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LOCAL TEAM INTRODUCTION

Claire Zucker
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LOCAL LEADERSHIP, SUPPORT AND 
PROGRESS

Evan Canfield
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NATIONAL CONTEXT

John Williams
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Envision’s Economic 
Companion Tool - BCE

• Some economic values and impacts are 
typically ignored during infrastructure 
decision making process

• Filling in a need for an economic matrix so 
that custom studies are not needed 

• Universal standard
• Calibrate national tools – will help industry
• Why EnvisionTM in particular? Significant 

number of accredited professionals, current 
number of projects
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AutoCASE and the BCE

Why AutoCASE?

• Affordable - AutoCASE makes getting a project 
Envision certified less costly

• Aid decision making (data driven) , Design for 
optimal outcome, monitor operations

• Effective - AutoCASE analysis aids funding 
applications

• Green Investing/Bonds
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AUTOCASE IN THE ARID WEST –
PROOF OF CONCEPT

Ryan Meyers & John Parker
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AutoCASE

• Values the full net benefits (benefits – costs), accounting 
for risks to relevant stakeholders, sectors and society as a 
whole

• Calibrated to local weather conditions, regional economic 
and demographic data

• With this project, integrated local research to make it 
applicable for local needs (e.g. flooding vs. CSO)

• AutoCASE applied to eight GI/LID features individually, 
and used in two representative sites
• A commercial site (a convenience store and gas station)
• A road re-design (Silverbell Road near Goret Road).
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Findings

• GI/LID features provide multiple high impact social benefits, as 
seen on both sites analyzed

• Commercial Site 

• Road Re-Design
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Findings

• Commercial Site

• The value of the site is significantly increased through the 
use of GI/LID features in site design when compared with the 
base case (using concrete or pavement)

• GI/LID features lead to a large increase in social and 
environmental value

• The LID features selected have multiple social and 
environmental benefits:

• Reduced flood risk during extreme storm events

• Reduction in carbon emissions and air pollution

• Increase in local property values

• Reduced heat mortality

• Lower requirement for on-site irrigation
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• Road Re-Design

• New trees, bioretention, and water harvesting basins yield a 
highly positive SNPV

• Most substantial benefits:

• Reduced heat stress mortality

• Measuring direct impacts on human life in terms of 
reduced heat island effects

• Traffic calming

• Due to the installation of a roundabout and curb 
extension

• Measuring direct impacts on human life in terms of 
reduced likelihood and severity of traffic accidents

Findings
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• Ignoring the multi-benefits of GI/LID features would mean 
making incorrect decisions. 

• GI/LID features have a payback to governments, the 
environment, the economy and the community. 

• The approach gives the ability to allocate the full value of a 
project amongst relevant stakeholder groups so that all can 
understand how they are affected. 

Findings
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Recommendations

• The City of Tucson, Pima County, and PAG (the Tucson region) 
should continue to measure the full value of its GI/LID initiatives 
and use this information to make decisions.  

• The approach used is a useful tool for demonstrating the full 
value of GI/LIDs as projects are planned and designs are 
modified.

• The Tucson region should consider the use of Envision to 
communicate those benefits to outside stakeholders.
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Staff Recommendations

“Understanding the economics is as important as 
understanding the planning and technical mechanics of 
GI/LID stormwater-water infrastructure design 
solutions. This cost-benefit report, tailored with data specific 
to the arid southwest, is a tool to evaluate the spending of 
public funds for GI/LID solutions.

We hope Government Stakeholders will review this 
information, make recommendations and apply GI/LID 
practices whenever feasible. GI/LID practices are essential 
tools to make our region more resilient and adaptable to 
changing natural weather conditions while also improving 
the quality of life for our residents.”

-Forward, AutoCASE Beta Testing Project
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Highlights

• Benefits of GI/LID features 
quantified and monetized:

Reduced Electricity Costs

Reduced Natural Gas Costs

Reduced Flood Risk

Change in Property Values

Reduced Heat Stress Mortality

Value of Reduced CO2 Emissions

Value of Reduced Air Pollution

Reduced Direct Costs of Water

Reduced Marginal Social Costs of Water Use

Increased Pavement Longevity Benefit

Traffic Calming - Roundabouts and Curb Extension
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• Added GI/LID features to 
commercial site and road 
re-design provide net 
benefits to the Tucson 
region

• Largest benefits: heat 
related mortality, traffic 
calming, flooding, reduced 
water costs and air 
pollution
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AUTOCASE BACKGROUND AND 
DETAILED RESULTS

Ryan Meyers and John Parker

17



 Values the costs, benefits, and risks of infrastructure projects

 Provides different stakeholders’ perspectives of value

 Can be used throughout the planning and design phases

 Equips project planners and engineers to design for maximum 
overall benefit, using Sustainable (financial, social, and 
environmental) Return On Investment framework

 Provides ability to run business cases on green infrastructure 
stormwater designs enables testing of value of benefits versus 
costs – adjusted for risk

1
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 Uses a sustainable return on investment (SROI) analysis, which:

- Quantifies the benefits of green infrastructure

- Analyzes how GI/LID features affect overall societal welfare

 Shows output as project value, monetized as discounted 
dollars, as well as the probability of achieving this value

 Identifies how value is distributed amongst project 
stakeholders (e.g. property owners) or sectors (e.g
environment)

1
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 Has a transparent and documented database

- Uses industry-standard and government mandated regional 
and national data

 Runs as a stand-alone cloud-based application, as well as a 
plug-in to Autodesk's Civil3D CAD application

 Methodologies and data were developed in conjunction with 
the Institute for Sustainable Infrastructure

 Input data is fully customizable, and project specific and local 
data for Tucson are being used where available
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GI/LID Features Evaluated

 Eight green infrastructure (GI) features evaluated

 Features also combined in two sites:

- A commercial site

- A street section

 Economic analysis used to determine which GI features 
provide the greatest benefits in Tucson and how they can be 
used to comply with:

- Commercial rainwater harvesting ordinance

- Green streets guidelines
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GI/LID Practices Evaluated

• Water Harvesting Basins

• Bio Retention Basin 

• Xeriscape Swale

• Cistern

• Infiltration Trench

• Detention Basins (or Extended Detention Basins) 

• Pervious Pavers

• Curb Extensions (new and retrofit chicanes, medians, traffic 
circles and road diets with inlets to gather street water)

22



23

GI/LID Results

Net Present Values – Median (50th Percentile)

Costs Benefits

CapEx Cost O&M Costs
Flood Risk 

Reduction

Property Value 

Uplift

Heat Mortality 

Risk Reduction

Reduced CO2

Emissions

Reduced Other 

Costs

Direct Financial 

NPV
Total SNPV

Bioretention -$2,096 -$377 $169 $49 $515 $0 $0 -$2,473 -$1,740

Pervious Pavers, 

relative to 

asphalt

-$2,496 -$834 $168 $51 $513 $0 $0 -$3,330 -$2,597

Detention Basin 

/ Extended 

Detention

-$1,215 -$194 $234 $50 $514 $0 $0 -$1,409 -$612

Water 

Harvesting 

Basin*

-$132 -$7 $200 $52 $518 $0 $0 -$139 $631

Cistern -$2,685 $0 $95 $0 $0 $0 $448 -$2,685 -$2,142

Xeriscape Swale -$383 -$173 $159 $51 $512 $0 $0 -$556 $167

Infiltration 

Trench
-$701 -$167 $200 $50 $515 $0 $0 -$868 -$102

Pavement -$10,817 $0 -$424 $0 $0 $0 $0 -$10,817 -$11,241

Concrete -$14,106 $0 -$379 $0 $0 -$1,346 $0 -$14,106 -$15,831

*Entered as Infiltration Basin



 The first curve is the Direct 
Financial NPV (i.e. only 
including direct costs and 
benefits such as capital 
expenditures, revenues, 
etc., and not including 
other costs and benefits 
such as air pollution, 
carbon emissions, water 
quality benefits, etc.).

 The second curve 
incorporates all costs and 
benefits in the model, 
including impacts on the 
local economy, society, and 
the environment.

24City of Tucson UHI Workshop - GI Benefits

An example of the probability curve 
output of a planned project. 



 A steeper the curve means 
lower risk.

 A more stretched out curve 
means more risk.

 The difference between the 
curves is the (net) non-
market  or societal benefits 
(externalities) such as lower 
carbon emissions, reduced 
pollution and less urban 
heat island effect.

25City of Tucson UHI Workshop - GI Benefits
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GI/LID Results
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Two Sites: Clusters of GI/LID Features

• Commercial Site

• 7.3 acre commercial property for a gas station/convenience 
store in the northeast edge of City of Tucson

• GI/LID modifications added for purposes of scenario testing 
only; not associated with any current proposed changes 

• The site shown is for illustration purposes only; site is 
surrounded by suburban land uses

• Road Re-Design Site

• Silverbell Road from Grant Road to Goret being re-designed 

• The four northerly sections of Silverbell Road from Goret
Road north were chosen for beta test
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Highlights

• Benefits of GI/LID features 
quantified and monetized:

Reduced Electricity Costs

Reduced Natural Gas Costs

Reduced Flood Risk

Change in Property Values

Reduced Heat Stress Mortality

Value of Reduced CO2 Emissions

Value of Reduced Air Pollution

Reduced Direct Costs of Water

Reduced Marginal Social Costs of Water Use

Increased Pavement Longevity Benefit

Traffic Calming - Roundabouts and Curb Extension
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Net Present Value of Net Benefits (Benefits - Costs)

Thousands

Commercial Site
Direct NPV - No
GI/LID

Commercial Site
SNPV - GI/LID
Included

"Road Re-
Design Driect
NPV - No
GI/LID"

Road Re-Design
SNPV - GI/LID
Included

• Added GI/LID features to 
commercial site and road 
re-design provide net 
benefits to the Tucson 
region

• Largest benefits: heat 
related mortality, traffic 
calming, flooding, reduced 
water costs and air 
pollution
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Commercial Site
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Two Sites: Clusters of GI/LID 
Features

• Commercial Site

• 7.3 acre commercial property for a gas station/convenience 
store in the northeast edge of City of Tucson

• GI/LID modifications added for purposes of illustration: 

• Water Harvesting Basins

• Bio Retention Basin 

• Cisterns

• Pervious Pavers

• Detention Basins (or Extended Detention Basins)
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Summary Results

Net Present 

Value of 

Benefits -

Commercial 

Site

Capital Expenditures -$81,685

O&M Costs -$26,640

Direct Financial NPV -$108,325
Reduced Flood Risk $6,203

Change in Property Values $3,059

Reduced Heat Stress Mortality $69,162

Value of Reduced CO2 Emissions $15,043

Value of Reduced Air Pollution $26,088

Reduced Direct Costs of Water $896

Reduced Marginal Social Costs of 

Water Use
$815

Sustainable NPV $12,9410%
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Commercial Site Results



Commercial Site Benefits 

• Heat related mortality 
largest benefit

• Air pollution - CO, SO2, 
NO2, PM, O3

• CO2 

• Most Likely: $24 
(IWGSCC 2010) 

• Low: $14 
(Nordhaus 2011) 

• High: $115 (Stern 
2006)

33

Reduced Flood 
Risk
5%

Change in 
Property Values

3%

Reduced Heat 
Stress Mortality

57%

Value of Reduced 
CO2 Emissions

12%

Value of Reduced 
Air Pollution

21%

Reduced Direct 
Costs of Water

1%

Reduced Marginal 
Social Costs of 

Water Use
1%

Net Present Value of Benefits - Commercial Site



Commercial Site Benefits 
• The government, community, 

and environment all benefit 
from the use of GI/LID features

• The government has lower need 
for irrigation, higher economic 
activity (reduced heat mortality 
rates) and lower health costs 
(lower air pollution)

• The community also benefits 
from lower mortality rates and 
better health

• The environment benefits from 
reduced pollution and carbon 
emissions
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Road Re-Design

1

2

3
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Two Sites: Clusters of GI/LID 
Features

• Road Re-Design Site

• Silverbell Road from Grant Road to Goret is being re-
designed

• Four northerly sections of Silverbell Road from Goret Road 
north were chosen for illustration:

• Water Harvesting Basins

• Infiltration Trenches

• Curb Extensions (new and retrofit chicanes, medians, 
traffic circles and road diets with inlets to gather street 
water)

• Trees
36
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Road Re-Design Results

Summary Results

Net Present Value 

of Benefits -

Silverbell Road

Capital Expenditures -$42,125

O&M Costs -$3,897

Reduced Electricity Costs $20,331

Reduced Natural Gas Costs $57

Direct Financial NPV -$26,634
Reduced Flood Risk $25,645

Change in Property Values $1,592

Reduced Heat Stress Mortality $84,634

Value of Reduced CO2 Emissions $12,095

Value of Reduced Air Pollution $17,588

Reduced Direct Costs of Water $43,823

Reduced Marginal Social Costs of 

Water Use
$39,868

Increased Pavement Longevity 

Benefit
$1,763

Traffic Calming - Roundabouts and 

Curb Extension
$117,737

Other Benefits $3,412

Sustainable NPV $322,5230%
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Road Re-Design Benefits 

• Largest benefits: 

• 1. Reduced accidents

• 2. Heat related 
mortality

• 3. Reduced water use 
(financial and social 
costs)

• Value of a statistical life 
range of $5-$13 million 
with a median of $9.1 
million (US DOT 2014 
Guidance)
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Road Re-Design Benefits 
• 1. Community benefits:

• Marginal social cost of water and 
traffic calming

• Reduce the community’s risk of 
water shortages and improve 
quality of life by increasing safety. 

• 2. Economy benefits:
• Reduced social cost of water and 

traffic calming features 
(roundabout and curb extension)

• Increased economic activity due to 
reduction in accidents, leading to 
decrease in lost economic activity

• 3. Government benefits:
• Reduced heat mortality, decreased 

local flood risk (thereby lowering 
costs), and reduced carbon and air 
pollution
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EXAMPLE PHOTOGRAPHS

Green Infrastructure/Low Impact Development
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Water Harvesting Basin

Scott Ave. - Laura Mielcarek
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Water Harvesting Basin

U of A Lester - Grant McCormick
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Bioretention Basin

Pima County and City of Tucson Low Impact Development and Green 
Infrastructure Guidance Manual October 2013 – Draft
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Swale

Sandy Bolduc
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Swale

Ellen Alster
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Swale

Irene Ogata
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Infiltration Trench

Laura Mielcarek

51



Cistern

Evan Canfield
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Pervious Pavers

Belgard Pavers
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URBAN HEAT ISLAND AND 
MORTALITY

Benefit Calculation - Example
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Urban Heat Island
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Increased Vegetation and 
Reduced Mortality
 Extreme heat (or cold) associated with increased mortality

 The authors1 found a strong association of temperature-
mortality and a relation with latitude for East Coast Cities

 The model developed in the analysis is used to project changes 
in mortality resulting from reduced heat island effect

 The percentage increase in vegetation determined from GI 
features

 Overall reduction in temperature calculated as a result of 
percent increase is vegetated area

 General association used: a 10% increase in vegetation reduces 
temperatures in a region by 0.39 to 0.70 0F.2,3

1“Temperature and Mortality in 11 Cities of the Eastern United States”, Curriero et al., Am J Epidemiol Vol. 155, No. 1, 2002
2”Meteorological and Air Quality Modeling”, Hudischewskyj et al., 2001
3.”Streamlined Mesoscale Modeling of Air Temperature Impacts of Heat Island Mitigation Strategies”, Sailor, D., 2003 56



Increased Vegetation and 
Reduced Mortality

 Reduction in the average annual 
mortality rate is based on local 
Tucson weather, the local 
mortality rate, and the Minimum 
Mortality Rate (or MMT, the local 
temperature threshold at which 
mortality begins to rise due to 
high temperatures)

 Annual lives saved from the 
project calculated using difference 
between old average mortality 
rate and new average mortality 
rate

 The Value of Statistical Life (VSL) 
is used to quantify the benefit 
of reduced heat mortality rates 
in dollar value.
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Value of a Statistical Life

 The value that an individual places on a 
marginal change in their likelihood of 
death

 Very different from the value of an 
actual life; it is the value placed on 
changes in the likelihood of death, not 
the price someone would pay to avoid 
certain death

 Empirical studies published in recent 
years indicate a VSL of $9.1 million 
(2012 $)

- Low and high values of $5.2 million 
and $12.9 million also used
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Summary – Heat Island 
Calculations
How Heat Mortality Reduction is Valued:

1. GI related to temperature changes
2. Temperature related to mortality rate changes
3. Valuing the dollar value of the VSL, a dollar value is put on 

the benefit the GI has in reducing the heat island effect.

 This is one of several benefits associated with GI that we 
quantify. 
- Example: This is one of the multiple benefits quantified 

for a water harvesting basin.
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