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DESIGNING LIVABLE CITIES

• Why are livable (also sustainable and resilient) 
cities strategically important? 

• What makes a city Livable? Sustainable? 
Resilient?

• How can Engineers contribute to livability?

• Understanding Infrastructure sectors, systems 
and services

• City and Infrastructures as complex systems

• The changing nature of  hazards and risks

• Technology and innovation policy and research 



Livable, Sustainable and Resilient City
• United Nations World Commission on Environment and

Development (1987). Our Common Future
• NAE (2008). 14 Grand Challenges for Engineering in the

21st Century - Restore and Improve Urban Infrastructure.
• US GAO (2008). Challenges and investment options for the

nation’s infrastructure. Testimony the Committee on
Transportation and Infrastructure, U.S. House of
Representatives.

• Hurricane Sandy and National Academies (2012). Disaster
resilience: A national imperative

• The White House (2014). “Smart Cities” Initiative to Help
Communities Tackle Local Challenges and Improve Services.

• Rockefeller Foundation (2015).100 Resilient Cities.
• Bloomberg Philanthropies (2015). What Works Cities.



Livable, Sustainable and Resilient City
US Smart and Connected Communities Framework (2015)

DOE, DOT, NIFA, NIH, NIST, NSF, NASA
VISION:
As the result of  coordinated Federal action and partnerships with industry, academia, 
and other government entities, communities in all settings and at all scales have access 
to advanced cyber-physical systems/Internet of  Things technologies and services to 
enhance the sustainability and quality of  life, improved health and safety, and economic 
prosperity for their residents.

The NSF Cyber-Physical Systems Group will coordinate efforts among Federal 
agency and with public-private partnerships for smart and connected 
communities. The relevant agency activities include:

• Performing foundational research and accelerating innovation and transition in 
scalable and replicable smart city solutions
• Applying advanced cyber-physical systems concepts, coupled with 
sociotechnical system understanding, to integrate city-scale IT and physical 
infrastructures
• Enabling replicable smart city solutions that provide powerful new safe, reliable, 
sustainable, resilient, secure, privacy-enhancing, and cost-saving platforms and 
services
• Promoting discovery, innovation, and entrepreneurship in smart city technologies
• Facilitating the ability of  communities to apply cyber-physical systems concepts 
to solutions that make them more livable, workable, safe, and sustainable and that 
support an informed and engaged populace



Rethinking the Map:  The lower 48 realigned into seven mega-regions.

The Northeastern megalopolis, stretching from Boston to Washington, contains more than 50 
million people and represents 20 percent of America’s gross domestic product. 

Greater Los Angeles accounts for more than 10 percent of G.D.P. 

These city‐states matter far more than most American states — and connectivity to these urban 
clusters determines Americans’ long‐term economic viability far more than which state they 
reside in.

Bruce Katz of the Brookings 
Institution has pointed out 
that of America’s 350 major 
metro areas, the cities with 
more than three million 
people have rebounded far 
better from the financial crisis.

A New Map for America

By PARAG KHANNA
APRIL 15, 2016 
NYTimes
http://www.nytimes.com/2016/04/17/opinio
n/sunday/a‐new‐map‐for‐america.html



DESIGNING LIVABLE CITIES: “Manny” Diaz, former Mayor of  Miami

• A mayor faces significant challenges daily — eradicating poverty, ensuring the safety of our
residents, providing a quality education for our children, creating opportunity for all.

• City design gets lost in all of that. But it is at the heart of everything we must do in order to
make our city livable and sustainable. City design was not a part of my campaign platform.

• Yet, the single most critical step for environmental and economic sustainability is
embracing smart growth, designing a city that makes sense, a city that works. This would
require a plan for growth that had to go beyond zoning regulations, the mere swapping of
one zoning code for another.

• It had to include a holistic approach — how parks, green spaces, transportation, the arts,
historic preservation — would all work together to create a sense of place in Miami.

• A city is like an orchestra. For an orchestra to make beautiful music, all the instruments
must work together off the same sheet of music. And so too does a city.

• We merged zoning, planning and sustainability, at one time, in one document. Miami 21
repeals an archaic zoning code with sustainable zoning and land use policies that promote
great urban design. It is not just a regulatory code, but also both a planning document and
a guidance document

• I must confess this is not exactly what I had in mind when I called for a “citywide master
plan.”



DESIGN THINKING 
by IRVING WLADAWSKY-BERGER Nov 4, 2016  Wall Street Journal http://on.wsj.com/2eH8Crw 

• Design is no longer just for physical objects. Design thinking is now being applied to 
abstract entities, such as systems and services, as well as to devise strategies, manage 
change and solve complex problems.

• By now, it’s been a generally accepted that design thinking can be applied to just about 
all disciplines and professions. One cannot design what one cannot imagine; therefore, 
enhancing creativity is an important precursor to effective design.

• The types of  solutions that emerge from engineering thinking usually involve a new 
technology (e.g., the internet, electric car, software, etc.) while the types of  solutions 
that emerge from business thinking usually involve a new financial model (e.g., the credit 
card, iTunes, etc.). But the types of  solutions that emerge from Design Thinking (or 
desirability) involve more human motivation and psychology… where the driver is the 
fundamental need to tell your personal story to a group of  friends you care about.”

• Successful design solutions are generally found at the intersection of  three independent 
dimensions. The first is feasibility, because “nothing exists in the real world that isn’t 
consistent with what we know about the laws of  nature.” Next comes viability, where a 
solution “must have a cost of  production and maintenance that is competitive with 
alternatives.” The final dimension is desirability, that is, “the quality of  being desired, 
embraced and accepted by the people who must use and implement the solution,” as 
well as the ability “to understand the context and the culture of  the people who will be 
most affected by the solution.” Desirability is central to Design Thinking.

http://on.wsj.com/2eH8Crw
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Systems Critical for the Livability, 
Sustainability & Resilience of a Region
• Ecology: Ecosystems that provide basic natural

resources (water, air, food, energy)
• Economy: People, firms, markets and financial

systems that organize and provide resources
• Society: Formal and informal systems of human

organization generally outside political/public
institutional arenas that contribute to social capital

• Engineered Environment and Infrastructure Services
• Government: Formal systems of the public sector

that provide basic goods and services (governance,
safety, health, education)
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Where America Is Working, David Brooks , NYTimes, JUNE 3, 2016:
(1) Dense, highly educated, highly communal places with plenty of hipsters. These cities, like 
Austin, Seattle and San Francisco, have lots of innovation, lots of cultural amenities, but high 
housing prices and lots of inequality. Jobs and people are now heading there and to Orlando, 
Phoenix, Nashville, Charlotte, Denver and beyond.
(2) Opportunity cities like Houston, Dallas and Salt Lake City. These places are less regulated, so 
it’s easier to start a business. They are sprawling with easy, hodgepodge housing construction, 
so the cost of living is low. Immigrants flock to them. Houston is America’s fourth largest and 
the most ethnically diverse city in America and has had a surge in mid-skill jobs.

AARP



Livability Ranking and Overview 
assesses living conditions in 140 
cities around the world. A rating 
is assigned across the categories 
of: stability; healthcare; culture; 
environment; education; and 
infrastructure.
Mid-sized cities in developed 
countries with relatively low 
population densities tend to 
score well - culture and 
infrastructure with fewer 
problems related to crime or 
congestion (However, 75% of 
world population in 2050 is 
projected to live in mega-cities) :
1. Vancouver, Canada
2. Melbourne, Australia
3. Vienna, Austria
12. Osaka, Japan
29. Pittsburgh, PA, USA
30. Honolulu, Hawaii, USA
31. Hong Kong, China
56. New York, NY, USA



Barcelona Vancouver

Seattle Paris

VeniceAmsterdam

Nördlingen Sydney

http://www.buzzfeed.com/lyapalater/27-incredible-views-youd-only-see-if-you-were-a-bird
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New Orleans after Hurricane 
Katrina (2005) Death toll: 1,836 
Econ Imp: $150 billion
The city lost half its population  
during July 2005 and July 2006

Hurricane Sandy, 2012 NE Atlantic
Death Toll: 185 E Imp: $60Bil  

Typhoon Hainan
Nov 8, 2013 
Philippines
Death toll 5,235

Is Your City Resilient? 
Cities are growing rapidly, and they are 
largely unprepared to withstand
and bounce back from natural and man-
made shocks and stresses.

2011 Tohoku earthquake and Tsunami, 
Eastern Japan
Death Toll: 15,883   E Imp: $235 billion
Fukushima Daiichi Nuclear Disaster:  
Changed the future of nuclear energy
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COMMUNITY RESILIENCE SYSTEMS

•Policy and Politics of Livability
•Sustainability and Resilience Fed,
State, and Local Governments 
•Services for Risk Awareness
•Preparedness and Resilience
•Org Performance Metrics Codes
•Best Practice Guidelines
PLANNING and REHEARSING
•Responders •Infra Agencies
•Courts and Legal Community
Universities •Colleges •K-12  
•Banks and Financial Services
•Political Parties & Organizations
•Media  •Faith-Based /Non-Gov
Assistance  •Economy: Major GDP 
sources Industry: Plants Workers 
Unions

•Hospitals and Clinics
•Public Health—government
private and non-profit 
Institutions •Emergency 
Management: local, county, 
state, and federal 
•Leadership and Team-Building
for Public Safety: 
Nat. Guard, Police, Fire ,EMS, 
and Search and Rescue 
•Emergency: Transportation,
Drinking Water, Food, and 
Medicine •Environmental Health 
•Quality Emergency Shelter
•Nursing Homes •Mental Health
Agencies 
•Non-Profits •Volunteer Orgs

•Climate  •Weather
•Tectonics •Rock •Soil
•Water: Seas, Lakes,
Streams, and Rivers 
•Watershed Basins
•Forests •Wildlife
Urban Quality of Life: 
•Housing •Walkability
•Schools•Inclusiveness
•Public Health & Safety
•Infrastructure Services:
Transportation,Internet, 
Power, Water, Sewage, 
Storm water, Gas, Liquid 
Fuels, Solid Waste, 
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How can we better understand 
and manage such systems? 



Structuring the Problem:
Engineering and Management of Infrastructures:  Issues

1. Culture: Stewards, Stakeholders

2. Lifecycle Benefit/Cost?

3. Feasibility & Sustainability

4. Financing & Lifecycle Revenue

5. Performance Criteria for Design

6. Project Delivery Mechanisms: 

In-House, Low-Bid; Design-Build; PPP; Warranty? 

7. Paradigms for Innovation

8. Technology for Innovation: Technology Policy?

Driven by Paradigms, Designed for Market-Pull

9. Intersections & Interdependency

10. Modeling for Scenario Analyses

Fusing Various Models for Multi-Resolution 

11. Asset Management:
• Taking a Lifecycle Approach
• Revenue & Additional Bond Financing
• Preservation Metrics (Antique Car)
• Organization/Human Resources
• Operations: Safety, Mobility
• Enforcement & Security
• Performance and Health Evaluation
• Preservation and Renewal
• Uncertainty and Risk
• Hazard Mitigation
• Emergency Response
• Capital Planning,
• Resilience

12. Research Agenda:
• Academe-Industry-Govt.  Consortia
• Access to Operating Infrastructures
• Living Infrastructure Laboratories
• CLIOS Systems ID
• Paradigm & Technology Validation
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City and Infrastructures as CLIOS Systems 
(Dr. J. Sussman, Spring 2007, MIT)

Representation of a CLIOS 
System in terms of Major
Subsystems and Actor Groups

http://cee.mit.edu/sussman


Transforming the Practice of  Engineering of
Large Complex Systems

Inter-Agency Working Group 
on the Engineering of  Complex Systems

Working Group included Directors from
NSF, DOD, DOE, NASA, NIST & US Army Corps of Engineers

Approved for public release by DOPSR on 11/27/2013
http://www.acq.osd.mil/se/docs/IAWG-Position-Paper_DoD_12DEC2013.pdf

The complexity of engineered systems has swelled in the last several 
decades, and this trend is likely to continue for the foreseeable future. 
While projects are becoming more complex, current engineering 
practice has largely evolved from a top-down approach that is the 
legacy of past successes. A fundamental rethinking of engineering 
methodologies is urgently needed if our nation is to ensure that the 
large complex systems critical to our national  security, economy, and 
quality of life are resilient in the face of natural disasters, creative 
adversaries, and an unforeseeable future.

http://www.acq.osd.mil/se/docs/IAWG-Position-Paper_DoD_12DEC2013.pdf


https://esd.mit.edu/symp09/presentations/day1.walkerlunch.peterson.pdf

Thomas W. 
Peterson
Former Asst. 
Director, NSF 
Provost at
Univ of CAL
Merced since 
2012



What makes a System Complex?

• Some sub-systems and elements are non-stationary or unknown
• Multi-Scale:  Macro, Meso, Micro, Nano; Seconds - Centuries
• Multi-Domain:  Natural, Social (Institutional – Law, Policy, History and

Culture - Organizational, Community, Family, Individual), Engineered
(Constructed, Manufactured)

• No consensus theoretical construct - Chaos theory, network theory,
game theory, graph theory, organizational management paradigms,
nonlinear coupled dynamics, options analysis, etc. may all need to be
integrated.

• Many forms of interdependency

Biko
Comment on Text
Information regarding the condition and operations of sub-system and their components are always evloving and many times unreliable at best.
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DESIGNING LIVABLE CITIES

• Why are livable (also sustainable and resilient) 
cities strategically important? 

• What makes a city Livable? Sustainable? 
Resilient?

• How can Engineers contribute to livability?

• Understanding Infrastructure sectors, systems 
and services

• City and Infrastructures as complex systems

• The changing nature of  hazards and risks

• Technology and innovation policy and research 



Natural Hazards Manmade Hazards
ATMOSPHERIC: Hail, Hurricane, Tornado,
Typhoon, Lightning, Storm Surge, Flash 
flood

TERRORISM: Blast, Fire, Explosion, Implosion, 
Chem-Bio Agents, Poison Gas, Gunfire , Cyber

SEISMIC: Fault rupture, Ground shaking, 
Falling Debris, Fires, Liquefaction, Tsunami

POLITICAL: Decision-making driven mainly by 
politics w/o Benefit/Cost and/or Engineering

GEO: Avalanche, Expansive soils,
Landslides, Mudslides, Rock falls, 
Subsidence, Slope Failures, Sinkholes

POLICY:  A Lack of Policy (e.g. for innovation, 
accountability, responsibility, warranty), 
Ineffective Policy, Bureaucracy

HYDROLOGIC:  Coastal flooding, River 
flooding, Erosion and sedimentation, 
Desertification, Salinization, Drought, Ice

KNOWLEDGE: Lack of Modeling, Research, 
Technology Tools for Sustainable Management 
of Complex Multi-Scale CLIOS Systems

VOLCANIC:  Tephra (ash, cinders, lapilli),  
Gases, Lava flows, Mudflows, Pyroclastic
flows, Projectiles and lateral blasts 

CULTURE:  Societal valuation and commitment 
to quality of life at sustainable and resilient 
cities; quality of education; public demanding  
performance from engineers and managers

WILDFIRE:  Brush, Forest, Grass, Peat ACCIDENTS:  Highway, Rail, Subway, Airplane 
accidents;  Leaks; Spills;  Cascading failures due 
Interdependency; Epidemics;    



ESTIMATION OF DISUTILITY RISK IS HIGHLY CHALLENGING IN REGIONS 
THAT HAVE NOT YET EXPERIENCED CERTAIN HAZARDS  



Bridge collapse derails train in NJ, 
spilling toxic chemicals

SUSAN L. BRANTLEY and ANNA MEYENDORFF. NY Times 
March 13, 2013 Should the United States and Europe 
encourage fracking or ban it?

ENERGY, ENVIRONMENT and INFRASTRUCTURES

Freight train derailed in 
Kalamazoo

After a train derailed near Casselton, N.D., the 
town’s mayor angrily called for federal officials to 
do more to guarantee the safety of the nation’s 
growing shipment of oil by rail. 
THE ASSOCIATED PRESS December 31, 2013

Canadian crude-oil train derailed in Quebec killing 47 people -
7/7/2013; Canadian hamlet evacuated after oil train crash 

causes huge blaze Gainford, Alberta -19/10/2013 



HOW CAN WE DEFINE PERFORMANCE LIMIT-
STATES & DISUTILITY RISK FOR A CITY 



Istanbul :  An International Mega-City Connecting Europe and Asia;  The Largest City in Turkey. 
New capital of the Roman Empire in AD330; Third capital of the Ottoman Empire in 1453.

http://my.opera.com/thebestistanbul/albums/showpic.dml?album=11820162&picture=154474252
http://en.wikipedia.org/wiki/Roman_Empire
http://en.wikipedia.org/wiki/Ottoman_Empire


Digital image by the Expedition 8 Crew onboard the International Space Station 

Challenge: Policy and Planning for Controlling Unsustainable Growth!

http://www.jsc.nasa.gov/images/eol/2004/istanbul.html
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Contemporary Tectonics, Volcanology, Antarctica, Deep Ocean, 
Atmosphere, Space, Rainforest, etc. research all require field 
laboratories and cyber-physical systems (Sensing, Imaging, 
Communication, Computing  systems) for observation, sampling and 
data collection.



INTEGRATION of  INFORMATION, SIMULATION, SENSING & DECISION TOOLS 
FOR INFRASTRUCTURE CONDITION & PERFORMANCE EVALUATION  



Cyber-Physical System for Commodore Barry Bridge Performance Monitoring (1998) 
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Actors, Processes, Performance Monitoring and Info Repository 
for Asset Management



Integration of static and dynamic multi-parameter data resulting from operational 
structural and environmental monitoring and synchronization with camera images 



Google Puts Money on Robots

Andy Rubin is the engineer heading Google’s 
robotics effort. He is the man who built the 
Android software for smart-phones  
NY Times 12/4/2013

Amazon unveils futuristic plan: 
Delivery by drone  (CBS News 60 Minutes)
December 1, 2013 Amazon's secret R&D 
project aimed at delivering packages to your 
doorstep by "octocopter" mini-drones with a 
mere 30-minute delivery time 

UAV Aerial Imaging by 
High Resolution RGB & 
Infrared Thermography

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=XPg4zj4eyqqRgM&tbnid=8WB4pI1E5iPjoM:&ved=0CAUQjRw&url=http://droidworx.co.nz/products/shop/rtf-packages/skyjib-x4-titanium/&ei=wGo8UuqzA5O14APF8oDwCg&bvm=bv.52434380,d.dmg&psig=AFQjCNHZ9yJi6glbv825-62z88L5cXPajg&ust=1379777557252194
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=XPg4zj4eyqqRgM&tbnid=8WB4pI1E5iPjoM:&ved=0CAUQjRw&url=http://droidworx.co.nz/products/shop/rtf-packages/skyjib-x4-titanium/&ei=wGo8UuqzA5O14APF8oDwCg&bvm=bv.52434380,d.dmg&psig=AFQjCNHZ9yJi6glbv825-62z88L5cXPajg&ust=1379777557252194
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=XPg4zj4eyqqRgM&tbnid=8WB4pI1E5iPjoM:&ved=0CAUQjRw&url=http://droidworx.co.nz/products/shop/rtf-packages/skyjib-x4-titanium/&ei=wGo8UuqzA5O14APF8oDwCg&bvm=bv.52434380,d.dmg&psig=AFQjCNHZ9yJi6glbv825-62z88L5cXPajg&ust=1379777557252194


Conclusions:

• Most of the US population and US economic output has been 
concentrated at 7 Mega-Regions, anchored by cities with >3M

• Sustainability, Resilience and Livability are desired attributes of urban 
regions supported by interdependent systems:  Ecology, Economy, 
Society, Built Environment and Infrastructure Services and 
Government. Livability embodies every one of these systems.

• Today livability, sustainability and resilience are  championed and 
investigated by different communities, and agencies. Tapping the 
synergy between these concepts and their champions offers great 
potential.

• Livability is a design problem – with multiple conflicting objectives, a 
multitude of hard and softer constraints, necessity for creativity and 
leadership from elected officials and engineers, architects, planners, 
industry and societal representatives addressing this design problem 
for most desirable solutions to maximize livability!



Conclusions: Resilience
• Resilience is a complex limit-state of performance for a region, city or community, 

together with its built and natural environments at6 the event of a hazard.
• Man-caused hazards are getting increasingly complex - consequences of climate 

change/global warming; many types of terrorist attacks, cascading infrastructure 
failures due to increasing demand/stress/age/lack of ability to evaluate or to 
effectively maintain, or, failing to allocate required resources;

• Global, regional and local consequences of hazards are difficult to predict based on 
the nature and cascading effects of hazards - hurricane-storm surge- flood; 
earthquake-landslide; earthquake-fire; terrorism-war-invasion-economic hardship;  
dysfunctional stewardship-lack of maintenance-infrastructure failures and disutility-
economic and social impacts;

• We need to generate the means for more complete and realistic scenario 
generation, with unexpected consequences, and analysis capabilities. This requires 
integrated modeling of natural-socio-technical-engineered systems!

• We need to perform better autopsy of past hazards and their consequences - in an 
integrated approach to understand the interdependence between natural-socio-
technical and engineered systems



Recommendations
• Form a community of scientists and engineers -from various cultures, backgrounds

and nations, dedicated to understand the ecosystem of - built, natural, social
environments as complex systems.

• Explore how we may model, validate and simulate scenarios associated with
complex systems? What type of resolution is needed for simulating various hazards,
events and consequences for data-driven decisions and policy?

• Where are the built infrastructures? Especially those bundled underground, how do
we map them without precise data? How do we map and integrate the jurisdictions,
regulators and stakeholders that operate, preserve and are also affected by
infrastructures?

• We need real-life laboratories for research such as select city blocks, entire cities
and dense urban regions where all elements of the built, natural and social
environments may be identified, mapped, monitored and tracked. This type of
insight and data are critical for modeling and validating mega-regions as complex
systems, and approaching their livability as a TRANS-DISCIPLINE DESIGN PROBLEM!
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