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@‘% SMARTMOBILITY

. Systems and Modeling for Accelerated Research in Transportation
$12.5M Multi-Lab Effort

Bringing Science to the Conversation

Multi-modal transport of people and goods

Market adoption through informed infrastructure
investments

Understanding consumer mobility decisions

City-scale urban mobility models for planning

Connectivity & automation to enable safety,
energy, and mobility



Talk Outline & Key Messages

* A Need for Empathy and Urban Nexus Science /Energy
Efficiency Innovation across cities of US & Globally

e DOE SMART Project: Addressing the Nexus of Energy,
Urban Sustainability, and Decision/Behavioral Sciences
with Interdisciplinary Integration and Co-Design

* Preliminary Urban Science and ‘Humans-in-the-Loop’
Study (in Denver) to demonstrate/further catalyze
integrated urban energy and mobility systems/services
that people value w/ co-benefits for energy-efficient-
healthy-resilient cities



Transportation is over 30% of US Energy Consumption

Nichols & Kochelman, 2015: Transport and Land Use/Urban Form Critical to Global Urban Energy Demands-
Increases in resident & employment density offer substantial per capita energy savings: ~18,22, and 24% for
Phoenix, Austin and Seattle settings relative to an Orlando-based design (when multiple factors controlled).
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Fundamental Disruption is Occurring in Transportation

THE WALL STREET JOURNAL

GM CORPORATE NEWSROOM

Google, Fiat Chrysler Begin Work on Self-Driving Minivan:
Home News Company Plants & Facilities Images Videos Key Contacts ‘ ‘ . il

GM and Lyft to Shape the Future of Mobility
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AUTONOMOUS DRIVING

ed a long-term strategic alliance to create an in

Driving autonomously through Nevada o

Freightliner Inspiration Truck ODAY

MONEY TECH TRAVEL OPINION @ e

Uber's Pittsburgh riders to try self-driving Volvos

Lockheed Martin Invests in Peloton Technology and

= - - Commercializing Truck Platooning
Sections = The Washington Post The Local Motors Olli is a driverless EV minibus with IBM Watson

inside

Transportation

Columbus nabs $50
million ‘smart city” prize

PEOPLE COLLECTIONS CAMPUS SEARC
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FORD TARGETS FULLY AUTONOMOUS
VEHICLE FOR RIDE SHARING IN 2021; INVESTS
IN NEW TECH COMPANIES, DOUBLES SILICON
VALLEY TEAM




Significant /Uncertain Implications for Energy / Behaviors: Connected and
Automated Vehicle Energy Impact Analysis

Platooning I

Eco-driving ]

Congestion mitigation N
De-emphasized performance T
Improved crash avoidance T

Vehicle right-sizing ]

Higher highway speeds e
Increased features e
Travel cost reduction ]
New user groups e
Changed mobility services I
Infrastructure footprint* B
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% changes in energy consumption due to vehicle automation

Does increased Connectivity, Automation, and Mobility lead to increased

or reduced transportation energy use and GHG emissions?

Brown, A.; Gonder, J.: Repac, B. (2014). “An Analysis of Possible Energy Impacts of Automated Vehicles.” Chapter 5, Societal and Environmental
Impacts. Meyer, G., ed. Lecture Notes in Mobility: Road Vehicle Automation. Berlin: Springer.
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Get Out of Your Box: Co-Production of Urban
Nexus Science & Innovation for the 215t Century
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== Co-Producing Knowledge: URBAN
FUTURES -
Mobility-Land- Buildings-Air-GHG) &

www.nrel.gov and www.ral.ucar.edu/csap/themes/urbanfutures

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
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A Challenge :

Info/Incentives/Social Norms for New Sustainable Behaviors?

An opportuni

Go Denver &=

Choose Your Own-Way

Powered by Xerox (9




Global Challenge: Low-Carbon, Sustainable
Cities/Urbanization for People to Live and Thrive

* “If current trends in urban expansion continue,
urban energy use will increase more than threefold,
from 240 in 2005 to 730 EJ in 2050”

Cities today represent:

Global GDP




215t Century: Engineering-Planning-Policy-Behavior Sciences for Urbanization

New urbanization projections (prepared for Rethinking Cities, World Bank, 2014):

* CHALLENGE: 10B urban people? 87% urban planet? 215t century = 3x more urban residents in

‘less developed’ world? What will be the infrastructures/institutions of a healthy urban planet?
« OPPORTUNITY: “Urban population will be split unevenly, with just 1.2B living in cities of

what we now think of as developed countries and 8.6B in cities of the developing world.”

The Developmg World‘s Urban
Population Could Triple by 2210

INTHE NEXT S DECADES, ALMOST 2 BILLION ADDITIONAL
PEOPLE WILL POPULATE THE EARTH. THIS GROWTH WILL CREATE

DEMANDS ON AN UNPRECEDENTED SCALE FOR:

Urban residents Population |
ENERGY FOOD SUPPLY WATER WASTE
Year | lessdeveloped | Moredeveloped | World World Gt R s
910 {406 04 | 1505014 | 190418 093 i
w LIVING HEALTH CARE INFRASTRUCTURE
00 | 38962 | 149%0% | 529636 T i CoRDTENS
U0 | 710678 | 119612 | 820400 110
ool EEERE
210 | 769%¢86 | 10%12 | 87%8 113
Fuller and Romer, 2014. Urbanization as Opportunity. (Calculations based on UNDESA, 2012) Amadei, 2009



* Approximately 75 % of the infrastructure required that will be in
place in 2050 does not even exist today (ICLEI 2015)

e Delhi: a doubling of power requirements 2009-2014 (CEA, 2011)

World Urban Population (Per cent)
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Data source: United Nations Population Diwision, (2008)



Impact of Transport...

Global Vehicle Ownership (and oil use) Is Soaring
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Population (in millions) @®Asia @ Restofthe world

0 10 0 9 30 i
Source; UN, World Urbanization Prospects: The 2009 Revision



Buenos Aires

Population (in millions)
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® Asia @ Rest of the world

0 ¢ % 40
Source: UN, World Urbanization Prospects: The 2009 Revision



Shanghai
Calcutta
Buenos Aires
Los Angeles
Osaka-Kobe
Rio de Janeiro
Dhaka

Cairo

Karachi
Moscow

Population (in millions)

® Asia @ Rest of the world
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Source: UN, World Urbanization Prospects; The 2009 Revision



® Asia @ Rest of the world

Population (in millions)
2010
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Many of the world’s largest and fastest-

growing cities — from Karachi (population

14 million; 34.6% pop. increase from 2000-
2010) to Delhi (22m; 39.4%), Dhaka (15m,

(8m, 29.1%), Lagos (11m; 48.2%) and
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Interdisciplinary and international experiences
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* |IGERT-Sustainable Urban Infrastructure (Engineering-Planning-Policy-Health&Behavioral Sciences)
e Fulbright-Nehru Program, UCD, CU-Boulder, LBNL, UNSW, RMIT, Columbia, NYU, MIT, TERI U
* ARUP, BRAC, EWB-Int’l, UN WWO / WEF / Youth Assembly / UN-Habitat, UNDP Equator Prize

e Studies, work, travel, field research & volunteer activity in various countries abroad, primarily in
Americas / Asia: extended visits to Chile-DR-Bangladesh-India-Nepal-AUS-China

Current/Future: NCAR RAL CSAP UF, UCD, cross-national research in cities of Asia & the Americas




NSF PIRE: Developing Low-Carbon, Healthy and Resilient Cities in
the US, China, India

Integration Across Engineering, Envmt’l Sciences, Social Sciences, &
Public Health: Year 1: India; Year 2: China; Yr 3: US

Focus: reducing GHG emissions and addressing broader sustainability
goals - economic development, water scarcity, environmental pollution,
climate change and public health.

Four themes across a typology of city-types: megacities (10% of WUP),
smaller mature and rapidly industrializing cities (<1M; >60% of WUP)

Infrastructures, Environment,
and Health (Outcomes /
Inequities)

Modeling City Strategies Social Actors and Multi-Level
(Transportation, FEW, Waste Governance
& Industrial Symbiosis) (Priorities / Capacities)
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URBAN X

Information Community Thnught
Engagement Flesearch Leadership

Integrate Implement
THE WaY5 \WE CAN ENGAGE
VISION o
A convergence of humans-in-the-loop and urban
sustainability approaches toward integrating critical Diesign Fulicy
knowledge, data, tools, and design best practices * .
that can be leveraged and shared across sectors and ..

domains to support energy systems and services

tha.t reduce environ me_ntal impacts, improve quality U RBAN x Regional * * Indhustry

of life and create sustainable urban systems.

EXTENDED BOARD
MISSION T
Towards energy systems, infrastructure services, . '
for sustainable, healthy and resilient cities Pt Netmars
[IPETET

OUR APPROACH is

Interdisciplinary « Human-Centered « Systems Oriented

Research ...Objective and credible
data, tools, and analysis
for inegratad

insights/knowledge

..capacity building Optimize T T: T T Ll
at the sclence-policy numan-ceniersd energy
interface systems & urban serices




URBAN NEXUS INNOVATION

AN INNOVATION PROCESS ACROSS SYSTEMS, SCALES and CONTEXTS
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Piaople
Soclal Identify urban energy opportunities o
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Economic -
Explore most important upgrades to energy systems and Households
related infrastructure services for improved quality of life.
Budding/

Infrastructune

— 00000000
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Explore and design integrated technology, planning, policy, behavioral change and
finance pathways to address 21st century energy, city and climate change challenges

DECISION

SUPPORT ‘ ' /\/

Low Carbon Health Resiliency




US DOT-DOE-HUD-PCAST-State-etc:
Technologies and the Future of Cities

SMART Mobility

Systems and Modeling for Accelerated Research in Transportation

DOT Smart City Challenge

1l400 local officials,

‘ companies, academics and non-
| profits joined our webinars

people participated
‘ in our Smart City Forum
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CALIFORNIA
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companies have AR FraniciSED e Providence Jersey City
| expressed interest in partnering T Newark
h MARYLAND
NEVADA WASHINGTON, DC || .1 o
Las Vegas
m: NORTH CAROLINA VIRGINIA
s ks Charlotte Richmond
applications COLORADO Greensboro Newport News
received for the Smart City Denver Raleigh Norfolk
Challenge SOUTH CAROLINA || Virginia Beach
ARIZONA Greenville [_mec“
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Atlanta
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i Brookh,
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March at SXSW Chattanooga Orlande
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Baton Rouge Nashville Tallahassee
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. Smart City
‘ Challenge Winner announced in June

www.transportation.gov/smartcity

e U.S. Department of Transportation

Connectivity and

Multh-modal Automation

Vehicles and
Infrastructure

Behavior and
Decision Science

Figure 1 - Five Pillars of Proposed DOE Transportation
System Framework



Total VMT (trillions)

3.2

3.0

28 1

26 1

24

2.2 1

2.0

1.8

1-6 4 .
1985 1990 1995 2000 2005 2010 2015

VMT Trends for US & Denver

w——=Total VMT
=———Per capita VMT

US VMT hovering around
3 trillion miles from 2012-
2015; while VMT/capita
now dropping
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continuing to increase
due to rapid population
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hovers at ~4%
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More driving alone; public transit hovering at 4% since 1970s

Mode Share in the DRCOG region

80.0% —=Drive Alone
60.0% —Carpool
40.0% —=Public Trans
—\Nalk
20.0% e — —— —Other
0.0% R ———Eme————— —Work at home
1970 1980 1990 2000
Denver-Aurora-Boulder, CO CSA
2009 2008 2007 2006 2005
1 164,8 75. 0 1,186, 82 1,148, 1,123, 1,014,5
Drovealone 15 % 44 73.9% 02374.9% 394 753% 08  76.8%
17019 1150,2 148,06 120,52
Carpooled 14245792/ .......................... 3 %Q.ﬁ/.,.. ............... 58 9.8% 7 9.9% 1 9.1%
Public | | 68,99? |
transportation 6 866544/73826454 .................... 6 4. 5/63332 .................. 42/52842 .................... 4.0%
15,67
Bicycle 1737011/ ...... 17,473 1.1% 9 1. 0/1458110/ ...... 11,358 0.9%
| | 40,40 |
Walked 36,149§ 2.3%2 36,813 2.3% 8 2.6% 37.454 2.5%2 32.868 2.5%




Emerging Investments & Study Design

* University of Colorado A’ rail line

— Received nearly $1.5 billion in public-private investment
and connects Denver Int’l Airport and Downtown (opened

April 2016), offering new alternative mode for urban-
regional travellers.

* Exploring new urban rail transit innovation and new
‘GoDenver’ mobility app innovation

— Design of experiment exploring varied incentives for, as
well as enablers /barriers to traveller adoption (including
business travelers and residents) of new infrastructure,
more affordable housing near transit, and information
systems that integrate ridesharing-rail services.



Preliminary Results — with RTD

RTD Denver Local Annual Boardings RTD Boulder Local Annual Boardings
50,000,000 6,400,000
49,000,000
./\ 6,200,000
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46,000,000
45,000,000 ! ! ! ! ! ! 5,600,000 . . . . . . !
2009 20102011 2012 2013 2014 2015 2009 2010 2011 2012 2013 2014 2015
% Change in Total Annual Boardings
20.00%
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0.00% — — T - T . T - B
RTD Denver Boulder “Metro SkyRide  Light Rail 2012-2013
-10.00% -systemwide — Local — Local  Regional w 2013-2014
2014-2015

-20.00%



Travel in Fare
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Denver Metro Area: Key Challenges

e Sprawl, auto dependency; lack of affordable housing
* Rapid population growth

* Shifting demographics/mobility options

* Qol/Energy/GHG implications?

Years
TR Population Growth
Jurisdiction
o 800000
Arapahoe
Boulder
’ e
Douglas .
oo £00000 City and
o County of
Denver
Denver
400000 =£=City and
County of
i Boulder
200000 : : : : .

- - N N ] C] < L n w e © ~ &~ ® ©

"Demography Dashboard" Colorado Department of Local Affairs. 2015. https://dola.colorado.

— 20102011201220132014
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Methods / Transportation
tCo2e/household

We use existing national household survey data to
develop econometric models of demand, for
transportation, residential energy, food, goods, and
services.

Independent variables used to predict household
electricity, natural gas and other household heating
fuels in the Residential Energy Consumption
Survey(19) (n = 4363) include energy prices, heating
fuel type, heating and cooling degree days, structure
of homes (number of rooms, percent single-
detached, year home-built), demographic information
(income, number of household members, age of
householder, race), home ownership, percentage
rural or urban, Census divisions, and U.S. state.

Predictive variables for motor vehicles miles traveled
(VMT) in the National Household Travel

Survey(20) (n = 11 744) include number of vehicles
owned, fuel prices, average time to work, percentage
of commuters who drive to work, demographic
information (income, number of household
members, race), number of food and recreation
establishments in the zip code, population density,
Census region, and U.S. state. Independent variables
for 13 categories of goods and 11 categories of
services in the Consumer Expenditures Survey(21) (n=
6965) include household size and income.

g Legend
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Denver Metropolitan Region, Initial Energy Analysis:
Avg. Annual Household Total tCO2e by Zip Code



national

city-scale bench- Denver, Boulder, Fort Collins, Arvada, Portland, Seattle, Minneapolis, Austin,

type metric mark co co co co OR WA MN TX
Transport Road (VMT/ (27) 24 24 25 13 22 25 17 26

capita/day) (28] (28] [28] (28] [26] [24] [30] [28]

Airline (2.3) 8 6 6 3 4 4 7 3

(enplaned

passenger/

capita)

Jet fuel (22) 19 19 19 19 26 30 23 17

(gallons/enplaned

passenger)

Long distance ($288)  $295 $295 $295 $295 $424 $203 $432 $94

freight truck

($-1997/cap)
Key urban Municipal (0.82)  1.25 1.07 1.89 1.14 1.02 0.77 0.97 1.07
materials solid waste

(tons/capita)

Self-reported (33%) 2% n/a n/a n/a 54% 41% 37% 17%

waste diversion

Gasoline gallons/ (464) 435 433 459 231 400 446 315 447

capitalyr

Diesel gallons/ (148) 69° 71° 73" 37° 115° 128° 90° 158"

capitalyr

Jet fuel gallons/ (65) 149 112 107 56 112 111 148 56

capitalyr

Cement mt/ (0.36)  0.50 0.72 0.46 0.50 0.25 0.32 0.32 0.67

capitalyr

Food ($-1997/ ($4,841) 5,463 5,463 5,463 5463 5474 5979 5,713 5,331

HH/yr)

Treated water/ 148 129 108 91 97 96 104 122

WW in 1,000

gal/capita/yr

@ Corresponding state benchmarks are shown as in brackets, []; multi-state regional benchmarks are shown in braces, {};
national benchmarks are shown in parentheses, (). ® Does not include long distance freight, which is included as economic
activity. ° Estimation error up to 10% because of differences in residential-commercial designations between cities, census,
and utilities. National/State Data Sources: cement (77), VMT (30), commercial energy (317), residential energy (32), jet fuel
use and enplaned passengers (33), state energy data (34), and MSW (35).



national

oityseale — bench  Denver, Boulde, For Collns, Anada, Portand, Seatle, Minneapols, Austin,

Residential

fype mefic mk 00 € 0 OO O WA M
Demographic  Population na 519,744 101547 125740 104830 682,835 575,732 87711 672011 E n e rgy
(capita)
Population density 389400 213 3.6 50 697 1180 267
(capitalsq mile
Number of 296524 45049 54908 41010 20432 20679 172316 281,176
hOfﬂES (HH] ::::r:lal Energy, Annual Avg. (C02elHH
Square feet 107 1458 1684 142 18 13 1688 13 ) Tl
per home Wi —
(sfHH)
Total commercial N % X 24w % 20 314
floor area (millon sf
Total floor 0 100 9% % 1 1% 100
a4 Der capita
(sfcap]
Buildings and  Residentia 088 55 444689 68 75 T 4 108
faclities energy (KWhHHmo| 667 (667 o fsen s8] (1043 [B0s]  [110]
lse’ Residentl B & B 5 I | I/ | 26 ; T s
(therms/HHimo| /A /A /O A 1] %o %
Residentil 8830 6317 5283 743 7881 5609 536 71K 6423 D » 7 | 5
(kBu/HH) (7963 [7965] [7968] [7o65] [Sode] [6410] [6¢63]  [60B4] - -
Commercial-ndustral (14] 15 226 16 (/A I | 18 Denver Metropolitan Region, Initial Energy Analysis:
mf/'ﬁf'lty Avg. Annual Resid. Energy:Total tCO2e/HH by Zip Code
5
Commerciandustrial (90 69 4 4 w8 8 m l
thermal
(kBu/sf
Commercial-ndustrial (138) 122 1% 100 B 1 g 1M 81
total (kBrus) {04 {104 {104 {104 6 69 @0 7




Auto-Dependency vs. Transit Ridership
(considering affordable housing)

Legend
AVG_VOLUME
- 3
<) ﬂfo)-
@ 75101 - 159571 -
@ 159572 - 276029 4 4
— road_network_2040 /?3&' %
POP2010 @@ -
[ Jo-103 f’&y
[ 1037 - 1578 ’/Cs
B 577 - 2276 U,
B 2277 - 3703 .o1d Line qo,,
I 704 - 10138 ol [ — =
] B Corridg ° 0
es i |
Denver Regional Traffic Counts _
Avg. Daily Volume (2013-2014) - Legen
<\ _=
A\ Mo, of Afforable Housing Units
[Jo-n
[ ] 1eo- 1ese
[ 1ze0
[ =05
[ ==

Denver Affordable Housing Near (2035) Regional Transit



Overarching Questions

* This study helps answer three key questions:

— What are the experiences and levels of satisfaction
with new infrastructure and information systems and
services in the Denver metro region?

— How can companies and cities in Denver best
incentivize the use of new transit investments, ride-
sharing services, and integrated mobility mobile apps?

— What are the potential co-benefits (e.g. energy use,
vehicle miles traveled, personal convenience, social)
of new hybrid models?



City-Region Data Foundations for CAVs, Shared
Economy, Electrification, & Multimodal Solutions

* A pretest survey in select locations (e.g. DIA,
Panasonic/PenaNext, Denver Tech Center, first
and last mile challenged areas of the new West
Corridor rail line, and Union Station) will be used
to refine survey questions

* Results will help best design future incentive-
based experiments in diverse settings. A total of
100 travelers some of whom are using
ridesharing, to and from RTD study sites, or on a
relevant RTD rail line were surveyed as part of
the pretest/preliminary study



Initial Pretest Survey Responses

*  Survey Participantis... Survey Respondents Profile
* Comingfrom? ___ andgoingto? __ _ Traveling for Work 56%
____(please mark on map) Traveling for Pleasure 44%
A DIA Employee 37%
A CO Resident 74%
A CO Visitor 26%
Gender (% Male) 48%
Not using transit and only drives 10%

Wﬂ%@ﬁ Access to Grocery Stores
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Motivations, Age, and Willingness

Public Transit Travel
Choice Motivated By:

Energy/Environm
ental concerns 50%
Cost/Financial
concerns 61%
Convenience 94%
Time 65%

Age of Respondent

Estimated Travel Time,

100 Median Age of
80 ®
¢ ® 0% 00 o
60 *e ® o =
® ®s < QOO <
40 ¢ @ * 9 LL <
<
< <
20 oo ¥ oYX Al S—
DIA Airport
O [ [ [ [ [ 1
0 10 20 30 40 50 60 70
Survey Respondent #
200 | S
é Willingness to take Longer Transit Trips?
150 T
¢ % e
S 50 ®I3%
o |o ¢+ 7% * e o
O | |
18 23 28 33 38 43 48 53 58 63 68 73 78

Age of Respondent



Perhaps a Future Emerging Trend:

More Travelers with Smart Phones than Private Motor Vehicles?

* Have you used the GoDenver mobility app to plan at

least part of your trip from origin to destination? 1 .
Yes 2 No; B) If Yes, how did the GoDenver app Survey Respondents Profile

influence your travel decisions: Have a Smart Phone | 88%

* Did you make your decision prior to or after using

GoDenver app? 1Y 2 N Using Uber/Lyft 29%

* Did the GoDenver mobility app information inform Have a Motor Vehicle | 79%

your travel mode choice? 1Y 2 N
If mobility app informed your decision, was travel mode GoDenver Travel

choice informed primarily by the Priority #1: Cheaper | 41%

1 Sooner 2 Cheaper 3 Greener 4 Healthier options list?
GoDenver Travel

Priority 1: Sooner 45%

C) [If "No to using Go Denver app"; survey participant
gets demo at the end of the survey]: If you could use the |  gopenver Travel

app in future , would it improve your experience? 1 Yes Priority 1: Greener | 14%

2 No; Comments: ;

GoDenver Travel
Rank: sooner, __ cheaper, greener, healthier | Priority 1: Healthier 0%

as information that is most useful to daily trips.



39%

Primary Reason for Choosing Travel Mode
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Satisfaction with this Segment of Your Trip

Very Dissastisfied
2%

Very Satisfied
47%



What might improve your experience? Please write Y or N
O__ Access to wifi/internet on transit

O__ Access to a bathroom on-board transit

O__ Access to a public bathroom closer to transit station

O __

tr

Cleaner facilities than current O More space for bags/luggage on
ansit

O___ Device charging outlets on transit

____Availability of food and beverage for purchase on board
O Express Route

O Alternative payment systems

O publlc drinking water

O__ [weather protection / shelters]

O improve design to carry bikes

O__ Other: please specify:




How often do you do this trip — how many days
per week do you make this trip?

Oorlto7? Is it one way or both directions?

If not frequent trip, how often? 1-3 months; 3-6
months; once a year?

How many trips did you make to the airport in
the previous 60 days?

What travel modes would you use?




If you had not used these travel modes to get to
your destination, what would you have done
otherwise?

O  Would have walked O  Would have
driven myself O Would have bicycled

O _ Would have ridden with someone else O
Would have taken a taxi ; O Uber O 2 Lyft

O___Would have used the RTDbus O
Would have used an airport shuttle

O Would not have made this trip O
____Other: please specify:




Thank you.

e Questions? Joshuabsperling@gmail.com
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HUD Dataset - National Air Toxics
Assessment
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Denver, Colorado
Environmental Health Hazard Index by Census Tract

The environmental health hazard exposure
index summarizes potential exposure to
harmful toxins at a neighborhood level.
Potential health hazards exposure is a
linear combination of standardized EPA
estimates of air quality carcinogenic (c),
respiratory (r) and neurological (n) hazards
with i indexing census tracts.

Values range from 0 (worst- red) to 100
(best-green) and percentile ranked
nationally. The higher the index value
(darker green), the less exposure to toxins
harmful to human health. Therefore, the
higher the value, the better the
environmental quality of a neighborhood,
where a neighborhood is a census block-
group.

Dark Green (80-100); Light Green (60-80);
Yellow (40-60); Orange (20-40); Red (0-20)
Data Source: National Air Toxics
Assessment (NATA) data, 2005. Data is
current as of 6/15/2015.



HUD Dataset — School Proficiency (4t
Grade)

. The school proficiency index uses school-level data on the
performance of 4th grade students on state exams to
describe which neighborhoods have high-performing
elementary schools nearby and which are near lower
performing elementary schools. The school proficiency index
is a function of the percent of 4th grade students proficient
in reading (r) and math (m) on state test scores for up to
three schools (i=1,2,3) within 1.5 miles of the block-group
centroid.

. Elementary schools are linked with block-groups based on a
geographic mapping of attendance area zones from School

: Attendance Boundary Information System (SABINS), where

------------ i available, or within-district proximity matches of up to the

three-closest schools within 1.5 miles. In cases with multiple

school matches, an enrollment-weighted score is calculated

following the equation above.

. Interpretation

. Values are percentile ranked and range from 0 (worst-red) to
100 (best -green). The higher the score, the higher the
school system quality is in a neighborhood.

. Data Source: Great Schools (proficiency data, 2011-12 or
more recent); Common Core of Data (school addresses and
enrollment, 2011-12); SABINS (attendance boundaries,
2011-12). Datais current as of 6/15/2015.

i
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Denver, Colorado
School Proficiency Index by Census Block




HUD Dataset — Location Affordability —
Low Transportation Cost Index

d Summary

. This index is based on estimates of transportation costs for a
family that meets the following description: a 3-person
single-parent family with income at 50% of the median
income for renters for the region (i.e. CBSA). The estimates
come from the Location Affordability Index (LAI). The data
correspond to those for household type 6 (hh_type6_) as
noted in the LAl data dictionary. More specifically, among
this household type, we model transportation costs as a
percent of income for renters (t_rent). Neighborhoods are
defined as census tracts.

. Interpretation

. Values are inverted and percentile ranked nationally, with
values ranging from 0 (worst-red) to 100 (best-green). The
higher the transportation cost index, the lower the cost of
transportation in that neighborhood. Transportation costs
may be low for a range of reasons, including greater access
to public transportation and the density of homes, services,
and jobs in the neighborhood and surrounding community.

. Data Source: Location Affordability Index (LAI) data, 2008-
N 2012. Data is current as of 6/15/2015.

by
- 220

Denver Metro Region, Colorado
Low Transportation Cost Index by Census Tract
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Sustainability in the Downtown DC ecoDistrict

Autodesk’s InfraWorks 360 generated a model of the
Downtown ecoDistrict that was used to:

+  Detect which buildings are ready for retrofit and
which systems to upgrade, using Rapid Energy

Modell = o
vioaeling .
Y EECLTELT
«  Model green infrastructure at the site scale to DenvetmissonPolygors X
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