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How Can Applied Solutions on Water Security from Climate Services Help 
Reimagine Habitats, Restore Landscapes, Revive Risk Management and 

Recreate Job Market for Vulnerable Communities? 



Comparison of stratigraphic-tectonic histories 
between the Southern Sao Francisco Craton 
(SF) and the Yangtze Craton (YC)

(C) Ye, H., Wu, CZ., Yang, T. et al. Updating the 
Geologic Barcodes for South China: Discovery of Late 
Archean Banded Iron Formations in the Yangtze 
Craton. Sci Rep 7, 15082 (2017). https://doi.org/
10.1038/s41598-017-15013-4

(C) An et al (2021) Hydrological Extremes in the Upper 
Yangtze River Over the Past 700 yr Inferred From a Tree 
Ring δ18O Record, Journal of Geophysical Research: 
Atmospheres,. https://doi. org/10.1029/2021JD036109

(C) Mutti et al  (2022) Long-term 
meteorological drought 
characterization in the Sa ̃o Francisco 
watershed, Brazil: A climatic water 
balance approach, Int. J. Climatology, 
https://doi.org/10.1002/joc.7701  

NFSC(China)-FAPESP (#2022/08468-0) 
Flash drought event evolution characteristics and the 
response mechanism to climate change considering the 
spatial correlation in the Yangtze & Sao Francisco river basins
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Research Topic 1: 
Identification of 
sudden drought 

events and analysis of 
influencing factors

Research Topic 2: 
Response analysis 
of sudden drought 
events to climate 
natural variability 

under spatial 
correlation

Research Topic 3: 
Response analysis of 

sudden drought events 
to anthropogenic 

change under spatial 
correlation

Science Question 1:  
How to quantitatively 

identify and 
characterize the 

temporal and spatial 
evolution of sudden 

drought events?

Science Question 2:  
How to quantitatively 
analyze the response 

mechanism of 
sudden drought 
events to spatial 
correlation and 

climate change?

Science Question 
3: What adaptation 

pathways for 
SDGs are feasible 

to cope with 
drought impacts?

Research Method 1 : 
Sudden drought event 
identification based on 
vector synthesis method

R e s e a r c h M e t h o d 2 : 
Response analysis of sudden 
drought events to climate 
natural variability based on 
Max-stable process

Research Method 3: Response 
analysis of sudden drought 
event to anthropogenic climate 
change based on layered 
Bayesian model

Research Method 4:  
Drought resilience through 

Community-based Adaptation, 
Ecosystem-based Adaptation, 
Nature-based Solutions and 

Participative Action Research

Flash 
droughts 
for SDIC 
Program

What are Nature-based 
solutions? Setting core ideas for 
concept clarification (Sowińska-
Świerkosz, B., García, J., 2022)

Getting the message right on 
nature-based solutions to climate 

change (Seddon et al., 2021) 

Building University 
Capabilities to Respond 

to Climate Change 
Through Participatory 

Action Research: 
Towards a Comparative 
Analytical Framework 
(Nussey et al, 2022)

Nature-based solutions 
promote climate change 
adaptation safeguarding 

ecosystem services 

(Manes et al, 2022)

Participatory Action Research for 
Conservation and Development: 

Experiences from the Amazon (Perz et 
al, 2022)

UN GAR Special Report  
on Drought 2021

Global Drought 
Observatory Analytical 
Report (EC-JRC, 2021)

A hierarchical Bayesian model for 
decomposing the impacts of human 

activities and climate change on 
water resources (Zhang et al, 2019)

Climate Change and 
Community Resilience 

(Haque et al., 2022) 

A hierarchical Bayesian model for decomposing the 
impacts of human activities and climate change on water 

resources (da Silva et al, 2021)

Drought in Northeast Brazil: A 
review of agricultural and policy 

adaptation options for food security

 (Marengo et al., 2021) 

NFSC(China)-FAPESP (#2022/08468-0) 
-Flash drought event evolution 

characteristics and the response 
mechanism to climate change 

considering the spatial correlation in the 
Yangtze & Sao Francisco river basins
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Tópicos
• “Contextos”:


• IPCC/AR6 

• UNESCO-IHP IX

• IAHS PUB, Panta Rhei, …


• “Transformadores”: 

• INCT-Mudança Climática 

• INCT-Combate à Fome

• INCT-Observatório Segurança Hídrica e Gestão Adaptativa


• “Aceleradores":

• Belmont Forum Mgmt Disaster Risk & Societal Resilience 

• Centro de Matemática Aplicada à Indústria

• Centro de Inteligência Artificial


• “Atores”

• Centro de Estudos e Pesquisas em Desastres

• Mudanças Climáticas

• Cátedra UNESCO / Water Family

• @TheWadiLab
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#UmaGotaDeCiencia 
#UmaDoseDeResiliencia

Jan.
2020

Jul.
2020

Dez.
2020

Jul.
2021

Dez.
2021

Jul.
2022

Popularização Científica - Academia - Comunidade 

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


Recycling Water Assets for Sustainable Habitats 

♺💧
“ReWASH” 

Uchôa et al (2023), 
Tropical cities research 
boundaries: A bibliometric 
analysis to bridge the 
gaps through multi-
dimensional and cross-
disciplinary features, 
Frontiers in Sustainable 
Cities (Innovation and 
Governance), under 
revision, M. ID: 1154667



Directores 
Prof  Edson Wendland & J. G. Tundisi

Coordinador de Capacitación   
Prof Tadeu Malheiros

Comité Científico   Coordinador Ejecutivo  
Prof  E. Mario Mendiondo

Coordinador de Proyectos  
Prof Davi G. F. Cunha

Instituciones Asociadas

Secretaría y Apoyo a la Gestión

@eesc.usp

@UNESCO #Education #Sciences #Culture 

@unescoWATER www.eesc.usp.br 

Cátedra UNESCO de Aguas Urbanas - Calidad, Gestión, Recuperación y Reutilización 
Universidade de São Paulo, Escola de Engenharia de São Carlos 

https://www.youtube.com/watch?v=Qc2fSrdl09M

https://www.youtube.com/watch?v=z8HmtrQ9cBQ

https://twitter.com/unescoWATER
http://www.eesc.usp.br
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Case Study on water security: stormwater system optimization

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

Community of Practice of NbS 
related to: 

Real-time control, 

Smart urban drainage systems,

Control theory, 

Model predictive control, 

Linear quadratic regulator, 
Ruled-based control.
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NSA

SESA

SESANSA

IATropicalIANortheastTrades
IASouthAtlantic 

Tropical 
Atmospheric 

Moisture

Subtropical 
Atmospheric 

Moisture

Tropical Basin Local Basin

Ocean 

ET PTropicalForest ETRLocal

GWFLocal
GWFTropical GWF*QLocal

PLocal

EV*REUSE*

Recycling Water Assets 
for Sustainable Habitats 

“ReWASH” 

Longitudinal transect

Engenharia sustentável 

How can 1m2 of Amazon rainforest + 1m2 of Atlantic 
Forest help diluting Grey Water Footprint of Urban 

Waters in South American Megacities? 

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



https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf

Synthetic diagrams of 
global assessments and 
examples of key risks.

How can Water-Adaptive 
Design & Innovation with 

Hydroinformatics  
incentive adaptation and 

mitigation of climate 
change impacts?  

Mendiondo (2023) Missão de Pesquisa FAPESP, Fortaleza-CE, 6/2/2023Contextos



Stationary System State ('static' resilience) 
Stationary System’s Thresholds 

Non-Stationary System State (‘dynamic' resilience): 
Non-stationary hazards  - - - - -  
Non-stationary System’s vulnerability thresholds - - - 
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https://egusphere.copernicus.org/preprints/2022/egusphere-2022-498/

(decades) (decades)

Management of Disaster Risk and Societal Resilience
"how to contextualize the concepts about resilience”?
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https://egusphere.copernicus.org/preprints/2022/egusphere-2022-498/


Illustration of some connections across key risks

https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Te
chnicalSummary.pdf

How do new Water-Adaptive Design & Innovation 
(WADI, SDG-6) accelerate Climate Responses and 

Adaptation Options (SDG 13) through Quality 
Education (SDG 4) together?

Mendiondo (2023) Missão de Pesquisa FAPESP, Fortaleza-CE, 6/2/2023

Contextos



https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf
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https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Te
chnicalSummary.pdf

How do new Water-Adaptive 
Design & Innovation (WADI, 

SDG-6) with 
HYDROINFORMATICS   

accelerate Climate 
Responses and Adaptation 
Options (SDG 13) through 

Quality Education (SDG 4)?

Illustration of some connections across key risks
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https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Technical

Summary.pdf
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https://unesdoc.unesco.org/ark:/48223/pf0000381318

Climate Services, Water Security and Adaptation (formal, global approach)
Mendiondo (2023) Missão de Pesquisa FAPESP, Fortaleza-CE, 6/2/2023Contextos

https://unesdoc.unesco.org/ark:/48223/pf0000381318


https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf
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https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf
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https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf

Global South’s regions 
Challenges for 
Water-Adaptive  

Design & Innovation 
(WADI) 

on SuDS+NbS 
under Climate Change

New WADI’s Job 
Markets  

on SuDS+NbS  
for Climate Change’s  

impacts?

 Observed global 
and regional 
impacts on 

ecosystems and 
human systems 

attributed to 
climate change.
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 Observed global 
and regional 
impacts on 

ecosystems and 
human systems 

attributed to 
climate change.

https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf

“Confidence levels reflect 
uncertainty in attribution 

of the observed impact to 
climate change. Global 
assessments focus on 

large studies, multi-
species, meta-analyses 
and large reviews. For 

that reason they can be 
assessed with higher 

confidence than regional 
studies, which may often 

rely on smaller studies 
that have more limited 

data. Regional 
assessments consider 
evidence on impacts 

across an entire region 
and do not focus on any 

country in particular”, 
IPCC (2022)
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https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf

Some actions 
facilitate 

sustainable 
use but also 

increase 
space for 

nature.

How can 
WADI’s on NbS  

incentive 
daptation and 
mitigation of 

climate change 
impacts?  
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https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf
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https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Tech

nicalSummary.pdf

Mendiondo (2023) 
Missão de Pesquisa 

FAPESP, Fortaleza-CE, 
6/2/2023

Mendiondo (2023) Missão de Pesquisa FAPESP, Fortaleza-CE, 6/2/2023



https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Tech

nicalSummary.pdf
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https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Tech

nicalSummary.pdf
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https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Technic

alSummary.pdf
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https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Technic

alSummary.pdf
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How do new Water-
Adaptive Design & 
Innovation (WADI, 

SDG-6) Job Markets  
on SuDS+NbS  

accelerate Climate 
Responses and 

Adaptation Options 
(SDG 13) through 
Quality Education 
(SDG 4) together)?

https://www.ipcc.ch/report/
ar6/wg2/downloads/report/
IPCC_AR6_WGII_Technical

Summary.pdf

Improve water use efficiency
Resilient power systems

Energy reliability
Health & health systems adaptation

Livelihood diversification 

Human migration 
Disaster risk management 

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



How do new Water-
Adaptive Design & 
Innovation (WADI, 

SDG-6) Job Markets  
on SuDS+NbS  

accelerate Climate 
Responses and 

Adaptation Options 
(SDG 13) through 
Quality Education 
(SDG 4) together)?

https://www.ipcc.ch/
report/ar6/wg2/

downloads/report/
IPCC_AR6_WGII_Te
chnicalSummary.pdf
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https://www.ipcc.ch/report/ar6/wg2/
downloads/report/

IPCC_AR6_WGII_TechnicalSummary.pdf

How do new Water-Adaptive Design & 
Innovation (WADI, SDG-6) Job Markets  

on SuDS+NbS  
accelerate Climate Responses and 

Adaptation Options (SDG 13) through 
Quality Education (SDG 4) together)?

Example:  
How will future WADI-NbS (SDG-6) be 
accelerated as Climate Action (SDG 13) by 
todays’ Quality Education (SDG 4), i.e. 
towards: 
1. adapting critical infrastructure, networks 
and services,  
2. achieving food security and  
3. transforming water security? 

Mendiondo (2023) Missão de Pesquisa FAPESP, Fortaleza-CE, 6/2/2023



 Compound risk and compound resilience to pandemic and climate change. Source: Pelling et al. (2021)

https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter07.pdf

Cissé, G., R. McLeman, H. Adams, P. Aldunce, K. Bowen, D. Campbell-Lendrum, S. Clayton, K.L. Ebi, J. Hess, C. Huang, Q. Liu, G. McGregor, J. Semenza, and M.C. Tirado, 2022: Health, Wellbeing, and the Changing Structure of Communities. In: 
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, 
A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 1041–1170, doi:10.1017/9781009325844.009.
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Outline of how scientific understanding evolved and the way of 
thinking shifted towards new questions during the PUB Decade…

Panta Rhei Decade: Everything Flows 
(Society & Hydrology Under Change)

2020

…and how it has evolved 
into a more interdisciplinary 

field 

Last 20 years of 
Hydrology….
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What is it about 
developing countries 

that demands a 
different approach to 
‘water security’ from 

developing countries?

What new/different 
approaches have 
been proven to 

address the 
challenge of ‘water 

security’  in 
developing 
countries? 

What implications do 
these novel ‘water 
security’ have for 
strategic actions / 

governance?

How can we scale 
solutions and decision-

making using ‘water 
security’? 

How can we accelerate 
communication using 
‘Water Security’ Under 

Risks of the Food-Energy-
Health Nexus?

How Can ‘Water 
Security’ Reimagine 

Habitats, Restore 
Landscapes and 

Recreate Job Market 
for Vulnerable 
Communities?

How Can We Boost 
Community of Practice on 

‘Water Security’ Under 
Risks of the Food-Energy-

Health Nexus?

Community of 
Practice on 

‘WATER 
SECURITY’

Community of Practice of * : 
1st-iteration roadmap

“WBSRC” (*)
Water, 
Biodiversity, 
ecosystem 
Services for 
society, 
Resilience to 
climate change, 
and Cultural 
heritage

Mendiondo (2023) Missão de Pesquisa FAPESP, Fortaleza-CE, 6/2/2023Contextos, Aceleradores, Atores



• Water resources and water security 
• Nature-based Solutions 
• People Centered Early Warning Systems 
• Climate change mitigation: net zero carbon emissions, water/

energy/food nexus 
• Climate change adaptation: risk & resilience, flood 

management 
• Circular economy, treatment technologies, reuse and recycling 
• Modelling & control of water+wastewater systems, digital twins 
• Sensors and sensor data analysis 
• Water management in urban, peri-urban and rural areas, 

WASH 
•  Sustainable Insurance of WaterMulti-Risk, Multi-Hazards

Suggested topics of Applied Solutions on 
Water Security from Climate Services

"Panta Rhei" (C) 2019 I.A.H.S.

Water Wise Cities (C) 2019 I.W.A.



INCTMC2 water security  alliances with 
international initiatives of: UNESCO-IHP IX 
Phase (2022-2029), UNEP WWQA/GEMS, 
WMO Strategic Plan, #Act4SDGs, IBPES & 

COP27 to accelerate science-for-policy 
adaptation with disruptive open innovation 
for climate-resilient startups and jobs for a 

low-carbon economy under SDGs  
(2022-2030)

COVID-induced interdisciplinary communication among 
INCTMC2’s partners & pos-IPCC/AR6 intersectorial dialogue with 
international stakeholders under new regulation frameworkd of 
the Brazilian Water Security Plan (PNSH, 2019-2035), the New 

Brazilian Water Security Act (#14026/2020) and the Payment for 
Ecosystem Service Act (#14.114)

INCTM- C2 water security 
alliances with other FAPESP in-

terdisciplinary projects (C4AI 
#2019/07665-4,  MADIS 

#2019/23393-4, 
CeMEAI #2013/07375-0) 

through: NbS efficiency under LULC 
(SSP) & climate (RCP), EbA valuation 

& water risk management

TechnologyScience

Innovation

“Absorptive”-
Resilience

“Adaptive”
Resilience

“Transformative”
Resilience

HYDROINFORMATICS

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Community of Practice in the Context of 
Water security

Human dimension

Ec
on

om
ic

 d
im

en
sio

n

Resilience dimension

Ecossystem
 dim

ension

(C) Agencia Nacional de Águas - ANA
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https://www.nature.com/articles/s41586-022-04917-5

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



• NAPs: : https://www4.unfccc.int/sites/NAPC/News/
Pages/national_adaptation_plans.aspx. 

• NDCs: https://www4.unfccc.int/sites/ndcstaging/
Pages/Home.aspx. 

• Database available here: https://climate-laws.org. 

United Nations Environment Programme 
(2021). Adaptation Gap Report 2020. 
Nairobi (UNEP, UNEP DTU Partnership 
(UDP) & the World Adaptation Science 
Programme (WASP).  
https://www.unep.org/adaptation-gap-
report-2020   

NbS’ in Developing Countries: Global Adaptation Needs

https://www.unep.org/adaptation-gap-report-2020
https://www.unep.org/adaptation-gap-report-2020


United Nations Environment Programme (2021). Adaptation 
Gap Report 2020. Nairobi (UNEP, UNEP DTU Partnership 
(UDP) & the World Adaptation Science Programme (WASP).  
https://www.unep.org/adaptation-gap-report-2020   

Mendiondo et al (2022) How Can We Boost Community of Practice on Nature-based Solutions Under Risks of the Food-Energy-Health Nexus?

“The use of biodiversity and 
ecosystem services as part of an 
overall adaptation strategy to help 
people to adapt to the adverse effects 
of climate change” (Secretariat of the 
Convention on Biological Diversity 
[CBD] 2009). 

“The sustainable 
management, conservation 
and restoration of ecosystems 
to reduce disaster risk, with 
the aim to achieve sustainable 
and resilient development” 
(Estrella and Saalismaa 
2013). 

Eco-DRR is depicted as being only partially within the term NbS for 
adaptation as Eco-DRR can also refer to activities and approaches that address 
non-climatic disaster risk, such as tsunamis and earthquakes. As EbA refers to 
ecosystem-based approaches to climate change adaptation, it is situated 
entirely within the scope of NbS for adaptation. 

Seddon et al (2021) 

Glob Change Biol. 

DOI: 10.1111/gcb.15513 

Sowińska-Świerkosz & García (2022) What are 
Nature-based solutions (NBS)? Setting core ideas 
for concept clarification, Nature-based Solutions

NbS in Developing Countries: Definitions & Concepts to Apply in Demonstrative Projects

https://www.unep.org/adaptation-gap-report-2020


\↻

1 
Modelo de Governança 

recomendado via 
Subcomponente de 

Segurança Hídrica do 
INCTMC2 

(diferentes níveis 
concêntricos e 

dinâmicos que “giram” 
entre si)↺

2 
Centro: Índice de 

Segurança Hídrica 
(ANASBPNSH-2035) 
que ao girar exige 

comunicação 
interdisciplinar com 
ODSs e INCTMC2-
SegurançaHídrica

3 
Ciclo Intermediário:  

ODS (Agenda 2030), ao 
girar tem atuação 

interdisciplinar 
com INCTMC2-

SegurançaHídrica

4 
Ciclo Exterior: 

Objetivos e Metas do 
INCTMC2 Segurança 

Hídrica focada em 
Pessoas e Usuários 

(cidadãos)

Animação: dar click e aguardar; duas vezes 

(C) Martina, 9 anos,  
aluna da  
4a série



 NbS as a ACCELERATOR from Global Programs to Local Demonstrative Sites 
using WWC principles (IWA, 2019 ) + WBSRC principles (Zalewski et al, 2019) "WBSRC” : Water, 

Biodiversity, ecosystem 
Services for society, 
Resilience to climate 
change, and Cultural 

heritage

NbS 
(LID, SuDS,  

WSUD, Sponge 
Cities, WBSRC & 
WWC principles;  

see Part I) 

"WWC” - Water Wise Cities



\

“Absorptive” Resilience “Adaptive Resilience

“Transformative Resilience

Question 1: What is it 
about developing 

countries that demands a 
different approach to 

NbS-digital water from 
developed countries?

Question 2: What new/
different approaches 
have been proven to 

address the challenge 
of NBS in developing 

countries? 

Question 3: What 
implications do these have 

for strategic actions / 
governance?

Icebreking topic:  
How can we scale NbS in 

vulnerable community under 
risks of Agenda 2030’s 

SDGs? 

Icebreking topic:  
How can we communicate 

nature-based solutions (NbS) 
for decision-makers ?

Icebreaking topic:  
How can NbS help 

reimagining new habitats, 
restoring landscapes and 
recreating the water job 
market for vulnerable 

communities?

Icebreaking topic: How can we 
boost a wider ‘Community of 

Practice on NbS’ through Open 
Science ? 



Martel et al 2021, Climate Change and Rainfall Intensity–Duration–Frequency Curves: Overview of Science and Guidelines for Adaptation 
(https://ascelibrary.org/doi/full/10.1061/%28ASCE%29HE.1943-5584.0002122) 



Brazilian cases, i.e. with impacts of open water balance for 
controlling long-term streamflow

https://doi.org/10.1029/2022WR032413

Key Points: 
- assessed the controls on long-

term streamflow components 
under an open water balance 
assumption, 

- inclusion of inter-catchment 
groundwater flow improves the 
performance of aridity-based 
formulations to describe long-
term streamflow, 

- Partitioning streamflow into 
baseflow and quickflow 
improves the understanding of 
the water balance control 
mechanisms

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Brazilian cases, i.e. climate and land management accelerating the water cycle

https://doi.org/10.1038/s41467-022-32580-x 

Spatial distribution of the 
accelerating, decelerating, 
wetting, and drying 
streamflow trends in Brazil. 
The location of the four 
quadrants of regional 
streamflow trends, with 
darker colors indicating 
larger change intensities

Explanation of the color code for 
water cycle:  

“Accelerating”: 29% (2.7 m km2);  

“Decelerating”: 4% (0.4 m km2);  

“Drying”: 42% (3.9 m. km2) 

“Wetting”: 25% (2.4 m km2). 

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



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

Example I: climate services, water security and circular framework 
with feedbacks, scales and stakeholders [c]

Community of Practice  NbS 
related to: 

River pulse patterns in biomes

Flood rating curves

Flow-duration Curves

Payment of Ecosystem Services

Stakeholders’ risk aversion

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023

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


Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Incertezas de Segurança Hídrica: exemplo de 
cenários 2010-2099 com modelos hidrológicos 
diferentes(p.ex. SWAT/TAMU  MHD/INPE)….

Di
sc

re
pâ

nc
ia

 d
e 

Se
gu

ra
nç

a 
Hí

dr
ic

a 

…mas mecanismos de resiliência 
financeira (p.ex. seguros) mostram 
evidências de forte dependência 
espacial* (áreas de drenagem de: 294, 
277, 508 e 972 km2)

Intervalo de impactos…

…resiliência ecônomica diferente com escala de bacias 

“ÁGUA E A NATUREZA”: Resiliência 
depende do tamanho de bacias doadoras

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Simulated outputs of climate-driven insurance premiums for Brazilian 
Megacity’s Water U<lity from one water supply system under climate 
change scenarios for different coverage (%) considering the DURATION of 
water spell and for different future <me horizons depending on: 

1s column: Sta<onary Demand (SD) or Non-Sta<onary Demand (NSD), 2nd. 
column: climate models; 3rd-column: levels of climate perturba<on (RCPs), 
and 4th column: return period (Tr, = 2 yrs, Tr= 20 yrs, Tr = 100 yrs)

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Climate Services, Water Security and Citizen Science Awareness

Differences between 
citizen awareness and 

climate change predictions 
about grey water footprint 

from urban cities 

🤔

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



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

How can we communicate Climate Services and Water Security 
using nature-based solutions (NbS)[a] under risks of F-E-H nexus?

Mendiondo et al (2022) How Can We Boost Community of Practice on Nature-based Solutions Under Risks of the Food-Energy-Health Nexus?

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023

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


climate services, water security and ecosystem-based valuation using 
water footprint[e]

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

Example III:
Community of Practice of NbS related to: 

Grey Water Footprint

Flow-Duration Curves

Valuation Methods

Conservation Effects

Restoration Impacts

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023

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


“Water & Nature” 

🤔

New oportunities from climate 
services to envisioning water 

security and life cycle analysis

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



climate services, water security and water-quality 
scenarios of ecosystem-based adaptation [f]

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

not a paradox, but a 
EH-NbS offset !

Example IV:
Community of Practice ofNbS 
related to: Field observations, 

Scenario Criteria+Assessment,

Scaling Problems, 

Water Cycle Changes, 

Ecophysiological Patterns

“ÁGUA E O CLIMA”: Serviços 
Climáticos afetam os Serviços 
Ecossistêmicos e as formas de 

adaptação basedas na Natureza

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023

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


stormwater reuse 
in Sao Paulo Megacity [m].

Example XI:

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

Community of Practice of NbS related to: Historial trends,  Level of Rainwater Harvesting, Concurrent water-allocation, 
Decentralized Water Consumption. Socio-Hydrological Values, Beliefs & Norms

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023

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


climate services, water security and 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.

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023

https://doi.org/10.3390/w14091467


How can we scale Governance & Community of Practice of 
Applied Solutions on Water Security from Climate Services?

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

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023



Polycentric Governance for 
Climate Services & Water Security  

(ancestral culture )

Apgar, J.M., Argumedo, A. & Allen, W. (2009) Building 
Transdisciplinarity for Managing Complexity: Lessons 
from Indigenous Practice. International Journal of 
Interdisciplinary Social Sciences. Volume 4, Number 5, 
pp.255-270. 

https://learningforsustainability.net/pubs/
BuildingTransdisciplinarityforManagingComplexity.pdf 

Mendiondo (2023) Missão de Pesquisa 
FAPESP, Fortaleza-CE, 6/2/2023

https://learningforsustainability.net/pubs/BuildingTransdisciplinarityforManagingComplexity.pdf
https://learningforsustainability.net/pubs/BuildingTransdisciplinarityforManagingComplexity.pdf


Mendiondo (2023) Missão de Pesquisa FAPESP, Fortaleza-CE, 6/2/2023

• IUGG / IAHS Symposia (Berlin, July 2023), Deadline: 14 Feb., 2023 (https://
www.iugg2023berlin.org/iahs/)


• IAHS Working Group on History of Hydrology: https://iahs.info/Initiatives/History-of-
Hydrology.do 


• Frontiers in Sustainable Cities, International Day of Tropics, Deadline 22 March, 2023;  
https://www.frontiersin.org/research-topics/42680/international-day-of-the-
tropics-2022-urban-sustainability-in-tropical-cities)


• FAPESP TT-4, 24 months, FAPESP # 2022/07521-5 (https://fapesp.br/oportunidades/) 

• FAPESP TT-5, 24 months, FAPESP # 2022/08468-0 (https://fapesp.br/oportunidades/)

• Contact: emm@sc.usp.br, @MendiondoMario


Oportunidades

https://www.iugg2023berlin.org/iahs/
https://www.iugg2023berlin.org/iahs/
https://iahs.info/Initiatives/History-of-Hydrology.do
https://iahs.info/Initiatives/History-of-Hydrology.do
https://www.frontiersin.org/research-topics/42680/international-day-of-the-tropics-2022-urban-sustainability-in-tropical-cities
https://www.frontiersin.org/research-topics/42680/international-day-of-the-tropics-2022-urban-sustainability-in-tropical-cities
https://fapesp.br/oportunidades/
https://fapesp.br/oportunidades/


thank you
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 Waters for Our World!    
#OnlyOneEarth  

#OneDropOfScience  
#OneDoseOfResilience 

#ScienceForPeace
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