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RESUMO

Na regido Nordeste, a populagdo nos centros urbanos cresceu nas ultimas décadas de
forma desordenada, o que levou a uma maior pressdo sobre os recursos naturais,
principalmente os recursos hidricos, os quais, sdo utilizados de forma crescente e
muitas vezes sem uma gestdo e controle adequados, tanto para atividades
agropecudrias como para consumo humano. Essa regido tem-se mostrado vulneravel
as variabilidades e mudancas do clima, devido tanto as variagdes naturais, associadas
as condic¢des oceanicas quanto as antropogénicas, decorrentes do aumento dos gases
do efeito estufa (GEE’s), das mudan¢as no uso e cobertura do solo (atividades
agricolas e expansdo das ocupagdes urbanas). Além disso, as proje¢des climaticas
indicam uma probabilidade de diminui¢do severa na chuva e aumento da temperatura.
Neste cendrio de uma regido potencialmente mais seca, o papel da gestdo dos recursos
hidricos ¢ crucial, haja visto o ultimo grande evento de seca extrema e prolongada
(2012-2017) registrado. Embora, o avanco cientifico das ultimas décadas tenha
possibilitado maior entendimento do sistema climatico e contribuido para maior
conhecimento da variabilidade climatica no semiarido nordestino, duvidas em relacao
a sinergia dos impactos regionais decorrentes das alteragdes no uso da terra e os
efeitos das mudangas climaticas globais no clima presente quanto futuro, ainda
permeiam e uma questdo importante levantada na comunidade cientifica para um dos
sistemas de abastecimento de d4gua mais relevantes da regido ¢é: “De que maneira o
variabilidade do clima, o aumento dos GEE’s e as mudangas no uso e cobertura do
solo podem afetar a disponibilidade hidrica do Sistema hidrico Pocdes- Epitacio
Pessoa?”. Neste contexto, o objetivo geral do projeto ¢ modelar integradamente a
variabilidade climéatica e a dindmica dos processos naturais e antopricos que ocorrem
na regido do Rio Paraiba e do Rio Taperod, considerando também o aporte de agua
advindo do Projeto de Integracdo do Rio Sdo Francisco com as Bacias Hidrograficas
do Nordeste Setentrional (PISF), visando identificar a influéncia destas variaveis
sobre os fluxos de agua e sedimentos que fluem para o Sistema hidrico Pogdes-
Epitacio Pessoa (ou acude de Boqueirdo) e, por consequéncia, sobre a seguranga

hidrica das cidades que dependem (direta ou indiretamente) da d4gua deste manancial.



EQUIPE

A lista completa de todos os pesquisadores envolvidos no projeto na instituicao sede e
na instituicdo parceira encontra-se no anexo 1. Importante destacar que a lista mudou
a medida que novos colaboradores e parceiros se juntam ao projeto ao longo da sua

execucdo. Abaixo listado apenas os pesquisadores principais:
Lincoln Muniz Alves (INPE) — Pesquisador Principal

Iana Alexandra Alves Rufino (UFCG)— Pesquisadora Principal
CRONOGRAMA

O cronograma original apresentado a seguir sofreu ajustes em funcdo da aprovacao do
termo de outorga da instituicdo parceira (UFCQG) ter ocorrido apds 3 meses, isto €,

fevereiro de 2023. Ao longo do relatorio sdo apresentadas atualizagdes.

Etapas ¢ MES

ATIVIDADES
1if2[3fafs[s[7z[s]|o[w[un[u[s[u[s|[s|[rv|[s[s[a|/a]z2[a][a

Reunido inicial

na PB

Reunido Téenica

(intermedidria)

Reunido Final

Workshop Final

de apresentagio

dos Resultados

para Tomadores

de Decisio e

Sociedade Civil

(Campina

Grande, PB)

Visitas Técnicas
208 parceiros
(SP-PB)

31 ‘

32 ‘

3.6

Elaboragio ¢
submissiio de
artigos em
periodicos
cientificos

REALIZACOES NO PERIODO

Reunido inicial na Paraiba — No dia 22 de dezembro de 2022 realizou-se de forma
hibrida a reunido inicial do projeto no Centro de Ciéncias e Tecnologia (CCT) da

Universidade Federal de Campina Grande (UFCG), com o objetivo de planejar as



etapas e atividades previstas para o primeiro ano de execugdo do projeto. A despeito
da auséncia do Termo de Outorga e Aceitagdo de Auxilios por parte da FAPESQ, o
encontro foi conduzido de maneira proativa, destacando o comprometimento dos
envolvidos. Somente em fevereiro de 2023, trés meses apos a concessdo por parte da
FAPESP, os referidos termos foram oficialmente assinados, consolidando o apoio da
FAPESQ ao projeto. O fato ressalta a resiliéncia da equipe diante de desafios
burocraticos e o empenho em dar continuidade ao planejamento estabelecido.
Registros fotograficos da reunido atestam o engajamento dos participantes,

evidenciando um momento colaborativo e produtivo no CCT/UFCG.
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Reunido Técnica (intermedidria) — Ao longo do ano, reunides hibridas entre os
membros da equipe foram realizadas para assegurar o alinhamento e
acompanhamento das atividades programadas. A modalidade hibrida permitiu manter
0 projeto em curso, demonstrando a capacidade de adaptacdo diante de circunstancias

adversas.

Datas das reunioes:

Data Objetivo Registro

16/03/2023 | Reunido de alinhamento
para a estruturacdo da base
de dados cartografica

20/03/2023 | Instrugdes para importagao
dos dados de wuso ¢
cobertura do solo do
Mapbiomas




03/05/2023 | Discussodes sobre 0
georreferenciamento  das
outorgas do  Sistema
Pocgdes-Epitacio Pessoa

15/06/2023 | Esclarecimentos gerais
sobre a inclusdo de
membros, informes sobre
recursos disponiveis,
apresentacao do
repositorio,  cronograma,
producdo  cientifica e
esclarecimentos

05/07/2023 | Reunido para o inicio da
investigagdo das variaveis

explicativas para
modelagem  futura de
LULC

14/11/2023 | Reunido para alinhamento
e definicdo final das
varidveis explicativas para
modelagem  futura de
LULC

Visitas Técnicas aos parceiros — Diante da redugdo dos recursos provenientes da
FAPESP e do atraso de trés meses na assinatura do termo de outorga pela FAPESQ,
uma decisdo estratégica foi tomada em relagdo as Visitas Técnicas entre os parceiros
no contexto do projeto. Optou-se por priorizar essas visitas para o segundo ano,
conjuntamente com Visitas de Campo, garantindo a otimizacdo dos recursos
disponiveis. Essa readequacdo ndo afetou as atividades planejadas inicialmente uma
vez que a equipe da UFCG realizou visitas de campo, além de uma visita a

Universidade de Maryland conforme descrito a seguir.

A pesquisadora Dra. Iana Rufino (UFCG) ministrou palestra na School of
Architecture, Planning and Preservation at the University of Maryland no dia 09 de
abril de 2023 em formato hibrido permitindo assim a participagdo dos pesquisadores
da equipe brasileira (INPE e UFCG). Localmente teve-se a participacdo de 35
pessoas, incluindo alunos de graduagdo, pos-graduacao e professores do departamento
de arquitetura da UMD. No mesmo dia a pesquisadora e o bolsista e aluno de
doutorado Higor Costa ministraram um workshop intitulado “How can we manage

sprawl? Modelling tools for predicting urban changes” para os alunos de graduagao e



pos-graduacdo do SIRJ Lab cujo objetivo foi discutir fatores e varidveis para a
modelagem de LULC com estudos de caso nos Estados Unidos e Brasil. O evento foi
organizada por Dra. Priscila Alves e Dr. Marccus Hendricks, colaboradores e

participantes do projeto.
Viagens Intermunicipais

A equipe da UFCG realizou uma visita ao Municipio de Boqueirdo nos dias 13 ¢ 14
de outubro de 2023, entrevistando 6 agricultores na area rural e 23 moradores na area
urbana. O objetivo principal foi avaliar a percepcdo dos impactos mais significativos
resultantes da chegada das aguas do PISF, bem como a percep¢ao dos entrevistados
em relacdo ao futuro. O questionario foi dividido em trés areas principais sendo estas:
Fatores sociais: Idade, renda, educagdo e local de moradia; Percep¢ao de impactos
relacionados ao consumo de agua para os diferentes tipos de usuarios, qualidade dos
servigos de abastecimento de dgua e fatores econdmicos relacionados a alteragdo na
produgdo agricola e criagdo de rebanhos; Expectativa para o cenario futuro:
Preocupacdo com a escassez e sensacao de seguranca hidrica, consumo racional de

dgua e medidas a serem utilizadas para mitigacdo de impactos em cendrios de

escassez hidrica.

OEI1 - Estruturar a Base de Dados e Informacdes

Meta 1.1. Estruturar a Base de Dados Cartogrdfica e Informagoes da Bacia em

ambiente SIG e Banco de Dados



A estruturagdo da base de dados se iniciou com a coleta dos dados de uso e ocupacdo
do solo abrangendo o periodo de 1985 a 2021 a partir da plataforma Mapbiomas
versdo 7.1. A caracterizagdo biofisica e geral da bacia de contribui¢cdo encontra-se em
fase de conclusdo. Segue abaixo algumas imagens e dados desta caracterizacdo que
ilustra a area de estudo que ¢ formada pela bacia de contribui¢do do Sistema Hidrico
Pocdes-Epitacio Pessoa, que abrange o Alto Curso da Bacia Hidrografica do Rio
Paraiba (BHRP) e a sub-bacia do Rio Taperod, e pelos municipios abastecidos pelo

Acude Epitacio Pessoa, atualmente, 21 cidades.
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A Paraiba estd dividida em quatro mesorregides no que se refere aos aspectos
econdmico, social e politico, a saber: Agreste Paraibano, Borborema, Mata Paraibana
e Sertdo Paraibano. Sendo estas, desagregadas em 23 microrregides geograficas
(AESA, 2016). Das mesorregioes, a regido objeto de estudo compreende basicamente
quase toda Borborema, parte do Agreste e apenas trés municipios no Sertdo
Paraibano. Quanto as microrregides, a area estudada abrange nove destas, sendo elas:
Serra de Teixeira, Cariri Ocidental, Cariri Oriental, Serido Ocidental Paraibano,
Serid6 Oriental Paraibano, Curimatat Ocidental, Campina Grande, Esperanca e Brejo
Paraibano.

Essa regido ¢ caracterizada pela menor precipitacdo, quando comparada com as outras
do estado e varia anualmente entre 350 a 750 mm, com chuvas irregulares e
intempestivas (CHAVES et al., 2021; MEDEIROS et al., 2020).

Toda a regido ¢ composta pelo bioma Caatinga que compreende uma gama de
ambientes, fisionomias e flora. Esse bioma ¢ exclusivo do Brasil. O bioma Caatinga
possui uma biodiversidade significativa e de grande importancia ambiental e social
(SANTOS, 2023), devido ao desenvolvimento de soélidas tradigdes culturais pela
populagio local (JUNIOR et al., 2022).



A area de contribui¢do do Sistema Hidrico Pog¢des-Epitacio Pessoa faz parte da Bacia
Hidrografica do Rio Paraiba, composta pelo Alto Curso do Rio Paraiba e a sub-bacia

do Rio Taperoa (MENESES et al., 2022).

Bacia de contribuicao do Sistema Hidrico Pocoes-Epitacio Pessoa
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O principal rio da BHRP ¢ o Paraiba, que tem nascente na Serra do Jabitacd, no
municipio de Monteiro e foz no Oceano Atlantico. Este rio desempenha um papel
fundamental no Projeto de Integra¢do do Rio Sdo Francisco, juntamente com os
demais afluentes da bacia do Alto Paraiba e da sub-bacia do Rio Taperod,
contribuindo diretamente para o Acude Epitiacio Pessoa (LUCENA, 2018). A area
total drenada equivale a aproximadamente 12.389,14 km? (ALVES et al., 2018;
FARIAS & SOUSA, 2020).

O Alto Curso da Bacia Hidrografica do Rio Paraiba estd inserido na mesorregido da
Borborema (CORREIA et al., 2019), com uma area de aproximadamente 6.727,69
km? e engloba 18 municipios distribuidos entre as microrregides do Cariri Ocidental e
Oriental do estado (ALVES et al.,, 2018), onde a agricultura e a pecuaria sdo
atividades predominantes (MARCUZZO et al., 2012).

O mesmo ¢ formado por uma rede de drenagem de rios intermitentes (os principais) e
efémeros (afluentes). O seu rio principal é o Rio Paraiba que possui regime fluvial
com fluxo de curta duracdo no ano, entre 2 e 4 meses, com picos de cheias que
ocorrem a cada 2/3 anos, sendo o trimestre de maior vazdo fevereiro, margo e abril.
Destaca-se que, apos as aguas do PISF, o Rio Paraiba passou a ser um rio perenizado
(XAVIER, 2021).

A principal contribuinte para o sistema Pog¢des-Epitacio Pessoa ¢ a sub-bacia do Rio
Taperoa, cujo principal curso d'dgua ¢ o proprio Rio Taperod. Este rio apresenta
regime intermitente e tem sua nascente na Serra de Teixeira, uma &area que

recentemente foi declarada Parque Nacional pelo Ministério do Meio Ambiente. Seu



ponto de desdgue ocorre no Rio Paraiba, especificamente no acude de Boqueirdo
(FARIAS & SOUSA, 2020).

A sub-bacia do rio Taperod drena uma area proxima de 5.661,45 km? abrangendo 26
municipios, sendo 6 deles inseridos completamente na 4area da sub-bacia. Os
municipios de Juazeirinho, Pocinhos e Taperod sdo os mais relevantes em funcdo da
presenca da area urbana inserida na sub-bacia e grande contingente populacional
(LIMA et al., 2017). A caracterizagdo do agude Epitacio Pessoa (Boqueirdo) e dos

municipios abastecidos por este, estdo em fase de desenvolvimento.
Meta 1.2. Estruturar a Base de Dados Hidrometeorologicos

Os dados hidrometeoroldgicos observados coletados para o projeto referem-se
precipitacdo diaria provenientes da rede de pluvidometros automaticos (39 estagdes)
monitorados pela Agéncia Executiva de Gestio da Aguas (AESA) do Estado da
Paraiba, e serdo utilizados na modelagem hidrossedimentologica,. Os dados referentes
a temperatura maxima e minima, humidade relativa, velocidade do vento, radiacio
solar e evapotranspiracdo potencial sdo provenientes da estacdo climatologica de
Monteiro, monitorada pelo Instituto Nacional de Metrologia (INMET) e
disponibilizado no portal desta instituicdo. Estes dados sdo utilizados para gerar
estatisticas a serem empregadas no gerador de clima do modelo Soil and Water

Assessment Tool (SWAT). Os dados sdo referentes ao periodo 1994 a 2020.

Os dados de vazdo média didria, utilizados na calibracdo dos pardmetros do modelo,
sdo provenientes de duas estacdes fluviométricas instaladas no curso do rio Paraiba
(Estagdao Caraubas) e no curso do rio Taperoa (Estacdo Pogo de Pedras) e cobre o
mesmo periodo dos dados hidrometeoroldgicos. Estas estagdes pertencem a Agéncia
Nacional de Aguas e Saneamento (ANA) e sdo monitoradas pelo Servigo Geoldgico

do Brasil (CPRM).

Com base nos dados hidrometeoroldgicos, como também no mapa de uso e ocupacgao
do solo, no mapa de solo e no modelo digital de elevagdo da bacia de contribui¢ao do
Sistema Pog¢des-Epitacio Pessoa foi criado um projeto no modelo QSWAT que utiliza
o modelo SWAT acoplado ao software QGIS. A partir de entdo os parametros
caracteristicos da bacia foram gerados. Utilizando os dados de vazdo mensal das
secdes fluviométrica Caratibas e Pogo de Pedra, foi empregado um calibrador

automatico do modelo SWAT, o SWAT-CUP, que através da analise de sensibilidade
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identificou os parametros mais influentes do modelo para esta bacia, considerando o
periodo de calibragdo de 1994 a 2013. O proximo passo serd a validagdo do modelo,

utilizando os dados de precipitacdo e vazao média mensal do periodo 2014-2020.
Meta 1.3. Caracteriza¢do das demandas e pressoes nos recursos hidricos;

Para a caracterizacdo das demandas hidricas do Sistema Pocdes-Epitacio Pessoa
foram analisados as outorgas de direito de uso dos recursos hidricos contidas nos
bancos de dados da Agéncia Nacional de Aguas e Saneamento Basico (ANA, 2023) ¢
da Agéncia Executiva de Gestdo das Aguas do Estado da Paraiba (AESA, 2023) bem
como as informagdes contidas no Plano Estadual de Recursos da Paraiba (PARAIBA,
2022); Sistema Nacional de Informagdes sobre Saneamento (SNIS); Resolucdo
Conjunta ANA/AESA N° 126/2022 (ANA, 2022a); Relatorio de Analise de Impacto
Regulatorio N° 1/2022/COMAR/SRE (ANA, 2022b).

A Figura abaixo apresenta as principais demandas hidricas referentes ao

abastecimento urbano do sistema hidrico.
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Fonte: Adaptado de ANA (2022a)

Considerou-se o reservatdrio Acaud no sistema hidrico pois 0 mesmo deve receber
descargas periddicas do reservatdrio Epitdcio Pessoa para suprir suas demandas
(ANA, 2022b). As adutoras Transparaiba Cariri ¢ Transparaiba Curimatai estdo em

fase de construgao.

A Tabela abaixo apresenta um resumo dos demais usos do sistema hidrico
considerando as outorgas emitidas pela Agéncia Nacional de Aguas e Saneamento
Basico (ANA, 2023) e pela Agéncia Executiva de Gestdo das Aguas do Estado da
Paraiba (AESA, 2023) .
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Tabela - Demandas para abastecimento publico no sistema hidrico Pog¢des-Epitacio

Pessoa
Fonte hidrica Tipo de uso Vazio (m*/h)
Res. Pogoes Irrigacao 20,0
Res. Camalau Irrigagdo 2,0
Res. Epitacio Pessoa Irrigagdo 1583,3
Rio Paraiba - Entre o res. Pogdes e res. Epitacio Irrigacao 425,86
Pessoa
Rio Paraiba - Entre o res. Epitacio Pessoa e res. Irrigagdo 22
Acaud
Res. Acaua Irrigagdo 11,81
Res. Acaua Aquicultura 75
Rio Paraiba - A jusante do res. Acaud Irrigagdo 908,31
Rio Paraiba - A jusante do res. Acaua Aquicultura 9669,16

Fonte: ANA (2023); AESA (2023)
OE2 — Caracterizacao biofisica
Meta 2.1. Selegdo e testes de metodologias de cenarizag¢do a partir dos dados obtidos

A revisdo dos modelos existentes para a analise do LULC revelou uma variedade de
técnicas, incluindo automatos celulares, que se destacam na simulagdo de processos
ndo lineares e espacialmente estocésticos de alteracdo do uso do solo. Dentre os
modelos avaliados, o CA-ANN (Rede Neural Artificial baseada em Autématos
Celulares) emergiu como a escolha preferencial pela exceléncia na modelacdo de
padroes e comportamentos, sendo especialmente eficaz na captura da dindmica
multifacetada do crescimento ao representar relagdes ndo lineares entre varidveis
(GANTUMUR et al., 2022). Sua capacidade de adaptacdo a conjuntos de dados e
cenarios sem a necessidade de conhecimento prévio da distribui¢do dos dados ou

pressupostos sobre o processo de geragdo de dados tornou-a uma ferramenta versatil.

No que diz respeito aos avancos na escolha das variaveis explicativas de mudangas de
LULC, a abordagem com a CA-ANN permite uma analise que inclui diversas
varidveis, contribuindo para uma compreensdo mais aprofundada da dinamica da

regido (ABBA et al.,, 2021). A flexibilidade da CA-ANN em lidar com conjuntos de

17



dados complexos e cendrios diversos facilitou a identificagdo e inclusdo de variaveis
relevantes, resultando em avancos substanciais na precisdo e na abrangéncia das
previsdes de alteracdes nas LULC. Assim, a escolha da CA-ANN ndo apenas se
baseia em sua eficacia como modelo, mas também reflete os progressos notaveis
alcangados na sele¢do e incorporagdo de varidveis explicativas para a compreensao do

LULC (GHARAIBEH et al., 2020).

Apb6s uma revisdo da literatura, inicialmente foram identificadas sete variaveis
explicativas para a modelagem de LULC. As varidveis selecionadas incluem:
acessibilidade (distancia a rodovias), declividade do terreno, distancia a manchas
urbanas, distdncia a corpos hidricos (incluindo o canal da transposicdo do Rio Sao
Francisco), distdncia a polos regionais, areas que sofreram mudangas apos a
transposi¢do do Rio Sdo Francisco (entre 2017 e¢ 2021) e o Indice de Seguranca

Hidrica do Brasil (ISH).
Meta 2.2. Projegoes Regionais

A utilizagdo de modelos climaticos sem critérios técnicos robustos de avaliagdo da
sua destreza em simular o clima de uma regido, ¢ um das fontes de incertezas
afetando as anélises das tendéncias observadas e consequentemente a representacao
das projecdes futuras. Com base nessa premissa, o projeto avaliou a destreza de 17
modelos que compdem a fase 6 do Coupled Model Intercomparison Project (CMIP6)
em simular as caracteristicas climaticas das diferentes regides do Brasil, incluindo o
nordeste. A principal razdo para esse nuimero foi a disponibilidade de dados na
frequéncia diria no periodo histdrico e no futuro em pelo menos um cenario que sera
utilizado no projeto. As variaveis utilizadas nesta avaliagdo foram a precipitagdo,
temperatura maxima e minima do ar préximo a superficie para o periodo de 1986 a
2005. As métricas utilizadas nesta avaliacdo levou em consideracdo o padrao espacial
médio (calculo dos vieses e Taylor Skill Score), ciclo anual (Pearson Correlation
Coefficient) e variabilidade interanual (Interannual Variability Skill Score) e o
Comprehensive Rating Index (CRI) para avaliar a similaridade entre os modelos. A
base de dados observacionais para essa validacdo foi do Xavier et al. (2022). Os
resultados revelaram que para as diferentes variaveis tem-se diferentes conjuntos de
modelos. Entretanto, para os proximos passos do projeto optou-se por utilizar o
ranqueamento da precipitacdo tendo em vista que ¢ um parametro de tem uma grande

variabilidade espaco-temporal. Os passos seguintes ¢ fazer uma analise detalhada das

172



projecoes futuras para a area de estudo e utilizar esses dados como entrada para o

modelo hidrolégico.
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Figura - Ranqueamento dos modelos CMIP6 para a variavel precipitagdo, temperatura
maxima e temperatura minima (°C) para o territorio brasileiro.

OE3 - Analise da seguranca hidrica presente e futura

Uma caracterizagdo geral dos municipios atendidos pelo Sistema Hidrico Pogdes

Epitacio Pessoa foi iniciada.

Meta 3.1. Identificar os principais impactos causados pela agua do PISF
relacionados a seguranga hidrica dos municipios que dependem da agua do Sistema

hidrico Pogoes-Epitdcio Pessoa

Meta 3.2. Analisar a capacidade adaptativa da populacdo frente a eventos extremos,

particularmente a seca, diante da nova realidade do PISF e dos cenarios gerados.

Meta 3.3. Propor medidas para a preveng¢do e minimiza¢do de possiveis impactos

ambientais e aumento da seguranca hidrica

Uma revisdo de literatura dos modelos de estudos de impactos foi realizada e um
artigo cientifico estd em fase de desenvolvimento. Impactos do PISF previstos no
Relatério de Impacto Ambiental (RIMA) elaborado pelo Ministério do
Desenvolvimento Regional (2004) que envolvem os municipios atendidos pelo
Sistema Hidrico estdo sendo avaliados e mensurados e uma investigacao das relagdes
espaciais entre os impactos estd sendo realizada. Algumas reunides com os
pesquisadores da UMD foram realizadas para a definicdo das abordagens
participativas. Apods a identificagdo dos usudrios representativos e elaboragdo dos
questionarios direcionados para diferentes consumidores de 4gua, uma coleta de

dados inicial foi realizada no municipio de Boqueirdo, com o objetivo de testar os
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questionarios elaborados. Para tanto o projeto foi submetido ao comité de ética da

UFCG e estd em analise.

5°43.0'

&0 50100k
PR

Sisterra
Adutor

Quantdade | Populacso
|de Ligagoes|  (nab)

TOTAL

OE4 — Disseminacido do conhecimento

Meta 4.1. Divulgar os resultados nos meios cientificos através das publicagcoes em
revistas nacionais e internacionais e comunicag¢oes tecnicas em eventos

internacionais

Meta 4.2. Elaborar portal de divulgacdo de resultados com mecanismos de download
facilitados e hospedagem em sitios institucionais (com espelhamento entre as
instituicoes envolvidas) de forma a permitir consulta e utilizagdo dos resultados

mesmo apos o fim do projeto.

Um repositorio provisorio estd sendo utilizado em uma plataforma digital com fécil
alimentag@o por todos os pesquisadores do projeto. No inicio de 2024 (segundo ano
do projeto) serda desenvolvido o website e alimentado com as informagdo ja

armazenadas neste repositorio.

Por fim, destacamos que durante todo o primeiro ano do projeto, contamos com um
apoio institucional valioso da instituicdo sede, que nos concedeu acesso integral a
infraestrutura fisica e tecnologica além de suporte técnico. Esse apoio foi
fundamental, permitindo a realizagdo eficaz das atividades planejadas. E relevante
ressaltar a sinergia direta entre as agcdes desenvolvidas no projeto e as pesquisas em
andamento na DIIAV da CGCT do INPE, onde parte da equipe estd inserida. Essa

interligacdo fortaleceu o alinhamento dos objetivos e contribuiu significativamente
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para a condu¢do bem-sucedida do trabalho, maximizando os recursos € a expertise

disponiveis.

Para o proximo periodo o plano de atividades inicialmente proposto no projeto,
conforme o cronograma estabelecido, permanece inalterado. No segundo ano do
projeto, iremos intensificar as visitas de campo, aumentar as interagdes com a
instituicdo parceira, UFCG, incluindo visitas a institui¢do, € concentrar esfor¢os na
fase final de modelagem e publicagdes de artigos cientificos. Prevemos encerrar o
projeto com um workshop final no final de 2024, consolidando os resultados,
compartilhando descobertas e promovendo discussdes que enriquecerdo o desfecho do

trabalho.
PARTICIPACAO EM EVENTO CIENTIFICO INTERNACIONAL

Conferéncia CORDEX 2023, realizada em Trieste, Italia, de 25 a 29 de setembro de
2023. Lincoln Muniz Alves

WCRP Open Science Conference 2023, Kigali, Ruanda no periodo de 23 a 27 de
outubro de 2023 . Lincoln Muniz Alves

40th TAHR World Congress in Vienna, Austria, 2023. Simulating future changes:
anthropogenic pressures in a Brazilian semi-arid watershed. lana Alexandra Alves
Rufino, Higor Costa de Brito, Slobodan Djordjevié¢

PARTICIPACAO EM EVENTO CIENTIFICO NACIONAL

XXV Simpésio Brasileiro de Recursos Hidricos (XXV SBRH), no periodo de 19 a 24
de novembro de 2023. lana Alexandra Alves Rufino

a) Artigos em revistas cientificas indexadas;

VIEIRA, RITA MARCIA DA SILVA PINTO; Tomasella, Javier; CUNHA, ANA
PAULA MARTINS DO AMARAL; BARBOSA, ALEXANDRE AUGUSTO;
POMPEU, JOAO; FERREIRA, YARA; SANTOS, FABRICIA CRISTINA; ALVES,
LINCOLN MUNIZ; OMETTO, JEAN. Socio-Environmental Vulnerability to
Drought Conditions and Land Degradation: An Assessment in Two Northeastern
Brazilian River Basins. Sustainability, v. 15, p. 8029, 2023

HALLADAY, KATE; KAHANA, RON; JOHNSON, BEN; STILL,
CHRISTOPHER; FOSSER, GIORGIA; ALVES, LINCOLN. Convection-permitting
climate simulations for South America with the Met Office Unified Model. Climate
Dynamics, v. 61, p. 1, 2023

CALIM COSTA, MABEL; Marengo, Jose A.; Alves, Lincoln M.; CUNHA, ANA
PAULA. Multiscale analysis of drought, heatwaves, and compound events in the
Brazilian  Pantanal in  2019-2021. THEORETICAL AND APPLIED
CLIMATOLOGY, v. 154, p. 1, 2023
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RUV LEMES, MURILO; SAMPAIO, GILVAN; GARCIA-CARRERAS, LUIS;
FISCH, GILBERTO; ALVES, LINCOLN MUNIZ; BASSETT, RICHARD; Betts,
Richard; MAKSIC, JELENA; SHIMIZU, MARILIA HARUMI; TORRES, ROGER
RODRIGUES; GUATURA, MARCELO; BASSO, LUANA SANTAMARIA;
BISPO, POLYANNA DA C.. Impacts on South America moisture transport under
Amazon deforestation and 2 °C global warming. SCIENCE OF THE TOTAL
ENVIRONMENT, v. 905, p. 167407, 2023

MARENGQO, J.A.; ALCANTARA, E. ; CUNHA, A.P. ; SELUCHI, M. ; NOBRE,
C.A. ; DOLIF, G. ; GONCALVES, D. ; ASSIS DIAS, M. ; CUARTAS, LA. ;
BENDER, F. ; RAMOS, AM. ; MANTOVANI, J.R. ; ALVALA, R.C. ; MORAES,
O.L. . Flash floods and landslides in the city of Recife, Northeast Brazil after heavy
rain on May 25-28, 2022: Causes, impacts, and disaster preparedness. WEATHER
AND CLIMATE EXTREMES, v. 25, p. 100545, 2023

ARCOVERDE, GUSTAVO FELIPE BALUE; MENEZES, JULIA ALVES ; PAZ,
MARIANA GUTIERRES ARTEIRO ; BARROS, JOCILENE DANTAS ; Guidolini,
Janaina Ferreira ; Branco, Evandro Albiach ; DE ANDRADE, PEDRO RIBEIRO ;
PULICE, SERGIO MANTOVANI PAIVA ; Ometto, Jean Pierre Henry Balbaud .
Sustainability assessment of Cerrado and Caatinga biomes in Brazil: A proposal for
collaborative index construction in the context of the 2030 Agenda and the Water-
Energy-Food Nexus. Frontiers in Physics, v. 10, p. 1-25, 2023

ALVES, PRISCILA B. R.; LOC, HO HUU; DE-SILVA, YENUSHI; PENNY,
JESSICA; BABEL, MUKAND; DJORDJEVIC, SLOBODAN. The dual-risks
context: A systematic literature review for the integrated management of flood and

drought risks, International Journal of Disaster Risk Reduction, volume 96, 2023,
103905, ISSN 2212-4209, https://doi.org/10.1016/].1jdrr.2023.103905.

HAGENLOCHER, M. ; NAUMANN, G. ; MEZA, I. ; BLAUHUT, V. ; COTTI, D. ;
DOLL, P. ; EHLERT, K. ; GAUPP, F. ; VAN LOON, A. F. ; MARENGO, J. A. ;
ROSSI, L. ; SABINO SIEMONS, A. S. ; SIEBERT, S. ; TSEHAYU, A. T. ;
TORETI, A. ; TSEGAL D. ; Vera, C. ; VOGT, J. ; WENS, M. . Tackling Growing
Drought Risks-The Need for a Systemic Perspective. Earths Future, v. 11, p. 1, 2023

PENNY, JESSICA; KHADKA, DIBESH; BABEL, MUKAND; ALVES, PRISCILA;
DJORDJEVIC, SLOBODAN; CHEN, ALBERT S.; DJORDJEVIC, SLOBODAN
and LOC, HO HUU. Integrated assessment of flood and drought hazards for current

and future climate in a tributary of the Mekong river basin. Journal of Water and
Climate Change 2023; jwc2023252. doi: https://doi.org/10.2166/wcc.2023.252

PENNY, JESSICA; ALVES, PRISCILA; DE-SILVA, YENUSHI; CHEN, ALBERT;
SLOBODAN; SHRESTHA, SANGAM, BABEL, MUKAND. Analysis of potential
nature-based solutions for the Mun River Basin, Thailand. Water Sci Technol 15
March 2023; 87 (6): 1496—-1514. doi: https://doi.org/10.2166/wst.2023.050

PENNY, JESSICA; KHADKA, DIBESH; ALVES, PRISCILA B. R.; CHEN,

ALBERT S., DJORDJEVIC, SLOBODAN. Using multi criteria decision analysis in a
geographical information system framework to assess drought risk, Water Research
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X, Volume 20, 2023, 100190, ISSN 2589-9147,
https://doi.org/10.1016/j.wroa.2023.100190.

SILVA, C. K. M; RUFINO, 1. A. A; ARAGAO, R. Consumo de 4gua e crescimento
urbano: andlises espaciais e relagdes possiveis. SUBMETIDO a Revista Brasileira
de Gestao Urbana (URBE) [Qualis Al], em fase de revisao.

BRITO, H. C.; RUFINO, I. A. A. A importancia dos dados de mudangas de LULC
para o estudo dos recursos hidricos no Semidrido Brasileiro. SUBMETIDO a Revista
Holos [Qualis A1], em fase de avaliagdo.

BRITO, H. C.; RUFINO, I. A. A.; BARROS FILHO, M. N. N.; MENESES, R. A.
Use of spatial data in the simulation of domestic water demand in a semiarid city: the
case of Campina Grande, Brazil. ACEITO na Revista Urban Science [Qualis Al].

CARVALHO, C. C. A.; RUFINO, I. A. A.; BRITO, H. C.; ALVES, P. B. R.. Eventos
extremos compostos relacionados a 4gua e a capacidade adaptativa: uma andlise
espacial em Campina Grande/PB. Revista GEOTEMAS, v. 13, p. €02313, 2023
[Qualis A2].

c¢) Trabalhos apresentados em conferéncias internacionais;

Conferéncia CORDEX 2023, realizada em Trieste, Italia, de 25 a 29 de setembro de
2023. Titulo do trabalho apresentado: Projected changes in the frequency of

compound events over tropical Brazil in CORDEX-CORE simulations. Lincoln Muniz
Alves

WCRP Open Science Conference 2023, Kigali, Ruanda no periodo de 23 a 27 de
outubro de 2023 . Titulo do trabalho apresentado: Co-production of climate impact
information over Brazil. Lincoln Muniz Alves

SI, Qianyao; BRITO, Higor Costa de; ALVES, Priscila Barros Ramalho;
HENDRICKS, Marccus; PAVAO-ZUCKERMAN, Mitchell. Spatial approaches to
refining urban catchment delineation that integrated stormwater network
infrastructure. /n: Water Resources Symposium: Equitable and Resilient Water
Resource Management and Practices, 1., 2023, Washington DC. Anais do AWRA.
Washington: AWRA, 2023.

40th TAHR World Congress in Vienna, Austria, 2023. Simulating future changes:
anthropogenic pressures in a Brazilian semi-arid watershed. Iana Alexandra Alves
Rufino, Higor Costa de Brito, Slobodan Djordjevié¢

d) Trabalhos apresentados em conferéncias nacionais;

BRITO, Higor Costa de; SILVA, Camila Karla Medeiros; OLIVEIRA, Geovanna
Santos; RUFINO, Iana Alexandra Alves. IMPACTOS DA TRANSPOSICAO DO
RIO SAO FRANCISCO NA BACIA DE CONTRIBUICAO DO SISTEMA
HIDRICO POCOES-EPITACIO PESSOA: UMA ABORDAGEM ESPACIAL. In:
SIMPOSIO BRASILEIRO DE RECURSOS HIDRICOS, 25., 2023, Aracaju. Anais
do XXV SBRH. Aracaju: ABRHidro, 2023. p. 1-8. Disponivel em:
https://files.abrhidro.org.br/Eventos/Trabalhos/191/XXV-SBRH0738-1-20230612-

200345.pdf .
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SILVA, Camila Karla Medeiros; BRITO, Higor Costa de; RUFINO, Iana Alexandra
Alves. CARACTERIZACAO TERRITORIAL DA BACIA DE CONTRIBUICAO
DO SISTEMA HIDRICO POCOES-EPITACIO PESSOA. In: SIMPOSIO
BRASILEIRO DE RECURSOS HIDRICOS, 25., 2023, Aracaju. Anais do XXV
SBRH. Aracaju: ABRHidro, 2023. p. 1-9. Disponivel em:
https://files.abrhidro.org.br/Eventos/Trabalhos/191/XXV-SBRH1012-1-2023061 8-

155655.pdf .

BRITO, Higor Costa de; SI, Qianyao; ALVES, Priscila Barros Ramalho; PAVAO-
ZUCKERMAN, Mitchell; HENDRICKS, Marccus; RUFINO, Iana Alexandra Alves.
THE USE OF GIS FOR CATCHMENT DELINEATION: A BIBLIOMETRIC
REVIEW. In: SIMPOSIO BRASILEIRO DE RECURSOS HIDRICOS, 25., 2023,
Aracaju. Anais do XXV SBRH. Aracaju: ABRHidro, 2023. p. 1-8. Disponivel em:
https://files.abrhidro.org.br/Eventos/Trabalhos/191/XXV-SBRH0793-1-20230615-

001242.pdf .

SILVA, Camila Karla Medeiros; COSTA, Maria Helena Carvalho. Formas de
abastecimento e armazenamento de 4gua em pequenos municipios da Paraiba: Uma
amostra panordmica. /n: SIMPOSIO BRASILEIRO DE RECURSOS HIDRICOS,
25., 2023, Aracaju. Anais do XXV SBRH. Aracaju: ABRHidro, 2023. p. 1-9.
Disponivel em: https://files.abrhidro.org.br/Eventos/Trabalhos/191/XXV-SBRH1153-
1-20230618-212040.pdf.

h) Dissertacdes defendidas e em andamento;

Titulo: Andlise da capacidade adaptativa em municipios atendidos pelo Sistema
Hidrico Po¢des-Epitacio Pessoa (em andamento)

Discente: Milena Daleth do Amaral Vieira Ribeiro)

Orientadoras: lana Alexandra Alves Rufino e Priscila Barros Ramalho Alves

Titulo: Seguranga Hidrica de municipios paraibanos: um estudo analitico (em
andamento)

Discente: Geovanna Santos Oliveira

Orientadoras: Iana Alexandra Alves Rufino e Priscila Barros Ramalho Alves

1) Teses defendidas e em andamento;

Titulo: Impactos do clima e da cobertura da terra na seguranga hidrica em municipios
da Paraiba (em andamento)

Discente: Camila Karla Medeiros Silva

Orientadora: [ana Alexandra Alves Rufino

Titulo: Desafios Hidroldgicos Urbanos: Interconexdes Espaciais entre Uso da Terra e
Recursos Hidricos (em andamento)

Discente: Higor Costa de Brito

Orientadores: Iana Alexandra Alves Rufino e Marccus Hendricks
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Abstract: Over the past few decades, a significant amount of agricultural land has been lost due to soil
degradation/ desertification. In addition, the increasing frequency of extreme events, such as intense
droughts and forest fires, has negatively impacted various ecosystem services. Two of the main
Brazilian biomes—the Cerrado and the Caatinga—have been affected by increased rainfall variability,
leading to desertification, increased fire frequency, and, consequently, rising concerns regarding
the water and food security of the local population. In this study, we develop a methodology to
assess these impacts using a Socio-Environmental Vulnerability Index (SEVI) that combines physical,
envire tal, and socio-ec ic indicators related to exposure, sensitivity, and adaptation, as
well as including socio-environmental feedback The developed SEVI is then applied to the Sao
Francisco and Parnaiba river basins. The proposed index is based on the MEDALUS methodology
and is adapted to indude multiple biological, physical, and socio-economic indicators, allowing
for the discrimination of areas characterized by different levels of vul bility. We also analyze
the effectiveness of governmental policies, such as the aeation of conservation areas and the rural
registration of properties, in reducing vulnerability. The SEVI analysis highlights that adaptive
capacity is the main constraint for reducing socio-environmental vulnerability in the Pamaiba basin,
while exposure and sensitivity are the greater challenges in the Sao Francisco basin. The results of
this study are crudial for the prioritization of recovery actions in degraded areas.

Keywords: socio-environmental vulnerability; conservation units; rural environmental cadastre
(CAR); Northeastem Brazil; Cerrado; Caatinga

1. Introduction

The world’s population has been growing rapidly and—albeit at a slower rate—it
is projected to reach 8.5 billion by 2030, around 9.7 billion by 2050, and 10.9 billion by
2100 [1]. Population growth implies a more intense use of natural resources, requiring more
adequate environmental planning to meet the needs of the population without depleting
these resources.

Habitat fragmentation, landscape ecology changes, soil erosion, and loss of biodiver-
sity have critically influenced the sustainable development of regional ecosystems, and
the evaluation of vulnerability has been considered as a strategy for the mitigation of
environmental degradation [2]. Environmental indicators enable description of the charac-
teristics of saciological, ecological, or environmental components in a comprehensive and
understandable manner [3).

One of the main causes of biodiversity loss in South Americ is the increased frequency
of fires [4], which is a common land management practice in subsistence agriculture [5].

Sustanability 2023, 15,8029. https / /doi.org/10.3390/sul 5108029
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Convection-permitting climate simulations for South America
with the Met Office Unified Model

Kate Halladay' - Ron Kahana' - Ben Johnson' - Christopher Still’ - Giorgia Fosser’ - Lincoln Alves®

Received: 26 May 2023 / Accepted: 30 May 2023 / Published online: 5 July 2023
©Crown 2023

Abstract

We present the first convection-permitting regional climate model (CPRCM) simulations at 4.5 km horizontal resolution
for South America at near-continental scale, including full details of the experimental sctup and results from the reanalysis-
driven hindcast and climate model-driven present-day simulations. We use a range of satellite and ground-based observations
to evaluate the CPRCM simulations covering the period 1998-2007 comparing the CPRCM output with lower resolution
regional and global climate model configurations for key regions of Brazil. We find that using the convection-permitting
model at high resolution leads 1o large improv s in the rep ion of precipitation, specifically in simulating its
diurnal cycle, frequency, and sub-daily intensity distribution (i.e. the proportion of heavy and light precipitation). We tenta-
tively conclude that there are also improvements in the spatial siructure of precipitation. We see higher precipitation intensity
and extremes over Amazonia inthe CPRCMs compared with observations, though more sub-daily observational data from
meteorological stations are required to conclusively determine whether the CPRCMs add value in this regard. For annual
mean precipitation and mean, maximum and minimum near surface temperatures, it is not clear that the CPRCMs add value
compared with coarser-resolution models with parameterised convection. We also find large changes in the contribution to
evapotranspiration from canopy evaporation compared to soil evaporation and transpiration compared with the RCM. This
is likely to be related to the shift in precipitation intensity distribution of the CPRCMs compared to the RCM and its impact
on the hydrological requires further investigation.

Keywords Convection-permitting regional modelling - High resolution - South America - Climate - Evapotranspiration

1 Introduction rainfall is largely confined to the northwest whilst southern

and eastern areas experience a dry season. Precipitation is

South America is a continent of great environmental and
ecological imponance. The Amazon Forest accounts for 40%
of global tropical forest area (Marengo et al. 2018), and plays
a vital role in water, energy and carbon cycles and hosts
10-15% of land biodiversity (Nobre et al. 2016). The annual
cycle of precipitation is dominated by the South American
Monsoon System which brings rainfall to the southeast
and across Amazonia in austral summer. In austral winter

©0 Kate Halladay
kate halladay @metoffice. gov.uk

' Met Office Hadley Centre for Climate Science and Services,
Excter, UK

*  Oregon State University, Corvallis, OR, USA

¥ IUSS, Pavia, Iuly

* INPE, Sio José Dos Campos, Bruzil

the main water source for agriculture, energy production,
[especially in the highly populated region of southeast Brazil
(Coelhoet al. 2016)], and water supply; therefore, consider-
able changes in the hydrological cycle have the potential for
dramatic societal impacts, particularly because daily rain-
fall extremes have increased resulting in more flooding and
landslides (Marengo et al. 2020). Furthermore, rainfall vari-
ability is projected to increase, meaning there will be drier or
more frequent dry periods and wetter wet periods on daily,
weekly, monthly, and intra-seasonal timescales, even in sub-
regions where future changes in mean rainfall are currently
uncertain (Alves et al. 2021; Chadwick et al. 2022). If we
are to reduce that uncertainty, it is important to improve the
representation of precipitation and the hydmlogical cycle
in climate models, which is the central aim of this work. It
forms part of the climate modelling work package of the Cli-
mate Science for Service Partnership (CSSP) Brazil project

@ Springer
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Abstract

In this study, a comprehensive multiscale analysis of compounding drought-heat events in the Pantanal region is presented.
The goal is to assess the multiscale nature of drought and determine whether the combined effects of drought and heatwaves,
as driving factors, are more relevant than the effects of each event separately. The study describes a persistent interannual
extreme event characterized by drought and heatwaves in the Pantanal, lasting from 2019t0 2021. The extreme event involved
aprolonged dry season, a shortened and delayed rainy season, and persistent heatwaves, resulting in the emergence of drought-
heat compound events. Despite expen e hs of increasing drought hazards and a delayed rainy season in
late 2020 to 2021, the northern Panlanal n:gxon was unable to recover from the water deficit accumulated due to water stress
in the previous year. This emphasizes the long-lasting impacts of compound events on water availability and ecosystem health.
Furthermore, the study suggests that interannual water stress played a crucial role in explaining the context that led to record-
breaking daily maximum temperatures during the austral spring of 2020. The regions most at risk for such compound extreme
events are the northern and central Pantanal. Looking at longer timescales, the analysis of compound drought-heat events can
provide insights essential for understanding and preventing their impacts, particularly those that could trigger fire outbreaks.

Highlights

® Despite consecutive months of increasing drought hazards

and adelayed runy scason in lae 2020-2021, recovery from the
water deficit caused by water stress in 2020 was insufficient

® Intcrannual water stress plays a crucial role in explaining the
context behind the record-breaking daily maximum temperatures
during the austral spnng d 702(l
o Interannual P 8!
during the miny season.

o Compound events on a broader scale (scale 12) encompassed
80% of the study arca in 2019 and expanded to 89% in 2020,

al effects isted even

L

® The study emphasized the signifi ¢ of drought effects and
compound events on Iongct umncnks (>3 lmnlhs ). It also
dentificd u strong | patiern in heal

coverage, with ascale of 6 months.

® Partial and multiple coherence analyses indicated that
conducting single-factor assessments in isolation at a singk scale
can undermine results and lead to a misunderstanding of the
overall complexity of extreme event contexts.

o The study advocates for analyzing drought-heat events as
compound occurrences mther than isolated extremes. as this
approach offers the most accurate insight into the multifaceted
nature of such events.

=1 Mabel Calim Costa
mabelcalim @gmail. com

National Center for Monitoring and Early Warming
of Natural Disasters, Sio José dos Campos, Bruzil

Published online: 26 September 2023

1 Introduction

A complex interplay among several contributing factors,
including meteorological and hydrological conditions, the
availability of fuel material (dry biomass-vegetation from
legal or illegal land use practices), and human ignition
sources (accidental and intended). can cause unprecedented
fire outbreaks. The catastrophic fires in California in 2020
and the unusual fire activity in regions such as Oceania, Euro-
Asia, North America, and Central South America were no
exception (Thiclen et al. 2021). In 2020, the Pantanal biome
faced the mostdevastating fires in the last two decades (Silva
et al. 2022a). Around a third of the Brazilian section of the
Pantanal was affected, including several indigenous terri-
tories and conservation units (Abram et al. 2021; Canadell
2021; Dowdy et al. 2022; Libonati et al, 2022). Between
January and August 2020, 7,727 fires were detected. This
number represents an increase of 211% compared to the same
period in 2019.
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HIGHLIGHTS GRAPHICALABTRACT

e Amazon deforestation, higher atmo-
spheric carbon dioxide, and global
warming will lead severe climawe
changes in South America;

« Precipitation, temperature, pblh, verti-
cally integrawed moisture flow, cape,
stomatal conductance have them pat-
tems changed;

eChanges on the plant physiology
beh have the p 1 to provok
physical shifts in the local and regional
climate;

o The La Plata basin water cycle is directly
connected with Amazon forest water
management;

o The Amazon can suffer not only a sav.
mnnizaton process but also a

desertification;

ARTICLEINFO ABSTRACT

Editor: Elena Paoletti The increase in greenhouse gasses (GHG) anthy icemi and defe over the last decades have
led 1o many chemical and physical changes in the climate system, affecting the atmosphere's energy and water

Keywords: balance. A process that could be affected s the A i port in the South American continent

Siotal warmlog (including La Plata basin), which is crucial 1o the southeast Brazilian water regime. The focus of our research is

A "‘;:h-‘“ on evaluating how local (Le. A def ) and global forcings (i of ph GHG con-

w"m"b::;‘ centration) may modify this moisture transport under climate change scenarios. We used two coupled land-
atmosphere models forced by CMIPS sea surface temp 1o simulate these pr for two ros: i)

Cimate modeli:
T increase in carbon dioxide (CO;) — RCPB.S atmospheric levels (00DEF), and if) total Amazon deforestation
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Flash floods and landslides in the city of Recife, Northeast Brazil after heavy &

rain on May 25-28, 2022: Causes, impacts, and disaster preparedness
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ARTICLE INFO ABSTRACT

Keywords: From late May to early June 2022, 130 people died in catastrophic landslides and flash flood eventstriggered by
Henvy rain exceptionally heavy rains in the siates of Pernambuco, Alagoas, and Paraiba, along the coast of Northeast Brazil.
Beciie Total rainfall in the dty of Recife on May 25-30 was 551 mm, 140 mm higher than the averzage of the moath of
m‘:“:"m i - May. Rain was heaviest on May 25 and 28, with 100-200 mm and 151-250 mm, respectively. This coincided
Landslid with easterly wave disturbances. May 28 saw the most raia, due to a significant cold front. Fourteen munici-
palities in the metropolitan region of Recife declared a state of emergency. According to the Civil Defease of
Pernambuco state, the nmmpw.ed l:l) ooo people there. Most of the heavy pmapuauon fell over areas with
medium to very high geologi to landdides and hydrological events. The los of life and
substantial economic impacts in Recife caused by the heavy precipitation orMay 2022 and the disasters induced
by it show that this dty. like many others around the world. has limited capacity to cope with climate extremes.
Urbanization has i d population density occupying hills and slopes of the dity, coatributing to the problem.
To reduce the impact of such disasters, residents must be made aware of the risks of climate-related events, and
they mast be encowraged to heed alerts waming of natural disasters issued by state and federal ingtitutions.
Efficient monitoring of risk is als) needed. Risk management will be viable only when everyone participates,
which requires education and cultural change.
. Introduction to July 2022 alone, landslides, flash floods, and floods triggered by

Brazl has an estimated 3,000 km” of aress at risk for prevailing
climate-related disasters. These areas were recently determined to have
high and very high risk of landslides, floods, and flash floods. At least
825 municipalities are critically vulnerable to disasters (Alvala et al.
2019; Assis Dias et al, 2020). Of the 8,266,566 people most at risk,
around 75%arein ible to landslides or ined landslid
and floods (Alvald et al., 2019; Zachariah et al., 2022). This population
faces considerable vulnerability (IBGE 2010). Recurring events in recent
years underscore how urgent it is to mitigate the disaster risk (UN Office
for Disaster Risk Redudion, 2019a, b).

Between January 1, 2013, and April 5, 2022, natural disasters caused
USS 67 billion in damages throughout Brazil ((\M 2022). From January

* Coresponding author.
E-mail address: enner alcantara@unesp br (E Alcantara).

hitps://doiorg/10.1016/j wace 2022100545

heavy precipitation events have left hundreds dead and missing in
Brazil The National Confederation of M palities (CNM 2022) esti-
mates 503 deaths due to disasters related to heavy precipitation as of
July 4, 2022 This is higher than the 290 deaths in all of 2021. From
2014 to 2018, fewer than 100 fatalities were caused by disasters trig-
gered by heavy precipitation annually. After 2019, this number jumped
to over 200 per year, with 2022 being the worst yet (as of July).

The city of Recife, capital of the state of Pernambuco, and 13 other
municipalities, comprise the metropolitan region of Recife (MRR).
Together, they form the fifth-largest population center in Brazil (Fig. 1).
‘The MRR has an estimated population of 4.047.088 in 2020 (IBGE and
CEMADEN, 2018), spread over a territory of 2,774 km®. The population
density is high, at 1,459 inhabitants/km” (1t ps:

www.citypopulation

Received 16 September 2022, Received in revised form 24 December 2022, Accepted 27 December 2022

Available online 2 January 2023

2212-0947/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND licesse (hitp:,
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Sustainability assessment of
Cerrado and Caatinga biomes in
Brazil: A proposal for
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The 2030 Agenda framework represents an opportunity for the co-
development of local indicators and shares the same principles of cross-
sectoral integration and universality as the water-energy~-food nexus. This
research aimed to develop a quantitative-collaborative methodology for
constructing indicators and indexes for the sustainability of the Cerrado and
Caatinga Brazilian biomes, considering the connection and synergies between
the Nexus perspective and the 2030 Agenda’s SDG-target framework. The
study was applied in 2,512 municipalities that make up the total of the
mentioned biomes. The methodology consists of four major blocks: 1)
identification and construction of indicators based on the associaton of
themn with one or more 2030 Agenda's targets, in a collaborative way from
expert groups; ii) generation of weights by an indicator considering leverage,
according to the number of target assignments, and importance, attributed by
experts for each indicator to the target; i) generation of sustainable
development goal indexes, considering the performance of the SDGs, Nexus
performance, considering different weights between the SDGs; Nexus
synergistic, the standard deviation between the SDGs; and Nexus overall, a
combination of the last two. and iv) sensitivity analysis for performance indexes
considering the assignment of zero values to the governance indicators. In
general the regions of MATOPIBA, northern and westem of Cerrado and the
Caatinga, are, on average, the areas of greatest wulnerability. The targets that
respond to this inequality are related to eradicating hunger, sustainable and
climate-resilient production systems, universal access to water, water quality,
efficiency of multiple water uses, access to energy. and the participation of

o1 frontiersin.org
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ARTICLE INFO ABSTRACT
Keywords: Floods and droughts can cause severe impacts for communities. Even with different temporal and
Floods spatial scales, these extreme events challenge risk management specially when happening
Drought v dingly or over time. the number of articles that
Literature review the joint (e, ) between floods and drought in the same area is still
Locat “"d"""” limited in literature. In this sense, this paper aims to evaluate what lessons we can leam from
::mb'l‘m’ rticipati previous studies on both extreme events, and to identify the way forward for understanding
Sisholders participation floods-drough and risk ion in the future. For this, we developed a literature
review with articles from 2008 to 2021, aiming mainly to undemnd the “dual-risks” context
internationally (n = 60). Articles are analysed with ch il and
factors, ical aspects, main obj and risks Results show articles still
focuses most on the single hazards and when di the risks , they focus
more on risk rather than on the context cond! of and their
vulnerabilities. This study by the key for i floods and
droughts, including the analysis of local conditions (i.e., social, political, cultural, and physical
aspects) and the of
1. Introduction
The worldh&bccmnc ingl It ble to di: (1], not only in terms of the number of events but also the severity, and
more i ly, yet p ly overlooked is the d y of risks. Even though natural hazards, and the study of their risks,
consumlc one of the most important sections within scientific and policy discourses, our understanding is yet to be sufficient, let alone
npret Virtually dless of less lessons drawn from past events, human society has yet to be entirely protected

whenever nature strikes as the hazard impacts could not be entirely prevented. This could have been due to the “singular” approach
being adopted [2]. When confronted with a natural hazard, the ultimate aim is always to reduce as much as possible the impacts of that
particular hazard while neglecting the underlying or needs of the area [2).

Ledu (P.B.R. Alves).

htsps://dol.org/10.1016/).iidrr. 2023.103005
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Abstract In the last few yeass, the world has expeneaced numerous extreme droughts with adverse disect,
cascading, and systemic impacts. Despite more frequent and severe events, drought risk assessment is sl
incipient compared to that of other meteorological and climate bazards. This is mainly due 10 the complexity
of drought, the high level of uncertainties in its analysis. and the lack of community agreement on a common
framework 1o tackle the problem. Here, we outline that 1o effectively assess and manage drought risks, a
systermic perspective is needed. We propose a novel drought risk framework that highlights the systemic
nature of drought risks, and show its operationalization using the example of the 2022 drought in Europe. This
research emphasizes that solutions to tackle growing drought risks should not only consider the undeslying
drivers of drought risks for different sectors. systems os regions. but also be based on an understanding of

dependencies, feedbacks. dynami ding and hazards, as well as
possidble tpping points and globally andior regionally petworked risks.

Plain Langunge Summnry In recent years, the world has taced severe and frequent droughts,
resulting in significant direct and mdirect impacts. However, our understanding and assessment of drought risks

are suill limited which has imp lications for risk Here, we propose a new appeoach—a
systemic perspective on drought risks—io effectively assess and manage drought risks. Our framework
highlights the interconnected nature of drought risks, impacts and We di the ks

applicatson by analyzing the 2022 drought m Europe. This research h the peed for a i
understanding of drought risks and offers a practical 1ol for policymakers and researchers to guide future
drought nsk research and policy.

L. Introduction

Droughts are temporary, recursing, usually slow-onset water deficits that can lead 1o devastating impacts on
many sectors and systems and, eventually, affect ecosystems, entire societies and economies (Chiang etal, 2021;
IPCC, 2022; Poklwel et al., 2021; UNDRR, 2021). These water deficits are caused by the interaction of meteoro-
logical imbal ing through the hydrological cycle and human activities (Bartholomeus et al., 2023;
Van Loon etal., 2022). Drought impacts, resulting from an inbalance between water availability and water needs,
are severe, spatially and temporally complex, interlinked, and often slowly evalving, sendering their assessment
achallenge. Between 2001 and 2021, droughts affected on average about 67 mullion people globally every year,
with vanations across the years, and caused global economic losses of USD 146 billion (CRED, 2022). While
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ABSTRACT

Projecting flood and drought characteristics under climate change is important to management plans and enhancement of the resiliency of
the society. However, studies that provide the integration of flood-drought hazard events is scarce. This study assessed the flood and
drought hazards for future climate in the Mun River basin. A non-modelling approach is used to assess the flood hazard, while a multi-variate
approach is used for the drought hazard. The results suggest that areas under ‘high’ and ‘very high' drought hazard levels will increase from
27 and 4% during the baseline period to 43 and 37%, during the near-future period. Similarly, an increase in the ‘high’ and ‘very high’ flood
hazard levels from 11 and 22% during the baseline period to 16 and 24% during the near-future period is projected. When both hazards are
considered together, the total hazard Is projected to increase by 155% in the near-future period. 76% of the catchment during the near-future
period will have a combined hazard level from ‘medium’ to ‘very high’ compared to the 30% during the baseline period. The research pre-
sents a grim outlook on future floods and droughts In the basin, with the areas of Nakhon Ratchasima, Rio Et and Si Sa Ket provinces
particularly at risk from both hydro-meteorological hazards.

Key words: climate change, combined hazard, droughts, floods, multi-variate approach, Mun River basin

HIGHLIGHTS

® |ndividual and combined flood and drought hazard assessment for the near-future period.
® Non-modelling approach for flood and a multi-variate approach for drought hazards used.
® Area under high and very high drought hazards up from 30 to 80% in the near future.

® Area under high and very high flood hazards up from 33 to 40% In the near future.

® Area under the combined hazard projected to Increase by 155% across the catchment.

1. INTRODUCTION

Hydro-meteorological extremes, either an acute lack of water or excess of it, are characterized by spatial-temporal variability
and manifest as droughts or floods , respectively. They have the potential to cause severe damage to the envir (Masud
et al. 2015), have a significant effect on the hydrology and water resources of watersheds (Aalijahan et al. 2021), and cause
socio-economic impacts (Marcos-Garcia et al. 2017). Between 2005 and 2014, 83% of the recorded disasters, 39% of the
recorded human deaths and 70% of the documented damages were linked to weather, water and climate (WMO 2018),
respectively. With cli hange, hydro-meteorological hazards are likely to be more frequent and severe, and influence
a greater area. A warmer climate will intensify the hydrological cycle, resulting in the spatial and temporal redistribution
of global water resources (Chen & Sun 2017).

With almost one billion people living in flood-prone areas (Kittipongvises et al. 2020), flooding is one of the most

destructive natural hazards in the world, affecting 45% of the global population (Hammond ef al. 2014; Kittipongvises

This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY 4.0), which permits copying, adaptation and
redistribution, provided the original work is properly cited (http.//creativecommons.org/licenses/by/4 0/).
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ABSTRACT

Despite the growth in research and applications of nature-based solutions (NBS) within the literature, there are limited applications in South
East Asia, moreover studies which quantitatively assess the impacts of NBS could have on hazard reduction are scarce. This paper addresses
this gap by developing and validating MCDA-GIS analysis to map how p: ial nature ies could mitigate flood hazard if applied within
the Mun River Basin, Thailand. Through a literature review, the top three solutions for flood and drought hazards were found: wetlands, re/
afforestation, and changing crop types. These strategies were reviewed and validated with a MCDA-GIS methodology, through land use
change (LUC) maps to depict different future scenarios. The results found that flood hazard did decrease when NBS were implemented in
the catchment, especially for A/Reforestation, and to a greater extent when a combination of NBS were applied. This article provides specific
Insights into the current gaps of NBS publications, specifically considering the case of the Mun River Basin, Thailand.

Key words: drought, flood hazard, flooding, land use change, MCDA-GIS, nature-based solutions

HIGHLIGHTS

® Applying nature-based solutions (NBS) to South East Asia Thailand.

® Using a MCDA-GIS and land use change modelling to assess the impact of NBS.

® Wwetlands, re/afforestation, and changing crop types provide optimum solutions in mitigating flood hazard.
GRAPHICAL ABSTRACT
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Using multi criteria decision analysis in a geographical information system &%
framework to assess drought risk
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ARTICLE INFO ABSTRACT

In this study we use the Mun river basin to demanstrate how a Multi Criteria Decision Analysis — Geographical
Information Systems (MCDA-GIS) methodology can be used to assess drought risk. This paper not only provides a
step forward in considering other elements such as land use change, climate within drought risk but also splits
annual risk across three seasons (wet, cool and hot), previously not done. We also investigate how land use
change, in the form of a/reforestation and changing crop varieties could potentially mitigate furure risk.
MCDA rankings from experts found that climatic factors such as rainfall, and

temperature were the most significant. By splitting up the seasons we have been able to observe the temporal and
spatial changes in drought risk at an d detail, an step in water security issue in the
future. Resuits for cool months found an increased risk in the north and east (Surin, Si Sa Ket and Rio Et). With
hot months finding increased risk in the east (Surin and Si Sa Ket especially) and west in Nakon Ratchasima.
‘Whereas the wet season risk was greatest in the West (Nakon Ratchima, Khon Kean and Mara Sarakham). Dif-
ferences in future land use scenarios compared to 2017 found that if current trends continued (BAU), the areas at
risk from drought will increase. However, by changing land use in the form of a/reforestation (COB) or changing
crop types (PRO), drought risk will decrease. Thus, the MCDA-GIS methodology serves as a great starting point,
providing a high flexibility in data, meaning the methodology can readily applied to other case studies across the
world.

Keywords:

Drought risk

Multi-criteria decision analysis
Geographical information systems
Thailand

Land wse change

Introduction resources the ‘risk’ concept embraces several research areas in water
resource systems: water scarcity, floods, water quality, and issues of
urban water security. In agricultural terms, drought risk (also sometimes

ferred to as ‘) is an of insufficient soil moisture

to sustain plant gn;wih, adversely affecting yield (Jones et al., 2012;

Drought risk and future drought risk

The earth is under serious environmental threats (Ozturk and Batuk,

2011), one of which is drought. Influenced by natural and anthropo-
genic factors, droughts are widespread causing economic, social and
environmental losses (Prabnakorn ef al, 2019) they are becoming
increasingly frequent across the world at national and international
levels (Stampfli et a1, 2018). When considering rural areas, droughts
can create unf; bl diti for crop devel al

global water supplies and thus food security (Samu and Akntug, 2020;
Wijitkosum, 2018) due to depleted yields (Prabnakorn et al., 2019).
According to Cordiao et al. (2020) long-term droughts and water scarcity

Biazin and Sterk, 2013), In Thailand, according to the Department of
Water Resources, the drought conditions of 2014 alone, affected an
agricultural area of 6,800km?, 9 million people and caused damages
greater than 5000 million (USS) (Prabnakorn et al., 2019).

Land use change and its impact on drought risk

Land Use change can be defined as the change in the carth terrestrial
b h on global or local scale (Malek et al, 2019; Malek and Ver-

are a risk for populations living in arid and i-arid cities. Wh
water security is usually defined as the capacity to manage water

E-mail address: |p606iexeter.ac.uk (J. Penny).

https://dol.org/10.1016/).wroa. 2023.100190

burg, 2020; Roy Chowdhury et al,, 2019). It is ultimately caused by
human interventions, primarily agricultural expansion and

Received 15 February 2023; Received in revised form 17 June 2023; Accepted 20 June 2023

Available online 24 June 2023
2589-9147/Crown  Copyright © 2023 Published by Elsevier Ltd.
(http://creativecommaons.org/licenses /by-nc-nd/4.0/).

This s an open access article under the CC BY-NC-ND license

2/



Geotemas, Pau dos Femos, RN, Brasil

o AL AL 19 nnoa
ISSN: 2236-255X, v. 13, 2023.
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analysis in Campina Grande/PB
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RESUMO

As mudancas climaticas contrbuem para uma maior variabilidade e intensidade da
ocorréncia de eventos extremos compostos relacionados a agua (secas e chuvas).
O objetivo principal deste estudo é analisar espacialmente a capacidade adaptativa
a eventos extremos compostos na cidade de Campina Grande, Paraiba-Brasil, que
apresenta alta frequéncia de escassez de agua e inundacdes. A analise espacial foi
realizada a partir de uma perspectiva de resiliéncia urbana. Para tanto, foram
aplicadas duas abordagens principais: i) suscetibilidade (espacial) a eventos
extremos multiplos e ii) indice de vulnerabilidade social (espacial). Inicialmente foram
combinados dois modelos anteriores desenvolvidos para a risco ao
desabastecimento de e a suscetibiidade a inundacoes na cidade. As areas mais
criticas de ambos os modelos sao relacionadas e analisadas com um indice de
Vulnerabilidade Social, com a finalidade de avalar a capacidade adaptativa,
necessdria para a construgao da resiliéncia urbana indicando as areas mais critica
onde a capacidade adaptativa leva a uma maior resiliéncia urbana. Os resultados
indicam que maior suscetibilidade a eventos extremos e maiores vulnerabilidades
sociais geram uma exposicao mais significativa aos impactos dos perigos, ou seja,
areas com critérios hidraulicos e socioeconémicos desfavoraveis, como a nao
disposicao de infraestrutura urbana de drenagem e baixa capacidade de reservacao
associadas a baixas rendas domiciliar e altas densidades demograficas. Esses
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