ACCESSESM1-5, FGOALSg3, IPSI:CM6A-LR, IPSL-
CMG6A-LR-INCA, KACE-1-0-G e MIROCS.

O«

O¢ O«

O«

5.5.3 Preliminary evaluation of future solar resource

For a preliminaryassessment, the results of the ECMWBE-L climate model- which
presented one of the best spatial correlations in the three areas of ideeeptesented in the
optimistic and pessimistic SSP scenarios. The scenarios were divided intslitiese whth
comprise the periods 202940, 20412070 and 207-2100. Figure30 presents the map for

each of these periods in the most optimistic scenario, SSP245. A gradual increase in the solar
potential is observed as the simulations advance in time, being igoikcant in the period
20712100, where positive variations between 1 and 5% are observed in the Brazilian territory,
predominantly between MG and BA and in the western end of the territory.
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Similarly, Figure31 presents the SSP585 scenario, with pdantlarge impacts from climate
change. The maps of the SSP585 scenarios show a significant increase in global solar radiation
in several areas of Brazil and in all periods, eventually exceeding 3%. It is observed, in both
scenarios, that the north of thmrtheast and the south of Brazil did not present high gains in

solar potential.
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Figure 30: Global irradiation difference maps for SSP245 scenario in three different
time slices.
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Figure 31: Global irradiation difference maps for SSP585 scenario in three
Diferentetime slices.

5.6  Natural disasters impacts on physical infrastructure in urban areasand
urban development

5.6.1 Introduction
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In the fifth year of the project, despite théficulties of conducting some steps of the sub
project that involve fieldwork, due to the Covid 19 pandemic, the efforts were to prioritize the
proposed activities.

As previously highlighted in the yeat-4r epor t , the objectitwral of t he

Di saster s, ur ban areas, i nfrast r-MGtpwjece-, and
FAPESP is to analyze the vulnerability of Brazilian municipalities in relation to natural
disasters associated with climate change, in order to propose a nhegyotty adaptation
strategies to promote urban development and sustainability. Therefore, it is hoped to contribute
to improving scientific knowledge on extreme events, disaster risk management, and
vulnerability of cities as strategies for mitigation amthptation to climate change.

The present report integrates and summarizes the research/contributions conducted during year
5 by the groups from (i) National Center for Monitoring and Early Warning of Natural Disasters
(CEMADEN), coordinated by Dr. ReginCélia dos Santos Alvald; (ii) Federal University of
Santa Catarina, coordinated by Dr. Regina Rodrigues Rodrigues and (iii) Oswaldo Cruz
Foundation (FIOCRUZ), coordinated by Dr. Martha Barata. Additionally, the schedule for the
year 6 is presented, ind@r to achieve the general objective of the-soimponent.

This section presents the main advances developed during the fifth year of activities, including
interaction with another stroject of the INCTMC.

5.6.2 Collection of data to subsidizeadaptation measures of the local level
T Economic losses related to disasters occurred from December 2021 to April 2022

During the last summer season, between December 2021 and April 2022, 817 occurrences of
disaster (emergency situations or state ofliputalamity) related to Local Convective Storm
caused by heavy rains and windstorm were reported to the Civil Defense (COBRADE 13214,
13215), in 626 municipalities in the states of Bahia (BA), Espirito Santo (ES), Minas Gerais
(MG) and Rio de Janeiro (RJThe spatial distribution of these municipalities is shown in
Figure32.

0 100 200 300 km .4

Figure 32 i States and its municipalities with occurrences of disasters related to Local
Convective Storm caused by heavy rains and windstorms between December 2021 and April
2022.

According to the Report of Damages by the Integrated Disaster Information Sy&i#n, S
(BRASIL, 2022), the disasters analyzed resulted in total losses of approximately
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R$12,832,571,014.77. Three municipalities in Minas Gerais accounted for 68% of these losses
(Bom Despacho 32%; Monte Azul 25.3%; and Itabirito 11.1%). Two cities in Ritadeiro

state accounted for 68% of the reported deaths (Petropolis, 61% and Angra dos Reis, 7%).
Three municipalities accounted for more than 50% of injuries (Petrépolis, RJ, 35%; Itabirito,
MG, 10%; and Itabuna, BA, 7%). TabBpresents a summary of timpacts, which include
human and material damages and economic losses for the public and private sectors.

Table 8 T Summary of the impact of disasters caused by Local Convective Storm events,
between December 2021 to April 2022, in the states of BAMEBand RJ.

Variables BA ES MG RJ Total

Events 215 37 498 67 817
Dead 18 1 20 97 136
Injured 411 1 208 381 1011
Sick 2698 10| 2129 830 5667
Relocated 43.117 300 18.275 3.373 65.065
Evacuated 136.486 2.236 122107 43.917 304.746
Other affected 938.684) 55.486 1489635 1.776.578| 4.260.383
Destroyed houses 4.151 11 1348 454 5.964
Damaged houses 34 650 470 284497 23238 87845
Destroyed hospitals 8 1] 3 0| 14
Damaged hospitals 133 3 204 118 459
Destroyed schools 64 0| 1 0| B5
Damayed schools 212 4 148 92 456
Destroyed service buildings 10 0| 1 0| 11
Damaged service buildings 25 1] 64 11 100
Destroyed community use buildings 10 3 14/ 0| 27
Damaged community use buildings 3.833 3 293 7 4.136
Destroyed Public Infrastructure 2196 87 1512 4 3799
Damaged Public Infrastructure 96.672 235 10416 431 107.754

RS 4.476.522.109,72
RS 1.263.653.300,88

RS 24.571.880,00|
RS 14 882 018,00

R$ 5.220.598.812,00
RS 1.367.009.751,73

Agriculture [RS)
Livestock (RS)

RS 723.653.013,73
RS 87.913.232,85

RS 4.851.808,55
RS 561.200,00|

Industry (R$) RS 17.464.523,65 RS 0,00 RS B0.961.538,55| RS 5.600.000,00( RS 104.026.062,20
Electricity (RS) RS 1.520.350,00] RS 0,00 RS 14.592.000,00] RS 6.575.000,00 RS 22 687.350,00
Potable water (RS) RS 12.324.131,69] RS 65.075,55 RS 54.545.896,83] RS 4.186.485,39 RS 81.121.589,45
Urban and garbage cleaning system (RS) RS 32 420.445,60) RS 145.560,00 RS 73.150.481,94] RS 20.342737,22| RS 126.059.224,85
Pest and vector control (R$) RS 2.366.700,00] RS 0,00 RS 10.347.417,96 RS 703.434,80) RS 13.417.552,76

Transport (RS) RS 30.193.404,63| RS 1.425.000,00] R$ 3.268.273.606,75| RS 10.583.718,36] RS 3.310.475.819,74
Business(RS) RS 132.044.419,48] RS 38500000 RS 856.036.207,04 RS 580.998.000,00] RS 1568.464.626,52
Teaching (RS) RS 65.469.335,45] RS 517.500,00 RS 50.246.964,68] RS 5.828.384,04 RS 63.062.184,18
Services [RS) RS 12419317,65 RS 5145609] RS 550.498.589,05| RS 4124185400 RS 613.211216,79
Public health, medical and emergency care (RS) RS 7.745.803,35] R5510.000,00] RS 133.298.94684] RS 5.308534,25] RS 146.863.284,44
Telecommunications (RS) RS 244.000,00 RS 0,00 RS 2.082.765,00] RS 1.731.000,00 RS 4.957.765,00
Rainwater and sanitary sewage (RS) RS 36.226.495,94| RS 464 780,35 RS 80.533.623,74| RS 15026 368,13 RS 132 251 268,16
Total RS 1.114.325.230,03| RS 9.292.470,98] R$ 10.961.234.088,59| RS 747.719.225,17| RS 12.832.571.014,77

Source: S2iD (Brasil, 2022)

Table 9 shows the first 20 municipalities in the study area most affected in terms of deaths,
injuries, damaged and destroyed homes and total losses.

Table9T1 Top 20 municipalities in the study area affectgdCionvective Storm between
December 2021 and April 2022

Damaged Destroyed

ST Municipality Dead ST Municipalitie Injured | | ST Municipality houses ST Municipality houses ST Municipality Total losses
1[RJ_|Petrdpolis 83| |RJ |Petrdpolis 352| |BA |ltabuna 18882| |RJ |Petrépolis 400| |MG [Bom Despacho $4.111.741.011
2|RJ |Angra dos Reis 10| |MG |ltabirito 100] |RJ [Mesquita 13370| |BA |lbicaral 300| [MG |Monte Azul $3247 212 312
3|BA |ltabuna 6| [BA |ltabuna 74| |MG |ltabirito 6000| |BA |ltabuna 284| |MG |ltabirito $1.421.000.000
4|BA |Amargosa 3| |BA |ltapitanga 62| |MG |Cataguases 4300| |[MG |Dores de Guanhdes 280| |RJ |Nova Iguagu $ 521460 665
5[BA |ltamaraju 3| |BA [Medeiros Neto 50| |MG |Governador Valadares 4100| |BA |Valenga 200( |BA [Dom Basilio 452 765 247
6|MG |Betim 2| [BA |Santalnés RJ |ltaperuna 4 BA |Ibipeba MG |Buritis 630001
7|MG |Caratinga 2 mFluresla Azul G |Congonhas 0 BA |Prado RJ |Petrépolis 545 88

G |Dores de Guanhdes 2| [MG |Jodo Pinheiro RJ |Santo Anténio de Padua 20 BA |Mova Itarana G |Formoso 984 421

G |Jeceaba 2| [BA |lhéus 25| |BA |Gandu 6 BA |Santa Inés 4 G |Rio Acima 18766

_10{MG |Mesquita 2| |RJ |ltaperuna 2 BA |ltapetinga 6 BA |ltorord MG |Matias Cardoso .107.594
11|MG |Perdigdo 2| |BA |Teoldndia 20{ |BA |itajuipe 1425 |BA |Wenceslau Guimardes 90| [MG [Rio Pardo de Minas $  79.018.000
12|RJ _|ltalva 2| [BA |Ubaitaba 20[ |RJ [MNova lguagu 1404 |BA |ltambé 80| |BA |Ddrio Meira $ 70885000
13|BA |Aurelino Leal 1| [MG |Esmeraldas 20[ |BA |Uruguca 1219( |BA |Wanderley 75| |MG |ltadna $ 69961200
14|BA |Barra 1| |BA |Prado 18| |BA | 1207 |MG |Congonhas 70| |MG |Rio Piracicaba 67.534 350
15|BA |ltapetinga 1] |BA |Wenceslau Guimardes 18] |MG |Muriaé 1100| |BA |Laje 64| |MG |Janaiba 62.989.890
_16)BA |Macarani MG |Sabara BA |ltapé 1010) |BA |Porto Segura MG |Campo Azul 267 70
_17|BA |Prado BA |Vereda BA |ltorord 910f |[BA |Milagres BA |Valenca 400001

BA |Ubaitaba BA |Aurelino Leal BA [Prado 83 BA |Pocdes G [Indaiabira 4.392.571

MG [Araijos BA |Iramaia RJ_|Petrdpolis 75 BA |Vereda BA [Juazeiro 4.111.97
20[MG [Campo Azul BA |Porto Sequro BA |Ibicaral 70! BA |Amargosa G |Espinosa .135.19

Source: S2iD (Brasil, 2022)

Although the state of ES had no significant impacts compared to other states, it was observed
that 30% of the municipalities in this state reported occurrences by Local Convective Storm.
among which the municipalities of Bom Jesus do Norte stand out tofH20 by frequency of
occurrences (Tabl20), with four registered events and Muniz Freire also with three. This last
municipality also stands out for having a significant number of people affected (1560) in
relation to its population density (27.15 ifflam?2). It is interesting to observe that Itapetinga
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and Bom Jesus do Norte, with high HDI, did not register affected people and are not in the Top

20 in the context of other variables analyzed.

Table107 Top 20 municipalities in the study area by stdraguency, with their corresponding

cumulative number of affected people, inhab/km2 and HDI.

OTHER

ChangePhase 2)

DEMOGRAPHIC

MUNCOD 5T MUNICIPALITY #EVENTS AFFECTED DENSITY HDI
3136702|MG Juiz de Fora 5 59777 359,59 0,541
3302205|RJ ltaperuna 4 9.460 §6.71 0.654
3115300|MG Cataguases 4 5.748 141,85 0.613
3118403[MG Conselheiro Pena 4 2.300 14,99 0,761
2916401|BA ltapetinga 4 0 41,95 0,73
3201100|ES Bom Jesus do Morte 4 0 106,37 0,732
3303906|RJ Petrépolis 3 330.000 371,85 0,656
2914802|BA ltabuna 3 45870 473.5 0,693
3303005|RJ Miracema 3 25382 88.15 0,665
3151909|MG Pocrane 3 12.731 13 0,779
3166956|MG Serrandpolis de Minas 3 10.344 8,02 0,677
3302502|RJ Magé 3 10.000 585,13 0,538
3112802|MG Capitélio 3 5.000 15,68 0,639
3302106|RJ ltaocara 3 5.000 53.09 0,629
3301801(RJ Engenheiro Paulo de Frontin 3 6.279 99,57 0,655
3304706|RJ Santo Antdnio de Padua 3 6.000 67,27 0.7
2908002|BA Coaraci 3 5.842 417 0,709
3304557 |RJ Rio de Janeiro 3 2.976 5265.82 0,605
2912301 |BA Ibicui 3 2165 13.41 0,591
3203700|ES Muniz Freire 3 1.560 27,08 0.617

HUMAN DEVELOPMENT HIGH MEDIUM Low

INDEX (HDI)

0.7 -0.799 0.6 -0.699 0.5-0.599

Source: S2iD (Brasil, 2022); HDI (PNUD, 2022)

5.6.3 Analysis of extreme precipitation and streamflow

I Hydrological Droughts

We investigate hydrologicadrought patterns affecting priority basins for hydropower
generation, distributed in all regions of the country (see details in Cuartas et al., 2022). For this,
the time series of the Standardized Precipitation Index (SPI), the Standardized Precipitation

Evapotranspiration Index (SPEI), and the Standardized StreamFlow [(8&#&I) were used.

The SPI was calculated from the Climate Hazards Group Infrared Precipitation with Stations

(CHIRPS), the SPEI dataset was obtained from the Global Drought Monitdaldeaon
(https://spei.csic.es/map/maps.html#months=7#month=4#yearF2G#id

calculated from discharge data, obtained from the National Water and SanitationyAge

(ANA) and from National Electrical System Operator (ONS).

the

SSFI

was

In general, the frequency analysis by decades showed that the last decati20201@corded

t he

hi ghest

recurrence

of

sever e

d 33 forph t s

(ind

of the time scales (12, 24, 36, and 48 months). SPEI and SSFI detected higher frequencies of
severe drought events than SPI.

SPI
1981-1990 1991-2000 2001-2010 2011-2021
12 24 3648 12 24 3648 12 24 3648 12 24 3648

1

SPEI

1981-1990 1991-2000 2001-2010 2011-2021
12243648 12 24 36 48 12 24 36 48 12 24 36 48
1

SSFI

1981-1990 1991-2000 2001-2010 2011-2021
12 24 3648 12 2436481224 36481224 3648
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Figure33T Frequency of severe droughts (indices
basins.

Particularly in the last decade (202021), droughts also occurred concomitantly in several
regions of the country, with noticeable impacts in different secmomic sectors, which are
currently still being experienced. In most of the basins, the M@andall trend test showed a
downward trend in the SPI, SPEIl, and SSFI time series from 1981 to 2021 @ble
indicating an increased frequency of drought events (see Cuartas et al., 2022). This situation
highlights that the basins can be considered wiitital situations regarding water availability

and, therefore, the urgent need to establish a preparation plan to mitigate the effects of drought
in these regions.

Table11i Tau statistic values from Marikendall (MK) test.

Indices SPI-12 SPI-24 SPI-36 SPEI-12 SPEI-24 SPEI-36 SSFI-12 SSFI-24 SSFI-36

Basins | MK | Sen's | MK | Sen's | MK | Sen's | MK | Sen's | MK | Sen's | MK | Sen's | MK | Sen's | MK | Sen's MKI Sen's
B1 0.00 | 0.0000 | 0.04 | 0.0005 [ 0.07 | 0.0009 |-0.21 (-0.0023 |-0.25 | -0.0028 | -0.28 | -0.0030 | -0.35 | -0.0040 | -0.38 | -0.0046 [ -0.39 -0.0052
B2 -0.13-0.0014 (-0.14|-0.0015 |-0.17 [-0.0021 |-0.30 | -0.0030 | -0.39 | -0.0040 | -0.41 [ -0.0039 | -0.32 | -0.0037 | -0.34 | -0.0044 | -0.34 -0.0049
B3 -0.17|-0.0020 |-0.22 [ -0.0024 | -0.24 | -0.0031 [ -0.36 | -0.0035 | -0.42 [ -0.0050 | -0.43 | -0.0050 | -0.33 | -0.0038 | -0.36 | -0.0042 | -0.35 -0.0048
B4 -0.12{-0.0013 |-0.12 -0.0012 | -0.08 | -0.0009 | -0.24 | -0.0028 | -0.30 [ -0.0046 | -0.30 | -0.0055 | -0.43 | -0.0051 | -0.45 | -0.0061 | -0.45 -0.0072
BS -0.191-0.0020 |-0.23 [ -0.0024 | -0.24 | -0.0027 [ -0.26 | -0.0030 | -0.29 [ -0.0039 | -0.29 | -0.0045 | -0.41 | -0.0047 | -0.43 | -0.0056 | -0.43 -0.0066
B6 -0.121-0.0014 |-0.13 [-0.0018 |-0.11 | -0.0016 [ -0.02 | -0.0003 | -0.09 [ -0.0013 | -0.05 | -0.0008 | -0.13 | -0.0016 | -0.19 | -0.0025 | -0.20 -0.0027
B7 0.00 | 0.0000 | 0.04 | 0.0005 [ 0.11 | 0.0015 |-0.03 [-0.0004 |-0.04 | -0.0006 | -0.01 |-0.0001 |-0.04 | -0.0005 | -0.05 | -0.0007 [-0.02 -0.0002
B8 -0.04|-0.0005 | 0.01 | 0.0001 | 0.07 | 0.0008 (-0.23|-0.0019-0.22 (-0.0020 |-0.23 |-0.0018 | -0.18 | -0.0018 | -0.16 [ -0.0016 |-0.13 -0.0014

B9 0.02 | 0.0003 | 0.04 | 0.0005 | 0.07 | 0.0010 | 0.03 | 0.0003 | 0.03 | 0.0004 | 0.06 | 0.0007 [-0.03 |-0.0004 |-0.04 |-0.0005 |-0.02 -0.0003
B10 -0.05 | -0.0005 | -0.05 | -0.0005 {-0.04 -0.0005 | 0.05 | 0.0006 | 0.05 | 0.0006 | 0.07 | 0.0008 [-0.03 [-0.0004 |-0.03 | -0.0004 |-0.02 -0.0003
B11 0.12 1 0.0015 | 0.18 | 0.0022 | 0.24 | 0.0038 | 0.08 | 0.0010 | 0.10 | 0.0011 [ 0.15 | 0.0017 |-0.09 |-0.0012(-0.16 [-0.0022|-0.16 -0.0024
B12 0.05 | 0.0006 | 0.08 | 0.0010 | 0.13 | 0.0020 | 0.07 | 0.0008 | 0.12 | 0.0013 | 0.14 | 0.0016 |-0.01|-0.0002 [-0.06 [-0.0007 | -0.04 -0.0005
B13 -0.14(-0.0017|-0.19 | -0.0026 {-0.24 [-0.0031 | -0.16 | -0.0020 | -0.23 -0.0031 | -0.23 | -0.0035 {-0.32 [ -0.0047 | -0.34 | -0.0057 | -0.34 -0.0061
B14 -0.14(-0.0016 |-0.21 | -0.0028 [ -0.26 (-0.0042 | -0.25 | -0.0020 | -0.39 [ -0.0027 | -0.47 | -0.0030 | -0.48 | -0.0065 | -0.51 | -0.0079 | -0.54 -0.0085
B15 -0.19(-0.0022|-0.27 | -0.0030 {-0.29 [ -0.0042 | -0.37 | -0.0040 | -0.43 | -0.0053 | -0.45 | -0.0063 [ -0.40 [ -0.0051 | -0.48 | -0.0066 | -0.50 -0.0076
B16 -0.03 [-0.0003 | -0.03 | -0.0003 {-0.08 [-0.0010|-0.51 | -0.0043 | -0.65 [ -0.0054 | -0.70 | -0.0061 {-0.29 -0.0037 | -0.40 | -0.0053 | -0.48 -0.0073
B17 -0.02 [-0.0002 | -0.04 | -0.0004 [ -0.07 -0.0008 | -0.23 | -0.0029 | -0.21 [ -0.0026 | -0.24 | -0.0035 [-0.25 | -0.0029 | -0.35 | -0.0044 | -0.38 -0.0058
B18 -0.06 | -0.0007 | -0.05 | -0.0007 {-0.07 {-0.0009 | -0.35 | -0.0040 | -0.43 [ -0.0048 | -0.50 | -0.0052 | -0.34 | -0.0053 | -0.32 | -0.0055 | -0.32 -0.0060
B19 0.02 | 0.0003 | 0.07 | 0.0009 | 0.11 | 0.0015 [-0.45(-0.0033 |-0.54 |-0.0038 (-0.61 [-0.0042 |-0.16 | -0.0021 |-0.18 [-0.0022|-0.18 -0.0022
B20 0.03 | 0.0004 | 0.04 | 0.0006 | 0.12 | 0.0023 |-0.48(-0.0042]-0.51-0.0046 |-0.50{-0.0049 | 0.01 | 0.0001 | 0.08 | 0.0008 | 0.12 0.0015

The results suggestahdroughts are more intense and frequent due to the compound effect of
decreased precipitation and increased temperature, probably linked to the global warming
scenario. According to the IPCC, the decreased precipitation and increased surface temperature
result in increased evapotranspiration and decreased soil moisture, leading to negative feedback
processes that exacerbate drought events.

Although Brazil has increased its hydropower capacity after the 2001 energy crisis, from 75,570
MW in January 20060 108,739 MW in November 2021, the intense and severe drought events
in the past decade have substantially impacted the hydroelectricity generation in all of the
Brazilian regions, except for the northern region.

In a secongberformed study (submittedo Water under N° watel756905), trends in
streamflow, rainfall and potential evapotranspiration (PET) time series, from 1970 to 2017,
were assessed for five relevant hydrological basins in Southeastern Brazil. The concept of
elasticity was also used tesess the streamflow sensitivity to changes in climate variables for
the annual dataset. Elasticity is a lumped representation of the hydrological effects of a
multitude of processes affecting the response of streamflow to variations in climate variables
(Zhang, Viglione & Bldschl, 2022). Elasticity estimators provide a measure of the streamflow
resilience to changes in meteorological variables, such as rainfall and potential
evapotranspiration, being particularly useful as initial estimates of climatgeli@hiew et al.,

2014; Kim; Hong & Lee, 2013). Elasticity can also be understood as the percent change of
streamflow resulting from a 1% change in precipitation or other climate variables.

Significant negative trends in streamflow and rainfall, as vgedlignificant increasing trends in

PET were detected. Elasticity revealed that 1% decrease in rainfall resulted in-12219%6
decrease in streamflow, while 1% increase in PET induced different reductions in streamflow,
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ranging from 2.45% to 9.67% (Figaur34). Both PET and rainfall computed to calculate the
elasticity showed positive resultsr some basins.
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™ ™
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Figure 37 Rainfall and potential evapotranspiration elasticity of the streamflow calculated
using the nofparametric method (red bars), simpginear regression (blue bars) and multiple
linear regression (green barBJJR: Furnas, EMB: Emborcacdo, MAS: Mascarenhas, TM: Trés
Marias and CAN: Cantareira.

The Trés Marias and Mascarenhas basins yielded the highest elasticity values, as well as the
lowest runoff and aridity indexes, which corroborates the concept of more sensitive streamflow
in less rainy basins. The Cantareira System did not yield high elasticity values, although its
rainfall and potential evapotranspiration anomalies were signifmaer the years (the largest in

this study), which led the streamflow production to reach critical levels, corroborating the
severe water crisis in the years 2014 to 2016. Considering the economic importance of SEB to
the Gross Domestic Product of theuotry and for the water supply of the Metropolitan Region

of S&o Paulo City, the Cantareira System is here highlighted, due to its greatest streamflow
changes.

The results showed that PET fmasonsiderably larger influence on streamflow anomalies than
rainfall. PET is well fitted by a quadratic in temperature with increases in PET following closely
increases in temperature. The PET influence is associated with secular changes in the Southern
Hemisphere circulation due to climate change. So it would skatrtite PET contribution to

SEB streamflow could also be a secular change due to climate change. Although droughts are
not new in Brazil, the drought events in Southeastern Brazil are singular, not only for the
immediate effects, but also for the assoddtmgterm impacts. These new climate conditions

have forced decisiemakers to rethink public policies and management plans.

i Drought events and extreme heat

In the context of the intensification of drought impacts due to extreme heat, we alsoeglvaluat
the occurrence of compound drougiieiat events in Central South America (see details in
Marengo et al., 2021). For this compound analysis, daily maximum temperature and
precipitation data from Climate Prediction Center (CPC) of NOAA, were used to testima
heatwave (Warm Spell Duration IndeXVSDI) and SPI. Droughheat compound events were
identified in Septembelovember 2020 over Central South America, mainly over the Pantanal
wetland. In these regions, the SPI (FigB& shows exceptional drohy conditions in areas
where the WSDI reached the 95th or 99th percentile for a window of 7 days or more (Figure
35b,c). Figure35 shows the regions where the WDSI and SPI conditions required to define a
compound droughheat are displayed.
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Figure357 SPI3 through November 2020 capturing drought in the study area (red colors) and
Warm Spell Duration Index (WDSI) for the 989 th percentiles for B) 47 days, and C) for >
7 days, from September to November 2020. Source: Marengo et al., 2021.

For SepteberOctober 2020, Figur86 shows regions where the WDSI and the conditions for
exceptional drought SPI 3 {.0. The area affected by the droudtgat compound was
identified over centralvestern Brazil, northern and eastern Bolivia, northern Argenéind,
Paraguay, which cover the Pantanal wetland. This compound event was associated with specific
hazards, such as high fire risk (Marengo et al., 2021).
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Figure 361 Spatial map showing the exceptional event of the compound drbaghtevents
from September to November 2020. (Exceptional event: WDSI > 7 days and SR)3 <
Source: Marengo et al., 2021.

5.6.4 Assessment of historical disaster databases related toetHtajai and Northeast
Regions: DeslInventar System and S2ID

In the INCT-MC2 progress report for the year 4 of the project (2021), the results of the
assessment of the economic costs of flash floods in the Itajai River Municipalities were
presented. Hydroical events, and especially flash floods, were responsible for the greater
material, economic and social losses in the region, between 2010 and 2016. In the last year, an
assessment of socioeconomic and environmental impacts of the flash floods in those
municipalities wagonducted.

T Analysis of hydrological, flash floods and other disasters in terms of human and
environmental damage, from 2010 to 2016, in Itajai basin municipalities.
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The study area was selected based on the results of Ablifész (2014), who identified 24
municipalities potentially exposed to flash floods in the Itajai river basin. This basin covers an
area of around 15.000km? (Figu®@), is part of the South Atlaiet hydrographic region, whose

rivers are born east of Serra Geral and have their mouths in the Atlantic Ocean. The largest
channel is the Itajai Acu River, formed by the confluence of the Itajai do Oeste and Itajai do Sul
rivers. On its way from the munmlity of Rio do Sul to its mouth, in the city of Itajai, it
encounters the rivers Itajai do Norte (also known as Hercilio), Benedito, Luis Alves and ltajai
Mirim. The last section of the channel, from the meeting of the Itajai Acu and Itajai Mirim
riversto the mouth is called Itajai.
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Figure371 Study area. The numbers in the elevation model indicate the approximate location
of the urban centers of the 23 municipalitiesAlfredo Wagner; 2. Ituporanga; 3. Aurora; 4.
Tai6; 5. Rio do Oeste; 6. Laurentino; 7. Rio do Sul; 8. José Boiteux; 9. Ibirama; 10. Lontras; 11.
Apiuna; 12. Ascurra; 13. Doutor Pedrinho; 14. Benedito Novo; 15. Timbd; 16. Indaial; 17.
Blumenau; 18. Gaspar;91 Vidal Ramos; 20. Botuvera; 21. Brusque; 22. Luis Alves; 23.
Itajai/Navegantes. The letters indicate the-sabins of the Itajai basin: A) Itajai do Sul; B)
Itajai do Oeste; C) Itajai do Norte; D) Benedito; E) Luis Alves; F) Itajai Mirim; e G)-hagjai
Source: Adapted from Aguilaviufioz (2014).

Concerning toHuman Damages floods in Brazil caused the highest number of deaths
compared to other events (58%ee Tablel?) in the analyzed period. The same trend (37%)
can be observed in the analyzed noipalities of the Itajai basin (FiguB8). On the other hand,

the percentage of people affected by flash floods was much lower (14%) for the country, but
still high for the municipalities in this study (24%).

Table12 i Comparison between the impactsdigasters in Brazil from the EMDAT and S2iD
databases, period 20P016: total events and detail for hydrological events.
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EM-DAT S2iD
Total 61 19.735
Records | Hydrological 29 4.626
Flash Floods 3 2815
Total 2.493 1.908
Deaths | Hydrological 1.563 1.291
Flash Floods 60 1.098
Total 34 840 264 78.968 669
‘“;tz;tlf Hydrological 2811311 20 855 567
Flash Floods 50.600 11.113.694
Total § 10420613860 % 302372581977
losses | Hydrological $ 3299022390 | % 9.725403.070
Flash Floods | § 106.218.370 | $§  5.928.325.059

Source: S2iD data from UFSC-CEPED 2021
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Figure38 1 Proportion of human damage by type of events in the municipalities of the study
area.

The year 2011 was the worst thfe analyzed period, with the highest proportion of human
damage (categories analyzed: affected, dead, injured, evacuated and relocated) in all
municipalities in the study area, caused by flash floods. In Fig@réhe number of people
affected (82,598nhabitants) and evacuees (11,302 people) stands out in relation to the other

categories.

90.000

80.000

70.000

b}

2010 2011

=

2013

2014

=

2015

Figure391 Annual cumulative human damage by municipality.
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Figure 40 shows that the municipality with the most people affected by disasters in the period
was Blumenau (total hydrological events: 355,036). The second most affected in the period was
Itajai (total of events: 48,860; hydrological: 48,255), followed by Gasimaal (of events:
45,806; hydrological: 30,462).
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Figure401 Total number of people affected and evacuated by municipality and by event type.

It can be seen in FigurEl that the municipality with the most people affected by flash floods
was Gaspar, wit 30,462 people affected, followed by Navegantes (26,811: 20,891 in 2011 and
5,920 in 2010) and Blumenau (22,036 this only for 2011 event). Almost all of those affected in
Itajai were due to hydrological events, 21,931 of which were due to flash floods.

35.000

B Affected People

™ Evacuated

Figure4li Total affected and evacuated by flash floods and by municipality.

From disaggregated information on the affected population, it is possible to identify patterns of
behavior that can serve to develop prevention and adaptation campaigns, \weddgdierti et

al . (2017) . Aistudi es on aggregated fl ood
vulnerability factor§ namely age, gender and actidtyvhich are important for analyzing the

di

causes of fl ood fataliti ewrheless)foomiS2iadatamnal Kel

possible to know details about gender, age or mental or physical health conditions of affected,
dead, injured, evacuated or homeless people; this type of information is useful for, for example,
inferring the degree of voerability and/or exposure of these people: adult men tend to be more
frequently exposed to risky situations, for example, crossing flooded streets (Knocke, 2007).

-Environmental impacts
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Concerning to Environmental Impacts, environmental sector damages have been severely
simplified from AVADAN to FIDES; in AVADAN there were two categories of impact, (i)
damage intensity (values from one to four) and (ii) estimated value. The data reéural
resources in subcategories (i) water (sanitary sewage, industrial effluents, chemical residues,
others), (ii) soil (erosion, landslide, contamination and others), (iii) air (toxic gasses, suspended
particles, radioactivity and others) and (iv) #oand fauna (deforestation, burning, predatory
hunting, others). In FIDES, only the presence or absence of the type of damage is recorded
(water, air, soil and water resources) and it is only possible to select the percentage of the
population affected bthe municipality (0% to 5%, 5% to 10%, 10% to 20% and above 20%)
and the percentage of fires in parks, environmental preservation areas (APA) and permanent
preservation areas (APP) (up to 40% or above 40%).

Additionally, analyzes were performed considgrineach data period: AVADAN 2010 and
2011; FIDES 2012 to 2016.

AVADANS. Of the 31 registered occurrences (Table 6), 60% correspond to flash floods in
Gaspar, especially in 2010. Although the main event is flash floods, in the formats it is stated
that tre damage was also related to other events, for example, landslides, soil erosion and deep
fluvial and pluvial erosion. This is because several events usually occur in sequence.

Tablel21 Environmental damages reported at AVADAN.

Environmental Records Values
Damage
AVADAN 2010 2011 Total 2010 2011 Total
All events 5 26 31| 4.482,48 4.827,75 | 9.310,234
Hydrological 5 23 28| 4.48248 4.598,39 9.080,88
Flash floods 5 18 23] 4.482,48 3.215,01 7.697,.50
FIDES. In the FIDES pei od, Awat er contaminationo was t

showingthe highest percentages of the affected population (Figure 11). Vidal Ramos
municipality stands out where the 2013 and 2015 flash floods affected more than 20% of the
population, highlight ng t hat AfiDue to the heavy rains, t he
water courses, causing barriers, landslides, and all the organic matter coming from the crops,

went to streams and rivers, peaks of turbidity levels above 400 ppm occurred, caeaing gr

di fficulty in the treat med##42192001220820E0918).i st r i but

According to t he Vi dal Ramo s Municipalityo F
consequence of landslides and garbage transported by wWatamn example, drhighlights the
2016 flood in Api Yna: Aln the downtown distric:

some homes with a lot of garbage deposited inside or on the land. Also, in the locality of the left
bank, we had houses invaded by the wateisging a lot of dirt and contaminating the soil in
t hese pl-FR420AZ5712200M E1231).

The proportion of environmental effects caused by flash floods reported in FIDES is small and
is limited to soil and water, as seen in FigdPe
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Figure42i Environmental damage recorded in FIDES, by year and type of event

From the information recorded in the FIDES forms, it is not possible to malepth estimates

of the environmental cost of disasters, although this sector is increasingly present in
international guidelines on risk management. In the most recent Global Assessment Report
(GAR), for example, it is mentioned that there
[...]The first pitfall is the tendency to exclude key values, such asgallae of human life and
biodiversity [é]0 (UNDRR, 2022, p. 5).

-Assessment of socioeconomic drought impacts in the seamid region from 2002 to 2020.

In this project step, droughelated disaster data concerning the municipalities located in the
states of Ceard and Pernambuco from 2002 to 2020 will be organized and used to assess the
socioeconomic impacts of droughts.

Historically, the northeast region is marked by droughts that can be understood as a climatic
extreme caused by the precipitation digfiwhich results in low water availability for different
human activities. The effects of drought build up over a long period and continue for several
years after the event ends. Therefore, drought can cause serious impact on the agricultural,
environmetal, social and health sectors (Van Loon, 2015).

Various methods and indicators have been developed to iddrdgifight events. Among the
indicators, the Standardized Precipitation Index (SPI) developed by Mckee et al. (1993) is one
of the most commonlysed for drought monitoring.

The present study (in progress) aims to qualitatively and quantitatively evaluate drought events
in the state of Ceara, identifying the beginning and end, duration, intensity and severity as well
as investigating social ancheronmental data in order to find patterns of associated impacts.
For the analysis of droughts, data on rainfall, streamflow and storage level in reservoirs will be
used. Aiming to investigate the correlation of the associated impacts, data on waterborne
diseases, sanitation, agriculture and tourism will be analyzed as shown in4&dgaAraong the
expected results are identifying drought events and the association of possible impacts on
sanitation, social and health. The results will be disseminatedhnitalscientific events.
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Figure43. Flow chart of steps to be carried out in this study as well as the expected results.

T "Drought Risk" in municipalities previously defined as priorities due to the recurrence
of drought events

Drought risk iscomposed of variables representing vulnerability, adaptive capacity, and drought
hazard conditions. In this project phase, the drought risk was formulated and focused on
smallholder agriculture. For this, information from the Brazilian Agricultural Cens@917

was used. The socioeconomic variables representing vulnerability (V) and adaptive capacity
(AC) were organized on a municipal scale and included the income of the rural establishment,
the proportion of establishments that are part of cooperatibassociations, and the financial
dependence on their agricultural production. The drought hazard (H), in turn, is composed of
precipitation data, the vegetation health index, and soil moisture. Then, the risk (R) is given by
R =[(V+AC) x X) + (H x (1-X)], where X represents the weight of each component.

Figure44 shows the drought risk considering the planting occurred in January, March, July, and
August 2021.In general, the highest number of municipalities with moderate, high, and very
high risk occured from June to October of 2021. Figutdb shows the drought risk for
February, which is the critical period for planting in January; it is observed that 17
municipalities are classified with moderate risk. Figdde shows the end of the cycle that
stated in January 2021, pointing out 13 municipalities with moderate risk and 87 with low risk.
Figuresd4c, f, i, and |, show the end of the cycle of the generic culture (up to 90 days) for the
study area. The municipalities categorized with moderate tp vigh risks are those with
greater chances of a possible impact on family farming.

It is noteworthy that the municipalities whose planting was carried out in July ended the cycle
with 7 municipalities classified as very high risk, 50 as high risk, andsl#oderate risk
(Figure4dl). The municipalities whose planting was carried out in July ended the cycle with 7
municipalities classified as very high risk, 50 as high risk, and 14 as moderate risk (Figjure 13
As for the municipalities with possible guiting in August, the cycle ended with 44
municipalities with very high risk, 13 high, and 13 moderate. Finally, it is worth mentioning
that the methodology is still under construction and development and that this is a provisional
result. In addition, iis important to highlight that drought risk mapping is essential to support
drought impact mitigation actions and drought preparedness plans. From the drought risk
mapping, it is possible to prioritize actions for the municipalities most affected byoiinghdlr
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Figure44 - Case study: Drought risk considering planting in January, March, July, and August
2021.

i Disaster vulnerability analysis of small towns in Brazil

Considering that most of the global urban population lives in cities with lestieamillion
inhabitants and that in Brazil it is estimated that more than 45% of the population lives in cities
with up to 100,000 people, many of them prone to disaster risks, a study was conducted to
assess the vulnerability and capacities of small Baazimunicipalities to reduce risks,
especially those related to landslides and floods (Ribeiro et al., 2021). To this end, 234
municipalities located in the South and Southeast regions of the country (113 and 121 cities,
respectively) were classified intavo population classes, that is, municipalities with 20,000 to
50,000 inhabitants (Class A4) and those with 50,000 to 100,000 inhabitants (Class A4). A5).
Such municipalities are characterized by high levels of municipal human development and the
availablity of municipal master plans. Statistical analysis of a set of 30 quantitative indicators
and 40 qualitative indicators revealed that the vulnerability of populations and municipal
capacities are mainly related to economic sectors, public policies arsizehof cities, that is,
vulnerability and coping capacity were associated the economic activities carried out in the
municipalities, which were mainly characterized by: cities dependent on the agricultural sector;
dependent on external resources; thatwrracterized as labor reserves; and industrial cities.
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Considering cities separately by population size, Fig@drshows that Class A municipalities

have greater vulnerability associated with populations with lower educational and income

levels, whose mmicipalities have economies based mainly on the agricultural sector and that

lack basic health services and transport. In Class A5, the greatest vulnerability is related to
locations with precarious infrastructure, the result of rapid population growethtratt have not

been accompanied by urban development.

Therefore, municipal master plans and high levels of municipal human development do not
guarantee better urban infrastructure or specific risk management legislation. Although legal
tools recommendin disaster risk management policies have been proposed, such tools are
insufficient to reduce vulnerabilities and increase capacities in small Brazilian cities.

Figure45 - Distribution of overall municipalities related to all municipalities analyzed. Source:
Ribeiro et al. (2021).

T Risk communication

Considering the better conditions on the ongoing evolution of Ca@#@pandemic, we are
organizing a live focus group with the public servants from the Blumenau municipal
government city, which will be realized in the second semester of 2022. Focus gposjss in

a research technique that collects data through group interaction on a topic determined by the
researcher (Morgan, 1996). A moderator guides the participants' interaction to respond to open
guestions about topics of interest, allowing the grmupxplore them from as many angles as
they want (Longhurst, 2003). This technique enables collating opinions of many people
compared to individual interviews. The main advantage of focus groups compared to individual
interviews is the creation of a potihtsynergy between the participants, resulting in a
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