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Talk Outline & Key Messages

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

• 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



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).





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

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.



Get Out of Your Box: Co-Production of Urban 
Nexus Science & Innovation for the 21st Century

Josh Sperling | September 7, 2016

Co-Producing Knowledge: URBAN
FUTURES & the ENERGY-X NEXUS

(X= Mobility-Land- Buildings-Air-GHG)
www.nrel.gov and www.ral.ucar.edu/csap/themes/urbanfutures

http://www.nrel.gov
http://www.ral.ucar.edu/csap/themes/urbanfutures


“The essence of intercultural education is 
the acquisition of empathy– the ability 
to see the world as others see it, and to 
allow for the possibility that others may 
see something we have failed to see, or 

may see it more accurately.”
– William J. Fulbright
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A Challenge : 
Info/Incentives/Social Norms for New Sustainable Behaviors?

An Opportunity?



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”



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

• CHALLENGE: 10B urban people? 87% urban planet? 21st 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.”

21st Century: Engineering-Planning-Policy-Behavior Sciences for Urbanization

15%

Amadei, 2009Fuller and Romer, 2014. Urbanization as Opportunity. (Calculations based on UNDESA, 2012)
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• Approximately 75 % of the infrastructure required that will be in 
place in 2050 does not even exist today (ICLEI 2015)

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



Impact of Transport…
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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, 
45.2%), Jakarta (10m; 14.8%), Bangkok 
(8m, 29.1%), Lagos (11m; 48.2%) and 
Kinshasa (9m, 55.4%) in tropical to sub-
tropical climates



Interdisciplinary and international experiences

• IGERT-Sustainable Urban Infrastructure (Engineering-Planning-Policy-Health&Behavioral Sciences)

• 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

• 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)

Transboundary  GHG / 
Environmental Footprints 

(Energy- Buildings-Transport-
Food-Water-Waste-Materials-

PublicSpace)

Modeling City Strategies
(Transportation, FEW, Waste 

& Industrial Symbiosis)

Infrastructures, Environment, 
and Health (Outcomes / 

Inequities)

Social Actors and Multi-Level 
Governance 

(Priorities / Capacities)
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US DOT-DOE-HUD-PCAST-State-etc:
Technologies and the Future of Cities



VMT Trends for US & Denver 

US VMT hovering around 
3 trillion miles from 2012-
2015; while VMT/capita 
now dropping

Denver total VMT 
continuing to increase 
due to rapid population 
growth and auto-
dependency (transit 
hovers at ~4%



More driving alone; public transit hovering at 4% since 1970s
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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
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Denver Metro Area: Key Challenges

• Sprawl, auto dependency; lack of affordable housing

• Rapid population growth

• Shifting demographics/mobility options

• QoL/Energy/GHG  implications?
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Mapping mtCO2e/household in 
Denver Metro



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.





Residential 
Energy 



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



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 Participant is…  

• Coming from? ____ and going to? __ _ 
_ ___ (please mark on map)

Survey Respondents Profile
Traveling for Work 56%

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%



Motivations, Age, and Willingness
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Willingness to take Longer Transit Trips?

Public Transit Travel 
Choice Motivated By:

Energy/Environm
ental concerns 50%
Cost/Financial 

concerns 61%

Convenience 94%

Time 65%



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 
influence your travel decisions: ____________ 

• Did you make your decision prior to or after using 
GoDenver app? 1 Y 2 N

• Did the GoDenver mobility app information inform 
your travel mode choice? 1 Y 2 N 

If mobility app informed your decision, was travel mode 
choice informed primarily by the 
1 Sooner 2 Cheaper 3 Greener 4 Healthier options list?

C) [If "No to using Go Denver app"; survey participant 
gets demo at the end of the survey]: If you could use the 
app in future , would it improve your experience? 1 Yes 
2 No; Comments: ______; 

Rank:  ___ sooner, __cheaper, ___greener, ___ healthier 
as information that is most useful to daily trips.

Survey Respondents Profile

Have a Smart Phone 88%

Using Uber/Lyft 29%

Have a Motor Vehicle 79%

GoDenver Travel 
Priority #1: Cheaper 41%

GoDenver Travel 
Priority 1: Sooner 45%

GoDenver Travel 
Priority 1: Greener 14%

GoDenver Travel 
Priority 1: Healthier 0%
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Primary Reason for Choosing Travel Mode



Very Dissastisfied
2%

Somewhat 
Dissatisfied

11%

Neutral
15%

Somewhat Satisfied
25%

Very Satisfied
47%

Satisfaction with this Segment of Your Trip



…

• What might improve your experience? Please write Y or N
___ Access to wifi/internet on transit
___ Access to a bathroom on-board transit  
___ Access to a public bathroom closer to transit  station 
O__ Cleaner facilities than current O ___ More space for bags/luggage on 
transit 
O___ Device charging outlets on transit 
___ Availability of food and beverage for purchase on board 
O ___ Express Route
O ___ Alternative payment systems
O __ public 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? 

• 0 or 1 to 7? ____ 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?

•  __ Would have walked  ___ 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 RTD bus O ___ 
Would have used an airport shuttle 

• O ___ Would not have made this trip O 
___Other: please specify: ______ _____



Thank you.

• Questions? Joshuabsperling@gmail.com

mailto:Joshuabsperling@gmail.com












HUD Dataset - National Air Toxics 
Assessment

• 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 (4th

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 
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). Data is current as of 6/15/2015.



HUD Dataset – Location Affordability –
Low Transportation Cost Index

• 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 LAI 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-
2012. Data is current as of 6/15/2015.






