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A short
history of
‘wet change’

Temperature change in the last 50 years
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Average surface air temperatures from 2011 to =~ =
2020 compared to a baseline average from 1951 to
1980 (Source: NASA)

Physical drivers of climate change
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Contributors to climate change from the time o
period of 1850-1900 to the average from 2010-2019,
as reported in the sixth IPCC assessment report. All
drivers listed are human caused, as the IPCC found
no significant contribution from internal variability or
solar and volcanic drivers.
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Energy flows between space, the atmosphere, and ==
Earth's surface. Current greenhouse gas levels are

causing a radiative imbalance of about 0.9 W/m?.[12]
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A short history of ‘wet change’
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water compare temperatures tube water
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Tyndall's ratio spectrophotometer (drawing from
1861) measured how much infrared radiation was
absorbed and emitted by various gases filling its
central tube.
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Southwestern North America, cumulative
change in soil moisture, %
20 worst droughts since 800 AD

= 2000-18 drought, 2000-18, without the
actual effects of climate change*
0
Other droughts
-10

Other
megadroughts

1575-1603

O 5 10 15 20 25 30 35 40

Years since start of drought

*Adjusted according to
CMIP-5 climate models

Source: Earth Observatory
of Columbia University

The Economist



Humans unbalancing the carbon cycle

Total carbon stocks and annual flows,

gigatonnes of carbon
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A short history of ‘wet change’

Projected change in temperatures by 2090

If CO2 emissions drop to zero by 2080 (RCP2.6)

Average climate model projections for 2081-2100 =
relative to 1986—2005, under low and high emission
scenarios

The Climate Change Performance Index ranks
countries by greenhouse gas emissions (40% of
score), renewable energy (20%), energy use (20%),

and climate policy (20%).
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Global sea level history and projections
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Historical sea level reconstruction and projections o
up to 2100 published in 2017 by the U.S. Global
Change Research Program!'31!

Total fossil fuel CO, emissions, 2000 to 2019
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China

Since 2000, rising CO, emissions in China and the
rest of world have surpassed the output of the United
States and Europe.[?78

Greenhouse emissions by economic sector
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Direct emissions (75% of total)

' Emissions from electricity and heat
production used by sector (25% of total)

Economic sectors with more greenhouse gas ==
contributions have a greater stake in climate change
policies.

Per capita fossil CO, emissions, 2000 to 2019
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Per person, the United States generates CO, at a o

far faster rate than other primary regions.?”é!



- Changes, fast and slow, in the climate and its politics
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Humans unbalancing the carbon cycle

Widely Available Energy Efficiency (EE) and Renewable Energy (RE)
Technologies That Support Zero Carbon Buildings

Crash and recovery
Global annual industrial CO, emissions, gigatonnes
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financial
Crisis

— EMISSIONS

=== Extrapolated
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*Based on trend in five
years prior to event

Source: Global
Carbon Project

The Economaist
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Humans unbalancing the carbon cycle

How hypothetical technologies shape climate scenarios
Most climate mode! scenarios rely on carbon dioxide removal (COR) technologies to limit future temperature rises.
Reliance on these technologies in models 15 problematic because they remain untested at the required scales.
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Negative emissions: (1)enhanced weathering
(2) reforestation (3) soil improvement (@) BECCS* (5) DAC*

Sources: California
Polytechnic; IPCC *Explained in text

The Economist
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Quais cenarios estratégicos para recursos hidricos em bacias

hidrograficas para o periodo 2021-20507? Clima-Agua-Megacidades

Millennium Ecosystem Assessment ):
“Order from Strength” (reactive /
regional)

“Global Orchestration” (reactive /
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Dernnnranhin. enenario
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Quals indicadores de ameacas, vulnerabllldades

e adaptacao das componentes hidrologicas sob

mudancas (do clima, do uso do solo, do padrao :
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Aguas Subterraneas da Bacia do Paranapanema

O Projeto Rede Integrada de Aguas Subterraneas foi desenvolvido em parceria cor
0s geologos do Paranapanema e traz um amplo estudo sobre os aquiferos presente
na Bacia Hidrografica do Rio Paranapanema e sua utilizacao. A partir dai foi possive
criar um planejamento para a implementacao da rede de monitoramento d
aquiferos da Bacia. O Projeto apresenta a proposta de areas prioritarias para locaca
de Postos de Monitoramentos (PMs) - 18 no Estado de Sao Paulo e 20 no Estado d
Parana, assim como mostra os ja existentes; ele ainda define as estratégias d
implementacao da rede, com a instalacao dos equipamentos e manutencao com

estimativa de custo. Os resultados do projeto serao amplamente divulgados apos
entrega oficial dos relatorios finais.



Potential for environmental recovery
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Figure 2. A perceptual approach of local environmental projects to restore biodiversity loss at urban micro-catchment of

Tijuco Preto Creek, Sao Carlos, Brazil. Total specific cost of biodiversity restoration project was calculated in 2.5 million
US$km? of drainage area of river basin. Total environmental services of urban catchment are estimated in ca. 28 to 33 mil-

lion US$4&m?*. Source FIPAI-PMSC (2005).



T, : Pre urbanization

0, \

Tr,-Return period

Scenario at a time zero,
considered here as prior
urbanization.

Increase of urbanization
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Scenario with land use and
occupation changes - increase
of urbanization.
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Mitigation of runoff and pollutant
excess caused by urbanization
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LID structure - 1G

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 Macedo!, M N Gomes Junior?, T R P de Oliveira3, M H. Giacomoni4, M Imani5, K Zhangé, C A F do Lago’, E M Mendiondo?
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climate change.
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of climate change P, >P,
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Sustainable Development Goals:

Tr,-Return period

Scenario with urbanization and
climate change.

Mitigation of runoff and pollutant
excess, re-inserting them into the
hydrological cycle and watershed
life cycle

Moving toward UN Sustainable
Development Goals.

e.g.: Integration with water-energy-
food nexus. Carbon storage and
sequestration alternatives.
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Vaz3o Especifica (L s~ Km?)

Produgdo de POI (Kg ha™ano™)
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e adaptacao das componentes hidrologicas sob
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http://www.incline.iag.usp.br/data/arquivos download/AmbrizziJacobiDutra2015.pdf



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

First, a Water Footprint Generator module (WFG) is mathematically oriented into

a new multiscale water balance equation with traditional components of
precipitation, evapotranspiration and runoff, as well as with water supply, sewer

production and virtual water fluxes, including garbage production.

P
Brazilian Federal Law of Urban Waters
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CBH-Paranapanema

e VVazao de referéncia unificada: A vazao de referéncia
para outorga em toda Bacia foi unificada, passando
a ser adotada a variavel hidrologica denominada
Q95%. A acao visou consolidar a outorga de direito
de uso da agua, como instrumento de gestao
efetivo na Unidade de Gestao de Recursos Hidricos
(UGRH) Paranapanema, unificando-o no ambito da
gestao. A vazao refere-se ao volume de agua ou
efluente que passa, na unidade de tempo.



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

Introduction

 The UNESCO-IHP-Phase IX
(2022-2029) incorporates

Ecohydrological Sciences For - -
for water security in a PR Ecchydrology & Hydrobiology (=5
changing environment. o —

= How to boost Ecohydrological

IHP-IX Impacts of COVID Nature-Based Solutions in water

o mmas pandemic and food quality management
Woktalia e e insecurity accelerate the Bl s KN i SRl

usability of ecohydrological
nature-based solutions a] : https://doi.ore/10.1016/j.ecohyd.2021.11.005

(EH-NbS)@l, as cooperative
as transboundary.

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


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

based

Sao Carlos-SP, Brazil / EEM.M. 2022
for Transboundary Challenges
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To share recent
interdisciplinary examples of  Low cost, nature-based solutions

EH-NbS linked to the for managing aquatic resources:
“WBSRC™PI (Water, integrating the principles of

Biodiversity, ecosystem Ecohydrology and the Circular

Services for society, Economy
ReSiIience tO Climate Change! Maciej Zalewski 1 2, Giuseppe Arduino 3, Giovanni Bidoglio 4, Wolfgang Junk>, \
and Cultural heritage) Johannes Cullmann ¢, Stefan Uhlenbrook 7, Jun Xia 8, Carlos Garcia de Leaniz®,
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[b]: https://do1.org/10.1016/1.ecohyd.2018.12.001
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Exam ple | circular framework with feedbacks, scales and stakeholders (¢!

Climate Services

Adaptation Assessment services Projects

(from CBD, 2010) (2),3),(4) | :: (2),(3),(4) | ! (2),(3),(4)

e .3‘ !‘ : Volume 8, December 2017, Pages 1-16
ELSEVIER
Maria Clara Fava « Step I: Step II: y _
. - - | : & Roberto Fray ™  Ecosystem Ecosystem Ecosystem ||
Hydrological services in the ' " Assessment Sustainability Resilience
i e -IIIIIIIIIII.I‘IIIIIIIIII EEEEEEEENERN EEEEEEEEREERI T
- A [ ; ' r L Vulnerability, Impacts from Adaptation, :
At]-antlc FOreSt, BraZ]-l' An | - : Risk-based Analysis | ™ l Hazards and drivers of Mitigation and Risk- of ‘
. . (adapted from IPCC, [™*  Exposure B change Transfer Options 5"
ecosystem-based adaptatlon using 2014) : 12).(3)-(4) Y1), 2,03, 4) (2).(3), (4) .*: 1
o ° ° -'IllIlIIllI_l‘I:-lllllll—l.r'rllllllllll lllllllllli'l
ecohydrological monitoring : Scope Sustainabiity e U |
Water Footprint and Assessment and Decision Making : :
: 5O pe : e - (adapted from | Accounting hot-spots Scenarios 1 1L
Denl,se Taffarello 2 A &, Maria do Cafrmo CaI.IJUI“I , Ricardo A. Gorne Viani Ee : :Hoekstra etal., 2011) | (3), (4) (3),(4) (2),(3), (4) | |
, José A. Marengo “ &, Eduardo Mario Mendiondo ? & & g N - ol 0l
- o) SRR RERRRERRERERNNRERRERRRRE ..;aﬂji;g..l .\N.at.er.P.ES.P:c;j.e:ts.ﬁ :
. . . . . , Y4, L Ecosystem -
[Q ' http si//dot. OIE /10.101 6/‘] cliser.2017.10.005 " Ecosystem-based ' Services ~ ecosystem . River Restoration ®! |js=
'i'-,

Cooperative EH-NDbS related to: ' — |

Sontinuous = cks an ps Luis Castillo &
EcosyStem Step'by‘Step ApprOaCh - across spatiotemporal scales and among stakeholders | Fabricio Navarro
Flexibility to adapt to different approaches
High recursivity (feedback loops)
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Exam ple | circular framework with feedbacks, scales and stakeholders (¢!

-13

-31

-22

4 Location in
k’ South America

Legend
[ Brazi & o 315 630 1260 o .
i T
- Atlantic Forest Geographic Coordinate System: GCS ?
[ ] Brazilian States Datum: SIRGAS 2000
1 1 1 1 1
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h.
Bruzilisn S WATER-PES PROJECTS BY STATE IN THE ha
raziiian States ATLANTIC FOREST

Climate Services
Volume 8, December 2017, Pages 1-16

River pulse patterns in biomes

- Cooperative EH-NDbS related to: .

ELSEVIER

-lood rating curves -
Hydrological services in the — ~ -
Atlantic Forest, Brazil: An low-duration CUFVGS .
ecosystem-based adaptation using Dayment of ECOSYStem Services Xo= {AQk: A}
ecohydrological monitoring Stakeholders’ risk aversion |

Denise Taffarello ? & &, Maria do Carmo Calijuri =, Ricardo A. Gorne Viani b
,José A. Marengo © &, Eduardo Mario Mendiondo # &

[c]: https://do1.org/10.1016/j.cliser.2017.10.005
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* Proposta metodologica para o enquadramento dos corpos d’agua da
bacia: O projeto que esta desenvolvendo a modelagem hidrologica da
Bacia Hidrografica do Rio Paranapanema, também trara as bases para
que o Comité inicie o dialogo sobre enquadramento de corpos d’agua. O
estudo esta sendo desenvolvido pela Universidade Federal do Parana
(UFPR) juntamente a Agéncia Nacional de Aguas e Saneamento Basico
(ANA). O projeto resultou em um mapa interativo em que € possivel ter
diversas informacoes, como ocupacao de solo, outorgas e qualidade dos
cursos d’agua, de toda a Bacia do Paranapanema. A entrega sera feita
durante o Encontro Integrado.
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Example |[|I: multi-stage disaster risk reduction (DRR) management (]

Cooperative EH-NbS related to:
Risk Aversion Framework
Willingness-To-Adapt Ability
Non-Stationary to Stationary Gap

- ) At
£5 u“{:\ W _
& s %Y
TR AN 41 "_(,. 04

w3 54

TSI . ECOHYQROLOGY
S5 Ecohydrology & Hydrobiology [momomois
Sl Volume 21, Issue 3, July 2021, Pages 443-453 ;
ELSEVIER

f
-
I

A novel multistage risk
management applied to water-
related disaster using diversity of
measures: A theoretical approach

Fabricio Alonso Richmond Navarro & =, Gabriela Chiquito Gesualdo, Renan

Gon Ferreira, Luis Miguel Castillo Rapalo, Marcos Roberto Benso, Marina
Batalini de Macedo, Eduardo Mario Mendiondo

[d]: https://do1.0rg/10.1016/1.ecohyd.2021.07.004

First Moment

ﬁ
Nature-based

Solutions (NbS) Second Moment

ﬁ

Multidimensional
indices

Maintain the flow of
matter and energy

Human £

Ecosystem
activities \ Maintenance of the /
(s

hydrological cycle

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

Resilience to
natural hazards

Figure 1. Relationship of three main elements of water security. Description: In gray boxes the relationship of three main elements of water security:
human activities, ecosystem maintenance, and resilience to natural threats, in two different moments: conventional approach (orange arrows) and a novel
approach using NbS, insurance policy and multidimensional indices (blue arrows).
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Example llI:

Cooperative EH-NDbS related to:
Grey Water Footprint
Flow-Duration Curves
Valuation Methods
Conservation Effects
Restoration Impacts

AR
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ecosystem-based valuation using water footprintle!

Secondarydata & environmental standards
Pollutant loads (WaterES demand) Water yield (\\ aterES supply)

Observed grey Water Reference grey Water | Long-term ﬂow (Qlp) l
Footprint (gres WF) Footprint (greyWFref)

L\Wﬁq Science of The Total rerdii al
e Environment (e
" -. asins under
[;1‘_5[\,’[ ER Volume 738, 10 October 2020, 139408 different [greyWF - grey nfrg'] Prod RVC = reference value |
climates = for .conservation
drainag " Watershed Degradation (WD) (USS/ha.year) |
¢ o areas, land |
Ecosystem service valuation _ uses and river
: regimes |
method through grey water (water
quantity and

footprint in partially-monitored

subtropical watersheds

D. Taffarello P & & M.S. Bittar € K.S. Sass
E.M. Mendiondo ?

d M.C. Calijuri

4 D.G.F. Cunha?,

t'c?
E_ L2

f

WD <=0, assumes minimal value (¥ WaterES = VRC)
WD > 0, leads to higher values (VWaterES> VRC)

Funder

Pt §
g’

3 s
( Monetary incentivefor water related J

ecosystem services (WaterES)

|e]: https://doi.org/10.1016/].scitotenv.2020.139408
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How can we communicate ecohydrological nature-based

solutions (EH-NDbS)2l, as cooperative as transboundary?
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Example |V:

Hydrol. Earth Syst. Sci., 22, 46994723, 2018
https://doi.org/10.5194/hess-22-4699-2018
© Author(s) 2018. This work is distributed under
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water-quality scenarios of ecosystem-based adaptation !

Hydrology and ¢ ==&

E U

Earth System
Sciences ¢

[f]: https://do1.0rg/10.5194/hess-22-4699-2018

Modeling freshwater quality scenarios with ecosystem-based
adaptation in the headwaters of the Cantareira system, Brazil

Denise Taffarello!, Raghavan Srinivasan?, Guilherme Samprogna Mohor!~, Jodo Luis Bittencourt Guimaries®,

Maria do Carmo Calijuri', and Eduardo Mario Mendiondo'
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Cooperative EH-NbS related to:|&¥
Field observations, AP TR
Scenario Criteria+Assessment;~| £ g
Scaling Problems, ' '
Water Cycle Changes,
Ecophysiological Patterns | £

A L__ ! Cantareira system LAND USE B vaTeR
PCs watersheds [l AGRICULTURE [ ] PASTURE
70 e S2+FbA (2035) | Stateboundaries [l nATve veceTaTion [T URBAN AREAS

UCALYPT
DATUM: SIRGAS 2000 L -

PROJECTION: UTM 23S

E
% 60 = 52 (2010) A
< |
— not a paradoxe, but
- 50 4 AL . EH-NbS offset !
I,
: 40 A
Q
& 30 4 )
@ I % LR
W -’ Y 1 "
"g 10
2 0
0 20 40 60

Mixed forest LULC; % of river basin area)

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


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

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

Example V: modular bioretention systems for sustainable stormwater management L9

Current — 2025 2025 - 2050 2050 - 2100
enario 1

r\\

Scenario 2 Scenario 3
» B
L "

Bl Overflow Cooperative EH-NDbS related to:
alnia . . .
Inflow l o — Flexible, adaptive design,
— ompson weir : : " | iy
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Example VI: online, in-situ water quality monitoring!t

w Description Research Findings
Description o equipment had 2 g-OOdnmi Built a remotely operated The proposed hardware and _
i underwater vehicle with an software designs can monitor ORP Coo perahve EH-NDS related to:
014 x10°C : | ORP sensor in water : :
moritor = . ter. i wed a close 1 Water Quallty Variables
drinking W2 The res‘élt:‘:::n TLF and E. colt Mahalanobis distance method with . ’
han-Like CorFelaho:l\el 3Vaters and proof of Used a commercial ORP sensor to DW quality sensors has a good P hyS ical |y- based Methods,
Used a TryPOP ™ - 0 to in MOCE -t a sensitivity of monitor water quality. potential to be applied in warning
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monitor E- COll m —.. - .
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Developegetect microorganisms It total cohfor{:S within 30 minor sS4 quality assessment, with the ORP water qualitv readine data Lab teStS,
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\ e vic method A in real-time. Calibration & Validation
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Q{? sustainability [ NRMSE < :
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Review Used a nicrobiological qemonstrated that thes o labe
Advances in Technological Research for Online and In Situ = netric sensor o measure biological parameters st
° . ° ° - - a
Water Quality Monitoring—A Review | Oti‘l‘ﬂoe . water by electrical monitored in natu;al “e,cision
| ga ns. mel high Pt .
Gabriel Marinho e Silva 1'*{J, Daiane Ferreira Campos !, José Artur Teixeira Brasil (", Marcel Tremblay 3, | S'lgna1 Patter exire Y I

Eduardo Mario Mendiondo !© and Filippo Ghiglieno 4*{

[h]: https://doi.org/10.3390/su14095059
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O Cyber
Services Entity security

Example VII: digital twins [ e e

O Visualization

Cooperative EH-NDbS related to:
Digital Twins, ga:?
- Reliabilty | Scaled NbS, / . \

Sensors, : sads
. Maintenance @ .t,“? . =& . O Modeling and
Citizen Data, et : simulation
i1t Sensoring . : Real-time
o~ " urban contex Entltles’ @ ) O control signals
Stormwater drain e 4 Eoosystem services Flexible To pOlOgy of Problems oo : - o : Scenarios
Iatlons Physical : Digital .@® 2 ;
"99“ structures Entity . entity " simulations
Maintenance and
Stormwater drain (downplpe) Improvement & E Features
Selected -. ¢ ® : :
native plants Dag’?tl::lllty Visualization Analysis Opce()r’?tt:g:\al di aerrrlgrsis Data entity
9 Physical entity
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Hyd roinformatics -~ — PUBLISHING @ >
Data storage | » Precutpltatlon
© 2022 The Authors Journal of Hydroinformatics Vol 00 No 0, 1 doi: 10.2166/hydro.2022.142 @ | e
Citizen data NbS model WIonRiNy
Can we scale Digital Twins of Nature-based Solutions for stormwater and transboundary LS ) . | Resolution of data
water security projects? ¥ ® 1 min
José Artur Teixeira Brasil (2", Marina Batalini de Macedo®, Thalita Raquel Pereira de Oliveira?, Filippo T Real-time ) ® Hourly
Giovanni Ghiglieno¢, Vladimir Caramori Borges de Souzad, Gabriel Marinho e Silva3, Marcus N6brega Gomes control thodelt @ Monthly
Janiora, Felipe Augusto Arguello de Souza? and Eduardo Mario Mendiondo® L operation el °°

[ ﬂ : h t tp S : / / dOl . Org / 1 O . 2 1 6 6 /hy drO . 2 O 2 2 . 1 4 2 ::IIg:;Se :g;gv%zr;tzg cﬁamﬂg:ge‘rrg:ndg';aa;e(s;(;ggifn and update frequency can be adapted for different NbS or different modeling tech-
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citizen science and low impact development U]
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Figure 8. Maximum water depth difference between catchment conditions with and without LID
practices for the future climate conditions. Hydrodynamic simulations with: (a) a weak rainfall input,
(b) a moderate rainfall input, (c) a strong rainfall input, (d) an extreme rainfall input, and (e) the
average of all rainfall inputs for the future scenario.
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* A Industria na Bacia do Rio Paranapanema: “A Industria na Bacia do Rio
Paranapanema - Uso da Agua e Boas Praticas” mostrou que a Bacia do
Paranapanema conta com mais de 20 mil industrias, sendo 99 setores
diferentes. O estudo, que & pioneiro, caracterizou o perfil de uso da agua
e estimou a carga efluente potencialmente poluidora da industria,
considerando as reducoes geradas pelas acoes sustentaveis de
racionalizacao do uso da agua e tratamento ou reuso de efluentes, ou

seja, as boas praticas desenvolvidas.
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 Reservacdo de Agua no Paranapanema: Em atendimento a uma das acoes
do Pirh Paranapanema, a Agéncia Nacional de Aguas e Saneamento Basico
(ANA) desenvolveu um inventario de reservacao de agua inedito, e como
modelo utilizou a Unidade do Alto Paranapanema, na vertente paulista da
Bacia Hidrografica do Rio Paranapanema. Na regiao ha varios pequenos
reservatorios e, devido a vocacao da area para a irrigacao, existe tambéem
uma expressiva demanda para novas reservacoes. Contudo, os
reservatorios existentes, que provavelmente ampliariam as garantias de
agua, nao sao considerados nas estimativas de oferta hidrica. Por meio do
estudo, foi possivel identificar o comportamento destes reservatorios
durante o ano. Segundo levantamento, 40% deles tem pequena reducao em
seu volume no decorrer do ano e 56% reduzem cerca da metade de seu

volume.
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Final Remarks:

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.

"Do not pollute, but evolve!"

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

Assoc of Local Dwellers - Toninhas Beach, Ubatuba-SP / EMM 2021
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