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ABSTRACT

The Kernel-Up Polycentric Model:
A Modular, Community-based Urban Development Framework

Jona Perkins

Chair of the Supervisory Committee:
Daniel Abramson
Urban Design and Planning

Humanity will need to build homes and infrastructure for 5 billion people before the
end of this century. Unfortunately, cities already face numerous challenges before factoring in
decades of sustained, rapid growth. Building new cities from scratch would allow them to be
rethought from first principles, with people and communities as the focus. Doing so could also
enable new technologies to be incorporated and for outdated legacy systems to be eliminated.

This thesis presents a design-driven exploration of what such reimagined cities might
look like and how they could be built. The argument is made for a nested polycentric layout,
built from the bottom up out of small - approximately 100 resident - heterogeneous community
units (“kernels”). The KUP (Kernel-Up Polycentric) Model is the result of arranging kernels
around a common center to form larger communities, which in turn serve as subunits of yet
larger community layers. Infinite differentiated forms can result while adhering to the same
basic connectivity by simply adjusting kernel typologies, the number of community subunits
per layer, the geometric arrangement of community subunits relative to their center, and the
number of community layers.

The potential of this generalized, modular framework is explored in the context of
historic urban models, recent ideas in the field of planning, and modern technological trends.
Implications for transportation, work, retail, manufacturing, agriculture, utilities, the sharing
economy, and governance are all discussed. Breadth is prioritized over depth in this thought
experiment, in order to provide a holistic picture of the KUP Model. The potential to leverage
this modular framework in the democratization of urban design is also touched on. Finally, the
implications of this dramatically revised urban development approach are also discussed for
cities, urban planning, and allied fields.
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EXECUTIVE SUMMARY

Humanity will need to build homes and infrastructure for 5 billion people before the
end of this century. Unfortunately, cities already face numerous challenges before factoring in
decades of sustained, rapid growth. Building new cities from scratch would allow them to be
rethought from first principles, with people and communities as the focus. Doing so could also

enable new technologies to be incorporated and for outdated legacy systems to be eliminated.

This thesis presents a comprehensive argument for constructing new cities that are
characterized by a nested polycentric form. In contrast to existing urban environments, this
model is defined from the bottom up: heterogeneous community units of approximately 100
residents (“kernels”) are arranged around a common center to form larger communities, which
in turn serve as subunits of larger community units. This simple, modular framework supports
infinite variations by adjusting kernel typologies, the number of community subunits per layer,
the geometric arrangement of community subunits relative to their center, and the number of
community layers. Precedents for such urban forms throughout history and urban planning

literature are discussed, in addition to parallels in nature.

This “Kernel-Up Polycentric” (KUP) model results in a novel street layout, which could
better facilitate a transportation paradigm that consists of autonomous vehicles, micro mobility
devices, bikes, and pedestrian travel. Additionally, having defined centers for each community
scale allows for the strategic placement of suitable common spaces, shared resources, and
businesses. The suitability of the KUP model for differentiated functions in these centers is
discussed within the context of impactful trends like remote working, online shopping, supply
chain localization, digitization of services, and decentralization of utilities. The potential for
differentiated ownership and governance models is also touched on, as well as why the KUP

model is better optimized for the sharing economy.

The modular form of the KUP model opens up the possibility of democratizing urban
design though a collaborative world building platform. Aspirationally, future residents could
co-create a virtual version of their ideal shared environment before eventually having it built.
Finally, the implications of this dramatically revised urban development approach are also

discussed for cities, urban planners, urban designers, architects, and real estate developers.



INTRODUCTION

The (Very Large) Problem

Over the coming decades, new housing and infrastructure will need to be constructed
to accommodate at least 5 billion people across the world. The largest contributor to this
demand will be the projected net increase in world population of approximately 3 billion
humans by 2100." This population increase will largely be concentrated in urban areas, but it
will happen asymmetrically across the world, with some areas expected to experience a
decrease in population while others increase substantially.? Additionally, there are more than 1
billion people living in informal settlements as a result of urbanization outstripping cities’
abilities to expand.® Ideally, proper homes and infrastructure would be constructed for these
new urban residents as soon as possible. Another demand driver of urban development in the
coming decades is that a large number of people will likely have to relocate as a result of
climate change. For instance, sea level rise is expected to displace many people from coastal
cities while more frequent fires, heat waves, hurricanes, and other natural disasters may also
cause net emmigration from certain regions.* Additionally, there are numerous people currently
living in homes and relying on existing infrastructure that will reach the end of their useful life
spans during this time period and need to be replaced.” For example, the American Society of
Civil Engineers projects that the United States will need to spend $2.2 trillion more than is
currently planned to replace and maintain the nation's aging water pipes over the next two

decades.®

" United Nations, Department of Economic and Social Affairs, and Population Division. World Population
Prospects Highlights, 2019 Revision Highlights, 2019 Revision, 2019.

2 United Nations, 2019

* United Nations. “SDG Indicators.” Accessed January 29, 2022.
https://unstats.un.org/sdgs/report/2019/Goal-11/.

* Palinkas, Lawrence A. Global Climate Change, Population Displacement, and Public Health: The Next
Wave of Migration. Cham: Springer International Publishing AG, 2020.

> Cindy Wallis-Lage, “Deferred Maintenance and Aging Infrastructure Threaten Water Sustainability,
Reliability,” Journal AWWA 109, no. 1 (2017): 53-57, https://doi.org/10.5942/jawwa.2017.109.0005.

¢ American Society of Civil Engineers, “The Economic Benefits of Investing in Water Infrastructure: How a
Failure to Act Would Affect the US Economic Recovery,” Value of Water Campaign/ASCE, (2020), 12-13.


https://doi.org/10.5942/jawwa.2017.109.0005
https://unstats.un.org/sdgs/report/2019/Goal-11/
https://unstats.un.org/sdgs/report/2019/Goal-11/

Unfortunately, most cities are already facing numerous other challenges and many of
these are expected to get worse in the near future. Rapidly adapting to accommodate growing
populations would likely make addressing these issues more difficult. Perhaps the most relevant
challenge to note in the context of future housing demand is that many cities are already facing
an acute lack of affordable housing.” This is largely due to the fact that demand has outstripped
supply, which has driven up costs.? In the coming decades, cities will also need to make drastic
changes to cut carbon emissions by facilitating the shift to electric vehicles, renewable energy,
and more energy efficient buildings in order to meet the goals of the Paris Climate Accord.’
Besides air pollution, sustainable management of sewage and solid waste is still far from a
solved matter in most places.' Terrible traffic congestion and suboptimal transit systems are
other major issues that plague many cities. On top of all of these challenges, many cities are

operating with unsustainable budgets and ballooning debt."

While addressing these challenges, cities will need to adapt to a swiftly changing world.
Nearly every industry is being disrupted by new technologies, from transportation to
manufacturing and education to healthcare. Figuring out how to incorporate these
advancements into urban environments is difficult due to the complex interdependencies of
existing systems. For instance, the emergence of online shopping is creating uncertainty
around the role of retail going forward'? while the sudden, widespread implementation of

remote work has brought into question the general need for so many offices or supporting

’ Steffen Wetzstein, “The Global Urban Housing Affordability Crisis,” Urban Studies 54, no. 14 (2017):
3159-77.

¢ Gregg Colburn, Homelessness Is a Housing Problem: How Structural Factors Explain U.S. Patterns
(Oakland, California: University of California Press, 2022).

Socolow, Robert H. “Contending with Climate Change: The next 25 Years.” Bulletin of the Atomic
Scientists 76, no. 6 (November 1, 2020): 294-301. https://doi.org/10.1080/00963402.2020.1846410.

"% David C. Wilson and Costas A. Velis, “Waste Management — Still a Global Challenge in the 21st
Century: An Evidence-Based Call for Action,” Waste Management & Research 33, no. 12 (2015):

1049-51, https://doi.org/10.1177/0734242X15616055.

" Truth in Accounting, “Financial State of the Cities: An Annual Report by Truth in Accounting,” (2022).
Accessed January 31, 2022. https://www.truthinaccounting.org/resources.

12 James Conca, “The Coronavirus Accelerates Online’s Destruction Of Brick & Mortar Shopping,”
Forbes, accessed January 31, 2022,

https://www.forbes.com/sites/jamesconca/2020/08/21/the-coronavirus-accelerates-onlines-destruction-o
f-brick--mortar-shopping/.
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https://www.forbes.com/sites/jamesconca/2020/08/21/the-coronavirus-accelerates-onlines-destruction-of-brick--mortar-shopping/
https://www.forbes.com/sites/jamesconca/2020/08/21/the-coronavirus-accelerates-onlines-destruction-of-brick--mortar-shopping/
https://www.truthinaccounting.org/resources
https://doi.org/10.1177/0734242X15616055
https://doi.org/10.1080/00963402.2020.1846410

businesses in city centers.” Despite the fact that so much change is underway and inevitable,
the rigidity of existing regulations make it extremely difficult for cities to modify how they

operate and develop over time.

Overall, it is fair to say that cities face a very tough road ahead without layering on
decades of rapid and sustained growth. Regardless, the world’s urban capacity will need to
approximately double over the next 50 years. Given the context of the challenges noted
above, urban planners need to step back and consider whether the current approach to urban
development - continuously expanding existing cities radially and through infill - is best suited

to meeting that demand.
Back to Basics

Before attempting to explore this question, it is worthwhile to step back and talk about
what cities are. There are many dimensions that people tend to define them according to. One
perspective is that they are large, dense populations that coexist and perform mutually
interdependent functions in a set area. Cities are also defined by the large number of built
structures that they contain: the buildings (residential, offices, warehouses, stores, etc.), roads,
bridges, utility systems, and other physical resources (lights, bus stops, seating, etc.) that
residents rely on. Additionally, each city is a legally defined administrative unit with powers and

rights defined by the jurisdiction that it exists within."

All of these and many other perspectives are valid. Some elements, however, are
present in certain cities but not in others. Additionally, some are static while others change
across time. Even trying to simply define cities as “large” human settlements doesn't capture
the reality that they span many orders of magnitude in terms of area as well as population:
some cities have tens of thousands of residents while some have tens of millions; some cover

just a handful of acres while others extend across thousands of square miles.

"3 Shep Hyken, “The Impact Of The Remote Workforce,” Forbes, accessed January 31, 2022,
https://www.forbes.com/sites/shephyken/2021/02/28/the-impact-of-the-virtual-work-from-home-workfor
ce/.

'* Hans Blumenfeld, The Modern Metropolis; Its Origins, Growth, Characteristics, and Planning. Selected
Essays. (Cambridge: Massachusetts Institute of Technology, 1967): 3-17


https://www.forbes.com/sites/shephyken/2021/02/28/the-impact-of-the-virtual-work-from-home-workforce/
https://www.forbes.com/sites/shephyken/2021/02/28/the-impact-of-the-virtual-work-from-home-workforce/
https://www.forbes.com/sites/shephyken/2021/02/28/the-impact-of-the-virtual-work-from-home-workforce/

Rather than a standardized, rigid definition of a city, it is more accurate and useful to
place human settlements along a spectrum from urban to rural.”™'® In my view, the primary
criteria for assessing this is not size, but rather the density of built infrastructure as well as the
resulting complexity of relationships among the people that rely on these systems. A large
population is a necessary criteria for infrastructure densification to take place, but it is not what
makes a settlement urban. Additionally, a large amount of land is neither necessary nor
sufficient for an area to be called urban - even if 100 square miles were packed full with people
standing shoulder to shoulder, it would not be a city. What makes an area more or less urban is
the presence of purpose-built artificial structures and intentionally crafted spaces that facilitate

mutually beneficial cohabitation by residents.

What | am primarily concerned with in this thesis is the emergent societal implications of
“urban forms”, which can be thought of as the high level spatial arrangement of physical
elements in urban areas, as well as the processes that result in them. It is important to
remember that these morphological attributes of built environments are fundamentally

inseparable from their sociological outcomes."’

“Urban forms are composed of houses, buildings, streets, parks, market farms, pipes
and wires, railroads, highways, wharves, and airports. Any particular urban form reflects
the complex interrelationships among social, economic, and political processes that
brought it into being. New resources, new technologies, new ways of doing business,
the migration of peoples, and shifts in politics and culture all have their part to play in
the building and altering of urban form. Planning for a city’s future requires that such

forces be discussed.”"®

> Anne Whiston, “Ecological Urbanism,” in Companion to Urban Design (Routledge, 2011), 614-24,
https://doi.org/10.4324/9780203844434.

'¢ Emily Talen, “Help for Urban Planning: The Transect Strategy,” Journal of Urban Design 7, no. 3
(October 1, 2002): 293-312, https://doi.org/10.1080/1357480022000039349.

" Henri Lefebvre, The Urban Revolution (University of Minnesota Press, 2014),
https://doi.org/10.5749/j.cttSvkbky.

'8 Sam Bass Warner and Andrew Whittemore, American Urban Form: A Representative History, Urban
and Industrial Environments (Cambridge: The MIT Press, 2012),
https://doi.org/10.7551/mitpress/2183.001.0001.
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https://doi.org/10.5749/j.ctt5vkbkv
https://doi.org/10.1080/1357480022000039349
https://doi.org/10.4324/9780203844434-62
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Human-Centric Design Goals

There is inevitably a tradeoff between artificial, human-made structures and natural
landscapes in a given space, which is what defines a settlements position along the urban-rural
spectrum. As a result, it is important to consider the advantages of building larger, denser
agglomerations of artificial spaces and systems rather than simply constructing dispersed small
villages or single family homes. Some of the benefits often ascribed to cities include more
specialized labor markets, economies of scale, rich culture, and easier access to a wide variety
of goods as well as services. For the most part, these advantages are the result of large, dense
populations working together in a complex web of mutually supporting roles. Especially within
the context of purpose built environments, our growing ability to coordinate complicated,
interdependent functions should make it easy to satisfy at least the basic needs and desires of
individual residents. | think it is plain to see, however, that cities are not currently living up to

this unspoken ideal.

“Cities are full of places that are ill-adapted to the needs of their inhabitants. They are
dysfunctional, contaminated, and vulnerable to natural hazards, exposing residents to

discomfort, inconvenience, and even to danger.”"?

What would an urban environment that is truly optimized for people look like though?
In other words, what are the goals that human-centric urban development should strive for?
Various authors have attempted to answer these questions in urban design manifestos.?%%"#
While there is a great deal of overlap between them, the truth is that these questions are
fundamentally normative and everyone will likely have a somewhat different answer to them.

Regardless, | have attempted to distill a set of parameters that are consistent with these

'? Anne Whiston Spirn, “Ecological Urbanism”: 614-24

%0 Allan Jacobs and Donald Appleyard, “Toward an Urban Design Manifesto,” in The City Reader,
Frederic Stout and Richard T. LeGates, eds., (Routledge, 2016), 640-51,
https://doi.org/10.4324/9781315748504-80.

21 Congress for the New Urbanism, “Charter of the New Urbanism,” Bulletin of Science, Technology &
Society 20, no. 4 (2000): 339-41, https://doi.org/10.1177/027046760002000417.

22 Kevin Lynch, A Theory of Good City Form (Cambridge, Mass.: MIT Press, 1981).


https://doi.org/10.1177/027046760002000417
https://doi.org/10.4324/9781315748504-80
https://doi.org/10.4324/9781315748504-80

previous proposals and are general enough to be agreeable to the majority of people. In my

view, an ideal urban environment should:

10.

Provide for all basic human needs - clean water, fresh air, food, clothing, shelter,
sewage management

Provide access to modern functions that have become essential: electricity, internet
connectivity, and solid waste disposal as well as recycling services

(Ideally) provide access to non-essential goods, amenities, and services that residents
desire - this includes green, open spaces as well as restaurants and theaters

Take into account that every person has a unique set of needs and desires - in other
words, they should enable rather than constrain diversity

Include employment and education opportunities - both for residents to contribute to
the functioning of the systems they rely on and for them to derive a sense of purpose

Be designed to nurture and sustain community bonds, since humans are fundamentally
social creatures

Have all resources™* strategically located for convenient as well as efficient access by
those who use them most frequently (this is an ideal to strive towards, but clearly it
cannot be accomplished in full)

Be designed to adapt to do all of these things for people in the future as well

Include systems that enable residents to have a say in how the resources* they rely on
operate and change over time, particularly for resources* in the areas where these
residents live, work, or otherwise spend time

Be designed to sustainably co-exist with nearby and global ecologies since humans and
nature are fundamentally interdependent

*Here and throughout this text, resources is used as the generic term for all physical systems that

humans rely on: roads, street lights, parks, utility systems, stores, workplaces, etc.

Clearly, meeting this full list of criteria is no easy task. Aside from the requirement to

meet people’s basic needs (which should honestly go without saying), the important design

parameters to take away from this can be summarized as the need to enable: diversity,

accessibility, community, sustainability, and public participation. Unsurprisingly, these are



exactly the ideals that the field of urban planning is most focused on. Beyond urban planners,

most people in the general public will likely agree that these are good goals to strive for.
Overview

To return to the central problem this thesis addresses, we must double the global urban
capacity in the coming decades. Furthermore, what we need to build for billions of people in
the near future are artificial structures and systems that come together to form environments
which meet the ten goals laid out above. Due to the sheer number of people and the
advantages of scale and density, these new built environments will probably need to be closer
to the urban end of the spectrum than the rural. Rather than adhering to a traditional
conception of a city and making adjustments, | believe that the best way to accomplish this
task is to rethink urban environments and development patterns from first principles, with
people as the focus. Earnest Sternberg argued that an integrative theory of urban design
“should not simply advocate one set of design approaches, but should rather reveal the
principles that underlie several of them”.?* Additionally, he argued that such a theoretical

framework should also be actionable, human-oriented, and realistic.

In this thesis, | hope to contribute towards this important effort by presenting a
generalized, yet powerful urban form and explaining why it may be better suited to achieving
this goal than the spatial organization that characterizes cities currently. More specifically, what
| describe is a nested polycentric model that is built from the bottom up out of small,
heterogeneous community units. | dive into why this urban form could better enable more
community owned and operated resources as well as some major trends that highlight why this
is likely going to be increasingly important going forward. Additionally, | argue that this urban
model could facilitate a modular, master planned development approach that is far superior to
how cities grow currently.

First, | provide necessary context by reviewing how urban growth currently takes place,
the issues associated with it, and the historical factors that have led to this being the norm.
Next, | review the idea of polycentrism in urban planning and explore the benefits of

employing this organizing principle at multiple scales. | then introduce my generalized urban

2 Ernest Sternberg, “An Integrative Theory of Urban Design,” Journal of the American Planning
Association 66, no. 3 (2000): 265-78, https://doi.org/10.1080/01244360008976106.
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model and dive into some specific examples, leveraging diagrams and renders to help make it
more tangible. Additionally, | discuss why this urban form is better suited to major shifts
underway, such as remote work, online shopping, and the miniaturization, decentralization, and
relocalization of various critical systems. Next, | describe ongoing meta trends in technology
and society that make planning for more sharing economy resources sensible. Then, | explain
why governance and ownership must be considered in conjunction with community owned and
operated resources, as well as how this urban model is ideally suited to facilitating a feasible
form of direct democracy. Finally, | conclude by discussing the practicalities as well as some of
the implications that the widespread adoption of this model would have for urban planners,

urban designers, real estate developers, and the broader public.
Audience

The intended audience for this document is not just the academic community or my
thesis committee. | have made an effort to use as little planning jargon as possible so as to
make it accessible to a broad range of potential readers. Furthermore, | have cited many
sources from planning literature, but have intentionally avoided engaging with them as
ongoing narratives, topics, and theories within the field whenever possible. Instead, | have
attempted to extract fundamental ideas in the field and frame them in practical, tangible, and
broadly relevant terms that stand on their own, rather than relying on a specific author for
credibility. | apologize to the academics if this writing approach feels informal or nontraditional

for a thesis at times, but that was intentional.
Disclaimers

There are a few disclaimers that | want to highlight before beginning. First of all, | will
not be able to explore every relevant theory or practical consideration due to the broad scope
of this topic and the limited size of a master’s thesis. Instead, my hope is to paint a clear
enough picture of a possible approach to future urban development to spark dialogue and
further inquiry. To reiterate, this thesis is intended to be a rough sketch of a massive idea that
serves as the beginning of a conversation - it is not a perfectly polished final product.
Additionally, it would be more accurate to describe this document as a research informed, but

design-focused exploration or thought experiment than a typical thesis. | do not attempt to



prove anything with data and analysis or use any particular methodology. Instead, | build up
from first principles and weave many disparate facts into a vision of an alternate future for

cities.

It is also worth acknowledging that the views and critiques expressed in this thesis are
heavily influenced by my western perspective, even though | am attempting to address urban
development patterns globally. This is just one of the innumerable limitations that | recognize
are present within this document. In attempting to cover so many topics, | am certain that |
made many other generalizations and failed to acknowledge valid alternate perspectives. |
welcome any critical feedback on such issues or suggestions for how to improve my arguments.
This is an idea that | have been developing since 2018 and plan to continue working on for

many years to come.

Finally, | critique the field of urban design and planning regularly throughout this
document, but do not mean it as an attack on the individuals who have dedicated their time
and energy to these professions. | have found my fellow planners to be passionate, caring, and
intelligent people that should be admired for their intentions and efforts. At the same time,
however, | believe that the field would be in a better position to solve the issues that we all
care so deeply about if there was generally more openness to radically different perspectives
and approaches from the norm. Many of the ideas that | advocate for here are not currently
prominent within urban planning, but they are also not new to the field. Comprehensively
reimagining cities was all the rage in the beginning and middle of the twentieth century, but
the pendulum has swung towards an emphasis on finer grained, incremental planning. As
challenges have mounted in urban areas all across the world, however, | believe that the time

has come for the pendulum to swing back.

CHAPTER 1: THE EVOLUTION OF URBAN DEVELOPMENT

This chapter provides an overview of how urban development currently takes place as
well as a historical review of how these growth patterns have changed across time. The process
of urban development, the environments that it results in, and the implications that both have
for residents must be considered holistically. There are currently two main categories that urban

development falls into: infill development and radial expansion out on the urban periphery. As



with urban versus rural and most other other dichotomies, this is an oversimplification. The
specific attributes of either development pattern depend on how close to the center of a city
they take place as well as how built up and dense the city already is. Regardless, the vast
majority of development underway is closer to one extreme than the center so it is still a useful

framing.
Current Growth Patterns: Infill

Infill development is the process whereby existing buildings or undeveloped plots of
land in denser urban areas get (re)developed as residential, commercial, or mixed use
buildings. Cities often catalyze this through upzoning® since they want to increase density in
order to provide sufficient housing,” make transit or other municipal services more financially
feasible,?® and also increase tax revenue®. The appeal of infill developments for residential
renters and buyers are largely walkability, nearby amenities, proximity to friends or family, and
reduced travel times generally.?® For some businesses, setting up shop in denser areas may be
a requirement to attract sufficient customers, while others choose them since a central location

is most convenient, on average, for their employees.

2 C. J. Gabbe, “Changing Residential Land Use Regulations to Address High Housing Prices,” Journal of
the American Planning Association 85, no. 2 (April 3, 2019): 152-68,

https://doi.org/10.1080/01944363.2018.1559078.

# Jeongseob Kim and Kristin Larsen, “Can New Urbanism Infill Development Contribute to Social
Sustainability? The Case of Orlando, Florida,” Urban Studies 54, no. 16 (2017): 3843-62.

% Louis A. Merlin, “The Influence of Infill Development on Travel Behavior,” Research in Transportation
Economics, Transportation and land development in Australia and North American: Property values, the
private sector, housing and travel behavior, 67 (May 1, 2018): 54-67,

h : i.org/10.1016/j.retrec.2017 .

%7 Chicago Metropolitan Agency for Planning, “CMAP Regional Snapshot Series - Infill,” (Fall 2009): 3,
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Environmental Impacts and Household Costs in Los Angeles,” Transport Policy 35 (September 1, 2014):

21-30, https://doi.org/10.1016/].tranpol.2014.05.004.
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Unfortunately, infill development is still often slow and expensive. This is largely due to
permitting processes,” the need for underground garages to satisfy parking minimums,*® and
various challenges that result from building in a city that remains operational, such as closing
off roads and digging them up to connect to utility systems. Another major issue is that these
ever increasing construction expenses and timelines result in demand regularly outripping
supply. In combination with the increasing scarcity of developable inner city parcels of land,
these factors conspire to continually drive up real estate values in growing cities, which in turn

causes the displacement of many renters.*'*

Besides many residents being priced out of their neighborhoods, others are unhappy
with the changing character that infill development often results in and the fact that they have
little to no say in how this happens.® Some cities have public participation processes, but these
are usually ineffective since they are not able to incorporate meaningful input from more than a

handful of residents and they typically happen too late in the process.*

Another approach to infill development that enables densification without a major
impact on neighborhood character is the construction of Accessory Dwelling Units (ADUs) on

existing single family parcels. Only a handful of cities have embraced them, however, and there

% Jan Brochner et al., “Accelerated Planning for Urban Housing Infills: Coordination Strategies,”
European Planning Studies 29, no. 6 (June 3, 2021): 1113-31,
https://doi.org/10.1080/09654313.2020.1817866.

%% Donald Shoup, “The High Cost of Minimum Parking Requirements,” in Parking Issues and Policies, vol.
5 (Emerald Group Publishing Limited, 2014), 87-113,
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3 Meagan M. Ehlenz, Deirdre Pfeiffer, and Genevieve Pearthree, “Downtown Revitalization in the Era of
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Urban Geography 41, no. 1 (January 2, 2020): 79-102, https://doi.org/10.1080/02723638.2019.1647062.

32 Justus Uitermark and Maarten Loopmans, “Urban Renewal without Displacement? Belgium’s ‘housing
Contract Experiment’ and the Risks of Gentrification,” Journal of Housing and the Built Environment 28,
no. 1 (2013): 157-66.
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are not enough plots appropriate for ADUs in most urban areas for this type of infill to play a
substantial role in meeting future demand. ADUs are also typically rented for relatively high
rates so they wouldn’t contribute all that much to affordability. Furthermore, many residents are
still unhappy with the addition of ADUs on neighboring parcels and these additions can

increase parking demand in areas that are not well served by, or even suited to, transit.®

Perhaps even more problematic than the minimal involvement that residents have in
determining the future of their neighborhoods is the fact that city governments also have
limited say in how these changes take place. While city planners can guide the growth process
through (complex and often outdated) zoning regulations, incentives, and other tools, it is
profit-seeking real estate developers that really determine what is built. When demand greatly
oustrips supply, there is little incentive for them to optimize their projects for the best outcome
for the residents of the buildings they develop, let alone the neighbors that previously lived in
that area. Unsurprisingly, these groups tend to stick with tried and true approaches that they
know will yield a sufficient return. Even if a developer wanted to put in the extra time and effort
to plan their developments for the preferences of future residents, they typically have no idea
who those residents will be. Together, these factors often lead to generic-feeling places that

are optimized for no one.*

While living in denser areas may reduce the average distance one has to travel to meet
friends or family, ever increasing density is not particularly conducive to building or maintaining
community.’” Most people in urban areas don't know their immediate neighbors, let alone
those that live a few houses or units away. This is perhaps attributable to the lack of common

spaces or shared amenities in their apartment buildings or on their blocks, which could

¥ Thomas Davidoff, Andrey Pavlov, and Tsur Somerville, “Not in My Neighbour’s Back Yard? Laneway
Homes and Neighbours’ Property Values,” Journal of Urban Economics 128 (March 1, 2022): 103405,
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% Rem Koolhaas, “The Generic City,” L’Architecture d'aujourd’hui 304 (1996): 70-77.

%7 Peter Gordon and Harry W. Richardson, “Are Compact Cities a Desirable Planning Goal?,” Journal of
the American Planning Association 63, no. 1 (March 31, 1997): 95-106,
https://doi.org/10.1080/01944369708975727..



https://doi.org/10.1080/01944369708975727
https://doi.org/10.1080/01944369708975727
https://doi.org/10.1016/j.jue.2021.103405
https://doi.org/10.1016/j.jue.2021.103405

facilitate chance encounters and community bonding.® In most cases, there is an abrupt
transition from fully private to fully public as soon as an urban resident leaves their front door. A
growing number of multi-family developments are including community spaces, but these are

still very rare overall.

Accessibility is one of the major advantages of infill developments, compared with
suburban developments and other peripheral urban expansion. Even though cities contain
most things that residents may need or want, these resources are often clustered in locations
that force urban dwellers that live in other areas to travel further than they should ideally have
to. For instance, many city centers have no grocery stores or elementary schools despite being
where many other resources and jobs are concentrated, as well as a substantial amount of
housing. Additionally, many large cities do not provide sufficient access to open, natural spaces
or fresh air.*’ These problems are partly due to the challenges that infill development itself
creates: new pockets of demand are installed in exactly the areas where land is becoming

increasingly scarce.

Current Growth Patterns: Peripheral Expansion

These issues with accessibility pale in comparison, however, to those faced by
peripheral urban developments, such as suburbs and most informal settlements. Informal
settlements, often referred to as slums, are where approximately 15% of the entire human
population lives.*® Some of these unsanctioned developments are technically better classified
as infill since they occupy sloped or otherwise unattractive plots of land within a city, but the
majority are on the outskirts of urban areas. These informal settlements are largely emerging

due to urbanization outstripping cities ability to plan, build, or pay for the creation of more

* Ray Oldenburg, The Great Good Place: Cafés, Coffee Shops, Bookstores, Bars, Hair Salons, and Other
Hangouts at the Heart of a Community (New York : [Berkeley, Calif.]: Marlowe ; Distributed by Publishers
Group West, 1999):
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housing and work opportunities.*’ Especially in slums on the urban periphery, access to basic
needs such as clean water and sewer systems are often, tragically, unavailable. Access to
amenities that are less necessary is also lacking, but most residents of such areas are unable to

afford them anyways.*?

Suburban development is characterized by primarily single family residential units that
are built on relatively large lots near the urban periphery, where land is more plentiful and
affordable. Many of the shops, jobs, and other things that suburban residents rely on are
located further into the city, which necessitates regular long commutes as well as their
accompanying stress, cost, and pollution. Even when suburbs have a good variety of shops and
grocery stores nearby, they are not usually within walking distance due to the low density,
which also makes transit impractical. Additionally, they often don’t have sidewalks since they
are designed for getting around by car and that would be prohibitively expensive. In fact, the
cost of maintaining and upgrading dilute suburban infrastructure is another major failing of this
development model that is not discussed as often as it perhaps should.* Aside from the cost
and impracticality of maintaining public infrastructure in these environments, it is extremely
expensive and inefficient for every home to own, store, and maintain everything that comes
along with a suburban home, such as their own lawn mower for their own little lawn.

Furthermore, these environments are not conducive to healthy, active lifestyles.**

These are some of the costs that suburban residents pay for more privacy and
independence. They do not have to worry as much about external forces pushing change on
their neighborhood since these areas are often zoned as single family and the majority of

suburban residents want it to stay that way. The clear delineation of property lines and absence

1 Kim Dovey and Ross King, “Forms of Informality: Morphology and Visibility of Informal Settlements,”
Built Environment 37, no. 1 (March 1, 2011): 11-29, https://doi.org/10.2148/benv.37.1.11.
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of public spaces, however, contributes to a systemic lack of community bonding or common
identity.*”® Social isolation is a major issue among suburban residents, from children to the

elderly. %

Developers don't have to worry about any of these problems or the long term viability
of this model, however. As in the case of infill development, they are simply seeking to make a
profit and know that there is a market for suburban homes. This is why, despite building from
scratch on undeveloped land, every suburb looks like the rest* - the term “cookie cutter” is
frequently applied, for good reason. Informal urban development, by contrast, is still a
bottom-up process that is driven by the residents of the spaces that are being built. Many
authors even argue that the planning profession should actively study and implement lessons

from these developments.*®

Despite this major difference between suburban and informal peripheral development
patterns, it is fair to say that both are optimized for independence over accessibility - either by
choice or by necessity. Informal developments better facilitate diversity and community than
suburbs, but neither development pattern is particularly sustainable. By comparison, infill
development scores better in terms of accessibility as well as perhaps diversity and
sustainability, depending on how you define them. Neither development pattern comes close,

however, to qualifying as successful approaches to creating optimal human environments.
Historical Growth Pattern

It is important to recognize that the scope and scale of urban development has
changed drastically in the recent past and is truly unprecedented. This historical context is of
critical importance to understand how cities ended up growing in the manner described above

and how we might improve these development patterns going forward.
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Throughout the vast majority of humanity’s existence, most people lived with their
extended family, within the context of a local community that was mostly self-sufficient.*’
Typically there was some nucleation site that was a convenient location for residents of these
nearby communities to congregate and trade. As more people, knowledge, and materials
amassed in these trading centers over time, the value proposition of these trade networks
increased. This created a feedback cycle in which an ever larger number of goods and services
became available that nearby residents couldn’t otherwise access. Naturally, more people
came to rely on these primordial cities, which increased the opportunities for specialized work

and led to their permanent populations increasing as well.*

Across many centuries or even millennia, cities scaled in a gradual, organic way due to
these feedback cycles. Populations grew, more homes were built, and infrastructure was
developed to manage new challenges that emerged as density increased. There were setbacks
from wars or natural disasters, but the general trend was incremental expansion and
densification (Figure 1). The form this took was mostly defined by topography as well as a
nearly universal urban evolutionary pattern characterized primarily by the emergence of
multiple concentric city walls. The density within existing city walls would increase until some
developments began to spill out around the walls, then after these peripheral developments

grew large enough they were eventually encapsulated within another wall.*’

* Yuval N. Harari, Sapiens: A Brief History of Humankind, First U.S. edition. (New York: Harper,
2015):356-362
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Figure 1. Historic urban growth pattern, defined by densification and radial expansion on the periphery.

The industrial revolution suddenly changed this development pattern and rate.
Mechanization of various industries enabled economies of scale to be leveraged. Suddenly
there was rapidly growing and insatiable demand for relatively unskilled workers in factories.
This happened in sync with advancements in agriculture that reduced the demand for farm
workers. In addition to pushing a large number of these rural residents towards the work
opportunities in cities, improved agricultural yields in a given area enabled larger populations
to be supported in nearby cities.> Ever since then, urbanization has taken hold all across the
planet and did not stop or slow when, in 2008, the world passed the mark of more than half of

all people alive being city dwellers.>®

This is clearly an oversimplification of how things played out, but it captures the broad
strokes of what happened. The key takeaway is that cities used to evolve slowly over time
through a process of radial expansion and densification, but recently this accelerated and cities
quickly grew to be much larger than they ever were previously. Both the pace of growth and
the unpreced scale that cities achieved during this transition catalyzed numerous changes in

the way that urban development takes place.

As the cumulative impacts of rapid, unplanned urban growth became more apparent,

people began to start planning cities more directly and rationally. In reality, cities have always

2 Yuval N. Harari, Sapiens: A Brief History of Humankind, First U.S. edition. (New York: Harper, 2015):
247-375
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developed according to a combination of planning and organic, bottom-up growth.>* However,
the accelerating rate of growth, as well as the unprecedented size and density that resulted
from this, forced urban development patterns further towards the planned end of the
organically-grown-versus-planned spectrum. Whereas urban development used to be shaped
primarily by those who were impacted by these changes, the emergence of urban planners and
implementation of top down guidelines created more of a disconnect between the shapers of
human built environments and the residents. In more recent times, the rise of real estate
developers as a specialized industry has similarly increased the separation between those who

create urban spaces and those who occupy those spaces.

While these specialized roles and more intentional development patterns came to direct
urban development, the degree to which cities could be planned largely depended on how
developed they already were. For instance, few cities that were well established prior to the
industrial revolution were organized according to a street grid. The concentric walls of most
older cities were eventually converted to ring roads. Along with radial paths that extended
away from the center in all directions (originally paths through gates in the walls), these ring
roads defined a road network that is referred to as the radial-concentric pattern. This layout
defines many cities that were well established prior to the industrial revolution, especially in

Europe.>

This type of urban form exists in stark contrast to that of American cities. Rather than an
organic nucleation site that had expanded over time, the young settlements of the United
States were quickly established and rationally divided up according to a gridiron plan. The
parceling out of America’s abundant land, in combination with strong private property rights
and the fact that US cities were still relatively small, conspired together to prime them for

domination by the automobile. Urban renewal and white flight to the suburbs played a critical

> Hans Blumenfeld, The Modern Metropolis; Its Origins, Growth, Characteristics, and Planning. Selected
Essays. (Cambridge: Massachusetts Institute of Technology, 1967): 3-17

> Hans Blumenfeld, The Modern Metropolis, 246-269.



role as well, but American cities were particularly susceptible from the start due to these

factors.>%’

European cities, which were already much denser and defined by radial-concentric
street networks, were not as easily modified to accommodate the automobile. Some cities
underwent major renovations to accommodate vehicles while others, like Copenhagen,
resisted.®® Countries that have urbanized in recent decades, particularly in Asia, have favored
hyper-dense cities, which have grown vertically and been planned around mass transit systems
rather than the car.>” Despite this, most have been arranged around a clear center and scaled
radially outward from it according to a street network that is relatively rational, though often far

less grid-like than those of many American cities.

It is interesting to note that, despite all that has changed in the scale and scope of cities
(as well as who guides this process), their growth is still characterized by this same pattern that
was happening prior to the industrial revolution: continuous, radial expansion out from a center
and densification that is largely defined by previously laid down streets. American suburbs were
arguably an attempt at a different model, as they are stand alone developments that are built
in tandem with the curvilinear streets, which homes are arranged along. In reality, however,
they just represent distant and dilute radial expansion around a dense center - plus their

inefficient street networks will undoubtedly constrain urban development far into the future.

In fact, the urban form or “urban tissue” that streets define is arguably the hardest
aspect of cities to change. Cities typically exist for centuries or even millennia, but the people
in them don’t remain the same, nor do the roles they take on, the communities they make up,

the way they get around, the foods they eat, or most other things people interact with on a

5 Warner and Whittemore, American Urban Form.
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daily basis. Individual buildings might be replaced and the character of neighborhoods may
shift over time, but modifying the street layout in dense urban environments requires

large-scale demolition. Occasionally fires or specific programs like Hausmann's renovation of
Paris or Chicago’s 1909 plan may bring this about, but it is difficult, painful, and uncommon.#'
There are certainly some benefits to the durability of a city’s urban tissue, such as in the case of

European cities’ incongruence with the automobile, but the constraints these extant forms

present for future growth is important to acknowledge.

Continuous growth similarly presents challenges as well as benefits. Cities, by definition,
can never reach a point of completion, but like living things, they can achieve a state of
equilibrium. Adapting to changing technological, environmental, and other conditions is hard
enough, but this is much more difficult when they are constantly growing. As explained above,
infill developments that squeeze more people into a space eventually create a mismatch
between residents and the utility system, road, transit, and parking capacity that is present.
Additionally, it will tend to drive up rent for people who live there and anger the rest of the
local community since people tend to be unhappy with change that is forced on them.
Furthermore, new peripheral developments still typically rely on the same road network to get

to a city's center and, therefore, inevitably exacerbate traffic congestion.

Despite these issues that result from continuous growth, the concentration of commonly
needed, interdependent resources and work opportunities in larger centers tends to result in a
self reinforcing dynamic - like a black hole drawing in more mass. This is partly attributable to
the fact that their monopolization of regional growth stunts that of nearby cities, which could

have otherwise been an attractive alternative for new businesses and residents.

Demand could be redirected from an existing center to a smaller one nearby - either
with force or incentives - but this would require extreme forethought and a great deal of

political will. Instead, market-driven urban development patterns often lead to smaller centers

¢ Yonah Freemark, A. Bliss, and Lawrence J. Vale, “Housing Haussmann's Paris: The Politics and Legacy
of Second Empire Redevelopment,” Planning Perspectives 0, no. O (June 8, 2021): 1-25,
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being incorporated into swelling metropolitan regions. Even if these smaller centers are not
officially annexed, they tend to become subservient to the largest center in the growing urban

agglomeration.

Creating a new center with comparable resources would, similarly, require a huge
amount of coordination among a large number of people as well as a substantial amount of
capital and time to build out. It is, thus, unsurprising that this does not happen often. Recently,
however, the rate of urbanization has become so great that it is conceivable that we could fully
plan it one chunk at a time, rather than simply directing private developers. At least
theoretically, it should be much easier to comprehensively plan and even iterate on larger
master-planned developments than trying to achieve similar outcomes using bureaucratic

constraints to guide blind market forces.

Past Urban Models

Throughout the past two centuries of rapid urbanization, many people put forward
visions of new and improved city models that sought to address some of the limitations
discussed above. One of the most influential of these urban models is Ebenezer Howard's
garden city, which was described as a hybrid of rural elements with urban ones. Each of these
self-contained cities was intended to have everything their residents needed: a sufficiently large
population to operate factories and ensure they had work opportunities while still providing
enough natural open space, fresh air, and easily commutable distances. Inspired by the same
obvious geometric sensibility that led to the natural emergence of the radial-concentric model,
Howard planned to achieve this by organizing residential space in concentric circular bands
around a central park, with radial boulevards that lead from this center to the outer edge of the
circular city. This was where all agricultural and industrial functions were meant to be located
(Figure 2, left). Howard proposed this idea largely as a reaction to the overcrowding,
congestion, and pollution that were present in cities at the start of the 20th century, when the

effects of unplanned urbanization had begun to become apparent.®?

¢2 Ebenezer Howard, To-Morrow: A Peaceful Path to Real Reform, Original ed. / with commentary by
Peter Hall, Dennis Hardy & Colin Ward. (London; New York: Routledge, 2003).
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Figure 2. Diagram of Howard's garden city model and a group of networked garden cities.®

His vision of the garden city went beyond the simple recognition that rapid urban
development couldn’t be left to its own devices, however. Howard suggested that cities be
fully planned for a set population of 32,000 people prior to their construction in order to ensure
appropriate housing, employment, and other resources for those residents was included from
the start. Rather than growing these cities over time, additional regional demand for housing
and work was supposed to be directed to the construction of neighboring garden cities that
were to be networked together through linear connections between their centers as well as
ring roads (Figure 2, right). They were meant to be laid out around a somewhat larger central
city, resulting in an urban form that is essentially the radial-concentric urban form, but at two
scales: within each garden city and across a group of them.** Interestingly, the sort of regional
poly-nucleated urban network that this development pattern would have resulted in would be a
more orderly version of what would have emerged if all human settlements had scaled in

parallel, rather than the cannibalization of growth that urbanization actually resulted in.

The idea of spatially defined community units with resources appropriate for the local
residents is found frequently in urban design and planning literature. Another historic example

of this modular approach to city design is Clarence Perry’s 1929 neighborhood unit model,

¢ Howard, To-Morrow.

 Ebenezer Howard, Garden Cities of To-Morrow /c by Ebenezer Howard ; Edited, with a Preface, by F.J.
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which was characterized by the concentration of common amenities in a community center that
was within walking distance of all of the residences (Figure 3). This self-contained unit was to be
bordered by thoroughfares that connected it with other such neighborhood units and the city
center that these units were arranged around.®® While the scale Perry’s model focused on was
much smaller than in the garden city, the modular approach of planning and building defined

community units is common to both.
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Figure 3. Diagram of Perry’s neighborhood unit model.®®

These models are clearly far from perfect, however. For instance, they are often
criticized for being too standardized and prescriptive - though both were really intended to be
archetypal models to draw inspiration from.*” Regardless, their standardized size and shape
does make it hard for them to facilitate the diverse range of lifestyles and community dynamics

that cities ideally would. This criticism would be less valid if these models had been presented

> Michael W. Mehaffy, Sergio Porta, and Ombretta Romice, “The ‘Neighborhood Unit’ on Trial: A Case
Study in the Impacts of Urban Morphology,” Journal of Urbanism: International Research on
Placemaking and Urban Sustainability 8, no. 2 (April 3, 2015): 199-217,

h : i.org/10.1 17549175.2014.908786.
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as more of a framework rather than a specific form, as Ernest Sternberg argued is the correct
approach.®® Garden city-inspired developments are also often described as being more suburb
than city, though this is because most did not fully implement Howard’s model. Whereas
Howard imagined garden cities being places where people both lived and worked - places that
had most everything their residents needed on a regular basis - most garden city-inspired

1.%% Another reasonable criticism of these historic

developments have just been residentia
models is that they were designed around access to certain institutions, businesses, places of
work, and technologies that were certain to become irrelevant with time. In their defense,

however, designing for future conditions that do not yet exist is a very difficult task.

It is also worth noting that company towns in the late 19th and early 20th century were
technically also fully planned communities with resources appropriate for their residents. While
they had numerous similarities with Howard and Perry’s modular approaches to urban
development, the lack of agency that these employee-residents had often resulted in dystopian
outcomes.”® This highlights the need to consider ownership and governance as part of optimal

urban environments, which is a topic that | explore in a later chapter.

Despite these issues, the idea of comprehensively planned community units that can be
developed in a modular fashion is an intriguing alternative model for urban growth. It is
conceivable that such an organizing principle could allow accessibility, community, and
sustainability to be more easily optimized for. In the field of planning today, such master
planned communities - from small residential clusters to mixed-use town centers - are referred
to as planned unit developments.”’ Due to spatial and financial constraints, as well as their
incongruence with zoning, planned unit developments tend to unfortunately be few and far
between. A generalized framework that could allow individually planned developments to be

combined in a modular fashion, similar to Howard’s proposal for assembling garden cities, is

¢ Sternberg, “An Integrative Theory of Urban Design,” 265-78.
¢ Allan Jacobs and Donald Appleyard, “Toward an Urban Design Manifesto,” 640-51.

7 Hardy Green, The Company Town: The Industrial Edens and Satanic Mills That Shaped the American
Economy (New York: Basic Books, 2012).

7" Daniel R. Mandelker, “New Perspectives On Planned Unit Developments,” Real Property, Trust and
Estate Law Journal 52, no. 2 (September 22, 2017): 229-229.



what | present in this thesis as the best urban development approach for achieving the

human-centric design parameters set out above.

CHAPTER 2: CENTERS & SCALES

Polycentrism in Urban Planning

Planning areas with resources that match the needs of the surrounding population is
such a simple and intuitive idea that, unsurprisingly, it has been reformulated by many urban
theorists and practitioners in the recent past. One version of this idea that is currently popular
amongst urban planners is the 15-minute city, which is really just the idea that strategically
positioning as many commonly needed resources within a 15 minute walkshed of every home
in urban areas will have many positive impacts.”? The expectation is that this approach would
promote more pedestrian commuting, reduce unnecessary vehicle trips, and create more
defined centers where people naturally congregate. All of these are core goals of modern

urban design movements, such as New Urbanism.”?

While this is a good ideal to strive towards, a study of 5, 10, and 15-minute “community
life circles” in Shanghai (analogous concepts to 15-minute cities in the west) found that it had
not been implemented evenly: there was too much concentration of resources in the city center
and not enough distribution of resources in the less central areas. The authors stressed that the
selection and distribution of resources need to be optimized for a given community since all
are different.”* Before even factoring in diverse community needs and preferences, it is
unsurprising that matching resources with demand will be difficult since varying density results
in differing levels of demand in a given walkshed. This means that there are certain types of
businesses and other resources that cannot be sustained in less dense areas due to the smaller

addressable market. As noted above, this challenge of matching demand with resources is

72 Georgia Pozoukidou and Zoi Chatziyiannaki, “15-Minute City: Decomposing the New Urban Planning
Eutopia,” Sustainability 13, no. 2 (January 2021): 928, https://doi.org/10.3390/su13020928.

73 Allan Jacobs and Donald Appleyard, “Toward an Urban Design Manifesto,” 640-51.
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exacerbated in areas that are actively undergoing infill development since it means that

demand is a moving target.

Another planning idea that is tightly interwoven with the 15-minute city concept is that
of urban villages. Seattle, for example, has defined 27 urban villages that are meant to be the
loci of higher density, mixed-use developments. The densest portion of these urban villages
are meant to become small neighborhood centers that concentrate community activity and
co-locate resources to increase accessibility, while also promoting pedestrian travel and serving
as transit hubs. Whereas the 15-minute city concept is more focused on the sensible and
equitable distribution of resources relative to residents, the designation and cultivation of
urban villages are more of a strategy to achieve this. The growing recognition of the value of
such an approach to resource distribution is highlighted by the fact that the city of Seattle

describes its urban village strategy as the foundation of its comprehensive plan.”

Rather than a simple gradient of density and urban-ness that decreases with distance
from the city center, the inclusion of many subcenters provides a more varied urban
morphology, which enables some of the benefits of a higher degree of urban-ness to be
enjoyed locally. Lefebvre, a highly influential urban theorist, argued that centrality is what
makes the urban urban; that it is not the content of a center, but rather the coming together of
many different things and people, as well as the resulting juxtaposition of superimposed flows
that makes cites a notable phenomenon.”® Creating many of these small neighborhood centers
throughout a city results in an urban form that should reasonably be called polycentric. In fact,
Lefebvre even notes that the urban form tends towards either centrality or polycentrality.”” In
modern times, however, this term is typically reserved by planners to mean an urban form with
multiple district centers at the city scale or true city centers on the metropolitan scale. Howard's

proposal for a group of interlinked garden cities could be thought of as an early example of

7> City of Seattle, “Seattle 2035 Comprehensive Plan: Managing Growth to Become an Equitable and
Sustainable City,” 2021,
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7 Henri Lefebvre, The Urban Revolution (Minneapolis: University of Minnesota Press, 2014).
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this type of city-scale polycentricity, though the forms described as polycentric today are rarely

made up of subunits that are so distinct.”®

The authors of a recent paper reviewed the adoption of polycentrism in Chinese urban
planning practice and contrasted it with western implementations of the idea. They argued that
its use has actually guided urban development patterns in China, whereas it has mainly been
used as a framework for studying the relationship among existing centers in the west.
Shanghai’s 1999 City Master Plan, which was the first formal introduction of polycentric
planning in China, “proposed an urban spatial structure of ‘multi-axis, multi-levels, multi-cores’,
which would be made up of the central city, new towns, central towns and market towns”.
Polycentrism has since been implemented in various other city master plans in China since
then, such as Hangzhou's and Guangzhou's. Despite mentioning smaller scale intra-city centers
and town centers on the urban periphery, these authors specifically restricted their definition of
polycentric planning to three larger spatial scales - district centers within a city, the inter-urban
scale, and inter-regional. In their review, however, the authors narrowed their scope even
further and decided to focus only on the relationship among the largest centers in metropolitan
regions with more than 10 million residents. This is emblematic of planner’s common tendency
to conceptualize and implement polycentric planning in a top down fashion that is more

concerned with the largest centers.”

The failure to acknowledge that polycentrism is a common organizing principle
underlying both large and small scale urban planning ideas seems to be pervasive. This rigidity
in conceptualizing polycentrism is exemplified by another article, in which the authors looked
at Polish cities to develop a standardized method for measuring city regions’ polycentricity that
could then be used to study differences correlated with varying levels of polycentrism. The
authors note that, while there is broad agreement in the value of polycentrism, there is no
standard definition or way of measuring it. In fact, they go so far as to claim that the term
“polycentric” has been used at so many spatial scales that it has largely lost its meaning.

Similar to the previous article, however, these authors proceeded to arbitrarily define a

78 Howard, To-Morrow.
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minimum scale for polycentric urban forms, which they set as an “elementary administrative
unit”.®® They somehow fail to see the irony in this despite their conclusion that the way
polycentric urban development is measured may simply reflect pre-existing assumptions. It
seems apparent that these authors’ unsuccessful attempt to standardize this concept and draw
useful insights from their work is due to a fundamental failure to recognize that it is a

generalized organizing principle which can exist at any scale.

Perhaps this misunderstanding is simply attributable to the fact that urban planners
typically study a city as a whole, focus on its downtown, or oversee site-specific implementation
of regulations. As a result, community-scale polycentricity seems to often emerge naturally,
rather than through intentional planning efforts. For instance, a study in 2000 showed that
suburban developments in Washington's Puget Sound region have naturally nucleated and
densified over time. After the initial wave of single family developments, small suburban
clusters emerged containing many multi-family buildings alongside a small number of retail and
other functions without the intentional implementation of any land use regulations to achieve
that outcome. These clusters were not noticed initially since they lacked sufficient amounts of
certain use cases, like office buildings, to meet the criteria that local planners used to define
areas as mixed-use centers. The authors note that while this suggests there are natural
pressures that lead to metropolitan regions becoming “multinucleated”, these centers are

often poorly suited to scaling over time due to a lack of planning for that eventuality.®’

Another notable example of naturally emerging polycentricity is the “agropolitan”
Linpan landscape in China’s Chengdu plain. Small agricultural villages called Linpan, each
made up of 30-90 households, are distributed across the plain and separated by agricultural
land (Figure 4). Despite being highly productive agriculturally, this area has a density of 1,000
people/km?. These dispersed villages doubled in size during the decades that urbanization was

driving rapid growth in cities throughout China, even though they were already relatively dense

8 Bartosz Bartosiewicz and Szymon Marcifczak, “Investigating Polycentric Urban Regions: Different
Measures — Different Results,” Cities 105 (October 1, 2020): 102855,
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settlements. While not exactly what most think of as urban, this polycentric form emerged
naturally and managed to scale symmetrically, unlike cities. Dan Abramson argues that recent
adaptation by the Linpan “demonstrates that established forms of agropolitanism can persist
and adapt, incorporating new forms of productive relations and values while maintaining
function and identity.” Despite their resilience and adaptability, however, he notes that local
planners tend to “view the scattered pattern of settlement as a hindrance to efficient

infrastructure modernisation and farm consolidation”.%?

Figure 4. Drone photography of a Linpan (left) and Linpan Landscape (right).®®

It could also be argued that the adoption of superblocks in cities like Barcelona
represent a planner-driven initiative to reintroduce community-scale polycentricity in urban
areas. Superblocks are simply clusters of blocks that have their interior streets closed off to
through traffic to create semi-public spaces for local residents to enjoy (Figure 5).%
Interestingly, a similar sort of structure can be seen on a smaller scale, in the multi-family
buildings of the blocks that Barcelona’s superblocks comprise. The large interior courtyards of

these buildings, as well as those in other European cities like Copenhagen, provide a central

8 Daniel B Abramson, “Ancient and Current Resilience in the Chengdu Plain: Agropolitan Development
Re-'Revisited,’” Urban Studies 57, no. 7 (May 1, 2020): 1372-97,
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common space for their residents, thereby defining an additional layer of community units that
are each oriented around a center.®” There is a small initiative in the United States to merge
private backyards and form “pocket neighborhoods”, which could be seen as a similar sort of
block scale community unit that is anchored by a shared center.?® While these smaller scale
examples are defined by common open space in their center rather than the presence of
concentrated businesses or resources, they still serve to define and unite these communities in

a finer grained polycentricity.

Figure 5. Superblocks in Barcelona.?”’

Nested Polycentrism

Regardless of whether urban forms are called polycentric or not, it seems clear that this

type of multinucleated morphology is a common outcome of the natural or strategic placement

® “The Courtyards of Copenhagen,” Sightline Institute (blog), March 20, 2008,

8 Paul Downton, “Pocket Neighbourhoods,” Sanctuary: Modern Green Homes, no. 16 (2011): 60-62.

¥Tomorrow.Mobility, "#Superblocks: Can #Barcelona Reduce #traffic by 21%7?,” Tweet, March 14, 2018,
h J//twitter.com/ TomorrowM 9739218179 289.


https://twitter.com/_TomorrowMob/status/973921817965580289
https://twitter.com/_TomorrowMob/status/973921817965580289
https://www.sightline.org/2008/03/20/the-courtyards-of-copenhagen/
https://www.sightline.org/2008/03/20/the-courtyards-of-copenhagen/

of resources relative to those that need them. There is no reason why this simple, sensible
organizing principle cannot be implemented at multiple scales simultaneously. Doing so would
be helpful since the cost of certain resources, the space they take up, and the number of
people that are needed to maintain or fully take advantage of them causes some to be suitable

for smaller communities while others make sense for larger ones (Figure 6).
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Figure 6. Common resources and how they fit within a framework of nested urban layers.

A nested or multi-tier polycentric urban morphology was one of the main
recommendations put forward by the Urban Task Force in England, when they published the
findings of their landmark 1999 study titled Towards an Urban Renaissance. The purpose of this

8 Urban Task Force, Towards an Urban Renaissance, (London]: Spon, 1999): 7.



task force was to identify causes of urban decline in England and come up with
recommendations for how to draw people back towards the country’s denser areas. The
pamphlet explored generally desirable goals for urban areas and suggested various strategies
for meeting them, including the spatial organization of resources and residents around centers
of differing scales.®” Pasqual Maragall, the former mayor of Barcelona, wrote in the foreword
that “it is by understanding human space as a network of centres of different size and density,

that we will approach the goal of finding fitting solutions to real problems.”*
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Figure 7. Diagram of compact urban forms with clearly defined districts and neighborhoods.”

The authors used diagrams to show this sort of nested polycentric layout (Figure 7),

which they argue is the best form to organize these tiered community centers according to.

8 Urban Task Force, Towards an Urban Renaissance, 25-27.
% Urban Task Force, Towards an Urban Renaissance, v.
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They suggest a structure with four layers - local, neighborhood, district, and city/town - that are
each anchored by a center and arranged radially around the core of the next largest community
layer. They also recommended a gradient of density that increases with proximity to a center,
but an open, low density core at the center of each layer (Figure 7). The Urban Task Force
included a similar diagram by Andrew Wright Associates (Figure 8) that defines these
community units in terms of a walkshed from the center and an appropriate population range
for that area.” While the authors’ primary goal was to help revitalize and direct the evolution of
preexisting cities, they argued that this model was also appropriate for green field
developments. Aside from the importance of this sort of organizational approach for easy
access to various types of facilities and transportation hubs, the authors stress that
concentrating development within clear boundaries helps to encourage more community
engagement and the clear edge at the city layer protects the countryside from sprawling

development.”
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While this sort of rational organizational framework seems sensible, not every urban
theorist has such a positive view on it. Planning according to clearly defined, nested community
layers is exactly what Christopher Alexander advocates against, in his famous 1966 article titled
A City is Not a Tree. Alexander’s argument leans heavily on the mathematical concept of a
"tree" - the hierarchical composition of units made out of smaller units, with no overlap
between the layers - as distinct from a "semi-lattice”, in which some subunits are part of
multiple non-discrete higher level units (Figure 9). The main argument of this paper is that
planning cities according to a tree-like urban morphology creates numerous issues since the

reality of the relationships among the people and other elements they contain is best
described as a semi-lattice.”
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Figure 9. Diagramatic representation of a semi-lattice (a & b) versus a tree (c & d).”

While there is some kernel of truth to Alexander's argument, he talks in abstract terms

and regularly conflates tree-like urban form with tree-like relationship dynamics. He stresses

that very few people have entirely overlapping communities or are able to find work near their

?* Christopher Alexander, “A City Is Not a Tree,” Design (London), no. 206 (1966).
% Christopher Alexander, “A City Is Not a Tree.



home in urban environments. Since there will inevitably be semi-lattice-type relationships that
cut across community layers in a tree-like urban form, he argues that the boundaries which
define them constrain the rich complexity of relationships that should characterize vibrant
cities. This sounds somewhat reasonable initially, but Alexander admits that he is unable to
depict or articulate qualities of urban forms that could optimally facilitate such overlapping

semi-lattice-type relationships between arbitrary points in a city.”

Complexity for complexity’s sake is not a reasonable goal so we should not intentionally
entrench the need for frequent long commutes just because of some abstract argument about
facilitating complex, interwoven relationships. In reality, there is substantial value to co-locating
residents with the resources and individuals that they are going to interact with most often. The
simple fact that there are a lot of people in cities is not a good reason why neighbors need to
be strangers and communities need to be dispersed. Perhaps the systemic lack of
“communities of place” in cities is a serious problem and we should actually work to nurture or
at least enable them, rather than planning for the opposite. Furthermore, it is entirely possible
for a well designed road network in a tree-like urban form to support even better connectivity

between - and thus relationships which span - distant points in a city (as | explain in Chapter 4).

In this article, Alexander also makes a strong case that people think of cities like trees
due to humans’ tendency to mentally categorize things this way for simplicity. He claims "when
we think in terms of trees we are trading the humanity and richness of the living city for a
conceptual simplicity which benefits only designers, planners, administrators and developers.” |
would argue, however, that many other people outside of these groups also talk about cities as
if they were made of subunits like districts and neighborhoods, even though these areas are
never truly defined spatially or functionally. Despite Alexander’s recognition of the mismatch
between our mental framework and reality, he concludes that the solution is to stop conceiving
of them this way. An equally valid alternative, however, would be to actually organize cities like
trees spatially.” All humans think this way, so why not organize our built environments

according to this intuitive and natural mental map that is common to all?

77 Christopher Alexander, “A City Is Not a Tree”.
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Alexander’s framing of this tendency as one of “putting things with the same name into
the same basket” comes closer to the real problem that he should have been criticizing. It is
not the subdivision of cities into a tree-like structure that is the issue, but rather what is
included within the subunits of the different layers. Segregation by use, as has been the norm
in much of modern planning efforts, or dividing communities up by age (which Alexander
criticizes on multiple occasions) would be akin to some cells having mitochondria while others
have only nuclei and yet others have only ribosomes. This obviously does not work; each cell
needs to include all of the biological machinery for critical functions if any are to survive. It is
the failure to understand this and design community units as complete entities, with resources
needed for internal coherence, that often result in issues when “artificial cities” are planned

from the top down according to a tree-like framework.

At the end of his article, Alexander emphasizes the importance of identifying the right
type of overlap to create optimal semi-lattice urban forms. One could argue that a nested
polycentric urban form in which the community units of a given layer share a common center
are overlapping at that point and, thus, are technically semi-lattices. Indeed, most of the
examples Alexander shows to critique tree-like cities lack a common center that unites the
subunits of a given layer.” The absence of a center to unite adjacent communities is the type of
obvious mistake that results from top down planning rather than a human-centric design
approach. linstead of beginning with the need to design a city and then rationally subdividing
it into smaller and smaller areas, a better outcome will always be achieved by starting with
people and building from the bottom up to form larger and larger communities. It is the
coming together of smaller units to create a whole that is greater than the sum of its parts
which creates the complex and interesting cross layer dynamics Alexander is attempting to

advocate for.

A final point regarding A City is not a Tree is that Alexander is correct to warn against
excessive segmentation of community subunits from one another, but he fails to acknowledge
that there is value to a delineation of interior versus exterior. At one point he states that

"extreme compartmentalization and the dissociation of internal elements are the first signs of

% Christopher Alexander, “A City Is Not a Tree.



coming destruction."'® While he is an accomplished mathematician, urban theorist, and
designer, it is clear that Alexander is no biologist. It is precisely the segmentation of cells from
their environment - as well as one another - by a membrane (or analogous structures that
encapsulate organs, organelles, and organisms) that must be maintained for them to avoid
dissociation and death. This boundary condition, semi-permeable though it may be, is what

enables all of the rich complexity of life.

Biology, Holons, and Complexity Theory

Biology, it turns out, is actually full of examples of analogous patterns: spatially-defined
entities which have some set of concerted internal systems that simultaneously makeup and are
made up of other such entities. For instance, cells are made of organelles, which are made of
polymers, which are made of monomers, which are made of atoms, which are made of
subatomic particles. Simultaneously, cells (in the case of multicellular organisms) make up
tissues, which make up organs, which make up organisms, which make up communities, which,
in turn, make up ecosystems. A similar sort of nested pattern can also be found in cosmology
(subatomic particles - atoms - stars - galaxies - clusters - superclusters) and computers
(subatomic particles - atoms - transistors - logic gates - chips - chipsets/entire computers -
networks). Arthur Koestler introduced the term “holon” to describe entities that are
simultaneously a whole in and of themselves and a part of a larger whole. Rather than
hierarchies, which have a defined apex that lower levels are defined relative to, holons make up

holarchies, which are defined by a more symmetric relational dynamic across nested layers.™"

This sort of structure always seems to emerge in a bottom-up fashion, as smaller and
simpler units combine to form a larger entity that has properties which are greater than the sum
of their parts. The emergence of these higher level functions is mutually beneficial and thus
creates a selective pressure for their constituent units to remain associated. Biocomplexity is

the term for the study of such patterns of emergence in living things.

“Emergent complexity is a hallmark of life, from the organization of molecules into

cellular machinery, through the organization of cells into tissues, to the organization of

1% Christopher Alexander, “A City Is Not a Tree.

9" Arthur Koestler, The Ghost in the Machine, [1st American ed.]. (New York: Macmillan, 1968).



individuals into communities. The other key element of biocomplexity is the

17102

unavoidable presence of multiple scales.”'™ - Indiana University, Institute of

Biocomplexity

More broadly, this process of emergence is exactly what is postulated by complexity
theory, a branch of systems theory.'® Complexity theory, systems theory, and related ideas
have not gone unnoticed by urban theorists. For instance Botequilha-Leitao, leverages them to
argue that polycentric urban forms are more resilient and better able to operate in a
sustainable manner.'® In The Well Tempered City, Jonathan F. P. Rose explains how this natural

process of emergence can be seen in human society:

“When the various individual agents in a system interact, they begin to self-organize
into something larger: a community whose collective behavior allows it to function
cohesively. This phenomenon, in which complex capabilities emerge from combining
simple elements, is the basis for creating social clusters ... This happens when
individuals become a family, families become neighbors, neighbors become a
community, communities become a city, and cities become metropolitan regions. At
each level, qualities emerge from the relational context that did not exist in the

individual context.”'%®

While this process of socio-spatial emergence (described in the previous chapter as
well) is mostly historically accurate, urban tissue that clearly reflects these dynamics is lacking in
many modern cities. This is arguably due to a combination of excessive rational planning

getting in the way of organic agglomeration and the fact that whatever well defined

1% The Biocomplexity Institute - Indiana University, “What Is Biocomplexity?,” accessed February 16,
2022, https://biocomplexity.indiana.edu/institute/biocomplexity.php.

'3 Luigi Curini and Robert Franzese, The SAGE Handbook of Research Methods in Political Science and
International Relations, vol. 2 (55 City Road: SAGE Publications Ltd, 2020),
https://doi.org/10.4135/9781526486387, 166-167.

1% André Botequilha-Leitdo, “Eco-Polycentric Urban Systems: An Ecological Region Perspective for
Network Cities,” Challenges 3, no. 1 (June 2012): 1-42, https://doi.org/10.3390/challe3010001.

1% Jonathan F. P. Rose, The Well-Tempered City: What Modern Science, Ancient Civilizations, and
Human Nature Teach Us About the Future of Urban Life, First edition. (New York, NY: Harper Wave, an
imprint of HarperCollins Publishers, 2016).
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communities existed in cities previously have become indistinct as infill development obscured
their boundaries. This sort of negative outcome from uncontrolled growth can also be seen in
biology. One obvious example is cancer, but another is the tendency for bacteria on a petri
dish to multiply until they consume all of the available nutrition and starve themselves. | would
argue that what humans are doing with infill development is analogous and we must
implement self-imposed constraints on our growth patterns to avoid similarly starving ourselves
of community, accessibility, or anything else.

If we are to take inspiration from biology in addressing this issue, a relevant fact here is
that all cells maintain a relatively consistent size and replicate instead of growing larger over
time. Even though organisms don’t grow through the expansion of individual cells, these basic
units of life remain highly dynamic internally and also in their relationship to one another. One
of the main reasons that most cells remain a certain size rather than growing continuously is
due to the importance of keeping all cellular functions within a certain proximity of the nucleus.
Muscle cells are a noteworthy exception to his rule - they have multiple nuclei spread
throughout their length since they must be larger (in one dimension) than most cells in order to
perform their primary function.’® This suggests that evolution also “understands” the value of

strategically positioning appropriate resources in an accessible central location.

People in various fields have begun to look to biology for inspiration - an approach that
has been termed biomimicry. A recent article notes that its impact in the field of planning has
been limited thus far and suggests that organism-level biomimicry (as opposed to structural or
material biomimicry) is a tool that should be explored for the development of novel, large-scale
urban design concepts.'” Doxiadis, an urban theorist and architect who proposed a science of
human settlements that relied heavily on a multi-layer, nested framework, also argued that we
should think of human settlements as “biological individuals of a higher order than cells or

organisms”.'® In other words, various other people in the field have advocated for taking a

1% Angelika Manhart et al., “Mechanical Positioning of Multiple Nuclei in Muscle Cells,” PLOS
Computational Biology 14, no. 6 (June 11, 2018): 1006208,

https://doi.org/10.1371/journal.pcbi.1006208.
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page out of nature’s playbook in a similar way. While this may seem like a strange thing to
include, the ubiquity of holarchies and bottom-up modular scaling in nature provides additional
weight to the primary argument | seek to advance in this thesis: we should explore how to
leverage nested polycentric urban forms for the massive amount of urban development that

will take place in the coming decades.

CHAPTER 3: THE KERNEL-UP POLYCENTRIC (KUP) MODEL

While the value of these morphological patterns seems clear, it is not immediately
apparent how to employ them in the design of new urban environments. In this chapter, |
present a generalized framework for urban design that is informed by nested polycentric forms
and the ten principles laid out in the introduction. | begin with an argument for why small
heterogenous community units should be used as the basic building block before explaining
how they could be assembled into infinite differentiated forms. Finally, | discuss the

implications of the resulting differentiated typologies for community dynamics.

Community at the Core

As holarchies tend to develop through bottom-up emergence, it seems prudent to
apply this insight to nested polycentric urban forms. It would also be more in line with
human-centric design principles to start with small community units and use those as building
blocks for larger and larger communities. This sort of modular, assembly-based design process
requires that these small community building blocks be of approximately the same size. This
limited degree of standardization at the base layer could also enable a more practical and
universal urban design approach compared to starting at the scale of a city (which varies
dramatically in population as well as area) and somehow subdividing it into nested community
subunits. Additionally, assembling community units of roughly the same population would help
to ensure this is mutually beneficial since their combined population would enable resources to
be shared that each of the constituent community subunits could not fully utilize on their own.

If one community unit were significantly larger than others it shared a center with, the overall



population would not be a significant enough increase relative to its own to make practical the

inclusion of common spaces, resources, or businesses that it could not independently contain.

The primary question that then needs to be answered is how large these community
units should be that will serve as the basic urban building blocks. Defining their size in
population rather than area or any other metric is most appropriate for human-centric design,
but how many people is the right size? Families have historically served this role, but this does
not work quite as well today. Many more people now live alone or with only a partner, though
there are still lots of larger family units living in urban areas as well.'” In addition to the
variability of household population, the homes that families occupy in cities come in many
different shapes and sizes. Even if these issues were not present, it would still leave the

question of what size of community unit should be next in the holarchy after the family unit.

Research from various fields suggests that human brains are optimized for roughly 150
relationships. This maximum number of people with whom one can maintain stable social
bonds is known as Dunbar’s number, after the researcher who first described the relationship
between neocortex size in primates and their average community sizes."’® While some groups
have published evidence that the actual number is higher, lower, or more variable,'" others
have recently found strong support for 150 being at least in the middle of the accurate range.
For instance, a recent paper showed evidence that Dunbar’s number is supported by social
connections among Twitter users''? and another used phone call frequency to support this

value."3
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Such a constraint on community scale is also reinforced by the operational experience
of teams in engineering, design, and various other industries. According to famed
microprocessor architect Jim Keller, “we’re really good in teams of 10 ... up to teams of 100
they can know each other. Beyond that you need organizational boundaries.”'™ History also
suggests that around 50-150 is a good population size for these basic community units since
this is approximately how large most of the smallest scale tribal communities have been

throughout time."™

People will also want to have many close relationships with others that don't live in
their local community so, if the human brain is indeed optimized for 150 relationships, the ideal
size for basic community units is likely somewhere around 100. This size should allow many
more shared systems and spaces to be feasible than would be the case for a single home while

still being small enough that everyone in the community can know one another.

As recently as the early 1900’s, neighborhoods were commonly thought of as almost
ecological units (even referred to as “ethnic enclaves”)."'® While this segmentation was largely
due to racial prejudice, these communities were, as a result of their common heritage, bound
together by some shared beliefs, norms, and routines that made them internally cohesive and
distinct relative to other communities. Obviously, we should not strive for people to be
confined to or barred from certain communities based on their race or other factors like sexual
orientation. There is, however, a clear benefit to community members being united by some
values and lifestyle preferences: trust, identity, and stronger bonds generally. By definition, this
does mean that such communities would be internally uniform or homogeneous in some
dimension, which many would argue runs counter to diversity. To the contrary, | argue that
diversity amongst communities is also important and this can only be achieved if they are

allowed to be distinct and internally cohesive in some way. Just as cells of a certain type cluster

"' Lex Fridman, Jim Keller: Moore’s Law, Microprocessors, and First Principles | Lex Fridman Podcast
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together to make up distinct tissues, some degree of diversity must be sacrificed at the base

layer for diversity to be possible at higher levels in a holarchy.

Whatever distinct lifestyle preferences, community dynamics, or other factors define
one of these 100 person community units will translate into distinct spatial forms that are
optimal for them. Similar to how cells come in myriad forms with varying organelle
combinations, these basic community units should therefore come in countless shapes,
densities, and layouts. | call these heterogeneous 100 person community units “kernels” since
they serve as the smallest and most essential urban elements, which have distinct properties
that together define the larger urban communities they combine to form. Before diving into
how varied kernels could be and the implications for built environments, | want to discuss a

general framework for how they could come together to form nested polycentric urban forms.

Scale of Societal Layers

“The compact, many-centred city of mixed uses which favours walking, cycling and
public transport, is the most sustainable urban form. While different places will be able
to appropriate this model to differing degrees, in every case it is the neighbourhood
which forms the basic building block of the town and the city. The way in which we
define relationships within a neighbourhood, and between neighbourhoods,
determines whether or not the city functions efficiently and harmoniously.” - Urban Task

Force'"”

There is a wide range of urban forms which could adhere to a multi-tier polycentric
layout that is built from kernels. Variables to consider include which type of kernels they
comprise, how many community subunits there are per layer, how many layers they are
assembled into, how the community subunits in each layer are arranged relative to one
another, and the degree to which these factors can vary within as well as across layers. As with
kernels, variability is critical in order to facilitate the diverse range of lifestyle and community
dynamic preferences that residents may have. However, | address the impact of the other three

factors on how kernels can be assembled first, and then return to the matter of variability.

"7 Urban Task Force, Towards an Urban Renaissance, 7.



In order to determine the optimal number of kernels that should be combined to form
second layer communities, as well as how many of these (or larger community units) should be
combined to form subsequent layers, it is important to consider the tradeoffs this decision
entails. For a fixed overall population size, fewer community units per layer means that there
will be more layers - and vice versa. The primary purpose of combining these communities into
larger ones is for them to include infrastructure, spaces, and services that would not be
financially or logistically suitable for a smaller population. As a result, there needs to be a
significant enough increase in population between community layers for that benefit to take
effect. Furthermore, having too many layers would lead to unnecessary complexity
(geometrically, functionally, and psychologically). On the other hand, too drastic of an increase
from one community scale to the next would also necessarily mean that the center is further
away from some community members than is really necessary or optimal. Additionally, if there
is too great of a population increase from one community layer to the next, that next layer will
likely feel more like the broader public than a community to which the smaller community

subunits belong.

As a result of these factors, | propose that roughly an order of magnitude population
increase would be a good compromise. In other words, approximately 10 community subunits
should be combined to form the next tier in the polycentric form - though perhaps a range is
more appropriate than a fixed number. This initial proposal is not based on any empirical
evidence, however, and | fully acknowledge that this could be wrong. Others have suggested
different numbers of community subunits per layer in the past, though also without strong
evidence. For instance, Dioxides believed that seven was the right choice (entirely for

geometric simplicity)'"®

while the diagrams created by the British Urban Task force suggest five
community units per layer.'"” Dunbar and colleagues have also made the case that communities
historically tended to organize into nested communities of 50, 150, 500, and 1,500 people

each - suggesting a natural increase by a factor of three.'®

18 Konstantinos Apostolou Doxiadeés, Ekistics: An Introduction to the Science of Human Settlements
(London: Hutchinson, 1968): 41.
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There is also precedent for a base-10 polycentric scaling across community layers. Most
notably, Victor Gruen suggested such an arrangement (Figure 10) in his book The Heart of Our
Cities, which apparently was a major factor that inspired Walt Disney’s design for EPCOT (The

Experimental Prototype Community of Tomorrow).

“Gruen believed that there was an underlying cellular nature to a properly built
community. If the basic unit of life is a cell, and millions of cells can come together to
create an organism, he reasoned that an urban structure based on cells (clusters of
mixed-use development) would be the healthiest system. The benefit of a cellular urban
organization is that it can be scaled as small as a home or as large as the size of a

metropolis.”'?!

Returning to the matter of how many community subunits there should be per layer,
research will need to determine whether roughly ten is the correct choice. For now, | will
assume that 8-12 community subunits per layer is appropriate. Regardless of whether this value

is revised, however, the model | present in the following pages will remain largely unchanged.

Figure 10. Victor Gruen's diagram from The Heart of our Cities."?
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The next question to address is how many layers there should be in a city overall. As Gruen
notes, this model can scale indefinitely since communities could continue to be arranged around larger
and larger centers. At some point, however, the benefits of scale begin to dwindle and other constraints
such as topography would inevitably make these settlements less cohesive. Really the question comes
down, once again, to what an appropriate population would be for the types of resources that a city

needs to include.

X 8-12 X 8-12 6,400 - 14,400 X 8-12 51,200 - 172,800
o ' ' People ' People
100 Person
Kernel

Figure 11. Population of base-8 through base-12, four-layer, kernel-based cities.

With kernels of approximately 100 people as the building blocks and between eight
and twelve communities making up each subsequent layer, the population of the fourth layer
would be between roughly 50,000 and 200,000 people (Figure 11). The majority of cities in the
United States already have populations in this range: of the 792 cities with more than 50,000
residents in 2019, 60% had populations below 100,000 people and only 15% had populations
greater than 200,000.'** While urban planning as a field tends to focus disproportionately on
the largest cities, with half of a million to many millions of residents, most do not fit this
definition. Regardless, many have culturally rich, lively downtowns with ample amenities and

work opportunities.

Considering this, even the lower end of this proposed range should be sufficient to
support a decent selection of restaurants, bars, cafes, and shops as well as a couple of venues
or flexible event spaces, a hospital, some office buildings, and various other uses that are

expected in downtowns. City centers of this scale could be superior to their extant equals if

12 US Census Bureau, “Annual Estimates of the Resident Population for Incorporated Places of 50,000 or
More, Ranked by July 1, 2019 Population: April 1, 2010 to July 1, 2019,” accessed February 26, 2022,
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they are well designed for a set population from the start, prioritize the pedestrian experience,
and take advantage of various technological trends. In the next two chapters, | discuss why
many urban elements - such as surface parking, parking garages, banks, many types of retail,
and most office towers - can likely be eliminated. Together, these refinements should enable

city centers to be more walkable, aesthetically pleasing, and vibrant, despite being smaller.

| believe that the urban framework | have briefly described above is distinct enough
from current cities that it requires some new terminology. | have chosen the terms group and
cluster for the second and third community layers, respectively (drawing inspiration from the
Local Group and Laniakea Supercluster that our Galaxy belongs to). While groups could be
compared to urban villages or neighborhoods and clusters could be compared to towns or
districts, these community units | have proposed would be much more clearly defined, both
spatially and in terms of identity. This rebranding is important to emphasize that they are
different from existing urban subunits that people already have certain associations with the
terms for. Overall, | will be referring to this urban model as the Kernel-Up Polycentric model, or
the KUP model, for reasons that should be apparent as well as the fact that the acronym

sounds like the word for a roughly circular vessel (cup).

Due to the fact that the center of the fourth layer in this KUP model would be large
enough to be called a city center, | will simply refer to this layer as a city. Similar to the
constituent community layers, each city could be just one of many subunits that are organized
around, rely upon, and contribute to a larger metropolitan-scale urban center that anchors a
fifth layer - in which case it would similarly make sense to recycle the term metropolis. As |
argue later, however, it would likely make more sense for these fifth layer centers to be
industrial: where materials processing, manufacturing, and other functions that require scale
and are best separated from residential areas could be concentrated (in which case the term
metropolis does not seem as appropriate). As a result, there is not a fifth layer in my proposed
KUP model so much as a sort of regional tissue that is made from a network of interlinked cities

and strategically placed industrial centers.



Differentiated Structure

Above, | have presented my rationale for the ideal values for kernel population, number
of subunits per layer, number of layers, and population needed to support a vibrant city center.
While further research and experimentation will be needed to determine if they really are
optimal, some degree of variability must be facilitated for each - they are meant to be the
mean of an optimal range rather than a rigid constraint. In addition to these factors,
differentiated layouts of community subunits in a given layer is critical. Figure 12 shows the
urban form that would result if kernels were a standard size and arranged perfectly

symmetrically around a common center in groups of 10 community subunits per layer.

}é
Be°

Community Layers
: ° Kernel
O  Group

T2a”® %a®

. Cluster
. City

Taa®st8, 89,

Figure 12. Undifferentiated kernel-based, multi-tier polycentric urban form.

Even this perfectly symmetric base-10 KUP model results in some functional
differentiation among kernels due to variability in their distance from the city and cluster
centers, but many issues clearly result from this level of standardization. First of all, it does not

allow for variable kernel sizes and densities, which would be required to facilitate the diverse



array of lifestyles and community dynamics that residents may desire. The radial arrangement
of ten identical, circular community subunits also results in a center that is much larger than
those subunits. Despite providing equal access to the surrounding communities, this is not
ideal since it would result in an excessively high ratio of space in each center relative to the
community subunits that are meant to share that center. Additionally, there is lots of empty
space between subunits and the boundary of the community layer they make up. Besides
being inefficient in terms of space, this dilute layout would also increase the average travel
time. Finally, it is worth noting that having no residential space anywhere near the enormous
city center may also result in issues such as a lack of “eyes on the street”, as Jane Jacobs

famously advocated for.

It is possible to overcome these issues while still adhering to the KUP model and having
10 communities per layer. For instance, the subunits of a given layer could vary in size, vary in
number, be arranged in a non-radial arrangement around the center of that layer, be
non-circular in shape themselves, or a combination of all of these. In reality, these types of
differentiation would necessarily emerge from the use of heterogeneous kernels as the basic
building blocks. Figure 13 shows an archetypal urban form that leverages most of these
changes, though the kernels it is made from are still shown as circular for diagrammatic

simplicity and there are still 10 subunits per layer.
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Figure 13. Differentiated kernel-based, multi-tier polycentric urban form.

There are a number of notable takeaways from this differentiated form. First of all,
smaller community subunits are arranged towards the center of the next largest layer, which
results in a gradient of density that decreases with distance from the center. Additionally,
having only a portion of the ten community units (that are also the smaller ones) clustered
around a center enables it to be more appropriately sized relative to the surrounding

population. Spatially it also makes the most sense to put smaller community units close to the



center of the next layer up the holarchy and more dilute community units opposite of that
center. Put another way, larger kernels are best positioned on the side of a group that is
furthest from the cluster center to which the group belongs and, similarly, larger groups fit best
on the opposite side of their cluster from the city center. Due to these factors, the groups and
clusters that kernels make up are not circular even though, in this diagram, the kernels they're

made from are.

Figure 10 shows that a small degree of differentiation among the kernels at the base
layer can result in a complex emergent form that is arguably much more organic and natural
looking than most modern cities, despite still being a relatively standardized archetype. This is,
however, just one example of an infinite number of multi-tier polycentric urban forms that could
adhere to the KUP model. To reiterate, this is meant to serve as a generalized organizing
principle for how heterogenous communities could be assembled into cities, rather than some
rigid, prescriptive framework. The diagram above also highlights how the KUP model is
perhaps better thought of in terms of the connectivity between centers of different scales,
rather than as boundary defined community units that are combined in a lego-like modular
way. Additionally, the road network that this naturally results in is defined by linear connections
between centers and ring roads around those centers. The details and implications of this novel

road system is explored further in the following chapter.
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Figure 14. Differentiated kernel-based, multi-tier polycentric urban form adapted to varied topography.

Simply being defined by the connectivity between differentiated community building
blocks to form larger and larger community layers can result in much more spatially efficient
forms that can also adapt to topographical variation or constraints like bodies of water. These
factors would vary more across larger areas so that even rough radial symmetry around a city
center would be very rare. Figures 14 and 15 show other examples that still adhere to this
urban form but have been adapted to locations among hills and along a coast line,

respectively.

Figure 15. Differentiated kernel-based, multi-tier polycentric urban form adapted to coastal

constraints.



Form-Defined Community Dynamics

Just as the internal layout of rooms and common spaces of a home shape our
relationship with those we live with, the dynamics among neighbors are also defined by the
arrangement of their homes, the common spaces they share, and the transition zones between
them. Differentiation among kernels and the larger community units they make up in terms of
size, density, shape, and distance for the nearest center makes each better suited to the unique
preferences of some individuals than others. In this section, | use rendered models and
diagrams of differentiated kernel varieties as well as their composite community units (groups,

clusters, cities) to explain the implications of these variables.

Generally speaking, the density and typologies of homes in a kernel will be the largest
determinant of community dynamics. There is a tradeoff between privacy and high levels of
community involvement, with the former being better facilitated by a dilute arrangement of
buildings and the latter being more suited to higher density. Similarly, greater affordability and
efficiency can be achieved by sharing more spaces and resources, but this does impact
individual autonomy and require higher levels of coordination. With greater density, it also
becomes increasingly sensible and necessary to consolidate residential units into fewer
buildings and increase their height. Doing so does not necessarily require that there be more
common spaces or higher levels of community involvement, but it does make it easier and

more efficient for such shared spaces to be included.

While kernels are simply defined as (approximately) 100 person community units and
could come in near infinite forms, | present a selection of archetypes here to highlight the likely
spectrum of qualities they may have. These are shown in an abstract cylindrical style to
emphasize that they are not what kernels would actually look like. In reality, it would make
more sense for buildings to be a more standard shape and define space, rather than sitting in
it. Ignoring minor details like specific layout or architectural styles, the primary factors defining
kernels will be density (land area they occupy), the amount of common space they include, the
presence or absence of internal roads, and whether (as well as the degree to which) they are

segmented into (multi-household) sub-kernel community units.



Figure 15. Tower kernel shown in an abstract cylindrical style.

At one end of the density spectrum, a kernel could be a tall apartment building. How
tall and wide they might be could vary greatly, but they could only be so large with just 100
residents. Shown below in Figure 15, these “tower kernels” could have common space on the
first floor, the roof, both, or none at all. Their density certainly makes the inclusion of shared
resources and spaces easy, when maximizing rentable space to improve profit margins is not
the goal. It is true though, that the segmentation of communities into floors necessarily creates
some degree of fragmentation into sub-kernels communities. As a result, each floor-defined
community could also share common space in place of or in addition to the kernel-wide shared
spaces on the first floor or roof. Another possibility for tower kernels is to be mixed use
buildings with commercial or community functions included in their first floor since it will always

be sensible to position these buildings close to group, cluster, or city centers.



Figure 16. Pillar kernel shown in an abstract cylindrical style.

Slightly less tall and dense, a “pillar kernel” (Figure 16) would essentially be a group of
two or more apartment buildings that share a common space in between them. The
communities inside each of the constituent buildings could have additional common space and
would likely be an even more tightly knit community, thereby introducing another degree of

sub-kernel segmentation across buildings.



Figure 17. Courtyard kernel shown in an abstract cylindrical style.

A “courtyard kernel” (Figure 17) would be a single large apartment building that has many
adjacent ground access units and a common courtyard in the middle. These are very similar to European
multifamily buildings with an inner courtyard or the traditional Chinese “Tulou”.'® While not as dense as
tower or pillar kernels, it may actually encourage more community bonding due to the fact that all

residents would live on the same plane and have a clearly defined common area.

'?* Lei Hua et al., “3D Documentation on Chinese Hakka Tulou and Internet-Based Virtual Experience for
Cultural Tourism: A Case Study of Yongdlng County, Fupan Journal of Cultural Heritage 29 (January 1,
2018): 173-79, h : 101 2



https://doi.org/10.1016/j.culher.2017.08.008

Figure 18. Composite kernel shown in an abstract cylindrical style.

“Composite kernels” (Figure 18) would be made of a number of small multi-family buildings like,
duplexes or fourplexes. Many different types of shared resources or common buildings could be
included in the area between these buildings, or they could just share some landscaped open space in
the center. Regardless, this form would create another community layer between kernels and
households. While not as spatially efficient as taller apartment buildings, these options are still

moderately dense and may facilitate more community engagement and sharing potential.



Figure 19. Clustered kernel shown in an abstract cylindrical style.

Similar to composite kernels, “clustered kernels” (Figure 19) would be made of groups of
households, but they would each have their own home rather than sharing a multi-family building. These
clusters of households could each have a common building, a single common building shared by all of
the clusters of homes, both, or neither. While not particularly dense, the clustering of homes does

increase spatial efficiency to some degree, in addition to defining residents as a community.



Figure 20. Campus kernel shown in an abstract cylindrical style.

As with clustered kernels, “campus kernels” (Figure 20) would have a road that leads to their
center and pedestrian paths from there to each residence, rather than roads. These dispersed, yet
moderately dense pedestrian-oriented kernels could be made of homes that vary in size from small
ADU-like buildings to larger single family homes. While this would provide substantial privacy for each
household and enable more independence, these communities could still have a common building in

their center.



Figure 21. Cul-de-sac kernel shown in an abstract cylindrical style.

Suburban-style “cul-de-sac kernels” (Figure 21) would be made of single family homes that are
arranged along a road and cul-de-sac. This form encourages some degree of community engagement,
despite each household having its own private space and essentially no real common space. Due to their
larger size, cul-de-sac kernels would need to be further from their group center and thus having a road

through the community is more important than something like a campus kernel.



Figure 22. Dispersed kernel shown in an abstract cylindrical style.

At the most dilute end of the spectrum, more rural-style “dispersed kernels” (Figure 22) would
be made of dilute single family homes that all have their own private driveway branching off a larger
road. This is the most inefficient use of space, roads, and resources generally, but there will likely always
be some subset of people that want to have as much space and little interaction with others as possible.
While most urban planners would prefer that this option not even be considered, the takeaway is that
the definition of kernels can extend from this to tall multi-family apartment towers and the KUP model

can incorporate them all.

To reiterate, these examples are just meant to provide some insight into the range of
kernels that could be designed as community modules which assemble according to the KUP
model. Below are some diagrams that show the variability of second layer “groups” that could
be built from these modular urban building blocks. The size and density of each group would
primarily be the result of the types of kernels that it is built from. In addition to their size, | have
differentiated these groups based on whether the ring road goes around the group center
(“unbound groups”), some portion of the constituent kernels as well as the center (“hybrid
groups”), or all of the kernels that the group is made of (“enclosed groups”). Generally, it

would make sense for smaller groups to be enclosed (Figure 23), medium sized ones to be



hybrid (Figure 24), and larger ones to be unbound (Figure 25), but | have shown all nine

varieties below in Figure 26 to demonstrate the spectrum of typologies.
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Figure 23. Small enclosed group made of archetypal kernels (labeled), with roads shown in black.
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Figure 24. Medium hybrid group made of archetypal kernels (labeled), with roads shown in black.
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Figure 25. Large unbound group made of archetypal kernels (labeled), with roads shown in black.



Small Unbound Group Small Hybrid Group Small Enclosed Group

Medium Unbound Group Medium Hybrid Group Medium Enclosed Group

Large Unbound Group Large Hybrid Group Large Enclosed Group

Figure 26. Archetypes of second layer community unit “groups” that are each composed of ten kernels.



Figure 27. Small unbound group (above) and small enclosed group (below), shown in an abstract

cylindrical style.



Figure 28. Medium unbound group (above) and large unbound group (below), shown in an abstract

cylindrical style.



As noted in the previous section, kernels that are larger and more dilute must be further
from the group center, with the largest typically opposite the group center from the road
towards the cluster center. The inner and outer cluster archetypes in Figure 29 below show that
this geometric sensibility also holds true for groups: larger ones fit best further from the cluster
center and opposite the road that leads from it to the city center (Figure 32). It is not
particularly problematic that less dense communities would have to be located further from the
center since people who value privacy and autonomy over affordability and community
engagement would also likely spend more time in their kernel and make fewer trips to larger
centers, on average. Additionally, the further distance to larger centers as well as the higher
land costs of these more dilute communities serve as disincentives for excessive sprawl. It is
worth noting that there is probably a third cluster archetype that is not shown here. Perhaps
called remote or distant clusters, these would be more radially symmetric satellite communities

that are not adjacent to their city due to topography or some other constraint.



Figure 29. Examples of inner (above) and outer clusters (below).



Figure 30. Render of inner cluster archetype in plan (above) and perspective (below), shown in an

abstract cylindrical style.



Figure 31. Render of inner cluster archetype (above) and one possible - probably significantly oversized

- cluster center (below), shown in an abstract cylindrical style.
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Figure 32. Archetypal city based on the KUP model that is built from differentiated kernels, groups, and

clusters.

Just as the size and shape of kernels, groups, or clusters inform (to some degree) which
others they are best suited to be assembled with and the form of the resulting community
units, a similar dynamic would define other aspects of these composite entities. For instance,
whatever differentiated social or cultural dimensions defined the constituent community units
would determine how suited they are to hybridization and the sociocultural flavor of their

common center as well as overall identity. Additionally, differences in the types of resources



and infrastructure systems that communities contain would make some better suited to sharing
a center than others, since commonalities in the internal capabilities of each should also
translate to common unmet needs. More tangible examples of these types of shared resources
and infrastructure are explored in the following chapters, but the important takeaway here is
that differentiation across various dimensions at multiple scales makes the KUP model
extremely flexible. Rather than defining urban areas by use, as has historically been done in
urban planning, defining them by a sort of lifestyle or community dynamic (and the supporting
physical attributes) allows the full range of preference to be facilitated, while also providing a

sensible framework for how to construct cities out of communities.

CHAPTER 4: MOBILIZING A NEW PARADIGM

Taking a step back, it is worth reiterating that | have introduced this KUP model as an
alternate framework that could be leveraged in the substantial amount of urban development
that must occur in the coming decades. In order to assess its advantages over the status quo,
we must consider how it could address not only existing urban challenges, but also how well it
could take advantage of emerging opportunities. To have such a conversation, it is important
to recognize that the world is in the midst of a period of sustained, rapid technological
innovation that is transforming nearly every industry. While it is impossible to predict what the
outcome will be from all of these changes, it is worth reviewing them to look for major trends
that are likely to continue for some time. Doing so should enable us to assess how well the KUP

model could adapt to, or even benefit from, them in ways that existing cities cannot.

In this chapter, | discuss major trends that are underway in the transportation industry.
While doing so and exploring their implications for urban design, | dive deeper into some of
the more tangible and functional aspects of the KUP model. In the following two chapters, |
continue this exploration of technological advancements and their implications for
kernel-based urban developments - first within the context of employment, logistics, and

production then for the sharing economy, ownership, and governance.



An Alternative to Gridiron

The fact that transportation is set to be majorly disrupted in the near future is fantastic
since how people move around cities is a part of nearly every residents’ daily experience, yet it
is perhaps the aspect of urban environments with the most obvious issues. Unfortunately,
however, the existing road networks in cities are not well suited to adopting these recent and
impending advancements, such as ride hailing, on-demand micro mobility, and autonomous
vehicles. Furthermore, an ever growing number of people want to commute by biking or
walking, due to a combination of environmental concerns, lifestyle preferences, and health

implications.

Before diving into these new technologies and how the KUP model can better integrate
them into a comprehensively reimagined transport ecosystem, it is worth reviewing some of the
major complaints with the current situation. Approaches to urban transportation today largely

fall into three buckets: non-motorized transport, public transit, and private vehicles.

The non-motorized category, which mostly comprises pedestrian and bicycle travel, is
often impractical or unsafe as a regular method of commuting in most cities around the world.
In the case of pedestrian travel, American cities are worse than most since they are so spread
out and the majority of things people want to access are further than is practical to go by foot.
This issue is exacerbated by the fact that they often don't have contiguous sidewalks, especially
in suburbs. Besides a handful of notable European cities, commuting by bike is similarly
problematic since bike lanes, when they are present at all, are often squeezed into roadways as
an afterthought. As a result, biking is (understandably) regarded as too dangerous in most

places to be a suitable alternative to driving.'®®

Public transit networks are often hailed as the ideal alternative to single passenger

vehicles in urban areas, but they have some notable issues as well. First of all, they are

'% Sara Daraei et al. "A data-driven approach for assessing biking safety in cities." EPJ Data
Science 10, no. 1 (2021): NA. Gale Academic OneFile (accessed April 2, 2022).

https://link.gale.com/apps/doc/A653662208/AONE?u=wash main&sid=bookmark-AONE&xid
=cf30f02f
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perceived to be inconvenient and unsafe by users - not without reason.’® The limited routes
and schedules of public transit also make them substantially less inconvenient than
point-to-point, on-demand transportation methods like private vehicles. Additionally, transit
systems are extremely expensive for cities to build and operate. The fares that are charged
serve as a psychological and logistical barrier to would-be passengers while also funding just a
small portion of the actual cost.'” Overall, what cities get for the expense is not great outside
of a few well designed systems in hyper dense cities like Tokyo'?® and Hong Kong.'?” Achieving
sufficient density to make public transit work well is not a practical solution for most cities

though.

Considering these issues, it is unsurprising that private vehicle travel is as widespread as
itis. Of course, it has its own substantial drawbacks, perhaps most notably traffic. When you
have a large number of people trying to get to or from work at roughly the same time in
vehicles that mostly have a single occupant, congestion is inevitable. Expanding major
thoroughfares and freeways only helps so much and providing parking space for all of these
cars is also a major challenge. Including more space for vehicles to travel and park spreads
everything further out, which makes travel by foot or bike less feasible and further encourages
the use of cars. Aside from the associated costs, the ever growing need for paved surfaces that
this transportation paradigm demands contributes to flooding as well as the urban heat island
effect. Lastly, the health and environmental impacts of all of these ICE (internal combustion

engine) vehicles must also be recognized.

126 Vania Ceccato and Anastasia Loukaitou-Sideris, “Fear of Sexual Harassment and Its Impact on Safety
Perceptions in Transit Environments: A Global Perspective,” Violence Against Women 28, no. 1 (January
1, 2022): 2648, https://doi.org/10.1177/1077801221992874.

127 Owen Bull, Juan Carlos Mufioz, and Hugo E. Silva, “The Impact of Fare-Free Public Transport on
Travel Behavior: Evidence from a Randomized Controlled Trial,” Regional Science and Urban Economics
86 (January 1, 2021): 103616, https://doi.org/10.1016/j.regsciurbeco.2020.103616.

128 Marcelo Altieri, Cecilia Silva, and Shintaro Terabe, “Keep Pushing! Analysing Public Transit and Car
Competitiveness in Tokyo,” Case Studlies on Transport Policy 9, no. 2 (June 1, 2021): 457-65,
https://doi.org/10.1016/j.cstp.2021.02.001.

'2? Natacha Aveline-Dubach and Guillaume Blandeau, “The Political Economy of Transit Value Capture:
The Changing Business Model of the MTRC in Hong Kong,” Urban Studies 56, no. 16 (December 1,
2019): 3415-31, h : i.org/10.1177/0042098018821519.
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Pedestrian and bicycle travel are healthier, environmentally friendly, and more efficient
options in terms of space as well as cost. Increasing the utilization of these options, however,
requires that more of the places that people go are within a mode-appropriate distance and
there are suitable paths that lead to them. Even within the context of the current transport
paradigm, this is one of the areas where the KUP model offers some substantial improvements
since strategic placement residents most common destinations in nearby centers should reduce
the average trip length. Furthermore, the relatively small size of these kernel-based cities
reduces the barrier to non-motorized trips, even if they are from an outer community into the
city center. The most notable advantage of the KUP model within this context is that dedicated
space for non-motorized transport modalities, such as contiguous sidewalks and protected bike

lanes, can be designed in from the start.

The street network that the KUP model naturally results in consists of ring roads around
centers and radial lines between them. This is a substantial departure from gridiron or historical
radial-concentric layouts, though it could be described as nested radial-concentric. As
discussed in a previous chapter, the layout of road networks is also one of the most impactful
and permanent features of urban form so it is critical to consider all of the implications
carefully. Whereas the grid makes few assumptions about common routes that will be taken
and connects each point to every other in multiple ways, this alternate design links each center
to the next largest in the holarchy. Such an approach to connectivity drastically reduces the
possible routes between any two points, but it also reduces the overall paved surface area - this

has implications for cost, stormwater management, and the urban heat island effect.

In addition to being more spatially efficient, this model should greatly improve traffic
flow by almost entirely eliminating intersections. This would be achieved by making the ring
road around group centers (and perhaps also cluster centers) one directional, which would
result in the entire road system becoming a series of traffic circles with tributary feeds from and
outlets toward other centers. The city center, as well as possibly cluster centers, would need
multiple concentric ring roads, in which case the outer ones would function better as
bidirectional paths (Figure 33). Along the outside of the ring roads would be a wide path for
bikes and pedestrians (or two separate paths) that allow for travel in either direction. By
allowing for bidirectional flows along these paths, non-motorized transport would be prioritized

and encouraged. Vehicles would have to cross these bike and pedestrian routes before



entering a ring road so they would simply need to yield - again, prioritizing travel on foot or
bike. Given that these would be the only “intersections” that vehicles would have to stop at,
this model still allows for more freely flowing traffic generally than in gridded road networks

(even if it does require less direct routes to be taken).
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Figure 33. Traffic flow patterns along radial lines and ring roads.

Of course, this whole model is predicated on the assumption that most of the trips
residents will take are from their kernel to their group, cluster, or city center and then back. If
resources were randomly distributed throughout the various centers rather than being
strategically located nearby those that rely on them, this road layout would not be ideal. This
model still allows vehicles to travel between any two points, but their path may be inefficient if,
for instance, someone is trying to get from one kernel to a nearby kernel that is part of an
adjacent cluster. This is because they would have to travel first to their group center, their

cluster center, and the city center ring road in order to access the radial line back to the



neighboring cluster, where they would then make the inverse trip down the holarchy: from that

cluster’s ring road to the group center of their destination kernel before finally arriving at it

(Figure 34).
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Figure 34. Example vehicular trip between adjacent kernels in neighboring clusters.

While this may seem like an unreasonable constraint, more direct routes can be
provided by non-vehicular paths. For instance, a green belt could weave between inner and
outer clusters, serving as a natural buffer between adjacent communities as well as a pedestrian
path (Figure 35). Connections to groups that are near this non-vehicular ring road would
provide more direct routes to many other communities than going into the city center first, but

without the disruption and spatial demands of vehicles. In short, this road network incentivises



people to get around via more efficient modes of transport than cars while still facilitating their

use.
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Figure 35. Archetypal city based on the KUP model that shows a green belt/pedestrian ring road

weaving between the inner and outer clusters.

Despite being a radical departure from the norm, this approach to street design has
many of the qualities that urban planners advocate for. In addition to locating resources in the
centers of different community layers, orienting the road system so that all paths converge on
them encourages the concentration of pedestrian activity. As any urban designer will tell you,
this is what leads to areas feeling rich and vibrant. In their report, the British Urban Task Force

noted that “pedestrian routes need to respond to ‘desire lines’ and connect the places where



people want to go in a direct and convenient way.”"* The road layout presented here achieves
this since linear paths always lead directly to a larger center, creating a visual draw and
providing a high degree of legibility, as Kevin Lynch defined it. According to his criteria, a
“legible” environment is defined by clear paths, nodes, edges, landmarks, and districts. All of
these are central to the KUP model besides possibly landmarks, though centers would

generally have buildings or other features that serve as landmarks.™'

New Ways Forward

The advantages of this transport paradigm are already somewhat apparent, but there
are three major technological advancements that this model is better positioned to take
advantage of. The most notable and impactful of these is, without a doubt, the maturation of
autonomous vehicles (AVs). Driven by ever more affordable computing power and
advancements in machine learning, as well as data collection and labeling advancements,
autonomous driving software is advancing rapidly. The investment of more than $250 billion on
this technology between 2018 and 2021 certainly suggests that companies expect it will be

commercially viable soon.™*?

There are many advantages that autonomous vehicles have over humans. First of all,
software never gets distracted, computers have much quicker reaction times than people, and
AVs can have many “eyes” looking in different directions at the same time. Once their ability to
interpret the 3D world and respond appropriately to that information is sufficiently mature,
experts expect these vehicles to be much safer than human drivers.”** The importance of this
cannot be understated since 41,000 people died in car accidents in just the United States in

2019.* In addition to safety, fully autonomous driving will free up countless hours of time,

3% Urban Task Force, Towards an Urban Renaissance, (London]: Spon, 1999): 61.

3! Kevin Lynch, The Image of the City, Publication of the Joint Center for Urban Studies (Cambridge,
Mass.: MITPress, 1965).

132 Steve Schwatz, “Are Self-Driving Cars Really Safer Than Human Drivers?,” The Gradient, June 13,
2021, h .//thegradient. re-self-driving-cars-really-safer-than-human-driver
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134 Centers for Disease Control, “Accidents or Unintentional Injuries,” January 24, 2022,
https://www.cdc.gov/nchs/fastats/accidental-injury.htm.
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eliminate the stress of driving, and free up people’s attention for work or entertainment while

commuting.

Figure 36. Toyota’s woven city is designed with three types of roads that weave through it: those for

AVs, those for pedestrians, and those for bikes or other micro mobility solutions.'®

This technology is advancing rapidly, but one of the largest sources of difficulty for AVs
is sharing the road with unpredictable humans. Even with humans on the roads, Tesla vehicles
were 9 times less likely to get in an accident when they had autopilot engaged (though these
are the statistics from 2020 and there has been substantial improvement since then).™
Regardless, people add a large amount of complexity and uncertainty. This is why multiple

groups are planning the construction of entire cities where no human drivers are allowed - only

AVs. For example, Toyota is building “Woven City” "’ (Figure 36) and a group in the United

'3 River Davis, “A City Tailor-Made for Self-Driving Cars? Toyota Is Building One,” Bloomberg.Com, April
26,2021,

13 Tesla, “2020 Impact Report,” Tesla, accessed April 2, 2022,
https://www.tesla.com/impact-report/2020.
37 River Davis, “A City Tailor-Made for Self-Driving Cars? Toyota Is Building One”.


https://www.tesla.com/impact-report/2020
https://www.tesla.com/impact-report/2020
https://www.bloomberg.com/news/articles/2021-04-26/a-city-tailor-made-for-self-driving-cars-toyota-is-building-one
https://www.bloomberg.com/news/articles/2021-04-26/a-city-tailor-made-for-self-driving-cars-toyota-is-building-one
https://www.bloomberg.com/news/articles/2021-04-26/a-city-tailor-made-for-self-driving-cars-toyota-is-building-one

states is building the city of Telosa. The latter is designed as a place where people will want to
live, rather than a destination city. In that aim, Telosa has been designed with super blocks that
are optimized for pedestrians and AVs, with all common resources strategically located within
15 minutes of every resident (Figure 37)."* These are just a few examples of the various groups
planning whole new cities around AVs, micromobility, and a sustainable, pedestrian oriented

transportation ecosystem - others include Saudi Arabia’s “Neom” and'” Bill Gates’ proposed

city in Arizona called Belmont.'*

Figure 37. Render of a street in the city of Telosa."’

The road system in the KUP model is optimal for AVs for a number of reasons. First of
all, the fact that any kernel-based city would have to be constructed from scratch makes it

possible to design roads specifically for their capabilities, without any of the aspects that the

'3 Telosa, “Telosa | City of the Future,” Telosa, accessed March 16, 2022, https:/cityoftelosa.com/.

3 Neom, “The Future of Mobility,” accessed April 2, 2022, https://neom.com/en-us/sectors/mobility.
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technology is still having a hard time with. The elimination of human drivers from the road and
most intersections is a great start, but if all of the vehicles on the road are connected to one
another, in addition to being autonomous and in a well-mapped area, they could actively
coordinate for maximum efficiency and safety. As a result of these changes, everything from
lane markings to signs and stop lights could be redesigned or replaced with alternatives that
the AVs understand better. In the process of reimagining these features, these new alternatives

could be made more aesthetically pleasing as well or they could be eliminated altogether.

Another major opportunity that AVs present within the context of the KUP model is
directly related to the two other major advancements that are underway in the transportation
industry: electrification and ride hailing. Nearly every autonomous vehicle will be fully electric
as well since both transitions are underway at the same time and there are certain synergies in
the underlying technology.'** Out of concern for the environment, due to demand projections,
or simply to appease investors, every major auto manufacturer has announced plans to fully
electrify their offerings over the next few decades.” While the initial cost of an electric vehicle
(EV) is still a slight premium over an ICE equivalent, this will continue to fall along with battery

costs and the total cost of ownership for EVs is already lower.'

Designing for electric vehicles rather than ICE vehicles has a few implications besides
improved sustainability, reduced air pollution, and less noise. Most notably, there is no need
for gas stations, but conveniently placed charging locations are required. The time required to
charge an EV is continuing to fall, but it still takes substantially longer than filling up a gas tank
for now.'* One idea that autonomy makes feasible is that cars can drop their passengers off
and then go park somewhere else where they can charge. This would eliminate the need for

garages and street parking near residences while still providing the convenience of being able

%2 Aniruddh Mohan et al., “Trade-Offs between Automation and Light Vehicle Electrification,” Nature
Energy 5, no. 7 (July 2020): 543-49, https://doi.org/10.1038/s41560-020-0644-3.

%3 Jim Motavalli, “Every Automaker’s EV Plans Through 2035 And Beyond,” Forbes Wheels, July 27,
2021, https://www.forbes.com/wheels/news/automaker-ev-plans/.

1% Zhe Liu et al., “Comparing Total Cost of Ownership of Battery Electric Vehicles and Internal
Combustion Engine Vehicles,” Energy Policy 158 (November 1, 2021): 112564,
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to be dropped off closer to or picked up near one’s home. The road network described above
provides an optimal location for these carports, which double as charging stations: along the

radial lines that connect group centers to cluster centers (Figure 38).

Figure 38. Solar covered carport for AEVs, located along the radial line between a group center and its

cluster center.

Of course, this is not a required feature, but it would save a substantial amount of space
and cost, while further limiting the impervious and heat absorbing surfaces. Additionally, this
carport charging approach would also solve the commonly cited issue of people who do not
have a garage being unable to plug in their EVs at home. Further out kernels, which tend to be
less spatially efficient and appeal to those that prioritize autonomy, would likely be the ones

that opt out of this arrangement and charge vehicles at home.

To fully leverage AVs auto parking and summoning capacity to eliminate the need for
parking space in kernels, as well as group and cluster centers, it would make sense for them to
include an inlet road with a round-a-bout for pick up and drop off (Figure 39). This sort of infold

that provides access without cutting through - a feature that biology has employed liberally in



cells and tissues - ensures that centers are as pedestrian oriented as possible. The internal
paths of any center could still be capable of supporting infrequent car travel for moving heavy
objects, emergencies, or other occasional needs - similar to the interior roads of superblocks or

Dutch “woonerf”.

Figure 39. Group center drop-off inlet, shown in an abstract cylindrical style.

There are far more design variations and implications that result from the combination
of new mobility solutions and the KUP model’s novel road system. While | cannot feasibly
explore all of the possibilities, one more aspect that could be particularly impactful is
mobility-as-a-service or “ride hailing”. Services like Uber and Lyft are well known at this point,
but the implications of autonomy for these types of platforms are not as well recognized by the
general public yet. The research arm of Ark Investment Management recently published a
report that suggests that trips in a “robotaxi” will likely be less than half of the cost of personal
car ownership today and less than 10% of the cost of human-driven taxi services - at only
$0.26/mile. A large portion of the expected cost reduction is a result of higher utilization of

vehicles in ride hailing fleets compared with private ownership, which also means that fewer



vehicles would be needed in a city to provide the same number of trips.'* Having substantially
lower cost, in addition to the convenience benefits of not having to drive, park, fill up with gas,
pay for insurance, or deal with maintenance would likely convince many urban residents to give

up car ownership for this alternate model.

Shared trips in these vehicles could easily be coordinated by the software, just like ride
hailing apps offer today. Due to the road layout, those who would be leaving from close
enough locations for a shared ride to be sensible would be community members. This should
make people more willing to do so and it could even be seen as a good way to bond with
neighbors. Taking this one step further, an even more intriguing possibility is that these
autonomous vehicles could be shared fleets that are owned by kernel or group communities
rather than some large corporation. A community could purchase the number of vehicles
required for their needs, store them in the nearby carport, and get sufficient utilization via
sharing that they would still be much more affordable and efficient than each individual or
family having their own.' Furthermore, vehicles in a community fleet would probably be
treated much better since all riders would be owners and they would not have to worry about
strangers leaving a mess or causing damage. This model could, however, conceivably work for
privately owned vehicles, community owned vehicles, or company owned fleets, perhaps even

all coexisting so long as they are fully autonomous.

This approach of selling locally owned and operated fleets has recently been adopted
by micro mobility companies like Bird, which pioneered the on-demand scooter rental idea.'®
There were many issues that resulted from the sudden deployment of large numbers of

e-scooters to cities that were not designed for such micro mobility devices, including blocked
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sidewalks, accidents with other vehicles, and vandalism of the scooters by the public."*” Many
of these issues could be overcome if they were locally owned and more fully integrated into the
local transport ecosystem. The recent proliferation of different electrified form factors -
e-scooters, e-bikes, e-mopeds, hoverboards, monocycles, etc. - offers great potential since
they are cheap, sustainable, spatially efficient, and faster than non-motorized options. The KUP
model, once again, provides an ideal framework for this since these devices could be owned
and managed by a group or cluster, docking stations with charging could be located in every
center (out of the pedestrian right-of-way), and they would likely be treated better by users
who are also owners. A dedicated lane could be included in the roadway for users or they

could share the bike and pedestrian path.

Real world examples that are similar to this vision are beginning to appear. For instance,
Culdesac is a car-free community under development in Tempe, Arizona that is designed to be
a pedestrian paradise. To discourage car use, the developers partnered with various companies
to provide shared micro mobility and encourage ride hailing for trips outside of the 761 unit
neighborhood.”™ Though it is still early, Culdesac and the cities mentioned above are evidence
of the growing recognition of the potential to entirely rethink our transportation ecosystem

around these new technologies.

The Long Haul

Transit advocates may argue that relying on lower capacity AVs rather than buses or
light rail will cause congestion, but there are a few factors that can counter this concern. First of
all, it is worth pointing out that half of the argument for transit comes from sustainability
concerns and these would all be electric vehicles. With regard to the traffic half of the equation,
however, the software coordinating trip plans could recognize excessive usage and encourage
ride sharing if the vehicles are community owned or incentivize ride sharing with lower rates if
not. Another factor worth considering is that the time when people go into and leave from the

city center is likely to become more variable in addition to these trips becoming less frequent.
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This is discussed more thoroughly in the following chapter, but it is important to mention here
since this should reduce the peak demand on the road system and thus limit the amount of
traffic that results from single occupancy vehicles. Finally, the opportunities to make other
modes of transit - bikes, walking, and electrified micro mobility - more safe and efficient will

also reduce the overall strain.

While these factors may eliminate the need for higher capacity transit options, the KUP
model could certainly facilitate them. The linear connections between city centers and cluster
centers are ideal locations for simple light rails or streetcars since they could go directly
between the two stops without any complexity. Depending on the distance between the
centers being served and the level of demand, there may not even be the need for multiple
cars or tracks since one train could quickly shuttle riders back and forth. Linear rail solutions
could coexist with AVs on these higher capacity routes, but they probably would not make
sense for connections between group and cluster centers. This presents many hybrid trip
options for individuals going into the city center since they could first travel to the light rail stop
in their cluster center via another mode of transportation and then take the train for the last,

longest leg of the commute.

Buses could possibly be incorporated into the ecosystem as well, but medium capacity
autonomous shuttles would likely make more sense. First of all, it would be easier for them to
navigate the numerous drop off/pick up inlet roads that provide access to group, cluster, and
city centers. Aside from being more suited to turning around in these small round-a-bouts, the
nonlinear nature of routes simply make the average bus trip even slower than in today’s cities.
Rather than waiting for a certain stop along a route, riders would have to wait through a great

deal of backtracking to the ring road after each stop.

As these road networks would need to be built from scratch, it would be much more
cost effective than in existing cities to elevate or underground portions, such as the light rail
routes between city and cluster centers. To accommodate higher volume of traffic flows to and
from the city center, linear connections to cluster centers could also be made relatively wide (in
terms of lane number) and the overall paved surface in the road network would still be far less
than today’s cities. Due to the larger scale and capacity demands of the city center, it would

likely need to have multiple concentric ring roads that are bidirectional, which would require



intersection management systems like stop lights or whatever the AV-optimal alternative is.
These ring roads would feed into many AV drop off/pick up locations to accommodate the
absence of parking in this paradigm. Rather than driving all of the way back to the carport of
their home group, it would make sense to have similar solar covered parking and charging
locations (or even structured parking) along the cluster center-city center roads. This would
allow AVs to remain more accessible while their owners are in the city center and eliminate trip
redundancy - without clogging up the downtown with parking spaces and garages or

necessitating expensive underground parking.

Clearly, many of these details will need to be critiqued and refined prior to
implementation. They should, however, provide a glimpse into a dramatically different
transportation paradigm that is theoretically possible and better facilitated by the KUP model
than gridded cities. What | have described above is optimized for a relatively small scale, but
there are various other transportation advancements on the horizon that could be leveraged to
interconnect such cities with others. Obviously major freeways can be used to link neighboring
cities and facilitate longer distance travel, but better options may include hyperloops and
electric vertical takeoff and landing (eVTOL) vehicles. The latter is expected to become a
commercially viable option for transporting small numbers of individuals over moderate
distances once batteries’ energy density and charging rate improves slightly.”' Hyperloops are
like train cars propelled in vacuum tubes at airplane speeds. Due to their cost and other
constraints, they make the most sense along linear routes with high volume flows, but they can
have branching arms that individual pods enter and exit via at lower speeds.’ This would work
extremely well as the circulatory system of regional groups of kernel-based cities since linear
routes between industrial centers could facilitate the high capacity flow of goods, materials,
and workers between these manufacturing hubs as well as cities along these main routes

(Figure 40).
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Industrial Center

Figure 40. A regional network of industrial centers and cities, linked via hyperloop.

In a recent paper, Glazebrook and Newman advocate for almost exactly the model |
have presented above, primarily from a sustainability perspective. Their paper argues that ‘the
City of the Future will need to be built around a different transport and urban paradigm’ and
that ‘new model will be a polycentric city linked by fast electric rail, with local access based on
autonomous "community"-owned electric cars and buses supplemented by bicycles, electric
bikes and scooters, with all electricity generated from renewables.’’>* In addition to
sustainability improvements, this new paradigm should encourage physical activity, reduce the
average trip length, eliminate traffic, and generally improve the experience of getting around.
All of this should be possible by leveraging these (and other) technological advancements and

designing from scratch, for a set population.

133 Garry Glazebrook and Peter Newman, “The City of the Future,” Urban Planning 3, no. 2 (June 1,
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CHAPTER 5: A FUTURE OF THE CITY

A major determinant of quality, human-oriented urban design that | have focused on in
this thesis is access. In addition to considering how people will get around in the KUP model, it
is important to dive deeper into how it could facilitate the sensible placement of goods,
services, amenities, workplaces, and other resources that people would need access regularly.
In this chapter, | attempt to provide a brief overview of numerous trends that are actively
reshaping these critical urban functions and describe how the KUP model is better suited to
facilitating the new normal that they seem to be taking us towards. Many of the trends |
highlight are in their early stages and how they will change over time is highly speculative.
Regardless, it is absolutely necessary to consider the potential impact of possible paradigm
shifts when planning developments that will be around for many decades, if not centuries. My
aim here is not to provide proof that these trends will continue, but rather sufficient evidence

that they might and discuss their implications within the context of the KUP model

The Evolution of Work

There was no such thing as a dedicated workplace throughout the majority of
humanity’s existence, but when our ancestors left the nomadic hunter gatherer lifestyle behind,
most work became anchored to the area around their homes.™ As cities developed, their
primary function was as labor markets, which became larger and more specialized over time. In
the recent past, this accelerated and an ever greater number of jobs have been squeezed into
large urban centers - first in factories and then increasingly in office buildings. While many
urban residents today view the twice-daily mass migration to and from a central workplace as a

normal part of life, there is good reason to believe that this was a temporary phenomenon.

A growing number of people now expect the adoption and evolution of online
collaboration tools to radically transform where and how work happens. In 1975, before the
term telecommuting was ever used, Jack Nilles published a paper arguing that

“telecommunications-augmented decentralization” of work would likely increase over time and

Clark Spencer Larsen et al., “Bioarchaeology of Neolithic Catalhdyik Reveals Fundamental Transitions
in Health, Mobility, and Lifestyle in Early Farmers,” Proceedings of the National Academy of Sciences
116, no. 26 (June 25, 2019): 12615-23, https://doi.org/10.1073/pnas.1904345116.
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have profound implications for labor, transportation, and land use policies. He argued that this
inevitable decentralization of work would be driven by “the ability of new telecommunications
and computer technologies to maintain or increase productivity for routine clerical and
management functions”, in addition to the availability and shrinking costs of these

technologies relative to transportation.'®

Many people echoed this viewpoint over the years, but most remained skeptical until
Covid-19 transformed the way that work was done almost overnight. If the virus had appeared
just a few years earlier, it is likely that the technology would not have been mature enough to
facilitate the rapid transition that followed. As it happened, however, a large portion of urban
work and nearly all education was able to effectively convert from in person to digital
operations overnight. Immediately, the number of Microsoft Teams meetings more than
doubled and their length increased'® while the number of daily Zoom meeting participants

increased from 10 million in December 2019 to 300 million in April 2020."™’

Two years on from the start of the pandemic, the consensus viewpoint is that remote
work, in some capacity, is here to stay. There are many common frustrations that people have
expressed with remote work and school, but this period made it clear that it is feasible and that
there are many benefits as well. According to a large survey of US employees, half of all office
employees expect to work from home part time going forward - on average, 2 days per week.
This report also argued that this will be the new normal due to five main factors: better than
expected experiences with working remotely, new investments that facilitate it, technological
innovations that support it, reduced stigma associated with it, and persistent concerns about

germ exposure in crowded settings.® Multiple large surveys have found that the majority of
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office workers around the world prefer hybrid work schedules in the future since they want to

be able to come into the office, but also have the flexibility to work from home part time.'>?¢°

One of the largest advocates of the transition to hybrid work has been Microsoft, which
has 180,000 employees and is the second most valuable company in the world). In a 2021
report, they note the benefits of flexible working conditions that workers have come to expect
during the last two years, but also claim that employees at their company and elsewhere are

experiencing “digital exhaustion” from fully remote work."®’

Microsoft as well as Apple,
Google, Amazon, IBM, Uber, Twitter, and Salesforce are among the large companies
transitioning to a hybrid work model, while others like Facebook and Coinbase are offering to
let employees work entirely remotely. Most, however, fear that going fully remote would have a

negative impact on company culture and productivity.'®?

There is a confluence of factors that is likely to supercharge the transition to remote or
hybrid work, now that it is under way. One factor to consider is that the lines between work and
education are increasingly blurring since jobs require employees to constantly be learning new
information to keep up with a rapidly changing world. On demand, context dependent
learning will primarily be supported by online resources and is, therefore, one more
work-related task that is well suited to being done remotely. Additionally, the growing number
of roles that can be done remotely enables companies to draw on a wider pool of talent and
find employees that are happy to work for less since they live in more affordable locations. This
is a win for workers as well as companies: “people no longer have to leave their desk, house or
community to expand their career, and it will have profound impacts on the talent

landscape.”'¢?
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Another major catalyzing force is the improvement of systems that make remote
collaboration possible. From cloud-based whiteboard applications to real-time design
programs and video conferencing, the tools for virtual collaboration are both evolving and
growing in number. Many believe that spatial computing, enabled by virtual and augmented
reality (AR and VR) headsets, will bring a powerful new set of capabilities and accelerate this
further. For instance, AR and VR headsets enable virtual meetings to be more engaging and
provide a sense of “presence” despite physical distance.'®* Additionally, “spatial audio” makes
it possible for there to be side conversations between those who are “next to” one another in a
virtual space without disrupting another conversation - something that video conferencing
does not allow.'®>"* While this may sound like science fiction to some, 2021 saw significant
momentum towards widespread adoption of these technologies. For instance, 26 million VR
headsets were sold compared with 19 million in 2020 and this rapid rate of growth is expected
to continue.'®’ There are also multiple virtual meeting applications that are already available,
such as Spatial,’®® Meta’s Horizon Workrooms,'®” and even Microsoft Teams, which will have the

company'’s mixed reality platform (Mesh) incorporated into the widely used app.'”® Many tech
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companies besides Meta'”" and Microsoft,"”? such as Apple,’”? ByteDance,"* and Google,"’
investing heavily in this area since it has become clear that the enabling hardware and software

are approaching commercial viability.

As a result of these and other changes that help to overcome the challenges of remote
collaboration, the types of meetings that require a trip into a central office will decrease, on the
margin. Many companies - 66% according to Microsoft - are redesigning their spaces to
facilitate collaboration and meetings since this will increasingly be the main function of central
offices, rather than independent work."® These changes often include a transition from
dedicated work spaces to open seating arrangements, which translates to less space
requirements when employees aren’t coming in each day (and, by extension, lower costs). In
explaining IBM's rationale for downsizing and remodeling their offices, the company’s CEO

stated plainly that “solitary work will likely be done from home" going forward."”’

Working from home has become the default term for remote work, but in reality home

environments are often not ideal for productivity due to noise, distractions, and other factors.

71 Kevin Carbotte, “Meta Now Holds 60% of the SteamVR Market Share and 36% Is Quest 2,”
TweakTown December 2, 2021,

est- 2/|ndex html

172 Ronan Jenkins, “Microsoft HoloLens 2 and Mixed Reality Bridge Physical Reality and Digital
Expenences " M|crosoft Dynamics 365 Blog, February 23, 2022,
h

173 Hector Hamish and Axel Metz, “Apple MR Headset News, Leaks and What We Want to See,”
TechRadar, February 10, 2022, h ://www.techradar.com/new. le-vr-h

74 Rita Liao, “ByteDance-Owned VR Startup Pico Strengthens Ties with Qualcomm,” TechCrunch (blog),
accessed March 13, 2022, https://social.techcrunch.com/2022/03/01/bytedance-vr-pico-qualcomm/.

17> Mike Wheatly, “Report: Google Acquires MicroLED Startup Raxium to Aid AR Headset Ambitions,”
SlllconANGLE (blog) March 16, 2022,

176 Microsoft, “The Next Great Disruption Is Hybrid Work—Are We Ready?”

"7 Brody Ford and Emily Chang, “IBM Sees 80% of Employees Working in Hybrid Roles After
Pandemlc " Bloomberg.Com, March 31 2021,

post—pandem


https://www.bloomberg.com/news/articles/2021-03-31/ibm-expects-80-of-its-employees-to-work-hybrid-post-pandemic
https://www.bloomberg.com/news/articles/2021-03-31/ibm-expects-80-of-its-employees-to-work-hybrid-post-pandemic
https://siliconangle.com/2022/03/16/report-google-acquires-microled-startup-raxium-aid-ar-headset-ambitions/
https://siliconangle.com/2022/03/16/report-google-acquires-microled-startup-raxium-aid-ar-headset-ambitions/
https://siliconangle.com/2022/03/16/report-google-acquires-microled-startup-raxium-aid-ar-headset-ambitions/
https://social.techcrunch.com/2022/03/01/bytedance-vr-pico-qualcomm/
https://www.techradar.com/news/apple-vr-headset
https://cloudblogs.microsoft.com/dynamics365/bdm/2022/02/23/microsoft-hololens-2-and-mixed-reality-bridge-physical-reality-and-digital-experiences/
https://cloudblogs.microsoft.com/dynamics365/bdm/2022/02/23/microsoft-hololens-2-and-mixed-reality-bridge-physical-reality-and-digital-experiences/
https://cloudblogs.microsoft.com/dynamics365/bdm/2022/02/23/microsoft-hololens-2-and-mixed-reality-bridge-physical-reality-and-digital-experiences/
https://www.tweaktown.com/news/83121/meta-now-holds-60-of-the-steamvr-market-share-and-36-is-quest-2/index.html
https://www.tweaktown.com/news/83121/meta-now-holds-60-of-the-steamvr-market-share-and-36-is-quest-2/index.html
https://www.tweaktown.com/news/83121/meta-now-holds-60-of-the-steamvr-market-share-and-36-is-quest-2/index.html

As a result, many people prefer to go to cafes or coworking spaces when they work remotely,
regardless of whether they do so every day or as part of a hybrid schedule. Even prior to the
pandemic, coworking spaces were seeing massive adoption since they offer flexible,
on-demand work spaces as well as other benefits and solutions to the limitations of remote
work. For instance, studies have found that strong communities and culture often emerge in

such environments, plus they facilitate networking and the cross pollination of ideas."®""?

In addition to reconfiguring and often downsizing their central offices, some
organizations are establishing multiple satellite offices in the surrounding metropolitan area. As
Micrtosoft frames it, “rather than returning to one mega-office when the lockdown ends,
workers may be spending more time in coworking spots closer to home or in satellite facilities
built along a hub-and-spoke model.”™ Like coworking spaces, these conveniently located
small offices provide a dedicated work space away from the distractions of home life and a
culture of productivity without the need to go all of the way downtown each day. The main
benefits of satellite offices over coworking spaces are that they are free to use, can provide
dedicated workstations (that facilitate workers’ preferred ergonomic or aesthetic desk setup),
and are only occupied by one’s co-workers (though this could be seen as a drawback as well).
Such satellite locations could provide a nice complement to small central offices that primarily
contain flexible, multipurpose rooms for meetings and some open, unassigned workspace for

the days when people do come in.

Regardless of whether remote workers come to prefer cafes, commercial coworking
spaces, or official satellite offices operated by employers, it seems likely that cities will need
more of these conveniently located micro work hubs and less central office space going
forward. This shift would be well facilitated by the KUP model since the different scale centers

provide optimal locations for a spectrum of workplace typologies. It would most likely make
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sense to locate satellite offices and other dedicated work spaces in cluster centers that the
employees live around. Group centers, on the other hand, would be more appropriate for
flexible, unspecialized coworking space that community members can use on-demand. Such
coworking spaces are ideal candidates for sharable community resources, which will be
discussed in the following chapter. Furthermore, this approach to workplace differentiation and
distribution would also be very in line with the central design philosophy | have advocated for
of locating resources as close as is practical to those who rely on them. Having fewer people in
the city center for work each day would also mean a reduced need for supporting roles and
businesses there. By extension, this should translate to a more compact and pedestrian friendly
layout in the city center, reduced traffic demands on the roads that radiate out from it, as well

as more activity in the smaller scale cluster and group centers.

Besides true “office” work, there are many other jobs that will become more amenable
to this model of small, distributed workplaces over time and many that are already well suited
to it (consumer facing jobs that provide access to goods and services - grocery stores, banks,
medical clinics, etc. - will be discussed in the following sections). For instance, all sorts of
research, design, and development work will require fewer and fewer people due to a
confluence of factors. These include: a growing suite of software tools, increasingly affordable
robotics for the automation of tasks, access to ever improving knowledge bases online,
powerful data modeling and simulation tools, improved equipment and techniques for various

types of research, digital fabrication tools for rapid prototyping, and many more.

Together, these types of advancements are enabling smaller teams to accomplish what
used to take many more people and much more specialized equipment. Assuming the
underlying technologies continue to improve and leverage one another, it is reasonable to
expect that this will reinforce the shift towards smaller distributed workspaces. Even with offices
or labs in different parts of the world, team members that need to be physically together on a
daily basis can be colocated without the inconvenience of commuting, but still remain linked
with other teams digitally. This level of differentiation between intra-team and inter-team
collaboration meshes well with the KUP model, though workplaces with specialized equipment
like research labs will probably make more sense to be located in city centers or at least cluster

centers, rather than in group centers.



While these trends suggest that many industries will transition to being done in a hybrid
or fully remote manner, it is important to acknowledge that most jobs in the world today are
still location dependent. The vast majority of these are, however, lower skilled ones that are
more likely candidates for automation or simply becoming irrelevant in the near future. By
some estimates, up to 50% of all existing tasks could be automated over the coming decade'®’
- a very short time horizon relative to city planning and construction. There has been a great
deal of anxiety and fear of job loss due to automation many times in the past. Every time that a
new tool was created that replaced some role, however, new jobs have always emerged for this
newly free workforce and experts expect this will be the case once again.’® The new roles that
emerge this time around are far more likely to be online, creative, or knowledge-based jobs
that can be done remotely at least part time. Due to the factors discussed above, these new
jobs could be better supported by the differentiated workplaces in the centers of a nested

polycentric urban form than within a traditional city.
Distributed Demand

It was not only the work opportunities which cities offered that drew people to them,
but also the value that they provided in the form of differentiated goods and services. Over
time, trade networks grew and larger portions of the goods that people relied on were grown
or produced elsewhere. As with many things, this accelerated in the recent past and now most
people rely on global trade networks to acquire the crops, clothes, devices, and just about
everything else they purchase. The rise of e-commerce has even begun to disrupt stores as the
link between consumers and these supply chains. Similarly, there has been a proliferation of
services that people rely on, many of which are now being digitized. These trends in how urban
residents access goods and services have significant implications for the optimal amount, as

well as the optimal location, of supporting facilities in future cities. In this section, | briefly touch
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on how various consumer-facing businesses appear to be changing and explain how the KUP

model is well suited to facilitate this.

Beginning with services, the banking industry is undergoing a dramatic paradigm shift,
as financial services are increasingly digitized. Many parts of the world, particularly the less
developed nations, have seen a rapid adoption of digital wallets and payment methods due to
the lack of traditional banking services and financial rails.'® Many researchers expect this
adoption to accelerate globally due to the ubiquity of mobile devices, the improved
convenience for users that digital wallets provide, as well as the reduction in cost for financial
service providers of both operations and customer acquisition.'®* Furthermore, many of the
backend accounting and routine administrative roles in the broader financial services industry

(which is a sector that accounts for nearly 9 million employees in the US alone)'

will likely be
replaced with software. This will largely be facilitated by distributed ledger technology - also
known as blockchain - since it provides a common substrate for cross party transactions in
addition to automation of numerous common functions that banks have taken care of manually
until now.'®'® In other words, this is also another example of how automation could free up
workers to take on more creative and collaborative roles, which are well suited to hybrid work
schedules. The implications for the KUP model of this transition would be that few (if any)

physical bank branches will be needed while there will be less demand for central office space

and more demand for small coworking spaces or satellite offices.
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Healthcare is another major category of services that is integral to modern cities. There
are regular advancements in the medical industry that are certain to continue in the coming
decades, but most will be new procedures and treatments that do not impact the essential role
that medical facilities play in cities. There are, however, certain advancements - like home
diagnostics, wearable devices, and telehealth appointments for simple check-ins - that should
increase the quality of health coverage while decreasing the number of trips patients need to
make to their doctor’s office. Similarly, the dental industry is experiencing some disruption in
the form of at-home teeth impression kits, mail-delivered 3D printed retainers, and
image-based digital check-ins.”® These advancements decrease the cost for treatment and
democratize access, but are also unlikely to substantially change the demand profile for dental
offices in urban areas. Fortunately, the sort of small offices that many doctors, as well as most
dentists, counselors, and physical therapists, tend to practice out of are a very appropriate
scale for a cluster center, where they would serve the surrounding population of roughly 10,000
people. In order to serve the less frequent needs of the larger surrounding population, a
central hospital with specialists and specialized equipment would be a sensible resource to
include in the city center. Clearly, this differentiation of functions and associated facilities across
scales is very similar to the hub and spoke model for offices - exactly what the KUP model

supports best.

Sports are a huge part of many people’s lives and fitness facilities are another common
service-oriented resource in urban areas. Unlike many other industries, technological
advancement is more likely to increase the amount of urban area dedicated to fitness (at least,
that is my hope personally). As automation frees up more people to do knowledge work,
remaining physically active will become increasingly important for focus and productivity, but
also increasingly necessary to dedicate time to since these jobs are more sedentary on
average. The KUP model encourages daily activity since commuting by foot or bike is more
feasible, but dedicated facilities are still needed as well as some supporting roles. Standard
gyms with cardio equipment and weights probably make the most sense in group centers or
even within individual kernels, where they could be a shared community resource that is more

practical than home gyms. Similarly, unspecialized fields and flexible, multi-purpose fitness
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studios (for yoga, dance, and other classes) may make sense in group centers, but dedicated
sports fields and courts or larger facilities like pools would be more suitable to cluster centers.
Some of the more specialized or least commonly used facilities (like climbing gyms, hockey

rinks, and stadiums with substantial seating) are probably best suited to city centers.

The transition to autonomous and electric vehicles will have major effects on various
common urban businesses, in addition to the implications it has for road systems and transit.
As discussed in the previous chapter, gas stations and parking garages can be eliminated while
new charging stalls must be added. Besides these businesses, there will be very little need for
mechanic shops since EVs require almost no maintenance compared to ICE cars and AVs will
be far less likely to get in accidents. With regard to dealerships, the industry is already

I"®? as most new EV manufacturers - Tesla,

transitioning to a direct-to-consumer sales mode
Lucid, Rivian, etc. - are abandoning the old model.' Traditional auto OEMs are having a
harder time moving away from dealerships due to how intertwined their businesses have
become, but even Ford recently decided to adopt a direct-to-consumer model for its electric
models.”" The rise of ride hailing fleets, regardless of whether they are community owned or
not, will make dealerships even less practical since the increased utilization rates of AV's mean
fewer cars will be needed in a given area.'? Similarly, used vehicle sales are increasingly done
online rather than through dealerships and resale will become less practical for AVs as they

have shorter lifespans due to their increased utilization."® Overall, it is reasonable to expect

that there will not be any car dealerships in cities that are planned for AEVs, though there may
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be smaller showrooms that would be suitable for city centers. This is really fantastic news for
urban design because of how much space, especially in American cities, is dedicated to

dealerships that are also somewhat of an eyesore.

Similar to car dealerships, restaurants straddle the line between goods and service. Until
recently, that was the extent of the similarities between these businesses, but the recent push
towards digitization of sales and subsequent delivery is also rapidly transforming the food
services industry.’* Most people will have noticed, if not directly partaken of, the
ever-expanding options provided by food delivery services like DoorDash and Uber Eats in
recent years. Many more businesses adopted online delivery platforms, among other
adaptations, to survive the Covid-19 pandemic.'” To facilitate this rapidly expanding demand,
“shadow kitchen” or “cloud kitchen” companies have begun to emerge that function as online
only restaurants with no brick and mortar, customer-facing location.' This adoption of online
food orders could be seen as a logical continuation of the trend towards convenience that fast
food represented as well as microwave dinners before them. There are many fair arguments to
be made about potential negative impacts this could have on traditional restaurants, people’s
lifestyles, or society’s already outrageous level of waste production.'””'”® Regardless, the recent
past has shown that there is substantial demand for delivery food and this trend will likely

continue.
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A countertrend to this has been the growing appreciation for small, local businesses
over large franchises and spending on high quality experiences over products.’” These trends
suggest a possible bifurcation in the food services industry towards the extremes of rich, sit
down restaurant experiences and on-demand, convenient calories. The implications for cities
and the KUP model are simply that convenience-oriented restaurants could be replaced with
cloud kitchens that take up less space and are designed in conjunction with a better delivery
network. Additionally, the more experience-oriented restaurants would be well suited to cluster
or city centers, where they would be integrated into these pedestrian-oriented spaces with
high concentrations of businesses or other resources within walking distance. Bars also fit into
this category of experience-oriented food service establishments and they would similarly fit
best in cluster and group centers, though flexible cafe-like coworking spaces in group centers

could double as neighborhood pubs in the evening to get by with a smaller customer base.

While the sectors discussed above are relevant to future urban development, the
elephant in the room that needs to be acknowledged is online shopping for clothes,
electronics, most other manufactured goods, and groceries. The adoption of “e-commerce”
has seen explosive growth in the past two decades and this is expected to continue, with a
projected global compound annual growth rate of 11% for the next three years.”® While
e-comerce was already growing rapidly, the Covid-19 pandemic accelerated this trend as many
people who had never shopped online before began to.?°! This is true of groceries as well as

other goods, with over half of the US population buying some groceries online in 2021.7%* As
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the speed of delivery, affordability, and general customer experience of e-commerce continue
to improve, it is likely that an ever larger proportion of goods will be bought this way. This
paradigm shift has serious ramifications for brick and mortar retail, with more than ten thousand

locations shutting their doors in 2020 and 2021 in the US alone.?®

While the rise of online shopping will not replace stores entirely, it will certainly reduce
their significance. There will likely be certain product categories that people feel more strongly
about buying in person, such as produce or clothes. The same people may have no problem
ordering their cereal and toothpaste online, however, especially if they arrive the same day and
cost less than a store bought equivalent. There are also some common household goods that
people need on short notice and won't want to wait for delivery. This sort of differentiated
product availability profile could be facilitated easily by the KUP model since small
“convenience” or corner stores would be very appropriate in a cluster center.
Experience-oriented stores with highly curated selection of clothes and other specialized goods
would make sense in the city center. These would complement or even be paired with online
purchases and provide the shopping experience for those who desire it. In fact, this sort of
small, high-end, experience-focused store with limited product stock is already the direction

many organizations are moving for their brick and mortar locations.?*

Eliminating big box stores like large super markets frees up a huge amount of space
from the buildings as well as their associated parking lots. This also translates into massive cost
savings from the initial construction as well as the stocking, cleaning, heating, and generally
operating a consumer facing business. Even if the transition to online shopping doesn’t go this
far, a partial conversion would reduce the square footage of stores required and shift more
inventory to distribution centers that don't need to be easily accessible. This obviously leads to
the question of where in kernel-based cities warehouses should be located, but the answer is

that they do not belong in cities of roughly 100,000 people. Instead, they belong in large
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regional industrial centers (ICs) along with all of the other businesses that require significant
space, operate best at scale, and are highly suited to automation or need few employees

relative to their size.

The massive transition from store-based retail to e-commerce also requires
advancements in package delivery systems, of which there have been many in recent times.
From drones®® to robotic dogs,?® all of the proposed solutions for the logistics nightmare that
online shopping has created have the same problem: they have to figure out how to operate
with roads and laws that were not designed for them. The challenge of creating technical
solutions for how to get goods from a regional distribution center to a city and then to a home
in a kernel becomes almost trivial when these systems can be planned along with the road
network. While | cannot claim to know what the ideal model would be, modern day package
throughput could certainly benefit from a default autonomous road network and roundabouts

in group centers or kernels where drop boxes could be located for package deliveries.

Localized Supply

Thus far, the adoption of online shopping has been the most notable aspect of the
massive paradigm shift underway in our supply chain, but there is good reason to believe that
it is just part of a broader transition. There are also major changes underway in how goods are
produced, crops are grown, and what utility systems satisfy municipal needs. The importance of
these sorts of advancements cannot be understated in regards to future urban forms as well as
very real challenges that exist today. Most notably, the numerous supply chain disruptions that
have occurred since the Covid-19 pandemic began have highlighted how brittle our

international trade networks are.

The complex interdependencies of global flows of materials and products are

exemplified by the situation currently faced by the silicon chip industry. Many other products
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are limited by a shortage in global chip output, but ASML - the single manufacturer of the most
high tech chip manufacturing equipment - cannot increase output of its devices that produce
chips because it needs more chips to produce them.?” Another catastrophic example of the
global supply chain’s limitations is currently playing out in the Russia-Ukraine war. Germany and
other European countries have become so dependent on Russian oil and gas that they cannot
afford to stop buying it, thereby financing the war they are actively denouncing.”® Another
major supply chain disruption is manifesting in slow motion due to this conflict: a likely famine
in many developing nations. There are various countries in Africa and elsewhere that are reliant
on Russian and Ukrainian wheat, which is being devastated by the war. Additionally, Russia is
the world’s largest supplier of fertilizer and Ukraine is the primary supplier of neon gas, which is
used in silicon chip manufacturing.?”” The latter will likely exacerbate the global chip shortage
while rising fertilizer costs have already caused many farmers across the world to plant fewer

crops than they had previously planned, thereby worsening the expected food shortage.?'

Many governments have begun to take action to reshore certain critical supply chains,
in order to increase resiliency and avoid the sort of economic impacts that we are currently
facing. For instance, various nations have created programs to localize silicon chip production,
with tens of billions of dollars in incentives now financing multiple chip fabs in the United

States, Europe, and Japan.?"" Similar efforts are being made with regards to rare earth metals
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that are used in electric motors as well as lithium, nickel, and other elements that are needed
for batteries.”'? Additionally, financial pressures for reshoring have been pushing companies to
act independent of government programs, as the cost of global logistics have exploded in
recent times. For example, the cost to send a shipping container from China to the United
States was roughly seven times higher in March 2022 than it was in March 2020, at the start of

the pandemic.”"

Even prior to the pandemic-induced supply chain challenges, many people were
making the argument that our globalized economic model has too many problems and shifting
back towards more regional production is the direction to be moving. One common reason for
this is the environmental impact since localizing production should eliminate a great deal of
transport and much of the packaging involved in global trade. Locating production closer to
consumption should also, theoretically, make it easier to establish the closed loop recycling
processes needed for a circular economy.?"* Additionally, the creation of new local jobs is a
major reason that certain governments are pushing to reshore manufacturing.® There is also
an ethical case to be made since concentrating production in locations with cheap labor, which
also bear the burden of industrial externalities, is arguably exploitative.?'® While there are many
good reasons to consider a shift back towards more local and regional production, whether or

not it makes sense really comes down to the underlying technology underpinning different
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manufacturing processes. Luckily, There is a revolution underway in automation, digital
fabrication methods, biomanufacturing, and materials science that could help to enable

production to shift closer to consumption.

Numerous new tools have recently become available for creating 3D designs as well as
turning these files directly into physical forms. Notably, this includes various types of additive
manufacturing, or 3D printing. There have been many advancements in recent years, allowing
for more consistent results, fewer limitations, greater selections of materials, and much higher
speeds. The primary benefit of this technology is that they are generalized production
platforms, which use bulk feedstock to produce nearly any shape out of a given material. This is
in stark contrast to the dominant manufacturing paradigm today, in which highly custom and
extremely expensive tools produce many thousands or millions of units that are then
distributed across the world. Many experts argue that we are entering into a new phase, in
which additive manufacturing is going to be implemented along with various other automation
technologies - subtractive manufacturing systems and new robots that are affordable as well as
easy to program - to enable high throughput production of end use parts, rather than its
traditional role in prototyping. As a group from MIT puts it, recent progress in additive
manufacturing “enables manufacturers to envision futures in which their products are fulfilled
on-demand, customized to individual user or regional preferences, and fulfilled via an

interconnected network of production facilities distributed around the world.”?"

This is not, however, the extent of the manufacturing revolution that is likely to unfold in
the coming decades. In addition to additive manufacturing plastic, metal, and ceramic goods,
various groups are working on 3D printed and 3D knitting clothes.?’® Aside from other materials

and processes suited to regional fabrication facilities, there are some groups, such as Arrival?"?
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and LM Industries,*” that are building very small “microfactories”, which produce just a few
vehicles per day. Regardless of whether manufacturing technology will be ready for that degree
of localization in the near future, a city of 100,000 would not provide sufficient demand for a
dedicated car factory. This suggests that, in the case of the KUP model, it probably makes
more sense to have slightly larger factories in industrial centers. Additionally, many (if not most)
things will still be difficult to produce without large dedicated facilities with specialized
equipment for the foreseeable future. For instance, batteries, computer chips, and many other
complex technology components will need to be produced at extreme scale to be made

affordably and at high quality.

There are other product categories, however, where local production will be possible
and drive further compression of supply chains. For instance, at-home on-demand production
of any beverage is nearing feasibility thanks to advancements like Cana, a recently launched
molecular beverage printer. The group behind this system recognized that it doesn’t make
sense to package and transport drinks as we do currently when more than 90 percent of the
mass is water, most of the rest is sugar or alcohol, and human perception of flavor is based on
the ratios of just a few dozen flavor compounds. Leveraging recent advancements in
microfluidics, this device is able to add precise amounts of alcohol, sugar, caffeine, and flavor
compounds to water. In future versions it will also carbonate, heat or cool, and add
micronutrients so that any drink can be recreated on demand using locally sourced water and

standardized cartridges that are much easier to transport.?”'

While a shift towards local and regional production is reasonable to expect on a short
timescale relative to the life of a city, it won't happen overnight. For at least a few decades, it is
prudent to plan for products to be made far away and stored in IC distribution facilities, from
which they could be quickly delivered to nearby kernels. Even after more production processes

are localized to these industrial centers, the associated facilities for manufacturing and other
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industrial processes will still take up a significant amount of space. At an optimal scale, the
output of such functions would be more than a city can fully utilize. Due to these factors as well
as the noise, smells, and other byproducts that they produce, it is best to concentrate these
functions outside of residential areas. Additionally, abstracting manufacturing and logistics
processes out of cities would allow the transition from the current manufacturing paradigm to

its likely successor to occur without any impact on the nearby cities.

Growing Land Availability

To reiterate, the elimination or abstraction of big box stores, distribution centers,
manufacturing facilities, industrial processes, car dealerships, parking, and various other
land-hungry urban functions from cities should shrink their footprint significantly, all else being
equal. Regardless, | have described a regional network of cities and ICs that would take up a
large amount of space so a reasonable question would be where these could possibly be built.
What land could be used is a critical consideration if this urban model is to be useful in
providing homes and infrastructure for the 5 billion people that will need them over the coming

decades.

Before attempting to address this, it is worth stepping back and reviewing some
statistics. Roughly 71% of Earth’s surface is covered by ocean while 19% of the land is deserts,
10% is covered by glaciers, and 26% are (what remains of the planet’s) forests. Humans are now
using approximately 35% of the total land (10% of Earth’s surface) for agriculture while only 1%
of the land (0.3% or Earth’s surface) is urban.?? Using less stringent criteria for what land
qualifies as urban, some estimates place urban land at closer to 3% of Earth’s land, but that

would still only account for about 10% of the area we humans are actively making use of.?#

Many people are of the opinion that green field developments should be avoided at all
costs to contain our sprawl and avoid any further depletion of forests. While this position is

admirable in intent, it fails to acknowledge the reality of the situation in terms of the
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environmental impact that cities already have. As the statistics above make clear, urban
residents effectively occupy a great deal of land beyond their city’s edge since they rely on all
of the space required to produce their food, which is 10 times more than the cities themselves.
If urban populations keep growing and cities continue to rely on external agricultural land in
the same way, then that land used to grow crops will need to grow as well. In other words,
squeezing everyone into cities does not save the forests. What we really need to be concerned
with is the total land usage by humanity overall as well as the specific impacts of the way it is

being used.

Our current agricultural paradigm, consisting primarily of massive industrial
monocropped farms, has many negative environmental effects: soil depletion,® fertilizer
runoff,?”® harm to pollinators,??® and excessive water use.””” On top of these harmful impacts,
crops produced this way are less flavorful and nutritious than those produced using more
traditional approaches to agriculture. The justification for these unsustainable modern
techniques was that it is required to maximize output in order to feed the growing global
population. The truth, however, is that the vast majority of all agricultural land is used to grow
228,229

crops for livestock and many crops are used as feedstock for various chemical processes.

Due to the extreme caloric and spatial inefficiency of animal agriculture, a greater than 70%
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reduction in land use per person could be achieved if everyone simply became vegan.?%%

Unfortunately, that is not a realistic solution due to the high value that many people put on

meat in their diets, but it is indicative of how much animal products contribute to land usage.

Building new cities on agricultural land should be acceptable if, regardless of the
mechanism, the average crop land required per person could be maintained or reduced. In
other words, if the land used to grow crops for a certain number of people could be partially
redeveloped into a city and still produce enough crops overall for those people, that would
invalidate the primary concern with this type of green field development. Thanks to a suite of
new technologies, this could be entirely feasible in the near future (without having to convince
people to give up meat). For instance, cellular agriculture is the process of having cells - either
yeast, bacteria, or cells from a specific mammalian tissue - grow into a desired product. Meat,
dairy, and leather are just some of the products that are already being grown in bioreactors
(essentially brewery equipment) without having to raise animals.”*? Recent breakthroughs have
also shown that synthetic enzymes, which are only recently able to be produced at scale, can
be used to sequester significant amounts of atmospheric carbon in the form of starch.?? These
carbon negative carbohydrates could then be used as a feedstock for cellular agriculture and
the related field of biomanufacturing, which uses microbes to produce chemicals like medicine,
flavor compounds, plastics, and biofuel.?* These may sound like technologies that are still
decades away from being practical, but recent advancements in synthetic biology have

accelerated development timelines by at least an order of magnitude. As a result, there are
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many dozens of companies in these fields that are working to bring products to market in the

near future.

While the costs still need to come down and challenges like growing structured tissue
(i.e. steak rather than ground beef) are far from solved, significant progress is being made and
there is every reason to believe that these methods will eventually be more affordable,
sustainable, and require less land than traditional approaches. There is also, of course, the
concern about consumer adoption. Many people decry new approaches to food production

|II

like those described above as “unnatural”, but agriculture is, by definition, unnatural. It is
entirely arbitrary to consider our current model of industrialized crop production, factory farms,
and food processing “less unnatural”. Regardless, most people have no idea about these
systems that produce their foods so it is reasonable to expect that the vast majority will quickly
get over any concerns if it tastes better and is more affordable - especially if these foods are

genuinely healthier and more sustainable.

Another set of technologies that should enable a net reduction of agricultural land are
those used for growing crops indoors. Using a combination of green houses, hydroponics, and
robotics have enabled the Netherlands to become the second largest food exporter in the
world, despite its small size.”®> Many groups are working on the next iteration of indoor high
yield farming, which is known as vertical farming or controlled environment agriculture since
crops are grown in stacked layers within large airtight facilities. These “plant factories” often
use hydroponics or aeroponics along with LEDs that provide only certain wavelengths and a
significant amount of automation.?* In these airtight facilities, every factor - water,
micronutrients, wind, light wavelengths, CO2 concentration, and temperature - can be

monitored and optimized for a given plant species.”” In addition to producing crops
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consistently year round, using 99% less land, and 95% less water, these crops are more
nutritious, extra flavorful, and grown without pesticides or herbicides.?*® The main limitations
for now are cost and the range of crops that are suitable for vertical farming. Aerofarms,
arguably the world leader in vertical farming, claims that they are approaching competitive
pricing relative to traditionally grown greens and are now branching out to certain fruit, such as
berries and tomatoes.”*” As the cost of LEDs continues to decrease, their energy efficiency
further improves, more of the processes involved are automated, and the ideal growing
conditions are identified for different plants, this approach to growing crops should become
cost competitive for many crops on top of the other benefits. Besides energy and equipment,
the main driver of cost is the expense of urban land for these farms, but building them as part

of green field industrial centers on affordable agricultural land would reduce this barrier as well.

A final category of agricultural technology that is relevant here are those that enable the
automation of tasks involved in outdoor agriculture. From crop picking robots to weed spraying
drones and satellite-based remote monitoring to small autonomous tractors, recent innovations
are expected to reduce the need for human involvement.?*® Additionally, many of these new
systems are designed to operate in larger numbers, with each doing smaller portions of the
overall task compared with traditional approaches.?*! It is conceivable that smaller scale farms
could be managed roughly as efficiently by lesser numbers of these swarm-enabled,
autonomous systems. Additionally, the shift toward more fine-grained, autonomous
management systems should make polycultural farming more feasible. This is because despite
being more productive (i.e. requiring less land) and sustainable, the varied maintenance and

harvesting requirements for different crops has made polyculture impractical at scale until
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now.?*? It is worth noting that, even before the adoption of these new systems, recent
advancements in agricultural systems have created a greater need for workers with technical

backgrounds who often don't want to live in the remote places where agriculture is currently

done.?®

Assuming that these technologies are indeed approaching commerecial viability (and
people will be willing to eat what they produce), there are major implications for the KUP
model. Vertical farms and biofabrication facilities could be included in city centers, out on the
urban periphery, or in industrial centers, depending on the scale that will make them most
financially viable and how much human involvement they require. Small polycultural farms,
enabled by autonomous tractors and drones, could be dispersed throughout cities, in the
spaces between clusters (as in the case of Chinese Lilong) or out on the city’s edge. These
would serve as buffers between communities as well as between the city and the surrounding
natural landscape (Figure 41). Including them would also increase the overall green space and
pervious surfaces. Another advantage is that having all of these food production systems in
cities or nearby ICs would solve the issue of technically capable workers that these systems
require preferring to live in urban areas. Fully leveraging these advancements should reduce
the average land usage per person to such a degree that (very affordable) agricultural land
could be repurposed as callorcially self-sufficient kernel-based cities while also leaving a
significant amount of land to be reforested. Natural landscapes that were destroyed to make
way for agriculture could be nurtured back, thereby increasing ecosystem diversity and

sequestering carbon - perhaps enough to make city construction carbon negative.
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Figure 41. Kernel-based city with significant internal green space (includes some crops), a buffer zone of

crop land (yellow), and natural landscape beyond that.

Independent Infrastructure

The final category of urban services and production systems that | want to briefly touch
on are utilities. Cities provide energy, water, waste management, and now also connectivity.
These functions are critical to the operation of any modern urban environment, but the systems
that facilitate them are all facing disruption. More small scale, distributed options are emerging,
in addition to new versions of larger centralized utility systems. As evidenced by how modern
homes provide functions that were once enabled by wells and other community scale
resources, greater localization of functions increases resiliency and convenience. These smaller
distributed systems do, however, often come at higher costs or with other limitations. Another
important consideration is that, if more functions are housed internally in a building or
community, the broader utility ecosystem ought to reflect this since it no longer needs to
provide those functions. Reimagining homes and other urban buildings in concert with

municipal services enables new possibilities that are far more difficult to achieve in existing



urban environments due to the ubiquitous availability of legacy systems (and in many cases a

legal requirement to connect to those systems).

Energy is the sector set to be most disrupted out of these and it should be
uncontroversial at this point to claim that any new city must be planned to be carbon neutral.
Beyond just electricity, energy includes the oil and gas that have been used for heating
buildings as well as water. Luckily, there are energy efficient options like heat pumps that are
actively being deployed to take on these roles, but electrifying them, vehicles, and most other
functions will require a tripling of total electricity demand.?** Solar and wind have become
exceedingly affordable and their cost declines are expected to continue, which should help to
satisfy this electricity demand.*® In kernel-based cities, solar makes sense on roofs, over top of
the car ports along radial lines, on steeper terrain between community units or around the
urban periphery, and possibly on poles above shade tolerant crops (known as agrivoltaics, this
actually increases yield and reduces water demands).?** Large wind turbines would make more
sense on the edges of cities and around ICs, but microwind turbines might make sense in cities

once their costs decline or efficiency increases.?"

Regardless, certain locations don’t work well for one or the other of these renewables,
solar takes up a relatively large amount of space, and (most importantly) their outputs are
limited by intermittency.?*® This can be remedied to a large degree by pairing them with
stationary storage, which will likely make sense as a standard appliance in any building going

forward in addition to grid scale storage facilities that are paired with renewables (those around
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the city rather than on buildings).”*” Some baseload electricity production will certainly be
necessary, however. In the locations where hydro and geothermal do not make sense (most
places), the best option is next generation nuclear, many of which are well into development
and have numerous benefits: they are much safer, produce less waste, and could potentially be
cheaper.250 Despite being smaller, on average, and safer than traditional light water reactors,
these would be best suited to ICs, where a great deal of energy would be required anyways.
Overall, the distributed energy resources that future cities must rely on come in differentiated
forms that are appropriate for various scales and, therefore, are well suited to a nested

polycentric form.

Connectivity is an urban utility that has become ever more central to cities and their
residents, but the old infrastructure - phone lines, cable lines, 3G antennae - is rapidly
becoming outdated. Though there are high speed, high bandwidth satellite internet services
coming online, fiber will always be cheaper and faster for local or regional connectivity.?'
Compared to gridded street networks, the nested radialconcentric roads of the KUP model are
ideal for laying both fiber optic cable and power lines since they are structured similarly: with
lower capacity lines feeding into high capacity lines, which feed into yet higher capacity lines,
and so on. Antennae for 5G or later versions of wireless infrastructure located in each
community scale center would naturally provide good distribution of coverage, though there
could be multiple dispersed throughout less dense community units. As with all land and

power hungry functions, data centers would make the most sense in ICs where they could

provide low latency access to vast amounts of data and compute for nearby residents.
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?%% and computation®* networks are

Alternatively, decentralized data storage,®? search,
emerging thanks to incentivization and verification of node’s actions via blockchain technology.
If this movement continues to develop and replaces or co-exists at scale with large data
centers, the centers of clusters or groups could be ideal locations for community owned

network infrastructure modules.

Lastly, there are some potential changes on the horizon for municipal water and waste,
though these are far less certain or dramatic than those described above. The drastic
reductions in water consumption that cellular agriculture and vertical farming make possible
would have the largest impact on overall water demand, as agriculture is responsible for 70% of
total water usage. Regardless of municipal water being only 11% of the total, demand varies
greatly by region, as does the availability of natural sources.?®® As a result, there is no
one-size-fits-all solution for sourcing water, but affordable and efficient atmospheric water
generators (which condense water straight out of the air) are now available that can
supplement other sources.”®® Commercial applications of recent nanomaterials breakthroughs
in water filtrations offer the possibility that community units or even individual homes in the
future could recycle most of the water they use.”” This could be furthered by the adoption of

new toilets that process waste internally and produce potable water rather than expelling
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everything into a sewage system.?® In combination with atmospheric water generators, it is
conceivable that groups or even kernels could be designed to be self-sufficient in terms of
water, though it would probably make sense for them to still be connected to city water lines. It
is also worth noting that water pipes (as well as sewage lines if they are included) tend to follow
a similar hierarchical structure as roads, powerlines, and fiber. Since they would all be built at
once along the same routes, this presents the opportunity to create prefabricated modules that
could be assembled onsite, which would minimize construction costs. There are also
advancements underway in solid waste management and recycling, such as FastOx

gasification,?” which are mostly large format industrial processes that are suited to ICs.

This chapter, as well as the previous one, may have seemed like an overwhelming
torrent of speculative applications of not-fully-proven technologies. We cannot know what the
future will bring with any certainty, but planning for many decades to come requires that we
make educated guesses about major trends and their likely impacts. Half or more of the
advancements described above could turn out to be impractical for one reason or another, but
the overall trend towards digitization, automation, decentralization, and localization would
remain - as would the suitability of the KUP model for facilitating them. Similarly, the timeline
on which they reach maturity may be a decade or it may take several, but they are still worth
considering. When planning urban environments that will most likely remain for centuries, it is
critical - especially as the rate of technological advancement continues to accelerate - to
consider these factors as well as the projections of population size and other existing

conditions that urban planners typically look at.
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CHAPTER 6: SOCIETAL OS

While it is important to consider the possible impacts of technology, humans should
always remain at the center of the design equation. In the previous chapters, | spent a great
deal of time discussing the types of resources that people may share within the context of a
kernel and the larger community units they make up. The KUP model is, in fact, specifically
designed to facilitate more common spaces and community-owned resources, but is this a
reasonable thing to optimize for? In other words, do people want to share resources with their
communities? Also, why might it make more sense to plan urban environments around sharing
going forward when the trend has been in the opposite direction for a long time? These are
some of the questions that | attempt to address in this chapter. First, | review some examples of
such sharing practices in the world today before highlighting the recent growth and potential
of sharing economy platforms. Next, | discuss the difference between shared resources, public
resources, and rented resources, as well as why ownership and governance are inalienable
parts of city planning. Finally, | discuss how the KUP model enables the customization of

ownership and governance models for specific community preferences.

The Sharing Economy

The ability to collaborate and coordinate the sharing of resources as well as
responsibilities is the primary factor that has enabled humans to do all that we have. The small,
local communities that most people lived in throughout history tended to be highly engaged,
mutually supportive groups that shared a great deal. In the recent past, however, various
factors disrupted this norm. For instance, many systems that communities used to share have
been incorporated into homes over time, which made access more convenient and eliminated
the need to share. Additionally, wage labor and markets have become the primary means by
which people’s needs are met, in place of local production by essentially self-sufficient villages.
As Yuval Noah Harari frames it, “most of the traditional functions of families and communities
were handed over to states and markets” in the two centuries following the industrial
revolution.?° The reduced need to share was reinforced by social influences that led to

increased individualism as well as urbanization, which in turn yielded development patterns less

20 Yuval N. Harari, Sapiens: A Brief History of Humankind. 356



conducive to community engagement.? It is worth noting that this significant reduction in
community sharing has occurred despite people owning far more possessions that also serve
more specialized functions (i.e. there are more things suited to sharing now). “As our private
world grows in breadth, our public world has become more remote and impersonal. As a result,
our public space lacks identity and is largely anonymous, while our private space strains

towards narcissistic autonomy."”?

A large portion of humanity still lives in small communities that share a good amount,
but these are becoming fewer and more dependent on external forces as time goes on.
Additionally, there are various social movements that have been created as direct
countertrends to the atomization of communities and the replacement of sharing with the cold
hand of the market. For instance, cohousing is a movement that has gained momentum in
recent years, which is simply defined by the inclusion of more common spaces and intentional,
regular engagement among residents - typically in multifamily buildings. Each household still
has its own private space with all of the standard amenities of a home, but they also share
common spaces and regular activities with their co-residents. These small communities, which
are usually made up of 20-40 households, vary in terms of building form, shared spaces, and
community dynamics overall. While the level of engagement differs significantly between
cohousing communities, examples of things they share include tools, gardens, responsibilities
for common areas, and sometimes even vehicles. %* These communities are very similar to
kernels except that they are slightly smaller on average and are independent enclaves that are

constrained by existing urban environments, rather than cells of larger socio-spatial tissues.

German Baugrupen also fall under the umbrella of cohousing, but these apartment

buildings with common spaces are collectively planned and funded by their future residents.**
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Similarly, the groups mentioned in chapter 2 that are knocking down fences and combing
backyards to form “pocket neighborhoods” are part of the countertrend towards
community-scale urban sharing.?*> A more extreme example is Kibbutzim, which are Isreali
communities of 100 to 1,000 members that are highly engaged and organized around systems
of production.?®¢ Initially, these were highly utopian initiatives, in which no possessions were
held individually, all decisions were made collectively, and family boundaries were
deemphasized to place community as the central focus. Over time, most Kibbutzim became
less collectivistic, with private ownership and nuclear family boundaries returning, but they
remain highly engaged communities with strong internal bonds and a large amount of
sharing.?®” Outside of these movements, there is broad agreement among urban planners and

designers that built environments should include more common spaces and shared resources.

While these initiatives exist, they have not gained significant momentum since sharing
community resources presents many challenges as well as benefits. On the one hand,
communities can share resources that individual households would otherwise have to purchase
and store on their own, thereby improving efficiency in terms of cost as well as space. For
instance, kernel-scale communities could share things like AVs, power tools, lawn mowers, and
gardens, among many others. Additionally, aggregating demand can enable communities to
afford and fully utilize resources or spaces that they would otherwise have to rely on larger
entities to provide. Examples include outdoor common spaces and play equipment instead of
parks provided by a city, a well-equipped small gym instead of a commercial gym (or home
equipment), and group or cluster-scale utilities in place of municipal systems. Finally, sharing
spaces and resources catalyzes chance encounters, encourages community engagement, and

strengthens interpersonal bonds as well as trust overall.?¢®
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On the other hand, sharing resources requires both coordination and trust, both of
which become more problematic with increasing group size. Coordinating is a challenge
because the optimal utilization of resources (making sure things are available when they are
needed) requires that all parties plan and communicate their intentions then coordinate in the
case of scheduling conflicts. The complexity of coordination is even more pronounced due to
decision making about collectively held resources, as there are often strong opposing opinions.
Traditionally, this was solved by having a leader who made decisions on everyone’s behalf or at
least individuals with enough authority to coordinate a compromise, but this is clearly a
suboptimal solution. Sharing also requires trust that all involved will do their part in terms of
maintaining spaces, treating equipment well, and generally respecting agreed upon sharing
practices. In small enough groups, concerns over reputation are usually sufficient to ensure
people act according to agreed upon norms. This approach does not scale well, however, as

the average bond strength between members is inversely proportional to a group’s size.

New approaches for overcoming the coordination challenges involved in large-scale
sharing have become feasible in the recent past thanks to the internet and mobile devices.
AirBNB, the short-term home rental website, popularized the idea of sharing economy
platforms, but these have proliferated and now facilitate many other types of “sharing”.
Besides AirBNB, “car sharing” platforms like Turo connect people who are willing to rent out
their vehicles with those that want to rent them, “parking spot sharing” websites like JustPark
connect home owners that have parking spaces they don't need at certain times with those
who do, and Neighbor connects those who have things to store with those that have extra
storage space they are willing to “share”.* A newer example that is somewhat different is
Tesla’s autobidder software, which coordinates the exchange of energy between distributed
energy resources (like home batteries and solar systems), charging those who need energy and

paying those who are producing or storing more than they need.?”°
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Up until now, most of these digital sharing platforms have been run by large, for-profit
corporations that charge a substantial premium for taking on the complexity of matching
supply with demand and bearing the cost of users abusing equipment or homes that are
“shared” with them. These are tremendous innovations that can lower the barrier to access
resources while also providing a revenue stream to those who have them, but this mechanism
cannot be honestly described as sharing. There are many other new forms of software-enabled
peer-to-peer “sharing” that don’t rely on a central entity extracting value. For example,
blockchain networks enable people to get paid for sharing their liquidity (money) for loans®" or
trading,”’? extra graphics processing capacity with those that need rendering jobs done,?”? or
their internet for nearby loT and 5G devices.””* As in the case of intermediated platforms, the
function these provide is more accurately described as lending or trading than sharing since
they connect haves with havenots, which pay the former a fee proportional to their use. While
these platforms currently support purely transactional relationships, they have incredible

potential to replace trusted central administrators in coordinating the actions of many parties.

There have been attempts to create software platforms for coordinating sharing at the
neighborhood scale, but these have not gained significant traction yet. The most successful
example is the Nextdoor app, which is mostly a neighborhood social platform, but people use
it to share resources as well as to coordinate local initiatives.?’* It is still a centrally administered
for-profit application, however, and there are privacy concerns regarding it. By contrast, there

are organizations like Lend-Engine which provides database and account management
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software that communities can use to manage tool libraries.?”’¢ There are various other
applications that connect neighbors for specific functions like avoiding food waste,””” but no
community sharing applications have seen anything like the success of AirBNB. This is, at least
partly, because there has not been a market of defined, engaged communities which already

share a great deal and would benefit from a better system for managing their sharing.

If software could be leveraged to empower communities to manage more commonly
held resources with minimal effort, this would eliminate the need for a third party intermediary
that must extract value to make a profit. There are a number of reasons that the KUP model is
ideal for this sort of intermediate solution - between private ownership and the
corporation-orchestrated lending/borrowing model. The core principle of doing everything on
the smallest scale that is practical reduces the number of people involved, which makes it
simpler to both coordinate and achieve trust. Compartmentalization of functions within clearly
defined community units simplifies decision making processes since the delineation of internal
versus external makes it clear who should have a voice in each decision that needs to be made.
Most importantly, the nested community layers provide the opportunity for different degrees of
(and approaches to) sharing in larger communities versus smaller ones. In addition to variation
across community scales, having heterogenous kernels serve as the basic building blocks allows
for variation between community units of the same scale. Rather than picking between highly
engaged cohousing and total independence, there could be a spectrum of options for people

to gravitate towards based on their preferences.

Another important point is that, while sharing requires some degree of trust, it also
stimulates community bonding and nurtures trust. This “chicken or egg” situation makes
building trust harder to do retroactively. In the KUP model, differentiation of kernels creates a
degree of selective pressure for people who want to live in a similar environment, which should
instill a baseline level of trust from the start. Regardless of which side of the engagement

spectrum a community falls, coexisting with others who have similar preferences should

¢ Lend Engine, "Tool Library Software Powered by The Lend Engine,” accessed May 12, 2022,
https://www.lend-engine.com/software-for-tool-libraries.

277 New Dream, “Top 10 Neighborhood Platforms for Connecting And...," text/html|, New Dream (New
Dream, April 3, 2018), https://newdream.org/,
https://newdream.org/blog/top-10-neighborhood-platforms-for-connecting-and-collaborating.



https://newdream.org/blog/top-10-neighborhood-platforms-for-connecting-and-collaborating
https://newdream.org/blog/top-10-neighborhood-platforms-for-connecting-and-collaborating
https://www.lend-engine.com/software-for-tool-libraries
https://www.lend-engine.com/software-for-tool-libraries

naturally lead to more engagement that further unites them. As will be discussed in the
conclusion, there is the possibility that future kernel (and even group or cluster) members could
self-select to some degree, which should bootstrap trust and further ensure alignment of

expectations.
More False Binaries

At the kernel scale, sharing seems like an appropriate term for collectively owning and
managing spaces or resources. However, as you move up the scale from groups (1,000) to
clusters (10,000) to cities (100,000), the distinction between “shared” and “public” becomes
increasingly muddled. This is because, in reality, there is no fundamental difference - there are
only gradations of publicness or privateness. Urban designers often try to create a hierarchy of
private, semi-private, semi-public, and public spaces, though the binary of private versus public
property that legal systems assume have made this difficult.’’® As one author puts it, “urban
public spaces are perceived as nobody’s or local public authority’s places, rather than
everybody’s places.”?”? The KUP model makes possible a more defined spectrum from private
to public areas, which extends from a bedroom to household common spaces (living rooms,
kitchens, etc.) to common spaces in a kernel then those in group, cluster, and city centers. In
addition to spaces, having defined community units within which resources can be shared

creates a more defined spectrum from private resources to public ones.

Public resources are typically administered by governmental bodies, which coordinate
what needs to be done, charge residents what is needed to fund these shared resources
(through taxes), and serve as the trusted intermediary. Even neighborhood parks, libraries, or
elementary schools are usually overseen by some city or county-wide administration, despite
functionally being neighborhood resources. In democratic places, residents may get to vote
every couple of years on officials that will oversee the department responsible for certain

citywide resources, but there is still a significant disconnect between those making decisions
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and those impacted. This centralization of oversight and the discrepancy between
neighborhood desires and city standards is a common friction point. Even in instances where
neighborhoods have attempted to become more functionally autonomous for internal

functions, cities have often combatted such challenges to their authority.?*

Besides city or county governments managing public resources directly, there are also
highly regulated private companies that administer certain city-wide resources (eg. utilities).
More generally, it is worth considering the distinction between businesses and public or shared
spaces. Is a cafe or a corner store not a community resource for those who live nearby?
Certainly the relationship is different than the one those residents have with a library or park
since access to the resources local businesses provide are paid for at the time of consumption,
rather than once per year via taxes. However, these are really just different models for financing
the things people want, coordinating supply to meet demand, and incentivising people to play
the roles required for these resources to continue to operate as intended. Besides funding
mechanisms, the primary distinction between these private entities and governmental ones

comes down to ownership and oversight (i.e. governance).

It is important to recognize that ownership and governance are two sides of the same
coin. Ownership is really just the legal formalization of decision-making domains as well as who
has what degree of say in those domains. Systems of governance and economics are just a set
of incentive and communication protocols that, respectively, serve to harmonize the actions of
people within or across decision-making domains. From here forward, these two-part systems
will be referred to as societal operating systems (or societal OSs). As with public versus private
and urban versus rural, societal OS models fall along a spectrum. In this case, the spectrum
extends from total private ownership and transactional relationships among all parties
(capitalism and libertarianism) to centrally administered collective ownership (communism and
authoritarianism). Neither extreme, however, actually works as a stable, practical option. For the
former, this is due to a lack of coordination around mutually beneficial functions and a tendency

for power centers to emerge that strengthen over time (thereby straying from the ideal of freely
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transacting individual actors). The other extreme of totally centralized governance always leads
to a disconnect between those making decisions and those impacted, which leads to

inefficiency and discontent (that has historically led to revolution).

Due primarily to these issues, all real world societal OS models fall somewhere in the
middle, usually coexisting as hybrid systems with some resources publicly owned and centrally
managed while others are privately owned and managed via free market dynamics. In the
United States, for example, there are many functions within a given city that are impacted or
fully managed by federal, state, county, and city agencies. All of these are managed in a top
down power hierarchy with someone at the apex that was voted in by different populations.
These public functions coexist (or contend) with private property, condos, HOAs, privately
owned businesses, publicly traded businesses, non-profits, and customer or employee-owned
co-ops. There are good reasons to employ different approaches at different scales, but this
collage of overlapping and competing societal OS models is difficult to tease apart and the

illegibility of decision-making domains results in conflicts as well as gaps in responsibility.

The KUP model’s ability to support varying societal OS models at different community
scales is valuable since there is less trust and more complexity in coordinating collective action
for groups than kernel, cluster than groups, and so on. As a result, more free market dynamics
and privately owned businesses would likely make sense in larger centers, but the KUP model
could facilitate whichever model the residents wanted. There is growing recognition that
property rights need to be reconsidered and modified to ensure cohesion among urban
residents and equitable outcomes. One idea that people have been exploring is community
land trusts, which are membership-based non-profits that collectively own land in order to
ensure affordability for future residents. The incorporation of such approaches to urban land
ownership is being explored for new cities like Telosa,”®' but the potential of having discrete

models of collective ownership at different scales is not being discussed as widely.

People criticize models of collective ownership based on the failure of communist
experiments, but the truth is that they have never lived up to the ideal of communities

collectively owning and overseeing resources. Instead, administration is always done from the

81 Telosa, “Telosa | City of the Future,” Telosa, accessed March 16, 2022, https://cityoftelosa.com/.
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top down. Many people are also strongly opposed to the “privatization” of public resources,
but this is due to (justifiable) concern that for-profit businesses will act selfishly in their
administering of public services. In both cases, issues result from top down, centralized
administration. By contrast, the community-scale sharing that | am describing is characterized
by the scaling down of “public” jurisdictions so that various sizes of “private” communities can
own and manage their own resources. In other words, what | am suggesting is the creation of
nested smaller public domains within cities that functionally blur the lines between public

government and private residents.
A Different W. Deci

The compartmentalization of functions at specific community levels should make it more
feasible for the members of a given community to make decisions relevant to their shared
resources directly. The details of how this works in practice, however, will need to vary by
community. Software can automate many of the routine coordination functions and
dramatically reduce the overhead for sharing resources. There are still many decisions,
however, that need to be made that are not routine coordination tasks. Digital communication
and voting platforms could make it significantly easier for groups to decide what should be
done. At larger scales, however, it becomes increasingly impractical for everyone to be

involved in every decision, especially in the case of time sensitive matters.

The view that differentiated governance models are needed for more community-scale
urban sharing is also present in urban planning literature. One article argues that the sharing

|ll

economy will “require a significant reinterpretation of the role of local governments, businesses
and citizens, which in turn might imply a complex re-organisation of governing.”?®? Even more
specifically, the authors of the Shanghai community life circles study (discussed in Chapter 2)
argued that more community-run businesses and bottom up governance would help to make

that 15-minute city-style approach more feasible.”® This view is echoed in an article that
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studied the implementation of the 15-minute city model in Portland (Oregon), Paris (France),
and Melbourne (Australia). The authors conclude that making this model really work will require
a dramatic shift in social processes as well as the physical arrangement of resources relative to
residences.” The idea that bottom-up, community-led movements could result in more

resiliency is also found in eco-city literature.?®

In one particularly relevant article, the author explores how “urban assets and resources
or the city as a whole can be transformed into sharing, collaborative, cooperative, commoning
ecosystems that enable collective action”. He argues that “a new type of regulatory system...
that aims at transforming people in distributed nodes of collective action” is the best way to
“shift from closed centralized institutions to co-owned, co-managed, and co-produced
institutions for the governance of urban resources.” Doing so should also allow the community
as a whole to capture more of the value of such systems. This will require “organizational
innovations inside city administrative structures, a communication plan with a democratic

digital platform as the central tool,”and initiatives to get residents engaged.”®

Localizing decision making processes to the physical domain which they are relevant to
is in no way a new idea. The United States was planned around the nested jurisdictions of
nation, state, county, and city or town, however modern American cities are far larger than
cities at the time this model was conceived. As a result, the level of disconnect between
mayors or city councils and urban residents has grown. During the Chinese Ming Empire, a
nested governance model called the baojia system was used. Jia comprised 10 families each
and each bao was made up of 10 jia. Each bao had one representative that interacted with the

empire on behalf of all 100 families. This elder coordinated, among other things, the respective
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tax burden of each jia, which in turn determined internally how much each family must

contribute.?®’

There is also recent literature on polycentric governance, though the meaning of the
term is somewhat different in this context than in planning literature and it is more suited to
multi-tier polycentric forms. Some authors describe polycentric governance as governance by
many semi-autonomous, often overlapping governing bodies - including overlapping or nested
layers.?®® In direct opposition to how the term polycentric is used in planning literature, the
emphasis in polycentric governance literature seems to be on the relationship across nested
layers, with less interest paid to relationships between co-equal centers.”®” One paper on the
topic does note, however, that further research into how polycentric governance relates to
networked governance (between jurisdictions of the same scale) would be extremely

valuable.?°

Even more directly relevant to the KUP model is polycentric democracy, which Miiller
defines as "a political arrangement involving a multiplicity of decision centers acting
independently but under the constraints of a democratically supervised and legitimized
framework for institutional competition."?' Essentially, this is just a polycentric governance
model that is democratic at each level, in which the sphere of influence or decision-making
jurisdiction of each layer is clearly defined. This is similar to the city-county-state-nation
structure that exists in the United States. While voting to elect a representative for multiple
nested jurisdictions is a step in the right direction relative to authoritarian governance, it still
suffers from a significant degree of disconnect between those making decisions and those

impacted. The bandwidth of communication in such models is constrained to voting - usually
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between two candidates, every couple of years - and public hearings that are simply not very

effective.

Direct democracy, in which individuals vote on specific issues rather than
representatives, has not been logistically feasible anywhere besides small villages until now.
With secure, real-time digital voting platforms and constant connectivity allowed by mobile
devices, however, the logistical barrier to collective decision making is greatly reduced. As
noted above, a digital voting mechanism is central to laone’s proposal for reforming city
governance for sharing economies, along with a dramatic restructuring of administrative
structures and a shift in academia’s role from the bestower of expert knowledge to facilitator of

self-directed learning.?”?

While these advancements would make direct democracy more feasible than before, it
is still extremely inefficient at scale. As the size of the voting population increases, it becomes
increasingly impractical for everyone to be involved in every decision, especially in the case of
time sensitive matters. Some delegation of responsibilities is required for not only making
decisions, but performing the various (often specialized) roles required for managing and
maintaining shared (“public”) resources. Luckily, there are new tools emerging that make this

more feasible as well.

The rapid adoption of blockchain technology is driving experimentation and iteration
on novel approaches for bottom-up governance of defined, often nested, communities. Simply
put, blockchains are distributed protocols that no central entity has control over, which keep
track of scarce digital assets and allow countless strangers to interact in a rules-based
environment. Finite sets of tokens that represent fractional ownership over some system can be
sold or given away to community members. These can then be used to vote on certain
decisions (typically token-weighted, though quadratic weighting and other options are being

explored), which are enacted automatically based on the outcome.?” There are also
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non-transferable tokens that can be provided to individuals who have had their real world
identity verified on chain, which allows for one-person-one-vote governance.””* Despite initial
skepticism from the academic community and world at large, the potential for blockchain
technology to revolutionize voting, finance, and various other areas is increasingly being
accepted. A paper by Lumineau and colleagues argues that the implication of such systems for
collaboration amongst individuals across many different scales cannot be ignored. They stress
that organizations of all varieties need to begin considering how this new tool for coordination

and achieving consensus could impact them.?”

A common function in blockchain protocols is the “delegation” of tokens to other users
in return for some reward, but this mechanism can also be used to delegate voting power.?”® By
issuing tokens representing fractional ownership of any community resource, it can be defined
as a decision making domain. Partial owners could then delegate their voting rights for this
resource to a community member they trust who is willing to take on that responsibility. This
would usually be someone who is more engaged with or knowledgeable about that specific
community resource. Since delegated tokens can always be reclaimed (though protocol can be
built with undelegating periods), this allows for highly liquid flows of voting power between
delegates if some of them make decisions that their delegators are unhappy with. This organic,
bottom-up consolidation of voting power should make direct democracy more practical while
minimizing the disconnect between those making decisions and those impacted. Especially at
larger scales, more people would be involved and the complexity of decisions would increase

so the need for delegation would increase proportionally.

While | have mostly focused on shared resources, not every business or resource needs
to be community owned and governed, nor does everyone in a given community layer needs

to be a token holder (partial owner). Also, not all token holders would need to be directly
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involved in the operation or maintenance of the corresponding system or space. Some of them
could take these functional roles on and essentially be employees in addition to being
co-owners that are involved in the decision making process. These community owned and
operated resources could also function as businesses in the sense that they could still charge
community members to use them, similar to a community-owned co-op. Many different models
can co-exist, but having various shared systems concentrated in a given community layer would
allow for the same group to own and oversee the same set of related community assets while

managing each as a distinct decision-making domain.

Finally, it is worth noting that any form of governance can be built on top of this
architecture, despite the emphasis placed here on its potential for facilitating bottom-up
decision making. For instance, everyone could agree to delegate their voting power on all
matters to whoever gets the most votes during regular elections, as in a representative
democracy, or every resident could agree to delegate all voting power to a supreme ruler
indefinitely, as in autocratic regimes (though hopefully few would choose to do so). These
software defined governance protocols could also morph over time since they are much easier
to update than urban form, though there is great potential in spaces in parallel with the societal

OS model that will be deployed there.

To reiterate, scaling systems down as much as possible and leveraging digital
communication as well as voting platforms should make it easier for groups to collectively
oversee shared resources. The greatest benefit of deploying this societal OS in the KUP model,
however, is that many different variations can coexist within adjacent or nested community

units, each optimized for the preferences of those who live there.

CONCEYSION MANY PATHS FORWARD, TOGETHER

In this final chapter, | will be discussing some of the practical considerations of building
cities according to this model and how future residents could play a role in the design process.

Additionally, | explore some of the implications it would have for the field of planning if this



were to become the dominant approach to urban development. | covered a large number of

topic in this thesis, however, so it is worthwhile to start with a review of the main points.
Review

The primary goal of this thesis was to identify a better approach for organizing and
constructing urban environments during the coming decades of rapid development. This is a
critical topic because humanity will need to add capacity (home, infrastructure, jobs, ect.) for at
least 5 billion people by the end of the century. Additionally, existing cities are facing enough
challenges before factoring in decades of sustained growth. Using a human-centric design
process to reimagine cities from first principles could conceivably yield alternate development
patterns that better support accessibility, sustainability, community, and a diverse range of

lifestyles.

Current urban development patterns are not categorically different from the way that
cities traditionally grew: via continuous, radial expansion out from a center and densification
that is largely defined by previously laid down streets. The unprecedented scale and pace of
recent urbanization, however, has resulted in a state of chronic disequilibrium between
residents and the resources they rely on. As the symptoms of this process became increasingly
apparent, various 20th century urban theorists proposed alternate layouts for cities and
approaches to scaling. While these also had flaws, such as being overly standardized and
prescriptive, they also had certain insightful design attributes that have reverberated through
decades of urban planning literature. A common characteristic of these proposals was a
modular structure, in which each city or neighborhood unit contained resources appropriate for

the surrounding population.

This general principle of clustering communities around resources they need regular
access to is still found in urban planning concepts like the 15 minute city, urban villages, and
superblocks. Additionally, it seems to emerge naturally over time, as in the case of Linpan and
pocket neighborhoods. While this intuitive design principle can be found at many sub-city
scales, urban planning literature tends to reserve the term polycentric for district or city-scale
centers. It would be very reasonable, however, to employ polycentric layouts at many scales

simultaneously since different types of resources and spaces are suited to different sized



populations. This is exactly what England’s Urban Task Force advocated for in their landmark
study Towards and Urban Renaissance, though many in the field of planning seem to have
bought into Christopher Alexander’s confused arguments against this sort of nested, “tree-like”
urban form. Outside of planning literature and historic development patterns, bottom-up
emergence of holarchies (nested whole-part entities) can be found everywhere throughout

nature.

Designing urban areas according to this nested polycentric layout is best done from the
bottom-up, using heterogeneous community units that serve as building blocks. In order for
these basic community units to benefit from being combined around a common center, they
must be of a similar population. Dunbar’s number and other factors suggest that the ideal size
for these “kernels” is approximately 100 people, though this will need to be confirmed via
research and experimentation. With 8-12 subunits arranged around a center to form each
community layer, the fourth nested layer would be a reasonably-sized small city. Kernels could
vary in size, density, building type, amount of common space, and the presence of sub-kernel
community units. There are certain geometrically sensible ways of combining these varied
kernels in a roughly radial fashion around a common center. Doing so can produce
differentiated groups, which in turn can be assembled into clusters that fit well around a city
center - regardless of topographical constraints. This combinatorial process naturally yields
differentiated environments that are suited to a broad range of lifestyles and community

dynamics.

This urban form also results in a unique street network, compared to traditional gridiron
and radial concentric layouts. The combination of (mostly) on-way ring roads and linear
connections between centers results in a drastic reduction in intersections as well as total
paved surface area. This layout is well suited to autonomous vehicles, which are nearly
technologically mature and are the sensible option to plan any new city’s transport ecosystem
around. The combination of drop-off roundabouts on ring roads and carports along
group-cluster connections should eliminate the need for parking in any center while providing
convenient point-to-point travel and ensuring that AVs have a place to wait (and charge)
between drives. These nested radial concentric street networks also better facilitate commuting
by foot, bike, and micro mobility devices due to the much smaller number of intersections as

well as the clustering of people around the places they will need to go most often. It is



important to note that, while travel between any two points is possible, this model only works
well when the majority of trips are from a person’s kernel to their local group, cluster, or city

center and then back.

Cities are complex, multifaceted entities with many overlapping and interdependent
systems. The utility of any novel urban form can only truly be assessed by considering how all
of these urban functions could be adapted to it. Furthermore, designing cities that will be
around for centuries during this period of rapid technological advancement requires that major
disruptive trends be considered and planned around. This is no easy task to do fully or
concisely, but | attempted to provide a brief overview of the major factors that are likely to
transform where and how: work is done, people access goods and services, manufacturing
takes place, food is grown, and utilities operate. There are a few key takeaways from this
overview. Many functions are being scaled down and relocalized, while others are being fully
digitized or eliminated entirely. These consolidations and more efficient agricultural techniques
should reduce the average land use per person sufficiently for crop land to be developed.
Additionally, it seems probable that most categories of urban functions will be facilitated by a
combination of differentiated resources and spaces that range from smaller, generalized ones
to larger, specialized ones. These will likely coexist and the different scale centers of the KUP

model are ideally suited to supporting all of them.

The defined community units of the KUP model and the presence of community-specific
resources should make sharing a lot more feasible, especially if new software tools are
employed for coordinating this sharing. Different communities - either nested or adjacent -
could adopt their prefered sharing practices, but there should be a relatively strong correlation
between certain kernel or group typologies and the amount sharing among residents. These
factors should create a degree of selective pressure for those with similar lifestyle preferences,
which should, in turn, harmonize residents and strengthen community bonds. With different
nested communities that each have a unique set of shared spaces and systems, there must also
be community-specific ownership models and governance practices (societal OS models) for
these commonly held resources. Ideally everyone who is a co-owner of some “public” resource
should have a say in decisions regarding it. Scaling down and localizing resources helps to
make this direct democracy more feasible, but at larger community scales more delegation of

decision making. The community layers of the KUP model define discrete decision-making



domains, within which voting power can easily be delegated using new blockchain protocols.
This could make bottom-up governance more feasible, but it can also serve as the foundation

for more traditional societal OS models.

Building on this review, it is worth summarizing the types of shared or privately held
resources that are reasonable to expect in different scale community units. Figure 42 provides
an overview, but it is important to stress that these are examples of what resources could make
sense in given centers rather than a prescriptive list. Most of these would be best located in
centers, but there are some examples like parks, crop land, vertical farms, solar power plants,
and carports make more sense as non-central resources. In reality, the specific makeup of
resources in each community unit would be determined by community preferences,

geographic constraints, and year of construction (as a proxy for technological capability).

Kernel Group Cluster City Industrial Center
> Very small gym © Small generic gym O Large gym @ Specialized gyms @ Distribution hubs
> Workshop/shared tools o Larger workshop/tool library  © Track & field/sport courts @ Specialized sport facilities [ ) Specialized fabrication
> Common building: © Coworking space © Secondary school @ College @ silicon chips
> Theater © Primary school/daycare © Specialized workplaces: @ Specialized workplaces: @ Batteries
Large kitchen © Small flexible event space: O Satellite offices @ Dedicated central offices @ General production facilities
- Storage o Religious worship © Some research @ More research @ Data centers
© Garden o Celebrations © Common medical/dental @ Hospital @ Storage warehouses
© Large yard © Large garden/grass field © Small shops/bodega @ Branded stores @ Biomanufacturing facilties
= Pool/hot tub © Small local utilities: © Few restaurants/bars @ Many restaurants/bars @ Vertical farms
> Swing set o Virtual power plant © Mid-sized event space @ Large event space/stadium @ Bulk crop land
> Trampoline o Internet antennae © Park/crop land/vertical farm @ Central park/green belt @ Energy production/storage
Shared AEVs o Water collection/filtration © Mid-sized utilities @ Larger utilities @ Raw materials processing
= Some micro utility systems  © Solar covered carport © Solar covered carports @ Hyperloop/logistics hub [ ) Hyperloop hub/airport

Figure 42. Lists of resources that could reasonably be included in different scale community units.

The following renders should hopefully make this more tangible. Each group center
would likely have a coworking space (Figure 43), which could possibly also be used by the
community for events in the evening, while cluster centers would be appropriate locations for
more dedicated offices (Figure 44). These dedicated spaces could be simple satellite offices or

they could have more specialized equipment and layouts, which should allow them to serve as



research labs, standard medical offices, dental offices, or many other functions. A major benefit
of planning such large developments with the expectation that many people will congregate in
a center is that this allows for taller buildings and thus higher density to be achieved than
would normally emerge in a community of the same scale under normal urban development
patterns. It is worth noting that the cluster center shown in these renders is likely significantly
oversized and less dense would ideally be the case. City center and industrial center renders

were not created simply due to time constraints.

Figure 43. Group center coworking/event space, shown in an abstract cylindrical style.



Figure 44. Cluster center towers with coworking space and floors for dedicated businesses, shown in an

abstract cylindrical style.

In group centers, a community workshop and tool library would probably make a great
deal of sense (Figure 45), even though many kernels would probably choose to share a
significant number of tools and a garage-like workspace regardless. Larger maker spaces would
be suitable for clusters or cities, even though most manufacturing would make sense in ICs
since some smaller scale artisanal production would need to be facilitated. Additionally, these
larger warehouse-like buildings (Figure 46) could also host microfactories, vertical farms,
biomanufacturing plants, large event spaces, or other semi-industrial functions that would be
acceptable near residential areas. These buildings could be in cluster centers (as shown in
Figure 46) or city centers, but would generally make more sense in the gaps between these

larger subunits or on the urban periphery.



Figure 46. Cluster center warehouse, shown in an abstract cylindrical style, that could serve as an event

space, vertical farm, small fabrication facility, or another space hungry function that is needed locally.



Elementary (primary) schools, which could also include daycare, would likely make the
most sense in group centers (Figure 47). Junior high and high (secondary) schools would make
more sense in cluster centers (Figure 48), where they could aggregate demand for specialized
teaching knowledge as well as equipment. These would also be a reasonable place to include

a track and field, as well as other specialized sport facilities. City centers would be more

appropriate locations for colleges, a stadium, and other specialized sport facilities (not shown).

Figure 48. Secondary school with a track and sports facilities, shown in an abstract cylindrical style.



Reduced land usage per person should allow more green space to be included
throughout kernel-based cities, but dedicated natural areas should be included as well. A
generic field, garden, or landscaped park area would likely make sense in a group center
(Figure 49). Clusters could contain dispersed park or agricultural space in the gaps between
groups as well as a larger park, perhaps in between the radial lines leading from its most
distant groups (Figure 50). These would be in addition to the green belt park/pedestrian path

that weaves between inner and outer clusters, a central city park, and bulk crop land on the

urban periphery (not shown).

Figure 49. Group center with a large grass field, rather than a garden or more park-like landscaping.



Figure 50. Park near a cluster center, located between the roads from the most distant groups.

Cluster and city centers would also have pedestrian oriented collections of smaller
buildings for little shops and other businesses (Figure 51). Restaurants, bars, and cafes in the
center could similarly be in pedestrian-oriented small buildings or they could be in a larger
food court-like complex with common seating (Figure 52). Designing a center all at once allows
for this type of synergy among businesses and spaces much more than fragmented
parcel-by-parcel development patterns. There are many more resources that could be included
in the different scale centers, but hopefully these renders have provided a better

understanding of the general distribution.



Figure 52. Stores and assorted businesses in a cluster center, shown in an abstract cylindrical style.



Organic Growth

While | have explored many facets of this proposed urban model, | have not discussed
the development process with any degree of depth. There are many practical considerations
for deploying the KUP model in the real world, especially if it is to be part of the solution for
adding capacity for 5 billion urban residents. Unfortunately, however, this is a master's thesis
that is already quite long. As a result, | will only be able to briefly touch on some of the key

advantages that kernel-based urban development presents.

The largest barriers to building full cities from scratch include government approval,
financing, planning them, actually building them, and convincing people to go live there.?”
Affordability should be less of a problem for kernel-based cities since a large number of
businesses and a great deal of infrastructure would be eliminated while many redundant,
privately owned resources could be replaced with commonly held equivalents. Additionally,
building all at once allows for many synergies in the design process as well as economies of
scale during construction. Most importantly, however, the agricultural land they would be built

on is multiple orders of magnitude cheaper than land in existing cities.

While building a kernel-based city on a green field site may be cheaper than adding
equivalent capacity in an existing city, it would still not be cheap. Convincing investors to
provide the tens of billions of dollars required would be difficult if you are simply relying on the
assumption that “if you build it, they will come”. Many of the green field, full city
developments that have actually been realized have shown that convincing people to move to
a new city can be extremely difficult.?”®*? Furthermore, governing bodies will be reluctant to
take any proposals seriously and engage in necessary discussions without secured financing.

This catch-22 makes gaining any momentum on city development efforts extremely difficult.
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The approach being adopted by Praxis, a recently founded city building organization, is
to unite a group of future residents around a common vision and engage them in the design
process.*® Besides nurturing strong community bonds and ensuring future residents are happy
with what is built, bootstrapping demand this way should make it easier to convince investors
and government agencies to take the project seriously. This approach is an extremely capital
efficient and low risk way to begin developing cities compared with the top-down, nation state

orchestrated build-it-and-they-will-come approach.

The KUP model is ideally suited to this approach of engaging future residents by
involving them in the design process. This is primarily due to its modular form and the
suitability of certain kernel, group, or cluster layouts for specific lifestyles and community
dynamics. The alignment of certain physical and non-physical parameters (such as more private
ownership and less desire for proximity to the city center in dispersed kernels) makes it easier
to create a library of discrete options that residents can pick between. This is important due to
the combinatorial explosion of possibilities which results from the large number of variables
that can be adjusted: kernel layouts, how they are assembled, what resources each community
unit includes, and the societal OS model they implement. Similar to selecting from a number of
colors for a certain product, providing prospective residents with a library of predesigned
archetypes for the most important attributes would simplify the process. This would make
involvement in the design process accessible to people, most of whom have neither the

technical background nor the desire to design their ideal built environment from scratch.

Kernels and larger community units are shared environments that must be suited to
many different individual’s preferences so customization must be a collaborative process
among community members. Beginning by selecting among kernel archetypes and
standardized options for the most important community parameters should make it easy to
match people with similar preferences. A social platform could be built that allows people to
network with potential community members and determine if they are actually a good fit. Since
virtual reality is approaching mass adoption, it should also be possible for prospective
neighbors to spend time together in their selected kernel environment while they decide if they

want to move forward. The platform could conceivably enable these communities to further

30 Praxis, “Praxis Raises $4.2mm Seed Round Led by Bedrock,” accessed May 26, 2022,
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customize their virtual space while spending time in it, using pre-built modular components or
custom ones that they import. In addition to facilitating customization and strengthening
bonds, engaging this way should help prospective community members test out collaborative

decision making via their chosen societal OS.

This idea of social platforms paired with a collaborative world building environment is
not a novel idea, nor is the use of such platforms in democratizing urban design. There are
many examples in urban planning literature where Minecraft*®'*% or Half Life** were used to
engage the public. These have been shown to be useful, but require significant time
commitments to get comfortable building in them. Furthermore, games like Half Life are
constrained by the limited libraries of modular components while Minecraft is simultaneously
too open ended and limited by the coarse grained substrate that its words are built from.*** At
the same time, however, there are also millions of highly engaged players and well organized
communities of builders in Minecraft, which is the best selling game in history and has had the
largest player base for years.’® It seems that many people simply enjoy socializing and building
together, even without the possibility of living in their creations or living with the community

they built them with.

In recent years, the tools for collaboratively building virtual worlds have advanced
significantly. For example, realtime rendering software like Lumion and TwinMotion make it
easy to design realistic environments using simple tools to pick and place plants, furniture,
buildings, and many other elements from libraries of pre-built models. They also allow users to

import custom ones from other 3D modeling applications like SketchUp or from the quickly

3T Ahmed Hanie Elmerghany and Gernot Paulus, “Using Minecraft as a Geodesign Tool for Encouraging
Public Participation in Urban Planning,” G/ Forum ... 1 (2017): 300-314,
https://doi.org/10.1553/giscience2017 01 s300.
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growing online libraries of models that can be used as is or edited. Increasingly, these
platforms are also VR enabled. As intuitive gesture-based controls and voice commands are
incorporated into these platforms, the barrier to entry for component-based virtual world
building should be significantly lowered.** In short, technologies that could help democratize

urban design and make it a collaborative endeavor are nearly mature.

After a self-selected kernel community uses this platform to design their ideal shared
environment and other defining features, they could network with others to form a group.
These group members could then collaboratively decide on shared resources and a societal OS
before repeating this staged process to form a cluster and then a city. At each successive scale,
shared resources would include more infrastructure and businesses or business-like operations.
Designs for these more complex components could be licensed out as franchise-like plug and
play packages that include the designs, specialized hardware components, community resource
management software, and protocols for operation. A marketplace of these “Community
Resource Modules” (CRMs) would create a whole new industry that is analogous to the

smartphone app industry, spurring innovation and creating jobs.

It is worth reiterating that this urban development process is optimized for entire cities
to be constructed all at once, rather than through continuous scaling. It is possible to leave
some extra natural or agricultural space between community units that could be developed
into additional kernels or even groups later on. Only a small number could be added, however,
before creating a discrepancy between the supporting resources in the nearest center and the
demand from the surrounding residents. Some of Dunbar’s later research highlighted how
communities historically grew in population then subdivided to return to more optimal sizes.*”’
Of course, this process cannot be imitated precisely in urban development since moving
buildings is very difficult, but planning and building full cities nearby existing ones is a good

modern approximation. As Howard recommended, regional growth and population capacity

% David Heaney, “Oculus Quest Gets Voice Commands, Link Now Supports AMD,"” December 10,
2019, https://uploadvr.com/oculus-quest-v12-update/.
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expansion should be handled through adjacent replication of cities rather than densification or

center-out scaling.’®

As discussed in Chapter 2, biology also provides evidence that healthy growth is
replication rather than continuous scaling. Aside from resiliency, however, being made of many
cells that are largely self-sufficient makes organisms more adaptable. Evolution can modify the
relationship between these basic units and produce a drastically different form or function
overall without having to significantly modify the cells themselves. At the genetic level, this is
facilitated by the iterative refinement of gene variants through a continuous process of
proliferation and natural selection. If kernel-based urban development patterns were to gain
significant traction, this could stimulate the creation of many differentiated CRMs and novel
ways to organize communities. Similar to genes, this should catalyze competition and natural
selection among the modular options in the marketplace. As a result, each kernel (analogous to
the cellular units of society) or larger community unit would include improved or hybridized
aspects of previously built communities. The resulting process of iterative advancement that

could aptly be called “societal evolution”.

Besides generating new forms and functions, iterative design processes like this
facilitate a process of continual renewal. All systems benefit from periodic resets to clear out
legacy constraints. Just as each new human can benefit from all accumulated knowledge
without being burdened by the habits and worldviews of their ancestors, each new city built
would be free from the limitations of its predecessors while benefiting from their experiments.
While each kernel-based city would be new, having this sort of overarching framework helps to
ensure that all urban development efforts learn from one another and are part of a global
initiative to build towards a better future. Facilitating this sort of coordinated worldwide effort
is exactly the proposition of BIG's masterplanet initiative, though it is particularly focused on
building sustainably.** Given the scale and scope of what must be built in the coming
decades, it seems apparent that some uniting framework is required to ensure the many paths

we take move forward - in different directions, yet - together.

308 Epbenezer Howard, To-Morrow: A Peaceful Path to Real Reform.
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Implications for Cities, Urban Planners, and Allied Fields

In this final section, | want to close by briefly discussing the implications that
widespread adoption of kernel-based development would have for: existing cities and towns,

urban planners and designers, architects and landscape architects, and real estate developers.

The most important implication for existing cities is that they would stop growing if
kernel-based development became the dominant approach to meeting growing demand.
Today’s urban environments are not going anywhere, however. They will remain a critical part of
human civilization for centuries to come, but they face a rough road ahead. Stunting cities'’
growth would cause some new challenges, such as necessitating that they begin to operate in
a more fiscally sustainable manner (i.e. not relying on the expectation of ever increasing tax
revenue to finance a growing debt burden). Overall, however, this transition should allow cities
to focus on adapting to a new normal and achieving a stable equilibrium, rather than fighting

to survive endless growing pains.

It is possible for the KUP model to be adopted in existing cities to some degree,
however, it would require substantial buy-in from citizens and governing bodies since a great
deal would have to change. Beyond political will, the current road network-defined urban form
and building mix in existing cities would constrain and complicate transition efforts. As a result,
the KUP model and alternate societal OS described here would most easily be deployed in
green field developments. Once their theoretical benefits have been proven out elsewhere,

convincing existing cities to change will become more feasible.

Another possibility worth noting is that these developments could be built adjacent to
smaller cities or towns if local residents were open to that possibility. As a result, these existing
communities could essentially grow into kernel-based cities, with the original town or city
becoming just one group or cluster in the new development. This would also take a lot of
political will, but achieving the supermajority approval that would be needed is more realistic
with smaller groups. Local landowners would also have to be willing to sell the land required

and county, or national authorities would have to be okay with it. While this is more feasible



than a complete overhaul of a large city, the necessary parties would likely be much more open

to this idea after the model has been shown to work in some green field developments.

As this document is an urban design thesis for a master’s of urban planning (in college
that also includes architecture, landscape architecture, and real estate), it seems appropriate to
conclude by discussing the implications of kernel-based development for urban planners and
those in allied fields. To be blunt, urban planning needs to change - significantly. After two
years of studying this field, it is not apparent to me why it is deserving of the title “planning”.
As one of my professors noted, "planners tend to follow growth rather than direct it".>"
Unfortunately, planners have limited power to implement changes their research suggests are
necessary while also having inadequate means of determining what the populations they are
planning for actually desire. Both of these limitations stem from the limitations of modern
government and private property rights - specifically, the disconnect between the
representatives making decisions and the citizens they are meant to be supporting. Public
participation in the planning process is extremely limited and the engagement processes that

do exist select for a non-representative subset of opinions.*"

An end to incessant growth would not solve these problems, but it would allow (and
force) the field to change. As it currently operates, urban planning would be more accurately
titled urban growth management - so what will it do if urban growth stops? Instead of creating
ineffective bureaucratic constraints to guide growth based on unreliable forecasts, planners
could focus on mediating discussions among residents to create a vision for their
neighborhood, district, or city overall. Rather than studying problems in greater depth when
there is already broad consensus that they are problems, planners could use their energy to
engage residents to come up with solutions. Since residents are going to have many different
and often opposing opinions, there would still be a need for someone to facilitate this
interaction between parties with different interests. This is never going to be easy, but it should
be more feasible for planners to serve this critical role if they are not overwhelmed by trying to

minimize the worst outcomes from incessant growth.

1% Himanshu Grover, Comprehensive Planning & Implementation Lecture, February 2021.
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It is important to stress this idea that the proper role for urban planners and designers is
as expert mediators, rather than unelected representatives who make decisions for the public.
As the Urban Task Force wrote in their follow up report, “too often, design is imposed on
communities rather than involving them... It is a fragmented process that creates fragmented
environments... Design quality is threatened by an excessive reliance on design codes rather
than design professionals.”*'? Facilitating community-driven urban design is often discussed in

n313

planning literature in the context of Lefebvre’s idea of “right to the city”*" or the growing

discussion around learning from bottom-up design of informal settlements.*"

Just as urban planning is currently a misnomer, urban design today is really closer to
architecture of the public realm. This would remain a critical role in kernel-based developments
as well as existing cities, but the term urban designer should be broadened to also encompass
the design of kernel, group, cluster, and city layouts as the demand for these larger format
designs grows. Similarly, urban planning should evolve to be a field that is dedicated to
empowering communities to holistically plan the construction and operation of these built
environments. This inherently includes many other non-physical components so urban planners

must work at the intersection of many fields.

These proposed roles are a relatively minor transition relative to what many planners
and designers do today, but the widespread adoption of kernel-based development would
essentially eliminate the demand for many other common planning functions. This is because
there is no need for any forecasts, zoning, incentives, or complex development plan approval
processes when planning full cities at once. If growth stopped in existing cities, these functions
would largely become irrelevant there as well. While unfortunate for the career prospects of
those who are only experts in a city’s municipal code and legacy processes, the shift away from

today’s excessive focus on bureaucracy should be viewed as a positive development.

%12 Urban Task Force, “Towards a Strong Urban Renaissance: An Independent Report by Members of the
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Aside from urban designers and planners, this paradigm shift would have major
implications for related design fields. This is primarily because the marketplace of modular
community components would provide many new work opportunities for architects and
landscape architects. Interoperable building variants for a given community layout would be
needed so that communities could customize their aesthetics and internal layouts. Landscape
architects would largely work with urban designers in the creation of community layouts, but
they could also create alternate planting (for different aesthetics and climates) and furnishing
options for those layouts that function as another modular community component. Whereas
most designs today are one off creations for a specific site (or highly standardized suburban

options), these designs could be used many times and improved through successive iterations

based on feedback.

Finally, there are significant implications that kernel-based development patterns would
have for real estate developers. Currently, the vast majority of effort in this field is spent
analyzing sub-markets (housing, retail, industrial, etc.) within existing cities, projecting demand,
assessing available building sites for financial feasibility, and then slogging through
government bureaucracy. All of these roles that real estate developers play in current urban
development patterns would be irrelevant in fully pre-planned green field city development. It
is worth stressing that an enormous amount of effort is dedicated to figuring out what the
customer wants, but future residents explicitly decide what they want in a community-driven
design process. There are many approaches that could be taken in financing kernel-based
cities, however, which real estate developers’ skill sets and knowledge would be valuable. As a
result, the field would not be entirely eliminated, but it would change significantly. Critically,
this would allow the field to transition to a role that is more in line with the well being of

residents, unlike the misaligned incentive structures that drive real estate development today.



- Final Remarks -

| covered a lot in this thesis, but many questions remain. My intention was to prioritize
breadth over depth in order to provide a comprehensive argument for a drastically different
approach to urban development. This is just the first step though - it is meant to be the
beginning of a conversation. My hope is that many urban designers and planners, as well as
those in allied fields, engage with this idea in whatever way they believe would be most
impactful. Numerous master’s theses could be written to critique and further develop the ideas
presented here: whether 100 people is actually the ideal size for kernels or if 8-12 subunits per
layer is the right range; how to optimize nested radial concentric road networks in practice;
how to mitigate the potential downsides of community self-selection and the challenges of
democratizing urban design. | welcome any engagement and feedback, however critical.
Anyone who agrees that my proposed urban development framework could be a powerful
force for positive change should feel free to reach out and help me figure out how to deploy it.
Even if you are not immediately inspired to take action, | hope that you reflect on these ideas
as you move about your urban environment and find your own way to build towards a better

future.
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