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The INCT for Climate Change Phase 2 (INCT MCilins to implemenanddevelop a
comprehensive network of interdisciplinary researchon global change and
sustainability andis based on theooperatiornbetweenabout 30research groupsom
all regions of Brazifrom various nationalinternational research groypsvolving in its
entiretyover approximatel850researchetstudents andollaborators anédstablishing
itself asone of the largeshetworks of environmentalesearch developenh Brazil
(Figure 11)
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Figure 11. National and international partners of the INCTCH

The prograntonsists obix thematic linegor subcomponenjs

1. Food security;

2. Water security;

3. Energysecurity

4. Health and climate change;

5. Natural disastersimpacts onphysicalinfrastructurein urbanareasand
urban development

6. Impactson Brazilian ecosystenis view of changes inand useand
biodiversity

All thesecomponentare connectedia 3integrative themes or cross cutting themes

7. Economy andmpactsin key sectors

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

9. Communication dissemination of knowledge andeducation for

sustainability

Starting in Year 6, we have createtie@w phase of Integration and synthesis of
the results of the 9 components, and the structure of the projects until the end of
the project in 2025 is shown in Figute.
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Laboratérios Associados Comité Cientifico (CC e CG)

Secretaria INCT-MC2

Fase de sintese e integrag&o de resultados das componentes

Figurel.2. New structure of the INC MC2 since 2022.

So far, the scientifiagenda of the INCMC2 was developed as planned, starting in
2017 and ending in 2025. This agenda provides scientific excellence in various areas of
global environmental change and their implications for sustainable development.
Emphasis on the impacts ofimate change in agriculture, health, renewable energy,
urban development and natural disasters such as central themes integrated into
environmental modeling, the economics and communication of these impacts to the
public, the scientific community and tlaeademia, industry, business and government
can contribute to maintaining excellence in activities in Science & Technology and
Innovation as the axis of the sustainable environmental development, with character
integrative and innovative.

Different from the Report of Year 1, where only FAPESP funded components were
explained, in Years,2, 4, 5, 6 and now in yea¥ we decided to include all components

of the project, that include contributions of the UFMG and FIOCRUZ in MG, and
partnerships with UFSQJFRJ, IPEA, and other institutions outside of the State of Sao
Paulo. This provides a holistic view of the project and its components.
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Perhaps one of the most important contributions of the INCT M&2theparticipation

of several of the researchers bistproject in the elaboration of the Scientific Report of
Science Panel for the Amazon (SPAnd related activities in 2023 and 2024
response to these challenges and inspired by the Leticia Pact for the Amazon, a group of
over 200 preeminent sciensisirom the region have untied to form the unprecedented.
The Panel was convened by the United Nations Sustainable Development Solutions
Network (SDSN), and provided a comprehensive,-6ifsts-kind scientific assessment

of the state of the Amazon, curtdrends, and recommendations for the losmgn well

being of the ecosystem and its peoptse.recommendationpromote conservation as

well as sustainable development of the region, with a vision of a standing forest, flowing
rivers bioeconomy based onchl and Indigenous knowledge, technology, and
innovation. On March 2023 the SPA released their initial findings as well as a draft
version of their full report for public consultation. The SDSN and the World Bank co
hosted a highevel dialogue in BelemPara to present these initial findings and foster
conversations between scientists and policymakers to advance sustainable development
pathways in the Amazon/e also plan to provide scientific information for the CZ¥P

in Baku in Novembr 2024, and the CGOBO that will be held in Belem in 202&nd

have participated and sponsored the International Conference of the Rede Clima in
Brasilia From 1820 June20241 participated at the launching of the Policy Brief on
drought organized by the 8Rn New York on July 8 2024.

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

1 To implement and developamprehensive network of interdisciplinary research
on global environmental change and sustainability

1 To develop actions aimed assessing adaptatiaa environmental changes and
the transformation tcsustainability to reflect thevulnerabilities and resilience
trajectories angiropose ways in adaptirig these changes, especially in relation to
decisionin thepolitical sphere

1 To mergesciencewith educatiorfrom primary to the poggraduate levels.

1 To provide anoverview of issues related tsustainabilityand environmental
socialcorporate responsibility 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.

1 To maintain excellencm activities in Science & Technology & Innovation as the
structural axis of sustainable erommental development, with an integrator and
innovative character.

1 To transferknowledgeusing instruments that go beyond only scientific articles,
but producingaudiovisual material web tools and other outlets that allow the
development of a scientificulture in society, improving the impact of Brazilian
science and enabling increased international insertion of Brazil in environmental
negotiations.

To develop a research agenda in global change to identify and understand the
current impacts of climateaviability on natural and human systems in Brazil;

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

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

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

1 To contribute prominently in the research and development dflatienal Plan

on Climate Changand theNational Adaptation Plan to Combat Drought and
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Desertification in partnership with federal, state and international research
programs on global change
To produce publications and model data that can be used to provide scientific
contributionsto scientifc panels, The Rede Climspecial reports of the Brazilian
Panel of Climate Change and théth National communication of Brazil to

UNFCCC.

Coordination

Coordinator:

CEMADEN, Sao Paulo

Jose A. Marengo, Researcher, LeveBACNPq classification,

Vice-Coordinator: Tercio Ambrizzi, Researcher, Level 1 -@NPq
classification, IAG USP, Sao Paulo
-Steering Committee
Name Field of work Institution e-mail
Jose Antonio |Pr oj ect 6s ( CEMADEN jose.marengo@cemaden.gov.k
Marengo Orsini Climate  modelling,
impacts and
vulnerability
assessments
Tercio Vice-coordinator, IAG USP ambrizzi@model.iag.usp.br
Ambrizzi Climatology, climate
studies, water
security
Paulo Nobre Oceanic and coupled | CPTEC INPE | pnobre@cptec.inpe.br
atmospher@cean
modelling
Roberto Energy and climate | COPPE UFRJ| roberto@ppe.ufrj.br
Schaeffer change
Paulo Eduardo [Environmental IF USP artaxo@if.usp.br
Artaxo Neto physics, Amazonia,
and climate change
Eduardo Mario [Hydrology and water USP EESC | emm@sc.usp.br
Mendiondo security
Ulisses E C Health and climate | UFMG e| uconfalonieri@gmail.com
Confalonieri change FIOCRUZ efrangel@ioc.fiocruz.br
Eduardo Economy of climate | FEA USP ehaddad@usp.br
Haddad change

All members of the Steering Committee (CG) are also coordinators dAdbeciated
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 ant oiothe
group that is submitting the proposdlhe progress of the Project is monitored by a
Scientific Committee (CC), that is constituted by the coordinators aduheomponents
(themes) and from therosscuttingactivities. We have meet virtualiy March2023and
June 20240 see the progress of the project.

The transfer of knowledge to sociatyust be developed from a systemimfestigation,
management and experimentatioformationin climate changdyy means aof
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A T h e ostremdthiering bf studighat support actions that invest saientific

communication andissemination.

A The generation of anal scerees, technologidgse r el ati o
andsociety.

A The <creat i on mettfiodologies thah allpexmedmeitisg swith

social media anthnguages.

A The investi ga tltwah artefdcts (newspapemagazindgs,t i e s

movies, TV shows, works

art, blogs, videos, radio showmdcasts, ejc

A The production and anidqality matemalsttiatocan o f i nfor
serveas tools for public managers aadil society organizations in the evaluation,

policy formulation and implementatigrublic.

In this project, we want the community szience in global environmental change is
heard, not oly to legitimize what has already been decididgovernments, but to
influence the processésat are ongoing in public administraticegarding environmental
policies and majoundertakings that may affect the environment.

The experience gained at ti¢CT-MC2 in the period 2012024 can be evaluated from

the degree of interdisciplinary synergy in S&T and its contingbgial impacts
Internally, the INCTMC2 valuesthis synergy in the integration between Subcomponents
and Cross Axes. On the one hand, this synergy is accelerated in the Security
Subcomponents Food, Water Security, Security Energy, Health, Impacts on Ecosystems
Brazilians in view of changes in land use and Biodiversity, Natural Disasters, Analysis
Integrated for Policy an®ecisionMaking Public. Also, the synergy is strengthened in

the Transversal Axes of Economy and impacts on highlighted sectors, Communication,
Disdosure, Education and Modeling of the Earth System and Production of Future
Scenarios. On the other hand, in the period 2028, the INCTMC2 Subcomponents

and Transversal Axes brought global recommendations for the federal, state and
municipal levels irBrazil.

The coordination of the components of the project have been updated

m COORDENADORES (INSTITUICAO, ESTADO) ATIVIDADES DESENVOLVIDA

Coordenagao do projeto, modelag
avaliagdes de impactos e vulnerab
adaptacao, lider do CG e CC. Sinte
restados do projeto.

Coordenador J. Marengo (CEMADEN, SP)

Vice-coordenador do projeto, clim
Vice-coordenador T.Ambrizzi (IAG-USP, SP) climéticos, seguranca hidrica, mer
Sintese e Integracao dos restados
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SUBCOMPONENTES OU

TEMAS INTEGRATIVOS/ COORDENADORES (INSTITUIGAO, ESTADO) ATIVIDADES DESENVOLVIDA
TRANSVERSAIS

Hidrologia, seguranca hidrica, ava

k= MendiondeiEkatet of, oF) coordenador de subcomponente,

Seguranca hidrica

Modelagem hidrolégica em éreas

SRLE A S semiarido brasileiro, coordenador

Seguranga alimentar, modelagem

Seguranca alimentar E. D. Assad (EMBRAPA, SP) e e s e

Energia e mudangas climéticas, cc

B SchecHr(CORRELERL RJ) subcomponente e membro do CG

Energias renovéveis, energia e mu
Seguranga energética E. B. Pereira (CCST-INPE, SP) Cenérios de energia edlica e poter
coordenador de subcomponente.

Energia e mudangas climaticas, cc

A. Szklo (COPPE-UFRJ, RJ) e

Salde e mudancas climéticas, vul
U. Confalonieri (UFMG-FIOCRUZ, MG) climatica, coordenador de subcon

Satde do CG.

Salde e comunicag@o social, educ

E. Rangel (FIOCRUZ, R)) e

Economia das mudangas climéticz

- Haddad|(FER-USE, SR, tema integrativo, membro do CG.

Economia e impactos em
setores-chave

Economia das mudangas climaticz

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

Economia das mudangas climaticz

Ll el 0t tema integrativo.
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SUBCOMPONENTES OU

TEMAS INTEGRATIVOS/ COORDENADORES (INSTITUIGAO, ESTADO) ATIVIDADES DESENVOLVID
TRANSVERSAIS

Linguagens, comunicagao cientifi

A. Amorim (UNICAMP, SP) e

Comunicagdo, difusao de
conhecimento e educagao

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

tema integrativo.

Desenvolvimento de modelo ocea
Modelagem do sistema oceano-atmosfera, BESM - Brazili
terrestre e produgdo de RAHCHIS U HE ol Model, coordenador de tema inte:

cenarios futuros de clima para CG.

estudos de vulnerabilidade,

impactos, adaptagéo e Modelagem climatica regional, ce
resiliéncia S. Chou (CPTEC-INPE, SP), mudangas climéticas de alta reso

de tema integrativo.

Desastres naturais, avaliagdes de

R: Alvald (CEMADEN, SF) coordenador de tema integrativo.

Desastres naturais, areas
urbanas, infraestrutura fisicae  R. Rodrigues (UFSC, SC)
desenvolvimento urbano

Desastres naturais, zonas costeir:
tema integrativo.

Mudangas climéticas e desenvolv

Lt lela cidades resilientes, coordenador (

Fisica ambiental, Amazonia, coorc

bt (E-USE SE) integrativo, membro do CG.

Impactos nos ecossistemas
brasileiros frente as

mudangas do uso da terra e a Inventérios de emissdes de gases
biodiversidade M. Bustamante (UNB, DF) estudos na regido do Cerrado, cor
subcomponente.

*Dr Amorim from UNICAMP has left the Project since Year 6 and has been substituted
by Dr. Renzo Taddei also from UNICAMP

4. New Developments on the future of the INCTMC2

The new componentvas created to support the integration of results from all the
components of both the main themes as ecasting themes. this integration is being
done using the NEXUS+ methodology used in the Fourth Communication of Brazil with
the UNFCCC(4CN), always considering the relevance to the Sustainable Development
Goals SDG12 (sustainable agriculture), SE&5(ensure healthy living), SD@ (Clean
energy and affordable: ensure access to cheap energy}l S[&ustainable Cities and
Communities), SDG13 (Action against global climate change), SD& (Terrestrial

Life: Protect, Restore, and Promote the sustainable use of terrestrial ecosystems),
between others. By early 242 hundreds of publications were generated by the
collaboration betwen the various components of the INCT MC2, as well as such as
numerous lectures, seminars, podcasts, interviews on social networks, in magazines and
newspapers from Brazil and abroad, highlighting the theme of climate change and its
characteristic transysal and integrativeSo far 6 yearly reports have already been
generated and approved by the FAPESP and CNPq.

An extension of the project until 2025 will help to include topics that were not
contemplated when the proposal was drafted2@15, and which were gradually
included in the current search schedule. For example, the theme of climatic extremes
observed in Brazil and the another containing some reflections on the relationship
between COVID19 and climate change, were included, althoughisi still a
controversial topic and still without a consensus in the community scientific about their
associations.
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Few online meetings too place among IN@E$weer2020 and 202 Recently, CNPq

and some FAPs approved 60 new INCTs in 2023, and thereamversations with
MCTlIs to make the INCTs a regular programme from CNPq. This was discussed in the
75" annual meeting of the Brazilian Society of ScieRcegress $BPC) that occurred

in Curitiba, Parana, during 22 Jdy 2023 The main topic of theagendawas the
current and future situation &f N CsTGhein person meeting of coordinators of INCTs
took place in January 2024 in the Brazilian Academy of Sciences, Rio de Janeiro.

5. Reports by component

In the following we focus on the reports frorach subcomponenaind crosscutting
component, showing main results and activities developed in4vehthe project. We

also include information on new team members coming into the project, explain some
changes in the coordination of the components if that is the case and plans fér Year
All information on scientific production and activities from kagf the components
(workshops, publications, participation in events, use of the BC and RT, fellowships
[bolsas] are listed in upcoming sections. The report is from activities developed by all
components of the project.

51 Coordination

The two coordinators Jose Marengo and Tercio Ambrizzi have meet durin@ yrear
several occasions, some of these meetings took place USP, and other during other
meetings and conferences where we both were there. We have changed the way the
coordination wrks. For the administrative issues, CEMADEN hired Ms. Josiane Rosa,
who is workingpart timeto provide administrative suppai this project. Ms Rosa

helps the coordination with the procedures to indidaiklsasto CNPqg, CAPES and
FAPESP, with paymesi meetings organization and air travel arrangements for
participant scientists to meetings among INCT MC2 participants.

In addition to administrative activities, the coordinators together with their students,
bolsistas andcollaborators have developeda scientific agenda on investigation of
observed climate variability and change, with focus on extremes in regions such
Amazonia, Northeast BraziPantanal anthajor cities, such as Sao Pautome papey

have been produced as well as reports in vajouak and newspapersnagazines

and the Revista Pesquisa FAPEST Agencia FAPESP.his is being done since the
beginning of the project and constitutes a background fall all componéiitshese
results are detailed in the reports by component.

In the following we report some of the major studies developed by the coordination. As
mentioned in Yea#, the coordination works on some comprehensive e studies dealing
with observedveather and climate extremes, providing some ground basis for the work
of the components. From yeadlwe 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 y&ars 5
will be mainly integration of research results from yeads IThe bolsistas will come
from the extension approved by the CNitgl FAPESRor 2 more years of the project.

5.1.1 Critical transitions in the Amazdorestsystem(Flores et al 2024)
The possibility that the Amazon forest system could soon reach a tipping ppeointing large

scale collapse, has raised global concesnEor 65 million yearsAmazonian forests remained
relatively resilient to climatic variability. Now, theegion is incrasingly exposed to
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unprecedented stress from warming temperatwdseme droughts, deforestation and fires,
even in central and remote parts of fysteml. Long existinfeedbackbetween the forest and
environmental conditionsare being replaced by ndvdeedbackthat modify ecosystem
resilience, increasinthe risk of critical transition. Here we analyse existing evidence for five
major driversof water stress on Amazonian forests, as well as potential critical thresholds of
those

drivers that, ifcrossed, could trigger local, regional or even biawde forestcollapse. By
combining spatial information on various disturbances, we estithatdy 2050, 10% to 47%

of Amazonian forests will be exposed to compoundiisgurbances that may trigger upexted
ecosystem transitions and potentiadlyacerbate regional climate change. Using examples of
disturbed forests across tAenazon, we identify the three most plausible ecosystem trajectories,
involving different feedbackand environmental conditiondVe discuss how the inherent
complexity of the Amazon adds uncertainty about future dynamics, but also reveals
opportunities for action. Keeping the Amazon forest resilient in the Anthropeddraepend

on a combination of local efforts to end deforestatind degradatioand to expand restoration,
with global efforts to stop greenhouse gas emisgiBigaire 5.1.1)

White-sand savanna Degraded open canopy Degraded forest
Warming Warming
Extreme droughts Bistability Extreme droughts
Fires Extreme droughts Deforestation
£ Fires Fires
E J |
a
Low tree cover Low tree cover Degfaded
/ forast
2 / / \\ / / Alien ._\ portuni
.§ Fves grasses — Fires | OP e Deforestation
plants
3

Ilmnabon hm rtatlon j
Soil erosaon Soil erosion Seed «______ Fires
limitation

Alternative states

High tree cover

Figure 5.1.1.Alternative ecosystem trajectories for Amazonian forests that transition due to
compounding disturbances

5.1.2 Analysis of extreme rainfall and landslides in the metropolitan region of the Paraiba do
Sul River Valley and North Coast of Sao Paulo, Brazil

The impact of hydrological and geological disasters has resulted in significant social, economic,
and human loss, which added climate change impacts, and such events have become more
frequent and intense. Therefore, our objective is to analyze the extreme rainfall (trends) in the
Metropolitan Region of the Paraiba do Sul Valley and North Coast of Sao Paulo (RNIVPLN
This analysis will support the most affected areas by landslides identification, which mainly
impact roads and their population. In addition, evaluate the atmosphere conditions that
supported these extreme rainfall events. To achieve our objectivéswesurveyed historical
landslide data reported by the Brazilian government and information related by press and media.
The precipitation evaluation used CHIRPS v.2 data and ETCCDI indices and the vertically
integrated moisture flow and wind speed werewated by ERAS reanalysis. Our results show

that the frequency and intensity of rainfall indicators such as seasonal PRCPTOT, R20mm,
R30mm, and SDII have increased, particularly in the coastal and mountainous regions of Sao



Report Year7, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate
ChangePhase 2)

Paulo. This is due to positivenomalies of moisture transport and an increase of ocean winds
influenced by the intense South Atlantic Subtropical Anticyclone (SASA). The region with the
highest susceptibility to landslides triggered by extreme rainfall is the one that combines
deforesed areas, high slope topography, and excessive anthropic intervention. The presence of
mountainous regions increases the risk of landslides, which can damage local infrastructure and
expose the vulnerability of populations in these risk afféigsire5.12).

46.0°W 45.5°W 45.0°W 44.5°W 44.0°W  46.0°W 45.5°W 45.0°W 44.5°W 44.0°W

22.5°S

23.0°S

23.5°5

20 0 20 km
=T

Figure 5.1.2. Annual and seasonal distribution of rainfall in the RMVPLN. SS represents the
summer season and RS the rainy season. The upward triangles represent positive rainfall trends
and when blue with statistical significance. Downwaidngles represent negative trends and
when red with statistical significance.

5.1.3 Deadly disasters in southeastern South America: flash floods and landslides of February
2022 in Petrépolis, Rio de Janeiro (Alcantara et al 2023)

On 15 February 2022he city of Petropolis inthe highlands of the state of Rio de Janeiro,
Brazil, receivedan unusually high volume of rain within 3 h (258 mm), generbyed strongly
invigorated mesoscale convective systémesulted in flash floods and subsequiamdslides
that caused the deadliest landslide disaster recorded in Petrapithis231 fatalities. In this
paper, we analyzed the rooduses and the key triggering factors of this landslide disagter
assessing the spatial relationship of landslideuweacewith various environmental factors.
Rainfall data

were retrieved from 1977 to 2022 (a combination of growedther stations and the Climate
Hazards Group InfraRel@recipitationi CHIRPS). Remotely sensed data were useddp the
landslide scarssoil moisture, terrain attributes, linef-sight displacement (land surface
deformation), and urbasprawling (19852020). The results showed that the avenagathly
rainfall for February 2022 was 200 mm, the heaviesbrded in Petropolis since 1932.ayg
rainfall was alsaecorded mostly in regions where the landslide occurred, accaalamplyses
of the rainfall spatial distribution. As fderrain, 23% of slopes betweeni450 Haadslide
occurrencesand easfacing slopes appeared to be the mmmtducivefor landslides as they
recorded landslide occurrence$ about 9% to 11 %. Regarding the soil moisture, higher
variability was found in the lower altitude (842 m) where thgidential area is concentrated.
Based on our land deformati@ssessménthe area is geologically stable, and thedslide
occurredonly in the thin layer at the surface. Out of ##00 buitings found in the region of
interest, 1021 are aie slope between 20 b5 abodt 60 houses were direcHifected by
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the landslides. As such, we conclude ttiad heavy rainfall was not the only cause responsible
for the catastrophic event of 15 February 2022; a combination of unplaumbaa growth on
slopes between 456 0 r e wegetaion, aodf the absence of insmpectivere also
expressivalriving forces of this disasteffrigure 5.1.3)
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Figure5.1.3.(a) Accumulated precipitation in 24 h on 15 February 2022 at CEMADEN rain
gauges. Red contours correspond to areas of risk for landslides at Petrépolis. Thenblack li
indicates the municipality limit. The cartographic base was obtained from © OpenStreetMap
contributors 2022. Distributed under the Open Data Commons Open Database License (ODbL)
v1.0. (b) Rainfall (blue) and river level (red) time series for 15 Febr2@32 time event, at

Alto da Serra hydrological station (INEA).

5.1.4 State of Climate for Latin America and Caribbean 2023 (WMO 2024)

The present WMO report is the fourth in an annual series starting with the year 2020. It
summarizes the observed climate trends and -imigiact events, as well as associated
socioeconomic impacts, in Latin America and the Caribbean (LAC). Tropical cyclosagy
precipitation and flooding events, extreme heat and severe droughts led to significant human and
economic losses in the region throughout 2023. The second half of 2023 was particularly
influenced globally by El Nifio conditions, which contributeml & record warm year and
exacerbated extreme events in the region. This happened on top -ektablished longerm

climate change and the associated rising frequency and intensity of extreme weather and climate
events.

Among many climatic hazards reded in LAC, HurricanéOtis hit Acapulco, in Mexico, as a
Category 5 hurricane, devastating the area and leading to dozens of fatalities and billions of
dollars in damage. The drought in the Amazon was another noteworthiyrpght event of the

year. It wa so intense that the Negro River, at Manaus, recorded its lowest level in more than
120 years of observations. The report highlights the advances made in integrating
meteorological data into health surveillance (focusing on disease), reflecting a mavdsto
stronger public health strategies. Despite this improvement, there is still a need for substantial
developments and investments in weather services infrastructure and tailored climate services.

There are major gaps in the weather and climate olbggnetworks, especially in the least
developed countries and small island developing States; these gaps represent an obstacle to the
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provision of early warnings, adequate climate services and effective climate monitoring,
especially at the regional and imaal scales. WMO works with its Members and partners to
improve climate observations through the Global Climate Observing System (GCOS) and by
ensuring adequate financial mechanisms for weather and climate observations through the
Systematic Observationkinancing Facility (SOFF). Early warnings are fundamental for
anticipating and reducing the impacts of extreme events. WMO is leading the United Nations
Early Warnings for All initiative and its Executive Action Plan. The Action Plan, launched by
United Ndions Secretarizeneral Anténio Guterres during the World Leaders Summit at the
United Nations 2022 Climate Change Conference (COP27), provides a new horizon for
strengthening Earth system observations, monitoring and warning capabilities.

Among the key rassages we can mention :

-In Latin America and the Caribbean, 2023 was the warmest year on record.

-Sea level continued to rise at a higher rate than the global mean around much of the Atlantic
part of the region, threatening the coastal areas of sexmratries and small island developing
States.

-Hurricane Otis made landfall as a Category 5 strength hurricane near Acapulco, Mexico,
leading to major losses in life and irdteucture Otis was the strongest landfalling hurricane on
record in the easterPacific Basin, with one of the most rapid rates of intensification.

-Floods and landslides triggered by heavy rainfall led to significant fatalities and economic
losses across the region. In Sdo Sebastido, Brazil, 683 mm of rainfafiudatad in 15 hours,
triggering a landslide that led to at least 65 deaths.

-Climate services are pivotal in enhancingcid®n-making and action in various sectors.
Despite recent developments and successful initiatives, only 38% of WMO Members in the
region indicated providing tailored climate products for the health sector.

-Extreme heat and heatwaves led to health impacts throughout the year, including excess
mortality. Between 2000 and 2019, there was an average of 36 69%lagéad excess deatims

the region per year.

-Intense and severe drought, exacerbated by heatwaves, affected large areas of Latin America
during 2023. By the end of the year, 76% of Mexico was experiencing some degree of drought.
-The Negro River in the Amazon hit a record ll@wvel since observations began in 1902. In the
Panama Canal, low water levelstricted ship traffic from August onward.

-Exceptionally high temperatures and dry conditions also impacted wildlife. In Tefé Lake, in the
Brazilian Amazon, water teperatue reached a record high and over 150 river dolptBiesof
cor-de-rosa) were reported dead.

-Agricultural losses were reported in many countries in the region due to extreme weather and
climate events. Such impacts exacerbated food insecurity, espetiatynmunities reliant on
agriculture for their livelihoods.

Based on information from the Centre for Research on the Epidemiology of Disasters (CRED)
EmergencyEvents Database (EMAT),54 in 2023, 67 meteorological, hydrological and
climaterelated hazards were reported in the Latin America and the Caribbean region. Of these
67 hazards, 77% were storrand floodrelated events and accounted for 69% of the 909
fatalities documented in thisathbase (Figuré.1.4. The estimated USD 2billions of
economic damage reported to EMDAT was mainly due to storms (66%) (including the USD 12
billions of damages associated with HurricaDas), floods (16%) and droughts (14%). The
actual amount of damagelated to the impacts of extreme events is likely to be worse because
of underreporting and because data on impacts are not available for some countries.
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11 million USD 21 billion
67 reported case 909 deaths people affected of economic damage
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Figure 5.1.4 Weathey, climate and wateirelated disasters in Latin America and the Caribbean
in 2023. Note: Impact numbers for some disaster occurrences may be lacking due to data
unavailability. Source:CRED EM-DAT, accessed 21 February 2024

5.1.4 The new record fodroughtand warmth in the Amazon in 2028lated to regional and
globalclimatic features (Espinoza et al 2024)

In 2023 Amazonia experienced both historical drought and warm conditions. On October 26th
2023the water levels at the port of Manaus readbetbwest record since 1902 (12.70 m). In
this region,October monthly maximum and minimum temperature anomalies also surpassed
previous recordialues registered in 2015 (+ 3 °C above the normal considering the2D2®1
average).This historical dry andvarm situation in Amazonia is associated with two main
atmospherianechanisms: (i) the November 20E2bruary 2023 southern anomaly of vertical
integrated moisturfux (VIMF), related to VIMF divergence and extreme rainfall deficit over
southwestern Amamia, and (i) the JunieAugust 2023 downward motion over northern
Amazonia related to extreme rainfd#ficit and warm conditions over this region. Anomalies of
both atmospheric mechanisms reachexbrd values during this event. The first mechanism is
significantly correlated to negative sea surféemperature (SST) anomalies in the equatorial
Pacific (NovembérFebruary La Nifia events). Tkecond mechanism is significantly correlated

to positive SST anomalies in the equatorial Padiéilgted to the iacts of JurieSeptember El

Nifio on the Walker Circulation. While previous extreaiughts were linked to El Nifio
(warmer North Tropical Atlantic SST) during the austral sumifwgnter and spring), the
transition from La Nifla 20223 to El Nifio 2023 appesrto be a key climatidriver in this
recordbreaking dry and warm situation, combined to a widespread anomalous waweing

the worldwide ocean.

Amazonia hosts the Earthés | argest tropical f o
Amazon basimrepresents the largest hydrological basin on Earth (about 6.87 millionvkith2)

161 18% of the global freshwateatischarge to the oceans. It is the largest and most intense
terrestrial convective cesitin the Earth system, coupldgd global atmosphericirculations.

Approximately 13% of global precipitation over the continental areasnsentrated in the

Amazon basin, which just accoDuetoslimhtechande. 6 % o f
and deforestation this biomé¢O0isempechgl tpwandsd
affected by largescalgeforestation, forest fragmentation and degradation over the last decades.
Particularly in those regionswarming trendthe lengthening of the dry season lengthd a

decline of carbon sinlare observed At the Port of Manaus (Central Amazonia; Fgl.9,

where daily water level measurements of the Rio Negist since September 1902, a state of

emergency is declared when the water level is below 15.8 m (a threstheéddetermined by

the Brazilian Geological Survey CPRM to decree drought). This is due to low water letrels

affect navigation and, as a result, the transport of goods and of people living along the
riverbanks.
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On theother hand, extreme floods (when the critical level surf@gs m) were reported with a
major frequency anthtensity, particularly since 2009 (Figh.1.5. However, extreme droughts

in Amazonia were also observed 199798, 2005, 2010 and 201%569. These historical
droughts were associated with Elfldievents dring the austral summer (DecembEebruary)
and/or warm conditions in the North Tropical Atlantic during austiater and spring (Juiie
September)These events are related to an increased atmospheric subsidenéenaxenia,
associated with anomalie$ the Hadley and Walker cells during EIfdi In addition, a deficit

of moisture transport from the Atlantic Ocean toward central and southern Amazonia, and
atmospheric subsidenawser tropical South America is detected during warm events in the
tropical North Atlantic. On theother hand, during thAustral Springand summer, anomalous
dry conditions in subtropical South America egtated to the weakening of the South American
low-level jet east of the Andes modulated by Laad\ielatedteleconnectiondvioreover, during
multi-years La Nma events (such as the period 2028) dry conditionsare observed over
southwestern Amazonid lower frequency of lowevel winds is noticedver southwestern
Amazonia during La Niayears.Since December 2022, dry sitizen over the Amazon region
coincides with a recortireaking warmingparticularly intense since June 2023e warm and

dry conditions in 2023 are causing severe impacts on Amazppojauations and ecosystems.
Unlike previous extreme droughts, this hiital event began during th2022 23 La Nha
event, followed by El Ni.o during the austral winter and spring of 2023.

Below normal water levels of the Rio Negro at the Port of Manaus were observed in December
2022 and Januar023 (19.10 m; Figla). Duing this period southwestern tributaries of the
Amazon, such as the Peruvian Ucayald Amazonas rivers also reported below normal water
levels (Fig. Sla,b), reaching the historical December values in Requena Station in the
Ucayali River. In contrasho anomalies were reported in the northwestdépntaries during the
2022 23 austral summer (e.g., on Maoa River; Fig. S1c). Water levels at the Portdinaus
approach normal values from May to August 2023, during the seasonal flooding period
(maximum water level 28.3 mm). However, according to the Brazilian Geological Survey
(www. sgb. gov. brsince the endugust a rapid decrease was observed, reaching values below
the emergency threshold of 15.8 m on Septerbdr (15.66 m; Figla). On OctobeR6th the

water levels at the port of Manaus reach 12.70 m which is the loa@sid since 1902 (Fig.

1b), exceeding the levels recorded during previous historical droughts, such as 13.331®,

13.64 m in 1963, 14.37 m in 1997 and 14.75 m in 200%s historical drought comes 13 and

18 years after the extreme 2010 and 2005 droughts, respecineigg the last 15 years, the
Amazon River has been mainly characterized by extreme floods, such as in 200202612
2017, 2019 and 202202211 (Fig. 1b). The descending water level in 2023 has an amplitude of
15.6 m, the highesin record, which exceeds the lerggm average (10.4 m) by 50%. During

the last 15 years the fourth highesaximum (2021, 2012, 2009, 2022) and the two lowest
minimum (2023, 2010annual water level have beescorded, concentrated on the last 12.3%

of the 122yr-long longterm instrumental record
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Figure5.1.5 (a) Daily water level at the Port of Manaus (Brazil) during the 12023 period

(grey dotted lines), mean annwugkle (solid black line) and water level during extreme drought
years in 1926 (solid green line), 2005 (dotted blue line), 2010 (dotted red line) and 2023 (solid
red line). The black outline on the map indicates the boundary of the Amazonian region. The
location of Manaus (red dot), Tamshiyacu (yellow dot), Requena (green dot), San Regis (black
dot) and the name of the main rivers, states and countries are indicated in the subpanel. (b) Time
evolution of the water level of the Rio Negro at Manaus (12033. Years corresponding to
extreme drought (flood) with water level below (surpassing) 1580 cm (2900 cm) are indicated
with red (blued) dots. All the data come from the platform Hidroweb, available on the National
Water Resources Information System (SNIRkperated by the Brazilian National Water and
Sanitation Agency (ANA) and the Geological Survey of Brazil (CPRM). Data visualisations
produced using Matlab 2023bt{ps:// matlab.mathworks.cgm

5.2 Food security

- Activity 1 - Climate, agriculture and implications for food security
- Activity 2 - Economy, Climate and implications for food security
- Activity 3 - Climate, livestock and implications for food security

Summary of the activities carried out in the last year and the results obtained so far, including
discoveries.

5.2.1 Scientific Activities developed in year 6 (June 2023 to June 2024),
Activity 1 - Climate, agriculture and implications for food security

In thisstage, studies were carried out to identify potential areas for converting degraded pastures
into integrated systems, which will favor the intensification of agricultural and livestock
production in Brazil. The potential for converting degraded pastures avelyzed at
municipality, state and biome levelhe study focused on two areas of action: converting
degraded pastures into permanent grain crops and restoring the productive capacity of degraded
pastures. The two axes interact strongly due to the gsarfadisplacement of livestock farming,
especially the cattle breeding phase, because of the change in land use (pasture/grain), imposing
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the need to recover the support capacity and productivity of areas consolidated with livestock
farming (pasture/grazg), to accommodate this contingent of breeding stock. This systemic
form of action by the Program considers two very important economic activities and, at the
same time, makes it possible to reduce the pressure of expansion of agricultural activities into
natural forest environments> It also contributes to the decarbonization of the activity and makes
it possible to reduce enteric methane emissions. Both axes will be supported by the technologies
established in the ABC+ Program and could be covered byréiuiit lines already in operation.
Complementary studies could spatially define the preferred regions for establishing conversion
priorities, based on soil and climatic conditions, infrastructure and logistics, making it possible
to more accurately defirtbe scope and financial resources required. Taking these premises into
account, the next stage of the project was to quantify, with the help of information from
MAPBIOMAS and LAPIG, the spatial identification of areas with severely degraded pasture,
degra@d pasture and other types of categories. The PowerBl system was used to quickly
identify where these areas are and quantify them by state and municipality. At the same time, it
checks the suitability of these areas for implementing integratedicespock-forest systems.

The stages of the study were:

Determine and map the areas of degraded pasture that have been updated

Adjust the areas of degraded pastures for each Brazilian state

Determine the areas suitable for ILPF in each Brazilian state

Establish the croseferencing of preferred ILPF areas with degraded pastures for
Brazilian state

Determine GHG emissions for each defined territory

Determine the costs of restoring pastures and adopting ILPF in the defined territories

Determine lhe herd increase for each defined territory

Determine the gain in grain production for the defined territory

The emission factors taken into account are those indicated in the latest report on GHG
emissions metrics and methodologies, namehttps://agro.fgv.br/publicacao/ochio
guantificacaedasemissoegle-geeno-setoragropecuaridgatoresde-emissao.

In order to achieve all theteps described above, a query system based on PowerBl was
developed,
https://ap.powerbi.com/view?r=eyJrljoiYzk0ZjYOZTYtYmRIOCOOMhILWEXZTItYjgzMGU
5ZmU20DYwIliwidCI6ImYOMDU4ODEXLWY1YmMOtNGYzMi05ZjkxL TQ3YmM4ZWRIN;j

EwYyJ9

The main results are:

Identification of degraded pastures in Brazil, by state and municipality


https://agro.fgv.br/publicacao/ocbio-quantificacao-das-emissoes-de-gee-no-setor-agropecuario-fatores-de-emissao
https://agro.fgv.br/publicacao/ocbio-quantificacao-das-emissoes-de-gee-no-setor-agropecuario-fatores-de-emissao
https://app.powerbi.com/view?r=eyJrIjoiYzk0ZjY0ZTYtYmRiOC00MjhlLWExZTItYjgzMGU5ZmU2ODYwIiwidCI6ImY0MDU4ODExLWY1YmQtNGYzMi05ZjkxLTQ3YmM4ZWRiNjEwYyJ9
https://app.powerbi.com/view?r=eyJrIjoiYzk0ZjY0ZTYtYmRiOC00MjhlLWExZTItYjgzMGU5ZmU2ODYwIiwidCI6ImY0MDU4ODExLWY1YmQtNGYzMi05ZjkxLTQ3YmM4ZWRiNjEwYyJ9
https://app.powerbi.com/view?r=eyJrIjoiYzk0ZjY0ZTYtYmRiOC00MjhlLWExZTItYjgzMGU5ZmU2ODYwIiwidCI6ImY0MDU4ODExLWY1YmQtNGYzMi05ZjkxLTQ3YmM4ZWRiNjEwYyJ9
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e PASTO DEGRADADO
Fiitros

Degradacéo (ha)*

Severamente degradado
32,5 Mi

Moderadamente degradado

p— - 61.8 Mi

Sem degradago

-
Navegacéo

| Total de pasto

150,3 Mi
Pasto

Total de municipios

5.570

Municipios com pasto
severamente degradado

2.390

Classificacdo area severamente degradada (ha) por Municipio

ILPF

Emissoes

1.000-15.000 (ha)
®15.001-30.000 (ha)

Area severamente degradada (ha) por Estado

Mato Grosso
Mato Grosso do Sul [N s mi
Minas Gerais [ s Vi
eanis [ : i
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530 Paulo [N 2 Mi
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Rondsniz [N 1 Mi

ESTADOS

Area severamente degradada (ha) por Municipio

Ribas do Rio Pardo
Corumbéa

640 Mil
366 Mil

Cenario 1 ©30.001-45.000 (ha) Vila Bela da Santissima... 353 Mil
©45.001-60.000 (ha) Agua Clara 323 Mil
Emifs.ées Acima de 60.001 (ha) Trés Lagoas 283 Mil
Cenario 2 Porto Esperidio 269 Mil
Caceres 261 Mil
Campo Grande 239 Mil
Rio Verde de Mato Gr... 230 Mil
Pontes e Lacerda 211 Mil
Paranatinga 197 Mil
Camapua 194 Mil
Paraiso das Aguas 186 Mil
Inocéncia 182 Mil
Santa Rita do Pardo 181 Mil
S3o José do Xingu 161 Mil

Emissées
Cendrio 3

MUNICIPIOS

Documentagéo

I Micrasoft Bin 82024 Microsof Corporation. Terms

Reduzi

We then identified 32.5 million hectares with severely degraded pastures, 61.8 million
moderately degraded pastures and 56 million hectares without degraded pastures, giving a total
area with pastures in Brazil in all categories of 150.3 million hectares. Ob,B¥%0
municipalities, at least 2,390 have severely degraded pastures, and these would be the ones that
should be prioritized for converting severely degraded pastures into recovered pastures, or into
integrated production systems. The state of Mato Grhasadentified the largest number of
degraded pastures, totaling 7 million hectares.

Identification, quantification and location of priority areas for implementing ILP, by state
and municipality.

Based on the identification of severely degraded pastamésusing information generated by
Embrapa on the agricultural suitability of regions for the implementation of integrated systems
such as ILP and ILPF (Crdpvestock Integration and CrelpvestockForest Integration),
municipalities with between 30,000é 45,000 hectares, between 45,000 and 60,000 hectares
and over 60,000 hectares per municipality were mapped. The results indicate that in scenario 1,
with up to 30,000 hectares of degraded pastures, 209 municipalities fall into this category,
totaling 9.0million hectares. From a public policy point of view, these are the municipalities
that should receive priority for using incentives to recover pastures. Next, in scenario 2, with
municipalities
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with more than 45,000 hectares of degraded pastures,nil@ecipalities were identified,
totaling 7.4 million hectares. Finally, in scenario 3, with municipalities with more than 60,000
hectares of degraded pastures, 87 municipalities were identified, totaling 6.1 million hectares.
The level of degradation conlgired was "severely degraded pastures".

@_ AREA PRIORITARIA PARA IMPLANTAGAO DE ILPF

Filtros
E 3 CENARIO 1 CENARIO 2 CENARIO 3
(Municipios acima de 30 mil ha de pasto degradado) (Municipics acima de 45 mil ha de pasto degradado) (Municipios acima de 60 mil ha de pasto degradado)
Todos v
Municipio Area prioritaria (ha) N°® municipios Area prioritéria (ha) N°® municipios Area prioritaria (ha) N° municipios
Todos ~ . . =
9.0 Mi 209 7.4 Mi 136 6,1 Mi 87
Navegacio PR 5 oz Asa 5 o PP PP
Municipios prioritarios Municipios prioritarios Municipios prioritarios
Pasto
Emissées
Cendrio 1
Emissées y "
Cendrio 2 3
b
Emissdes
Cendrio 3
B* Mirasgting 2024 Mierozoh Cerperstion Terms B" Microsof g ©2026 Mieroze Cerperaton Tems B* MicosstBing ©2026 Mieraze Cerperation Terms

*OBSERVACAO: Area prioritéria = Interseccdo da area de pasto severamente degradado com rea de média e alta prioridade de ILPF do municipio.

Mapping and quantifying emissions in tCO2 eq. in the municipalities.

For each scenario, the emissions that can be avoided by recovering degraded pastures or
implementing integrated agricultural production systerase determined.

CENARIO 1 - Municipios acima de 30 mil hectares de pasto degradado

Filtros
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d
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080}
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Bt J Emissdo Entérica - Contribuicdo por categoria (t CO2e)
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Novilhas - 2 a 3 anos 7™
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N Bezerros -0 a 1ano ami
S¥voemh vesad Bezerras - 0a 1ano 3mi e ——ma
Pl Sum Bois - acima de 3 anos 3mi B Micronofe g © 2024 Microsoft Corporation  Terms
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CENARIO 2 - Municipios acima de 45 mil hectares de pasto degradado
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CENARIO 3 - Municipios acima de 60 mil hectares de pasto degradado
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5.2.2Activity 2 - Economy, Climate and implications for food security

Once the areas with degraded pastures had been identified, cost estimates were made for
recovering degraded and/or severely degraded pastures.

Specifically, about meat production, Brazil is the largest exporter and the second largest
producer, with an important characteristic being the predominance of herds raised on pasture,
i.e. extensively (RODRIGUES; MARTLAOSTA, 2021). Pastures are a major differentiator
Brazil's competitivenessand, in this context, there is growing interest in technological
alternatives to maintain the productive capacity of pastures sustainably and ensure animal
welfare.

One of the alternatives available is the recovery of degrpdstiires. In @egraded pasture
there is a significant reduction in the ideal support capacity, and the ability to maintain
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biological productivity may or may not have been compromised (ERA$IO, 2015). This
concept can be better understood by analyzing

- Forrageiras Degradacio do Solo
+ Plantas daninhas

<: Pastagem Degradada E>

Figure5.2.1 Representation of the concept of degraded pash8eurce: Adapted from Dias
Filho (2008).

Pasture degradation can be the result of one or more factors such as: inadequate grazing and/or
pasture management practices, lack of soil preparation, inadequate choice of forage, poor seed
quality, pasture pests, physiological problem&; In addition, pastures can show different

levels of degradation. Théevels of degradation according to limiting parameters and
indicators of a drop in carrying capacity (SC), are shown in figure 2.

Nivel 3 - Forte:

Aumento

excessivo na
infestacao de
plantas

daninhas. Muita
baixa proporcao
de forrageiras. A
CS cai entre 60%
e 80%.

Nivel 4 - Muito
Forte:

Predominancia de
solo descoberto,
com sinais
evidentes de
erosao. Proporgao
de forrageiras
muito baixa ou
inexistente. A CS
cai acimade 80%.

Figure5.22. Levels of pasture degradati@ource: Adapted fromiBs-Filho (2017).
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Therefore, the longerm extensive use of pastures can result in compromised productive,
economic and environmental efficiency. As a result, there is a reduction in productivity and
profitability and an increase in greenhouse gas (GHi@3sons, since the degradation of these
areas creates incentives for new areas of natural vegetation to be converted into pastures
(BATISTA et al., 2020; ASSAD et al., 2021).

Recovering degraded pastures is one of the strategies set out in Brazil'allyaetermined
Contribution (NDC) toreduce greenhouse gas emissions by 48% by 2025 and 53% by 2030,
compared to 2005 emissions (BRASIL, 2024). In addition, in 2023 the federal government
instituted theNational Program for the Conversion of DegradBdstures into Sustainable
Agricultural and Forestry Production Systenaspolicy that aims to double the current level of
productivity by incorporating 40 million degraded hectares into the production system.
Therefore, the increase in productivity wouldcor without advancing into forest areas,
contributing to reducing the pressure on native vegetation, as well as favoring adaptation and
mitigation of the adverse effects of climate change.

Figure 3 shows the spatial distribution of pasture areas in BraPihsture areas are found in all

of the country's regions and biomes, concentrated mainly in the Cerrado (56.6 Mha) and
Amazon (around 50 Mha) biomes, followed by the Atlantic Forest (32.4 Mha), Caatinga (28.8
Mha), Pampa (5.5 Mha) and Pantanal (3.9 Mansidering the quality of pastures, in 2022, at

least 53% of the areas destined for pasture in the Cerrado and Amazon biomes were degraded or
under degradation.

Nivel de degradacdo

Severa
Moderada
Ausente

Figure5.23. Spatial distribution of pasture areas in Brazil in 2022, considdiffegent levels
of degradationSource: Image Processing and Geoprocessing Labordt&ilG (2024b).

About the federal units, Minas Gerais, Mato Grosso and Para are the ones that concentrate the
largest areas of pasture with, respectively, around 22 Rih&ha and 19 Mha. Figure 4 shows
the proportion of pasture areas in the states, by level of degradation, in 2022.

! The pasture quality information generated by Lapig (2024) is based on the degradation classifications
initially proposed by Diag-ilho (2015). Based on EVI (Enhanced Vegetation Index) values, provided by

the MODIS MOD 13Q1 product (Huete et al., 2002js ippossible to assess the state of degradation and
obtain estimates of biomass in pastures, since vegetation indices have a positive correlation with
vegetation vigor. After normalizing the annual average EVI images by biome (EVI.d_norm), the annual
images are stratified into pasture degradation classes. As the method is not effective in distinguishing the
Light and Moderate classes from each other, these classes are grouped together and, for this reason, only
three levels of degradation are consideredsefih (not degraded), Moderate and Severely Degraded.
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Figure5.24. Pasture areas in the Brazilian states (including the Federal District), by level of
degradation, in 202&5ource: Own elaboration based on data from Lapig (2024a).

Although the significant extent of degraded pasture areas is alarming and represents a
significant challenge for livestock farming in the country, the existence of these areas and the
possibility of recoveringthem, presents as a positive point a great potential for increasing
livestock productivity and mitigating the balance of greenhouse gas emissions-FILAS,

2015; ASSAD et al., 2021).

Pasture recovery costs

To measure and evaluate the economic costeadvering degraded pastures in Brazil, all the
Brazilian states and the Federal District were considered as the unit of analysis, as well as the
six major Brazilian continental biomes, as described by the Brazilian Institute of Geography and
Statistics [BGE): Amazonia, Caatinga, Cerrado, Atlantic Forest, Pampa and Pantanal. The
costs, per hectare, were calculated in such a way@ngiderthe impact of the characteristics

of the soils and biomes on the expenditure.

More specifically, existing information in the specialized literature on the following aspects is
considered the most adapted forage plants, soil correction and fertilization specific to each
location, since these are important factors in determiningubeess of the recovery process, as
well as the level of investment required.

The choice of recovery strategy to be adopted depends on the level of degradation of the
pasture. In this study, the strategy considered to promote the reversal of the degmdaties

is the direct recovery of pastures at a moderate stage of degradation and the reform of pastures
at a severe stage of degradation. The specialized literature describes various ways of carrying
out recovery/retirement. Although these strategigssicer different combinations and use of
inputs, there is consensus that the rehabilitation of degraded pastures involves minimum
conditions common to the various strategies (TOWNSEND et al., 2010).

In the case of pastures in a moderate stage of degmadatie less advanced stage of
degradation makes it possible, through appropriate agronomic practices and management, to
correct soil fertility and recover the level of productivity and vigor of the forage plants. This
strategy is economically more attragtiwhen compared to the costs of a pasture renovation
strategy (DIASFILHO, 2017).

However, when the pasture is at a severe level of degradation, it is not possible to use a recovery
strategy, since it is necessary to prepare the soil and replant the ifothg entire area.
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The description of the variables and the data sources consulted to measure the costs associated
with operations and inputs are shown Table The costs for all the inputs used in the
recovery/refurbishment are based on the price level for the year2024 .

Table 5.21. Description of the operations and inputs used in the recovery and renovation
of degraded pastures and the data swces consulted.

Operation/inputs Unit Data Source
Soil preparation/correction
Plow harrowing h/ha ABC Foundation
Intermediate harrowing h/ha ANNUALPEC
Grading h/ha ABC Foundation
Dolomitic limestone t CONAB
Liming loading (mechanized) h/m ANNUALPEC
Liming training (mechanized) h/m IFAG
Liming training (manual) h/h ANNUALPEC
Planting
Seed kg/ha UNIPASTO
Sowing by hand (mechanized) h/m ABC Foundation
Sowing by hand h/h ANNUALPEC
Seed compaction h/m ANNUALPEC
Fertilization (mechanized) h/m

ANNUALPEC
Fertilizing (manual) h/h
Simple superphosphate t CONAB
Phosphating loading (mechanized) h/m
Formation phosphating (mechanized) |h/m ANNUALPEC
Phosphating training (manual) h/h

“Due to the unavailability of updated data, the price levels of some of the inputs used in the
recovery/refurbishment have been adjusted by the Broad National Consumer Price Index (IPCA).
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Potassium Chloride (KCL) t

CONAB
Urea t

Source: Owrelaboration.
Note h/ha = hours/hectare; t = tons; h/m = hour/machine; h/h = man/hours.

In addition to the costs of recovering pastures in moderate and severe stages of degradation,
maintenance costs were atsonsideredPasturenaintenancés essentiato maintain longerm
productivity and prevent the soil from being degraded again.

The inputs considered, as well as the application/operation intervals and data sources, are shown
in Table It is important to note that althoudlabledescribes all the inputs considered in pasture
maintenance, thase of each input was conditioned to the characteristics of the soil for each of
the biomes analyzed. Therefdrablepresents the inputs and op@ras used in general, but not
necessarily all of them are included in a single maintenance approach.

Table 5.22. Description of the operations and inputs used to measure maintenance costs
and the data sources consulted.

Operation/inputs Unit Interval (years)|Data source
Soil correction
Dolomitic limestone t 5 CONAB
Liming loading (mechanized) h/m ANNUALPEC
Liming training (mechanized) h/m 5 IFAG
Liming training (manual) h/h ANNUALPEC
Fertilization
Fertilizing (mechanized) h/m

1 ANNUALPEC
Fertilizing (manual) h/h
Fertilizer 0620-20 t 2
Fertilizer 0520-20 t 2
Simple superphosphate t 2 CONAB
Potassium chloride t 2
Urea t 1

Source: Own elaboration.
Notel t = tons; h/m = hour/machine; h/h = man/hours; ha = hectare.

In addition to the inputs and operations used in the process of recovering pastures at
different levels of degradation, the costs associated with the logistics of acquiring fertilizers are
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also considered Brazil is one of the largest consumers of feriliz in theworld but has a
production deficit in relation to the volume demanded, which means that the country is
dependent on the foreign market and subject to international prices. Due to the high costs of
these inputs, it is also important to consider tosts involved in distribution logistics. For this
reason, freight costs are also inclutled

It should be emphasized that the economic costs measured dmnstlerthe temporal
dynamics of pasture areas and the values associated with recoverytioenawd maintenance

costs, or even the opportunity costs related to livestock farming in the areas analyzed. Taxes,
depreciation and improvements are also not included.

Pasture recovery costs in Brazilian biomes and states

Table5.23 shows the averagmsts of recovering pastures in a moderate and severe state of
degradation, as well as the average maintenance costs, in the Amazon, Caatinga, Cerrado,
Atlantic Forest, Pampa and Pantanal biomes.

Considering biomes as the unit of analysis, the averagdéocestore one hectare of moderately
degraded pasture ranged from R$1,009.39 to R$1,83116%urn, the average cost to renovate
one hectare of severely degraded pasture ranged from R$1,806.02 to R$2,605.59

Table 5.23. Average costs (R$/ha) of pagte recovery/refurbishment and maintenance
technologies in Brazilian biomes.

somes [Modewe Jsewro | Wanenanc
Amazon 1.745,21 2.551,52 491,52
Caatinga 1.585,80 2.381,31 575,14
Cerrado 1.336,84 2.115,76 383,55
Atlantic Forest 1.009,39 1.806,02 380,87
Pampa 1.831,69 2.605,59 1.011,58
Pantanal 1.072,50 1.900,86 281,79

Source: Own elaboration.
Note: Real values as of 03/2024.

*The freight calculation was based on spatial statistics. Municipal data made available by the Ministry of
Agriculture, Supply and Livestock (MAPA) through Ititegrated System of Agricultural Products and
Establishments (SIPEAGRO) wsed. The data avadble refers to traders, producers and importers of
fertilizers. With this data, thé&earest Neighbors Sear¢knn) algorithm was implementedb obtainthe
reference points for calculating theentroids points with longitude/latitude that represent the ceder
of each state). Based on theentroids, the average distances to the possible markets for obtaining
fertilizers are calculated. Freight costs follow the minimum price table of the National Land Transport
Agency (ANTAresolution No. 6.034).

Note: Ral values as of 03/2024.
® Note: Real values as of 03/2024.
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The initial investments required to recover pastures in moderate and sdages of
degradation are lower in the Atlantic Forest and Pantanal biomes. This result is mainly
explained by the lower average costs associated with the use of fertilizers and correctives and
those linked to the logistics of these products. The higleesid of investment required are
observed in the Pampa and Amazon biomes, where the costs related to the consumption of these
inputs are higher.

Some conditions explain this finding. Specifically in the case of the Atlantic Forest biome, the
recommendatiamn in the literature regarding the application of correctives and fertilizers
highlight the greater need for correctives and phosphate fertilization, compared to other
nutrients (LIMA et al., 2014; OLIVEIRA et al., 2014). In the Atlantic Forest regionptiwes

of these inputs and transportation costs are significantly lower, given the proximity to producers,
traders or importers of these products.

About the Pantanal biome, the lower expenditure on correctives and fertilizers is due to the
region's low regonsiveness to nutrients, especially in areas free from flooding and sandy soils
with low natural fertility (SANTOS et al., 2018; SANTOS et al., 2019). This lower response
means that correction and fertilization recommendations are lower than thosesthécaither
biomes, resulting in lower costs for the recovery and maintenance of pastures with some level of
degradation.

In the Amazon region, most of the inputs used to fertilize and correct the soil arrive at
uncompetitive prices, mainly due to freiglwd transport costs, especially the high costs of
Potassium Chloride and Urea fertilizers (TOWNSEND et al. 2010; EHASIO, 2015).

In the Caatinga and Pampa biomes, the highest fertilizer recommendations stand out, including
those for pasture maintenande the Pampa, in particular, the costs of these inputs are relatively
lower than those observed in the Caatinga biome, but the quantities required are substantially
higher, increasing the necessary investments.

Main results

- At least 47% of the operaty costs incurred in the recovery process are due to the
planting stage, mainly due to the use of fertilizers, seed costs and mechanized operations. As the
direct recovery strategy for moderately degraded pastures does not involve more intensive soil
prepaation techniques, the costs of machinery, although significant, are lower.

-Labor costs represent the smallest share of investments for the recovery of pastures
with moderate signs of degradation in all biomes. Freight costs are more significant in the
Amazon region.Regardingmaintenance costs, the most significant costs are found in the
Pampa, Caatinga and Amazon biomes, representing 36.94%, 26.62% and 21.97% of the average
costs per hectare, respectively.

-The actual operating costs associated withptlegess of recovering severely degraded
pastures are higher and can be explained mainly by the fact that the strategy requires the
adoption of more intensive techniques. In this sense, these costs include soil preparation
practices (plowing, intermediatend leveling harrowing) and the additional use of Potassium
Chloride (¢ 6)a

-Due to the greater intervention in soil preparation, the actual operating costs for this
stage are higher and represent at least 30% of the average costs per hectar¢y gspesilof
machinery and liming costs (especially dolomitic limestone). However, although these costs are
higher than those observed in the recovery of moderately degraded pastures, the planting stage
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is still the costliestfor the producer, mainly due the use of NPK fertilizefs which represent
around 51%, 44% and 37% of the average operating costs in the Pampa, Caatinga and Amazon
biomes, respectively.

-Using the Brazilian states as a unit (including the Federal District), the costs of
recoveringpastures in moderate and severe stages of degradation also vary significantly. In the
case of recovering moderately degraded pastures, the costs per hectare vary between R$914.26
and R$2,267.80(figure 6). In turn, the cost of renovating one hectare sfypa in a severe
stage of degradation varies between R$1,710.22 and R$3,A(Ed4e.

-The highest costs are seen in the states of Acre, Amazonas and Roraima and can be
explained by the costs involved in the planting stage, the most expensive in the recovery
process. At ledb5% of the investments required to recover moderately degraded areas in these
states are attributed to this stage.

-The states with the lowest costs were Rio Grande do Norte, Parana and Santa Catarina.
This result is mainly due to lower costs relatethuse of fertilizers and correctives, seeds and
lower transport costs.

Regides
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Figure 5.2.5 Average costs of recovering pasture areas at a moderate stage of degradation
in Brazilian states.

® NPK fertilizersare madeup of three of the main elements needed for the proper growth and
development of forage plants: nitrogen (N), phosphorus (P) and potassium (K).

" Note: Real values as of 03/202 4.

8 Note: Real values as of 03/2024.



Report Year7, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate
ChangePhase 2)

Regides
. Centro-Oeste
. Nordeste

E] Norte

J Sudeste

B sul
1000 km HEN T

Figure 5.2.6 Average costs of recovering pasture areas in a seeestage of degradation in
Brazilian states.

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

In the next report, we will present the surveys of small animal emissions linked to family
farming.

5.3 Water security

5.3.1 General aspects

1- Synergisticand InterdisciplinaryDialogues in the Nat. Conf. Of Climate Change- Water
Resource$essiomrganizedy RedeClimathe 5th Nat.Conf.of Sci. & Tech.i Wa tSecurity
& S o c i e-brganizedby the ABRHidro, the Scientific colloquium,50 yearsof Evolution of
Scierte of Hydrology, organizedby UNESCGIHP andthe UNESCOTowardsa Pactfor the
Future.pr ovi di ng t raeeasadliresseddy p hPa@chfar rthe Futureane of the
proposediocument®f the2 0 Zdmmitof the Future

2- EDI-driven (Equity, Diversity & Inclusion researctgroupslinked to the SDGs:namely,the
Nat. Observatoryof Water Security & Adaptive Mgmt ("ONSEAdapts, SDG6), fiFighting
Hungeo (SDG 2), andthe CEPID-Centerfor Biodiversity DynamicsandClimateChanggSDG
15),A | E A/ RAhBSeRryHealthd (SDG 3), FAPESPA C E P | (De$/1BAI-A A p p Mathesfdr
Industry", SDG9), the UNESCOChairon UrbanWater (SDG 4), the Centerfor Researcion
Biodiversity Dynamics and Climate Change(SDG 15), FAPESPEng. Res. Center (C4Al-
AArtilfnitceil d)JandFARESE(MADIS-Ai Mg MisasteRiskandSocietaRe s i ;i enc

3- New Educative GameChanging Accelerators and Serious Games throught the
INterdisciplinary CLimate INvestigation cEnter (INCLINE), the Center for Educationand
Researclon Disasters(CEPED/USP)with new opentools, i.e. community water modelsfor
Latin Americg the SUPEr/APACIn PernambucofiFlood awarenesshroughdambreakserious
game$i using r e s e r dataset af GANA/SNISB; the "Drought in play: A socic
hydrologicaltool to increasesocialparticipatiord andthe Digital WaterGlobeatthe IAHS;

4- New DemonstrativePilot Projects(without ComplementaryBenefits): the FAPESRFrom
risk to adaptatiorandresilience andthe FAPESPfPerceivingMaking Foresb ;

5- FAIR & CARE datasetsPNSH/ANA, CAMELS&8R, CABra andDigital WaterGlobe

6- New Centersof Global ChangeClimate Action e-Courses:through ABRHidro-Education
TechnicalComission IAHS InternationalCommissionron HumanWater Feedbacksthe IAHS
WG History of Hydrology, andthe IWA Digital Water Programme/Eart®bservatiorof Water



https://www.youtube.com/live/zjEnE_I673M?t=22215s
https://www.youtube.com/live/zjEnE_I673M?t=22215s
https://www.youtube.com/watch?v=M0qD-dKsGic&list=PLc2oHLjUe6hty9wLA_PZQJxK7jW4Hf0It
https://www.youtube.com/watch?v=M0qD-dKsGic&list=PLc2oHLjUe6hty9wLA_PZQJxK7jW4Hf0It
https://unesdoc.unesco.org/ark:/48223/pf0000389979
https://unesdoc.unesco.org/ark:/48223/pf0000389979
https://www.unesco.org/en/unitwin/seminars?hub=84637
https://www.unesco.org/en/unitwin/seminars?hub=84637
https://www.un.org/sites/un2.un.org/files/sotf-co-facilitators-zero-draft_pact-for-the-future.pdf
https://www.un.org/en/summit-of-the-future
https://onseadapta.org/
https://jornal.usp.br/artigos/o-combate-a-fome-e-a-inseguranca-alimentar-exige-pesquisa-cientifica-e-participacao-social/
https://jornal.usp.br/artigos/o-combate-a-fome-e-a-inseguranca-alimentar-exige-pesquisa-cientifica-e-participacao-social/
https://jornal.usp.br/artigos/o-combate-a-fome-e-a-inseguranca-alimentar-exige-pesquisa-cientifica-e-participacao-social/
https://bv.fapesp.br/en/auxilios/112189/center-for-research-on-biodiversity-dynamics-and-climate-change/
http://saudeplanetaria.iea.usp.br/en/
https://bv.fapesp.br/en/auxilios/58570/cemeai-center-for-mathematical-sciences-applied-to-industry/
https://bv.fapesp.br/en/auxilios/58570/cemeai-center-for-mathematical-sciences-applied-to-industry/
https://bv.fapesp.br/en/auxilios/112189/center-for-research-on-biodiversity-dynamics-and-climate-change/
https://bv.fapesp.br/en/auxilios/112189/center-for-research-on-biodiversity-dynamics-and-climate-change/
https://bv.fapesp.br/en/auxilios/105714/center-for-artificial-intelligence/
https://bv.fapesp.br/en/auxilios/105714/center-for-artificial-intelligence/
https://bv.fapesp.br/en/auxilios/106993/toco_dr-theory-of-change-observatory-on-disaster-resilience/
http://www.apple.com/
http://www.ceped.eesc.usp.br/
http://www.ceped.eesc.usp.br/
http://www.apple.com/
http://www.apple.com/
http://www.apple.com/
https://www.sciencedirect.com/science/article/pii/S2212420924003054
https://www.sciencedirect.com/science/article/pii/S2212420924003054
https://www.snisb.gov.br/
http://www.apple.com/
http://www.apple.com/
https://iahs.info/Initiatives/digital-water-globe/
https://bv.fapesp.br/en/auxilios/114780/environment-health-ecosystem-services-nexus-from-risk-to-adaptation-and-resilience/
https://bv.fapesp.br/en/auxilios/114780/environment-health-ecosystem-services-nexus-from-risk-to-adaptation-and-resilience/
https://bv.fapesp.br/en/auxilios/111579/perceiving-making-forest-alliances-between-the-arts-sciences-and-communications-in-view-of-the-anthr/
https://pnsh.ana.gov.br/home
https://essd.copernicus.org/articles/12/2075/2020/
https://hess.copernicus.org/articles/25/3105/2021/
https://dwg.smhi.se/dwg/
https://www.abrhidro.org.br/comissao-ensino/index.php?ID=507
https://www.abrhidro.org.br/comissao-ensino/index.php?ID=507
https://iahs.info/News/news/new-international-commission-on-human-water-feedbacks-ichwf-of-iahs/
https://iahs.info/Initiatives/Working-Groups/History-of-Hydrology/
https://iwa-network.org/projects/earth-observation-for-water-management-community-of-practice/
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Managemen€ommunityof Practice

7- Social action of UnprecedentedFloods in Rio Grande do Sul: #0OneDropOfScience
#0OneDoseOfResilience #BeFAIRwithCARE #GenerationRestoration. ABRHidro
InterdisciplinaryProfessionaDatasetVolunteeringfor Relief of the 2024 Rio Grandedo Sul
Flood Tragedy.

[ 4
rid

ohe
g T

\[7
e,
Large and slow D’ <
/ 4
D250
P ENEEE

H ‘ Small and fast

Figure 5.3.1 A combined chart of potential archetypesfor the evolution of polycentric
governance of the INCTMC-2 water security subcomponent.Legends: A: Ancestral
transdisciplinarityfor complexlessonsrom indigenouspractice(Apgar et al, 2009; B: Water
Securityapproachwithout adaptivemanagement(UN Water(2013; C: Principlesfor Water

Wise Cities (IWA, 2016; D: 9-year child for climate justice (PantaRhei Open Sciencefor

Future Earth illustration, 2020; E: Planetarycentred for climate resilient development
(IPCC/ARG6,2022; F: UN Early Warningsfor All with peoplecentredvalue diagram(UN &

WMO, 2022; G: Adaptationjusticeandadaptatiorplanning (Bustamantestal, 2023; H: UN

SDGsin a panarchytheoryfor convergencendadaptativesystemgSundstronet al., 2023. A

combinationof thesearchetypesare revisitedwith synergiesat: i) the | Braz. Conf. Climate
Change,2024;ii) the INCT Observatoryof water securityand adaptivemanagementiii) the
UNESCOhydro resilience citizen and opensciene for climate adaptatio(UNESCO,2024)

linked to the UN SustainableDevelopmentGoals Frameworkintegratedwith the UN DRR

SendaiFramework,to be discussedn the 2024 InternationalSymposiumon Integratedwater
Resourceslanagemen(lWRM).

5.3.1 Scientific and Management Actors (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 new affiliated institutions: UFMS, UFSC, UnB and ABRHidro, boosted

through community presence with both the Digital Water Globe, relaunched at the European
Geophysical Union 2024 (Vienna, 2024; Figure 2), and the UNESCO IHP 50th Anniversary

(Paris, 2024; Figure 3). Detailed information can be consulted in respective publications (see
Section B). Hi ghlights of the | Ni@hoMBrazian7t h vy e al
INCTMC2-WS' actions met global programs of UNDRR, UNFCCC,-Habitat, UNESCO


https://iwa-network.org/projects/earth-observation-for-water-management-community-of-practice/
https://www.youtube.com/watch?v=KSwxo05hPDU
https://www.youtube.com/watch?v=KSwxo05hPDU
https://www.youtube.com/watch?v=KSwxo05hPDU
https://cgscholar.com/bookstore/works/building-transdisciplinarity-for-managing-complexity
https://www.unwater.org/sites/default/files/app/uploads/2017/05/unwater_poster_Oct2013.pdf
https://iwa-network.org/publications/the-iwa-principles-for-water-wise-cities/
https://www.youtube.com/watch?app=desktop&v=6Ems71VFuX8
https://www.youtube.com/watch?app=desktop&v=6Ems71VFuX8
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IHP-IX (2022-2029) and socidnydrology initiatives of IAHS/Panta Rhei and IAHS/Unsolved

Figure5.32. Digital Water Globe Communiigt the EGU 2024ttps://www.egu24.euPicture:
EMM.

Figure5.23. UNESCGOGIHP 50th Scientific Conference (2028&ource:
https://unesdoc.unesco.org/ark:/48223/pf0000389979

The polycentric governance statement of the INCTMIZR subcomponent isi how new
sustainable, resilient privatpublic partnerships promote targeted investniantclimate
services to strengthen commurigsed, hybrid early warning systems and decision support for
water resources adaptation in climagensitive sectors and for most vulnerable people in the
Tropics, through metrics and levels of indiéesvith fexible, adaptable and participatory
mechanims®, andusingresiliencedriven (absorptive, adaptive, transformative) methtids

9
~ Indices:Nationally Determined Contributions of Parties (NDC) for UNFCCC, Nature's Contribution to People (NCP) for CDB & IPBES,
and Digital Sequence Informationo(DSI) for Natural Capital from CBD.

— Mechanisms: Enhanced Transparency Framework (ETF), post-Paris 2015/UNFCCC, Monitoring, Report & Verification (MRV) on
GHG from UNFCCC, Global Stocktake (GST) from UNFCCC, Sustainable Development Mechanism (SDM) of zero-net targets, Principles


https://www.egu24.eu/
https://unesdoc.unesco.org/ark:/48223/pf0000389979
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A.1. Advancesn PolycentricWaterGovernance
In this 2023/2024period, researchgroupsof INCTMC2-Water Securityhave gainedadvances
in polycentricwatergovernancéFigure5)
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Figure 5.2.4Unveiling Water Allocation Dynamicsfrom StakeholdeMeetings(Nuneset al,
2024)https://doi.org/10.1088/1748326/ad37cd

5.3.2 Advances inprediction-driven patterns for water scarcity

12.Uruguai 1 / A { v

11.South Atlan. 1

pbias(%)
10
10.Amazon l 5
4 I e y A A 3
09.Parana 1 ) { ) f ) { 1
08.Southeast Atlan. L ‘ | =3
2 & P _
07.Paraguai 1 ¢ ] { }
O (\4 -
KGE

06.Tocantins-Araguaia 1

05.Western NE Atlan. 1 ‘ . .
04.Sao Francisco 1 \4 }
o 0.7

03.Parnaiba 1 _
P PN PN A an
01.Easten NE Atian.{ | ) (] ‘ ) & ‘\4 Q )

GBrainfall CHIRPS ERAS GLDAS  IMERG  MERRA-2PERSIANN-CDR TRMM

0.5

0.6

@

0.8
02.East Atlan. 1

a5
o

\Q\ w
a
@

WA S H)


https://doi.org/10.1088/1748-9326/ad37cd

Report Year7, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate
ChangePhase 2)

Figure5.25. Diagramof the twelve hydrographicregionsin descendingrder by aridity index
of Brazil for the groundbased(GB) rainfall and the sevenproductsto calibrationphase.The
size of eachcircle indicatesthe median KGE value of the catchmentdocatedin a given
hydrographicregionanda given precipitationproduct. The colour of eachcircle indicatesthe
medianpbiasvalue.SourceMouraNetoetal (2024)
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5.3.4 Advancesn watersecurityatlocal scales

The studiesdevelopedy theresearchgroupsworking at INCT - Climate Changen the axisof
water securityfor local scaleprovide importantadvancesn the themeof climate changeand
water resourcesThe componentis strongly based on the use of geotechnologiesand
hydrological models to representthe hydrological cycle and to estimate the flow in
hydrographicbasins, as well as on the identification and projection of anomaliesin the
hydrological variablesunderdifferent climatic and land use scenarios,to subsidizeactionsin
watermanagemerthat providebetterquality of life for thelocal andregionalpopulation.These
surveysassociatedvith the analysisof extremedroughtandflood eventsin local watersheds,
specificallyin the Stateof Peenambucoaswell asthe occurrencef floodingin urbanizedareas,
representn importanttool for understandinghe climatic factorsacting on local andregional
hydrology.

A. Hydrologicalmodelingandclimatechangeat differentspacescales.

In the soil moisturesimulation,from 2016to 2017,FESTEWB presentedjoodresultsfrom the
two differentclimateregionsof thebasin(CaatingaandAtlantic Forest)(Figure7). Importantly,
for this study, FEST-EWB was defined with a spatial resolutionof 250 m and a temporal
resolutionof 1 hour, providing 24 imagesper day, with low errors,accordingto the adopted
statisticalmetrics(Tablel).
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Figure5.3.7. Comparisorbetweenobservedandsimulatedsoil moisturein the UnaRiver basin

during2016 2017.

Tablel. Indicesfor evaluationof soil moisturebeforeandafter calibrationof the FEST-EWB
modeloverthe UnaRiver basin. MBE andAMBE areexpresseéh m® m'®,

Before calibration After calibration

Climate
Station type MBE AMBE R?’ MBE AMBE R’
Barreiros Atlantic Forest —0.01 0.08 0.63 -0.03 0.05 0.80
Sao Bento do Una Semi-arid 0.16 0.16 052 0.00 0.03 051
Lajedo Semi-arid 0.06 009 023 =001 0.03 067

FEST-EWB: Flash-flood Event-based Spatially distributed rainfall-runoff
Transformation—-Energy Water Balance; MBE: mean bias error; AMBE: absolute
mean beas error; R* determination coefficient.
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In the caseof the analysisof the nine CMIP6 modelsfor projectionof possibleclimate change
in Pernambucothereis a noticeabletrend of increasingtemperatureover the courseof the
decadeboth in the moderategreenhousagas emissionsscenario(SSP245)and in the more
pessimisticone (SSP585)As expectedthe impactwill be greaterin the more drasticscenario,
with the mostsignificantintensity at the end of the century(2081-2100), wherea temperature
increaseof upto 5 °C is projectedthroughouthe state especiallyin the semiaridregion(Figure
8).

SSP245 SSPs85
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Figure 5.3.8. Temperaturancreasesn the Stateof Pernambucdor the period from 2041 to
2100,basedn CMIP6 modelsfor the SSP245ndSSP585cenarios.

Justaswith air temperatureprecipitationis expectedto undergosignificant changesover the
years,especiallyin the Zona da Mata Pernambucanayherea more pronouncedeductionin
rainfall regimesis anticipatedwith reductionsof up to 300 mm yearl in SSP585during the
periodfrom 2081-2100(Figure3). Themorepronouncedeductionin this regionmayberelated
to the annual predpitation volume itself. Given that it is an areawith high accumulations,
exceedind2200mm, it is expectedhatmodelspredicta greaterreductionin precipitation.ln the
Sertdo and Agreste regions, reductionswill occur with less intensity and will be more
homogeneousdt is importantto notethatthe anomalymapfollows a similar patternto historical
averageprecipitation(Silva et al., 2022), with a greaterreductionin precipitationrecordedin
areaswith higherrainfall indices.Neverthelessevenin theintermediatescenario SSP245and
for theupcomingyears(2041-2060),areductionin precipitationis alreadynoticeable.



Report Year7, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate
ChangePhase 2)

SSp245 SSP585
40“0}.0’W JBCO‘.(J’W 36"0|.0‘W
2041-2060 2041-2060

Precipitation change (mm)

B <-300
[ -250a-200
-199 a-150
-149 a -100
99 a-50
49a-25
24a0

8348‘,0’5 7"42l.l)'S

2061-2080 2061-2080

BEE0

2081-2100 2081-2100

A

0 95 190 285 380 km
]

Figure5.3.9. Precipitationanomaliedor the Stateof Pernambucantil the end of the century,
basedn CMIP6 modelsfor the SSP245andSSP585%cenarios.

The results,in both studies,indicatethe needfor investmentin constantmonitoring, using a
combinationof different sourcesof data,to ensureresilienceandadaptatiorto extremeevents,
in accordancevith the dimensims of the National Water SecurityPlan (PNSH),which already
foreseeghe northeastegionof Brazil asthe onethathasthe lowestdegreeof watersecurity,a
situationthattendsto intensifyevenmorein thecomingyears.

5.3.5 Impacts of meteorological agricultural and hydrological droughtin a basinin the
Caatinga/Atlantid=orestecotone throughfuture scenariof climate changeandland useand
Cover.

Accordingto the Sixth AssessmerniReportof the IntergovernmentaPanelon Climate Changei
IPCC (IPCC, 2022),the occurrenceandintensity of extremeclimate eventswill increaseand
severeclimate changeis expectedto have a greaterimpact on cities with weak adaptation
capacity. Studiesin northeasterrBrazil show that future climate changescenariossuggesta
reductionof up to approximately22% in precipitation(IPCC, 2014). The frequency,severity,
and duration of extreme hydrological events such as droughts, floods and landslidesare
expectedo intensifyin thecomingdecadegAlmagroetal., 2020;1PCC,2014).

The Capibariberiver basin(Figure4) is animportantregionof the stateof Pernambucowhich
beginsin the semiaridregion and extendsto the coast.lt is responsibldfor 36% of the water
supplyin the metropolitanregionof Recifeandis hometo animportanttextile hubin the state.
Furthermore,it exhibits variability in its characteristicsalong its length. The Government
policies of the Capibaribe River Basin, which was elaboratedin 2002, establishedthe
subdivisionof the basininto four analysisunits (AU) andmetropolitarregionof Recife(RMR).
Thesedivisionswereinitially adoptedn the HydroenvironmentaPlanof the CapibaribeRiver
Basin(Pernambuca?010),andthis sameapproachs beingadoptedor the presenstudy.
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Climate changehasa profoundimpacton the hydrologyof the basin,affectingthe quantityand
availability of water (Bhatta et al., 2014), and consequentlydamageto agricultural lands,
propertiesandhumanlives mayincreasgTenagashawtal., 2022).

To ensure adequateplanning for climate change and mitigation policies, projectiors are
essentialalbeit posinga significantchallengefor the scientific communitydueto the diversity
of climatesensitivefactorsthat require considerationAlmagro et al., 2020). The predominant
tools for these climate predictions are Global Climate Models (GCMs) (Teutschbeinand
Seibert,2010;Marengo,2007).The GCM, with somedegreeof uncertainty possiblechangesn
future climate extremes suchas heatwavescold spells, heavyrainfall, floods, droughts,and
more (Marengo,2007). Thesemodelsuse scenarioghat describepossiblefuture developments
of anthropogenidactors of climate change,such as greenhousegases,chemically reactive
gasesaerosolsandland use,in line with socioeconomi@volutionand play a crucial role in
climateresearci{ O 6 MN#&ali., 2016;Marengo,2007).

This study used a datasetfrom 10 Global Climate Models made available by CLIMBra -
Climate ChangeDatasetfor Brazil (Ballarin et al., 2023). To comparethe observedhistorical
datawith that of the models,observeddatafrom Xavier et al. (2016) coveringthe historical
periodfrom 1980to 2010were used.Both datasetsontaingriddeddaily serieswith a spatial
resolutionof 0.25°x 0.25°. The QuantileMapping (QM) methodwasusedfor biascorrection,
known for its effectivenessn correctingclimate modeldata(Abbaset al., 2022; Anil and Raj,
2022;Shresthatal., 2017;Heo etal., 2019).

To useof future climatechangescenariogprojectedoy global circulationmodelsiit is important
thatthe historicalperiodof thesedataadequatelynatcheshe observecdhistoricalbehaviorin the
watershedThis assessmerseekgo verify if themodelcanaccuratelyrepresenpastconditions,
thus ensuringthe integrity of its future projections.Figure 5 presentsthe correlationof the
historical period for the observeddatabasecomparedto the raw data of the climate models,
beforeandafterbiascorrection.
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Figure5.3.11 Climatological normals from CMIP6 models, compared to data observed during
the period 1980 to 2010, before and after bias correction.

It can be observed that the raw data from the models exhibit systematic errors, manifested by
differences in seasonality and total precipitation, mainly highlighting the shift in the rainfall
concentration periodCorrection was carried out using the QM method andrtéthod proved

to be effective and corrected satisfactorily, especially regarding rainfall seasonality, resulting in
a significant reduction in biases in all global circulation models after correction.

Changedn the frequencyand intensity of extremeweathereventshavethe potentialto cause
immediateand significantimpactson society and the environment,exacerbatingany existing
challengesn a hydrographicbasin.Using daily precipitationdata,the study seeksto enhance
understandin@f changesaandtrendsin climate extremesndices.Among theseindices,10 are
relevantto the region and were selectedfor this study: Annual total precipitationin wet days
(PRCPTOT);Monthly maximum1-day precipitation(Rx1day);Monthly maximumconsecutive
5-day precipitation(Rx5day); Simple pricipitation intensityindex (SDIl); Annual countof days
whenP R C R@nm(R20mm);Maximumnumberof consecutivalayswith RR < 1mm (CDD);
Maximumnumberof consecutivelayswith RR O1mm(CWD);

To assesshe changedetweerfuture andhistoricalperiods the relative changein eachClimate
Extremesindex (CEI) was calculatedusing Equationl1 presentecby Badoret al. (2018) and
adaptedy Medeirosetal. (2022).

‘06 O 5 Zp T Eqg.1

2
Where'O6 O  representghe averageindex for the shortterm (20152044), mediumterm

e
(20452074), and longterm (20752100) future periods, and ‘06 O representsthe
historicalaverage$1980 2010)for eachregion.
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Table5.32 presentghe resultthat the averageof the ten modelsshowsfor eachprecipitation
climatic index in the intermediateemissionscenarioSSP24.5, while Table 3 presentsthe
indicesof theaverageof the 10 modelsfor the scenaricSSP58.5.

Table5.32. Relative changes in the mean of the ten models for each climate index of extreme
precipitation in the five regions of Capibaribe in the short, mediamd, long term in its
intermediate emissions scenario SSP2

Climateextremeindices(%)

Regions PRCPTOT RXlday RX5day R20mm SDII CDD CWwWD

UA1L -0.74 11.99 11.50 7.23 -0.66 5.15 -1.35
UA2 -1.50 7.15 20.55 12.07 3.11 14.23 -6.08
Short
UA3 -3.73 -0.74 18.23 1.59 -0.02 6.28 4.23
UA4 -4.51 1.10 13.02 -2.41 -0.23 28.78 8.15
RMR -5.55 1.32 13.92 -7.10 -1.60 38.72 0.64
UA1 -0.19 13.58 12.40 10.55 9.37 14.15 -0.74
UA2 -1.82 9.06 19.81 17.24 6.14 22.85 -8.13
Mediu
m UA3 -5.46 -3.12 14.38 0.30 1.09 1596 1.22
UA4 -7.03 -0.90 8.43 -3.67 -0.45 42.09 4.68
RMR -8.55 0.51 10.56 -11.55 -2.78 48.60 -1.08
UA1 -2.11 20.61 17.47 19.92 14.81 25.30 -8.36
UA2 -4.29 15.44 25.01 22.92 9.72 36.55 -14.20
Long
UA3 -8.68 2.26 16.88 2.74 3.17 30.63 -5.90
UA4 -10.30 2.25 9.59 -6.04 0.86 57.15 0.82

RMR -12.13 0.13 9.14 -14.00 -2.34 71.63 -6.28
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Table5.33. Relativechangesn the meanof the ten modelsfor eachclimateindex of extreme
precipitationin the five regionsof Capibaribein the short, medium, and long term in its
intermediateemissionscenaricSSP58.5.

Climateextremeindices(%)

Regions PRCPTOT RXlday RX5day R20mm SDIl CDD CWwWD

UAL 561 9.46 7.93 191 608 1674 -1.66
uA2  -7.01 153 1392 982 233 2389 -11.20
Short UA3  -10.06 1092  7.59 587 -164 2056 -3.63
UA4  -10.89 763 327 870 -2.08 4288 -1.66
RMR  -11.43 532  7.04 1184 -431 5092 -7.92
UAL 084 2163 2291 2056 1540 3147 -2.75
UA2  -3.88 1221 2657 2625 974 39.85 -12.21
medi“ UA3  -9.11 023 1727 025 315 3419 -6.18
UA4  -11.25 0.01 9.49 732 078 6297 -3.27
RMR  -15.58 0.11 7.63 1664 -2.82 9197 -14.56
UAL 251 2815 2968  43.16 2832 4500 -2.53
UA2 253 20.46  37.63  47.74 19.89 57.54 -14.92
UA3  -10.69 6.56 2656 226 927 5158 -7.49
Long a4 -13.69 6.11 1641  -471 529 8891 -9.00
RMR  -17.06 3.57 1417  -1811 -053 1109 -15.41
7

The results of the models point to a more pronouncedreduction in PRCPTOT in the
Metropolitan Regionof Recife andthe coast,with the percentageof this reductiongradually
decreasingn the innerregionsof the state,suchasUA1 andUA2. Consideringhe averageof

the 10 models,a decreasingrendin total precipitationis observedn the RMR andUA4 ranging
from 11% in the SSP24.5 scenarioto 12% in the SSP58.5 scenario For the UA1 and UA2

regions,in the hinterland the reductionrangedirom 1% to 4.5%.Thereductionin precipitation
totalscanimpactsocioeconomisectorssuchasagriculture jrrigation, andwateravailability.

For RX1dayandRX1day projectionsfor the mediumandlongtermfutureindicateanincrease
in theseextremeeventsacrossall five regions,with particularemphasionthefi a g r eegidn,e 0
comprisingregionsUA1 and UA2. In contrastto PRCPTOT both RX1dayand RX5dayshow
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notableincreasedn the mediumandlong termfor UAL1 andUA2, while RMR exhibitssmaller
percentagencreasesThe UA1 variesfrom 12%to 21% for both indices,and RMR showsan
increasaangingfrom 0.1%to 1% for RX1dayandfrom 9% to 14%for RX5day.

The R20mmand SDII indexesexhibitedsimilar behavior showinganincreasen analysisunits
1 and2, whereprecipitationexceedinf20mmdaily andaveragedaily intensityincreasedy 1%
to 23%in the mediumandlong term. UA3 showeda slight increaserangingfrom 0.3%to 4%.
UA4 andRMR, on the otherhand,experienced reductionof approximately0.2%to 14%. This
indicatesthat projectionspoint to anincreasen daily precipitationandrainfall intensityin the
moreinlandregionsof the statecomparedo the metropolitarregion of Recife.

The CWD showedan oppositepatternto that of CDD, asit exhibiteda reductionin wet days
acrossall regions.On the otherhand,the maximumnumberof consecutivedry daysincreased,
with a maximumincreaseof 25%in UA1L, 36%in UA2, 30%in UA3, 57%in UA4, and71%in
the RMR for the SSP24.5 scenariowith evenhighervaluesfor the SSP58.5 scenarioof up to
45% in UAL, 57% in UA2, 51% in UA3, 89% in UA4, and 110% in the RMR. This result
indicatesmore favorableconditionsfor water deficit in the future. Overall, future projections
showa reductionin PRCPTOTand CWD andincreasesn CDD, which is a trend towardsa
drier future climate, but with more intenserainfall as comparedto the resultsobtainedfrom
RX1dayandRX5day.

5.3.5 Landuseandland covertrendsandtheirimpacton streamflowandsedimentyield in a
humidbasinof B r a zAtlanti@ BorestBiome.

Land useandland cover(LULC) arefundamentafactorsshapingterrestrialenvironmentsThe
expansionof urban, agricultural, and pasturelands has resultedin significant alterationsto

naturallandscapesThesetransformationgxerta directimpacton waterresourcesinfluencing
both streamflowand sedimenttransport(Loiselle et al., 2022). Streamflowand sedimentyield

serveaspivotal component®f the hydrologicalcycle,andchangesn LULC canmodify river

flow regimes(Yin et al., 2023). The conversionof natural areasto agricultural usescan
influence water availability; intensiveirrigation practices,coupledwith the removal of native
vegetationmay diminish the rechargeof subterraneamaquifersand reducebaseflowsin rivers
(Jumaet al., 2022). Accordingly, this study investigateshe effectsof LULC changeson the
dynamicsof streamflowandsedimentyield within a humid tropical basinof the Atlantic Forest
biomein Brazil, the PirapameRiver basin(Pernambuco)with a focuson the periodfrom 2000
to 2016.

The methodologyfocuseson analyzingLand Use and Land Cover (LULC) trendsand their

impact on surfacerunoff and sedimentyield, using annual data from MapBiomasand the
SWAT (Soil and Water AssessmeniTool) model. The researchemploys nonrparametric
statisticaltests:Manri Kendall, Pettitt,andS e nSiopeto investigateemporaltrendsin LULC.

Additionally, ecolodcal indices like ShannohWeaver, Simpson,and Pielou are applied to

asses$orestfragmentationalongwith the ForestFragmentatiorindex.

Figure6¢ discloseghat a substantiaportion of the basinunderwentchangesn LULC overthe
analyzedperiod. Intriguingly, the easternpart of the basin has largely retainedits original
configuration,while the remainingareashave experiencedransformationsThesefindings are
consistentwith Figure 6d, which displaysthe calculatedForest Fragmentatiorindex for the
studyarea,with valuesrangingfrom 1 to 8. It is importantto emphasize¢hat categorie$ and8
registeredhelargestextentof fragmentation.
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Figure 5.312. (a) Forestcoverin 2000, (b) forestcoverin 2016, (c) areaswith and without
LULC changes,and (d) spatialdistributionof the ForestFragmentationindex for the Pirapama
River basin.

Regardingsedimentyield, the simulations indicated greater variations, resulting in higher
percentagedifferences,especiallyfor CR2013 (215.61%), which had the largest diffeence
comparedo the baselineamongthe scenariogFigure7). Whencomparedwith the variability of

land uses,a behaviormore alignedwith low-lying vegetationwas observedjndicatingthat as
this classvariesacrossthe scenariosso doessedimentyield (Figure 7). This may be attributed
to theinfluencethatthe classlabeledi p a s {PASTEMthe SWAT model,designateadslow-

lying vegetationin this researchhason sedimentyield behaviorand how alterationgto this use
over the yearsaffect the dynamicsof this estimate Accordingto Castelloet al. (2013)in the

CobresRiver basin,locatedin the semiarid regionof Portugal the authorsfound that Scenario
2 (pasture)producedthe highestsedimentatiorrate amongthe scenarioswhereasScenario3

(forest) presentedhe lowestaveragevalue. The authorsconcludedthat land-usetypesinterfere
with hydro-sedimentologicaprocesseand,consequentlyith flow regimesandsedimeniyield

in watershedsparticularlythosewhereflow is ephemeral.
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Figure5.313. Annual averagesedimentyield in the PirapamaRiver basinandthe percentage
differencecomparedo thebaselinescenario.

Trendsin land useand occupancyshowedthat classesuchasurbanareas pasture water,and
sugarcanénaveincreasedwhereasmangroveand rainforestareashave experienced decline.
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Theseland use alterationshave substantiallyimpactedthe hydrologicd balancein a wetland
basin of the Atlantic Forestbiome in Brazil. With respectto the flow analysisfor various
scenariosthe results displayedminimal variation acrosssimulations.This suggestshat the

examinedand-usechangesvereinsufficientto represent discernabldrendin eitherincreased
or decreasedlow rates.Similarly, minimal variationwas observedn the hydrologicalbalance
variablesfrom one scenarioto another,particularly for estimatedvalues of surfacerunoff,

percolationand,mostnotably,evapotranspiration.

5.3.5 Landuseandland coverandprecipitationeffectsin the flow regimeof the Rio Grande
Basin,Bahia.

The Rio Grandebasin(BHRG) is animportanttributary of the SdoFranciscariver, it is part of

one of the mostadive agriculturalfrontiersin the world and hasbeenundergoingchangesn

land useandland cover(LUCC). Additionally, the decaddrom 2010to 2020wasmarkedby a
reduction in rainfall, which contributed to an almost exponential increase in irrigated
agriculture. Suchfactors culminatedin the increaseof land and water tenureconflicts. Thus,
understandinghe hydrological processebecomescrucial for the managemenof the basin's
waters.

The researchaimed to evaluate the effects/impactsof changesin land cover use and
precipitationon the component®f the waterbalanceof the Rio Grandebasin,in particularon

the flow regime.The two variablesi precipitationandthe LUCC i weretheninitially studied
separatelyand, subsequentlyhydrological moceling was carried out and, finally, simulations
werecarriedout to evaluateseparatelyandseparatelyhe effectsof the two variableson surface
runoff. Due to the low densityof the rainfall network, it choseto usethe rainfall estimatedoy

the Climate HazardsGroup InfraRedPrecipitationwith Stationdata(CHIRPS)product,which

requiredvalidationusingthefi p o-fio-p t x technique Elevenrainfall stationswere usedand
then comparedwith those estimatedby CHIRPS, monthly using the period 1981 to 2020.
CHIPRSwas accuratein detectingrainfall, satisfactoryin the probability of detectingthese
eventsandexhibitedgoodability to represenspatialvariation.precipitationtime.

The LUCC analysiswas carriedout usinglandscapecologymetrics(from 1990to 2020) and
correlationsof areasof useclassesvith flows nearthe basinoutlet. Significantreductionsn the

areasof the classesvere observedespeciallyof native vegetation(reductions)andanthropized
areaqincrease)Therewasatrendof reductiondgn averageminimumandmaximumflows and
strongsignificantcorrelationshetweeraverageandminimumflows with theincreasen areasof

rainfedagriculture jrrigatedagriculture pastureandurbaninfrastructure.

In the hydrologicalmodeling,the Soil and Water Assessmentool (SWAT) modelwas used,
which was fed with CHIRPS estimates calibratedand validatedfor three different periods
(LUCC 1990andclimatologicaldatafrom 1981to 1995; LUCC 2010and climatologicaldata
from 1996to 2010; LUCC 2015 and climatologicaldatafrom 2011to 2020) using the multi-
sitesequentiatalibrationtechnique After this stage,usingthe 'one factor at a time' technique,
experimentswere simulated i LUCC combination arrangementand precipitation seaies
estimatedoy CHIRPS.The resultsshowthatthe SWAT performedsatisfactorilyin its analysis
in the three periodsstudiedon a monthly scale,especiallyin the headwatersubbasins.The
model well representedthe progressive decline of flows in all fluviometric stations.
Precipitation was the most sensitive variable in the generationof runoff, however as
precipitationis reducedthe sensitivityof runoff from BHGRto LUCC increases.

5.3.6 Centralpivot irrigation in the sedimentaryasinsof the Brazilian Semtarid Regionand
the exportof virtual waters.

Socioeconomicdevelopmentand population growth face challengesdue to the unequal
distribution and variability of global water resourcesThe importanceof virtual water, which
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affectsincome,population, cultivatedarea,andthe water availability of a country, althoughit
doesnot alwaysbenefitwaterscarceegions.

The water footprint (WF) measureghe use of freshwaterin production and consumption,
comprisingthreecomponentsblue (surfaceand groundwater)green(rainwaterin the soil), and
gray (waterto dilute pollutants).For primary crops,the greenandblue footprintsare calculated
by the total volume of water used divided by the total produced,and the gray footprint
calculatesthe volume of clean water neededto dilute the polluted water from agricultural
processes.

With the growinginterestin increasingagriculturalproductionin Brazil's Semiarid region, the
numberof areasirrigated by centralpivots hassignificantly increasedn recentyears.In this
context,it becomesgssentiato conducta detailedsurveyto identify the geographidocationand
theirrigated areaof thesepivots. This mappingwill allow for a more preciseunderstandingf
the irrigated agriculturesituationin the region, aswell as enablethe estimationof areaswith
increasedvaterusepressurdor agriculturalirrigation andthe calculationof the WF.

This studyaimsto map and quantify the variation of the irrigated areaby centralpivotsin the
Brazilian Semtarid region betweenl1985and 2022, analyzingdataat the municipality, micro-
region, state,andhydrographidasinlevels. The obtainedinformationwill serveasa basisfor
formulating strategiesfor the use of irrigated agriculture and implementingwater resource
managemenand environmentalconservationpolicies in the region'shydrographicbasins,as
well asestimatinghe amountof waterpertype of irrigatedcrop.

To investigatethe expansiorof theirrigatedareabetweenl985and2022in the Sem-arid, data
from central pivot irrigation systemsavailablethroughthe Google Earth Engine platform via
MapBiomasBrazil, specifically from collection 6, were used.The mappingof central pivot
irrigation systemsvasperformedusingannualmosaicsf Landsatseriesmagesobtainedby the
Google Earth Engine platform (Collection 1 Tier 1 TOA) coveringthe period from 1985 to
2022.0Only imageswith lessthan 80% cloud and shadowcoveragewere consideredTo map
centralpivot irrigation systemsn Brazil, the territory wasdividedinto gridsof 05'x 05'degrees
(approximately300 thousanchectaresach).Only the grids that showedoccurrence®sf central
pivot irrigation systemsn anyyearfrom 1985to 2022wereselectedA total of 723 grids were
chosendistributedoveranapproximateareaof 212 million hectares.

The areasirrigated with centralpivots in the Brazilian Semiarid are predominantiylocatedin
regionsof sedimentarybasinsdue to the abundantavailability of groundwaterin theseareas,
facilitating irrigation. Between1985 and 2022, a significantexpansionof theseirrigated areas
with centralpivots was observedwith notableincreasesn the years1985,1990, 2000, 2005,
2010,2014,and2022(Figure8).
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Figure 5.314. Location of central pivots in SedimentaryBasinsand their temporalvariation
from 1985to 2022.

The stateghat showedthe greatesgrowth in areadrrigatedwith centralpivots wereBahiaand
Minas Gerais.In Bahia, the irrigated areaincreasedrom 7,406 hectaresn 1985to 158,752
hectaresn 2022.In Minas Gerais,which haspartof its territory within the semiarid limits, the
irrigatedareagrew from 2,042hectaresn 1985to 52,563hectaresn 2022.Dataregardingthe
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growth of irrigated areasin other statesare detailedin Table 4. All statesexperiencedan
increasén theirirrigatedareasexceptPernambucoyhich showedareductionin 2022.

Table5.34. Evolutionof irrigatedareasn the Semiarid by States.

ko A B E ) G B E i M
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This significant growth in Bahia and Minas Geras reflectsthe strategicimportanceof these
regionsfor the expansionof the country'sagriculturalfrontier. The growing demandfor food
and the high values of commoditiesin the international market are factors driving this
expansion.However, it is crucial that this expansionoccurs sustainably,consideringthe
availability andquality of water,aswell aspotentialconflicts of usein hydrographidasins.

To ensurethe sustainabilityof irrigation, it is necessaryo implementstrategiesthat include
improving water quality througheffluent treatmentand pollution reduction;conservingsprings
and permanentpreservationareas(PPAs) to maintain water flow and preservebiodiversity;
using water efficiently with the adoptionof precisionirrigation techrologies; and managing
conflictsoverwaterusethroughpublic policiesthatreconcilediverseinterests.

Sustainableplanning of agricultural expansionis essentialto preservewater resourcesand
ensure the continuity of agricultural production, meeting current demands without
compromisinghe needsof future generations.

5.3.6 Retrospectivaanalysisof meteorologicabnd agriculturaldroughtsusingremotesensing
in the CapibaribecatchmentPernambucadBrazil.

Theresearchproposalaimsto analyzethe retrospectiveseverityof drought(both spatiallyand
temporally)in a basinlocatedat the ecotoneof CaatingaandAtlantic Forestandinvestigatethe
relationshipbetweenhydroclimatologyand the predictability of meteorological,agricultural,
and hydrolagical droughtsusing different componentf the water balance For this purpose,
datafrom the Climate Hazard Group InfraRed PrecipitationSatellite (CHIRPS) were usedto

obtain a historical precipitation series,and thus, to calculatethe StandardizedPrecipitation
Index (SPI)for theentireregion. The NormalizedDifferenceVegetationindex (NDVI) from the

MOD13Q1 productwith a spatialresolutionof 250 m was also employedto characterizehe
vegetatiorresponseao droughtevents Annualtrendsin precpitationandNDVI acrosghe basin
wereevaluatedAll variableswerecomparedat the subbasinlevel, totaling 53 delineatedn the

SWAT model.

To identify regionspotentiallymorevulnerableto droughteventsacrossvarioustime scaleq3,

6, and 12 months),a spatialdistribution of the percentagef monthsexperiencingdroughtsin

different categorieswvas constructed Figure 9). This distribution was calculatedbasedon the
total number of months with a StandardizedPrecipitation Index (SPI) O -1 (Figure 9a),

consideringresultsfor moderate(-1.49 < SPI < -1), severe(-1.99< SPI < -1.5), and extreme
droughts(< -2). It shouldbe notedthat the durationsof the eventswere not consideredn this

analysisForinstancefakingthe SPF3 andsubbasin42, locatedat the basin'soutlet, 79 months
were identified with SPI equalto or lessthan-1, and 46, 25, and 8 monthsin the moderate,
severe,and extreme categories respectively.Consequentlyjn this case,the frequenciesof

monthswith moderatesevere,and extremedroughtswere approximately58%, 32%,and 10%,

respectively.



Report Year7, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate
ChangePhase 2)

SP1 6

O

TOTAL

Numero de meses
Bs0-55 II55-60 [ 160-65 [ 65-70 70-75 75-80 J80-85

G

Frequéncia de meses (%)
o-10 M10-20 [ 120-30 | 30-40 | 40-50 [ 150-60 WEM60-70

MODERADA

C

SEVERA

Frequéncia de meses (%)
o-10 [10-20 20-30 30-40 40 - 50 50-60 60 -70

‘
S g
R ST
E S
Frequéncia de meses (%)
10 o-10 [ 10-20 |20-30 30-40 40 - 50 50-60 [N 60-70

EXTREMA G

Figure 5.3.15. Spatial distribution of (a) the total numberof monthswith SPI O -1, and the
frequencyof monthswith droughtin the categoriegb) moderatg-1.49< SPI< -1), (c) severg(-
1.99< SPI< -1.5),and(d) extreme(< -2) for the SP13, 6, and12.

The resultsof precipitationand NDVI trendsare displayedin Figure 10. Upon examiningall
datafrom the 53 subbasins,a significanttrend of precipitationreduction(-2.472 mm/year)is
observedindicatinga generaldecreasén annualtotalsacrosshe entirebasinareaoverthe two
decadesanalyzed.This strongtrendis associatedvith the prolongedrecentdroughtperiodin
the Northeastfrom 2012 to 2018 (Marengoet al., 2020). The dispersionof annualaverage
NDVI valuesdemonstratedheterogeneityn the distribution of the index throughoutthe basin
duringthe assessegeriod. The entirebasinexhibitedan extremelysignificantnegativetrendin
NDVI with a p-value of 0.000 and a slope of -0.002/year,ndicating a generalreductionin
vegetatiorovertheseries.
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Figure5.316. Trendanalysisof precipitation(a) andNDVI (b) in the Capibaribecatchmenfor
the periodfrom 2001to 2020.

5.3.6 Analysis of the perfomanceof a Hydrological Model with land useinput dataobtained
throughvegetatiorindexfor the Pajedriver basin.

This studyaimedto analyzeland useproductsin the performanceof surfaceflow simulationsin
the PajeURiver basinarea,n the stateof PernambucoT o obtainthe land usemapsfor theyears
2002 and 2015, a remote sensingtechnique,the Normalized Difference Vegetation Index
(NDVI), wasused.For the watershed'siydrologicalmodeling,the Soil and Water Assessment
Tool (SWAT) modelwasusel for two stages{(i) simulationwithout parameteadjustmentnd
(i) simulationwith adjustedparameterskor the first stage,two simulationswere carriedout,
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onefor eachland usemap,andthenit wasanalyzedwhich map performedbetterin simulating

flow when comparedto the observed(in situ) dataset. In the secondstage,the parameter
adjustmentprocedurewas performedin SWAT-CUP, using the land use map that previously

performedbetter,andfinally, the flow valueswere comparedo the observeddaa setandthe

flow valuesobtainedby the SUPersimulation.

Theresultsindicatedthat regardingland usechangestherewasanincreasen the areaof bare
soil classeq2.83%)and herbaceousegetation(12.96%)and a decreaseén the areasof shrub
vegeation (12.43%)andtree vegetation(3.12%)whencomparingthe mapsof 2002and2015.
The performanceanalysis of the model without parameteradjustmentshowed that the
simulationwith the 2002 land useinput providedpositive resultsfor the five gaugingstations
(NS, PBIAS, andR?). However for the 2015land usemap, the performancevasunsatisfactory,
obtaining negative values for the gauging stations. The comparisonbetweenthe SUPer
simulation,the simulationfor the 2002landusemap,andthe observedin situ) datashowedhat
for thefive gaugingstationsthe obtainedvaluesfollowed the samegraphicalbehavior but with
varyinglower statisticalparameters.

The simulatedsubbasin,the subbasin36, when analyzingthe minimum flow, it is observed
that both the observedflow andthe adjustedflow obtaineda value of 0 m3/s, whereadfor the
SUPerit was0.01m3/sandfor the adjustedNDVI 2002it was0.17 m3/s. As for the maximum
flows, thereis a tendencytowardsunderestimationkor the observedseies (130.13m?3/s), both
the SUPerresults(98.17m?3/s) andthe adjustedresults(88.23m3/s) showunderestimationyith
the adjustedvalue varying by 32% of the observedvalue and the SUPer value by 24%.
Following similar results,subbasin41 (Figure 2), showsstatisticsobtainedafter adjustingthe
flow data, indicating a minimum flow of 0 m?3/s for all groups.The maximum flows were
underestimatedomparedto the observedseries(210.70m3/s), with valuesof 99.79 m3/s for
SUPerand93.73m3/s for the adjusteddata,representindg2% and 55% of the observedvalue,
respectively.The observedaveragewas 8.70 m3/s, while the SUPerand adjustedNDVI 2002
simulationswereoverestimateet 9.97m3/sand11.43m3/s,respectively.

H. Efficiency of global precipitdion datasetsn tropical andsubtropicalcatchmentsevealedoy
largesamplinghydrologicalmodelling.

Satellitebasedand reanalysisprecipitation products are widely adoptedas complementary
information to in situ measurementdor estimating river discharge using hydrological
modelling. However, there is still a notable researchgap in the literature associatedwith
assessindghe accuracyof satellitebasedor reanalysisproductsin different tropical and sub
tropical catchmentsat largesampling hydrolagical modelling with sensitivity analysis. This
researchinvestigatedthe accuracy of precipitation, hydrological model performanceand
parametersensitivity relatedto sevenprecipitationdata setsbasedon satellite and reanalysis
products,i.e., CHIRPS, TRMM, GLDAS, IMERG, MERRA-2, PERSIANN-CDR, and ERA5
over 714 contrastingropical andsubtropicalcatchment$ocatedin Brazil (Figure11). We used
the GénieRural Journalier4 (GR4J)hydrologicalmodelto simulatethe hydrologicalprocesses
of the different catchmentswith two approachegor the calibration: using measuredyround
basedprecipitationdata (approachl) or using eachindividual satellite/reanalysiprecipitation
productgapproachHl) to calibratethe models.

Theresultsshowedthat the precipitationproductstendto overestimateorecipitation,exceptfor
ERA5 and MERRA-2. CHIRPS is the only product that producesunbiasedprecipitation
estimatesfor most catchments.The model calibration using each precipitation product
individually improvedthe hydrologicalmodel performanceCHIRPS,IMERG, and MERRA-2
showedgood accuracyin termsof both, precipitationestimationand hydrological simulation
performancein the calibration period. In the validation period, the bestproductsin terms of



Report Year7, Thematic Project: INCT MC Phase 2 (National Institute of Science and Technology for Climate

ChangePhase 2)

KGE wereCHIRPS,IMERG andTRMM (KGE > 0.64).Theerrorsin precipitationproductsare
bettercompensatedia hydrologicalmodellingin wet regions.The modelparametesensitivity
varies accordingto precipitation input, climate, and catchmentaridity. Overall, all seven
productsexhibitedtheir worsthydrologicalperformancen arid regions.
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Figure 5.317. (a) Location and characteristicsof the study region and (b) Location map
containingthe 714 catchmentgoutletsshownby red dots) in which the precipitationproducts
were assessed\ote that the boundariesof eachcatchmentare not shown(only the catchment
outlet) due to the large numberof catchmentsFor eachhydrographicregion, the longterm
averageprecipitationof the areaandthe averagedlow of all catchmentsvithin it arerepresented
in the subframes.The shadedgrey) areasrepresenthe daily flow rangefor the hydrographic
regions.

This study helps to improve our understandingof the catchmentresponsein tropical and
subtropicalregionswhile also providing key insightsinto the reliability of satellite/reanalysis
rainfall productsfor streamflow simulation. This study is valuable in hydrometeorological
applicationsgclimatechangeassessmeniyaterresourcesind disasteimanagemengspeciallyin
regionswith arelatively sparsalensityof precipitationstations.

5.4 Human health and climate change

5.4.1 Introduction

Human health is deeply affected by the physical and social environment, and atmospheric
processeplay a crucial role in this context. Biometeorology, along with disciplines such as
physics, biology, and medicine, has been investigating the effects of the atmosphere on health
for decades (Fde&rroyabe, 2015). Although solar geomagnetic activity nmatyally seem less
relevant, it shows significant correlations between human health and the environment (Palmer et
al., 2006). To support scientific models, robust observational data, such as those provided by
DATASUS, are essential.

This project aims tinvestigate mortality rates from specific diseases in the Northeast and South
regions of Brazil, selected due to the different intensities of geomagnetic effects in these areas
(Palmer et al., 2006). The study covers mortality from cardiovascular, nearmtatve,
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infectious, and autoimmune diseases, using data from 1996 to 2022 to identHterimng
patterns and trends, providing insights for public health actions (Bigazzi et al., 2020).

The Schumann Resonance, which oscillates at extremely low frégsieacound 7.83 Hz
(INTERMAGNET1, 2023; SuperMAG, 2023; Embrace MagNet, 2023), will be considered to
analyze its impact on health. The methodology included the analysis of mortality data and
Schumann Resonance measurements, applying bivariate statistdestify correlations. Upon
identifying significant correlations, the study will seek to understand the effects of geomagnetic
activity on health, aligning with the research of the National Institute of Science and
Technology for Climate Change (INGMIC) and integrating interdisciplinary knowledge in
epidemiology, geophysics, and statistics.

Methodology

Study Area

The analysis covers two distinct regions of Brazil: the Northeast and the South. The Northeast,
composed of the states of Maranh&o, Piauar&eRio Grande do Norte, Paraiba, Pernambuco,
Alagoas, Sergipe, and Bahia, features a varied climate that ranges from humid tropical in the
coastal areas to seiid in the Sertdo. This climatic diversity contributes to epidemiological
challenges relatedo chronic and acute diseases, which are exacerbated by socioeconomic
disparities, healthcare infrastructure, and the influence of the physical environment.

On the other hand, the Southern region, including Parana, Santa Catarina, and Rio Grande do
Sul, is characterized by a climate that ranges from subtropical to temperate, with four well
defined seasons and climatic variations influenced by latitude and regional mountain ranges.
These characteristics impact rainfall distribution and temperature, whichefiected in the

public health and epidemiological patterns of each region.
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Figure 5.41: Data collection sites for mortality rates in the Northeast and South regions of Brazi
Source: Author

The methodology for this project involved analyzing theeraction between the Schumann
Resonance and mortality rates from specific diseases in the Northeast and South regions of
Brazil, using data from 1996 to 2022. The study was conducted in three main stages: data
collection and preparation, statistical Bsés, and interpretation of the results.
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Data Collection and Preparation:

Mortality Data: These were obtained from the Department of Information of the Unified
Health System (DATASUS), covering categories of cardiovascular, neurodegenerative,
infectious,and autoimmune diseases. The data were grouped by year and region for analysis.

Schumann Resonance Data:These included historical measurements of the Earth's
electromagnetic field, focusing on extremely low frequencies (ELF) around 7.83 Hz. This data
wasextracted from geophysical databases such as INTERMAGNET, SuperMAG, and Embrace
MagNet.

Figure5.4.1shows the locations of the magnetic stations selected for the research, where data
from 1996 to 2022 can be found on the webditgps://intermagnet.orgit is an international
platform that promotes collaboration among institutions operating geomagnetic observatories
and stations. They provide data and information about the Eandligisetic field, serving as an
important tool for our study of extremely low frequency (ELF) and its effects on the terrestrial
environment, including its influence on atmospheric and climatic phenomena.
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Figure 5.42: Shows the locations of the stationsS&o Luiz/MA - SLZ (red square); Séo
Martinho da Serra/RS - SMS (yellow triangle). Source: Author

Statistical Analysis:

Statistical Methods: Bivariate statistics were used to analyze the relationship between
Schumann Resonance and mortality rates. Correlation coefficients, least squares adjustments,
and autocorrelation functions were applied to identify significant correlations

Data Modeling: The Schumann Resonance model was applied to assess the influence of
variations in the electromagnetic field on mortality. The analysis included Fourier filters to

decompose complex signals and calculate the dip latitade 1 @ 6 €& OO .


https://intermagnet.org/
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Interpretation of Results:

Correlation and Causality: We identified whether there was a significant correlation between
variations in Schumann Resonance and mortality rates for certain diseases. We assessed whether
these correlations could suggest caaxkeffect relationships.

Impact and Applications: Based on the correlations found, we assessed the need for further
investigations into the effects of geomagnetic activity on health.

The approach is interdisciplinary, involving epidemiology, geophysicsstatidtics, and aligns
with the research of the National Institute of Science and Technology for Climate Change
(INCT-MC-Phase 3). The methodology aims to provide a comprehensive understanding of the
potential impacts of Schumann Resonance and other geetiaparameters on public health.

Development of theScript for Magnetic Field Analysis

A script was developed to access and process data from the Intermagnet website with the aim of
analyzing the Earth's magnetic field behavior and identifying SchuResanance frequencies.
Thescript uses data from magnetometer networks to examine fluctuations in the magnetic field,
influenced by atmospheric and electrical phenomena, and to calculate the characteristic
frequencies of Schumann Resonance, which areamtidor studies on atmospheric electricity

and climatic phenomena.

The development of thiscript required a significant amount of time, involving the design,
coding, and testing of functions to ensure accuracy and efficiency. The creation of the code,
from defining functions to debugging and error correction, involved a detailed process that took
several weeks to complete. This time is essential to ensure thatripe can handle the
complexity of the data and provide reliable results for the analys&cloiimann Resonance
frequencies.

The presented code is of utmost importance for transforming and analyzing temporal data of the
magnetic field, providing a foundation for identifying and understanding Schumann Resonance
frequencies
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def L;a:i_qi_diia[ataticn, path) :
¥
L 27

L 26 = ['r 'CNE HAD TS , Q AR BO K HE EMT TDC']
L 24 = ['
skiprows = 17
if station. () in L_27:
skiprows = 27
if station. () in L_Z26:
skiprows = 2&
= if station. () in 1_24:
+ skiprows = 24
files station = glob(path + '/*")
files station. 0
=] df station = pd. ( (pd- (£ile, sep='\s+',usecols = [0,1,3,4,5,¢6],
header = None,skiprows = skiprows,
parse_dates = {'Da N te', "Time']},
names = ['date', T2 ','2",'F'1) for file in files station),
- ignore_index = True)
df_station['Date'] = pd. (df_station['Date’'], format = '%Y-%
#df station['Hour'] = pd.to_datetime (df station['Hour'], format = '%H:
df station. (*Date’, inplace = True)

df station. [df_station['X' '¥'] = np.
df station. [df_station['Y’ "¥'] = np.
df station. [df_station['Z' "Z'] = np.
df_station. [df_station['F’ F'] = np.

- return df staticn

Figure 5.43: A snippet of the script developed for magnetic field analysis. Source: Author

Partial Results:

Pearson correlation coefficients were calculated to evaluate the relationship between the
monthly averages from 1996 to 2022 of Schumann Resonance frequertbg aatks obtained

for each disease (Figures 4 and 5) in each state of the Northeast and South regions, showing the
significance indices, with (!!)qvalue < 0.01 and (!)-palue < 0.05.

The results suggest that there are statistically significant asensidbetween variations in
Schumann Resonance frequency and the incidence of certain diseases, indicating a possible
influence of geomagnetic factors on human health. These correlations may not only contribute
to a better understanding of the underlyingchranisms involved in disease occurrence but also
open possibilities for future research, considering the importance of environmental factors in the
epidemiological context.



