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STAGES OF INNOVATION
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2011: Conceptualize LID for arid southwest 
at neighborhood scale

2015: Build tools for Early Adopters
• Guidance manuals, case studies, GIS
• Institutionalize GI/LID
• Assess Life-cycle costs

3 3 2019: Increase construction & care of 
GI/LID 
• Outreach
• Training professionals
• Design scales: lot, neighborhood, 

watershed, developments
• Costs



INFORMATION FOR ARID  SOUTHWEST

For those people ready to develop GI/LID what do they need?
• Technical information: GI/LID Guidance Manual
• Examples of success: Case Studies
• Mesa Toolkit Add images of 

report covers



GIS WEBSITES
• Pima Association of Governments GI Prioritization Tool
• Collaborative efforts:

• Jurisdictions shared costs to purchase additional layers 
• RFCD processed LiDAR to obtain flow paths

• Relevant information
• Plan for what you want to see
• Select layers providing the most bang for the buck.
• Keep in mind that each entity is solving a different problem

• Control flooding
• Revitalizing a neighborhood
• Supporting alternate transportation (shaded bu sstops… etc)

• Design Details (here or another slide)

https://gismaps.pagnet.org/PAG-GIMap/Map.aspx


INSTITUTIONALIZING GI/LID

• Resolutions (PAG 2012, 2015)
• Ordinances

• Incentives (encourage new building)
• Requirements (safety)

• Partnerships
• Green Streets, Complete Streets
• Sustainability
• Universities
• Businesses

• Utilities (water or stormwater)



CITY OF TUCSON ORDINANCES



CITY OF TUCSON INCENTIVE PROGRAMS



CITY OF TUCSON GREEN STREETS



COT WATER HARVESTING PROGRAM

NSSH:  Richland Heights, 2019NSSH:  Light House YMCA, 2018



LIFE CYCLE COST ANALYSIS
• Financial: 

• construction costs
• maintenance costs

• Social:
• Extreme heat
• Recreation
• Property value
• Flooding

• Environmental: 
• Air quality
• Stormwater quality
• Energy use
• Habitat



TEMPERATURE CHANGES DUE TO  LAND COVER CHANGE
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MEANDER BEND PARK – LOCAL SCALE
REGIONAL TEMPERATURE         CANOPY DENSITY

AUTOCASE ASSESSMENT
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SOCIAL COST/BENEFITS
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Cost/Benefit Mean Value 2.5% 
confidence 

97.5% 
confidence

Other Benefits $0 $0 $0
Flood Risk $100,913 $100,913 $100,913
Property Value $1,159,372 $651,931 $1,708,405
Education $16,149 $9,388 $24,516
Recreational Value $3,721,554 $3,721,554 $3,721,554
Public Health $38,012 $6,879 $86,165
Food $523,563 $314,602 $735,216
Social Value of Water $0 $0 $0



ENVIRONMENTAL COST/BENEFITS
Impact Mean 

Value
2.5% 

Confidence
97.5%

Confidence
Water quality $55,889 $55,889 $55,889
Concrete C Emissions $0 $0 $0
Air Pollution: Vegetation $328,524 $243,049 $414,799
Carbon Reduction: Veg $20,154 $7,906 $35,648
Air Pollution: Energy Use $25,970 $13,270 $41,597
Energy Use C Emissions $3,132,994 $1,223,733 $5,553,594
Habitat $385,145 $385,145 $385,145
Pollination $133,763 $133,763 $133,763
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DESIGN EMERGENCY IRRIGATION: PRESERVE 
SHADE INFRASTRUCTURE

• Truck delivered water
• Curb Access
• Gravity flow
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AIR TEMPERATURES FOR URBAN HEAT ISLAND IMPACTS
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MONTH OF YEAR

Normal (1981-2010) RCP8.5 (2068) 2016 2017

Climate Low UHI Med UHI High UHI

Stationary $653,006 $948,074 $1,226,916

RCP8.5 $1,255,961 $1,826,645 $2,374,508
Change 95% 95% 95%



AIRPORT WASH – REGIONAL SCALE



1. Residential Parcels: ~1/3 of available landscape for selected parcels delineated 
as rain gardens. Included streetside basins if appropriate for the space.

Model representation On-the-ground potential practice

10% & 25% SCENARIO: 
GREEN STORMWATER INFRASTRUCTURE RETROFITS



Photo: Wheat Design Group

2. Street Segments: Apply the COT Green Streets Policy to major arterials and 
reconstructed streets

Model representation On-the-ground potential practice

10% & 25% Scenario: 
Green Stormwater Infrastructure Retrofits
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3. Commercial & Community Centers: Retrofit parking lots, buffer yards, and 
open spaces

Model representation On-the-ground potential practice

10% & 25% Scenario: 
Green Stormwater Infrastructure Retrofits



EXAMPLE URBAN AREA FLOOD DEPTH 
MAP



EL VADO US EL VIRA

Drainage Area: 30 acres



Policy Implications
 Develop neighborhood-scale GI/LID demonstrations to target flood-

prone areas

 Asses hydrologic impacts and CBA of urban arroyos and floodplain 

enhancements

 Quantify water quality impacts for neighborhood-scale projects

 Develop funding sources to implement GI/LID.



GI/LID AT AN HOA



REALIZED COST 
SAVINGS FOR AN HOA
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PIMA COUNTY GI PLAN
Board of Supervisors Map of Projects

• Resolution to develop adaptation 
and mitigation plans to address 
climate change

• Add GI/LID + Trees to
• Pima County properties
• Pima County ROW

• Strategies
• Identify 43 projects
• Document benefits with life-cycle 

costs of GI projects
• Increase canopy from 8% to 20%

• Add map of 43 projects 
• Find report at Pima County 

Department of Environmental 
Quality Water, stormwater, 
publications, page 19 or 39 of the 
report



HEALTH DEPARTMENT INTEREST IN GI/LID

• Current activities 
• Map of cooling stations
• Building Resilience Against Climate Change: urban/rural splash pad

• Future activities
• Develop a multi-dimensional approach to minimizing heat illnesses

• Time of exposure
• Temperature
• Age of person
• Exertion level

• Plan for extreme events, like a power outage during the summer
• Facilitate connection with local power company (TEP) to identify those with heat 

co-morbidities 



LOWER SANTA CRUZ RIVER BASIN STUDY
IDENTIFY IMBALANCE BETWEEN SUPPLY & DEMAND

• Water Sources
• Groundwater
• CAP water
• Reclaimed water
• Stormwater

• Water Users
• Municipal
• Farming
• Mining
• Environment
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CONCEPTS UNDER CONSIDERATION
Watershed models
1. Measure % perviousness to 

imperviousness
2. Model predevelopment runoff
3. Measure post-development runoff
4. Identify how much more GI/LID is 

needed to reach 
predevelopment runoff

5. Develop iterative method of 
assessing watershed runoff as 
GI/LID is added

Pro-active Development Techniques
• Lot scale

• Cisterns 
• Low Impact Features & native plants

• Common areas
• Cisterns : potable or non-potable
• Maintenance similar to public water 

system
• Contract with well owner to provide 

water during extended drought
• Truck water during extended drought 



BOND CREDIT RATINGS & 
PREPAREDNESS

Moody’s Investors Services
“Our credit analysis considers the effects 
of climate change when we believe a 
meaningful credit impact is highly likely to 
occur and not be mitigated by issuer 
actions, even if this is a number of years in 
the future.”
• Climate trends: long-term trends
• Climate shocks: sharp, immediate

Analysis criteria of issuers:
• Economy
• Fiscal position
• Capital infrastructure
• Management’s ability to 

• Marshal resources
• Implement strategies to recover

• Costs to employ mitigation strategies
• Economic strength and diversity
• Access to liquidity
• Ability to leverage additional revenue



EXTREME 
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HORNED LIZARDS  HARVESTING RAIN



PIMA COUNTY 
DEPARTMENT OF ENVIRONMENTAL QUALITY

HTTPS://WEBCMS.PIMA.GOV/CMS/ONE.ASPX?PORTALID=169&PAGEID=62831

Contact: Marie Light (520)724-7457
Marie.Light@pima.gov
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