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The Transformation of Production
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Cross-Border Production System

Several types of products are
manufactured in the border area.
The border area is considered a
region where manufacturing and
supply chain are the driving force
for the economy.

Important assets such as...

v" Skilled Workers

v' Transportation
Infrastructure

v' Logistics Services

v" A strong presence in several
manufacturing industries

v" Key educational institutions
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B UPS Workdwide Expren®
WPS Werkdwide Saver”

1 UPS Workdwide Expedited”
® UPS* Standard
Ouly LFS oo 3 pracantend

sl piciage pivesd seivde
between e 115, and Mk,

ey dog.
C{ 3 $1.4 BILLION «
J eschanged i commercial
[rade between the LS.
nd Meico”

market for U5, producty

@ UPS Workdwide Express Freight”
1 UPS Worldwide Expedited™
A Frnight™

PS5 Wodldwide Expedited™
Geound Freight™

MEXICO i« e us s &/\‘ THE U5, e
3 laegest taing parimes % primary expart lane ﬁ@
and the Ind laepest eapent for Mesico

UPS CROSS-BORDER SERVICES
@ Express (12 005 @ Dpediled 25005 @ Standard (3 ours;
[ b
L% 1t s
Package Pallet ST
Goaraniteed Guaranteed Truckload

1§ A Charter

U5 ol dwide Expedited™
TrucHlosd

 UPS* Standard Trocklond




Challenges For Border Industries

Border industries...

» Are susceptible to political
and social forces at both
the local and national level
and are subject to
regulatory issues that are
multi-national and not
always well-coordinated.




Industrial operations transition to integrally connected smart systems

Industry 4.0 and Smart Manufacturing

Big Data

OPC-UA SERVER
HISTORIC DATA




Industry 4.0: Global Competition

Industry 4.0

» Cyber-Physical Systems

(CPS)

 Internet of Things (loT)

* Internet of Services (loS)

» Robotics and sensors

» Big Data

* Cloud manufacturing

* Augmented reality

« SCADA
Integration of machines,
production modules and
products that can exchange
information independently,
trigger actions and control each
other, allowing an intelligent
manufacturing environment.
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1. The U.S.-Mexico Border
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* Mexico and the United States are neighbors who depend on

each other economically and culturally.
 The border is nearly 2,000 miles (3,200km) long

e The border between the two is said to be the busiest border

in the world.
- Almost 1 million people cross it every day.
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Presenter
Presentation Notes
The U.S.-Mexico border represents a dynamic and critical economic driver for the United States. 


Texas’ Ports of Entry

Texas has 29 official ports of entry that serve as critical
gateways to global trade.

Three of Texas’ ports are among the 10 most utilized in the
nation.

» Each port, whether an airport, land port or seaport, serves many domestic
and international economic activities across multiple industries

Ports of entry within the state of Texas accounted for
nearly $740 billion in international trade in 2018.

Out of the $740 billion Texas’ total international trade, $408
billion (55.2 percent), traveled across the state’s border
crossings with Mexico.

The El Paso port of entry accounted for 20.1 percent of
land port trade, or about $81.9 billion.1
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https://comptroller.texas.gov/economy/economic-data/ports/el-paso.php#en1

Port of Entry: El Paso Impact to the Texas Economy

In 2018, the El Paso port of entry handled northbound border-crossing
traffic of about:

e 811,000 trucks, more than 12 million cars (with 22 million
passengers) and more than 7 million pedestrians.

e Shipping activity through this port accounted for $81.9 billion in
trade in 2018.

El Paso Port of Entry, All Trade (All Commodities), 2003 to 2018

3100

580

540

In Billions of Dollars

S0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: U.S. Census Bureau: Economic Indicators Division, USA Trade Online




2. Major Challenges




Cross-border Mobility Challenges
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FY02-11 Approps

		Funding Source		Inspection Facility Name		Project Type		Appropriation/Requesition Amount

		Counterterrorism Fund		Lancaster, MN				$4,992,202

		Counterterrorism Fund		North Troy, VT				$6,140,464

		Federal Building Fund		Jackman, ME				$868,000

		Federal Building Fund		Champlain, NY				$500,000

		Federal Building Fund		Detroit, MI - Ambassador Bridge				$9,470,000

		Counterterrorism Fund		Willow Creek, MT				$4,410,155

		Federal Building Fund		Raymond, MT				$693,000

		Counterterrorism Fund		Opheim, MT				$4,630,792

		Counterterrorism Fund		Roseau, MN				$5,618,084

		Counterterrorism Fund		Northgate, ND				$4,684,210

		Counterterrorism Fund		Fortuna, ND				$4,733,286

				2002				$46,740,193

		Federal Building Fund		Oroville, WA				$6,572,000

		Federal Building Fund		Jackman, ME				$9,194,000

		Federal Building Fund		Portal, ND				$2,201,000

		Federal Building Fund		Massena, NY				$1,646,000

		Federal Building Fund		Champlain, NY				$4,000,000

		Federal Building Fund		Raymond, MT				$7,753,000

				2003				$31,366,000

		Federal Buildings Fund		Eagle Pass, TX				$31,980,000

		Federal Buildings Fund		San Ysidro, CA				$34,211,000

		Federal Buildings Fund		Jackman, ME				$7,712,000

		Federal Buildings Fund		Ambassador Bridge - Cargo, MI				$25,387,000

		Federal Buildings Fund		Champlain, NY				$31,031,000

		Federal Buildings Fund		Del Rio, TX				$23,966,000

		Federal Buildings Fund		Anzalduas, TX				$17,938,000

		Federal Buildings Fund		Peace Arch, WA				$9,812,000

				2004				$182,037,000

		Federal Building Fund		Richford, VT - Route 139				$589,000

		Federal Building Fund		Norton, VT				$580,000

		Federal Building Fund		Warroad, MN				$1,837,000

		Federal Building Fund		Alexandria Bay, NY - Thousand Islands				$8,884,000

		Federal Building Fund		Portal, ND				$22,351,000

		Federal Building Fund		Madawaska, ME				$1,760,000

		Federal Building Fund		Derby Line, VT - I-91				$3,190,000

		Federal Building Fund		Massena, NY				$15,000,000

		Federal Building Fund		Calais, ME - Ferry Point				$3,269,000

				2005				$57,460,000

		Federal Building Fund		Jackman, ME				$12,788,000

		Federal Building Fund		Calais, ME - Ferry Point				$50,146,000

		Federal Building Fund		Champlain, NY				$52,510,000

		Federal Building Fund		Blaine, WA - Pacific Highway				$46,534,000

		Federal Building Fund		Massena, NY				$49,783,000

				2006				$211,761,000

		Federal Building Fund		Columbus, NM 				$2,629,000

		Federal Building Fund		Nogales West, AZ 				$9,836,000

		Federal Building Fund		Anzalduas, TX 				$7,478,000

		Federal Building Fund		Ysleta Border Station / El Paso, TX 				$20,217,000

		Federal Building Fund		Calexico West, CA 				$14,350,000

		Federal Building Fund		San Luis II, AZ				$42,029,000

				2007				$96,539,000

		Federal Building Fund		Warroad, MN				$43,628,000

		Federal Building Fund		San Luis I, AZ				$7,053,000

		Federal Building Fund		San Ysidro, CA				$161,437,000

		Federal Building Fund		Donna/Rio Bravo, TX				$23,384,000

		Federal Building Fund		Madawaska				$17,160,000

		Federal Building Fund		Derby Line - I-91, VT				$33,139,000

		Federal Building Fund		Alexandria Bay, NY				$11,676,000

		Federal Building Fund		Tornillo-Guadalupe; El Paso, TX				$4,290,000

		Federal Building Fund		San Ysidro, CA				$37,742,000

				2008				$339,509,000

		Federal Building Fund		Portal, ND				$15,204,000

		Federal Building Fund		San Ysidro, CA				$58,910,000

		ARRA		Nogales West - Mariposa, AZ		Construction		$199,500,000

		ARRA		Otay Mesa, CA (Cargo)		Site/Design		$21,300,000

		ARRA		Columbus, NM		Design		$2,450,000

		ARRA		Calais - St. Stephen, ME		Escalation		$6,300,000

		ARRA		Madawaska, ME		Design		$750,000

		ARRA		Van Buren, ME		Design/Build		$39,700,000

		ARRA		Blaine - Peace Arch, WA		Escalation		$30,000,000

				2009				$374,114,000

		Federal Building Fund		Tornillo-Guadalupe, TX		Construction		$91,565,000

		Federal Building Fund		Calexico West, CA		Site/Design		$9,437,000

		Federal Building Fund		Madawaska, ME		Construction		$50,000,000

				2010				$151,002,000

		Federal Building Fund		San Ysidro, CA - Phase III		Construction		$226,000,000

		Federal Building Fund		Laredo Bridges I & II, TX		Construction		$61,686,000

		Federal Building Fund		Columbus, NM		Design		$7,400,000

				2014				$295,086,000

		Federal Building Fund		San Ysidro, CA - Phase II		Construction		$216,828,000

		Federal Building Fund		Calexico West, CA - Phase I		Construction		$98,062,000

				2015				$314,890,000

																		Fiscal Year		Appropriations in Millions

				FY2016 President's Budget														FY07		100

		Federal Building Fund		Columbus, NM		Construction		$85,645,000										FY08		340

		Federal Building Fund		Alexandria Bay Phase I, NY		Construction		$105,570,000										FY09		794

																		FY10		151

								$191,215,000										FY11		0

				FY2017 President's Budget (projection)														FY12		0

		Federal Building Fund		Calexico West Phase II, CA		Construction		$249,000,000		ROM								FY13		0

										ROM								FY14		295

										ROM								FY15		315

								$249,000,000		ROM								FY16		191

																		FY17		6

																		FY18		507
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4. Stakeholder participation and commitment for
cross-border mobility

eGovernment

e Industry

s Agencies
*NGOs

e Academia

11



5. Data-Driven Cross-Border Intelligent Mobility




Complex Systems

Data as the enabling substrate
System-of-Systems Approach (system dynamics)
Modeling and Simulation — loT, Digital Twin
Sustainability (Economic, Environmental, Social)
Data-driven decision making (data analytics,
artificial intelligence, cybersecurity)
Public-Private-Academia partnerships
Commercialization pathways

Convergence and Team Research




The border region between the U.S. and
MexXxico Is a dynamic point of exchange and a
point of intersection

Harmonizing multiple stakeholders

Finding common goals and shared solutions for the
benefit of our border regions and society

14



Health and Well-Being
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US-Mexico Border
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Border States
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US-MX Border communities: Transborder Mobility and Access

United States-Mexicoorr

El Paso, Texas-Cd. Juarez, Chihuahua Border
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In California, 13 of most destructive 20 fires happened over the last two decades!

Top 20 Most Destructive California Wildfires

WIFIRF

T ole &
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Historical Fires
California: 1878-2018
United States: 2006-2018
Year: 2003 - 2019

Acres: 1000 - 600000
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Bl ativea
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FIRE NAME (CAUSE) DATE COUNTY ACRES STRUCTURES DEATHS

1 CAMP FIRE (Powerlines) November 2018 Butte County 153,336 18,804 85
2 TUBBES (Electrical) October 2017 Napa & Sonoma 36,807 5,636 X,

3 TUNNEL - Oakland Hills (Rekindle) October 1991 Alameda 1,600 2,900 25
4 CEDAR (Human Related) October 2003 San Diego 273,246 2,820 15

5 VALLEY (Electrical) September 2015 Lake, Napa & Sonoma 76,067 1,955 4

6 WITCH (Powerlines) October 2007 San Diego 197,990 1,650 2

7 WOOLSEY (Under Investigation) November 2018 Ventura 96,949 1,643 3

] 8 CARR (Human Related) July 2018 Shasta County, Trinity County 229,651 1,614 8
wnti | 9 NUNS (Powerline) October 2017 Sonoma 54,382 1,355 3
10 THOMAS (Powerline) December 2017 Ventura & Santa Barbara 281,893 1,063 X

11 OLD (Human Related) October 2003 San Bernardino 91,281 1,003 6

12 JONES (Undetermined) October 1999 Shasta 26,200 954 1

13 BUTTE (Powerlines) September 2015 Amador & Calaveras 70,868 921 2

14 ATLAS (Powerline) October 2017 Napa & Solano 51,624 783 6

15 PAINT (Arson) June 1990 Santa Barbara 4,900 641 1

j 16 FOUNTAIN (Arson) August 1992 Shasta 63,960 636 0
17 SAYRE (Misc.) November 2008 Los Angeles 11,262 604 0

18 CITY OF BERKELEY (Powerlines) September 1923 Alameda 130 584 0

19 HARRIS (Undetermined) October 2007 San Diego 90,440 548 8

20 REDWOOD VALLEY (Powerline) October 2017 Mendocino 36,523 546 9

Source: https://www.fire.ca.gov/media/5511/top20 destruction.pdf

**"Structures" include homes, outbuildings (barns, garages, sheds, ete) and commereial properties destroyed.
***This list does not include fire jurisdic‘tion. These are the Top 20 mgardlcss of whether thez were state, federal, or local rcsEonsibility.
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Fire Behavior Depends on Changing Weather and Fuel

/ Fire Behavior
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("WIFIREY)

INNOVATION

Combine Data Science and Fire Science
to Use “Big Data” for Dynamic Fire Modeling at Scale

[wifire.ucsd.edu]



http://wifire.ucsd.edu/

Year 2015: LAFD Collaboration

[firemap.sdsc.edu }

WIFIRE’S FIREMAP
CONNECTS DATA AND
SCIENCE TO OPERATIONAL
USE, BEFORE, DURING
AND AFTER A WILDFIRE.



http://wifire.ucsd.edu/
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WIFIRE IN FIRIS PILOT PROGRAM

Collect real-time data for
modeling

CWIF IREY)

("WIFIREv)
Continuous data

processing and
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WI FI RE LAB — BUILDING THE FUTURE TOGETHER

“CWiIrFiREY) [wifire.ucsd.edu}

Mission: Research and development
towards infrastructure, services and
tools for Al-integrated fire science.

SDSC

SAN DIEGO SUPERCOMPUTER CENTER
Qr UC San Diego

Jacobs School of Engineering
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Regional Sustainability
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Urban-Rural Resilience

KOLD News 13
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NDA

Flood in Ambos Nogales on July 12, 2008
Tucson.com

== ==

Flood in Nogales, Sonora on August 23, 2018
Photo: Matt Brodel

——



Urban-Rural Resilience

Photo provided by G. Montemayoke

Damage to the sewage system in Nogales, Sonora after 2009 reconstruction of the sewage system in Nogales, Sonora
July 2008 flood



Urban-Rural Resilience

Flooding in Nogales, August 22, 2018 Raw sewage spills in Nogales, AZ in Aug. 28, 2007
Arizona Daily Star Arizona Daily Star



Sister Cities along the US-Mex Border
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Mexico’s urban pileups 2016. (https://sashat. me/2016/12/14/meX|cos urban-pileup ).

Pezzoli 2020 (adapted from map shown above)
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Grey Infrastructure Green Infrastructure

A map of a city (left) shows a neighborhood’s gray infrastructure including bundlngs and roads. ngh-resolution satellite
imagery (right) adds a green infrastructure data layer (trees and other vegetation). Green Infrastructure Center 2018
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Figure 20.3.1 Contribution of natural climate solutions (NCS) to stabilizing warming to below 2 °C.
Reproduced from Bronson W. Griscom et al. PNAS 2017;114:44:11645-11650

©2017 by National Academy of Sciences



Transboundary Watershed and Aquifer
Resources
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Land Boundary (CA, AZ, NM) 675 mi.
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Rio Grande Boundary 1255 mi.
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Aquifer Resources in the US-Mex Border
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Groundwater depletion on the border
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Figure 1. Groundwater levels in selected groundwater basins along the Rio
Grande, showing precipitous declines downstream where pumping
exceeds recharge from surface water (LUSGS 2016; Ochoa et al. 2013).



The California Water Data Challenge

#CAWaterDataChallenge | waterchallenge.data.ca.gov
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Find My School

Lead Levels in California Schools

There is no safe level of lead, especially for
children. Even small amounts can lower Q.
Damage from lead exposure is irreversible.

California community water systems were
required by the state to test drinking water for
lead at the schools they serve before Summer

2019. The results are now mostly in.

This map shows the median and highest lead
levels detected at each site based on the

includes data through 7/5/2019.

Although there is no safe level of lead, the
state is only required to share results when
lead levels are above 5 PPB. Some schools did

Leallet | Map data ® OpenStrest]

54, Imagery © Mapbox
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8 Principles for Managing a Commons (Ostrom)

1. Define clear group boundaries. 6. Use graduated sanctions for
2. Match rules governing use of common rule violators.
| ) J 7. Provide accessible, low-cost

goods to local needs and conditions. means for dispute resolution.
3. Ensure that those affected by the rules 8. Build responsibility for

can participate in modifying the rules. governing the common
P P fying resource in nested tiers from

4. Make sure the rule-making rights of the lowest level up to the entire
community members are respected by interconnected system.

outside authorities.

5. Develop a system, carried out by
community members, for monitoring
members’ behavior.

Sources: Stakeholder Alignment Collaborative, Consortia: A Complement and Alternative to Market-Based Economic Systems,
Economist






The Future of Work at the
U.S.-Mexico Border
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NORTHEAST
BIGDATA

INNOVATION HUB

Data Literacy and the Future of Work

Catherine Cramer, Northeast Big Data Innovation Hub

Data-Driven Discovery at the U.S.-Mexico Border
National Academy of Sciences
Washington, DC
February 6, 2020

. NEBigDataHub.org | @NEBigDataHub
. 3 #BDHubs #NEBigData




How Data Saved Science

o Emergence of a Fourth Research Paradigm

16,000,000,000

14,000,000,000

=

Thousand years ago — Experimental Science
—  Description of natural phenomena
2. Last few hundred years — Theoretical Science
—  Newton's Laws, Maxwell's Equations...

Last few decades — Computational Science

—  Simulation of complex phenomena
4,  Today - Data-Intensive Science
—  Scientists overwhelmed with data sets

from many different sources
g Data captured by instruments
: Data generated by simulations
: Data generated by sensor networks
»  aScience is the set of tools and technologies

to support data federation and collaboration
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Moorels LaW.' *  Foranalysis and data mining
Computing Capacity iS *  Fordata visualization and exploration
*  Forscholarly communication and dissemination
expected to double every 2
years (With thanks to Jim Gray)

(Graph, EDC, 2019; Descriptive slide,: Microsoft, 2009 )



Smart Cities and the New Infrastructure

=Sensors

= Automation
=Control systems
=Surveillance
=Data analytics
wA.l




Robotics, Machine

Worldwide Spending on Robotics is Expected to Reach USS 67 Billion by 2025

Global robotics market (USS Billions)

CAGR'
+9% —
Rapid growth
rates expected
AP —— Commercial
(XM —— Military

2000 2005 2010 015 20208 20258

1 Compaund Annual Geerwth Rate
2 E=Ewpacted
Sourea: intematianai Fediration of Snbatits, sapan Rabat Assaclabion; Japan Ministry of Ezanomy, Trade B industry;: euRsbotics; comgany filings; BCG analysis

Spending on Robotics

Chart 1.1

Learning and Al

Spending on Al

Artificial Intelligence Revenue, World Markets: 2016-2025
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(Source: Tractica)



The Rapidly Expanding Digital Innovation Frontier:

Innovations are inspired by data, informed by data, enabled by data
—and these digital innovations generate value and create jobs.

Al

5G

Drones

Robotics

Virtual Reality

Virtual Assistants

Machine Learning
Augmented Reality

Natural Language Processing
loT (Internet of Things) ... sensors everywhere

Autonomous Dynamic Data-driven Application Systems
3D-Printing ... moving on to 4D-printing

XPUs (specialized CPUs at the Edge)

XAl (eXplainable Al, Trust in Al)

Linked Knowledge Graphs

Autonomous Vehicles

Quantum Computing

Computer Vision

Digital Twins

Blockchain

Thanks Kirk Borne, BAH




What motivated NSF Computing
education workforce development
efforts?

— Underproduction of degrees
— Underrepresentation
—> Lack of a presence in K-12

Thanks Jeff Forbes, NSF



Where the jobs are...
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US-BLS Avg Annual STEM Openings Thru 2028 vs Recent Bachelors Degrees

OTotal Job Openings @ Bachelors Degrees Awarded
Jobs
lobs
ot G| ob rac
Computing Engineering Physical Sciences Bio Sciences Mathematics

Data Sources: US-BLS Employment Projections (https://www.bls.gov/emp,/tables/emp-by-detailed-occupation. htm)
National Science Foundation NCSES, 2017 Bachelors Degrees Awarded (https://ncsesdata.nsf.gou/ids/ipeds_c)




Where the jobs are Il

US-BLS Avg Annual STEM Job Openings Thru 2028 As Percentage

Natural Sciences, 10.2%

Computer/info. research scientists, 0.5%

‘ Computer systems analysts, 8.6%
Mathematics, 3.0%

Information security anakysts, 2.1%

Software developers, 26.5%

Computing,
65.0%

Database administrators, 1.6%

Network + systems administrators, 6%
|| Metwork architects, 2.0%

Engineering, 21.8% Compuiter support specialists, 13.3%

Computer accupations, other, 5.7%

Data Source: US-BLS Employment Projections (htfps:/fwwubls. goviemptables/emp-by-detailed-occupation. hitm)




Where the jobs are

US-BLS Avg Annual STEM Job Growth Thru 2028 As Percentage

MNatural Sciences, 5.2% Computer/info. research scientists, 0.7%
. 5.

Computer systems analysts, 7.8%

Information security analysts, 5.0%

Mathematics, 6.6%

Software developers, 40.1%

Database administrators, 1.5%
Metwaork + systems administratars, 7%
Network architects, 1.2%

Engineering, 11.9%
Computer support specialists, 11.6%

Computer cccupations, other, 5.9%

Data Source: US-BLS Employment Projections (https:/ fwww._bls gov/emp/tablesfemp-by-detaled-occupation. htm)




Csfo

A National movement to prowde ALL K 12 students with
the opportunity to learn CS both in and out of school

Federal leadership engagement with CS education



Students taking AP® computer
science exdifis

48,569 The number of

26,634

The number of The number of
female students Black/African Hispanic/Latinx
taking an AP American students students taking
Computer taking an AP an AP Computer
Science exam Computer Science Science exam has
has more than exam has doubled doubled since
doubled since since the addition the addition of
the addition of of CSP in 2017. CSP in 2017.
CSP in 2017.
13,5

2007 2011 2015 2019 200720102013 20162019

20072010201320162019

_ 2007 _ 2016 2017 2018 2019
18% . 23% 27% 28% 29%
Underrepresen 12% 15% 20% 21% 22%
ted Minorities




A new generation of CS College
students

Reprcesentative Inﬁlrlease in I{Increase in

ourse ajors on-majors

Mid-Level 152% 251%
Upper-Level 165% 143%




HARNESSING THE DATA REVOLUTION: VISION

REAL-TIME

HDR will enable new
modes of data-driven
discovery that will
allow fundamental
questions to be
asked and answered — [EYm—"———=
at the frontiers of o
science and
engineering

ECOSYSTEM EARTH SYSTEM
SCIENCE



Big Data Hubs

Data Science for All Initiative
(DS4AIl)

e Community of practice
e Data literacy essential principles
(Data literacy=ability to read, work with,

analyze and argue with data.)

* Needs of multiple sectors



Skills Needed by 215t Century STEM
WOTKFOIrCe i mose sressyontheson

Interact with large amounts of data.
Facility with visual metaphors.
See patterns in complex data.

The ability to understand the changing
role of models.

Exploratory and inductive skills

Wide range of differing environments
and processes.



Skills Needed by 215t Century STEM
WOTKFOICe i mose sressyon theson

e Students and workers need to be
prepared for this new reality

e Unavailable to most students and to
those already in the workforce



Skills Needed by 215t Century STEM
WOTKFOICe i mose sressyon theson

e Students and workers need to be
prepared for this new reality

e Unavailable to most students and to
those already in the workforce

 And most certainly unavailable to
underrepresented and underserved
populations. (INCLUDES)



Big Data for Little Kids

 Structure: 7-week workshop, meeting once per week for 1.5 hours

- Theme: Use data to help you design a new exhibit for the Hall of Science.

« Families: Each iteration involved 7-10 local families

- Languages: Facilitators spoke English, Spanish, Mandarin




Humans+Machines




Formal and Informal Education Needs

All citizens in the 21st century should
be data literate by the time they
graduate from high school.

Include all stakeholders especially
teachers.

NST ig
p S A

Partial support by the U.S. National Science Foundation under Grants No. 1027752, 1509079 and 1139478.



Data-Driven Discovery at

the U S -Mexmo Border

The National Academy of Sciences
February 6, 2020
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