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Green Infrastructure
for Climate Resiliency

Climate change is impacting urban areas in many ways, from
exacerbating the urban heat island effect to elevating flood risk.
Build green infrastructure to help improve community resilience.
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By the end of the century, 1 out @T? 3 ;-51:::33."@ of Americans Climate change will
annual domages from U.S. counties in the lower live in coastal counties, likely lead to more
flooding in the LS. ore 48 states face higher risks where water and energy frequent and severe
projected to increase of woter shortages by infrastructure are heat waves during
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Green Infrastructure Builds Resiliency

4 Vegetaotion-based green
infrastructure practices can
mitigate carbon pollution,

2 Build green infrastructure

s like rain gardens and
permeable pavement to

————  manage flooding.

I3 Keep water local. Capture runoff in cisterns and rain barrels to reduce municipal water use.

B Plant trees and green roofs to mitigate the urban heat island effect.

& Use living shorelines, buffers, dunes and marsh restoration to reduce the impact of storm surges.

Green Infrastructure at Work

HEEP
LOWER URBAN HEAT WATER LOCAL

ISLAND EFFECTS

BUILD COASTAL
RESILIENCY

By capturing roin where it faolls,
urbanized Southern Califarnio and
the San Francisco Bay aren could boost
water supplies by up to 200 billion
gallons per year — as much water as the
city of Los Angeles uses onnually®

Research suggests that
wave height can be reduced
by 50% within the first 16 feet

of marsh and 95% after crossing
100 feet of marsh.”

Studies show that green roofs can
reduce the energy needed for
coeling on the floor below the roof
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MANAGE FLOOD RISK USE LESS ENERGY

Give your air conditioner a rest!
One young, healthy tree

A study in Burnswille, MN -
showed o {g %%‘I@ reduction E ‘\_q!l
/ can produce cooling
- effects equivalent to
ten room-size air
conditioners operating
20 hours a doy.®

in runoff volume after the |
installation of 17 rain gardens - '
in a 5.3 acre neighborhood.® =
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United States - For more information on green infrastructure, see:
Environmental Protection

Agency wiviw.epa.gow/greeninfrastructure
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ABOUT @ Seviiomment GLPALS

Hi my name is Alexis Mullard and | am 3 cman

presenting my design proposal Reconnect m . . ‘
The Canal, in response to my Sustainable m—

Design Challenge: Redesigning the Arizona
Canal. My sustainable design proposal targets

The UN Sustainable Development Goals, B
specially achieving goal 11. L & 2

GOALS

DID YOU KNOW

Historically, the Phoenix canals were the community's social spot
and were always associated with recreation. Instead of concrete
and electricity lines, the canals used to be described as lush
pathways full of cottonwood trees with swings hanging from the
branches over the water. The canal banks provided the community
with an area to walk, fish, swim, picnic, ride bicycles, and horses.
People even water skied in areas of the canals that consisted of
roads along the bank for cars to pull people by ropes.




Although Phoenix is regarded as a new city, it is built on the remains of an ancient civilization
having much historical significance. From A.D. 600 to 1450, the Hohokam, a prehistoric group
of Native Americans, constructed one of the largest and most sophisticated irrigation
systems. The Hohokam constructed the canals using only their hands, stones, simple tools,
and innovative engineering concepts that are still in use today. The canals allowed the
Hohokam to sustain their crops, enabling agriculture to thrive and transform the desert Salt
River Valley into a fertile agricultural city providing water to thousands of individuals. The
canals consisted of much vegetation and lushness, several native fish species, and almost 200
species of Sonoran Desert plants, providing the community with an environment for playing
games, fishing, and hunting and gathering food. The canals were the community gathering
place during the hot summer; people swam in the canals and picnicked or relaxed along the
canal due to numerous cottonwood trees providing shade. In A.D. 1450, the Hohokam
disappeared for unknown reasons, leaving behind the last physical clues describing people
with unique cultural significance and innovation and many ruins, rock art, and canals. In the
1600 and 1700s, early Spanish explorers found and used the Hohokam canal system to
irrigate their crops. By the late 1860s, Phoenix emerged along the Salt River with the remains
of the ancient canals lying below the streets of the city. In the 1950s, the recreational aspects
of the canal vanished as swimming pools, and A.C. became popular, and SRP transformed
the waterways to make them more efficient by giving them steeper banks and lining them
with concrete. Today, the trees along the canal have never returned as SRP limits landscaping
to prevent trees from interfering with maintenance access or power lines.




WHERE
YOUR WATER
COMES FROM

Your water begins
as snow high
in the mountains.
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As the snow melts, it runs

down the mountains, through

forests and into rivers.
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Water is released | e

through dams.
Dams are used fo
control the flow of

water. They can also
be used to make

hydroelectric power.
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746 BILLION
A A GALLONS OF
WATER IS
STORED IN THE
SRP SYSTEM.

Rivers flow
into lakes
where the

water can

be stored.

$ ¢

¢
SRP MANAGES
131 MILES OF
CANALS AND
1,000 MILES OF
SMALLER CANALS
CALLED LATERALS.

CALLED LATERALS.

IRRIGATION

IRRIGATION

® /o

SRP delivers water

across the Valley
Q using a system of
candls. The canals
carry water to
treatment plants,
farms, parks,

homes and schools.

IRRIGATION

IRRIGATION

SCHOOLS
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TREATMENT
PLANTS

SRP DELIVERS

260 BILLION
GALLONS OF
. WATER EACH
\ ﬁ YEAR.
Cities deliver treated
' water to homes and
BUSINESSES B
-
SCHOOLS

CRE®

HOMES

Delivering water and power*




The world's urban population has crossed the 50% mark of the global population. It continues
to grow, expecting to be about 5.06 billion (60%) by 2030. The rapid progression of
urbanization, however, is accompanied by both challenges and opportunities. Improper
policies, plans, and designs have led to increased slums and overcrowding, poor access to
essential services, social inequality and segregation, and environmental degradation such as
pollution. Furthermore, the impacts of climate change affect different areas of the world in
diverse ways, requiring new and innovative actions for adaptation.

Stormwater runoff is a primary The landscape can be a ora

cause of water pollution in GREEN FILTER GRA FUNNEI_‘ R——
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communities across the globe. L L L o
As cities continue to develop,
vegetation is removed and
replaced with grey infrastructure
- impervious concrete surfaces
that prevent water from
infiltrating into the ground.
Stormwater carries trash,
bacteria, heavy metals, and other

pollutants, which contaminates ' '

the receiving waters and f 0 he rainwater  allowing pollution and toxins to be
jeopardizes human health. slowly ground. washed into our waterway

Grey infrastructure retains and
radiates heat, causing the "urban

island heat effect," which leads to ; e

increased temperatures, energy ' — ‘ o |
consumption, air pollutants, and : g G8F l”:,:: ;'1
greenhouse gases, and ¥ RS UAedn

compromised human health and
comfort. Additionally, lack of
enough trees, parks, and
vegetation causes increased
ozone and particulate pollution
levels, which can cause serious
health effects.
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THE CONCERNS FOR PHOENIX, ARIZONA

Arizona experiences the effects of climate change from deadly s Q ;
: e ’ N N
heatwaves, increased temperatures, wildfires, droughts, and Rt
decreased precipitation. Phoenix is one of the fastest warming states - i?-:“""*‘m ~
in the U.S., and for over 20 years, Arizona has been in a drought, ) ¥
surpassing the worst drought in more than 110 years of record. Climate| joss
change will lead to more frequent, severe and longer heatwaves. In - LGl ;\
2020 at least 494 deaths were heat-related. .P-:;i-'sg_,‘;‘ L

Heat-associated deaths by zip code

(MCDPH) MORE DANGER DAYS

HEAT INDEX ABOVE 105°

Other detrimental effects include crop losses, higher electricity bills, increased pollution,
and a significant decrease in the Colorado River's water supply, which provides millions of
people water. The majority of it is used for agriculture, posing a risk to an industry that
contributes $23 billion to the state's economy and provides over 130,000 jobs. Arizona
has high evaporation rates, low soil permeability, and an average of approximately 7
inches of rain annually. The lack of water is becoming a more concerning issue; therefore,
alternate water conservation methods are essential.

intial  Projected Change in the Temperature of the 10th Hottest Day of the Year
Arizona Statewide Average
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RCP8.5 = “high emissions’
2| RCP4.5 = “low emissions”
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Although Phoenix is regarded as a

new city, it is built on the remains of oy
an ancient civilization as the
Hohokam constructed the Salt River
Valley canals From A.D. 600 to 1450.
Today, Phoenix has 9 canals, with the
canal system extending to about 180
miles, which is longer than the Venice
(26 miles) and Amsterdam (60 miles)
canals combined. Although and
Amsterdam and Venice have taken
advantage of their canal system,
Phoenix has done the opposite as The
Salt River Project removed every
aesthetic element lining the canals.
Phoenix is experiencing the urban
heat island effect, partly due to the
canals reconstruction, which
consisted of removing thousands of
trees and replacing the area with
concrete and power lines. Although
the reconstruction was in the 1950s,
over the past several years, the city
has seen the effects such as increased
air pollution and energy usage for air
conditioning. The Arizona Grand ‘
canal has much potential, and the ‘e ] = 3 Z
city should consider the opportunity Escalating effects: :
to consider implementing green e : =N
infrastructure along the canal and v temperatures Use of white roofs, shade tree planting,
throughout the city. e urban heat island effect lead and increased shading

D R I VE RS 0 F U R BA N H EAT Lack of vegetation, lack Anthropogenic heat released from

of evaporative cooling, heated or cooled buildings
shading /
Waste \ Heat released
Building materials store e bystfatiic ,
Heat solar heat and release it R \ / Tall buildings trap air

at night in to the street

~ canyons and reduce
wind speed within
the city

Impewious Long-wave radiation

is reflected from
S u l"faces walls back to street

level

Urban
Geometry Due to the UHI a city centre can

be over 10 degrees warmer than
the surrounding countryside




Green infrastructure uses vegetation, -

soils, and natural processes to manage ' T -j \‘, i
water, filter pollutants from stormwater, —
and develop healthier urban V-

environments. Green infrastructure G} = oo
practices protect, restore, or mimic the i 7
natural water cycle so that stormwater
runoff is captured, absorbed, infiltrated,
allowed to evaporate, and retained on
site. Green Infrastructure (Gl) integrates
natural processes into the built
environment to help improve
community resiliency and build
adaptable infrastructure as different

parts of the country become hotter, syl
drier, or wetter. Green infrastructure is a  Fiaiss
cost-effective, resilient, sustainable "
design approach to managing the

River stone slows the runoff down —

impacts of climate change while also Sy
R . . plants, racks \ﬁhferis. col Iec_te-:l in t:he WV $ - o
providing many environmental, social, g e

- » and channels runoff channeled to nearby lakes
B loswal e tothe bicswale and rivers through drains

A bloswale Is a man-made landscape element designed to use soll, rocks and native plants as a natural
filtration system to clean contaminates from rainwater runoff. Bloswales mitigate flooding and create

Gl consists of Figure 4: Types of Green Infrastructure lllustrated on the Environmental Protection Agency’s Website
various : y 4
stormwater
management
practices, such
as:
e

and economic benefits.
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GREEN INFRASTRUCTURE BENEFITS

Grgen I.nfrastruFt'ure helps communities build resilienFe, THE HEALTH BENEFITS OF

which is the ability to prepare for and adapt to changing
conditions and withstand / recover rapidly from

NATURAL SPACES

disruptions such as naturally occurring threats. ADULTS

Community resilience encompasses the entire
community, including its physical infrastructure,
economic and social capital, natural environment, and
systems that provide essential services. Gl as an approach
to managing rainwater is an integral component of
sustainable communities because they benefit the

STRESS REDUCTION

IMPROVED LIFE EXPECTANCY
IMPROVED COGCNITIVE PERFORMANCE
BETTER GENERAL MENTAL / PHYSICAL
HEALTH

environment and human health while offering social and IMPROVED SLEEP QUALITY

economic benefits. In addition to reducing polluted
stormwater runoff, Gl practices provide various
community benefits such as improved water and air

REDUCTION IN CANCER RISK

CHILDREN (improvements in):

quality, reduced urban heat island effect, and aesthetic EMOTIONAL / * ATTENTION
and recreational value, contributing to a city’s livability. Gl BEHAVIORAL CAPACITY
provides habitat, can reduce erosion, preserve nature and DEVELOPMENT SOCIAL SKILLS
wildlife and positively impact energy consumption, air CONCENTRATION BALANCE
quality, carbon reduction and sequestration, property SELF CONFIDENCE AGILITY
prices, recreation, and other community health and SELF DISCIPLINE WEIGHT OF

vitality elements. COORDINATION NEWBORNS

GREEN INFRASTRUCTURE HAS THE ABILITY TO PRODUCE
MULTIPLE BENEFITS WITH MINIMAL FUNDS. SOME INCLUDE:

Improved water quality. JiEES 2hic I'OWlIlg Happle )

Redced muricipal vater use Healthier Communities

Groundwater recharge.
Flood risk mitigation for small storms. ) ) \§
Increased resilience to climate change ¢
impacts such as heavier rainfalls and
hotter temperatures.

Reduced ground-level ozone.
reduced erosion

Reduced particulate pollution.

WE DID THE RESEARCH. It turns out trees are improving
neighborhoods and communities across the country.

_ A|[i§ﬂ9\§] FEF gonlmur!iw Trees” Here’s what Americans have to say about trees.
i Acbor Day Foundation Program

9 5 0/0 identify shared benefits of having more trees in their communities.

Reduced air temperatures 79% 73% 63%
. Beautifying their Making a positive Bringing birds
Reduced energy use and associated community impact on the and other wildife
. . environment to the community
greenhouse gas emissions.
Increased or im proved wildlife 0 would prefer more trees in their neighborhoods rather
0 than more restaurants and bars.

habitat. helieve having

Improved public health from reduced Bkl
[ym_akes
air pollution and increased physical e Ecter

a CtIVIty’ O 0 And they are willing to
Increased recreation space. 2 /0 O / 0 ok
Improved community aesthetics. e $ 1 4 1
. recognize personal benefits donation to support each year.
Cost savings. of planting trees planting and e —1
H in their communities. maintaining trees in s =
Green jObS. their communities. __h

Increased property values.

of Americans are interested in volunteering to plant or ca

for trees in their community. S0 LET’S GET TO WORK!
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The City of Phoenix has already implemented many Green Infrastructure related
practices such as community-level plans, redevelopment regulations for urban
development, and vegetation preservation.

Tree + Shade Master Plan

The Tree and Shade Master Plan is the product of the Tree and Shade Task Force,
a multi-department committee led by the Parks and Recreation Department. The
\ task force met for a year and a half to evaluate the causes of Phoenix's declining

|\ urban forest. The task force also looked at regulatory hurdles that prevent the

| construction of shade structures over public sidewalks. The Master Plan was
adopted by the City Council on January 5, 2010.

* The Greater Phoenix Green Infrastructure Handbook:
Low Impact Development (LID) includes details for
alternative Stormwater Management and provides
guidance and technical standard details for LID
techniques so local design p|anning and development The Tree and Shade Master Plan strives to create a healthier, more livable and

h ! .' ! . ! . prosperous Phoenix through the strategic in in care and mai of the urban forest and
pI’OfeSSIOhals can more eff|C|ent|y |hteg rate (G|) and LID in engineered shade. Trees and shade structures are critical components of the infrastructure and over the long-
. . term can save the city millions of dollars. The Master Plan provides a detailed roadmap to achieve an average
new and/or retrofit projects. 25% shade canopy coverage for the entire city.

* The Phoenix Tree and Shade Master Plan attempts to  Learn more about Trees in Phoenix
create a more sustainable, livable, and thriving city
through necessary investment in care and maintenance o
the urban forest and shade.

¢ 2020 Actions

Reduce Urban Heat Island:

# Developing an Urban Heat Mitigation and Adaptation Plan
e On May 20, 2019, Arizona and the other Colorado River * Developing a “HeatReady” certification for Cities (pilot testing to begin in Phoenix in 2020)
. . » Building a “WalkShed” tool to identify priority areas to add shade in vulnerable neighborhoods.

Basin States sig ned agreements for The Drought » Accelerating the Tree and Shade Master Plan with a goal to plant 5000 trees in 2020

Contingency Plan to take less water from Lake Mead Air Quality:

overt he next seven yea rS. * EBuilding a state and regional network with dozens of stakeholders to address reduce pollutants. Possible

strategies may include supporting programs to increase EV adoption and reduce miles traveled per capita

e [n 201 , The Wate rshed Ma nagement Grou p sta I’ted a through employer trip reduction programs and incentives.

partnership with the City of Phoenix and community Recent Accomplishments

members to plan and implement green infrastructure on
both private and public sites.

$T10M in climat i ($910M with T2050)

1. $30M LED Streetlight project replacing 100,000 streetlights - completed in 2019

e P h oen ixlsl Climate Action Pla n | nc | u d es goa |S a nd 2 525M biogas facility capturing waste gas and selling to California (and 90% wastewater reuse) - 2019
3. $30M in retrofits underway to reduce energy use in City buildings by 20%

specific actions for reducing GHG emissions from various 4 $15M state-of-the-art compost facility

activities, including air quality, heat, water, food systems, 52 945Min Recyciing Equipment Upgiredes (Hor ¥)
. . 6. S5M lly in tree planting and mai e (4500 trees planted in 2019 on City land)
Statlonary energy, transportatlon, and waste. 7. Joined C40 in 2020 - an international network of nearly 100 cities

e The 2011 Water Resources Plan indicates the possible +$800M in ion imp in last 3 years
challenges that Phoenix will encounter as a leader in
water management. Phoenix's water supply and the
threat of drought create a higher motivation to initiate
proactive actions.

e The vision of The City of Phoenix Comprehensive

City of Phoenix Climate Goals

» A carbon-neutral city by 2060 operating on 100% clean energy
# All new buildings are “net positive” by 2050 in both energy use and materials

e Greenhouse Gas (GHG) emission reduction

Bicycle Master Plan includes "In the next 20 years, targets: OE Pt
Phoenix will be a Platinum-level Bicycle Friendly SRS BYACE R CIbs COMNHONE SR e T
. . . . o 30% by 2025 community-wide (Paris- besin S
Community. It will be safe and easy to bike anywhere in comaRant) o radk i o

the city. A well-connected infrastructure network will link © 80% by 2025 (City Operations only) on
people and places, making bicycling a preferred option i

) ] ! ) o 90% by 2050 community-wide by 2050
for daily transportation, recreation, and healthy lifestyles." Deczotz  Dec20zs

(phoenix.gov)
e My proposal reflects sustainable urban development

2050 2060

Clean Air - outperforming federal standards by 2050
Zero waste through the circular economy

policies such as the "Bridging the Green and Brown ;400-yes aupply of clean il ielable kel
Agendas" and "Linking Spatial Planning to Urban g VRS U T 20T e feon Heneees
Infrastructure."

Transportation 2050

2050 Susta il‘la bi Iity Goa |S On Aug. 25, 2015, Phoenix voters approved Transportation 2050 and made [ PHOENIX
a strong statement about the importance of expanding investment in /i TRANSPORTATION
2050 @

In 2016 Phoenix City Council adopted 2050 Envir 1S inability goals that articulate the community's -
- : i Phoenix for bus service, light rail construction, and street
desired long term environmental outcomes that would fulfill the General Plan aspirations of a Sustainable Desert i tants
City.
The previous transit plan, known as T2000, was a voter-approved tax that primarily funded transit service in
Phoenix. Now broader and more comprehensive, the Transportation 2050 plan places additional emphasis on
Transy ion: Make walking, cycling, and transit commonly used, enjoyed, and accessible for every Phoenix street needs including; street mai new p t, bike lanes, sidewalks and ADA ibility
neighborhood, including our disabled community which will all compliment the increase in transit services.

Waste: Create zero waste through participation in the Circular Economy The Transportation 2050 plan was developed by a citizen-led committee
~ of transportation experts and community advocates and addresses a

Water Stewardship: Maintain a clean and reliable 100-year supply of water Mde amay of concems expressed by res:dents S dme blke wallcand

Building & Land Use: Reduce community carbon pollution by 80%-90% with the longer term 2060 goals of

becoming a carbon-neutral city - -._:_.' plan, which became effective Jan.1, 2016, will triple the number of light

rail miles in Phoenix by adding 42 miles of across the city, provide late-
night bus and Dial-a-Ride service citywide, and will directly and
= indirectly benefit every street in Phoenix.

Parks, Preserves, and Open Spaces: All residents live within a five-minute walk of a park or open space

Clean Air: Achieve a level of air quality that is healthy for humans and the natural environment

o . ) . Learn more and view progress updates
Local Food Systems: Maintain a sustainable, healthy, equitable, thriving local food system


http://phoenix.gov/

CITY OF PHOENIX LONG TERM GOALS

¥E1I

A Carbon Neutral City
by 2060

Parks or Greenways
in every neighborhood

25% tree and shade
canopy

<@

100-year clean &
reliable supply of water

A thriving vibrant
Food System

New buildings are Net Positive
in energy & materials

gl

£0% waste diversion
by 2020

40% of commutes by walking,
biking, transit & car-share

; w
Everyone within a 5-Minute
Walk of a park or pathway

Mo

Eliminate
Food Deserts

®ia

15 vibrant compact
complete centers

'

‘
»
i

T

Clean Air. Excellent or
good visibility on 90% of days

@b

15% renewables
by 2025

k g
90% of residents within
10-minute walk of transit

a2
X m ¥

Zero Waste through participation
in the circular economy

Clean Air. Out-performing
federal standards

300 Miles of pathways and
walkable vibrant canals

@

80-90% reduction in
GHG emissions

A =R

Transit in every Phoenix
neighborhood
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Although Phoenix places a high value on tree preservation and currently has plans that
incorporate UN sustainable goals and is dedicated to achieving a more resilient and
prosperous future, not much progress has been made. My master plan design proposal will
expand upon the current plans previously mentioned and are included below.

s e st
B

My design proposal addresses Sustainable Development Goal 11, Sustainable Cities and
Communities, to make Phoenix a more inclusive, sustainable, resilient, and safe city. My design
approach promotes efficient solutions to Phoenix's exponentially growing detrimental problems
that can be efficiently resisted through green infrastructure along the canal.

COMMENTS
FROM

CITIZENS

In February 2020, The Grand Canalscape, a

LEGEND

$22.5 million improvement plan along 12 miles s EoER
of the canal from Interstate 17 to Tempe, was o
completed. The Grand Canal scape consists of

Cameitack Rd
@ 1-17 to 15th Avenue
@ 16th Street to 36th Street

i (3@ 40th Street to PhoenixTempe Border

a concrete pathway, pedestrian lighting, e — orand Canl X
seating, and signalized crossings at major T "
intersections. Although city planners have put = == _ o

effort into reviving Phoenix's canals, the [l “@\
reconstruction of the area lacks all green -~

i &, LN

infrastructure elements, including the easy
addition of trees and plants.

v




My proposal implements key aspects of the International Guidelines on Urban and Territorial Planning.
The Guidelines include 12 principles and several action-oriented recommendations for an integrated
planning approach that is beneficial across various scales and adaptable to different regional, national,
and local settings. The guidelines provide inspiration and direction to help build more socially inclusive
and connected cities that foster sustainable urban development and are resilient to climate change. The
Guidelines provide national governments, local authorities, civil society organizations, and planning
professionals with a reference framework for improving global policies, plans, designs, implementation,
and processes. The Guidelines emphasize urban policy and governance, sustainable urban development,
and implementation and monitoring mechanisms. Incorporating the design into Phoenix's infrastructure
will promote a wide range of sustainable support and protection of Phoenix.

The Guidelines:
12 Key Planning Principles with 114 Recommendations

To orient and guide decision-makers in developing or reviewing urban and territorial policies, plans and designs
through an integrated planning approach, the Guidelines are structured along 12 key planning principles and
114 recommendations in 5 main sections and addressed to the 4 stakeholder groups. An abridged version of the
12 guiding principles can be found below.

URBAN POLICY AND GOVERNANCE
1 | Urban and Territorial Planning is an integrative and participatory decision-making process that addresses

competing interests and is linked to a shared vision, an overall development strategy and national,
regional and local urban policies.

2 | Urban and Territorial Planning promotes local democracy, participation and inclusion, transparency and
accountability.

URBAN AND TERRITORIAL PLANNING FOR SUSTAINABLE DEVELOPMENT
Urban and Territorial Planning and Social Development

3 | Urban and Territorial Planning primarily aims to realize adequate standards of living and working
conditions for all through social inclusion and cohesion, recognizing the distinct needs of various groups.

4 | Urban and Territorial Planning is a precondition for a better quality of life and successful globalization
processes that respect cultural heritages and cultural diversity.

Urban and Territorial Planning and Sustained Economic Growth

5 | Urban and Territorial Planning provides an enabling framework for new economic opportunities,
regulation of land and housing markets and timely provision of adequate infrastructure and basic services.

6 | Urban and Territorial Planning provides a mechanism to ensure that sustained economic growth, social
development and environmental sustainability go hand in hand to promote better connectivity at all
territorial levels.

Urban and Territorial Planning and the Environment

7 | Urban and Territorial Planning provides a spatial framework to protect and manage the natural and built
environment of cities and territories, including their biodiversity, land and natural resources.

8 | Urban and Territorial Planning contributes to increased human security by strengthening environmental
and socioeconomic resilience, enhancing mitigation of, and adaptation to, climate change.

URBAN AND TERRITORIAL PLANNING COMPONENTS

9 | Urban and Territorial Planning is a continuous and iterative process, grounded in enforceable regulations,
that aims to promote more compact cities and synergies between territories.

10 | Urban and Territorial Planning aims to facilitate and articulate political decisions based on different
scenarios. It translates those decisions inta actions that will transform the physical and social space and
will support the development of integrated cities and territories.

IMPLEMENTATION AND MONITORING URBAN AND TERRITORIAL PLANNING

11 | Implementation of spatial policies and plans requires political leadership, appropriate legal and
institutional frameworks, efficient urban management, and improved coordination, consensus-building
approaches to respond coherently and effectively to current and future challenges.

12 | Effective implementation and evaluation of Urban and Territorial planning requires continuous monitoring,
periodic adjustments and sufficient capacities at all levels, as well as sustainable financial mechanisms
and technologies.
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Designing a specific GI method for the Green Infrastructure master plan for

canal that benefits many components in the canal.

Phoenix’s existing environment.

e Green Infrastructure design The structure of the process will include
elements project governance and participatory
design.

HOW HIGH POINT DRAINAGE WORKS TO RECHARGE OUR GROUNDWATER AND PROTECT THE CREEK l $

HOUSES use different strategies to collect, STREETS slope to one side and cuts in | SWALES collect, CONVEYANCE FURROWS direct

infiltrate, and cleanse rainwater. curb direct rainwater into planted and I absorb, and filter water away from the house via a path of

grass swales. | rainwater from
streets and houses
into the ground
before going into
the city storm drain.

- splashblocks

- rocks

- furrows or channels

- stormwater pop-ups

- planted depressions (raingardens)
- yard drains

gravel and crushed rock.

porous concrete sidewalks
allow water to pass through
into the ground.

stormwater
pop-ups release
water into the
yard

swales are designed !
with crossing points. \:\‘

ol l <8 - - * R
slotted pipes :\""h:."“.L ,_- et TR
L 1 Al
enable water to seep R i AL
into the ground while stormwater flows 32nd Street north of Raymond Street is porous WS s YT Y yard drains direct rainwater

1 ] 1} 1
k R R T 3
moving away from the YYVYY across sidewalks concrete to allow water to pass through into the : to swales or a pipe.

house ar:;jngzc: dtie‘ls toward swales. ground before it goes to the swale. . fr— slotted pipe
: : (underdrain)
. . O splash blocks slow and
- city storm drain to carry bigger rainstorms o direct water away from the
Y to the large pond which slowly releases house and should be kept
& DESIGN COMPANY cleaner stormwater to Longfellow Creek. rocky soil holds water until it clean of leaves.

seeps into the pipe.

NEW Creen Stormwater Infrastructure Program |
Offers Trees, Shade, Flood Reduction, and More IMPROVES air quality

sz N _'_é;_i_;_ sy s
The City of Tucson has created a pilot .""""'rr.\],lt".p.,v . : g
program to build and maintain public F{ AN i
projects that capture stormwater

runoff from streets and parking lots,

SHADES and COOLS

Cpbie neighborhoods
and divert it into vegetated water
harvesting areas. These kinds of y
projects are called green stormwater J . ; 7™ PROMQTES 7
infrastructure (GSI). The new G5l A % it \ recreation & mOblht}(
program will IRRIGATES e
« Provide a funding source for trees & plants

maintaining hundreds of existing GSI
features in city neighborhoods

« Support growing more trees and
plants along streets, and In parks and
public areas using stormwater as a
primary irrigation source

FILTERS 1.4
stormwater =
pollutants

.

Help reduce nuisance flooding issues
on neighborhood streets

Future Green

Infrastructure " (©) INCREASES
Sites EXTENDS . soil moisture .
pavement life ENCOURAGES -
by reduci - e -
Neighborhood Greenways wateryorfsféﬂ% Bolysas Jen : L
streets Parks it ok 5
Bike Boulevards Public parking lots . e
REDUCES & CREATES
FIND OUT MORE Go to Tucsonaz.gov/GS!| flooding new habitats
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Q GREEN INFRASTRUCTURE ELEMENTS

NATIVE AZ, DROUGHT RESISTANT VEGETATION

see next page

PLANTER BOXES
RAINWATER HARVESTING

Collects / Stores water - Helps build resilience to droughts by water conservation and
water management

PERMEABLE PAVEMENT

Where- For Bicycle / Walking path

porous concerete- light colored surface good for walking path

reflective pavement

Benefits- cooling surface temperatures / surrounding air temperatures, reduce runoff,
improve water quality

BIOSWALES ALONG THE PATH

Bioswales, vegetated swales, and bioretention areas are important Gl features in an arid region.
Phoenix receives higher pollutant and sediment loads in a given storm event with greater impact to
groundwater quality and therefore, vegetated drainage features can help to slow, filter and infiltrate
this storm water volume

Multi-Use Trail

Naturalized Canal Sidewalk
3! ‘} Canal Pedestrian
% Crossmg ‘/@ - )
N \K\’ é/ / Residential or Office Development
i Tk, w" o ot
NGNS b
R N ' A
: ] .-$ ; o - ¥ e, 2 i
\ i )
LT .;,..-‘..' Ay i ..p.'."g‘ T/ T
— : o - ]
S - ’ 6
X -
1 g 40
PERA R Canal Outlet
S ~L K Pipe Conveyance
1> Roadside Rain Garden
12 Infiltration

Roadway Sheet Flow
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COTTONWOODS
WILLOW TREES

ASH TREE

BLUE PALO VERDE
FOOTHILLS PALO VERDE
ANGELITA DAISY
ARIZONA ROSEWOOD
ARIZONA YELLOW BELLS
BEAVERTAIL PRICKLY PEAR
BRITTLEBUSH
BUCKHORN CHOLLA
BUSH DALEA
CHOCOLATE FLOWER
CHUPAROSA

CREOSOTE BUSH

DEER GRASS

DESERT MARIGOLD
DESERT MILKWEED
FEATHER BUSH

GLOBE MALLOW
GOLDEN EYE

GRAPE IVY

IRONWOOD
KIDNEYWOOD
OCOTILLO

PALO BLANCO

PARRY'S PENSTEMON
PINK FAIRY DUSTER
SAGUARO

SAN MARCOS HIBISCOUS
SWEET ACACIA

TUFTED EVENING PRIMROSE
WHITE THORN ACACIA
VELVET MESQUITE
FIRECRACKER PENSTEMON

Before the reconstruction, the canals were lined with cottonwoods, ashes, willows, tall grasses,
and other shade trees and consisted of corridors creating a lush habitat throughout thecity.
Today Arizona's major canal system follows many of the original paths, but the evidence of
many Hohokam villages lies buried under the urban development of Phoenix and Tucson.
Therefore it is essential to implement these historical elementsinto the redesign of the canal.

. i » ¥ " - Y - . -
IN THE SHADE OF THE COTTONWGODS
\\"h%r&-'t". one goes in the Valley there are tress— long the city streels, linina the country roads,
guarding the canals, patrolling ranch and erchard, are the lovely shade trees—ash, olive, cot-
tonwoed, eucalyptuy, pepper and palm.
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@WHAT IS MASTER PLANNING

Master planning is a discipline that
connects buildings with their
surrounding environments and
consists of public input, surveys,
existing and future development,
physical characteristics, and social
and economic conditions. As a
master plan for the Arizona canal,
green infrastructure will guide
future development and generate
a multidisciplinary solution to
different problems that Phoenix
encounters. Green infrastructure
along the canal requires inclusive
planning and design processes that
will guide decision-makers in
maintaining a balance between
protection and conservation and
growth and development to help
accomplish the design vision.

WHAT IS PROJECT
GOVERNANGE

Urban project governance is a
network of informal to formal
connected associations of public,
private, and nonprofit communities
linked to a shared vision and overall
development strategy to achieve
the desired goal. Governance
promotes local participation,
inclusion, transparency, and
accountability, creating a better
quality of life for all. Governance
ensures equal distribution of the
costs, opportunities, and benefits of
urban development, promoting
and respecting social inclusion and

place attachment, cultural heritage,

and various human needs.

MASTER PLANNING PROCESS

Feasibility Study

Strategic Framework

The feasibility study is an objective review of
available options for development. It includes
analysis and conclusions from the visioning
and scoping exercises for a given site
arinner city.

The strategic framework accompanies the
master plan to setthe scene and establish
baseline information relating to the physical,
social, and economic context of the site
and surrounding areas.

Physical and Spatial Elements

Image, Neighborhood Character,
and Heritage

Biodiversity

The plan should show the integration of
contextual features. Local surrounding
topography, waterways, and distinctive
landscape and heritage features as well as
view lines should be incorporated
into the design and local character
of the plan where possible.

The plan should show the location of
significant biodiversity values and whether
and how these are to be incorporated into

the development of the site.

Integrated Water Management
and Uhilities

Various Uses Including Housing,
Commercial Areas

The plan should show the location of various
uses and their densities, yields, and lot sizes.

The plan must be designed based on the
waterways on the site, and careful
decisions must be made on preserving the
wetlands and catchment areas while protecting
the waterfront from privatization and
preserving the public use of the waterways.

Open Space and Public Realm

Transport

The plan should show the location of both
passive and active open spaces including
their functions, sizes, and scales.

The plan should show the hierarchy of
streets, pedestrain and cycle paths, and public
transpart and freight routes and how arterial
roads, connector streets, and local access
streets will be designed to accommodate
multiple transport modes, land uses, and trees.

community members ,
engineers & designers  /
local business owners  /

developers /Implementing’,
/ resident visions \
community leaders city planners  / ‘\

Envisioning
locally appropriate
strategies & plans

academic experts community members

NGOs engineers & designers ’

city officials

community leaders /  Empowering local leadership

NGOs business owners /.
city planners & officials  /
academic experts  /

Building networks & collaborations

city, state, county officials / Evolving under city/region goals and

elective office-holders f policy to promote well-being
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The goals of the master plan are to design according to the citizens' needs while introducing an
efficient and sustainable way for Phoenix to combat current and future challenges. Including a wide
range of people in the design process is significant because inviting all to share their opinion will
promote participatory design. The project will promote participatory design, including a wide range
of people to share their opinion in the design process. This encouragement will involve all
stakeholders and ensure that the design's result meets their needs, is usable, and advocates for a
healthier environment. Customers, employees, partners, citizens, local authorities will create a realm
where people are actively caring about the city's future and their health and generations to come.
Exploring the opinions of all who live near or have a general concern about Phoenix will increase the
plan's success, which is crucial because this plan may set a precedent for future master plans, green
infrastructure-oriented goals, and other sustainable approaches.

e volunteer workshops, tree plantings, and Gl
construction from citizens creating additional
jobs for the city

e it will be a community-led process that is
educational, fun and builds community
connections

Local residents, neighborhoods, businesses, and
institutions like schools and churches. Involvment
should also include the City's Office of Environmental
Programs, City’'s Finance Department, Treasury and
Debt Management Division, Parks and Recreation,
Water Services, Planning and Development, and
Street Transportation Departments, Arizona State
University, local consultants, and EPA.

FINANCING
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These improvements will
encourage more individuals to
interact with nature and nearby
businesses, shops, and restaurants
because planting trees will provide
shade, reduce the temperature of
the sidewalk, limit cooling, and
promote improved physical
activity and mental health. Green
Infrastructure can provide a sense
of place attachment which
emerges from various experiences
and situations, such as parks,
green spaces, and natural areas,
and increases in proportion to its
proximity to one's home and
frequency of use. Implementing
Green Infrastructure along the
canal will increase an individual's
attachment to Phoenix and all of
the history behind the canals.
Phoenix, the 6th largest city in the
US, has the potential to serve as a
model for implementing green
infrastructure into an arid
environment, as a cost-effective
and resilient approach, with a
range of benefits.

URBAN TREE PLANTING

near apark have even higher valses.

Large seale vegetated arcas can bo as much
as B°F coolor than nan-green city centers
Varigus functions of trees, such s their
‘evaporative coling effect, help to reduse
wrban heat island (UHI) effect and heat
stress-related ifincss and fatalitics.

Troes provide sinilicant storm water ratention ;
benefits by imtercepting and absosbing rainfall and
by increasing the ability of scil to $tore wator. Large

trees {37 1L crown sproad) intercept over 2000
galions of rainfall annually "

We have achoice: Be Smart... Design Sustainably. .. Plant Wisely.

New York has incressed its ushan forests
Ly 0%, e errsively colling dhown on
harmitud ais pollutants and saving them an
asdounding 5220000

Whm Los Angeles started planting more

 imgagyedrents in metal

spendng lad
corumorcial areas®

As acounter to high pallition
lewvels, Pemnsylvania Hoetic utursl
Socioty hiss plediged Lo restore
lost canopy covirage by adding
abank 30% mons trees®

RETURN ON INVESTMENT

3223 PER TREE

A medium-slzed troc at maturity.™

TOTAL BENEFITS

$40.25 wuon

Annual combined benefits of existing
Phoenix urban forest,™

Treas improve ar quality by intercepting partioulate

matter (PM,) ludngweﬂl!lﬂu
(ND,, 5O, and 0,).: " They also el

atmespheric co leveks by upl.nnumdnunm.

Examples of Low-emitting
Trees for Phoenix;

i

ANNUAL BENEFITS TO PHOENIX

917

Milkan cubic feet of
storm runaff avoided”®

89,200

Tons of oxygen produced

1,700

Tons of air polition removed

30, 4[]!]

REPLACEMENT COST

93.84 o

Cost ta replace Phoenix urban forest.™




22
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Reduce the urban heat island by shading building surfaces, deflecting the radiation from the sun, and releasing
moisture into the atmosphere.

reduces energy use- tree shade cools the air and reduces the amount of energy needed to cool buildings,which
reduces the amount of greenhouse gasses

improves air quality- Trees absorb air pollutants (e.g. NO2, SO2, and O3) and intercept particulate matter (PM10).
reduces CO2- Through direct sequestration

vegetation reduces smog by reducing air temperatures, power plant emissions from AC, and removing air pollution
Habitat improvement - Vegetation in the urban environment provides habitat for birds, mammals, amphibians,
reptiles, and insects. By reducing erosion and sedimentation, green infrastructure can improve the habitat in the
canal.

Habitat connectivity - green infrastructures along the canal and connecting to other parks can help to facilitate
wildlife movement and connect wildlife populations.

Reduces stormwater runoff

Increases Groundwater Recharge

creates educational opportunities - Green infrastructure along the canal provides an opportunity to develop
community awareness and understanding of the historical roots of the canal and the importance of sustainable water
resource management.

improve community livability

o Trees improve community aesthetics and increase recreational opportunities by improving pathways, creating

places to gather, and providing shade.

o Native trees can help provide a sense of place and well-being in Phoenix, strengthening place attachment.
Green Jobs: Green infrastructure along the canal can reduce Phoenix's infrastructure costs, promote economic
growth, and create construction and maintenance jobs.

Health Benefits: More green space and parks encourage outdoor physical activity, which reduces obesity and
prevents associated chronic diseases.

Recreation Space: Vegetation and trees throughout the city and connecting to the canal can increase recreation
areas, allowing residents to enjoy greenery while biking or walking to other destinations.

Property Values: Using green infrastructure in development and increasing vegetation and tree cover can enhance
property values, benefiting both developers and homeowners.

Increase Phoenix's biophilia which has many benefits and can be described as an emotional affiliation and identity,
an ecoliteracy, beauty, simulation and delight, a way of healing,



[ Avoided and Reduced j \' s
== o - .. \.\.\ hh--.."' —
Green Permeable Bioretention and T
% _ rees
Roofs Pavement Infiltration
7 8 -~ rd ™,
/I ..‘\_ - ,',. \
/ ™, ol .
S o e
Reduced Building Reduced Water Reduced Water Reduced Water Reduced Water Reduced Building
Energy Use (kWh Treatment Treatment Treatment Treatment Energy Use (kWh
and Btu from (gallons from (gallons from (gallons from (gallons from and Btu from
Energy section) Water section) Water section) Water section) Water section) Energy section) b
:
Reduced Energy Reduced Energy Reduced Energy Reduced Energy
Use for Water Use for Water Use for Water Use for Water
Treatment (kWh Treatment (kWh Treatment (kWh Treatment (KWh
fom Energy section) fom Energy section) fom Energy section) fom Energy section)
A
% | /
“ g
" s
Direct . Direct ré Direct
Sequestration ™. \ Sequestration | Sequestration
T ‘\‘\\ - I/'/
.\_\. I. '.o' //
L y L
o ."\_\ / g - - /
F Total Pounds of Atmospheric CO2 \ |
Avoided and Reduced """""""""\"'
(Carbon Price: $0.00756/pound CO Sequestered orAvoided) > 2
i
(s ) ;

| Climate Change |

Pounds of Atmospheric CO2

This section, while not providing a comprehensive list of green infrastructure practices, describes the five Gl practices that are the focus
of this guide and examines the breadth of benefits this type of infrastructure can offer. The following matrix is an illustrative summary of
how these practices can produce different combinations of benefits. Please note that these benefits accrue at varying scales according to

local factors such as climate and population.
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