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Millennium Ecosystem Assessment ):  
“Order from Strength” (reactive /
regional) 
“Global Orchestration” (reactive /
global), “Adapting Mosaic” 
(proactive / regional), 
“Technogarden” (proactive / global)

Brazilian IPEA - Inst Pesq Est. Apl.    
“Vai levando”  
“Crescer é o Lema” 
“Novo Pacto Social” 
 “Construção” (desired scenario)

IPEA-PNRH-IICA-MDR )  
Cenário A-“Referência”, 
Cenário B-“Transformador”, 
Cenário C-“Crise”

National Intelligence 
Council Global Trends:   
“Rennaissance of 
Democracies”, “World 
Adrift”,  
“Competitive 
Coexistence”,  
“Isolated Siloes”  
“Tragedy & Mobilization”

Shared Socioeconomic Pathways 

SSP1: Sustainability (Taking the Green Road) 
SSP2: Middle of the Road 
SSP3: Regional Rivalry (A Rocky Road) 
SSP4: Inequality (A Road divided) 
SSP5: Fossil-fueled Development (Taking the Highway)  

Quais cenários estratégicos para recursos hídricos em bacias 
hidrográficas para o período 2021-2050? Clima-Água-Megacidades





Quais indicadores de ameaças, vulnerabilidades 
e adaptação das componentes hidrológicas sob 
mudanças (do clima, do uso do solo, do padrão 
de consumo, etc)? 

Como buscar indicadores simples para 
audiência interdisciplinar de tomadores de 

decisão em escala Bacia Hidrográfica ? 

Como justificar e discutir com exemplos 
de indicadores sob mudanças de curto-, 
médio- e longo-prazo?



Águas Subterrâneas da Bacia do Paranapanema 
O Projeto Rede Integrada de Águas Subterrâneas foi desenvolvido em parceria com 
os geólogos do Paranapanema e traz um amplo estudo sobre os aquíferos presentes 
na Bacia Hidrográfica do Rio Paranapanema e sua utilização. A partir daí foi possível 
criar um planejamento para a implementação da rede de monitoramento de 
aquíferos da Bacia. O Projeto apresenta a proposta de áreas prioritárias para locação 
de Postos de Monitoramentos (PMs) - 18 no Estado de São Paulo e 20 no Estado do 
Paraná, assim como mostra os já existentes; ele ainda define as estratégias de 
implementação da rede, com a instalação dos equipamentos e manutenção com a 
estimativa de custo. Os resultados do projeto serão amplamente divulgados após a 
entrega oficial dos relatórios finais. 





Critical Reviews in Environmental Science and Technology (207609946, under review) 
Low Impact Development Practices in the context of United Nations Sustainable Development Goals: A new concept, lessons learned and challenges  
M B Macedo1, M N Gomes Júnior2, T R P de Oliveira3, M H. Giacomoni4, M Imani5, K Zhang6, C A F do Lago7, E M Mendiondo8



http://www.incline.iag.usp.br/data/arquivos_download/AmbrizziJacobiDutra2015.pdf 

Figura B1.2: Exemplo de regionalização empírica de 
produção de cargas de nitrogênio total, fosfato 
inorgânico e sólidos suspensos em sub-bacias 
afluentes do Rio Jacupiranguinha (•) e Canha (o), 
respectivamente. Ver explicações sobre 
vulnerabilidade e impactos no texto. 

Quais indicadores de ameaças, vulnerabilidades 
e adaptação das componentes hidrológicas sob 
mudanças (do clima, do uso do solo, do padrão 
de consumo, etc)? 

http://www.incline.iag.usp.br/data/arquivos_download/AmbrizziJacobiDutra2015.pdf




Mudança Climática Mudança de Uso do Solo



CBH-Paranapanema

• Vazão de referência unificada: A vazão de referência 
para outorga em toda Bacia foi unificada, passando 
a ser adotada a variável hidrológica denominada 
Q95%. A ação visou consolidar a outorga de direito 
de uso da água, como instrumento de gestão 
efetivo na Unidade de Gestão de Recursos Hídricos 
(UGRH) Paranapanema, unificando-o no âmbito da 
gestão. A vazão refere-se ao volume de água ou 
efluente que passa, na unidade de tempo.



Introduction
• The UNESCO-IHP-Phase IX 

(2022-2029) incorporates 
Ecohydrological Sciences 
for water security in a 
changing environment.


• Impacts of COVID 
pandemic and food 
insecurity accelerate the 
usability of ecohydrological 
nature-based solutions 
(EH-NbS)[a], as cooperative 
as transboundary.

[a] : https://doi.org/10.1016/j.ecohyd.2021.11.005

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1016/j.ecohyd.2021.11.005
https://doi.org/10.1016/j.ecohyd.2021.11.005


How can we scale ecohydrological nature-based 
solutions (EH-NbS)[a], as cooperative as transboundary?

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

Urban Park "Bosque das Paineiras”, Sao Carlos-SP, Brazil / E.M.M. 2022

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1016/j.ecohyd.2021.11.005


Objective
To share recent 
interdisciplinary examples of 
EH-NbS linked to the 
“WBSRC”[b] (Water, 
Biodiversity, ecosystem 
Services for society, 
Resilience to climate change, 
and Cultural heritage)

[b]: https://doi.org/10.1016/j.ecohyd.2018.12.001

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1016/j.ecohyd.2018.12.001
https://doi.org/10.1016/j.ecohyd.2018.12.001
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Popularização Científica para Professores de Escola da Rede Pública 

www.ceped.eesc.usp.br

http://www.ceped.eesc.usp.br


(c)Theo + Denise + Mario

Ciencia Abierta y Ciudana Eje Planeta

www.ceped.eesc.usp.br
10 anos de criação do CEMADEN 

www.cemaden.gov.br 

#Aprenderparaprevenir 

LIBRO GRATUITO: http://www.usp.br/ceped/sites/default/files/LIVROriscosdesastres.pdf

@TheWadiLab

#UnaGotaDeCiencia #UnaDosisDeResiliencia

#GeneraciónPlaneta 

http://www.ceped.eesc.usp.br
http://www.cemaden.gov.br
http://www.usp.br/ceped/sites/default/files/LIVROriscosdesastres.pdf
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Cooperative EH-NbS —> Water, Biodiversity, ecosystem Services for society, Resilience to climate change, and Cultural heritage 



[c]: https://doi.org/10.1016/j.cliser.2017.10.005 

Maria Clara Fava 
& Roberto Fray

Gabriela C Gesuadlo 
& Marcos R Benso

Greicelene Jesus  
Silva

Luis Castillo & 
Fabricio Navarro

Denise Taffarello & 
Maria Clara Fava

Roberto Fray da 
Silva

Example I: circular framework with feedbacks, scales and stakeholders [c]

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

Cooperative EH-NbS related to: 

Ecosystem Step-by-Step Approach

Flexibility to adapt to different approaches

High recursivity (feedback loops)

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1016/j.cliser.2017.10.005
https://doi.org/10.1016/j.cliser.2017.10.005


[c]: https://doi.org/10.1016/j.cliser.2017.10.005 

Example I: circular framework with feedbacks, scales and stakeholders [c]

Cooperative EH-NbS related to: 

River pulse patterns in biomes

Flood rating curves

Flow-duration Curves

Payment of Ecosystem Services

Stakeholders’ risk aversion

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1016/j.cliser.2017.10.005
https://doi.org/10.1016/j.cliser.2017.10.005


• Proposta metodológica para o enquadramento dos corpos d´água da 
bacia: O projeto que está desenvolvendo a modelagem hidrológica da 
Bacia Hidrográfica do Rio Paranapanema, também trará as bases para 
que o Comitê inicie o diálogo sobre enquadramento de corpos d’água.  O 
estudo está sendo desenvolvido pela Universidade Federal do Paraná 
(UFPR) juntamente à Agência Nacional de Águas e Saneamento Básico 
(ANA). O projeto resultou em um mapa interativo em que é possível ter 
diversas informações, como ocupação de solo, outorgas e qualidade dos 
cursos d’água, de toda a Bacia do Paranapanema. A entrega será feita 
durante o Encontro Integrado.



multi-stage disaster risk reduction (DRR) management [d]

[d]: https://doi.org/10.1016/j.ecohyd.2021.07.004 

Example II:
Cooperative EH-NbS related to: 

Risk Aversion Framework 

Willingness-To-Adapt Ability

Non-Stationary to Stationary Gap

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

Tijuco Creek, Sao Carlos-SP, Brazil / EMM 2005

https://doi.org/10.1016/j.ecohyd.2021.07.004
https://doi.org/10.1016/j.ecohyd.2021.07.004


ecosystem-based valuation using water footprint[e]

[e]: https://doi.org/10.1016/j.scitotenv.2020.139408 

Example III:
Cooperative EH-NbS related to: 

Grey Water Footprint

Flow-Duration Curves

Valuation Methods

Conservation Effects

Restoration Impacts

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1016/j.scitotenv.2020.139408
https://doi.org/10.1016/j.scitotenv.2020.139408


Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

Estrada Municipal de Payol Grande, Sao Bento do Sapucaí-SP, Brazil / E.M.M. 2020

How can we communicate ecohydrological nature-based 
solutions (EH-NbS)[a], as cooperative as transboundary?

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1016/j.ecohyd.2021.11.005


water-quality scenarios of ecosystem-based adaptation [f]

[f]: https://doi.org/10.5194/hess-22-4699-2018

not a paradoxe, but 
EH-NbS offset !

Example IV:
Cooperative EH-NbS related to: 
Field observations, 

Scenario Criteria+Assessment,

Scaling Problems, 

Water Cycle Changes, 

Ecophysiological Patterns

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.5194/hess-22-4699-2018
https://doi.org/10.5194/hess-22-4699-2018


modular bioretention systems for sustainable stormwater management [g]

[g]: https://doi.org/10.3390/su14116799

Example V:
Cooperative EH-NbS related to: 

Flexible, adaptive design, 

Bioretention Systems

Scalable Drivers (Climate+Land Use)

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.3390/su14116799
https://doi.org/10.3390/su14116799


online, in-situ water quality monitoring[h]

[h]: https://doi.org/10.3390/su14095059

Example VI:
Cooperative EH-NbS related to: 

Water Quality Variables, 

Physically-based Methods,

Sensors, 

Empirical Evidences

Lab tests, 

Calibration & Validation

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.3390/su14095059
https://doi.org/10.3390/su14095059


digital twins [i]

[i]: https://doi.org/10.2166/hydro.2022.142 

Example VII:
Cooperative EH-NbS related to: 

Digital Twins, 

Scaled NbS,

Sensors, 

Citizen Data, 

Entities, 

Flexible Topology of Problems

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.2166/hydro.2022.142
https://doi.org/10.2166/hydro.2022.142


2020 -  E.Mario Mendiondo

2019 Theo, Denise & Mario

How Can EH-NbS Reimagine Habitats, Restore Landscapes 
and Recreate Job Market for Vulnerable Communities? 



citizen science and low impact development [j] 

[j]: https://doi.org/10.3390/w14091467

Example VIII:

Cooperative EH-NbS related to: 

Low Impact Development (LID), 

Citizen Science Data,

Flood Observation, 

Climate Change Scenarios, 

Corrected IDF, 

Historical-Future changes.

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.3390/w14091467


stormwater systems optimization [k]Example IX:

[k]: https://doi.org/10.48550/arXiv.2205.01017; https://doi.org/10.1061/(ASCE)WR.1943-5452.0001588

Cooperative EH-NbS related to: 

Real-time control, 

Smart urban drainage systems,

Control theory, 

Model predictive control, 

Linear quadratic regulator, 
Ruled-based control.

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.48550/arXiv.2205.01017
https://doi.org/10.48550/arXiv.2205.01017
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001588


[l]: https://doi.org/10.1080/1573062X.2022.2058564 

DRR-insurance for water utilities under climate change [l]Example X:

Cooperative EH-NbS related to: 

Water Utility Business Interruption Cost, 

Premium (economic risk-aversion),

Climate Change Scenarios

Flexible Water Demand Management

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1080/1573062X.2022.2058564
https://doi.org/10.1080/1573062X.2022.2058564


Water Yield Uncertainty: Brazilian nested catchments* draining to water supply utilities under 
climate change scenarios between 2010-2099 show more dependence on outputs from different 
hydrological models (i.e. SWAT/TAMU and MHD/INPE) than on scales….
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m
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…but resilient mechanisms (i.e. 
insurance) depict evidences of heavy 
influence of different spatial scales*  
(areas of: 294, 277, 508 and 972 km2)

Range of impacts...

…from scaling effect



• A Indústria na Bacia do Rio Paranapanema: “A Indústria na Bacia do Rio 
Paranapanema – Uso da Água e Boas Práticas” mostrou que a Bacia do 
Paranapanema conta com mais de 20 mil indústrias, sendo 99 setores 
diferentes. O estudo, que é pioneiro, caracterizou o perfil de uso da água 
e estimou a carga efluente potencialmente poluidora da indústria, 
considerando as reduções geradas pelas ações sustentáveis de 
racionalização do uso da água e tratamento ou reuso de efluentes, ou 
seja, as boas práticas desenvolvidas.



stormwater reuse [m].Example XI:

[m]: https://doi.org/10.1080/1573062X.2022.2047735 

Cooperative EH-NbS related to: 

Historial trends, 

Level of Rainwater Harvesting,

Concurrent water-allocation

Decentralized Water Consumption

Socio-Hydrological Values, Beliefs & Norms

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY

https://doi.org/10.1080/1573062X.2022.2047735
https://doi.org/10.1080/1573062X.2022.2047735


• Reservação de Água no Paranapanema: Em atendimento a uma das ações 
do Pirh Paranapanema, a Agência Nacional de Águas e Saneamento Básico 
(ANA) desenvolveu um inventário de reservação de água inédito, e como 
modelo utilizou a Unidade do Alto Paranapanema, na vertente paulista da 
Bacia Hidrográfica do Rio Paranapanema. Na região há vários pequenos 
reservatórios e, devido à vocação da área para a irrigação, existe também 
uma expressiva demanda para novas reservações. Contudo, os 
reservatórios existentes, que provavelmente ampliariam as garantias de 
água, não são considerados nas estimativas de oferta hídrica. Por meio do 
estudo, foi possível identificar o comportamento destes reservatórios 
durante o ano. Segundo levantamento, 40% deles tem pequena redução em 
seu volume no decorrer do ano e 56% reduzem cerca da metade de seu 
volume.



Cooperative EH-NbS —> Water, Biodiversity, ecosystem Services for society, Resilience to climate change, and Cultural heritage 
thrive circular economy, zero-net transition and peace towards the Agenda 2030 



• With the augmenting inequality in the Global South, these 
feasible EH-NbS can be adapted:


•  at low cost layouts, 


• by participatory schemes and serious games, 


• to thrive circular economy, zero-net transition and peace 


• around the Agenda 2030.

Final Remarks:

Ecohydrology for Water Security in the Global South:  Cooperative Solutions for Transboundary Challenges
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"Do not pollute, but evolve!"

5th International Symposium on Healthy Rivers and Sustainable Water - ECOHYDROLOGY FOR WATER SECURITY
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 Waters for Our World!    
#OnlyOneEarth  

#OneDropOfScience  
#OneDoseOfResilience 

#ScienceForPeace

#GenerationRestoration #Reimagine #Revive #Restore 

Thank you
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