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WATER - THE WORLD’S
MOST VITAL RESOURCE

Water defines our places

Vitality Water services are essential to meet the
needs of growing population and economies.

ldentity Water bodies are central to the identity
of our cities and communities.

Activity Access to water bodies provide
recreational opportunities and contribute to the
welling and health of our communities.

Health Water sustains the natural capital of our
cites, supports ecosystems and food supplies.

Landscape Water features create desirable
landscape features.




WATER INFRASTRUCTURE SYSTEMS
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THE GROWING WATER CRISES

Urbanization is both an
opportunity for growth and a
threat to natural ecosystems
and community livability.

Resources are limited, we
demand more services from
our aging infrastructure.

An uncertain future underlines
the planning of our cities.




WATER CHALLENGES

Aging and inadequate water
infrastructure

Affordability of water services

Fragmentation of water systems
and institutions

Water quality
Flooding

Climate change and extreme
events

Public participation



EVOLUTION OF URBAN WATER SYSTEMS

Integrated
Stormwater Systems
Drinking Wastewater dystems Water
Systems ‘ . , Sensitive City
Water Drained City
Systems ‘

Sewered City

Water Supply
City

"2 Rain/Stormwater

Transition from fragmented management of
water sectors to an integrated approach

So" Wastewater
Recycled Water
Drinking Water




URBAN WATER MANAGEMENT IN CITIES

Cumulative Socio-Political Drivers

Intergenerational
equity, resilience
to climate change

l

Water Sensitive
City

1

Water supply Public health Flood Social amenity, Limits on
access & protection protection environmental natural
security protection resources
Water Supply Sewered Drained Waterways Water Cycle
City City City City City
Diverse, fit-for-
v
: . - purpose sources
¥ v Point & diffuse & conservation,
Separate source >
. promoting
Supply sewerage Drainage, pollution waterway
hydraulics schemes channelisation management protection

Service Delivery Functions

Adaptive, multi-
functional
infrastructure &
urban design
reinforcing water
sensitive values
& behaviours

Brown et al., 2009, Water Sci. Technol., Urban water management in cities: historical,

current and future regimes 59 (5): 847-855.




ONE WATER TRANSITIONS

’

US Water Alliance One Water Roadmap: \
|ntegrated Management » A mindset that all water has value ,
» A focus on achieving multiple benefits ‘,\

» A systems approach
» Watershed-scale thinking
» Partnerships

Resource Management

Resilience Management

» Inclusion and engagement
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SERVICE PROVISION - RESOURCE MANAGEMENT
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ONE WATER SOLUTIONS

Building- to Municipal- Scale
Regenerative and Resilient Systems

» Water Conservation/End-Use Efficiency

» Resource Recovery & Recycling Systems
> “Fit-for-Purpose” Water Sources e @ poublevater [ |G evaton
» Nature-Based/Green Infrastructure (Gl)
Systems
» Sustainable Drainage Systems/
CIEERENS
» Hybrid Centralized-Decentralized
Systems = ﬂ%&&'gﬁ'
Integration Land Use and Water (8) rotable Wate: (D) Gropwater . .rWater
Planning and Management (8) reclaimec (D) rainwater () Grounduater

. Black Water ‘ Stormwater [} End-use-efficiency



THE RATIONALE FOR RESOURCE
RECOVERY (USWA)

= Reduce the demand on potable water
= Reduce our reliance on fossil fuels

= Reduce the carbon footprint of our
water/wastewater treatment facilities

= Produce economically viable, yet environmentally
sustainable fertilizer products (nutrients)

= Reduce reliance upon environmentally destructive
chemicals and heavy metals

The Battery, NYC

NYC-DEP launched the On-site Water Reuse Grant Pilot Program in
November 2016 to provide commercial, mixed-use, and multi-family
residential property owners with incentives to install water reuse
systems (rainwater, black water, or gray water)

= Enhance stormwater management

= |mprove security of our food and water resources



Water Sources Water Uses

Low Wastewater Landscape Irrigation Low
fy Stormwater Regeligiglll 8s vatele Sy stoms Cooling Towers %
o Fit-for-Purpose Treatment %
o Graywater Industrial U

Sensing Technologies E
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FIT-FOR-PURPOSE USE OF ALTERNATIVE WATER RESOURCES
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Annual Demand Reduction
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Source: Neale, M., S. Sharvelle, M. Arabi, A. Dozier, and C.
Goemans, 2021, Assessing tradeoffs of strategies for urban
water conservation and fit for purpose water, Journal of
Hydrology, 8, 1000589.
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WW: Wastewater P: Potable IC: Indoor Conservation
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GW: Graywater
RR: Roof Runoff

TF: Toilet Flushing

AlS: Advanced Irrigation
XS: Xeriscaping



THE RATIONALE FOR GREEN
INFRASTRUCTURE (USWA)

Improve the health and livability of our
communities;

Expand employment opportunities;
Reduce municipal expenses; and

Improve the safety and security of our water
resources.



SUSTAINABLE ASSESSMENT FRAMEWORKS & RATING SYSTEMS

= Smart City Index

= Sustainable City Index

= City Blueprint

= ENVISION

= Effective Utility Management
» Water Sensitive Cities Index

= One Water Cities Rating System




Context: Social Response
Factors Affecting Action
Design & Resulting
Outcomes

Water Management Capital
Policy Instruments
Regulations and Standards
Social Capital of the City

Shape,
impede,
enable

Actions that Change Outcomes

Water Demand Management (e.g.,
Conservation)

Regenerative and Resilient Infrastructure
Systems (e.g., Gl, Resource Recovery,
Recycling)

Fir For Purpose Use of Alternate Water

Urban Landscape Design

Joint Water / Urban Planning

Shape, impede, enable

AT
Context: Pressures Altering Outcomes & Objectives ‘I A RN
From within the city GHG Emissions = e wgsew
Dol atiam Chemee Urban Heat Islands Urban Water Innovation

Land use/Landscape Change Economic Development Demands Network Conceptual
Infrastructure Conditions and Costs | Social Inequality One Water Assessment
Energy/Electricity Use Framework
Water Shortage From outside the city
Water Pollution Net Migration
Water Hazards Climate Change
Ecological Degradation Climate Extremes
Air Pollution Disease Spread
Shape
Cause Outcomes
need for Create
, Pressures
Result in
Outcomes

Cause need for -
Improve Water Supply Reliability

Improve Human Health Protection
Context: Physical Factors Affecting Action Improve Flood/Stormwater Resilience

Design & Resulting Outcomes Improve Natural Capital
Improve Social Capital

Improve Urban Livability

Urban Microclimate Others ...

Urban Hydrological Cycle
Urban Ecology
Land use, Landscape Design, and Urban Form



Pathways Context Goals and Outcomes
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. and Extremes Hazards
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Collaboration
Networks

Urban Heat
Islands




New generation of urban and . o }M smma ‘ ‘.
agricultural infrastructure e
systems are needed to enhance
the resilience of our communities §
in a changing world. System
integration is the Holy Grail of
the transition toward resilient

and regenerative infrastructure

systems.

/ age curtesy of Wenk Associates



SOUTH PLATTE RIVER BASIN

Drainage Area 24,300 sq. miles

[] Herbaceous
[] shrub
[] Pasture

Wyoming

[] Mixed Forest
[ Deciduous Forest
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How will growing population
and warming climate impact
water resources in the West?

What is the future of
agriculture in rapidly

urbanizing river basins?

N Demand
Cities ,
Farmland e,
Industry e
Environment /
Py T Groundwater
L - Storage
/' Trans-basin

Supply
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Increased competition for
water will likely expedite
agricultural dry out.

South Platte River Basin

Water Supply

2020 2040 2060 2080

Colorado’s Water Plan 2050 Projections:
Water Supply Gap: Approx. 700,000 acre-feet
Reduction in Irrigated Agricultural Land: 22% - 32%

Irrigated Land in 1,000 Acres
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Dozier, A., M. Arabi, B. Wostoupal, C. Goemans, Y. Zhang, and K.
Paustian, 2017, Water management tradeoffs and targets for the
agricultural sector in rapidly urbanizing semi-arid regions,
Environmental Research Letters, 12 (2017) 085005.



Adaptation strategies can
combat agricultural decline:

= Urban Demand Reduction
= Alternative Water Sources

= Agricultural Irrigation
Technology and Strategies

= Alternative Transfer
Methods

=  Storage Systems

Irrigated Land in 1,000 Acres
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Dozier, A., M. Arabi, B. Wostoupal, C. Goemans, Y. Zhang,
and K. Paustian, 2017, Water management tradeoffs and
targets for the agricultural sector in rapidly urbanizing semi-
arid regions, Environmental Research Letters, 12 (2017)
085005.



Agricultural Revenue in Billion $

Adaptation strategies —
including technological, policy, ‘
and financial solutions — must L
balance tradeoffs among:

Business as Usual Scenario

_—-.

2010 2020 2030 2040 2050

= Agricultural revenue

: Adaptation Scenario
= Rural expenditure 8 —

) _ —
= \Water rate \
= M&I costs ?

0

| Access|b|||ty and equ|ty 2010 2020 2030 2040 2050




A dominant majority of the
population will be living in
urban areas.

Nearly 40% - 45% of homes
in the region by 2050 have
not been built yet.
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DENVER ONE WATER PLAN

City and County of Denver
Colorado Water Conservation Board
Denver Water l

Metro Wastewater Reclamation District
Mile High Flood District
The Greenway Foundation

ONE WATER PLAN GOALS

GOAL#1 © GOAL#2 @ GOAL#3 : GOAL#s :  GOAL #5
PROMOTE : IMPLEMENT : FOSTER : INCREASE : IMPLEMENT
INSTITUTIONAL MULTI-BEMNEFIT COMMUNITY RESILIENCE AND INTEGRATED WATER

COLLABORATION PROJECTS AND : SUPPORT . CLIMATE CHANGE MANAGEMENT

PROGRAMS PREPAREDNESS SOLUTIONS



DENVER ONE WATER MONITORING PLAN
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GOAL #1

FROMOTE INSTITUTIONAL
COLLABORATION
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GOAL #2

clh

IMPLEMENT
MULTI-BENEFIT PROJECTS
AND PROGRAMS
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GOAL #3

FOSTER COMMUNITY
SUPFPORT

Areas of accessible green spaces per 1000 persons
in Denver by Census Tracts.

GOAL #4

INCREASE RESILIENCE
AND CLIMATE CHANGE
PREFAREDNESS

Fit-for-Purpose Use of Water Sources

GOAL #35

IMPLEMENT INTEGRATED
WATER MANAGEMENT
SOLUTIONS




KEY ELEMENTS OF THE ONE WATER APPROACH

Strong leadership and vision from Partnerships between

senior positions, at both polibcal and departments and collaborating
executive levels organizations

Bold
Leadership

Planning and

Collaboration

A conducive regulatory and
legislative environment for
encouraging public and private
participation

An organizational culture
that embraces the One Water

Regulation One Water approach

d =
Leg ?s';atinn P E;?-:.;' ’;—tg m

Citizen and
Stakeholder
Engagement

Transparent engagement

with the community and
\ stakeholders

A favorable economic environment

for private investment /

Water Research Foundation (WRF)
Blueprint for One Water



ONE WATER
SO LU T I O N S Connecting world

I I class research with
h a n k o u INSTITUTE real world water
® e S challenges

Urban Water

water systems with
urban planning
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Sustaining
agricultural
production in a
changing world

© mazdak.arabi@colostate.edu
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Improving physical,
chemical, and
biological integrity
of water systems
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