Urban Tech, Data Science, and Industry 5.0

for systems innovation at the nexus of urban infrastructure,
climate/environment for smart and healthy communities

H. Oliver Gao, Cornell University, hg55@cornell.edu
Director, Center for Transportation, Environment, and Community Health (CTECH)
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Two questions?
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What is your most valuable asset?
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Health Care

17% US GDP

Health consumption expenditures per capita, U.S. dollars, PPP adjusted, 2017

United States

United Kingdom

The US value was obtained from the 2017 National Health Expenditure data

Source: KFF analysis of data from National Health Expenditure Accounts and OECD « Get the data « PNG Peterson-Kaiser

Health System Tracker
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What is a nation’s most valuable

asset?
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Infrastructure Expenditures

Annual average infrastructure expenditures as percent of GDP worldwide from 2010 to 2015, by
country

Global annual spending on infrastructure as percent of GDP by country 2010-2015

Spending as percent of GDP
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Canada
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Me xico
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2,5%
2,3%:
Brazil 2,3%:

P - - PR : Cropped Version
g Double click to open excel
file with complete data

Note: Worldwide; 2010 to 2015
Further information regarding this statistic can be found on page 8.
Source(s): IHS; ITF; GWI; Deloitte; McKinsey; ID 566787
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http://www.statista.com/statistics/566787/average-yearly-expenditure-on-economic-infrastructure-as-percent-of-gdp-worldwide-by-country

Your asset and the nation’s most

valuable assets
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Health Factors: Genome, Phenome, and

Exposome

ALSPAC

60

PICCOLI+
; : EPICURO
Mid- and late-life -

The conceptual framework of Exposomics (life-long integration of cohorts)
(source: Vineis et. al., 2017, International Journal of Hygiene and Environmental Health)
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Exposome — Infrastructure/Transportation,
and Health in Cities

http://www.portstrategy.com/news101/administration/finance-and-investment/waking_up_to_exit_tariffs
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Building urban infrastructure for ants
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Human life/health is shaped by infrastructure such
as transportation
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Transportation & Mobility at a Cost of

- Transportation motorization caused 13.5

million disability-adjusted life-years and
$53.8 billion of health-care costs
WOI'ldWide (Ding et al., 2016; Goenka & Andersen, 2016).

Transportation increases ambient air
pollution that kills three million

people in the world every year (wro,
2016a).

------
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What’s wrong?

What’s the problem?
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Paradigm is wrong;:

efficiency vs. sustainability

Physical Efficiency

Not in the equation

© H. Oliver Gao



Education and Practice are problematic:

Disciplinary disconnection, sectorial silos
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What shall we do, and must do?
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System integrative infrastructure,
transportation, environment & health
planning, design, and management
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Integrating Urban Infrastructure, Environment,
and Community Health
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Example: Infrastructure/Built Environment and

Health

» 12,600 Heart Failure patients in New York City, 2012-2017

> Individual Covariates:
v’ Age, gender, BMI, Education, Income, Smoking, Ethnicity
> Built Environment Covariates:

v Walkability: Land Use Mix, #of Intersections, Retail Floor to Area Ratio
(500 meter buffer)

v' Air Pollution: No2, PM2.5 Concentration (250 & 500 meter buffers)

v' Accessibility: Distance to the nearest: Park, Bus Station, Subway Station,
Bike Facilities

v' Traffic Exposure: Light & Heavy VKT in 250&500 meters buffers
v' Crime: Housing Violations

© H. Oliver Gao



What We have Found

I a@wlight Duty Vehicles VKT(250m)

a@mlight Duty Vehicles VKT(500m)

Heavy Duty Vehicles VKT(500m)

* Number of Intersections
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Urban design and Mental Health: Transportation and

Land Use Systems Impacts on Postpartum Depression Incidence

» The cohort of pregnant women from the Electronic Health
Records of Weill Cornell Medicine and New York-Presbyterian
Hospital from 2015 to 2017 are studied (N=9,801). Individual
Covariates:

v’ Age, gender, BMI, Education, Income, Smoking, Ethnicity

> Built Environment Covariates:

v Walkability: Land Use Mix, #of Intersections, Retail Floor to Area Ratio (500
meter buffer)

v Air Pollution: No2, PM2.5 Concentration (250 & 500 meter buffers)

v' Accessibility: Distance to the nearest: Park, Bus Station, Subway Station, Bike
Facilities

v' Traffic Exposure: Light & Heavy VKT in 250&500 meters buffers

v Crime: Housing Violations
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Distance to Bike Path

« <50m Number of Bus Stops within 250 m
50-100 m 0-5
100 - 250 m 6-10
250 - 500 m 1-15
« >500m 16 -20
Bike Paths 21-30

Significant Built
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Future Mobility: the 3 Revolutions:

Transportation Emissions Modeling

Smart GIF Creator - Unregistered
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Quantifying the Health Costs of Air Pollution
toward Optimal Policy Decision Making for
Infrastructure, Environment, and Health

We have built NYC into Testbeds.
We can do the same for any city to evaluate
any policy, any technology




Information Technology for
Behavior Change
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ctter inrormed travelers make

heathier decisions

K StewartPak M % -
i Wo cayloarty Route 2: s
& oy Length: 2.3 mi %
Newman Muricial =il Time: 8 min
" .8 B Fuel cost: $0.35
2 BRIl Emissions health costs: $0.05
5 AW | B Exposure to PM,5: 0.002 grams
©, |\ Cass Park () Tower Rd

Fihata Tk LA e Total travel costs: $1.73
301-315 N Cayuga St QESEBIE0S T S, / Maple 4, R+ pascadilfa Creef
(79) D

® |

B Route 1: gs Hill Plaza
Length: 2.2 mi i
Time: 7 min
Fuel cost: $0.37
Emissions health costs: $0.05
Exposure to PM, 5. 0.003 grams

Total travel costs: $1.75
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Traffic behawor after
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Omid M. Rouhani, H. Oliver Gao (2014), An advanced traveler general information system for Fresno,
California, Transportation Research Part A, 67, 254—267
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Infrastructure
Policy, Finance,
and Health
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decisi . : .
= Modeling Public-Private
£ Partnerships and
) Set of Private . .
g & Public Toll Road Pl'lClng
4

Profits

Rouhani, O.P, R. Geddes, H.O. Gao, G. Bel (2016). Social welfare analysis for

Roads alternative investment public-private partnership approaches. Transportation
y ﬂ % ResearchPart A. Volume 88, June 2016, Pages 86—103.
wnership structure
< > 0 p structur Owner’s

System Cost . Profit , %8 [nteract;
ST | Maximization Lttt
Minimization é B (Game Theory)

Toll caps | ¢ ¢
: Respopse functions
ﬁ 2)Private sector
Spatial

Variation 4)Residents
in Tolls

Toll
Collection

Equilibrium
Traffic Flow
Pattern
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Model and
Flexible PPP

Government
Social choice fun.: f(c,v)

Blind on ¢, v

Designing a mechanism
satisfying BICand IR
with payment p? and p,

Stage 0

Government designs
mechanism (M, g)

Indings

Private parties

Decision t

Private type c;

wi (d(t, f), i) — Pi (¢, )

Stage |

Private parties make
decision

Brian Huang and H. Oliver Gao (2019)

ornell University
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The publics

Decision f

Knowing ¢

Private type v;

'u,';i,(d(t, f)ivs) —
po(t, f)

Stage 2

The publics make
observation

The publics make
decisions

The designer makes
decision d and receives
payment p

39



Math form
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Constraints3 & 4

Interim individual rationality

Brian Huang and H. Oliver Gao (2019)
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Conclusion: Mega-Ton Problems Require

“Mega-Ton Solutions”

Max ObjTrans(X1,X2,...,Xn)
Subject to:

Efficiency, Equity, Energy & Environ

Reliability,...constraints. Engineering

Natural Science
Multidisciplinary
[ ) Systems

Approaches, Technology
and Solutions!!!

Social Science

]

Human Behavior

© H. Oliver C 5



Conclusion: Mega-Ton Problems Require

“Mega-Ton Solutions”

Max ObjTrans(X1,X2,...,Xn)

Subject to:

Efficiency, Equity, Energy & Environ

Reliability,...constraints. chlcc)i\:les:?ymzr(‘:ta, .
Multi-§ector Infrastructure
Planning and (transportation,
Design for Smart  power and utility,
and Healthy water, etc.)

Communities!!!
Environment/Energy

© H. Oliver C



CTECH Open Labs

Advanced Technology, Data Science, Al and Informatics, and Digital
Twin

Building Smart and Healthy Communities in Urban and Rural Settings

ornell University




CTECH Sustainable Urban Planning Tool (SUPT)

KI'echnologv and data scienD
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Cornell University

Urban Transportation, Environment, and Community Health Hub

uTECH Hub

1AM
CO(grams)

Cornell University

Miles
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Existing
Market Need

There are 120 Areas across the
country in the Nonattainment
areas with the 2010 population
of 132,503.

Counties Designated "Nonattainment”
for Clean Air Act's National Ambient Air Quality Standards (NAAQS) *

03/21/2019

& Legend**

County Designated Nonattainment for 6 NAAQS Pollutants
County Designated Nonattainment for 5 NAAQS Pollutants
~” County Designated Nonattainment for 4 NAAQS Pollutants
County Designated Nonattainment for 3 NAAQS Pollutants
County Designated Nonattainment for 2 NAAQS Pollutants
County Designated Nonattainment for 1 NAAQS Pollutant
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Politics & Policy a m a z 0 n

Climate Costs Rise as Amazon, Retailers
Compete on Fast Delivery

"The problem isn’t buying online—it’s how the delivery is
implemented and how packages come to our door!

By LEILA ABBOUD & CAMILLA HODGSON, FINANCIAL TIMES

December 24,2019 3 D O O R D A S H

Delivering Shipment Zero

Shipment Zero is Amazon's vision to make all Amazon shipments net zero carbon,

with a goal of delivering 50% of shipments with net zero carbon by 2030. Quantlflable enVIronmentaI and health ImpaCt?

How do people know if organizations/entities are
really carbon-zero?




uTECH Hub

Corporations policies, projects, and decisions
Fleet, Traffic Emissions Air Pollution Exposure
MPO/DOT Environmental decision

Government agencies

- Policy-making

- Conformity requirements

- Budget (Financial/Emission) —

Corporations 1L
- Zero carbon goals

- Traffic data One integrated platform!

®
!

Health
effects

Health
Departments

Informative Results
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uTECH

Input

______________________

Y
/
— Health NYBPM MOVES L
uTECH impact Output Output Dispersion
parameters
parameters AFiIeS Databases
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Reports: graphs, tables,
etc
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Main Update for PPS 1.0
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' NYBPM MOVES
Output Output
/ﬁlles : Databases C LIENT

e

_________________________________________

Vertical extension

Vision of uTECH: A secure modern web application

Application Update:

* Database system: MySQL

* Main platform: .NET = Node.JS
(Typescript+React)

» Backend language: C# - Python

 Visualization: Only tables = Table
download + interactive charts/maps

New Modules:

* Dispersion models

* Health impact (PPS-Health)

» Reports page (articles/tables/graphs)

New functionality:

* Model configurations

* Version control: Git, separate user and test
versions



Input processor -
rpd, rpv,|sourtypepopulation

uTECH Input files upload page

We implement an
input processor after
the input files are
uploaded onto our
website and extract
uniform columns of
data from each city’s
input and store them
into their
corresponding city
database.

SQL Tables of rpx, rpd, traffic demand

Input_transform.js

Input tabI} for each city

Input_uniform.sql

Uniform input table (haurly, rpd, HPMS, ITS, etc)

o ——
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Framework

DBMS
o S N N N N N N N N L N N N -~
” N
/ .. . \
'l Emission modeling \|
I I UTECH Score
credentidls Configure MOVES, generate emission rates and :

emission inventory based on traffic input

Dispersiopp modeling
Main website

user interface

Health and Socioec$>nomic modeling

Health Impacts and Socioeconomic costs
Visualizati%n

Reports, analysis and recommendations for decision making

49
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Visualization I

Module * USA Maps

|

U GHG emission for past, now, and future
U Car mode share

@ vehicle Miles Traveled (VMT)

U vehicle Population

a pm2.5

U Methane

U co

0 N20

0 NOx

O so2

U Percent of residents using public transit to commute
U Fatalities from vehicle accidents

U Average trips in a single day

- o e .y,

» County level visualization . \
* Creating a place for county level data on firebase

|
‘ including data for 1
o Emission (running moves for GHG emission for the |
J l entire US) I
| o Other metrics for clean transportations (developed
by Micah) |
* Generating maps based on users’ selection of metrics I
| and years
: |
< Map I
| % Tables
/

\ «*» Summary statistics

:,;:., ‘1(.._!!.:-;- e
BN 0 o

- -
Esri, HERE, Garmin; (c) OpenStreetMap contributors, and the GIS user
community

County Level Data
VMT per capita - 2017 (miles)
<5000
5000 - 10000
10000 - 15000
15000 - 20000

=

I 20000 - 25000
I 25000 - 30000

I > 30000

Esri, HERE, Garmin, (c)
OpenStreetMap contributors,
and the GIS user community

Esti, HERE, Garmin, (c)
OpenStreetMap contributors,
and the GIS user community
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CAP

NEMS

* Energy system model

« Effect of cap & other policies on
transportation energy use & GHGs

* Interactions with other sectors (e.g.
electrification)

Allowance
Proceeds

Investment

Impacts
Onlocation D

Capital
Costs,
Fuel
Savings,
etc.

Co-
Pollutant
Emissions

Health Impacts
Model

Net impacts on ¢ Health co-benefits of
GDP, income, air pollution
jobs reductions

REMI

Cambridge Systematics Harvard School of Public Health

Y ¥ ¥ 3§ 3§ 3 ¥ I

INVEST

Investment Strategy Tool

* VMT changes due to certain low-carbon
transportation investment strategies

Cambridge Systematics

Active
Transportation

Incidence
Model

* Distribution of costs &
benefits to different
populations/ groups

Resources for the Future

Impacts: Emissions, Economy & Health, and how Distributed

Figure: Diagram illustrating respective roles for each modeling tool and interrelationships.

Cornell University
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Digital twin technology to put sustainability
at the heart of smart and healthy communities
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