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Climate Change and

Drought in Northeast Brazil: A Community Resilience
review of agricultural and policy (Haque et al., 2022)
N GAR ial R rt adaptation options for food security Getting the message right on
UN G Spec a’ hepo (Marengo et al., 2021) nature-based solutions to climate

on Drought 2021

change (Seddon et al., 2021)

What are Nature-based
solutions? Setting core ideas for
concept clarification (Sowinska-
Swierkosz, B., Garcia, J., 2022)

v
N - . Research Method 4:
Research Method 1: Rlzseat!'fc_:h I.OP'C : Drought resilience through  <—__  Building University
Sudden drought event entification o Community-based Adaptation, Capabilities to Respond
identification based on sudden drough_t . Ecosystem-based Adaptation, T;O Chrk??;e Change
vector synthesis method <, events and analysis of .* " Nature-based Solutions and foudn Participatory
" “., influencing factors N Participative Action Research Towards a Comparative
‘. T . L 4 . Analytical Framework
. . . . > (Nussey et al, 2022)
Global Drought * ¢ °

Nature-based solutions

promote climate change

adaptation safeguarding
ecosystem services
(Manes et al, 2022)

Observatory Analytical
Report (EC-JRC, 2021)

Participatory Action Research for
Conservation and Development:
Experiences from the Amazon (Perz et
!, al, 2022)

}

Research Method 3: Response

. k Research Topic 2: Research Topic 3: analysis of sudden_ drc_)ught
Research Method 2: Response analysis Response analysis of event to anthropogenic climate
Response analysis of sudden of sudden drought sudden drought events ;ha"qe ba?jeld on layered
drought events to climate events to climate to anthropogenic : yelan mode

natural variability based on

change under spatial _ . - -
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natural variability
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A hierarchical Bayesian model fio;::‘(“
decomposing the impacts oj)hu-m"ah :
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A hierarchical Bayeéi for de omposing the

d water resourcegg(Zhang et al, 2019) >
impacts of human activities and climate change on water S e
resources (da Silva et al, 2021) 2 - NFSC(China)-FAPESP (#2022/08468-0)
T p» -Flash drought event evolution
R characteristics and the response

mechanism to climate change
considering the spatial correlation in the
Yangtze & Sao Francisco river basins
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Case Study on water security: stormwater system optimization

ASCE | LIBRARY

JOURNALS BOOKS v MAGAZINES -~ AUTHOR SERVICES v

Journal of Water Resources Planning and Management / Volume 148 Issue 12 - December 2022

Technical Papers 8 Downloaded 619 times

Flood Risk Mitigation and Valve Control in

A

Stormwater Systems: State-Space
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Forest help diluting Grey Water Footprint of Urban
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T T —" Global and regional risks for increasing levels of global warming

global assessments and

examples of kev risks. (a) Global surface temperature change (b) Reasons for Concern (RFC)
& ) Increase relative to the period 1850-1900 Impact and risk assessments assuming low to no adaptation
: °C
How can Water-Adaptive e — Risk/impact

Projections for different scenarios

Design & Innovation with
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Management of Disaster Risk and Societal Resilience

"how to contextualize the concepts about resilience”? Non-Stationary System State (‘dynamic' resilience):
Non-stationary hazards - - - - -

Non-stationary System’s vulnerability thresholds - - -
Stationary System State ('static' resilience) -

Stationary System’s Thresholds -

) 2
:#:::Elln
>

Non-Stationary
System State

Index

Index

Stationary System State Variable

TIme (decades) Time (decades)
https.//equsphere.copernicus.org/preprints/2022/equsphere-2022-498/
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(a) Interactions across the eight Representative Key Risk level

lllustration of some connections across key risks

Contextos
How do new Water-Adaptive Design & Innovation

Climatic + . :
impact- PO e (\VADI, SDG-6) accelerate Climate Responses and

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

\
\'_

-~

' ; ;
dacal ot Ecosystem
Recent development trends and * (& ecosystem
ecological conditions \ / services) - schou(:(ijt —
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Water
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L X
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Population growth / {+—Infrastructure

Settlement trends / N ®
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.
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Resources use @ y mobility
Indigen./local knowledge ®
etc. — i} Living
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@
* CIDs are physical climate system conditions (e.g., means, events, extremes) that affect an element of society or ecosystems. Indiced changes are system-depend-
http s://WWW ip cc.ch/ ent and can be detrimenlal, beneficial, neutral, or a mixture of each. {\WGI AR6 SPM}
repo rt/ar6/ w(J 2/ Risk cascades ** Representative Key Risks
downloads/ repo rt/ __=—Across key risks @ A (Low-lying coasts) @ B (Ecosystems) @ C (Infrastructure) ® D (Living standards)
|PCC_AR6_WG Il Te . Climate-driven © E (Human health) ® F (Food security) ® G (Water security) @ H (I;elace; and human
mobility

chnicalSummary.pdf

** As illustrative suggested rather across than RKR comprehensive, assessments; and qualitative rather than quantitative
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(b) Global distribution of population exposed to potentially deadly conditions from extreme temperatures and relative humidity.

Map data without accounting for heatwaves.
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(b) lllustration of interactions at the Key Risk level (e.g. from ecological risk to key dimensions for human societies)

lllustration of some connections across key risks
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* CIDs are physical climate system conditions (e.g., means, events, extremes) that affect an element of society or ecosystems. Indiced changes are system-depend
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Evaluation and communication of degree of certainty in AR5 and AR6 findings

1. What evidence exists? —p 4. Evaluate confidence based on > 6. Evaluate likelihood

i gvience Bnc agreemeﬂnt Virtually certain that there has been a
"é Statistics High agreement ' High agreement change (99-100% probability)
Limited evidence | Robust evidence
@ Models Medium agreement
® Observations é Medlum eviCEHE
o | Low agreement
& £ t S | Limited evidence
Xperiments % Evidenica 5 Likely that there has been a change
(66-100% probability)
Very high confidence
2. Evaluate evidence
High confidence
Type Quality
and scientific agreement | W confidenice probability
Virtually certain 99-100%
O——- Very low confidence Extremely likely 95-100%
1 . 0
3. Sufficient evidence and Zi;y,}flkely gg}ggoﬁ:
agreement to evaluate 5. Sufficient confidence and quantitative More likely than not >50-100%
confidence? or probabilistic evidence? About as likely as not 33-66%
. : Unlikely 0-33%
https://www.ipcc.ch/ ey ity S (ot
report/ar6/wg2/ Extremely unlikely 0-5%

Exceptionally unlikely 0-1%

!

downloads/report/
IPCC_AR6_WGII_Technical

Summary'pdf Present evidence and agreement Present confidence Present likelihood
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Climate Services, Water Security and Adaptation (formal, global approach)

Intergovernmental Hydrological Programme (9th Phase of IHP 2022-2029)

“ 5 Priority Areas

1. Scientific research and innovation
Sy ek il /. Water Education in the Fourth Industrial Revolution including

Resilient societies Sustainability
. Bridging the data-knowledge gap

3
/L. Integrated water resources management under conditions of
global change

5. Water Governance based on science for mitigation, adaptation and

resilience

UNESCO IHP-IX 2022-2029 ° 34 expected outputs
Science for a Water Secure
World in a Changing — The Strategic Plan has been approved with its 5 priority areas and
Environment 34 expected outputs by the IHP Council in its 24" Session last June
Sciences: Research and Innovation .« ey
* 150 Key activities
Water Education in the fourth industrial

— Operational Implementation Plan endorsed at the 25t Session of
the IHP Council 26-29 April 2022

revolution including sustainability

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


https://unesdoc.unesco.org/ark:/48223/pf0000381318
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(d) Drought is exacerbating water management challenges which vary across regions with respect to anticipated water scarcity
conditions by 2050.

i X g
Policy challenges 2 Ry \
Water scarcity — >0.4 FC5[0; (IR \
Index in 2050 Ik i " R
(median) % ¥ .
S ey e
<0.4 BRI"AN Medium L 2 J
f"-? - -.-ﬁ‘? ,‘t"
Stable  Increase ‘;,e,,_'.:‘: 6 R i gt
Uncertainty change & ~
present day to 2050

https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf
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From climate risk to climate resilient development: climate, ecosystems (including biodiversity) and human society as coupled systems

(a) Main interactions and trends (b) Options to reduce climate risks and establish resilience

Climate Change Future Climate Change

causes Limiting Global Warming
Impacts and Risks

From urgent to
timely action

)

Climate Resilient

Development
Human health & well-being
equity, justice

Governance /

_ ‘ . Human Systems Ecosystem health ,// Ecosystems

Human Society 4/ Ecosystems Finance Transitions Planetary health  #  Transitions
Limits to adaptation " including biodiversity Knowledge and capacity Societal | Energy P Land | Freshwater

Losses and damages — Limits to adaptation Catalysing conditions Industry | Urban, Rural _ Coastal | Ocean

& Infrastructure

Losses and damages E
; : - cosystems and
W Technologies W their biodiversity
T Conserves, restorS— M"M
S C
\Q yStem based app(Oa
[I. . rOViSiOf/ W
Yelihog e Son\C® Liya I S

\C®
00ds, Ecosystem Set

https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGIIl_TechnicalSummary.pdf
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Observed global Impacts of climate change are observed in many ecosystems and human systems worldwide
and regional . .
: 9 (a) Observed impacts of climate change on ecosystems
Impacts on . . e
Changes in Species Changes in timing
ecosystems and ecosystem structure range shifts (phenology)
human systems Ecosystems Temrestrial  Freshwater ~ Ocean Terrestrial ~ Freshwater ~ Ocean Terrestrial ~ Freshwater ~ Ocean
attributed to Confidence
in attribution

‘ ‘ ‘ to climate change

@ High or very high

Global South’s regions

climate change. Clobat . o & ‘ &

Challenges for ez @
: @ Medium
Water-Adaptive wsia @) @ @ i e
Design & Innovation Australasia @) @ @ & @ I
(WADI) sonimec: @ @ @ @ o O 0} insufficent
on SuDS+NbS Europe ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ na Not applicable
under Climate Change North America () & O & & & & )
Small Islands ‘ . . . . . .
wic @ @ @ 0@ ¢ & o ©
I t
Antarctic ‘ . . . . fc:)nm;asn systems
New WADI’s Job Mediterranean region in panel (b
Markets T e e o | - Increasing
Tropical forests . na . na | na adverse
On_ SUDS+NbS , Mountain regions . . na ‘ na na S
for Climate Change’s e ——————a———So——— . — - o $ Increasing
im pact S? Deserts na na na na na na gn\éeg':')(; e
Biodiversity hotspots ' ‘ s dI0t Impacts

https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGIIl_TechnicalSummary.pdf
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Observed global £02) . :

and regional (b) Observed impacts of climate change on human systems
= I I E E E N EEEEE N EEEEEEEEEEEEN)y -------------‘
Impacts on - Impacts on - Impacts on _ Impacts on 0
ecosystems and » water scarcity and food production = health and wellbeing I cities, settlements and infrastructure
. Animal and  Fisheries m g Inland Flood/storm Damages I
human systems o Agriculture/  livestock  yields and = Heat, floodingand  induced Damages tokey 1
ib d Humana ater crop health and  aquaculture® Infectious malnutrition ~ Mental 0 associated  damages in to economic
attributed to systems s scarcity ~ production  productivity production 5  diseases and other health DisplacementI damages coastal areas infrastructure  sectors |
climate change. . - i '
N . [
“Confidence levels reflect . - I 1
uncertainty in attribution Glahals= | - . _ - ;
of t_he observed impact to ' ACica™ ° - . ° ° 0
climate change. Global : - '}
ts f Asian €3 - ' (- &
assessmen.s OCUS pn - . a
large studies, multi- Alistralasia® - . Q -
species, meta-analyses . Central ands - not 0 I
South America® . assessed _ | |

and large reviews. For
that reason they can be Europe

)
4

00000200000
0000000000

assessed with higher North America Q 6
conf_ldence_than regional sl lelande Q
studies, which may often |

rely on smaller studies Arctic & =

that have more limited Cities by the sea et o °
data. Regional Mediterranean region ass‘;‘s’,},ed

assessments consider -
evidence on impacts Mountain regions
across an entire region
and do not focus on any
country In particular”,
IPCC (2022)

©0 ©00C0000|0

000000000000
00000000000 0

na

https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_TechnicalSummary.pdf
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(d) Adaptation pathways for ecosystems.

Some actions

facilitate Adaptation options can be facilitated by actions Strategies Examples for actions
: which increase the solution space such as — Protect .. Networks of Protected Areas combined with zoning increase resilience.
sustainable consideration of local knowledge, new regulations — Restore/migrate ii. Assisted migration and evolution might reduce extirpation and extinction.
use but also and incentives but also decrease due to climatic — Sustainable use iil. Adaptation and mitigation increase space for nature and benefit society.
_ and non-climatic stressors and maladaptation. @~ ... Uncertainty in effectiveness E Iv. Ecosystem-based Adaptation (EbA) and Nature-based Solutions (NbS).
INncrease with increasing pressures — H— — | — -
space for Enablers Barriers
nhature. Consumer choices reduce demand on managed systems
Experiments & pilots can roecolo y JY Low population growth & demand

help design effective actions —J'\ for food can make land availalbe
How can : pa—. R B B e .

: NP v—§™e—mmmnmSm
WADI’s on NbS [ gisermpeperoypayes P EbA/Nbs )

..................................

e e ———————————— —————————————————————————————————————————————— 1| X W i BRI % 2 & OS85 SR o % 25

Incentive O P A ko, Reforestation
Mitigation option § More frequent extreme events

: > o,
) desne as bS ] \ Pdigenous estoration \

knowledge

Assisted evolution

daptation and
mitigation of
climate Change National & international practices

Assisted migration

/

Experiments and pilots
can help design

/ Zoning around Protected Areas effective actions

Identify

policies for protection refugia

impacts?

Monitoring & early-warning systems
for climate change

"/ Networks of Protected Areas

\_'
Habitat diversification in Protected Areas

Protected Areas

Assessment of
implementation . .' .n ', ' '. ' ' '
Time with increasing , . e .' ° . Q . ®

s N N f rreeY ! f 'Y

https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGIIl_TechnicalSummary.pdf
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(c) Observed and projected impacts from climate change in the water cycle for human managed systems and crop yield productivity.

Most regions have already experienced negative

impacts on the water cycle and agricultural
productivity.

Direction of impact

Impacts
CDT_) [:' O on human
Positive Negative Mixed managed
systems

Confidence in attribution

to climate change

Observed / Projected” Impacts
o D) on crop
yield

@ productivity
low Medium High

Africa

-
Water quality:

WaSH** ¢
Groundwater'

\Agriculture,
a

Maize'
Rice! wmm

Soybean; wmm |

- Wheat &

*Mid-century at RCP4.5 (~2°C Global Warming Level)

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

Asia

** = Water, sanitation and hygiene

Central

and South
Australasia America

/
/ /
&
-
®
- @/
==

' Europe

North
America

| Obs. Proj.  Obs.Proj. Obs.Proj. Obs.Proj. |Obs.Proj. Obs. Proj.

®
-0
®— @O
-— 5 +—
jo= /-
== -

Small

Islands

Obs. Proj.

Global
Obs. Proj.

S—

/ = Not observed or insufficient evidence
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(e) Water-related adaptation responses.

Current beneficial outcomes, co-benefits with mitigation, and
maladaptive outcomes of responses and future effectiveness of
adaptation and residual risk under different levels of global
warming.

Water-related adaptation responses

Improved cultivars and agronomic practices

Changes in cropping pattern and crop systems

On farm irrigation and water management

Water and soil moisture conservation

Collective action, policies, institutions

Migration and off-farm diversification

Economic or financial incentives

Training and capacity building

Agro-forestry and forestry interventions

Livestock and fishery-related

Indigenous knowledge and local knowledge based adaptations
Water, sanitation and hygiene (WASH) related adaptations

Multiple agricultural options

Strength of evidence /effectiveness/residual risk

/ | ®
Not observed or Incon-  Low  Medium  High
insufficient evidence clusive

o O

Improved outcomes

| "\
25 » %
3 § &

2 5 S & § S
52 | 28 € 3
é&"c“’oa o [
s 8 2 5 s § &
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E £ & £ 85 @ &
o =2 = © 5 o
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00000 - -
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. XX N o
@ e s
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®0e - o

- & & & 7 / /
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Assessment under different
levels of global warming (+°C)

Effectiveness Residual risk

potential remaining
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projected risk adaptation
1.5 20 3.0 40 15 2.0 3.0 4.0
i1 o o | [
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[ | /
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(d) Constraints that make it harder to plan and implement human adaptation

. Central &
Africa Asia Australasia South America

Constraints associated with limits to adaptation for regions across all sectors:

high Economics . Social|Cultural
-y W) B

: medium .
https://www.ipcc.ch/ . mmgfs"él @J 'C;)' Human Capacity
repo rt/ar6/ w(g 2/ Technology
downloads/report/ low

|PCC_AR6_WG ll_Tech $) @ Governace

nicalSummary.pdf

Finance Institutional &
Policy
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(d) Contributions of urban adaptation options to climate resilient development.

Nature-based solutions and social policy as innovative domains of adaptation show how some of the limitations of grey infrastructure can be mediated. A mixture
of the three categories has considerable future scope in adaptation strategies and building climate resilience in cities and settlements.

Contribution to B - ) Grey/Physical Infrastructure Nature-based Solutions Planning and social policy
climate resilient O & \/ N/ . : : :

: : Dikes, seawalls | water storage, ~ Urban agriculture LSUEEI trees|  Land use planning | social safety
development Meglgileismall Moderate High greywater use | slope revetments green roofs | parks and open nets | emergency and disaster

| air conditioning | passive cooling  space | community gardens | rain risk management | health

Confidence in | upgrading transport, energy, gardens | blOSWBleS'l' retention services | climate education |
positive contribution or ¢« ¢ water & sanitation infrastructure ~ ponds | riverbanks | floodplains heritage conservation
negative contribution High Medium Low | Information & Communication and watershed restoration

Technologies | urban design &
building regulations

Addresses multiple hazards ' ‘ ,
Reduces systemic vulnerability ®
= Constrains knock-on hazard generation Mixed positive/negative & ‘
qé_ Constrains transfer of risk to other people and places ® ® ®
§ Enhances social capital @ . ’
e Enhances livelihood &
E Enhances health ' . ‘
§ Ecological benefit ® . @
% Flexibility post deployment @ ‘ @
E Deployable at scale & o
:-; Benefits adaptation in other infrastructure systems ' O &
= Economic cost . ’ B
https: //WWW.ipCC.Ch / :E’_ Climate mitigation co-benefit & .
report /ar6 /Wg 2/ £ Reduces poverty and marginality ® & i
downloads/report/ ~ Inclusive and locally accountable & &
IPCC AR6 WGII Tech Enables social transformation ‘ ‘
" _ N Enables ecological transformation o ‘ &

nicalSummary.pdf
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. _ , , o , . (e) Urban infrastructure failures cascade risk and loss across and
(b) Socio-ecological risks to the Amazonia ecosystem (c) Cascading impacts of climate hazards on food and nutrition beyond the city

slow onset and Land use change Heat
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!
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hazards
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(floods, storms, cyclones)
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(a) Diverse feasible climate responses and adaptation options exist to respond to Representative Key Risks of climate change, with varying synergies with mitigation
Multidimensional feasibility and synergies with mitigation of climate responses and adaptation options relevant in the near-term, at global scale and up to 1.5°C of global warming

System
transitions

Land and
ocean
ecosystems

Urban and
infrastructure
systems

Energy
systems

Cross-
sectoral

Representative ’

key risks

Climate responses
and adaptation options

Coastal defence and hardening
Integrated coastal zone management

Coastal socio-
ecological systems

Forest-based adaptation?

Terrestrial and Sustainable aquaculture and fisheries
ocean ecosystem
services Agroforestry

Biodiversity management and ecosystem connectivity
Water Wat Fici Tt ¢
security ater use efficiency and water resource managemen
Food Improved cropland management
security Efficient livestock systems
Critical Green infrastructure and ecosystem services
infrastructure, Sustainable land use and urban planning
networks
and services Sustainable urban water management
Water security Improve water use efficiency

Critical infrastructure, Resilient power systems

networks and services Energy reliability

Human health Health and health systems adaptation

Living standards and equity Livelihood diversification

Peace and
human mobility

Planned relocation and resettlement
Human migration?

Other Disaster risk management

Cif ‘?S'C“ttiﬂg Climate services, including Early Warning Systems
risks

Social safety nets
Risk spreading and sharing

v

Potential
feasibility mitigation Economic logical

: a
Synergies gﬁ ) D L

with

not assessed

‘

Dimensions of potential feasibility

pit an G

Techno-  Insti- Environ-  Geo-
tutional Social mental physical
l | I | l
@ @ @ o &
¢ + O @ o
®@ o @ o O
@ © @ @D
: ® o : ®
o O o O
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® o o @ o
e ® €3 ‘ S
® - O 8
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®@ - o
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Feasibility level and
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) High
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| Insufficient evidence

. Dimensions of
potential feasibility

Confidence level
in potential feasibility and
in synergies with mitigation

Footnotes:

! The term response is used
here instead of adaptation
because some responses,
such as retreat, may or may
not be considered to be
adaptation.

2 Including sustainable forest

management, forest
conservation and restoration,
reforestation and
afforestation.

? Migration, when voluntary,

safe and orderly, allows
reduction of risks to climatic
and non-climatic stressors.



(b) Climate responses and adaptation options have benefits for ecosystems, ethnic groups, gender equity, low-income groups and the Sustainable Development Goals

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

System
SDG-6) Job Markets pransitions
on SuDS+NbS
accelerate Climate
Responses and e:sy"t:

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

Urban and
infrastructure
systems

Improve water use efficiency
Resilient power systems Energy
systems

Energy reliability
Health & health systems adaptation

Livelihood diversification

Cross-
sectoral

Human migration
Disaster risk management

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

IPCC_AR6 WGII Technical
Summary.pdf
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Improve water use efficiency + / . o
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Relations of sectors and groups at risk (as observed) and the SDGs (relevant in the near-term, at global scale and up to 1.5°C of global warming) with climate responses and adaptation options
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Types of relation

<+ With benefits
- With dis-benefits
® Not clear or mixed

| Insufficient evidence

Confidence level
in type of relation with
sectors and groups at risk

l Related
Sustainable Development Goals

1: No Poverty

2: Zero Hunger

3: Good Health and Well-being

4: Quality Education

5: Gender Equality

6: Clean Water and Sanitation

7: Affordable and Clean Energy

8: Decent Work and Economic Growth

9: Industry, Innovation and Infrastructure
10: Reducing Inequality
11: Sustainable Cities and Communities
12: Responsible Consumption and Production
13: Climate Action
14: Life Below Water
15: Life On Land
16: Peace, Justice, and Strong Institutions
17: Partnerships for the Goals

Footnotes: ! The term response is used here instead of adaptation because some responses, such as retreat, may or may not be considered to be adaptation. 2 Including sustainable forest management, forest
conservation and restoration, reforestation and afforestation. > Migration, when voluntary, safe and orderly, allows reduction of risks to climatic and non-climatic stressors. * The Sustainable Development Goals

(SDGs) are integrated and indivisible, and efforts to achieve any goal in isolation may trigger synergies or trade-offs with other SDGs. > Relevant in the near-term, at global scale and up to 1.5°C of global warming.
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There is a rapidly narrowing window of opportunity to enable climate resilient development

CLIMATE RESILIENT DEVELOPMENT

(a) Societal choices about adaptation, (b) lllustrative development pathways
mitigation and sustainable development
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m Illustrative climatic or non-climatic shock, e.g. COVID-19, drought or floods, that disrupts the development pathway
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(c) Actions and outcomes
characterizing development pathways

HIGHER

| Anequity-and injustice

Unsustaj

_High global
warming levels

Narrowing window of
opportunity for higher CRD



Synthesis of the severity conditions for Representative Key Risks by the end of this century

(a) Low-lying coastal systems (b) Terrestrial and marine ecosystems

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

How do new Water-Adaptive Design & ot comstal | Loss of s, | Disruption o TP
= * @ rotection and elihoods an ns - e ure/functioning | ecosystem
|nnOV3tI0n (WADI, SDG'G) JOb MarketS "ggé\- so® zabnats well-being systems . ggg“,... SRRy goodgaervloes
on SUDS+NbS =00 | g, ﬁ@ o=, c OD e 5;57" @%C‘"
accelerate Climate Responses and () Crtet nratructur, R
Adaptation Options (SDG 13) through S— ncressed E{t;ﬁ?ﬁ‘"d Loss of
Quality Education (SDG 4) together)? - DO mpacts. | « @=vi@)os » e | -
Damage and Impacts of l.}:e: » °®o.. 3 3? %g’f E__Eti
o :lavnetlllr:o:zs'tves' s » O @ o o0
+ '_ economles‘
Example: >— N — ( amm Ith
(f) Food security {vaoocs mortality :::::xm“ :v;:'::e‘:"‘

How will future WADI-NbS (SDG-6) be

accelerated as Climate Action (SDG 13) by
todays’ Quality Education (SDG 4), i.e.

towards: Diclow g i
: o ortiee
1. adapting critical infrastructure, networks o indig. & trad Armed i

~
-
- OO -

*x O@ A ee *» C @6“

Decline provis.

cultures and conflicts (im)mobility
ways of life

@ N | AR

* ® ® {i'@o oo
690 o ¢ [ev]a ELTELT

g

and services,
2. achieving food security and
3. transforming water security?

= DDO o°

S

_ . Typeand Climate Exposure and Scope Confidence levels Only sets of conditions
httpS ./ / WWW.I pCC .C h/ repO I’t/ d r6/ Wg 2/ ik ne“:‘Of (warming) Vulnerability  Adaptation * Broadly applicable High eee assessed in Chapter 16 are
d I d / rt / 20,,8:;?0,3 @ High @ High @ Low Risks are severe pervasivel Mediim @@ reported.
ownioaas repo mi:yo:s:'moyf @ Medium @ Medium @ Medium and sven,giobasy Low e For details and examples,

IPCC_AR6_WGII_TechnicalSummary.pdf b o Rl are o partcuar arees el i

Not fully assessed sectors or groups of people associated with Chapter 16




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

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

Hazard reduction Vulnerability
Reforestation
Conservation of biodiversity

Hazard /ulnerability
Deforestation; Fragile livelyhoods;
Society/nature alienation Fragile health

Livelihood security;
Healthy lifestyles

Risk:

Compound risk to

Resilience:
Compound resilience
to pandemic and

pandemic and climate

change climate change

Exposure Inadequate Exposure reduction Response
Overcrowded housing; response Adaptive housing; Inclusive planning;
Inadequate sanitation Exclusive planning; Adaptive sanitation; Informal decisions

Uninformed decision

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. Portner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck,
A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Mdller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 1041-1170, doi:10.1017/9781009325844.009.

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



Last 20 years of Outline of how scientific understanding evolved and the way of ...and how it has evolved
Hydrology.... thinking shifted towards new questions during the PUB Decade... iInto a more interdisciplinary
field
Before PUB After
New observation techniques,
Lack of concurrent data at Data Multiple open datasets, Assimilation
multiple time/space scales methods
:nzgmcent und(e’rstandipg of Processes Better understanding of multi-scale
anascapes and emerging spatio-temporal heterogeneity
patterns
Merged flexible concepts, Process-
Empirical/calibration-based Models basgd, Systems underitanding

OR physically based
Better understanding of uncertainty,

Low awareness Uncertainty & Diagnostics Catchment signatures, Multi-model
approaches
Fragmented case-studies Catchment Classification Comparative studies, Regionalization

techniques, Similarity frameworks

Isolated discipline, Lack of

understanding of organizing New Theories
principles at various scales

g Interdisciplinarity, Co-evolution,
& Systems approach
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Panta Rhei Decade: Everything Flows
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Contextos, Aceleradores, Atores Mendiondo (2023) Missdo de Pesquisa FAPESP, Fortaleza-CE, 6/2/2023

Community of Practice of *:
1st-iteration roadmap

How Can We Boost
Community of Practice on
‘Water Security’ Under
_. Risks of the Food-Energy-

How can we scale
Health Nexus?

solutions and decision-
making using ‘water
security’?

\ I

“WBSRC” (%)
Water, What implicati o]

C : ia i at implications do
Biodiversit What is it about :

0 Si, ! developing countries these novel ‘water
eCOsyStem that demands a Security, have for
Services for different approach to strategic actions /
society, ‘Water security’ from governance?

I developi tries?
Resilience to veloping countries

climate change,
and Cultural What new/different

heritage approaches have
been proven to
address the
challenge of ‘water
security’ in
How can we accelerate developing How Can ‘Water
communication using countries? Security’ Reimagine
‘Water Security’ Under Habitats, Restore
Risks of the Food-Energy- € - Landscapes and

....... >,
Health Nexus? —— W L e e Recreate Job Market
oS s for Vulnerable

Communities?



Suggested topics of Applied Solutions on
Water Security from Climate Services

» 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

o Sustainable Insurance of WaterMulti-Risk, Multi-Hazards Change in Hydrology

and Society
"Panka Rhel" (C) 2019 I.AMH.S.
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Mendiondo (2023) Missao de Pesquisa v oo - £ N
FAPESP, Fortaleza-CE, 6/2/2023 v N INCT ML2 m m
PN COVID-induced interdisciplinary communication among~ I Climéticas - Fese 2 |
P INCTMC2's partners & pos-IPCC/AR6 intersectorial dialogue with I |

international stakeholders under new requlation frameworkd of
the Brazilian Water Security Plan (PNSH, 2019-2035), the New » _
Brazilian Water Security Act (#14026/2020) and the Payment for Adaptive

Ecosystem Service Act (#14.114) Resilience

\4

’ Science Technology )

“Absorptive”-
Resilience

\ 3
P INCTM- C2 water security INCTMC2 water security alliances with
alliances with other FAPESP in- international initiatives of: UNESCO-IHP IX
terdisciplinary projects (C4Al Phase (2022-2029), UNEP WWQA/GEMS,
q #2019/07665-4, MADIS WMO Strategic Plan, #Act4SDGs, IBPES &
#2019/23393-4, COP27 to accelerate science-for-policy
CeMEAI #2013/07375-0) _ adaptation with disruptive open innovation
through: NbS efficiency under LULC Innovation for climate-resilient startups and jobs for a
(SSP) & climate (RCP), EbA valuation low-carbon economy under SDGs
'Y & water risk management (2022-2030)

)
“n “Transformative” e
- Resilience ‘-----“‘-
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Dimensao Econdmica Dimensao Humana

Community of Practice in the Context of

n Water security

Human dimension

..
o ()

OFERTA DE AGUA PARA
ABASTECIMENTO

GARANTIA DA OFERTA | CONTROLE DA POLUICAQE
DE AGUA PARA - COMPATIBILIZ!
DESENVOLVIMENTO DA QUALID
DEATIVIDADES . DE AGUA PARA

PRODUTIVAS DIFERENTES USOS

Economic dimension
uoisusawip walsAssoo]

REDUQAO DE RISCOS ASSOCIADOS
A EVENTOS CRITICOS
(SECAS E INUNDACOES)

Resilience dimension

(C) Agencia Nacional de Aguas - ANA
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Fig.1|Location offlood and drought paired events coloured according to
changesinimpactand theirindicators of change. a, Location of flood and
drought paired events (n=45). Numbers are paired-eventIDs. b, Indicators of
change, sorted by impactchange. Impactis considered tobe controlled by

hazard, exposure and vulnerability, which are exacerbated by risk
management shortcomings. Maps of the paired events coloured according to
drivers and management shortcomings are shownin Extended DataFig. 1.

IMPACTS

(e.g. direct
monetary damage)

m ty Socioeconomic
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ndex) area) preparedness) 4
development)

e.g. regional
planning

Extended DataFig. 4| Theoretical framework usedin thisstudy (adapted fromIPCC®). This theoretical risk framework considers impactasaresult of thre
risk componentsor drivers: hazard, exposure and vulnerability, which in turn are modified by management.
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NbS’ in Developing Countries: Global Adaptation Needs

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

No NbS in adaptation

. NAPs: : https://www4 .unfccc.int/sites/NAPC/News/ |
component of NDC .

Pages/national_adaptation_plans.aspx. @ NbsS in adaptation
- . component of NDC
. NDC:s: https://www4 .unfccc.int/sites/ndcstaging/ @ NDCs without adaptation
Pages/Home.aspx. component
. Database available here: https://climate-laws.org. B
o 150
£ 120 | | , |
A T 3 A Countries that include nature-based solutions (incl.
: : O . . 5
R W il R = 90 ecosystems-based adaptation or conservation) in the
IPCC special reports (SRCCL; SROCC). 5 d t t t f th - N DC
e e 3 *a B B B B I adaptation components of their .
Increasing punilymlhypiythgt?calsilr:ian; usa::; fgi -
climate illustrative purposes. =
e Slobal climate ick scenarios S E E B EEEE B B Sectors that are most frequently considered to be
s i RCP8S (mean) o HE B BN EEENEN vulnerable to climate change in the first round of NDCs.
to very high) With adaptation RCP2.6 (mean) : ; ;
Lypotheticalillustrafive N I S R B P RS Biodiversity and/or ecosystems rank fourth.
2 : midway scenario 8) & () ‘6\ & » Q} >
With adaptation & S \\:Q G}QJ \(\QJ (%O ((/(\ 0(} éQ
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Adaptation progress \Q,\\\ ’5@} \(\\$ ro_, << &(ﬁ ‘\@%
S lVinuaIchenain &\0 N\ é\' . *\Q’ & \\(\ .
Full adaptation ¥ Progress .\\0\5 Q\\‘?J @&é\ A& QO«\ Source: Based on Seddon et al. 2020. Global recognition of the
d End of space < Uncertain . . . . .
ecentpest o e orcemuny progress v \2\0@@\06\“ ,\qo‘\(o importance of nature-based solutions to the impacts of climate
— Q

change. Global Sustainability 3, e15.
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NbS in Developing Countries: Definitions & Concepts to Apply in Demonstrative Projects

D
\‘:\ @‘E&EENG EA{OED%OPA,

Seddon et al (2021)

Glob Change Biol. 0/ (‘x
OpjvERS:

DOI: 10.1111/gcb.15513

Nature-Based Solutions and Climate Change -
Four Shades of Green

Stephan Pauleit, Teresa Zolch, Rieke Hansen, Thomas B. Randrup,
and Cecil Konijnendijk van den Bosch

2
3
8 Nature-based solutions
: L 3
2
g
T
e
L
g Ecosystem-based adaptation Green infrastructure
()
s
o
>
3 + Ecosystem services
-
£
5
&

Breadth of thematic scope

Fig. 3.1 Illustration of thematic scope and current level of operationalization of the four concepts

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

Nature-based solutions
for adaptation

“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).

of ecosystems
duce 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.

Identification of NBS definition

‘NBS are living| solutions linspired by, continuously

supported by, and usind nature) They are designed to
address various environmental|challenges in a

[environmentallbenefits] (Haase et al. 2017; p.42)'
7 7 g 7 I 1 ¢\ AN

Extraction of key words

adaptable simulf

benefits environmental social I economic

Formulation of core ideas

v

not included as used in 1

not included as used in £

v

not included as used in &

v | |
not included as used in 8

Y

not included as used in 7

Sowinska-Swierkosz & Garcia (2022) What are
Nature-based solutions (NBS)? Setting core ideas
for concept clarification, Nature-based Solutions

Mendiondo et al (2022) How Can We Boost Community of Practice on Nature-based Solutions Under Risks of the Food-Energy-Health Nexus?
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NbS as a ACCELERATOR from Global Programs to Local Demonstrative Sites

"WBSRC” : Water,
Biodiversity, ecosystem
. . Low cost, nature-based solutions
§erV|CeS for SOCIety, for managing aquatic resources:

BeSi lience to climate integrating the pr1nc1p1<?s of
Ecohydrology and the Circular

v Volume 18, Issue 4, December 2018, Pages 309-310 | =
ELSEVIER

using WWC principles (IWA, 2019 ) + WBSRC principles (Zalewski et al, 2019)
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between climate action and | Notes that DRR is essential 1 change, and Cultural Economy
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Impacts of climate change

>
>

High
|
aved costs

Future costs
N
|

Added cost in damages
due to climate change

Historical costs

Costs ($)
|

Low
|

Frequent Rare
Designed return period flow

Construction costs = = = Historical damage costs = = =Historical total costs

Future damage costs Future total costs
——>Historical design target - Future design target

(Color) Conceptualization of climate change impacts on the theoretical design compromise for typical urban infrastructure.

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

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

Key Points:

: - assessed the controls on long-
term streamflow components
under an open water balance
assumption,

10°S

Aot 1 - Inclusion of inter-catchment
I ool groundwater flow improves the
A Bt i performance of aridity-based
>1,000,000

T formulations to describe long-
A term streamflow,
- Partitioning streamflow into

1,000,000
500,000 ,
100,000 °

50,000 s, .
< 1,000 —

baseflow and quickflow

The Impact of an Open Water Balance Assumption on |mproves the understandlng Of
Understanding the Factors Controlling the Long-Term

Stresmflow Cormponents the water balance control

André S. Ballarin 34, Paulo Tarso S. Oliveira, Bruno K. Marchezepe, Raquel F. Godoi, Aline M. Campos, meCh a.n |SmS

Fabrizio S. Campos, André Almagro, Antdnio A. Meira Neto

First published: 23 September 2022 | https://doi.org/10.1029/2022WR032413 httpS//dOI.Org/1 01 029/2022WR03241 3
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Brazilian cases, I.e. climate and land management accelerating the water cycle

https://doi.org/10.1038/s41467-022-32580-x
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Figure 3. Spatial risk estimation model for sanitation infrastructure through geospatial integration of its components.
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Unveiling water security in Brazil: current

challenges and future perspectives

Gabriela Chiquito Gesualdo, Jullian Souza Sone, Carlos de Oliveira Galvao,
Eduardo Savio Martins, Suzana Maria Gico Lima Montenegro, Javier

Tomasella & Eduardo Mario Mendiondo
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Figure 3. Correlation of data on water demand, CO; emissions, population growth, gross domestic product (GDP), Nationally Determined Contributions (NDCs), and
national water regulations from 1990 to 2030. National water requlations: (a) Act 9433/1997: National Water Resources Policy; (b) Act 11445/2007; National Guidelines
for Basic Sanitation; (¢) Act 12187/2009: National Policy on Climate Change; (d) Act 12608/2012: National Policy for Civil Protection and Defense; (e) Water Security
National Plan; (f) Act 14026/2020: Update of the Basic Sanitation Act, *Data are in constant 2010 US dollars (1USD = 1.76 Brazilian Real - BRL), Sources: CAT (2020), IBGE

(2020), World Bank (2020).
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Incertezas de Seguranca Hidrica: exemplo de
cenarios 2010-2099 com modelos hidrolégicos
diferentes(p.ex. SWAT/TAMU MHD/INPE)....
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Ecological Economics
...mas mecanismos de resiliéncia

financeira (p.ex. seguros) mostram
@ Economic indicators of hydrologic drought insurance under water W) o evidéncias de forte dependéncia

) demand and climate change scenarios in a Brazilian context 1% (2
Guilherme Samprogna Mohor *, Eduardo Mario Mendiondo €S p dCla I (a reas d € d rend g em d e. 2 94/

Department of Hydraulic Engineering and Sanitation, Sao Carlos Engineering School, University of Sao Paulo, Sao Carlos, SP, Brazil 2 7 7 5 O 8 e 9 7 2 k m 2
National Center for Monitoring and Early Warning of Natural Disasters, Sao Jose dos Campos, SP, Brazil )

journal homepage: www.elsevier.com/locate/ecolecon
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Simulated outputs of climate-driven insurance premiums for Brazilian Tavior & Francis
.y . . URBAN WATER JOURNAL 5 |y Pt
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change scenarios for different coverage (%) considering the DURATION of
water spell and for different future time horizons depending on:

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

'.) Check for updates 1

RESEARCH ARTICLE

Multi-driver ensemble to evaluate the water utility business interruption cost
induced by hydrological drought risk scenarios in Brazil

Diego A. Guzman (2?2, Guilherme S. Mohor(2* and Eduardo M. Mendiondo (¢
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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 WTP or WTA
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Figure 2. Risk management approach composed for a four-quadrant graph. Description: The solid lines represent the first moment, when only is consid-
ered a stationary event (I quadrant), grey infrastructure (Il quadrant) and people and government are not awake about the necessity to adapt (Ill and IV
quadrant). The dashed line represents our novel approach to improve resilience, considering non-stationary events (I quadrant), NbS combined with grey
infrastructure (I quadrant), and the use of multidimensional indices (Il and IV quadrant).
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Climate Services, Water Security and Citizen Science Awareness

D) GREY WATER FOOTPRINT FROM SANITARY LANDFILL(Mm3/year)
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o Legend
2
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Citizen-science awareness discrepancy about of landfill solid waste WFGrey accounting in a
Brazilian mid-size municipality throughout the aggregated 2009-2050 period. The 2009-2016
WFGreysoiawaste time series is aggregated with the 2020-2050 RCP 4.5 & RCP 8.5 climate
change scenarios and volunteer participatory perceptions. Source: Souza et al (2020).
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Differences between

citizen awareness and
climate change predictions
about grey water footprint
from urban cities

HYDROLOGICAL SCIENCES JOURNAL
https://doi.org/10.1080/02626667.2021.1879388

Taylor & Francis
Taylor &Francis Group

SPECIAL ISSUE: ADVANCING SOCIO-HYDROLOGY | ) e or pctes

Blue and grey urban water footprints through citizens’ perception and time series
analysis of Brazilian dynamics

Felipe Augusto Arguello Souza (")*, Namrata Bhattacharya-Mis ("%, Camilo Restrepo-Estrada (">, Patricia Gober?,
Denise Taffarello(??, José Galizia Tundisi® and Eduardo Mario Mendiondo ("*

*Department of Hydraulics and Sanitation, Sao Carlos School of Engineering, University of Sao Paulo, Sao Carlos, Brazil; "Geography and International
Development, University of Chester, Chester, UK; “Economic Sciences/Department of Statistics and Mathematics, University of Antioquia, Medellin,
Colombia; ?School of Geographical Sciences and Urban Planning, Arizona State University, Tempe, Arizona, USA; “International Institute of Ecology,
Sao Carlos, Brazil; 'Sao Carlos Municipality, Secretary of Environment, Science and Technology, Sao Carlos, Brazil
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climate services, water security and ecosystem-based valuation using

Example I" water footprintiel

Community of Practice of NbS related to:

Grey Water Footprint SR SR — ‘

: 1 e Secondarydata & environmental standards
Flow-Duration Curves e
Valuation Methods : " |

Observed grey Water Reference grey Water | Long-term flow (Qlp) l
Footprint ( greyWF) Footprint (greyWFref)
Diversity of |
R

Conservation Effects
Restoration Impacts

e R :
\g@@i‘[ﬁ%ﬁ&a SCl €NncCe Of The TOtal Brazilian
,{:u?%"&(;vﬁ 3! . basins under
? e BN Environment different [ gresWF - greyWEref Iy RVC = reference value
e ¥y 1 climates, = for .conservation
ELSEVIER Volume 738, 10 October 2020, 139408 A Watershed Degradation (WD) (USS/ha.year)
areas, land | rj
. usesandriver

. ; . regimes ViWaterES = VRC -F(WD/Qlp) |

Ecosystem service valuation L ater

quantity and

method through grey water ‘ 'zz | o |
footprint in partially-monitored e St
subtropical watersheds ‘ »

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

Funder

Provedes §
g’

ecosystem services (WaterES)

$ o
( Monetary incentivefor water related J

D. Taffarello ® P & & M.S. Bittar ® ¢ K.S. Sass 4 M.C. Calijuri ?, D.G.F. Cunha @,

N\
£.M. Mendionde LQ.) re]: https://doi.org/10.1016/j.scitotenv.2020,139408
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“Water & Nature”

T, : Pre urbanization

Tr- Return period

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

e lay,

LID - 16 |
Increase of urbanization |

P

Ety= Ets- AEI|,,,

\

Q2= 01 + 4Qlyn,
L= L1+ AL|y

Tr- Return period

Scenario with land use and
occupation changes - increase
of urbanization.

52< 51
las < laq

Mitigation of runoff and pollutant
excess caused by urbanization

(AQIurb and AL'urb )

| LID - 2G ’
| Climate Change j

Py = Py +/- AP|yimate

+/- AEt| climate

Q3 N Q1 + AQlurb+ AQchimate
L3z = L1 + AL|urp + AL|climate

Tr- Return period

Scenario with urbanization and
climate change.

. | &9.: Non-stationary effect
\ . of climate change 7, > F,
\ .
o

\ Tr

Mitigation of runoff and pollutant
excess caused by urbanization
and climate change (40|,» +

40| giimate @Nd AL |y + AL|cfimate )-

Etz= Et1- AEt| 4 |

LID - 3G ]

| Sustainable Development Goals |

P,

- AEL .

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. Resources
recycling and co-management

Figure 1. Concept and evolution of LID practices generations in terms of water balance varia-
bles and mitigation purpose. In the figure, P,, Et;, Q;, Ly, Sq, 1a; and Tr represent, respectively,
rainfall, evapotranspiration, runoff, pollutant load, soil storage capacity, infiltration and return

period to base scenario of preurbanization (adapted from Macedo et al. (2017)).
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New oportunities from climate

services to envisioning water
security and life cycle analysis

CRITICAL REVIEWS IN ENVIRONMENTAL SCIENCE AND TECHNOLOGY e Taylor & Francis
https://doi.org/10.1080/10643389.2021.1886889 Teylor & Francis Ciroup

") Check for updates

Low Impact Development practices in the context of
United Nations Sustainable Development Goals: A new
concept, lessons learned and challenges

Marina Batalini de Macedo®, Marcus Nébrega Gomes Junior®®, Thalita Raquel
Pereira de Oliveira®, Marcio H. Giacomoni®, Maryam Imani¢, Kefeng Zhang®,
César Ambrogi Ferreira do Lago®, and Eduardo Mario Mendiondo®

*WADILab, Deparment of Hydraulics and Sanitation, Escola de Engenharia de Sao Carlos,
University of Sao Paulo, Sao Carlos, SP, Brazil; IC’Department of Civil and Environmental
Engineering, University of Texas at San Antonio, San Antonio, Texas, USA; “Water Systems
Engineering (Civil Engineering), School of Engineering and the Built Environment, Anglia Ruskin
University, Chelmsford, Essex, UK; “Water Research Centre (WRC), School of Civil and
Environmental Engineering, UNSW Sydney, NSW, Australia
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Example |V: climate services, water security and water-quality B oeeicemicos & 2 formas e Xg iz P
scenarios of ecosystem-based adaptation ! ‘

adaptacao basedas na Natureza

Community of Practice ofNbS

Hydrol. Earth Syst. Sci., 22, 4699-4723, 2018 Hydrology and 5 = : :

https://doi.org/10.5194/hess-22-4699-2018 Earth Sustarn > related to: Field observatlons, SR TR R
© Author(s) 2018. This work is distributed under _y 3 . . . e &0 ‘ B3 o gy
the Creative Commons Attribution 4.0 License. Sciences 7 1 Scenano Crlterla+ASSGSSI’nent;"* r" S O

@MO)
O

Scaling Problems,
Water Cycle Changes,
Ecophysiological Patterns ~ —{ £&¥
Modeling freshwater quality scenarios with ecosystem-based g
adaptation in the headwaters of the Cantareira system, Brazil 80 i

L 1 Cantareira system LAND USE

Denise Taffarello!, Raghavan Srinivasan?, Guilherme Samprogna Mohor!-, Jodio Luis Bittencourt Guimaries®,

Maria do Carmo Calijuri', and Eduardo Mario Mendiondo' =70 » S2+EbA (2035)
5 PROJECTION: UTM 23S
g 60 ®mS2(2010) | A
(b) (<) =50 A 51 (1990) 4 I\ not a paradox, but a
Land use & land cover (Alto Jaguari) Water yield & GWF (Alto Jaguari, A = 302 km2) % EH-NbS offset !
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0% 8 yrdan ,-!;m | § MOS0 LA : - m
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— T
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BN AN 0 20 40 60 80
10 = \L“"i'-‘; ) ;-'"i ' > bl b X i & % N ¥ 100 | _ , ] . . -
: i o U e Mixed forest LULC; % of river basin area)

Jan Feb Mar Apr May Jun N Asg Sep Ot Nov De — Y o s
o Malgust 2000 A gt 28 e AO Jaguari 1990 = Ao Jaguari 2000 = == Ako laguael 2035

[f]: https://do1.org/10.5194/hess-22-4699-2018
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Example XI: stormwater reuse WE=—Hp] 4
in Sao Paulo Megacity ml, >0 20 &8O

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

Rainwater Harvesting 10% Rainwater Harvesting 20%
Legend
Alto Cotia
Alto Tieté
Cantareira
~ Cantareira / Alto Tietd Za
Cantareira / Alto Tieté / nE
Cantareira System i s =
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Legend i
B Water Supoly Roservoire Guarapiranga / Alto Cotia
|| s&o Paulo State e
[T7] Minas Gerais State ——— s
Séo Paulo ol b
D Metm?:gmanArBa oo | Rio Claro/Rio Grande
_ Drainage area Rio Grande & - : 0 :
A Rain Gauge [0 s#o Lourengo - - . Q 2 ' o Q &) ‘
S ANl - \ \
s D & ¢ & & &£ &£ 5 § &
. ’ ; . . . l
e Rainwater Harvesting 25%
#10 0 10 20km {10 0 10 20km
Guarapiranga T | ——— g e pe—
System ' '
60000 _ 3
g
i
URBAN WATER JOURNAL e EZ I&Czr';f: (I;:rguancis §
https://doi.org/10.1080/1573062X.2022.2047735 4 el 3
RESEARCH ARTICLE [ YT £ £

Droughts in Sao Paulo: challenges and lessons for a water-adaptive society

Felipe Augusto Arguello Souza (2, Guilherme Samprogna Mohor{°, Diego Alejandro Guzman Arias (",
Ana Carolina Sarmento Buarque (2, Denise Taffarello{®* and Eduardo Mario Mendiondo (">

L
-~
- — -

|m]: https://do1.0org/10.1080/1573062X.2022.2047735 & &£ & & £ &£ &£ &£ &

ILegend: — Consumption - = Rainwater Harvesting ~ = Reservoir demmdl
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Example VIII:
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climate services, water security and citizen science

and low 1impact development Ul
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800 4

Cooperative EH-NDbS related to:
Low Impact Development (LID),
Citizen Science Data,

Flood Observation,

Climate Change Scenarios,
Corrected IDF,
Historical-Future changes.

‘MDPI

F

Article

Linking Urban Floods to Citizen Science and Low Impact
Development in Poorly Gauged Basins under Climate Changes
for Dynamic Resilience Evaluation

. _f‘?,;" . . . . . -
Maria Clara Fava '*{®), Marina Batalini de Macedo 2, Ana Carolina Sarmento Buarque 3 Antonio Mauro Saraiva ?,

Alexandre Claudio Botazzo Delbem 5" and Eduardo Mario Mendiondo 3®

[1]: https://do1.org/10.3390/w14091467
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How can we scale Governance & Community of Practice of
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Applied Solutions on Water Security Climate Services?

Causal Multicriteria Decision Making in Food Production

Developing causal multicriteria Al models for decision making under

Networks

uncertainty in food production networks.
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(ancestral culture )

ndicatons o
Indigenous Knowledge

O

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,
pPp.255-270.

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

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 TT1-4, 24 months, FAPESP # 2022/07521-5 (https://fapesp.br/oportunidades/)
FAPESP TT1-5, 24 months, FAPESP # 2022/08468-0 (https://fapesp.br/oportunidades/)

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