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Water is the ‘claws and
teeth’ of climate change...

» Water is complex

« * CCisreconfiguring the water
system
g s o

e

Institutions & infrastructure must
match the climate...
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Climate Change is Water Change

Intensifying global water cycle
* new hydrologies
* changes in rainfall and seasons

-75-50-10 -1 0 1 10 50 75

increased frequency of drought
>2X exposure to water scarcity by 2050 -
more frequent & intense extreme events
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Modelled changes in runoff for mean flows (1.5 and 2°C)
Source: Betts et al. (2018)
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on-Stationarity and Uncertainty
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19101 - 1974 av B0 1975 - 2000 av B 2001 - 2009 ay B 2000- 2018 av = Annual Total
338 GL 173 GL 92 GL 51.4GL

Annual inflow to Perth Water Supply System, 1911-2018
Source: watercorporation.com.au
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Cascading Effects of Climate Change on Water-related
Ecosystem Services

TEMPERATURE Y, cLIMATE PRECIPITATION
= Maximum = Mini T » Timi = Amount
AT D chance T
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HYDROLOGIC
w SYSTEM CHANGE

Changes in...
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WATER-RELATED ECOSYSTEM
SERVICE CHANGE

4 :Ch d
m E‘? Source: Chang and Bonnette, 2016

PROVISIONING REGULATING CULTURAL SUPPORTING
= Drinking = Floods = Sacred sites = Aquatic habitat
= [rrigation = Temperature = Artistic inspiration = Flow regime
= Hydropower = Nutrients = Recreation

= Sediments = Fishing
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Source: Biggs et al. (2015)

Resilient supply
of a desired set of
ecosystem services

Climate Resilient Water Management

Climate Change Resilience

the ability to withstand or recover from impacts of climate
change and, when recovery cannot be achieved, to reorganize
to meet needs for development and well-being in new ways

Design for Robustness...

satisfactory performance over a wide range of future climate
change scenarios

...and Flexibility

capacity to adjust, change course, and reorganize as conditions
evolve and information about the future becomes clearer
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Making Resilience Practical

Biggs et al. Principles Resilience in practice

P7

P6

. Promote polycentric governance

. Broaden participation

1. Governance & participation

P4. Foster complex adaptive systems thinking

P5

. Encourage learning

2. Information & learning

P1

P2

. Maintain diversity

. Manage connectivity

3. System diversity & connectivity

P3

. Manage slow variables and feedback

4. Infrastructure, technologies & (water)
management
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Climate-Resilient Water Management: Action Framework

GOVERNANCE
T @® nrForMATION
PARTICIPATION | ¢ AND LEARNING

)

r.} SYSTEM DIVERSITY AND
B_4A CONNECTIVITY

INFRASTRUCTURE,
e& TECHNOLOGY AND
MANAGEMENT

* multi-level governance * climate & water * ecological diversity & * response options assessment

.. information connectivit .
* reform policies, laws & Y * engineered & nature-based

institutions * training & skills * economic diversity solutions
development

* right-based approaches * multiple water storage * systems-oriented, risk-
. inclusion & participation scientific and local options informed decision analysis
« collaborative co-creation B * guard against maladaptive ¢ adaptive management

* disseminate data engineering

* learning at all levels



Nexus Thinking

Transforming systems by
strengthening nexus thinking

and integrated management
for inclusive, sustainable
development and climate

resilience

INNOVATIONS
ECOSYSTEM HEALTH:
Agrobiodiversity

Index guidance on

Biodiversity is

Clean energy
impacts on critical for and
ecosystems impacted by
food systems

o
) &?‘ Y Fossil fuel
i . . extraction, energy
- crops and carbon
sequestration
impact on food

supply

Food production,
processing and
transport need

enengy

- PEOPLE, o
LANDSCAPES, ECOSYSTEMS,
AND BIODIVERSITY

INNOVATIONS
FOOD SECURIT’

Water productivity
tools across scales,
DSS for next
assessments

INNOVATIONS
ENERGY SECURITY:
Inclusive business and
finance models,
guidance on women

Water
infrastructure

sup;:i ne;eds and use impacts
rg on fish stocks,
food production,

and land use

Energy production 3
{including Food production
sequestration) neads neads clean water,
water, and impacts on INNOVATIONS and impacts on
water quality and WATER SECURITY: water quality and
availability 2 3 availability
Environmental flow toal,
water storage diagnostic,
groundwater governance

toolbox




MENA Drought Project

.o Empowering decision makers to
prepare for and respond to drought:

* Multi-ministerial planning
» Local government coordination

« Farmers’ organizing to deploy water
and agricultural responses
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Water Accounting

thr Incremental ET 2005-2010
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e water balances

* hydrological baselines

e adaptation planning
* regular updating

* infrastructure design

e water productivity

RESEARLCH
PROGRAM ON

%% Water, Land and
Ecosystems

CGIAR
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Drought Early Warning Systems Flood Monitoring & Forecasting

T-ilay Foreeast Percentile 25 Jul 2017
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Infrastructure and Technology Options

Water supply

Food security

Cities

Rural
livelihoods

» dams and reservoirs, aquifer recharge
e water recycling
* wetland restoration...

* irrigation
* enhance water productivity
 drought/flood tolerant varieties

* demand management
e water recycling, desalination
* flood protection...

* less water-intensive production
* rainwater harvesting
* flood/drought insurance...

* increase safety margins
* modular designs

* multiple water supply
options

* scalable designs

* M&E to enhance
operational management

* fallback options

* periodic reset of baselines

» water agreements for
proportional allocation

* staged water allocations

* mixed built and natural
infrastructure

* contingency planning
* dynamic policy pathways

* adaptive institutions
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Nature Based Solutions
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Combining Green and Grey Infrastructure

The goal is to find the
most appropriate blend of
NBS (green) and
traditional engineered
(grey) infrastructure to
maximize benefits and
system efficiency whilst
minimizing costs and
trade-offs

Long-term benefits

A

Total

Benefits from managed system

Benefits from natural system

Natural

Highly managed

Source: Acreman, 2011

(WM

International Water
Management Institute




Udon Thani, Thailand

Flood and drought under CC + urbanization
Bottom-up vulnerability assessments
Shared vision dialogues

Regional economic vision

NI strategy:
* pumps and gates
» linear parks for stormwater routing
« wetlands + restoration for storage 2y T TR Y Ll . . = _
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Colombo Wetlands

aligning community wetland
practices and monitoring with
government policies.

promoting community best
practices of wetland
management to safeguard
biodiversity and ecosystem
services

Schools Program
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Increasing water storage

Global population roughly
doubled (3.6bto 7.8b)
Water intensity of food

has....

Need for more T~ . .y
storage to stand Varlabl ll'l'y

still...

Growing
storage

gap

Growth

4

Volume

Reduction in total
freshwater storage by

approximatel\r 27
billion m?

Environmental
degradaﬂoékx‘




Water, Adaptation and Equality

Risk of making inequalities worse

Inclusion of those most vulnerable to
climate change

Incorporate equality and inclusion in the
Action Framework:

» balancing scientific and local
knowledge

* integrating local practices through local
participation
» applying right’'s-based approaches




onclusions

Matching institutions and infrastructure to dynamically changing climates is radical change
» single optimal solutions being replaced by resilient solutions
« changes needed in policy, regulation, planning
« decision making needs new methods and new data

Build resilience by coordinating across 4 action domains

« governance and participation; information and learning; system diversity and connectivity;
infrastructure, technology and management

Embed robustness and flexibility
Ensure inclusion of those most vulnerable to climate change

Financing water, financing climate...

Living resiliently: we can prepare
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