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What is architecture’s response to the Information Age? The focus of this thesis project is to 

develop a data-rich design methodology that challenges conventional practice by using “big data.” 

This begins with critical examination of contemporary work that uses quantitative information: 

MVRDV (datascapes) and Carlo Ratti/MIT Senseable City Lab (futurecraft). Next, a methodology is 

developed, which uses two datasets to make informed decisions. The first selects a study city and 

identifies city-wide issues. These problems are then examined on a local scale in the site selection 

dataset. Both datasets utilize a series of evaluative tools (average, sum, subcategory frequency, 

percent normalization) to compare cities/sites and reach conclusions. The methodology applies 

“big data” to select a city (Phoenix, AZ), choose a site (undeveloped park in SW Phoenix), and 

formulate a program that responds to a community’s needs (community farm, STEM programs 

and library, community center, site and neighborhood improvements). The design project is a 

Community Machine, a building that reacts to shifts in data as information is added/updated. 

This machine abandons more conventional notions of form-making for a design that prioritizes 

flexibility, adaptability, and dynamism. In the end, data can democratize the design process, 

uncover unknowns, and expand the traditional scope of architects. Deeper data integration and 

public interaction/input within the conceptual framework are possible future steps for a system 

that is built to improve and change.





| Andrew Gustin | 

1010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101001010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010
1010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101
010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101

010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101

urban data analysis
for a community machine





acknowledgments
David Strauss

Jennifer Dee

Family

Students

for your endlessly thoughtful guidance, enthusiasm, and trust 

for being there from the beginning with astute criticism

for giving me enough support for multiple lifetimes

for pushing, teaching, and helping

Sonia Cohan
for planting the seed

Heidi Grew
for teaching me how to be creative 



contents

1-6introduction

7-30data + design

datascape 11-16

futurecraft 17-30

31-42methodology

players + parameters 37-42

43-86city dataset

city selection 47-54

sources + datapoints 55-62

data organization 63-66

evaluative methods 67-76

totals 77-78

87-110site selection dataset

site options 91-95

sources, datapoints, and organization 96-98

evaluative methods + totals 99-101

site visits 102-110



111-118publicly augmented

119-144site + program selection

site selection 123-127

program selection 128-143

site-specific data 144

145-182community machine

poche tracks 163-166

walls 167-170

floors 171-172

roof 173-174

disassembly + expansion 175

community machine program 176

adaptive site plan 177-182

183-190discussion/conclusion

positives 185-186

negatives 186-187

questions 188-189

data futures 189

191-329+citations + appendix 

list of figures 193-196

notes 197-202

bibliography 203-206

appendix 207-328

attachment 329+







“ I had the idea for FiveThirtyEight while 
waiting out a delayed flight at Armstrong 
New Orleans International Airport in 
February 2008. For some reason – possibly 
the Cajun martinis had stirred something up 
– it suddenly seemed obvious that someone
needed to build a Web site that predicted
how well Hillary Clinton and Barack Obama,
then still in heated contention for the
Democratic nomination, would fare against
John McCain…Most of [political coverage] is
filler, packaged in the form of stories that are
designed to obscure its unimportance. Not
only does political coverage often lose the
signal – it frequently accentuates the noise…
The bar set by the competition, in other
words, was invitingly low. ”

“ Someone could look like a genius simply 
by doing some fairly basic research into 
what really has predictive power in a political 
campaign. So I began blogging at the Web 
site Daily Kos, posting detailed and data-
driven analysis on issues like polls and 
fundraising numbers. I studied which polling 
firms had been most accurate in the past, 
and how much winning one state – Iowa, 
for instance – tended to shift the numbers 
in another. The articles quickly gained a 
following, even though the commentary at 
sites like Daily Kos is usually more qualitative 
(and partisan) than quantitative. In March 
2008, I spun my analysis out to my own Web 
site, FiveThirtyEight, which sought to make 
predictions about the general election. ”

– Nate Silver1

3



Figure 1: Sample FiveThiryEight articles
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This project found its roots in the 

work of statistician/writer Nate Silver 

and FiveThirtyEight (Figure 1). The 

data journalism website has brought about 

a shift in political analysis with articles that 

are based on quantitative information, rather 

than pundit interpretations. In 2008, “the 

FiveThirtyEight forecasts correctly predicted 

the winner of the presidential contest in forty-

nine of fifty states as well as the winner of all 

thirty-five U.S. Senate races.”2 After a series 

of successes and an increase in popularity, 

FiveThirtyEight has slowly expanded its reach 

to include data-rich journalism related to 

politics, sports, science, life, and economics. 

This movement towards data collection/

analysis to uncover valuable information 

is not isolated to journalism. For example, 

modern major league baseball is dominated 

by statistics known as “sabermetrics” and 

multinational tech companies (i.e. Google) 

mine colossal amounts of consumer data to 

enhance services. This is known as “big data,” 

which is a “term that refers to the availability 

of massive amounts of machine-readable 

information. This information is generated by 

the sociotechnical systems in which humans 

are increasingly entangled, by choice or by 

necessity…Since the ‘digital exhaust’ generated 

by these systems is so closely connected to 

our daily lives, it becomes a valuable resource 

for observing processes and interactions of 

society at almost no cost.”3 Overall, collection 

and analysis of quantitative information has 

spread because “the true promise of the 

Information Age isn’t tons of data but decisions 

and actions that are better because they are 

based on an understanding of what is really 

going on in the world.”4

As other fields have rapidly adopted big 

data as a decision-making tool, the question 

becomes what is architecture’s response 

to the Information Age and/or how can 

architecture use big data? This is an 

especially pertinent question considering the 

expansion of the urban environment and 

data collection. There will be as much urban 

fabric constructed over the next forty years 

as the last ten thousand. Every two days, 

more data is collected than the total captured 

between the start of recorded history and the 

last decade. “This information is increasingly 

spatial, and, more than ever, urban in its origins 

and character.”5 

This thesis project, is driven by the fact that 

there is an apparent divide between the 

current practice of architecture and the 

statistical analysis of the Information Age. 
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Although data has always been a part of 

architectural practice, most of this work is 

cursory and those firms who have accepted 

data more readily have barely scratched the 

surface of its potential use. It is the position of 

this thesis that “the practice of architecture, 

which has traditionally been aligned with 

permanence and stability, must change to 

accommodate and take advantage of the 

rapid changes and increased complexities 

of contemporary reality.”6 In response to 

this concept, the focus of this thesis is to 

developed a data-rich design methodology 

that challenges many architectural practices 

that are often unquestioned. This project 

collected a considerable amount of data, 

organized this information into sections, and 

applied a set of evaluative tools in order to 

understand an unfamiliar city, select a project 

site with significant need, and develop a 

program that reflects the demands of a 

community. The results of this data analysis 

are then used to design a Community 

Machine, a responsive building capable of 

adapting to shifting data trends and therefore 

neighborhood need. The following sections 

describe this design methodology that should 

represent the starting point to a data-rich or 

informatic architecture. 

6







“ I consider it unlikely that architecture 
and planning will match the contribution 
Hush Puppies have made to society today, 
let alone approach that of the transistor or 
loop, until a total reappraisal of its particular 
expertise is self-imposed, or inflicted from 
the outside. Designers and architects 
would be better employed in devising new 
languages of comparison from computers, 
then in using them to confirm the obvious.”

– Cedric Price7
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Throughout history, architecture has 

had a relationship with numbers:     

“[f]rom the time of ancient Vitruvian 

geometric ideals to modern Corbusian 

regulating lines and Miesian modular grids, 

architecture has always been bound to (if 

not by) a conscious use of numbers.”8 Data 

has been used to understand zoning/code 

restrictions, analyze context, and make 

performance-related decisions. For the 

most part, however, the usage of data has 

been limited, especially with social data. For 

example, pre-design context research has 

many architects examining the same sets of 

problems and applying similar techniques, 

which ultimately leads to a predictable set 

out outcomes.  This information is often 

unquestioned, untested, and limited in scope 

giving it an undersized impact on the design 

process. The result could be a design that 

does not fully address context, a program with 

missing parts, and/or a building that is not 

entirely appropriate for a site. This is a missed 

opportunity and is illustrative of architecture 

failing to fully accept the Information Age. 

Cities are made up of a complex system of 

urban invisibles (ex: crime, pollution, education) 

that are not readily perceptible to the human 

eye.9 These unseen actors have an impact 

on cities and the understanding of them can 

reconfigure or challenge existing beliefs.10  

Toby Segaran, a computer scientist and 

author, believes that “almost every field is 

becoming more reliant on data analysis for 

advancement.”11 This section will examine two 

contemporary examples (MVRDV and Carlo 

Ratti/MIT) that have given data heightened 

importance in the design process. These 

works were used as a starting point for the 

conceptual framework developed in this thesis 

project.
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datascapes
“ Can we understand the contemporary 
city at a moment when globalization has 
exploded its scale beyond our grasp? Have 
we lost control of its quantities, or can we 
analyze its components and manipulate 
them? Imagine a city that is only described 
by data. A city that wants to be explored 
only as information. A city that knows no 
prescribed ideology, no representation, no 
context. Only huge, pure data ”

– Winy Maas12

In the 1990s, Winy Mass, Jacob van Rijs 

and Nathalie de Vries (MVRDV) began to 

explore the connection between quantitative 

information and the built environment. MVRDV 

wanted to move beyond the arbitrary13 to 

“[leave] behind the critical theory that sought 

a solution outside the boundaries of a given 

system.”14 The firm instead sought to collect 

and analyze information to understand 

the forces that act upon a city.15 The goal 

was to use data to generate unique urban/

architectural forms, guide practitioners 

(architects, planners, landscape architects, 

city officials/policy makers) identify urban 

problems, inform the public, and to begin 

devising design solutions.16 

MVRDV developed a conceptual framework 

that uses quantitative information to 

construct qualitative visualizations known 

as “datascapes.” These are provocative 

three-dimensional maps that convey data-

driven urban designs. Datascapes are “visual 

representations of all the visual and non-

visual influences that have an impact on 

or regulate the work of an architect.”17 The 

images depict “what-if” scenarios that project 

possible futures reflecting legal, environmental, 

11



economic, social, and political pressures.18 In 

this process MVRDV acts as the “’expert’ in 

portraying the ‘abstract systems’ that surround 

our society” through the “acceptance and 

assumption that the reality in which architects 

are attempting to operate is largely quantifiable 

and exceedingly complex.”19 Datascapes 

are not completely objective, however, as 

MVRDV manipulates the information in order 

to develop an emotionally laden argument. 

James Corner, put this plainly when he stated: 

“They differ from the quantitative maps of 

conventional planning in that they image 

data in knowingly selective ways. They are 

designed not only to reveal the spatial effects 

of various shaping (e.g. regulatory, zoning, 

legal, economic, and logistical rules and 

conditions), but also to construct a particular 

eidetic argument.”20 Datascapes, therefore, 

are not the literal interpretations of data and 

statistics as they are often portrayed.21 
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MVRDV’s Datatown (Figure 2) project 

represents a datascape archetype. The 

purpose of this study was to examine 

the consequences of the population of 

the Netherlands increasing by four times. 

Datatown was a hypothetical self-sustaining 

megalopolis found inside of a 400km by 

400km block (160,000,000,000 m2). Using 

computer generated visualizations, the 

firm examined a series of future “what-if” 

scenarios.22 Datatown’s land was divided into a 

list of sectors that were required for sustaining 

life. Datascapes were then constructed to 

examine six of these sectors: living, agriculture, 

CO2, energy, waste, and water. The result was 

a series of abstract dystopic images depicting 

(1999)

extreme scenarios. For example, the living 

sector has 17% of the population living in 

villas, with the remaining 83% in a prodigious 

1.52x1.52x1.26 km housing block.23 This image 

used the monumental living container to 

display the alarming rate of population growth 

and to question current housing typologies/

densities ability to address these changes. In 

the end, “[t]he datascape exposes extreme 

conditions and new spatial boundaries that 

are unexpected. Datascapes have paradoxical 

properties. They are rational because they 

derive from given data; they are irrational 

because the spatial restrictions produce 

extreme and sometime surreal images of the 

area.”24

13



living

agriculture

CO2

energy

waste water

Figure 2: Datatown sectors
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MVRDV’s datascapes started a broader 

conversation related to data’s place in 

an architectural practice. Brett Steele 

wrote that MVRDV’s work brought about 

“[a] renewed attention on the part of the 

architect to his or her own procedures for 

quantifying, analyzing, and transforming 

the organizational and formal features of a 

project.”25 There is, however, a myth associated 

with the firm’s usage of data in the design 

process. MVRDV has produced a series 

of research-oriented books that explore 

possible applications of data in the urban 

environment. For example, FARMAX studies 

densities, DATASCAPES examines hidden 

limitations, and INFRASTRUCTURE looks at 

use.26 Although these projects are interesting 

and filled with evocative images, this work 

does not appear to explicitly translate into 

MVRDV’s built projects (Figure 3-8). There 

is also no evidence of a true data-oriented 

design methodology. If data collection and 

analysis truly is a part of the firm’s design 

process, there is a lack of transparency with 

respect to its use. The datascapes depict 

far-fetched, dramatized, and distorted futures 

that are difficult to grasp as potential realities. 

Does this make them any different than works 

of art?  The projects appear to be loosely 

based on data and “MVRDV’s treatment of 

them as objective research is misleading, 

and counterproductive.”27 These projects 

serve a purpose in expanding the scope of 

architectural rhetoric, but George Weinberg 

suggested “that the calculations and statistics 

presented by MVRDV are not scientific. Can 

this method really be used as an analytical 

tool?.”28 
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Figure 8: The Imprint

Figure 3: The Couch Figure 4: Baltyk

Figure 5: Glass Farm Figure 6: Tetris Hotel

Figure 7: Markthal Rotterdam
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futurecraft
“ The digital revolution – the convergence 
of bits and atoms – is poised to be the 
most radically disruptive change that has 
ever recast the design, construction, and 
operation of our built environment. Just as 
machines brought standardization and high 
output, digital tools can bring dynamism, 
variation, and responsiveness. The question 
now becomes, How will architecture evolve 
in the digital era? ”29

Carlo Ratti and the MIT Senseable City Lab 

provided an updated understanding of 

MVRDV’s datascape known as futurecraft. 

This concept works to “extrapolate from the 

present condition and to place ourselves, 

as designers, in a fictive but possible 

future context with the intent of realizing 

or precluding that future through public 

discourse.”30 Futurecraft does not include 

the development of imaginary utopias/

dystopias (datascape) and it does not set the 

unrealistic objective of solving all the world’s 

problems. Instead, the intention of futurecraft 

is to positively influence a conceivable near 

future. Designers adopting futurecraft must 

propose tangible, rather than abstract, 

design experiments that are “tested in urban 

space and subjected to public debate, a 

process that functions like natural selection 

in biology. The public will eventually steer 

broader technological development toward 

the most desirable future.”31 Futurecraft 

works to challenge traditional methods 

through design experiments that test future 

scenarios, advance urban development, and 

crowdsource.

17



Futurecraft is composed of two overarching 

concepts. First, the theory contends that 

designs should be responsive, sentient, or 

living. Digital tools could be used to link public 

spaces to humanity (Figure 9): “From social 

science to mathematics to economics, we can 

now use this data to address deep questions 

about how humanity lives. Citizens are 

empowered to think, act and transform their 

public space; they are creating a groundswell 

of urban innovation that is only just rising 

today… This is a new era for the global village: 

an internet-mediated space of communication 

and habitation.”32 Futurecraft argues that 

humans are cyborgs dependent on tools 

to survive. Smart phones make up a new 

generation of these tools that can be used to 

manipulate physical space. This could bring 

about a responsive architecture with designs 

that contain a “sensing organ or device that 

enables the organic or inorganic system of 

which it is a part to actively respond to things 

Figure 9: Cybernetic society uses phones to manipulate physical space
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happening around it.”33 A responsive design is 

agile, capable of change, efficient, interactive, 

and personal.34 Futurecraft architecture is 

therefore not fixed, but dynamic and shifting 

based on an information feedback loop.35 The 

result is a city that appears to have a closer 

relationship to living organisms than the static 

built environment that exists today:

“ A living, cybernetic program in spaces of 
dynamic interaction will make architecture 
more like an extension of the body – and it is 
cyborg ‘tools’ that enable the environment to 
respond. Augmented or ‘living’ architecture 
is the large-scale hardware that digital-
physical cyborgs create, plug into, and 
interact with. Active buildings are at once 
an environmental life support, social 
catalyst, and a dynamic set of experiences. 
While congenital digital systems integrate 
seamlessly with human biology, the same 
prosthetic devices interface with the digitally 
augmented environment through real-time 
information flows…Ultimately, technology 
recedes into the background, and interaction 
is brought to the fore. Buildings can be 
simple – rather than voluptuous and 
shocking – but even more integrally vibrant 
and living. ”36

Second, futurecraft calls for a publicly 

augmented design process that more 

accurately reflects a series of social and 

technological trends occurring across the 

globe: urban subversions (Arab Spring, 

Occupy Wall Street, Blackberry Riots, #15M 

Movement), digital fabrication (labs, 3d printers, 

laser cutters), open software (Linux), and 

crowdsourcing (Wikipedia, Kickstarter, social 

media) (Figure 10-13).  Each of these utilize the 

general population to shape environments 

(virtual and physical) and as a valuable 

resource for decision-making.37 Ratti argues 

for a design process that moves beyond the 

“Promethean Architect” at the isolated center 

to a participatory process that leads to designs 

that more accurately reflect the needs of 

users:

“ Why can’t open sourcing, a methodology 
that commands almost limitless potential in 
the digital world (proven time and again by 
the likes of Mozilla, Airbnb, and the Internet 
itself), and which has existed throughout 
the history of architecture, have the same 
transformative effect on contemporary 
design and building practice? Where is the 
Linux of homes or offices or libraries? Page 
through any design magazine – you won’t 
find a building without a signature. The world 
of architecture circles on its well-worn orbit, 
seemingly outside the gravitational pull of 
networked participation. Can architecture 
really remain aloof? The same energetic 
participation that drives Etsy, fantasy 
football, and Tahrir Square could pump 
a collective vigor into architecture. The 
success of software is a direct provocation 
for architecture’s paradigm shift, order of 
magnitude beyond that of the stone arch or 
steel-and-glass construction. How can the 
new tools available to the architect bring 
people together – not only to inhabit, but to 
change, augment, and ultimately create the 
environment around them? ”38

The question becomes: how can the public 

participate without inciting chaos? The MIT 
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Figure 10: #15M Movement   Figure 11: Arab Spring   

Figure 12-13: Digital fabrication works by Neri Oxman   

Senseable City Lab suggested a modified A/B 

method in which digital platforms are used as 

a feedback loop for active engagement in the 

process: “The public can augment – rather 

than replace – the architect.”39 The result is 

a democratized design methodology that 

considers general opinion and community 

needs. The following are four case studies that 

integrate concepts of futurecraft into realized 

and unrealized projects.
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This is a historical example of futurecraft that 

was particularly informative for the design 

project of this thesis. The Fun Palace (Figure 

14-15) was designed by Cedric Price (architect)

and Joan Littlewood (theater director), but 

was never constructed.40 The project was a 

massive, highly-flexible temporary structure 

meant to be a “laboratory of fun.” A series 

of cranes mounted on 75 steel towers were 

used to construct and deconstruct portions 

of the building depending on shifting activity/

program.41 The result was a “form and 

structure, resembling a large shipyard in 

which enclosures such as theaters, cinemas, 

restaurants, workshops, rally areas, can be 

assembled, moved, re-arranged and scrapped 

continuously.”42 Architecture for Price was 

(1960-1964)

performative because it did not require fixed 

rules, “but rather it has to provoke continuous 

dialogue and civic participation.”43 The Fun 

Palace used time as a design tool. The project 

itself was meant to be temporary, but was 

composed of a sequence of events that 

required endless modifications: “For Cedric 

Price architecture doesn’t have to solve 

problems because it works too slowly for 

that; architecture can raise new desires, new 

needs, new impetus.”44 In the Fun Palace, the 

visitor would directly modify the architecture 

depending on changing needs/desires. This 

led to an indeterminacy in the design and 

program and a series of drawings that only 

provide a snapshot of this dynamism.45
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Figure 15: Fun Palace promotional material

Figure 14: Fun Palace program diagram
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The Digital Water Pavilion by Carlo Ratti 

Associati (Figure 16-17) reflects many of the 

ideals of the Fun Palace and futurecraft, but 

translated into built form. The pavilion was 

the entrance to Expo 2008 in Zaragoza, 

Spain, but is still in use today.46 The aim of the 

project was to create a “flexible multifunctional 

space, with a wall composed of falling 

[water] droplets, each precisely controlled by 

digital nozzles to generate patterns, writing, 

or entrances. The result is a space that is 

interactive and reconfigurable. Using sensors, 

each wall responds when people approach, 

parting to become an entrance or an exit. 

Internal partitions can also shift depending on 

the number of people present.”47 The pavilion 

is located under a movable 400mm-thick 

(2008)

roof that is supported by twelve hydraulic 

pistons allowing for varying roof heights.48 

The roof is also the location of the digitally 

controlled solenoid valves that create a 

spatial curtain of water.49 The architecture is 

meant to reflect the needs of its users as the 

building can be turned on/off, lifted/lowered, 

and reconfigured.50 The result is a structure 

that is the “manifesto for digital, responsive 

architecture, the question for designers 

was how to create architecture that was 

also extremely fluid and reconfigurable. The 

resulting structure aims to stand as a possible 

answer to that endeavor: it is fluid in the most 

literal sense of the word, but also fluid in terms 

of being reconfigurable and responsive.51
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Figure 16-17: Pavilion uses water to create space
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Trash Track is a project by the MIT Senseable 

City Lab that examined the movement of 

disposed trash to expose the complexities 

and inefficiencies of existing waste systems.52 

Waste often travels great distances through 

“an elaborate network of transfer stations, 

landfills, and reprocessing plants by truck, train, 

boat, and plane, and is constantly rerouted by 

regulations and markets.”53 Trash Track used 

2,000 remote tracking GPS devices that were 

attached to different types of trash at locations 

across Seattle, WA in order to trace the 

movement of garbage. After initial disposal, the 

(2009)

tagged trash was tracked for three months. 

Some elements of garbage were moved well 

beyond city limits to resting places across 

state and country boarders (Figure 18). The 

goal of the project was to “[reveal] the unseen 

processes of waste removal” in an effort to 

“increase awareness of the environmental 

impact of individual waste generation, and 

encourage citizens to act more sustainably. 

This information would inform infrastructure 

planning at the city, regional, or international 

scale, as well as trash-disposal decisions at the 

individual, human scale.”54
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Figure 18: Tagged trash in Seattle travels great distances
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This is a project by the MIT Senseable City 

Lab that attempts to “[close] the feedback 

loop between people moving in the city and 

the digital real-time data collected in multiple 

networks. It gives the data back to the people 

who themselves generate it through their 

actions, allowing them to be more in sync with 

their environment” while also being able to 

make “decisions on the basis of information 

that reflect the actual state of their city.”55  This 

was undertaken though the development 

of an open platform that combines and 

disperses this live information for use by 

developers, government officials, and the 

public. The goal of this project was not to 

directly address different urban problems, 

but to instead create a centralized location 

that collects and combines this information 

(2010)

(Figure 19). LIVE Singapore! was different 

from many of the other studies conducted 

by the MIT Senseable City Lab because it 

incorporated a combination of very different 

types of information that can be used to 

uncover surprising connections.56 The data 

collected displays many of the island’s “key 

urban networks” including: airport traffic, 

taxi fleet movements, public transportation 

networks, traffic patterns, environmental/

climate conditions, container shipping port 

conditions, cellphone usage, and energy 

demand.57 This information has been used 

for a variety of studies. For example, research 

combined rainfall and taxi traffic data in order 

to understand the effects of precipitation on 

taxi supply and demand in Singapore.58
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Figure 19: Visualizations displaying live information. From top left to right: 
“raining taxis”, “urban heat islands”, “isochronic Singapore”, “real-time 

talk”, “formula one city”, “hub of the world”
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The project outlined in the following sections 

could act as an example of futurecraft as 

the design process includes public input and 

a built form that is responsive. In the end, 

the concepts and ideas presented by Carlo 

Ratti in several publications were particularly 

informative for this thesis. The previous 

projects undertaken that exhibit futurecraft, 

however, are sensor and technology 

dependent. Carlo Ratti’s focus on the “future” 

works to challenge existing conditions, but is 

also limiting because projects/processes have 

to constantly reinvent the wheel. The reliance 

on sensor technology acts as a limiting factor 

because the projects can only collect and 

analyze very specific sets of data. Trash 

Track is a single example of an expanding 

set of projects that tackle a singular problem. 

Although learning about a specific topic in the 

urban environment can be extremely useful, 

systems are so complex and interconnected 

that these studies only display a partial picture. 

In the end, this project attempts to navigate an 

intermediate layer between datascaping and 

futurecraft with a transparent methodology 

that collects a wide range of information to 

understand the present condition to design for 

a better future.  
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“ Coined by media theorist Lev Manovich 
in 2007, the concept of cultural analytics 
can be seen as the consequence of 
ever-increasing computational power to 
manipulate enormous amounts of data 
in real time, the ability of advanced visual 
interfaces to explore these datasets, and 
the desire of researchers to explore such 
resources in new ways. No longer limited to 
advanced scientific research, such tools and 
methods can be applied to areas of social 
and cultural interest forming the arena of 
digital humanities. ”59
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city and site selection datasets are integrated 

into a website and application. These web-

based tools are the point of interaction and 

feedback mechanism for the public. The two 

datasets and public feedback are then used 

to select a site and program. Finally, the entire 

system is incorporated into a Community 

Machine, which is a responsive building that is 

a live reflection of its surrounding community. 

Data points are constantly evolving over time 

and the design of the Community Machine 

reflects this dynamism. The entire system is a 

responsive feedback loop in which continually 

updating and expanding datasets bring new 

results in statistical analysis and a concomitant 

shift in the Community Machine. In the end, 

this method is used in order to select a study 

city, chose a site, and select a program for this 

thesis project.

This project’s goal is to create a 

methodology in which big data 

can translate into a design. A data-

driven design approach requires a new 

design process that reconsiders traditional 

architectural paradigms. A methodological 

system was developed as the project 

progressed and required considerable 

alteration/adjustments from its original 

conception. This should represent the first test 

of an experiment that could be adjusted and 

improved with repetition and expansion.60 This 

thesis tested the developed method with a 

design project that follows the majority of the 

process. Steps not taken are a consequence 

of constraints in time and resources. 

Figure 20 displays a flowchart of the entire 

methodology developed for this project. 

This will be examined in a series of sections: 

city dataset, site selection dataset, publicly 

augmented, site/program selection, and 

Community Machine. Figure 21 displays a 

summary of this method and the interaction 

between parts. The process begins with 

a city dataset used to compare cities and 

indicate problems each has relative to each 

other. This dataset provides the foundation for 

those data points that are examined on the 

local scale in the site selection dataset. The 
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players + parameters

The design methodology developed has three 

fundamental players: arbiter(s), the public, and 

data (Figure 22). Each player contributes to the 

system and inclusion is required for successful 

application of the process.

The arbiter(s) control the system and are 

required to have/use an applicable knowledge 

base in order to make educated decisions. 

This may be the case, but most decisions are 

still directed by the data/evaluative tools. The 

arbiter(s) could be a panel of experts including: 

urban planners, architects, landscape 

architects, city officials, statisticians, data 

scientists, and developers. For this project, I 

acted as both the creator and lead arbiter. 

Assistance from my thesis committee, fellow 

students, and the University of Washington 

eScience Institute also represent arbiter input. 

Throughout the explanation of the method, 

those instances where an arbiter is required 

will be noted.

The public plays an important role that 

requires both active participation and passive 

involvement. The vast majority of the data 

collected in this project is related to human 

populations, their daily lives, and practices. 

Without a public there are no data points to 

draw from as each individual going about 

their daily lives provides valuable passive 

involvement. The methodology, however, 

is also publicly augmented. People have 

valuable knowledge and opinions that can 

act as important data points, especially on 

a local scale. Citizen input represents an 

additional check on the process by pointing 

out mistakes, directing additional avenues for 

data collection, and providing local on-the-

ground advisement. Public participation is a 

clear problem in traditional design practices 

and one this system attempts to address. This 

aspect of the project is completed at only a 

conceptual/framework level.
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Finally, the backbone and ultimate decision-

maker for the entire methodology are the 

data points themselves and evaluative tools 

used to understand and compare them. If the 

arbiter(s) maintain their defined bounds, then 

data publicarbiter(s)

Figure 22: Players of the game

the majority of the decision-making is derived 

from the data. For this reason, undertaking this 

process might uncover unexpected results 

that are outside of what would have been 

traditionally chosen or expected.
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Data collection for this project needs to be 

qualified through a set of parameters that 

bear mentioning. As arbiter of the process, 

I established these parameters in order to 

define the bounds of the datasets. 

The first parameter is to manage the scale. 

This is required from a logistical standpoint 

because this project lacked a data collection 

team and/or the computer coding necessary 

to collect and analyze vast amounts of 

information. Being limited by ability and time 

means that the scale had to be manageable, 

yet large enough to provide a statistically 

significant sample capable of representing 

the process. The city selection section will 

examine how the project’s scale is managed. 

Second, the datasets are composed 

of “unfocused” data. This means that the 

quantitative information collected is not limited 

by topic. Many of the previous design projects 

that incorporate data, including most of the 

work by Carlo Ratti and the MIT Senseable 

City Lab, are focused on specific outcomes 

(ex: Trash Track). Although analyzing a specific 

topic clearly has its advantages and can act 

as a powerful tool, this project is attempting 

to uncover information that was previously 

unknown by casting a wide net to expose 

a broader set of problems. Narrow-topic 

datasets could limit what is discovered and 

effectively handicap the eventual design 

project/Community Machine. In an effort to 

establish an unfocused dataset, information 

includes a wide range of topic areas and 

data was collected with a what-can-I-get-

my-hands-on approach. The goal is to have a 

result that is dictated not by desires/biases of 

a designer, but instead the needs of a specific 

community. In the end, a substantial amount of 

the data collected was accidentally stumbled 

upon. In many cases, the data included might 

not have had a clear design response, but this 

would be the concern of the arbiter(s) later in 

the process.

The third parameter is that data points 

related to a specific topic area must exhibit 

source congruency or standardization. For 

example, a data point related to obesity 

cannot come from two or more sources if 

they are to be compared to one another. 

This does not mean that different obesity/

weight estimates could not be used in the 
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dataset, but that information from each source 

must be compared and analyzed separately. 

Maintaining congruency effectively limits the 

potential pool of sources to only those that 

contain information for each of the study 

cities/sites.

Fourth, all quantitative information that 

undergoes statistical analysis must contain 

values in order to compare cities/sites. All 

datasets in this project do not have instances 

where there is data for a select group of cities/

sites and not others. Omitting data points that 

are missing information was used to limit the 

size of the dataset and standardize evaluation.

The fifth parameter is that the datasets 

did not weight the topic areas on importance. 

This represents an aspect of the process that 

could be criticized and/or adjusted depending 

on the desired result. Weighting importance 

would require substantial arbiter input, which 

is antithetical to the goals of this experiment. 

This could also lead to less unexpected 

solutions as it would essentially direct the 

problems addressed by the Community 

Machine. A relevant example to the datasets 

in this project that used a weighting tool is the 

U.S. News & World Report 2018 Best States 

Rankings.61 This project compared each 

state by seventy-seven metrics across eight 

categories and thousands of data points. For 

the 2018 rankings the following represents the 

categories and their representative weights: 

healthcare 16.1%, education 15.5%, economy 

14.4%, opportunity 13.4%, infrastructure 12.5%, 

crime and corrections 10.6%, fiscal stability 

9.5%, and quality of life 8.1%. The weighting 

was based on two surveys conducted by 

McKinsey and Company that asks the public 

what their level of satisfaction was related to 

different government services and where the 

government should focus resources: “The 

weights for the 2018 Best States rankings are 

based on the average responses from two 

annual surveys: one conducted in the fall of 

2016 that included 11,100 respondents from 

22 states and another conducted in the fall 

of 2017 that included 20,100 respondents 

from all 50 states. Survey respondents 

were adults ages 18 and up who collectively 

represent all U.S. adults. The survey results 

were weighted to be representative of the 

country’s population across all ages, genders, 

ethnicities and household incomes.”62 Overall, 

the U.S. News project provides a foundational 

40



example on how this process could adopt a 

weighting system. The weighting was mostly 

based on public opinion (experts seemed to 

have some say in the process), which acts 

as a relatively objective measurement that 

matches the goals of this project. Without the 

ability to conduct extensive opinion polling and 

not necessarily wanting to adopt the weighting 

outlined above, the datasets in this project are 

unweighted.

Finally, the quantitative information utilized 

in both datasets are made up of “dumb data”. 

This term refers to readily available data points 

collected by a third party. The ambitions of 

this project are not to use high-tech sensing 

equipment that is often the focus of Carlo Ratti 

and the MIT Senseable City Lab. Instead, the 

goal is to gather publicly available data into a 

single usable format. In the age of information 

there are vast amounts of data points being 

collected, especially by various government 

organizations. This project is not advocating 

against using high-tech sensing equipment, 

but instead arguing for the utilization of 

information that already exists. In the end, this 

project combines and analyzes a set of “dumb 

data” in order to come up with a relatively 

smart design solution.
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The uppermost portion of the 

methodology flowchart is comprised 

of the city dataset (Figure 23), which 

uses a compilation of data that is continuously 

updated and expanded to compare cities. 

This section of the conceptual framework is 

considered “live,” but the example carried out 

in this project only captures a moment in time. 

The arbiter(s) use expert knowledge to then 

create a series of evaluative tools that are 

applied to analyze and understand thousands 

of data points. The city dataset is imperative 

because it is used to identify problematic data 

points that can then be examined on a local 

scale in the site selection dataset. The size 

of this dataset (number of data points) does 

not necessarily have defined bounds, but is 

instead limited by time and resources.

public
data

updates

private
data

new
data

dynamic
dataset

expert 
knowledge

algorithm(s)

45



methodology flowchart 
public

arbiter(s)

city dataset

site dataset

Figure 23: City dataset 
portion of methodology

public
data

updates

private
data

new
data

dynamic
dataset

expert 
knowledge

algorithm(s)updates

local
data

algorithm(s)
new
data

site
option(s)

local
mapping

coherent 
visuals

program
option(s)

site 
visit(s)

combine + 
analyze

site 
selection

program
selection

site-specific
data

design
experiment

does it
work?

app + 
website

public
opinion

responsive
system

survey +
input

local
knowledge

understand
data

app + 
website

public

open
data



city selection

Why does the methodology start at the 

city scale? Although conclusions made at 

this level are general, considerable value 

can be gleaned from this information. Cities 

represent highly complex systems that have, 

throughout history, been difficult to grasp. 

Jane Jacobs, in her 1961 book The Death and 

Life of Great American Cities, suggested that 

“[c]ities happen to be problems in organized 

complexity, like the life sciences…[Cities] 

do not exhibit one problem in organized 

complexity, which if understood explains 

all. They can be analyzed into many such 

problems or segments which, as in the case 

of life sciences, are also related with one 

another. The variables are many, but they 

are not helter-skelter; they are ‘interrelated 

into an organic whole.’”63 Jacobs believed 

that planners/architects in the 1960s lacked 

a true understanding of the complexities of 

the city and were therefore unable to identify 

the needs of a place.64 Kevin Lynch agreed 

with this sentiment when he wrote: “Cities are 

too complicated, too far beyond our control, 

and affect too many people, who are subject 

to too many cultural variations, to permit any 

rational answer. Cities, like continents, are 

simply huge facts of nature, to which we must 

adapt. We study their origin and functions 

because that is interesting to know and handy 

for making predictions. Someone might say ‘I 

like Boston,’ but we all understand that this is 

merely a trivial preference, based on personal 

experience. Only a Sunday journalist rates 

Boston in comparison to Atlanta. Scholars 

analyze hard data, such as population, dollars, 

and traffic flow.”65 Collection of data at a 

city scale attempts to uncover the urban 

invisibles that help to define the experience 

of place, but are not necessarily readily 

discernible. Data can be used to understand 

a city at a variety of scales and dimensions.66 

Although quantitative information will only 

provide a partial picture of the city, the age of 

information has proven that there is much to 

gain from its careful study.

Cities are important considering that the 

world is quickly urbanizing: “Some calculations 

suggest that the urban population is increasing 
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by a quarter of a million per day, amounting to 

a new London every month. The year 2008 

was a decisive turning point – when more 

than half of humanity lived in cities – and 

growth has only accelerated since. Statistics 

from the World Health Organization suggest 

that 75 percent of humans might be city 

dwellers by 2050.”67 As cities grow, systems 

become increasingly complex, demanding, 

and difficult to understand. For example, 

consider the natural resources required by 

a metropolis in order to provide the energy, 

food, and water to millions of people.68 Data is 

a tool capable of exposing inefficiencies and 

identifying issues that qualitative and anecdotal 

research might fail to divulge. 

Cities are also useful places to study because 

they are uniquely apt for experimentation. 

Design experiments can be tested under 

various conditions and can often provide 

valuable insights regarding the built 

environment. Economist Edward Glaeser 

suggested as much when he wrote: “The 

city is humanity’s laboratory, where people 

flock to dream, create, build, and rebuild.”69 

Cities, however, are not problems that can be 

solved by plugging numbers into an equation: 

“There is no single paradigm that has come 

to dominate our understating of cities, and… 

there is unlikely to be one.”70 Instead, data 

can be utilized to address problems that 

would have otherwise been left hidden, while 

also allowing for unique design solutions. 

Cities represent useful testing grounds for 

experimentation as data does for the design 

fields. 
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For this project, six study cities were selected 

by the arbiter in a relatively arbitrary process 

of elimination. This represented a reasonable 

amount for data collection and comparison. 

This also meant that there would neatly be 

three at the top and three at the bottom when 

ranking the cities. 

The process of city selection (Figure 24) 

begins by looking exclusively at the census 

designated west because of proximity, 

familiarity, and comparability. Wallace Stegner 

is an important writer (fiction and nonfiction), 

historian, and environmentalist who dedicated 

much of his life’s work to understanding 

this region of the country. Stegner argued 

that the west is not necessarily defined by 

geography, but instead correlates to themes of 

aridity,71 government owned property,72 and a 

distinct western character.73 Most importantly, 

however, the west is linked by the prevalence 

of space.74 It is this vast space that led to an 

urban character that is uniquely American, 

with development that is automobile centric, 

limited/defined only by natural features (less 

about access to natural resources), and 

characterized by sprawl/growth. This is an 

environment that is ripe to account for change 

and, therefore makes for an interesting study.

The following acts as a series of steps that 

were applied in order to select the final six 

study cities. 

The census separates the west into two 

groups of states: Mountain (Arizona, Colorado, 

Idaho, Montana, New Mexico, Nevada, and 

Utah) and Pacific (Alaska, California, Hawaii, 

Oregon, and Washington). The list of potential 

cities began with the 31 metropolitan areas 

in these states that have a population over 

400,000. This limiting factor worked to 

separate the cities from the large towns. 

Next, the two megacities that appeared 

on the list were eliminated. The greater Los 

Angeles and San Francisco areas include 

several cities on the list that are in close 

proximity. The metropolitan area of Los 

Angeles-Long Beach-Anaheim is adjacent to 

Riverside-San Bernardino-Ontario, Oxnard-

Thousand Oaks-Ventura, and Santa Maria-

Santa Barbara. The metropolitan area of 

San Francisco-Oakland-Hayward is adjacent 

to San Jose-Sunnyvale-Santa Clara, Santa 
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Rosa, and Vallejo-Fairfield. Both cities are a 

part of a virtually unending urban area that 

would be better to compare against each 

other than many of the other cities on the 

list. For this reason, it was appropriate to 

exclude Los Angeles, San Francisco, and those 

metropolitan areas adjacent in this study. 

Third, there is an unsurprising aggregation 

of larger urban areas across coastal and 

inland California, which make this the largest 

state by population in the country. When 

selecting study cities, it was appropriate to 

select one inland and coastal California city. 

For this reason, Sacramento and San Diego 

were selected for examination and six cities 

were omitted from the list. 

Fourth, after considering data accessibility, 

especially beyond readily available sources 

(ex: census), there would be an appreciable 

drop in data points for smaller cities. For this 

reason, nine cities were taken off the potential 

study list, as these cities had a metropolitan 

population under one million residents.

Fifth, Las Vegas posed a strong possibility 

of being an outlier because of its unusual 

industries. The unique conditions of Las 

Vegas could skew the results in a study that 

only compares a select set of cities. With an 

abundance of caution, Las Vegas was not 

included on the final list of study cities.

Finally, the list of seven cities remaining 

contains two options located in the Pacific 

Northwest (Seattle and Portland). For this 

project, it seemed logical to select one 

because both cities, although distinct, could 

have a very similar set of problems worth 

addressing. Seattle, in this situation, seemed 

to be the prudent choice because it could act 

as a control in this data-driven experiment. 

This is following the basic tenants of Richard 

Wurman’s First Law, which states: “You can 

only understand something new relative to 

something you already understand.”75

This process of elimination left six study cities 

for examination in the city dataset (Figure 

25): Seattle, San Diego, Sacramento, Phoenix, 

Denver, and Salt Lake City. Geographically, 

this represents an even distribution with two 

cities that are water based (San Diego, Seattle), 

mountainous (Denver, Salt Lake City) and 

inland valley (Sacramento, Phoenix). 
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metro
>400,000 people

Los Angeles | Long Beach | Anaheim CA
San Francisco | Oakland | Hayward CA
Phoenix | Mesa | Scottsdale AZ
Riverside | San Bernardino | Ontario CA
Seattle | Tacoma | Bellevue WA
San Diego | Carlsbad CA
Denver | Aurora | Lakewood CO
Portland | Vancouver | Hillsboro OR/WA
Sacramento | Roseville | Arden-Arcade CA
Las Vegas | Henderson | Paradise NV
San Jose | Sunnyvale | Santa Clara CA
Salt Lake City UT
Tuscon AZ
Honolulu HI
Fresno CA
Albuquerque NM
Bakersfi eld CA
Oxnard | Thousand Oaks | Ventura CA
Stockton | Lodi CA
Colorado Springs CO
Boise ID
Ogden | Clearfi eld UT
Provo | Orem UT
Spokane | Spokane Valley WA
Modesto | CA
Santa Rosa | CA
Visalia | Porterville CA
Reno NV
Santa Maria | Santa Barbara CA
Vallejo | Fairfi eld CA
Salinas CA

la
rg

er
sm

al
le

r

mountain
NV, ID, MT, UT, CO, AZ, NM

pacifi c
WA, OR, CA, AK, HI

west
(US Census 
Designation)

california
coastal/valley redundancies

Phoenix | Mesa | Scottsdale AZ
Seattle | Tacoma | Bellevue WA
San Diego | Carlsbad CA
Denver | Aurora | Lakewood CO
Portland | Vancouver | Hillsboro OR/WA
Sacramento | Roseville | Arden-Arcade CA
Las Vegas | Henderson | Paradise NV
Salt Lake City UT
Tuscon AZ
Honolulu HI
Albuquerque NM
Colorado Springs CO
Boise ID
Ogden | Clearfi eld UT
Provo | Orem UT
Spokane | Spokane Valley WA
Reno NV
Fresno CA
Bakersfi eld CA
Stockton | Lodi CA
Modesto | CA
Visalia | Porterville CA
Salinas CA

mega city
composed of several large metros

Phoenix | Mesa | Scottsdale AZ
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Figure 24: Matrix displays the process of city selection
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On April 3, 2018 The New York Times Upshot 

published an article by Jed Kolko and Josh 

Katz that examined city similarities based on 

job mixes. This article was produced as part 

of a series attempting to identify the eventual 

location of Amazon’s HQ2, but also acted as 

affirmation of the process of city selection 

outlined above. The study argued that city 

similarity can be identified using “job mix, 

which reflects both local advantages and 

history (coal, a port, great universities) and 

local demand (a young population that needs 

teachers, or an older population that needs 

nurses).”76 As a part of the Upshot study, users 

are able to choose a specific metropolitan 

area and a list of the top ten most similar cities 

is generated. When examining each of the six 

study cities chosen in this project, at least one 

of the other cities appeared on the top ten list 

(Figure 26). Although this metric is not perfect, 

and the New York Times admits as much, it 

affirmed selection of these six cities.

Figure 26: What’s your city’s twin?
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Figure 25: Six study cities
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sources + data points

The city dataset was intended to collect a 

wide-range of data points that span a large 

variety of topic areas. This required a wide-

ranging set of sources. Figure 27 displays 

some of the categories of source types for the 

six-city dataset. Data was only collected from 

organizations that were deemed reputable, 

with the understanding that it would be 

difficult/impossible to avoid the use of some 

problematic data points. A major problem with 

data is that it is often collected in an attempt to 

convey a singular story and, therefore, can be 

tampered with or analyzed to present desired 

solutions.  For this reason, the data was 

mostly taken from government sources. The 

dataset in its entirety is also large enough to 

keep potentially problematic information from 

having too much weight during evaluation. 

Government-collected quantitative information 

acted as the backbone for the entire project 

“because of their reliability.”77 The United States 

Census, including the American Community 

Survey and the Population Estimates Program, 

provided demographic information that was 

the starting point for this dataset. Data from 

many different governmental organizations 

were used including but not limited to: 

Environmental Protection Agency, Federal 

Bureau of Investigation, Centers for Disease 

Control and Prevention, U.S. Department of 

Agriculture, National Center for Education 

Statistics, National Oceanic and Atmospheric 

Administration, and U.S. Bureau of Economic 

Analysis. For the most part, the information 

gleaned from these sources required 

considerable searching. There are varying 

levels of transparency regarding access 

to government information. Although the 

Open Data Movement has greatly expanded 

availability, in many cases information was 

very difficult to find and rarely was there 

a publicly accessible central location. It 

took considerable patience and time to 

find information using these organization’s 

websites. The expansion of a central database, 

such as data.gov, could go a long way towards 

consolidating access to valuable information. 

This would have greatly assisted this research 

project, but would also act as a powerful tool 
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nonprofits social media government org.

journals census opinion polls

news organizations indexes private companies

academic research research labs associations

institutesfoundationsorganizations

Figure 27: Dataset source types
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for the government to operate with greater 

intelligence and efficiency.

Opinion polling was also a very important 

source of information in the six-city dataset. 

The majority of survey data included was from 

the management consulting company Gallup. 

This firm was chosen because the website 

has a significant amount of publicly usable 

polling information, conducts non-political 

polling, and is well respected.  The news 

agency FiveThirtyEight rates pollsters “based 

on the historical accuracy and methodology of 

each firm’s polls.” Although this rating is based 

on political polling data, it provides context for 

Gallup’s reliability. Overall FiveThirtyEight gives 

Gallup a “B” based on analyzing the accuracy 

of 79 different poll results, which puts this firm 

in the upper tier in quality.78 Gallup conducts 

considerable polling related to community 

well-being, including various health, safety, 

and economic statistics. The information used 

was derived from small press releases and 

larger publicly-accessible reports. Overall, 

opinion polling was extremely valuable for 

this project, especially because the public 

participation portion of the methodology was 

not completed. 

News organizations also acted as important 

sources in the six-city dataset. This was 

especially the case for those that have 

adopted data journalism. FiveThirtyEight 

and The New York Times’ Upshot represent 

popular examples of these organizations. 

FiveThirtyEight examines politics, sports, 

science, life, and economics using statistical 

analysis, data visualizations, and computer 

programming to uncover and convey data-

rich information. Nate Silver, the founder of 

FiveThirtyEight, described a process for data 

journalism that provides a particularly relevant 

and illustrative example for this project (Figure 

28). This starts with “data collection,” which can 

be taken from polls, experiments, “or scraping 

data from websites.” Next is “organization,” 

which is important to run statistical analysis 

and to create descriptive visualizations. Third 

is “explanation,” which examines the “why” 

and “how” in journalism through “statistical 

tests to look for relationships in the data.” 

Finally, “generalization,” which “is a fundamental 

concern of science, and it’s achieved by 

verifying hypotheses through predictions or 

repeated experiments.”79 This and other data 

journalism websites were useful because 

they provided access to valuable datasets. 

This includes data that these organizations 

statistically analyzed, but also raw information 
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collected from third party sources. For 

example, FiveThirtyEight created a weather 

unpredictability index that was a valuable 

way to rate the six cities based on weather.80 

Overall, much could be learned from the 

work of these organizations (how to manage, 

understand, and apply data), but they also 

provided data points for usage in this project’s 

datasets. 

Figure 28: FiveThirtyEight’s 
data journalism process

From the outset, the goal of this project was 

to include public and private data. Private data, 

for obvious reasons, is difficult/impossible 

for the general population to access. 

Multinational companies, such as Google, 

collect unfathomable amounts of information. 

In an effort to include some of this data, this 

project incorporated material from Google 

Trends. This provides quantitative information 

on Google searches regarding various topics 

largely for marketing purposes. Comparing 

this information between the six study cities 

added an understanding of internet search 

traffic, but only scratched the surface related 

to what these companies could provide from 

a data perspective. Similarly, social media web 

applications collect an aggregation of valuable 

information. This project used trending and 

market data from Instagram, Facebook, and 

Twitter. In the end, this information was mostly 

useless in the context of this project, but was 

nonetheless included as an example. In the 

future, if private data has a safe means of 

distribution, information collected by social 

media and search engines could be included 

in this method’s datasets.

A wide range of nonprofits, organizations, 

institutes, associations, and foundations were 

also useful for data collection. When looking 
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for very specific information related to a topic 

there is almost always a reputable group that 

undertakes studies related to that subject. 

For example, the American Lung Association 

has data points related to lung health and air 

quality. 

Indexes are powerful resources that often do 

not provide base data points, but can be used 

to understand generalizations. In many ways, 

the six cities dataset is an index that compares 

different cities by a series of metrics. The 

Energy Efficiency Scorecard by the American 

Council for an Energy-Efficient Economy is an 

index that was included in the dataset.81 Over 

time, as the city dataset theoretically expands 

and includes a larger amount of information, 

indexes would be less useful. In order create a 

robust dataset for the purposes of this project, 

Indexes were included in an effort to fill gaps 

that might otherwise not be filled.  

Finally, academic research and peer-reviewed 

journals were important (but underutilized 

in this project) sources to gather very 

specific information. An example is research 

undertaken by Southern Methodist University’s 

DataArts project, which includes an Arts 

Vibrancy Index.82 Without the SMU data, 

the city dataset would not have included 

anything related to the arts. This example 

illustrates a major theme in gathering data. 

With considerable digging and refined search 

words, there is information related to almost 

every topic available on the internet. Data 

collection for this project certainly did not 

stop because of a lack of new sources and 

topics. There is virtually a limitless amount of 

information that is accessible. Unfortunately, 

central locations that combine useful 

information are few and far between.

In total, the six-city dataset for this project 

included 67 different sources (Figure 29). If 

this project were to continue, the number of 

sources would only grow with time. To put 67 

sources into context, the U.S. News & World 

Report 2018 Best States Rankings used 26 

sources, despite the thousands of data points 

it took into consideration.83
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ACT | American College of Sports Medicine | American Community 
Survey | American Council for an Energy-Efficient Economy | American 
Lung Association | Association of Religion Data Archives | Asthma and 

Allergy Foundation of America | Attom Data Solutions |  Brookings 
Institute | Bureau of Economic Analysis | Bureau of Labor Statistics | 

Centers for Disease Control and Prevention | CNN | CollegeBoard | County 
Election Offices | County Health Rankings + Roadmaps | Department of 

Agriculture | Department of Energy |  Department of Housing and Urban 
Development | Department of Transportation | ESPN | Environment 

America | Environmental Protection Agency | Environmental Working Group  
Facebook | Federal Bureau of Investigation | Federal Transit Administration 

Feeding America | FiveThirtyEight | Gallup | Google Trends |  Hashtagify  
Instagram | Institute for Health Metrics and Evaluation | Kids Count Data 
Center | Milken Institute | National Assessment of Educational Progress  

National Association of Counties | National Center for Education Statistics 
National Highway Traffic Safety Administration | National Oceanic and 

Atmospheric Administration | National Renewable Energy Laboratory | New 
York Times | Niche | Northwest Climate Toolbox | Open Data Network | Pew 

Research Center | Population Estimates Program | Public School Review  
Reason Foundation | Resource Center for Child and Adolescent Health  

Science | Smart Growth America | SMU National Center for Arts Research  
Substance Abuse and Mental Health Services Administration | Sustainable 
Development Solutions Network | Tax Foundation |  The Institute for College 
Access and Success | Time | Trust for Public Land | TomTom | US Census  

US News | Walkscore | WalletHub | We Are Still In | Yale Program on Climate 
Change Communication

Figure 29: 67 dataset sources
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A potential critique pertaining to the data 

collection for this project was that the data 

points used were at a variety of scales. Initially, 

the goal was to collect information at only the 

metropolitan level. Early into data collection 

it became evident that including information 

at only a single scale would inhibit the size of 

the dataset and topic areas included. For this 

reason, information was incorporated at the 

city, metropolitan, county, and, sparingly, at the 

state level. Bernease Herman, a Data Science 

Fellow and a member of the Research Staff 

at the University of Washington’s eScience 

Institute provided advice on data management 

and evaluation throughout the project. She 

indicated that having varying scales of 

information was accepted practice, especially 

when desired information was found only at a 

specific scope.

The dataset used the most recent information 

available as of January 2018. This research 

project’s duration was so long that much of the 

material used in the dataset was not current 

by the time the project was completed.  

Conceptually, this dataset would continually 

update and respond to changes in information. 

Without a means to do so (programming 

or sophisticated data collection tools), this 

aspect of the project was not completed. 

The dataset, however, still represented an 

adequate example of the process.  A cutoff 

threshold for when data from the original 

source was collected was never explicitly set, 

but very few data points were included that 

were not between 2015-2018. Centralized 

data collection, such as this, could be used to 

encourage updated studies to replace existing 

or outdated data points. Deeper research 

into the various sources might uncover if and 

when included data points are updated, but 

this was not specifically examined as a part of 

this project.  

In total, the six-city dataset included 9,810 

data points (Figure 30). The dataset can be 

found in its entirety in Attachment 1. Although 

it is difficult to put this into perspective, 

opinion polling metrics can be applied to 

aid in understanding the dataset’s statistical 

significance. SurveyMonkey has created a 

“sample size” calculator. The term “sample 

size” refers to “the number of completed 

responses your survey receives. It’s called 

a sample because it only represents part 

of the group of people (or target population 
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whose opinions or behavior you care about.”84 

This calculator requires a population size, 

confidence level (%) and margin of error (%) 

inputs and uses an equation to calculate 

a sample size.  Using the SurveyMonkey 

calculator, a survey of the entire United States 

(325.7 million people) with a confidence level 

of 99% and a margin of error of +/- 2% would 

require a sample size of only 4,161 people. 

The 10,000 data points of this project cover 

more topics than a survey, but are related to 

much smaller populations. Without being a 

statistician, it seems that this dataset is much 

too small from a single topic standpoint, 

but adequate to gain a more general 

understanding. Following the rule of thumb 

that suggests that “the larger the sample 

size, the more statistically significant it is,” 

this dataset, as it is gradually added to and 

expanded, will only become more significant.85 

For the purposes of this project, the six-city 

dataset is most likely in the statistically relevant 

realm and therefore conclusions made should 

not be discounted. 

9,810
data points

67
sources

Figure 30: Robust dataset is statistically significant 

62



data organization
Organizing the data was extremely important, 

especially for the evaluative process. 

Large datasets require intricate systems of 

organization. For example, the U.S. News 

& World Report 2018 Best States Rankings 

are made up of 8 categories, which are 

then broken down into elements related 

to those categories, and are based on 77 

different metrics. MVRDV’s Datatown project 

similarly “collected, sorted and synthesized 

[information] into… six sectors. The data 

were sorted alphabetically into a field of 

‘barcodes’ (lines of information), and later 

resorted to fit practical needs. These barcodes 

can be described as ‘data pods’ or ‘blocks’ 

that collect and store urban information in 

specific categories such as air quality, carbon 

monoxide levels, ozone levels, population 

density, land area, crime rate indexes, etc. 

In Datatown, every datascape (image) deals 

with one or two of these influences, and 

reveals their impact on the design process 

by illustrating their extreme scenarios.”86 

Finally, Nate Silver stressed the importance 

of composing data in such a manner to allow 

for statistical analysis and visualizations. For 

this reason, the six-city dataset was carefully 

categorized for eventual evaluation. 

Figure 31 displays a single path through the 

dataset. The outermost layer of organization 

is made up of 7 different pods. The pods 

represent the general topic areas that are 

included in the six-city dataset: “Safety,” 

“Health,” “Education,” “Environment,” “Existing 

Conditions,” “Economy,” and “Community”. 

The information related to each pod was 

also combined to formulate totals that 

provide a general understanding of the six 

cities. The following represents a very brief 

understanding of some of the information 

included in each pod. The “Safety” pod 

includes information related to crime, traffic/

pedestrian safety, and natural disasters. 

“Health” includes information ranging from 

physical and mental health to statistics 

pertaining to specific ailments. The “Education” 

pod contains topics related to attainment, 

enrollment, and quality but also considers child 

well-being. “Environment” includes climate, 

pollution, energy, and transportation. “Existing 

Conditions” has a wide range of topics 

including demographics, density, and housing, 

but also, important design considerations 

related to access to parks and recreation, 

arts, libraries, and other leisure activities. The 

“Economy” pod includes information related 
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to personal and city economies as well as 

the cost of living and homelessness. Finally, 

“Community” contains data points related to 

pride, well-being, and activism.

Next, the pods are broken down into 

categories. For example, the “Health” pod is 

made up of lifestyle, mental health, physical 

health, healthy eating, health stats, and facilities 

and services categories. This is then broken 

down into subcategories. For example, the 

lifestyle category under the “Health” pod is 

broken down into alcohol, tobacco, sleeping, 

teen pregnancy, and drug sub categories. 

These subcategories are then broken down 

into sub-subcategories. Under the “Health” pod, 

lifestyle category, and alcohol subcategory 

there are use, risk perceptions, dependence, 

and treatment sub-subcategories. Finally, 

these sub-sub categories can then be broken 

down into base data points. 

Organization of the data to this level of detail is 

important because it allows for conclusions to 

be made from generalized totals down to the 

more detailed sub or sub-subcategory level. 

For example, valuable information could be 

gleaned from the results of the “Environment” 

pod that could lead to conclusions, but a more 

detailed response might occur by examining 

the subcategory related to the projected 

cost of climate change.  There are instances 

throughout the dataset where the base 

information is found at the sub-subcategory or 

even subcategory level. This is dependent on 

the amount of detail each level of organization 

includes, with certain parts of the dataset 

containing considerably more information 

than others. For example, the Institute for 

Health Metrics and Evaluation has a substantial 

amount of quantitative information related 

to mortality rates, with detailed material on 

very specific causes of death. On the other 

hand, the dataset has only a single data point 

related to sleep provided by the Centers for 

Disease Control and Prevention. The dataset 

contains an additional pod called “General 

Data,” which is made up of useful information 

(demographic, employment, etc.) that was not 

analyzed using the evaluative tools.  
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Figure 31: Data organization of “health” pod 
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evaluative methods
One of the most important responsibilities 

of the arbiter(s) is to establish methods of 

statistical analysis to reach conclusions from 

thousands of data points. This is what Nate 

Silver would call “find[ing] the signal in the 

noise.”87 With assistance from Bernease 

Herman at the eScience Institute at the 

University of Washington, four evaluative 

tools were developed. Without knowing 

the outcome of these tools from the onset, 

the project adopted four methods instead 

of one in order to confirm results, limit 

reliance on a single tool, and broaden overall 

understanding. Each evaluative tool has 

strengths and weaknesses. The hope was 

that the deficiencies of one method might be 

compensated by the strength of another. The 

term “issue” will be consistently adopted when 

discussing the results of the evaluative tools. 

This term is used to describe when a data 

point is or is not comparatively problematic; 

or represents a possible challenge that a city 

does or does not face.

Three of the four evaluative methods are 

ranking based. A city is given a “1” when a data 

point is deemed to have the largest issue. A 

city is given a “6” when the data for a specific 

city is deemed the least problematic (Figure 

32). The arbiter(s) must evaluate each data 

point to determine what should and should 

not be considered a cause for concern. For 

this reason, the dataset could have points of 

contention throughout based on how each 

ranking was determined. For example, a 

lack of belief in climate change could result 

issue 

1 2 3 4 5 6ranking

Figure 32: Evaluative tool ranking method 
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in the dismissal of the entire climate change 

category.  This aspect of the dataset is 

extremely important because it essentially 

debunks the misconception that this tool 

could exist without human input. The larger 

the dataset becomes; the more information 

experts must rank. The data itself determines 

the path, but the arbiter(s) must guide it.

Each evaluative tool is described in detail in 

the remainder of this section. In order to help 

understand the process, an example taken 

directly from the six-city dataset is broken 

down for each method. This example is 

located under the “Health” pod, healthy eating 

category, and healthy eating subcategory. 

Here, there are two sub-subcategories: one 

provides general statistics related to healthy 

eating and the other contains information 

pertaining to the consumption of fruits and 

vegetables.

Visualizing the different evaluative tools 

was an important means to understand the 

outputs and compare the results between 

methods. For each evaluative tool, a distinct 

data graphic and mode of representation was 

created with a consistent form of organization 

for comparison between tools. These graphics 

are displayed for each of the evaluative tools 

(Figure 40-43) and are shown in detail in 

Appendix A. This series of data graphics would 

not be used for wider public consumption as 

the information requires too much specific 

knowledge related to the evaluative methods 

and the graphics themselves.
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The first evaluative tool is mean/average, 

which is ranking based. The example that is 

used to understand this statistical analysis 

typology can be seen in Figure 33. Examining 

the sub-subcategory of healthy eating, there 

is an opinion poll collected by Gallup that asks 

respondents about their healthy eating habits 

on the previous day. Sacramento has the 

lowest percentage at 64.1% and is therefore 

given a “1” ranking, as the arbiter(s) deemed 

this to be the most problematic. The other 

cities are then ranked 2-6 based off of the 

initial “1” ranking. Since there are no additional 

data points under the healthy eating sub-

subcategory that need to be evaluated and 

combined, this ranking represents both the 

initial ranking, but also the mean value. This 

is a good example of data organization in 

which the base value is found at the sub-

subcategory level, instead of the base.

Next, under the sub-subcategory labeled 

“fruits and veggies,” the base data provided 

by the American College of Sports Medicine 

is ranked using the same strategy. In this 

case, the Phoenix metropolitan area has the 

Figure 33: Mean evaluative tool example 
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smallest population that consumes 2+ fruits 

per day and is therefore given a “1.” Similarly, 

Phoenix has the smallest population that 

consumes 3+ vegetables a day and is also 

given a “1.” The other cities are once again 

ranked based on these initial “1” rankings. With 

two values under the fruits and veggies sub-

subcategory, the mean/average evaluative 

tool is used to combine these rankings and 

provide a new mean/rank that indicates fruit 

and veggie consumption. The dataset, as it 

currently stands, takes these mean values out 

to two decimal points. 

Finally, the mean of the sub-subcategories 

is then averaged to find the healthy eating 

subcategory mean. This process was carried 

out across the entire dataset, through each 

level of organization, and totaled. The means 

that are lower in value (closer to “1”) represent 

cities with greater cause for concern. In this 

example, Phoenix’s subcategory mean value 

is “2.00,” which is by far the lowest value. From 

this information the arbiter could posit that 

Phoenix has issues related to healthy eating.

The mean evaluative tool is useful in 

determining generalizations related to issues 

that each city faces. The mean tool is also 

capable of evaluating those parts of the 

dataset that contain a significant number of 

data points without giving these areas more 

weight when they are combined and totaled. 

The mean tool, however, has a tendency to 

hide extremes. In many cases, those data 

points that represent a comparatively greater 

cause for concern might not be as easily 

identified. As more data points are added, 

there is a better chance that extreme mean 

values from one city loses separation between 

another.
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The next statistical analysis tool is sum. Sum 

is also ranking based and will therefore use 

the initial rankings that were explained in the 

mean/average section. Figure 34 displays 

the same example outlined above with the 

sum evaluative tool. Instead of averaging 

the rankings, they are added together. In 

this example, the healthy eating rank based 

on the Gallup poll is added to the initial 

ranking of consumption of 2+ fruits per day 

and consumption of 3+ vegetables per day. 

This provides a subcategory sum related to 

healthy eating. The sum values that are lower 

represent cities with greater issues. In this 

example, Phoenix has the lowest value at “5” 

and San Diego has the highest value at “16.”

The sum evaluative tool is expedient. It is by 

far the easiest method to complete and it can 

help the arbiter(s) determine those areas of 

the dataset that need additional data points. 

At the same time, sum can quickly provide 

considerable weight to those sections of the 

dataset that contain more information, while 

those with less could essentially disappear.

Figure 34: Sum evaluative tool example 
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The next evaluative method is subcategory 

frequency, which is also ranking based. This 

test takes the results of the mean evaluative 

tool to the subcategory level and then re-ranks 

the cities 1-6 following the same steps outlined 

in the description of the mean evaluative tool. 

In this example (Figure 35), the subcategory 

healthy eating mean has the following values: 

Seattle 3.50, San Diego 5.50, Phoenix 2.00, 

Sacramento 3.25, Denver 3.75, and Salt Lake 

City 2.75.  The cities are then re-ranked with 

the city that has the lowest value given a 

“1.” In essence, this ranking provides a quick 

summary at the subcategory level. Next, at 

the pod level of organization, all subcategory 

rankings are analyzed by the frequency of 

“6,” “5,” “4,” “3,” “2,” and “1” occurring in each 

city. With this test, a higher frequency of “1” 

or “2” represents a city with more problems/

challenges. Figure 36 displays the subcategory 

frequencies for the “Health” pod.  In this 

example, Phoenix has by far the highest 

frequency of “1” rankings, which means that 

health is most likely a cause for concern in the 

Phoenix area. These frequencies were also 

summed and averaged in order to further test 

Figure 35: Subcategory frequency evaluative tool example 
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this evaluative tool, but this only reaffirmed the 

conclusions that were already reached.

The subcategory frequency evaluative tool is 

powerful. It essentially takes the mean method 

to a level of organization (subcategory) 

that is before average values become less 

capable of indicating extremes. This tool is 

able to maintain an association to specific 

topics, which makes it easy to identify causes 

for concern in a city. Overall, the biggest 

weakness in this evaluative method is that it 

does not display differences in values. A city 

could get a “2” ranking and be only a small 

fraction from being a “1”. When examining the 

totals and pulling relevant information from the 

six-city dataset to the site selection dataset this 

is significant.

Figure 36: Subcategory frequency of “health” pod
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The final evaluative method, percent 

normalization, is the only tool that is not 

ranking based. Instead, this statistical 

evaluation measures the difference between 

values. Percent normalization is determined 

using two equations. 

The first equation is used when a higher base 

value is determined by the arbiter to indicate 

greater issue. For example, the Center for 

Disease Control and Prevention has examined 

the suicide rate per 100,000 residents (Figure 

37). In this example, the higher the base value 

or suicide rate, the greater the cause for 

concern. This means that Salt Lake City (Salt 

Lake County) has the most problematic data 

with a suicide rate of 22.2 people per 100,000 

residents. The equation divides a city’s base 

data point by the base data point of the city 

that is indicated as having the greatest issue. 

This is essentially providing the percent 

difference in value between the city with the 

greatest issue and all of the rest. Using this 

equation, the city with the most problematic 

data point will always be given a “1” or 100 

percent. Looking at the example, Salt Lake City 

(Salt Lake County) has the most problematic 

data point and therefore the equation looks 

like this: (22.2/22.2) = 1. Therefore, Salt Lake 

City has a percent normalization value of “1.” 

When comparing this value to Seattle (King 

County), which has a suicide rate of 12 people 

per 100,000 residents, the equation looks like 

this: (12/22.2) = 0.54. This is indicating that the 

value of Seattle’s base data point is 54% of Salt 

Lake’s. 

The second equation is used when a lower 

base value is determined by the arbiter to 

indicate greater concern. This is illustrated 

using the healthy eating example that was 

applied to understand the other evaluative 

methods (Figure 38) In the data from the 

American College of Sports Medicine related 

to the consumption of 2+ fruits a day, the city 

with the lowest base value is considered to 

have the greatest cause for concern, which 

in this case is Phoenix (26.9%). The equation 

is the same as the first but subtracts this 

value from 2. For example, when looking at 

San Diego the equation would look like this: 

2-(36.2/26.9) = 0.65. This is indicating that the 

value of San Diego’s data point is 65 percent 

of Phoenix’s.
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equation 1: higher = greater issue

city x

city with greatest issue

Figure 37: Percent normalization higher=greatest issue

equation 2: lower = greater issue

city x

city with greatest issue
2 -

Figure 38: Percent normalization lower=greatest issue
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Only the base value for each of the data 

points use the two equations outlined. These 

data points are then averaged in order to 

combine values through the different levels 

of organization. For example, the percent 

normalization values for eating 2+ fruits a 

day and 3+ vegetables a day are averaged 

in order to get a sub-subcategory percent 

normalization value. This is then averaged with 

the healthy eating sub-subcategory value to 

form a healthy eating subcategory percent 

normalization.

Percent Normalization is an important 

measurement that displays differences 

in values. This is used to determine the 

numerical contrast between the greatest issue 

and all others. This can be an important tool 

in identifying extremes, which is often the 

most illustrative of what should be examined 

in detail. This evaluative tool, however, takes 

a considerable amount of time to apply 

to a larger dataset. It also does not have a 

logical method for connection between initial 

evaluations, as averaging out the results of this 

statistical test brings with it the same issues as 

the mean tool.
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totals
Each of the evaluative methods were applied 

across all levels of the data organization. Then 

these values were totaled in order to provide 

a holistic or generalized understanding of the 

six cities and the issues that they face. This 

marked an important crossroads because a 

decision was required in order to determine 

how the project progressed. Any of the six 

cities could be chosen for examination in the 

more specific site selection dataset.

In order to continue following the data and 

maintain its position as the most powerful 

decision-maker, this project used the totals 

of the evaluative tools to determine the study 

city that would then be examined on a local 

scale. Figure 39 provides a summary of the 

totals of each evaluative tool. Subcategory 

frequency indicates the number of times a 

city was ranked “1.” In this case, Phoenix has 

substantially more “1” rankings and therefore 

has the greatest cause for concern. The 

city with the lowest sum value has the most 

problematic data points. This is once again 

Phoenix by a significant margin. The percent 

normalization value that is closest to “1.00” 

Figure 39: Evaluative tool totals
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indicates the city has more troublesome data 

points than the others. Phoenix by a small 

fraction has a percent normalization value 

that expresses problems. Finally, the mean 

evaluative method total with the smallest value 

marks the city with problematic data points. 

In this case, Sacramento by one hundredth 

over Phoenix. In the end, Phoenix’s evaluative 

results were either first (3) or second (1) when 

indicating overall issue. Therefore, Phoenix was 

chosen as the study city to examine more 

closely in the site selection dataset.

With Phoenix selected, the six-city dataset 

required reexamination in order to pull out 

the necessary information that could then be 

utilized in the site selection dataset. In order 

to parse this information, the entire six-city 

dataset was filtered at the sub-subcategory 

level to include only those data points where 

Phoenix is projected to have the greatest 

relative issue for each of the four evaluative 

tools (Attachment 1). Next, an additional 

table was created that compares the four 

evaluative methods at the subcategory level 

to understand when each recognized Phoenix 

as exhibiting the greatest issue and to display 

evaluative method congruency (Attachment 

1). This table was then filtered to include only 

those instances where one of the evaluative 

tools indicated Phoenix as having an issue. 

Overall, the four evaluative tools displayed a 

fair amount of congruency. Of the 70 different 

subcategories, categories, and pods that 

indicated the greatest issue in Phoenix using at 

least one of the evaluative methods, 47 were 

across all four.  This congruency suggested 

that it was not necessary to choose one tool 

as the overarching-decision maker.  The two 

tables were then used to determine what data 

points should be examined at a local scale in 

the site selection dataset. These tables acted 

as a list of data trends that guided the next 

phase of the methodology.
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Figure 40: Visualization of mean evaluative tool results
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Figure 41: Visualization of sum evaluative tool results
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Figure 42: Visualization of subcategory frequency evaluative tool results
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Figure 43: Visualization of percent normalization evaluative tool results
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With Phoenix chosen as the 

study city, the next phase of 

the conceptual framework 

was used to directly identify site and program 

options. This was carried out through a close, 

neighborhood-level examination of the city. 

This portion of the methodology flowchart 

(Figure 44) includes local mapping, used 

to determine site options. These potential 

sites are then examined in a local dataset. 

Evaluative tools and site visits were used to 

establish a clear understanding of program 

and site options.
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local
data
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new
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site
option(s)

local
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Figure 44: Site dataset 
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site options
The site selection process began by 

carefully choosing a series of site options for 

comparison using three strategies. First, data 

points that were identified as problematic in 

the city selection dataset were collected at a 

local scale and mapped using ArcMap. The 

vast majority of the quantitative information 

gathered for the second dataset was mapped, 

which helped to make the information spatial. 

Maps are an important tool because they 

“[simplify] the understanding of complex 

urban changes through visual means.”88 These 

maps were examined to identify places that 

exhibit need or appear to have significant 

problems. A select set of these maps can 

be found in Appendix B. Site option selection 

took into consideration many of these maps. 

For example, an especially important source 

was The Trust for Public Land’s ParkServe® 

platform because access to parks and 

recreation facilities was identified as a major 

problem in Phoenix (Figure 45). ParkServe 

is used to help determine the location of 

future parks in order to “make sure our 

collective park resources are going into the 

places where parks are needed the most.”89 

ParkServe uses local GIS information, including 

demographics and existing park locations, to 

mark areas of park need. This powerful tool 

was especially important for choosing site 

options that could then be compared in the 

site selection dataset.

Second, a major limiting factor in choosing 

potential sites across Phoenix was that 

they had to appear vacant. Undeveloped 

property, rather than demolishing and 

rebuilding existing structures, was chosen 

for selecting site options for two reasons. 

First, Phoenix can be characterized as “the 

poster child for sprawl: Before the housing 

crash, developers were building 60,000 new 

homes a year in the deserts at the edges of 

the city. But when the market fell apart and 

some of those new neighborhoods turned 

into instant ghost towns, the city learned 

its lesson and committed to moving in the 

other direction – walkable neighborhoods 

connected by public transit.”90 If Phoenix is to 

transform, much of the open land that exists 

between the patchwork of suburban housing 

and commercial strip malls would need to 

be developed. While the city attempts to 

densify, demolishing existing buildings seemed 

counterproductive, especially considering 

the amount of open land that can be found 
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Park

Park Need
The Trust for Public Land* | 2018

This map was produced using data provided by The Trust for Public Land ParkServe®

Park Service Area (10 min walk)

Moderate Park Need

High Park Need

Very High Park Need

Optimized Park Location 
and 1 mile radius 

Figure 45: Phoenix is in need of park/recreation facilities
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in even the densest parts of the city. Second, 

without having an intimate knowledge of the 

city and not being able to actively explore 

site options on the ground, choosing sites 

for demolishing and redeveloping could be 

considered presumptuous. How can you 

responsibly choose what is demolished 

without having any local knowledge? Vacant 

property was identified using Google Maps 

in both orthographic and street view.  Street 

view was used to specifically note potential 

impediments to future site visits and 

developments. For example, fences, barbed 

wire, no trespass signs, private property signs, 

for sale signs, and evidence of development 

were noted. This was then cross referenced 

with a map called Phoenix Crane Watch 

produced by the Phoenix Business Journal.91 

This map indicates construction projects that 

are in progress or in the planning stages. All 

of these steps were completed in an effort to 

limit the possibility that a study site was under 

development.

The final site option selection parameter was 

to spread the potential project sites across the 

city. Without knowing exactly what locations 

the dataset would identify as exhibiting 

great need, spreading out site options for 

comparison meant that areas of Phoenix 

would not be overlooked. Using the urban 

village map created by the City of Phoenix 

(Figure 46), at least one site option was located 

in each village that contained a significant 

population.

These three parameters led to the selection 

of 22 different sites within Phoenix city 

limits (Figure 47).  Site options were chosen 

without setting definitive size requirements, 

although none of the selected properties 

were under 124,000 sq. ft. In the end, the size 

of the site would be a design consideration 

of the arbiter(s), especially when considering 

the programmatic response to the issues 

identified.
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Figure 46: Map of urban villages in Phoenix
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Figure 47: Map of 22 site options
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sources, data points, 
+ organization
The site selection dataset was used to 

compare the 22 site options to select a project 

site. The dataset is considerably leaner in 

comparison to the city dataset with only 15 

sources (Figure 48) and 2,134 data points. This 

entire dataset can be examined in Attachment 

1. There are three reasons for the smaller size.

First, the site selection dataset is focused. 

It uses conclusions from the city selection 

dataset to determine those issues to examine 

at the local scale. The dataset is economical 

in that every data point included is important 

to Phoenix. Second, preference was given to 

data that could be mapped, which limited the 

scope of the dataset. Finally, available data 

becomes increasingly scarce when looking 

at a smaller scale. There is an apparent 

decline in useful quantitative information 

when moving from the city/metro level to the 

granular neighborhood. This was especially 

true in Phoenix because access to open city 

data is limited. Although this constrained the 

amount of information included in the site 

selection dataset, there was enough applicable 

information to test the system.

Sources for the site selection dataset were 

almost completely government based, as 

information was gathered from the City of 

Phoenix, Maricopa County, the American 

Community Survey (U.S. Census), Arizona 

Department of Health Services, Environmental 

Protection Agency, and the U.S. Department 

of Agriculture. Considerable consumer/opinion 

information was from Simmons Research, 

which is a consumer analytic firm. Most of the 

data collected, especially demographics, was 

from SimplyAnalytics, which is a web-based 

mapping and data-visualization application. 

Most of the remaining sources were included 

in an effort to fill holes in the dataset that were 

too important to ignore, although many of 

these sources were not mappable.

The scale of the data collected, much like the 

city dataset, varied. Information was mapped 

in census block groups, census tracts, urban 

villages (neighborhoods), and zip codes. 

Preference was given to census tracts as this 

scale was both granular enough to understand 

a site and its immediate context, but large 

enough to see when examining the city as 
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Arcmap  |  Google Maps  |  Phoenix Business Journal  |  City of Phoenix  
United States Census - American Community Survey  |  Google  Earth  

Maricopa County | Niche | EASi | Simmons | Arizona Department of Health 
Services | Walk Score | Environmental Protection Agency EnviroAtlas | 
United States Department of Agriculture | The Trust For Public Land

15
sources

Figure 48: The site selection dataset is smaller, but more focused

2,134
data points
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a whole. Much of the information was also 

location specific. For example, the location 

of a fire station, library, park, school etc. The 

data points associated with these points 

found across the city are proximity-based. 

For example, how far is site #2 from a park? 

This was used to understand where program 

that is addressing identified issues is located. 

Many of these point-based values were highly 

influential in program selection.

The data organization was similar to the city 

dataset in that it included data pods related to 

“Safety,” “Health,” “Education,” “Environment,” 

“Economy,” and “Existing Conditions”. The 

“Community” pod was not used in this 

example because Phoenix lacked problematic 

data points in that section. The site selection 

dataset added a “Site” pod that included the 

following information: city owned property, 

proximity to water, topographic challenges, 

and Niche’s zip code grade. Pods in this 

dataset only included categories and sub-

categories because of the dataset’s smaller 

scope. A “General Data” pod included useful 

information related to site location; zip code, 

census tract, census block group, and 

neighborhood/village ID; estimated maximum 

and minimum site sizes, and population/race 

information. Each of the 22 different sites were 

given an identifier name (for example site #14 

was known as “pond and island”). This was 

necessary to keep track of the different sites 

and quickly place them on a map. Notes were 

also taken for each site related to context. For 

example, site #14 had an existing makeshift 

skate park, direct access to the light rail, and 

was located on an abandoned golf course. 

This information did not factor into site 

selection, but was useful to understand the 

different potential sites with their advantages, 

disadvantages, and complexities.
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evaluative methods 
+ totals
The site selection dataset used a similar 

set of evaluative tools, with a couple of 

key additions/changes that were used to 

identify problematic data points for each 

site. Additional methods were included in an 

effort to further separate the sites to make 

selection easier to identify. Local mean, sum, 

and percent normalization were applied in 

the same manner as the city dataset. Local 

frequency was expanded to consider each 

base data point (rather than subcategory) 

and examined the top (“1-4” base rankings) 

and bottom four (“19-22” or equivalent base 

rankings) in issue. The median value of the 

base rankings for each site was an additional 

statistical analysis used in the site selection 

dataset.  

In all, the totals section applies nine different 

evaluative tools to determine which sites 

should be considered for a design project. 

Three evaluative methods; local mean, 

median, and sum; indicate issues for the 

different sites with lower values.  Percent 

normalization demonstrates extreme issues 

with values closer to “1.00.” Local frequency 

was comprised of four different evaluative 

tools. First, frequency of “19-22” or equivalent 

was used to indicate how often a site was 

rated as having comparatively few issues. “Or 

equivalent” in this case means ranked in the 

bottom four in issue. Second, frequency of “1,” 

identifies when a site rates as having the most 

extreme comparative issue on a given topic. 

Third, frequency of “1-4” encompasses those 

sites ranked in the top four in issue. Fourth, 

ratio of “1-4” to “19-22” or equivalent is used to 

give the ranking extremes perspective. The 

final evaluative measure required ranking of 

each of the totals outlined above and then 

averaging this ranking, with a lower value 

representing comparatively more issues.

In order to make sense of all the evaluative 

information, sites whose evaluative method 

results were ranked in the top four out of 

twenty-two were marked. These marks were 

then added together in order to understand 

how each site rated across evaluative tools. 

For example, site #8 (water temple) had four 

different evaluative tool results that were 

ranked in the top four: percent normalization 
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(2), frequency of “19-22” (3), frequency of “1” 

(3), and average ranking (4). This system was 

used to begin narrowing down the list of site 

options. Sites #1 (south mountain), #3 (large 

waterfront), #4 (downtown view), #11(massive 

northeast), and #19 (downtown) did not appear 

in the top four of any of the evaluative method 

results and were therefore removed as site 

options. 

Any of the remaining sites could have been 

selected for the design project. The dataset 

would have identified issues that a program 

could address. In an effort to continue to 

follow the path drawn by the data itself, closer 

examination of those sites marked as being 

within the top four in evaluative method 

results allowed for further filtering. Site #5 

(undeveloped park), #7 (dense west), #18 

(warehouse adjacent) and #22 (cluster) (Figure 

49) stood out as they had seven or eight

instances (next closest was four) in which the 

evaluative tool result was in the top four. At this 

point, however, it proved difficult to select one 

of the sites without visiting.   
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Figure 49: Site selection totals for the top four sites in issue
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site visits
The four sites; #5 (undeveloped park), #7 

(dense west), #18 (warehouse adjacent), and 

#22 (cluster); were visited over four days in 

late September 2018. The goal of these visits 

was to understand and document each of the 

sites, eliminate those that were inappropriate 

for development, and gain familiarity of the 

greater Phoenix area with an emphasis on 

significant architectural projects. In preparation 

for the visit, a site selection visit sites dataset 

was created. This included all of the data 

pertaining to each of the sites that were 

visited (Attachment 1). This was used during 

the site visits to gain familiarity and to point 

out advantages/disadvantages. The following 

represents a short description of the sites and 

some of the noteworthy details.
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This site (Figure 50) is made up of a series 

of smaller open parcels roughly 7 miles 

northeast of downtown Phoenix.  Depending 

on program, the design could span several of 

the parcels or be contained within a single lot. 

The vacant land required for development is 

located within a residential neighborhood with 

a mix of developments, income levels, and 

densities. Most of the site options are fenced 

off, some of which appear to be close to or in 

various stages of development. There still are, 

however, adequate locations for a project. The 

neighborhood does not have sidewalks and 

this presents a significant walkability problem. 

The narrow streets might also be a concern 

with increased traffic. The potential sites are 

located in close proximity to busier streets 

and public transit. The entire area is in close 

proximity to hills/mountains that provide views 

in an otherwise topographically consistent 

region. Many of the site options have existing 

trees. Monte Vista elementary school is 

located nearby, but elongated blocks increase 

the distance from the school to potential sites. 
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Figure 50: Site #22 conditions
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This site (Figure 51) is located on city-owned 

property roughly 3.7 miles northwest of 

downtown Phoenix. A busy six lane road to the 

south is undesirable from a pedestrian traffic 

perspective, but there is a walking bridge not 

far from the site. Middle to low-income single-

family homes are located to the north and 

east of the potential project location. A cluster 

of warehouses defines the western edge of 

the site. There is an adjacent Boys & Girls 

Club and Middle School that have developed 

playing fields and facilities. This makes most of 

the program options outside of a park (clearly 

needed) less relevant. This site option has 

much of the program necessary to combat 

identified local problems already in place.

Figure 51: Site #18 conditions
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The site (Figure 52) is located roughly 11.5 miles 

northwest of downtown Phoenix on a parcel 

behind a large church. The site option is not 

far from, but off of, a six-lane road with public 

transportation. Site #7 is surrounded by middle 

to low-income single-family homes. This 

potential project site was quickly eliminated 

as an option because of a new single-family 

tract housing development. Despite the several 

methods used to ensure the site was vacant, 

a new development was under construction. 

Overall, this proves the need to establish a 

means to check or confirm each set of data.

Figure 52: Site #7 conditions
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This potential site (Figure 53) is located roughly 

13 miles southwest of downtown Phoenix on 

a parcel that has been designated as both 

city-owned and as an undeveloped park. 

The site is located within a middle-income 

suburban neighborhood that has relatively 

new tract homes. The site option is adjacent 

to Dos Rios Elementary School with existing 

playfields. Site #5 is located off of a light 

traffic road that feeds into a busier four lane 

arterial. A series of small flood mitigation green 

spaces and parks are located throughout the 

adjacent neighborhood. Existing pathways 

allow for pedestrian traffic across several 

neighborhoods. Several large farms and 

distribution warehouses can be found in the 

broader area. The general vicinity does not 

have access to public transportation. The 

nearby wastewater treatment plant causes 

the area to smell when the wind is coming 

from the west. The site has views of South 

Mountain Park beyond, providing a desirable 

backdrop. One small commercial strip mall 

serves the larger area with a single grocery 

store and other services. There is also an 

unfinished “phantom” housing development 

nearby that is probably the result of the 

recession.
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Figure 53: Site #5 conditions
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List of case studies visited:

• Shadow Play (Howeler + Yoon)

• Palo Verde Library and Maryvale

Community Center (Gould Evans and

Wendell Burnette Architects)

• The Prayer Chapel (debartolo architects)

• Taliesin West (Frank Lloyd Wright)

• Grady Grimmage Memorial Auditorium

(Frank Lloyd Wright)

• Arabian Library (Richard +Bauer Architect)

• ASU Nelson Fine Art Center (Antoine

Predock)

• Soleri Bridge (Paolo Soleri)

• Chase Field (Ellerbe Becket)

• Optima Camelview Village (David Hovey

and Optima)

• Burton Barr Central Library (Will Bruder).

These Case study visits (Figure 54) were 

instrumental in understanding the architectural 

landscape in Phoenix. This was especially 

important when evaluating possible 

sustainable strategies and material selection. 

The moving parts of Chase Field (roof and 

walls) proved to be particularly influential to 

this project.   

These site visits proved to be extremely helpful 

in the site selection process. Two (#18 and 

#7) of the four were eliminated as options 

because of a new development and adjacent 

program. At this point in the conceptual 

framework, the public is meant to interact with 

the system and the results of the city dataset, 

site selection dataset, and public input are then 

used to select site and program. Even though 

this project was not able to include local 

opinions, an understanding of how the general 

population could participate at a conceptual 

level will first be examined in order to continue 

following the methodology flowchart. Then the 

proceeding section will describe how site and 

program options were eventually chosen.
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Figure 54: From top left to right - Arabian Library, Camelview Village, 
Chase Field, Prayer Chapel, Soleri Bridge, Taliesin West
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The publicly augmented section of 

the methodology flowchart (Figure 

55) was not completed as a part of

this thesis. Time and resources meant it was 

unrealistic to fully integrate this into the project 

(this could be another thesis entirely). For this 

reason, this section will outline a potential 

vision for public participation. Without having 

tested this portion of the project, the following 

should represent a preliminary set of ideas 

that will undoubtedly shift, clarify, and expand 

with further experimentation.
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understand
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Figure 55: Public 
participation portion of 
methodology
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The city and site datasets are integrated 

within a website and mobile application. 

These web-based tools act as the interface 

for citizen engagement and input. Collecting 

opinions through online databases is a 

desirable alternative to public comment 

during community meetings and a powerful 

mechanism for wide-spread participation. 

The development of a website and mobile 

application could follow the example of several 

city government’s 311 systems (ex: Boston, 

New York City) that are designed for citizens 

to report urban concerns (potholes, litter, 

graffiti).92 Then New York City mayor, Michael 

Bloomberg, wrote: “In 2003, we launched 311, 

a nonemergency government information 

and services hotline available to New Yorkers 

twenty-four hours a day, seven days a week. 

Not only did 311 make it easier for New Yorkers 

to get information from the city – and to file 

complaints – it also gave the government 

more information on what New Yorkers were 

concerned about and helped us keep track 

of how well we were doing at addressing 

those concerns.”93 The development of an 

application for this project could easily draw 

from the successes and failures of the various 

311 projects in cities across the country.

From the beginning, this project’s goal was 

to expand and support the Open Data 

Movement: “Open data refers to the concept 

that certain data should be freely available 

to everyone to use as they wish, without 

restrictions from copyright, patents, or other 

mechanisms of control.”94 Over time “access 

may come to be understood as a basic human 

right, what the philosopher Henri Lefebvre 

called ‘le droit a la ville,’ the right to the city.95 

Open data initiatives have broadened since 

the passage of the Freedom of Information 

Act, but the general population is still unable 

to access a considerable amount of useful 

information.  Unrestricted access has allowed 

many to actively improve their quality of life. 

For example, open public transportation data 

has led to the development of smartphone 

applications that display live bus and train 

schedules.96 This project fills an apparent void 

by providing a centralized location (website 

and mobile application) for the distribution and 

collection of a wide variety of open-source 

information. This data is a powerful tool in this 

methodology, but could have ramifications well 

beyond its original scope.   

Full transparency would give the public the 

opportunity to provide feedback on the 

datasets. For example: indicating missing data 
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points, supplying alternative or new sources 

of information, and pointing out mistakes. If 

both datasets are continuously expanding, 

arbiter(s) could utilize the general population 

as a resource. A relevant example of this is the 

open-sourced operating system Linux where 

users can manipulate and improve code: 

“users have written fifteen million lines of code, 

which to develop by traditional proprietary 

(read: Microsoftian) methods would cost an 

estimated three billion dollars.”97 The public 

could be an important source of labor by 

updating, enhancing, and expanding datasets. 

Citizen engagement would outperform 

the arbiters, but would also further define 

their roles. The general population would 

be “guided, moderated and nurtured by 

editors who can make decisions from the top 

down. This editorial role, more than that of a 

gardener, a middle-man or a programmer, has 

a broader orchestrating function. He will have 

qualities of each, but simultaneously take on 

an entirely new character, in the context of a 

digital and networked world. It is a plural figure 

that could be called ‘the choral architect.’”98 

A substantial portion of information could 

be translated into data graphics to greatly 

improve the public’s data literacy and 

increase the quality of reflection: “Information 

visualization is an interdisciplinary area that 

intersects graphic design, human-computer 

interaction, computer graphics, and data 

mining. Its objective is to synthesize large 

amounts of data for broad audiences, creating 

and clarifying messages from data.”99 For a 

project that includes an extensive amount 

of information, coherent visualizations might 

be the only way for the public to quickly gain 

an understanding and formulate generalized 

conclusions. Graphics can be applied to limit 

what Richard Wurman calls “information 

anxiety,” which “is caused by the gaps 

between what we understand and what we 

think we should understand.”100 The datasets 

for this project are found within Microsoft 

Excel sheets that are not appropriate for 

wide-spread consumption. Data visualizations 

(interactive graphics, charts, graphs, and 

maps) would be necessary in a website and 

mobile application.

The web-based tools would include open 

access to data, contain coherent visuals, and 

explain the methodology. This information 

could be examined by the local population in 

order to provide valuable input to the arbiter(s), 

which would be especially important when 

considering site and program decisions. Locals 

have an on-the-ground perspective that the 
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datasets and arbiter(s) often lack. For example, 

a proposed site could have undiscovered 

problematic features that would hinder a 

project’s development or program options 

could not have the popularity necessary to 

warrant approval. A participatory community 

is an important ingredient in this conceptual 

framework because it acts as a check and 

balance on the datasets and works to fill gaps 

in information.

The mobile application and website would 

collect the vast majority of public input 

through surveys and questionnaires. These 

tools would allow the arbiter(s) to quickly gain 

valuable input to help make project-specific 

decisions. Surveys are an important apparatus 

for gathering information because the results 

are structured in a manner that make for 

straightforward analysis and interpretation. 

This system could follow the example of 

SurveyMonkey and other opinion polling 

firms who are well versed in gathering and 

deciphering public opinion. Survey questions 

would be tested and refined in order to collect 

the most useful information and maintain 

citizen engagement.

In the end, the goal for the public interface is to 

be easy to operate and to encourage wide-

spread use. The general population, in turn, 

could utilize the website and mobile application 

to provide valuable information throughout the 

entire process. Public participation would be 

continuous. An engaged community would 

assist in management of the datasets, site 

and program selection, design considerations, 

and built project program alterations. The 

local residents, “by participating…feel they 

are bettering their community, building 

strong networks and creating change from 

the ground up.”101 The methodology in this 

project is a collective effort, with the datasets, 

arbiter(s), and public participating in the 

decision-making process that ultimately 

contribute to site and program selection.
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In this portion of the methodology, inputs 

from the city dataset, site selection dataset, 

and public are considered in order to select 

site and program (Figure 56). Since this project 

was unable to be publicly augmented, this 

section will outline how site and program was 

selected. In the end, the project continued to 

follow the data as it was the most powerful 

decision-making tool.
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site selection
The site selection dataset and subsequent site 

visits narrowed the possible project locations 

to two realistic options: #22 (cluster) and 

#5 (undeveloped park). At this juncture the 

arbiter(s) must utilize an applicable knowledge 

base to examine the data in order to choose 

a site. In the end, the goal of site selection is 

to determine the location with the greatest 

perceived need.

With advice from Bernease Herman at the 

University of Washington eScience Institute 

and considerable thought towards the 

advantages/disadvantages of the different 

evaluative methods, the local frequency 

statistical tool was given more weight in the 

decision-making process (Figure 57). This is 

because of its ability to identify extremes. 

The local frequency figure shown displays 

the data points rated as having the greatest 

comparative issue in red and the least in blue. 

Darker red indicates a “1” ranking and the 

lightest red represents a “4.” This means that 

if a specific site has considerably more red 

values, then it has comparatively more issues. 

And, if a site has more dark red values, then 

it has comparatively more extreme issues. 

For this project it was most important to 

choose the site with the most identified and 

comparatively extreme issues. This would 

allow for a design intervention to have the 

greatest impact on a local community.  Site 

#5 (undeveloped park) has not only the most 

values indicating issue (“1-4” rankings, red), 

but also the most values indicating the most 

extreme issues (“1” rankings, dark red) out of 

all the sites examined. For this reason, site 

#5 (undeveloped park) was selected for this 

design project as this location has the most 

perceived need (Figure 58).

As an affirmation that the methodology 

produced valuable results, site #5 

(undeveloped park) was designated by the city 

as a location for a future park (Figure 59). The 

City of Phoenix Parks Department presumably 

applied a process and used local knowledge 

to determine that this location would be 

appropriate for a future park. The data-rich 

methodology of this project agreed. 
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SITE

Figure 58: Suburban context of selected site #5 (undeveloped park)
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Figure 57: Local frequency comparing 22 potential sites
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Figure 59: Phoenix Parks and Recreation future park designation

127



program selection
With the site selected, the final task before 

designing is to formulate a program. The 

program should be thought of as continuously 

evolving. This is reflected in both the city and 

site datasets as information is updated and 

added. These shifting data points will lead 

to a concomitant adjustment in conclusions 

related to the adjacent community to site 

#5 (undeveloped park) and the issues that 

the Community Machine’s program should 

address. The following program represents a 

snapshot in time.

The program was developed using a 

synthesis of both datasets down to a list of 

items with spatial implications. This process 

was completed by isolating the information 

related to the chosen site. The entire site 

selection dataset was filtered to display site 

#5 (undeveloped park) and each of the data 

points that indicated the site was above 

average (compared to the 22 other sites) 

in issue. Then, using this information and 

combining it with the red portion of the local 

frequency chart, a list of data trends was 

made (see program element sections). The 

data trends are a list of issues that a project 

could address through program. At this 

point, the statistician is no longer required in 

the process. The arbiter(s) now must make 

programmatic decisions. Using the list of 

data trends, a program is formulated by the 

arbiter(s) and her/his applicable knowledge 

base. 

The arbiter established four major 

programmatic elements that were derived 

from the list of data trends: community farm; 

STEM programs and library; community 

center; and site and neighborhood 

improvements. The combination of this 

program is used to address the complete list 

of data trends in order to provide a new center 

to a community. The project itself is estimated 

to serve 1,607 homes, 5,749 people in the 

general vicinity, and 22,400 people in a 2-mile 

radius. A detailed program document can be 

found in Appendix C.
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The community farm program (Figure 60) 

addresses issues related to health (overweight, 

healthy diet) and access to food (farmer’s 

market, food desert) that were classified 

as major problems. The program follows 

the example of the existing “Spaces of 

Opportunity” urban farm project in South-

Central Phoenix (Figure 61). This is a project 

undertaken by the architecture firm DSGN 

AGNC, Cultivate South Phoenix, and the Desert 

Botanical Garden. “Spaces of Opportunity” is 

located on an 18-acre site meant for farming, 

gardening, education, and community. The 

goal is to “develop a community-driven 

‘food hub’ that will facilitate the sustainable 

production of fresh and healthy food and 

engineer broad and equitable local access 

to this food through distribution within a 

variety of settings: schools, businesses, the 

faith community, healthcare, and non-profit 

organizations.”102 The goal of “Spaces of 

Opportunity” and the farming component of 

this project, is to address the food desert by 

providing nutrition to a community in need.

Water use was identified as a problem in the 

community adjacent to the design project and 

is a broader issue for Phoenix. Groundwater, 

Salt and Verde Rivers (Salt River Project), and 

Colorado River (Central Arizona Project) water 

make up the diverse water portfolio of the 

Phoenix area. Although this security allows the 

city to avoid restrictions, “the current drought 

is approaching 15 years in length and has 

surpassed the worst drought in more than 100 

years.”103 The drought is so severe that there 

are concerns about Arizona’s allotment of 

Colorado River water being reduced104, which 

typically accounts for half of the city’s water 

supply.105  For this reason, the introduction of 

water-intensive farming must include a series 

of conservation strategies. First, water for 

irrigation across the entire vicinity (farming, 

parks, yards) is to be reclaimed from the 

adjacent Tolleson Wastewater Treatment 

Plant. This recycled municipal water is a 

unique conservation strategy used throughout 

Arizona in an attempt to save water. The 

reclaiming of treated wastewater is a relatively 

new practice and represents the only growing 

water source in the state. In total, roughly 4 
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Figure 60: Data trends the community farm addresses
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percent of annual water use in Arizona is 

recycled water. Recycling water is energy 

intensive, but the proximity of the Tolleson 

Wastewater Treatment Plant to the site makes 

this an appropriate strategy.106

Second, watering schedules are determined 

using data collected by The Arizona 

Meteorological Network (AZMET) (part of the 

University of Arizona Cooperative Extension). 

This system recommends when to water 

crops and how much is needed based on 

live climate data. This “Meteorological data 

is collected from a network of automated 

weather stations located in both rural and 

urban settings.” This data includes: air 

temperature, soil temperature, humidity, solar 

radiation, wind speed, wind direction, and 

precipitation. This information is “evaluated 

by a series of programs which processes 

the raw values into various user-friendly 

reports.” This includes information related to 

evapotranspiration, which can help determine 

when to water crops without losing significant 

amounts of water to the arid desert air.107 

Third, crops will be watered using an efficient 

underground watering system. Underground 

drip irrigation has the potential to use about 

1/3 less water. It also avoids the local heating of 

plants that is the result of evaporation.108 

Finally, all farming activities proposed in this 

design project are to be located in existing 

flood mitigation areas located throughout the 

neighborhood (Figure 62). Monsoons occur 

during the summer months in Phoenix. These 

weather events bring increased humidity, 

wind storms, dust storms, heavy rain, and 

flash flooding. The National Weather Service 

has defined the official monsoon season as 

June 15th to September 30th. The community 

adjacent to the site was designed to protect 

homes from flash flooding through a series 

of depressions. The neighborhood currently 

uses these flood mitigation areas as small 

parks and grassy playfields. It is here that 

the proposed community gardens are to be 

located. In an effort to save water and maintain 

the flood mitigation ability of these areas, 

each community farm will include a large 

reservoir that will collect and store this water 

underground for later irrigation. 

The community farm consists of two major 

components: community gardens and 

incubator farm. The community gardens are 

spread across the neighborhoods adjacent 

to the site in existing flood mitigation spaces. 
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Figure 61: Renderings of plans for future 
“Spaces of Opportunity”

132



Residents can reserve an allotment (see 

examples in British Allotment Gardens109 and 

German Schrebergarten110) of various sizes 

(10-1,500 sq. ft.) for personal food production. 

The overall size and number of community 

gardens can expand/contract depending on 

use by the community. Those areas that are 

unused, will be xeriscaped. Each community 

garden will be fitted with an equipment 

storage shed and provide shaded eating/

gathering space.

The incubator farm is made up of a series 

of larger farming plots directly adjacent to 

the Community Machine. These fields act as 

the base for all farming operations. Farmer(s) 

work this land and provide training to those 

participating in the community gardens. 

Crops grown on the incubator farm are 

sold at a farmer’s market located in the 

Community Machine that serves the broader 

southwestern phoenix region. The incubator 

farm is made up of four different fields with 

three different types of plots: production (2x), 

orchard, and crop experiments. The incubator 

farm has additional program including: 

washing/cleaning station, cold/dry storage, 

administration, equipment storage, and 

greenhouses.

Finally, the community farm program includes 

a learning and eating component located in 

the Community Machine. This encompasses 

a shaded farmer’s market, healthy cooking 

classroom, and a farm café.
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Figure 62: Existing flood mitigation spaces
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The datasets identified education as an issue 

in the community surrounding the site, with a 

relatively small population graduating college 

and low scoring adjacent public schools. The 

population in the area has and will continue 

to expanded and this could only exacerbate 

the problems with education.  Therefore, the 

project proposes the introduction of a science, 

technology, engineering, and math (STEM) 

focused after school and summer camp for 

several reasons (Figure 63). First, it would 

complement the existing farming program 

and sustainable goals of the project. Second, 

it could address or spread awareness of the 

air pollution and water use issues identified 

on the data trends list. Finally, a more detailed 

examination of the local schools using Public 

School Review did not uncover a specific topic 

area that local students struggle with (Figure 

64), but instead showed a generally poor 

performance by all adjacent schools.   

The STEM programs could utilize the farms, 

sustainable practices of the community, 

and green technology of the Community 

Machine as a laboratory for learning. Students 

in k-8th grade could take a shuttle or walk 

to the community center after school to 

work on homework, participate in farm-

related activities, STEM-focused projects, 

and sports/exercise. Students from Sun 

Canyon Elementary, Dos Rios Elementary, Arts 

Academy at Estrella Mountain, Hurley Ranch 

Elementary, and Santa Maria Middle School 

would be eligible to participate. This program 

would act as an extension of the existing 

Phoenix Parks and Recreation Department’s 

Phoenix After school Center (PAC). There 

are PAC locations at Dos Rios and Hurley 

Ranch Elementary, which this new program 

could augment or replace. The specific 

STEM program proposed for the Community 

Machine includes a makerspace/tech lab, 

science lab, classroom, computer lab, offices 

and storage. The STEM after school/summer 

programs represent a series of spaces that 

could easily see expansion as the Community 

Machine shifts over time.

The design also includes a public library for 

STEM and community use. The library acts 

as a hub for learning, provides access to 

computers/broadband, and furnishes space 

for meeting. The dataset indicated that the 

nearest library (Desert Sage) was 4.8 miles 

or about a 14-minute drive away. This was 
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Figure 63: Data trends the STEM programs and library addresses
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the farthest of any of the 22 different sites 

compared in the site selection dataset. 

This dataset, however, did not take into 

consideration the possibility that a library 

outside of Phoenix city limits could be closer. 

Upon further research, the Tolleson Public 

Library is located only 2.9 miles or about an 

8-minute drive from the project site. This is

much too close to necessitate the construction 

of a new library, but the facilities were deemed 

to be inadequate and outdated. Therefore, 

a library was included in the program. The 

library includes adult, children, and teen stacks, 

computers, lounge/reading space, classroom, 

meeting room, private study rooms, and staff/

administration.

Figure 64: Public School Review displays local schools perform poorly
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The entire project will be anchored by a 

community center (Figure 65). The data 

collected suggests the neighborhood has a 

significant need for park/recreation facilities. 

The Trust for Public Land rates the area as 

having very high park need, the nearest 

city park is 2.5 miles away (farthest of the 

22 sites), the nearest recreation center is 

6.4 miles away (farthest of the 22 sites), the 

nearest swimming pool is 5.2 miles away 

(farthest of the 22 sites), and the nearest dog 

park is 12.1 miles away (second farthest of 

the 22 sites). In the end, if this community 

needs any program it is a recreation center in 

some form. The community center will have 

a direct connection to the neighboring Dos 

Rios Elementary, as facilities (baseball, soccer, 

outdoor basketball, shaded play structures) 

will be shared. The community center will 

be in partnership with the Arts Academy at 

Estrella Mountain, which will use the spaces 

for performances and as a gallery for student 

artwork from all 7 local schools. 

The community center will provide a space for 

outdoor/indoor activities that act as a respite 

from the heat. According to the National 

Oceanic and Atmospheric Administration 

(NOAA), the Phoenix area experiences 

extremely hot temperatures as the city 

averages 169 days a year that are 90+ ºF; 

experiences 4,607 cooling degree days; and 

had a record high of 122 ºF. The community 

center includes shaded tennis courts and 

two outdoor swimming pools. The swimming 

pools are counterintuitive to the projects water 

conservation goals, but act as a measure to 

limit future private pool development in the 

local community.

The proposed community center contains 

active program (gym, dance studios, weight/

exercise room, yoga/Pilates/spin studios), 

support spaces (administration/staff, locker 

rooms, storage), pools (8-lane NCAA regulation 

lap pool, kids pool), and pool house (lifeguard 

spaces, mechanical, storage).
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Figure 65: Data trends the community center addresses
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The design proposal’s program includes site 

and neighborhood improvements (Figure 66). 

The local community would have the option of 

opting into the project’s broader sustainability 

goals outside of farming participation. This 

would include installation of solar panels, 

demolishing existing private backyard pools, 

capturing rainwater for community garden 

use, and adopting turf-less xeriscaping. The 

greater Phoenix area was built on marketing 

the region as a green oasis in the desert, 

but water usage in the area has exploded 

to the point that seven different valley cities 

are paying residents to remove their lawns. 

Xeriscaping requires little or no irrigation, 

which is becoming increasingly popular in 

the southwest.111 Homes could also install zero 

mass solar collectors that extract roughly 5L 

of water from the desert air for drinking. His 

would limit water use, while also providing 

clean drinking water (Phoenix drinking 

water has cleanliness, source, and drought 

problems).  

All landscaping will be xeriscaped across 

the site, including those areas that are not 

designated to be used as community farms. 

Turf will remain on existing playing fields 

and select neighborhood greenspace/parks. 

Trees/plants will be selected based on carbon 

sequestration, air purification, water use, desert 

durability, and spring/fall allergens. Trees are 

important because they increase local shading 

and help mitigate the urban heat island effect. 

This problem is so severe in Phoenix that the 

city council passed a measure to expand the 

tree canopy to cover 25 percent of the city by 

2030.112

Existing soccer (seating, storage), baseball 

diamond (fences, dugouts, seating, storage), 

basketball courts (shade structure), and school 

buildings/parking (solar panels) at Dos Rios 

Elementary (adjacent to site) will be enhanced/

improved as a part of the larger community 

center.

All community center buildings will be fitted 

with solar panels, cisterns for storm water 

collection, and zero mass solar collectors. A 

network of partially shaded pathways (solar 

panels, fabric shades, and trees) will connect 

existing green spaces, new community 

gardens, incubator farm, Dos Rios Elementary, 

and the Community Machine. This also is a 

means for walking and biking with relief from 
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Figure 66: Data trends the site and neighborhood improvements addresses
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the heat. A parking lot with limited spaces (108 

spaces) will be provided in order to support a 

walking culture in the area.  

According to the dataset, the nearest fire 

station to the site is 3.5 miles away, which 

is the farthest of the 22 sites. Upon further 

research, there is an additional fire station 

outside of Phoenix city limits (Tolleson Fire 

Department Station 161) that is 2.3 miles 

away. This value would still make the site 

the farthest from a fire station.  In February 

2012, Management Partners Incorporated 

completed a study that examined the local 

fire department’s innovation and efficiency. 

This included a series of maps that indicate 

response times that are outside of the desired 

range (10-15 minutes). The broader project site 

had many instances of this being the case.113 

Considering the expected growth in the area 

and the troublesome response times, this 

project selected a site for a local fire station.

Finally, the public transit terminates over a 

mile from the broader community (1.7 miles 

from the site). This project proposes the 

addition of two bus stops. One stop in front 

of the local strip mall and the other at the 

Community Machine. Use of public transit 

throughout Phoenix could also act as a major 

component in alleviating air pollution concerns. 

In the American Lung Association’s 2018 

State of the Air report, Phoenix was ranked 

as the 8th most polluted metro area, 8th for 

high ozone days (out of 227 metros), 20th for 

24-hour particle pollution (out of 201 metros)

and 50th for annual particle pollution (out 

of 187 metros).114 According to Environment 

America Research and Policy Center’s report 

Trouble in the Air, Phoenix experienced 110 

days in 2016 with half or more monitoring 

locations reporting elevated ozone or fine 

particulate matter (PM 2.5)   The site itself 

rated above average in ozone and fine 

particulate matter (PM 2.5) and first in large 

particulate matter (PM 10) compared to the 22 

other site options.115 Access to transit, tree-rich 

xeriscaping, use of solar panels, increased 

walkability, and overall sustainable design work 

to address the air pollution issues in the area.
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site-specific data
The goal of the project was to collect data 

at a finer and finer scale, but as research 

became more granular, access to valuable 

information decreased. Much of the 

information outlined above related to air 

pollution, water use, xeriscaping, local schools, 

fire stations, climate, farming, and after school 

programs was an attempt to dig deeper. 

This information was gathered to enhance 

an understanding of program options and to 

reaffirm conclusions made by the dataset. 

Although this information was helpful in 

formulating a program and design, there is 

an entire layer of data that could be gathered 

specifically related to the site. For example, 

studying pedestrian and automobile traffic 

patterns could have important implications 

on building siting. Shadow and solar radiation 

studies were undertaken, but significantly 

more performance related studies could have 

had a large impact on the design. This more 

specific data could be applied as a series of 

measures to make informed design decisions. 

The sensing technology that is important 

in many of Carlo Ratti’s projects could be 

instrumental in gathering the next level of 

information. With more time and access to 

resources this project could have expanded 

to include this information. The conceptual 

framework outlined above selects a city, site, 

and program, but a more granular set of data 

points could have been influential in the design 

process.
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“ In an information-feedback system, 
conditions are converted to information that 
is a basis for decisions that control action to 
alter the surrounding conditions. The cycle 
is continuous. We cannot properly speak 
of any beginning or end of the chain. It is a 
closed loop. ” 

– Jay Forrester116
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The bottom section of the 

methodology flowchart is made up of 

the Community Machine (Figure 67).  

This is the design portion of the project that 

should be considered “proof of concept.” The 

following section does not represent a final 

design, rather an example that displays how 

this methodology could translate into form. 

The Community Machine is an experimental 

public building that is able to adapt/change 

with the data in order to reflect the needs of a 

specific community (full plans/section/section 

perspective Figure 69-73). The continually 

updating quantitative information used in this 

project will vary and therefore the design 

response should not follow traditional patterns 

with a static design. As a neighborhood’s 

issues, needs, and desires shift, so will the 

Community Machine. The system allows a 

city to intelligently invest in a neighborhood 

and the Community Machine ensures the 

contribution is able to address/fulfill/meet 

needs well into the future. The system arbiter 

monitors shifts in the datasets to determine 

the success/failure of programmatic decisions. 

The public uses web-based tools as a means 

to convey opinion. All of this information feeds 

into a responsive system in which datasets, 

program, and building are capable of reaction.

The Community Machine designed for this 

project is composed of a series of moving 

parts that make up an adaptive sustainable 

design. The entire building is located under a 

space frame truss roof (710’ 2.5” x 120’ 2.5”) 

held up by columns (10’ o.c.) following the 

roof’s boundary. This construction acts as a 

framework for the building and provides an 

immense amount of open space for flexibility. 

The design begins with a module (80’x130’) 

that is the size of a regulation basketball court 

with adequate sideline and circulation space. 

This was chosen because it represents the 

largest possible space a community center 

would require. From this module, the spatial 

configuration of the Community Machine 

can become more granular to meet varying 

programmatic needs. If this module is then 

broken down by a 5’ by 5’ grid it can then be 

reconfigured to meet virtually any desired 

square footage. This system would allow for 

larger or smaller corridors, walkways spanning 

from one side to the other, spaces reaching 

from one side to the other, double or single 

loaded corridors, many small spaces, a few 

large spaces, or a mix of both (Figure 68). How 

does a building exhibit such flexibility? Through 

a series of moving parts working together to 

allow for dramatic change by utilizing a simple 

set of existing technologies.
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Figure 70: Community Machine plans, basement (bottom) and level 1 (top)
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Figure 71: Community Machine plans, pool deck (bottom) and level 2 (top)
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Figure 72: Community Machine section
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Figure 73: Community Machine section perspective of library
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poche tracks
The highly flexible portion of the building’s 

design (all enclosed non-pool related program) 

is composed of the following parts from 

east to west: 80’x130’ module (library and 

STEM programs); 80’x80’ shaded outdoor 

space (farmer’s market); and finally, 80’x130’ 

module with additional 80’x50’ enclosed 

space (community center). The dynamism 

of the Community Machine starts with two 

elongated elements that span the length of 

this organization (10’x390’) and bookend the 

massing to the north and south (Figure 74). 

This section of the design is known as the 

“poche” or “service tracks”. The program 

located in these tracks include: restrooms, 

vertical HVAC distribution, elevators, stairs, 

and entry/exits. The eastern and western 

extremities of both poche tracks have 

stationary service components. Railroad-like 

tracks span between these fixed elements. 

Entry/exit modules (10.5’x8’) use these 

tracks to allow the location of entryways to 

change. Entry/exit units can also be added 

or subtracted depending on programmatic 

requirements. This dynamic system allows 

for the entire interior layout of the building to 

change without being restricted by a fixed 

building enclosure.

This relatively simple concept is established 

by a more complex collection of moving parts. 

This begins with the outermost layer of the 

Community Machine, which is composed of 

dynamic shading devices that span between 

the columns supporting the prodigious roof 

(Figure 75). This is the first layer that controls 

the amount of light entering the building. This 

is especially important because it works to 

protect the building from the harsh Phoenix 

climate. This layer also shapes and shades 

a pedestrian walkway that follows the entire 

outer portion of the building (except tennis 

court). 

Next, is the outer layer of the poche tracks, 

that consists of a wall of polycarbonate 

panels, with only an entryway breaking 

up the continuous surface (Figure 76). The 

polycarbonate panels are the second layer 

of defense from the intense sun rays. These 

panels are broken down by a series of bays 

that reflect the structural grid of the poche 

tracks. The lower section of these bays act as 

vertical-moving doors. The entryway module 

is marked by a small ramp and overhang. 

The polycarbonate panel in the entry bay 

meets this overhang instead of the ground 
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Figure 74: Building layout, poche tracks to the north and south

Figure 75: Dynamic shading devices
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Figure 76: Dynamic facade and entry module Figure 77: Poche tracks interior
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and is therefore in the open position. When 

an entryway needs to shift location, the ramp 

and overhang folds into the module. Next the 

polycarbonate panel over the entryway drops. 

Then the entryway module moves on the 

tracks to a new location, polycarbonate bay 

slides open, and ramp/overhang are deployed.

Removing the polycarbonate reveals the 

poche tracks. This elongated boundary to the 

Community Machine is shaped by a structural 

grid that meets the roof and forms 10’x10’ 

bays. Inside of the structure are a series of 

four tracks on two levels (Figure 77). The two 

outermost tracks are used by the entryway 

modules. These tracks are also found on 

the second floor as this is where entryway 

modules could be stored and/or used as small 

spaces. A window and wall layer comprise 

the inner two tracks, which are imperative 

for three reasons. First, these layers separate 

conditioned interior from the enclosed, but 

unconditioned, poche tracks. Second, as the 

entryway moves this layer of enclosure must 

also adjust. Finally, the window/wall tracks 

can be used as a final measure to control the 

amount of light entering the interior spaces.

The poche tracks extend from enclosed space 

(library/STEM programs) though shaded 

exterior (farmer’s market) to enclosed space 

(community center). At the shaded exterior 

space, the polycarbonate panels, windows, 

and walls are removed to leave an open 

frame. Elements can move between the two 

enclosed masses through large sliding doors.

Overall, this system allows for the extremities 

of the building to be highly operable. Many 

flexible buildings that exist today are limited 

by a rigid exterior. This system works to 

prevent this constraint to allow for change. The 

many layers of the poche tracks are a highly 

sustainable solution to the design problem. 

Considering the climate conditions in Phoenix, 

having several layers of enclosure and 

systems to block the harsh sun’s rays allows 

this building to be uniquely suited for the 

desert. For a full understanding of the moving 

parts of the poche tracks see Appendix D 

which presents a series of moving diagrams.  
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walls
All interior walls are operable (except the 

stationary components of the poche tracks). 

This allows for an adaptable layout that meets 

the square footage requirements of an array 

of program. This system uses the bottom of 

the 5’x5’ structural grid of the space frame 

truss roof and floors as a track for movement. 

Walls are able to slide, rotate, and connect 

anywhere along these tracks. The structural 

grid of the space frame truss extends into the 

poche tracks. The window/wall layers of the 

poche tracks can slide open to allow interior 

walls to be stored within this space for future 

use (Figure 78). There are five different interior 

wall types that make up this system: single 

door, double door, glass, polycarbonate (5’) and 

polycarbonate (4’8”). The polycarbonate interior 

walls use their translucent qualities to allow for 

natural light to enter the space with privacy 

intact. This was especially important because 

many of the layouts of the Community 

Machine include circulation space towards 

the exterior, which leaves greater separation 

from natural light. The 4’8” panel is important 

because it allows for any configuration to be 

made without unwanted gaps in the walls. 

Sound isolation between spaces is established 

by filling in the structural grid with fibrous 

panels. Drop ceilings can be added to make 

more intimate spatial experiences (Figure 79).  

The operable interior wall system is the heart 

of the Community Machine’s dynamism 

because it allows the expansive interior 

space afforded by the space frame truss 

roof to quickly adapt and change. In most 

contemporary examples, flexibility is 

derived by a single moving wall or design 

for disassembly. In many cases this type 

of flexibility can become practically fixed 

because of the considerable effort required 

to change layouts. This system is designed 

for ease of movement as all interior parts are 

quickly movable and interchangeable. For 

full understanding of the moving parts see 

Appendix D’s moving diagrams.  
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Figure 78: Dynamic walls have endless configurations
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Figure 79: Drop ceiling and panels make spaces soundproof/intimate
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floors
The pliability of the interior extends to the 

floors, which are composed of a series of 

10’x80’ panels that use the same space frame 

truss construction as the roofs. Each panel 

connects to the interior structural frame of 

the poche tracks. This provides a means for 

floors to dynamically move up and down 

(Figure 80). The length of the highly operable 

portion of the Community Machine (all non-

pool related program) has two layers of floor 

panels. The top layer can move up 15’ to 

create a second level, while the bottom layer 

acts as the ground floor. For a double-height 

configuration, the top panel becomes the 

ground floor and the bottom panel is stored 

in the basement. These dynamic floors allow 

for a space to quickly transition from a large 

open gymnasium to two levels of community 

program. When considering the operability of 

the floors and walls, the interior configurations 

are virtually limitless. For full understanding of 

moving parts see Appendix D.  
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Figure 80: Dynamic floors allow for one or two occupiable levels
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roof
The vast space frame truss roof, although 

stationary, is flexible in composition. The 

roof spans an immense 80’ and therefore 

requires a 5’x5’x5’ structural bay. This bay 

can be adapted to meet a wide variety of 

configurations: open frame, fabric shade, 

solar frame, solar roof, and skylight. (Figure 

81) The open frame is the base structural

element, which allows for passage of light 

and air. Fabric shades can be attached to 

tension wires of the structural frame. The 

solar frame is simply a solar panel inserted 

into the space frame, while the solar roof 

includes water protection and insulation for 

conditioned spaces. Finally, skylights can be 

fitted into the solar frame. These skylights 

are made up of a grate of translucent panels 

that are specifically sized to limit direct 

sunlight penetration into interior spaces. This 

sizing calculation was undertaken using a 

grasshopper script that creates a solar fan 

based on a building’s location. This fan was 

used to determine the necessary sizing to 

block the sun. Avoiding direct solar penetration 

was important because it allows for unlimited 

program typologies (not all spaces can have 

direct sunlight).

The design of the roof for the Community 

Machine as it currently stands uses all five roof 

systems depending on the program found 

within. The tennis courts are covered by fabric 

shades and solar frames. The outdoor pools 

are covered by open frames and solar frames. 

The entire enclosed portion of the Community 

Machine uses a solar roof or skylight as space 

frame infill. Finally, the shaded outdoor space 

between the community center and library is 

enclosed by fabric shades and solar frames. 

In the end, the Community Machine’s roof 

includes a large 33,500+ sq. ft. solar array. This 

will significantly offset the energy-demanding 

systems of the building.
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Figure 81: Roof kit of parts
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disassembly + 
expansion
Other sections of the Community Machine are 

designed for adaptability. The methodology 

identified a swimming pool as appropriate 

program for the site. Pools are typically 

permanent program built into the ground. 

Although it is difficult to envision a scenario 

where a community center in Phoenix does 

not need a pool, the lap and kid pools were 

built above ground and designed for later 

disassembly. Another advantage of designing 

the pools above ground is that it allowed for 

additional program to be located underneath.

Additionally, the highly adaptable community 

center and library are enclosed to the east and 

west by solid/stationary walls. These walls are 

solid in order to provide the necessary thermal 

mass benefits to protect the conditioned 

interior from the elements. In order to design 

for later expansion/adaptability, large windows 

were strategically placed at the northern 

and southern ends of these stationary walls. 

This was done for future expansion as these 

windows could be removed to allow for 

circulation from the existing structures to new 

additions.

Finally, the shaded outdoor space located 

between the community center and library 

contains the poche tracks. This would allow for 

the building to easily expand by simply filling 

in the existing frame. The advantage of this 

is that a highly flexible (movable walls, floors, 

and entryways) addition could efficiently be 

installed in the future. 
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community machine 
program
The Community Machine is a unique 

building typology that would require a set 

of uncommon program elements. First, the 

building includes a space for data outreach. 

This would be home to a small group of 

experts (arbiters) that help to maintain 

public involvement/input on-site by actively 

maintaining the application/website and 

promoting its use. The data outreach center 

would also provide an opportunity to display 

relevant community data points through an 

interactive exhibit. For this reason, the program 

has a prominent location in the library. This 

space would also act as the command 

center that monitors data shifts, adjusts the 

building layout, and maintains the building’s 

mechanical systems. The Community 

Machine would require continuous arbiter 

participation beyond the initial site, program, 

and building design phases. Although 

this program could be located off-site, its 

inclusion in the Community Machine works 

to enhance citizen engagement. Second, 

the mechanically-operated parts (windows, 

walls, floors, entryways, shading devices) 

necessitate an oversized mechanical room 

and an active building engineer presence. The 

building is cooled using an extensive system 

of heat pumps that would also be located in 

the mechanical room. Building maintenance 

would be continuous and highly technical 

in nature. Third, floor storage located in the 

basement is needed for all unused operable 

floors. Finally, a series of large storage spaces 

would be required to allow for quick program 

transitions as the building adjusts. A substantial 

amount of temporary storage space is located 

in the floor storage portion of the building. 

When both floors are engaged (two levels), the 

basement provides a large amount of storage 

space. 
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adaptive site plan
The concept of the Community Machine 

extends beyond the building itself to a site 

plan capable of adapting to change. The site 

and vicinity plans (Figure 82-83) represent a 

snapshot in time and tell a story of a suburban 

community very different from existing 

conditions. In this scenario, the broader site 

community garden intervention is adopted 

and therefore spreads to flood mitigation 

sites across the neighborhood. The site plan 

displays 14 different community gardens or 

12.93 acres of farmland. This provides roughly 

300 sq. ft. of garden space per home. The 

incubator farm located on the project site itself 

tests crop varieties and watering strategies 

on a series of smaller experimental plots (1.59 

acres). This knowledge is used by community 

gardens and local farmers alike. Incubator 

production fields (2.37 acres) and orchard (1.07 

acres) produce various fruits and vegetables 

for a Saturday farmer’s market serving 

the broader southwestern Phoenix region. 

These farming practices lead to a healthier 

community (eating habits, weight). Each farm is 

linked to an irrigation system of recycled water 

from the Tolleson Wastewater Treatment Plant.  

Existing grass areas are either maintained for 

needed parkland or removed for low-water 

demand xeriscaping. All farming and parkland 

across the community are linked by a series 

of partially shaded walkways that increases 

pedestrian activity, even during the hottest 

summer months. Dos Rios Elementary facilities 

are enhanced. Local city soccer and baseball 

leagues are established and enhance the 

Community Machine as a center for activity. 

Solar panels installed on the school provide 

a respite from the heat (parking lot) while 

also cutting into energy grid demand. The 

development of the Community Machine 

convinces the city to extend bus lines to 

reach the community and increases public 

transit use from zero. Development of the 

Community Machine leads to completion of 

a phantom housing development nearby that 

was left for dead after the recession.

The narrative of the site and vicinity 

plans represent one path that displays 

the successful adoption of programmatic 

elements outlined above. This design, however, 

does not require successful enactment 

because this is also an experiment that can 

morph to meet a community’s needs and 

desires. Community gardens could have 

limited use and lead to only a fraction of those 

177



depicted in the site plan. This could lead to a 

wide array of site possibilities: an increased 

level of xeriscaping, a more extensive system 

of covered pathways for walking/biking, or a 

series of unique developed parks. The design 

depicted in the site/vicinity plans could also 

expand to morph the traditional suburban 

housing typology from home and private yard 

to clusters of homes and large shared space. 

The site plan must also react to the success 

or failure of interventions and shifts in data 

trends. As the community changes so should 

the site and building.
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Figure 82: Site plan
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Figure 83: Vicinity plan, 
see site plan for key
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The data-rich methodology outlined 

above was an experiment that needs 

careful reflection regarding the 

process’s successes and failures. The following 

outlines a compilation of positives, negatives, 

and questions about the system in its entirety.

positives
Data can be useful in the design process. This 

project started as a curiosity with a heavy 

amount of skepticism. Overall, two datasets 

were successfully utilized to chose a city, site, 

and program. There were many encouraging 

affirmations throughout the process that made 

it only more convincing. The project started 

with nothing, used data as an ever-present 

driving factor, and ended with a detailed 

design.

The methodology is scalable and could be 

adopted for many other purposes. This project 

represents a single iteration in what could be 

an endless series of data-driven experiments. 

The design of the Community Machine is also 

highly scalable. The community examined 

and site selected allowed/necessitated a large 

building. The Community Machine system, 

however could be smaller and more specific.

The process can improve and change. The 

method outlined is not meant to be finalized 

and fully polished, but instead the system 

requires constant adjustment. In the end, the 

conceptual framework is designed to be as 

flexible as the Community Machine.

185



The methodology has a true and tested 

ability to uncover unknowns. The purpose of 

undertaking such a time-consuming process 

is not to confirm existing understandings, but 

to expose urban invisibles. The dataset has a 

predictive quality in that it could identify issues 

a city or site experiences before they are fully 

realized by the public or decision makers.

Using data as the ultimate decision-maker 

represents a democratizing agent in a process 

that is traditionally top heavy. Designers, city 

officials, urban planners, and developers often 

have a disproportionate say in shaping the 

built environment. Although training and past 

experiences makes these individuals experts, 

this data-driven process allows decision-

makers to be more informed. This leads 

experts to guide rather than dictate. 

The process outlined challenges traditional 

models. Site and program selection are often 

taken for granted. Context research usually 

follows similar patterns. Traditional approaches 

scratch the surface with respect to the use 

of data. This process challenges typical 

pedagogies by rethinking many aspects of the 

design process.

negatives
The process is time consuming. Collecting 

and evaluating the data points is a significant 

task. A data scientist or a programmer 

could potentially increase the speed of the 

process. Regardless, this system is most 

likely inappropriate for small to medium sized 

architecture firms. For this methodology 

to work, the city government would most 

likely need to buy into and support the data 

collection and evaluation.

The current methods for evaluation might 

have lacked the sophistication of tools 

developed by a statistician. The evaluative 

tools applied are elementary. Although they 

produced valuable results, the vast quantity 

of information collected was not used as 

effectively as possible. FiveThirtyEight, for 

example, uses complex statistical models that 

provide more predictive results/outcomes.

Similarly, the project used Microsoft Excel 

as the data management and evaluation 

program. Although this is not inappropriate 

for this type of work, it lacks the sophistication 

that would be expected from an innovative 

process. In some ways, this is like putting 
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propellers on a new passenger plane; it works, 

but there are better options.

Much of the data included in this project is 

not real-time. This means that the information 

collected and analyzed might not directly 

correspond to the present condition. While 

these delays “do not necessarily have a 

negative effect, rather a stabilizing one, the 

feasibility of shorter delays increases the 

flexibility and can help to use resources and 

energy in a more effective way.”117

Data could be used as a crutch. In the end, 

data probably should not be the ultimate 

decision-maker, but a useful tool for designers 

and builders alike. There is always the 

possibility that individuals might hide behind 

the process. The methodology should be 

continuously evaluated and blindly trusting the 

system could inhibit/limit future improvements. 

Improper use is a legitimate concern. Using 

and manipulating the datasets to bring about 

certain outputs is something that must be 

carefully monitored. The dataset provides 

legitimacy to decisions and when this process 

is tampered with results could go uncontested. 

Data is a powerful tool that can have a 

dramatic impact on people’s lives, therefore 

usage of this information should not be taken 

lightly.

Data collection is inherently selective because 

it is impossible to have all available relevant 

information in a single dataset. James Corner 

makes a similar point when speaking of map 

making when he wrote: “I would argue that no 

matter how scientific, objective and analytical 

the map, there is always a choice as to what is 

included and what is not. Maps can not depict 

everything; they are inevitably partial and 

abstract.”118
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questions
From the beginning, it was not necessarily 

evident who would create and maintain the 

dataset. A city could use this information to 

more intelligently determine how to spend tax 

payer’s money on public projects. Architects 

could adopt this process to have more say 

in site and program selection and therefore 

expand existing roles. Developers could use 

this information to increase the bottom line. 

Although this information is useful to many 

parties, the time and effort required makes 

the individual(s) who create and maintain the 

process unclear.

I am not a data scientist. For this reason, it is 

not necessarily clear what a statistician would 

say about the entire process. Data Science 

Fellow Bernease Herman was very helpful and 

made it clear that the methodology, especially 

the evaluative tools, were not outside of 

traditional practices. In the end, this thesis 

proposes that architects gain the necessary 

statistical knowledge or work closely with an 

expert for data management and evaluation: 

“Instead of remaining in our tidy discipline, 

we now maneuver within manifold worlds to 

simultaneously consider functional, political, 

financial, social, aesthetic, and ecological 

issues. Working alongside consultants, 

analysts, political bodies, and the like, we 

collectively develop the capacity to respond to 

today’s heterogeneous urban realities.”119

The arbiter(s) provide essential input 

throughout the methodology, but who 

exactly is/are the arbiter(s)? Can a single 

architect fulfill this role or does it need to be 

a compilation of voices to work effectively? 

Experimentation with this would most likely be 

required. In some respects, the process might 

be enhanced by a group of voices to further 

democratize outcomes. On the other hand, 

if the data is the ultimate decision-maker a 

plethora of opinions might overcomplicate.

How much data is enough? Statisticians might 

have an answer, but the methodology seems 

to require an endless flow of inputs. Is there 

a point where there is too much information 

and decisions become nearly impossible? 

This does not seem like a far-fetched scenario, 

but with a refined set of evaluative tools and 

proper organization an endless flow of data 

could also work to strengthen the system.
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What would an actual Community Machine 

look like? Is this a system that should be 

perpetually repeated? Community Machines 

could be mass produced and adapted to 

different communities. The flexibility of the 

design could mean the building has longer 

utility than average public buildings. Data 

related to the resources expended modifying 

or replacing existing community centers could 

help to clarify the viability of reproduction. 

data futures
This project is not an argument for data as 

the solution to all our problems, an artificially 

intelligent future, or a design process without 

a need for architects. Instead, this is an effort 

to rethink the design process in an attempt to 

integrate information into architecture. Data 

has value, which is why its collection has 

only expanded with time. The design fields 

use data, but in a limited capacity. Should we 

continue to practice without using all the tools 

available? The use of quantitative information 

could be endlessly valuable and only expand 

the scope of the architect. Nate Silver at the 

onset of FiveThirtyEight stated; “It’s time for 

us to start making the news a little nerdier”120; 

maybe it is time for architecture to do the 

same.
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Appendix B 
data maps
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Appendix C 
program document
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Appendix D 
moving diagrams

* the following images are meant to be viewed as a 	
  single page, not a spread
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general data
*data from this section does not factor into calculations
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Seattle San Diego Phoenix Sacramento Denver Salt Lake City

city name seattle san diego phoenix sacramento denver salt lake city

city population 668,849 1,374,812 1,555,324 484,530 663,303 191,446

metro name*
seattle-tacoma-

bellevue
san diego-
carlsbad

phoenix-mesa-
scottsdale

sacramento-
roseville-

arden/arcade

denver-aurora-
lakewood

salt lake city

metro population 3,671,095 3,253,356 4,486,153 2,242,542 2,752,056 1,154,504

county name king san diego maricopa sacramento denver salt lake

county population 2,079,550 3,253,356 4,088,549 1,479,300 663,303 1,092,518

state name washington california arizona california colorado utah

state population 7,073,146 38,654,206 6,728,577 38,654,206 5,359,295 2,948,427

*data was collected with a focus on metro data

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

median age (years) 37.1 35.3 36 36.9 36.2 32.1

male (%) 49.90 50.26 49.69 48.93 49.80 50.25

female (%) 50.10 49.74 50.31 51.07 50.20 49.75

veteran (%) 8.8 9.4 8.8 8 7.9 5.9

average household size 2.55 2.91 2.77 2.76 2.58 3.03

average family size 3.13 3.48 3.38 3.36 3.21 3.58

GENERAL DATA

POPULATION STATS

Study Area Populations | US Census American Community Survey (ACS) | All | 2016

General Population Stats | US Census American Community Survey (ACS) | Metro | 2016
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Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

one race (%) 93.7 95.1 96.7 93.9 96.6 97.2

2+ races (%) 6.3 4.9 3.3 6.1 3.4 2.8

white (%) 71.1 71 78.7 66.2 81.9 81.7

black/african american (%) 5.6 5 5.2 7.1 5.6 1.6

american indian/alaska native (%) 0.9 0.7 2.2 0.7 0.8 0.7

american indian/alaska native - cherokee (%) 0 0 0 0.1 0.1 0

american indian/alaska native - chippewa (%) 0 0 0 0 0 0

american indian/alaska native - navajo (%) 0 0 0.7 0 0.1 0.4

american indian/alaska native - sioux (%) 0 0 0 0 0.1 0

asian (%) 12.4 11.6 3.7 12.7 3.9 3.6

asian - asian indian (%) 2.1 1 0.9 1.9 0.7 0.5

asian - chinese (%) 2.8 1.9 0.7 2.8 0.7 0.8

asian - filipino (%) 1.9 4.8 0.7 2.5 0.3 0.3

asian - japanese (%) 0.8 0.6 0.1 0.6 0.3 0.3

asian - korean (%) 1.4 0.7 0.2 0.5 0.5 0.3

asian - vietnamese (%) 1.6 1.5 0.5 1.3 0.7 0.5

asian - other asian (%) 1.8 1.1 0.5 3 0.8 1

native hawaiian/pacific islander (%) 0.9 0.5 0.2 0.8 0.1 1.5

native hawaiian/pacific islander - native hawaiian (%) 0.1 0.1 0.1 0.1 0 0.1

native hawaiian/pacific islander - guamanian of chamorro 
(%)

0.2 0.2 0 0.1 0 0

native hawaiian/pacific islander - samoan (%) 0.3 0.1 0 0.1 0 0.5

native hawaiian/pacific islander - other pacific islander 
(%)

0.3 0.1 0.1 0.6 0 0.9

other race (%) 3 6.4 6.7 6.4 4.2 8

2+ races (%) 6.3 4.9 3.3 6.1 3.4 2.8

2+ races - white and black/african american (%) 1.3 0.7 0.7 1.2 0.7 0.5

2+ races - white and american indian/alaska native (%) 1 0.6 0.6 1 0.7 0.5

2+ races - white and asian (%) 2 1.7 0.7 1.6 0.8 0.7

2+ races - black/african american and american 
indian/alaska native (%)

0.2 0.1 0.1 0.1 0.1 0

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

hispanic/latino (%) 9.6 33.1 30.2 21 22.8 17.4

hispanic/latino - mexican (%) 6.8 29.5 26.9 17.4 17.7 13.1

hispanic/latino - puerto rican (%) 0.5 0.7 0.6 0.6 0.5 0.4

hispanic/latino - cuban (%) 0.1 0.2 0.2 0.1 0.2 0.1

hispanic/latino - other hispanic/latino (%) 2.1 2.6 2.4 2.9 4.4 3.9

not hispanic/latino (%) 90.4 66.9 69.8 79 77.2 82.6

not hispanic/latino - white alone (%) 65.7 46.7 57 53.8 64.9 73.2

not hispanic/latino - black/african american (%) 5.4 4.7 5 6.8 5.4 1.5

not hispanic/latino - american indian/alaska native (%) 0.7 0.4 1.8 0.4 0.4 0.6

not hispanic/latino - asian (%) 12.3 11.3 3.6 12.5 3.8 3.6

not hispanic/latino - native hawaiian/pacific island (%) 0.8 0.4 0.2 0.7 0.1 1.4

not hispanic/latino -  some other race alone (%) 0.2 0.2 0.1 0.3 0.2 0.2

not hispanic/latino - 2+ races (%) 5.3 3.2 2.1 4.4 2.3 2.1

RACE

Race | US Census American Community Survey (ACS) | Metro | 2016
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Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

native (%) 81.83 75.95 85.50 81.76 87.85 87.97

foreign born (%) 18.17 24.05 14.50 18.24 12.15 12.03

foreign born, citizen (%) 9.03 12.43 5.93 10.32 4.85 4.10

foreign born, not a citizen (%) 9.14 11.62 8.57 7.92 7.30 7.93

entered 2010 or later (%) 23.8 15.8 16.9 16.3 18.9 23.1

entered 2000-2009 (%) 29.9 23.1 25.8 24.1 28.7 32

entered before 2000 (%) 46.3 61.1 57.3 59.6 52.3 44.9

foreign born in europe (%) 13.9 7 8.8 14.8 10.8 10.8

foreign born in asia (%) 52.1 38.5 23.3 45.9 26.9 25.2

foreign born in africa (%) 8.4 2.7 3.7 2.8 7.4 4.2

foreign born in oceana (%) 2.4 0.5 0.7 3.3 0.9 3.4

foreign born in latin america (%) 19.6 50 58.4 32.2 51.4 55

foreign born in northern america (%) 3.6 1.4 5 1.1 2.6 1.5

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

speak english only (%) 77.7 62.5 74.1 72.1 79.9 80.3

speak other language (%) 22.3 37.5 25.9 27.9 20.1 19.7

spanish (%) 6.4 24.7 20.1 12.5 13.6 12.8

indo-european (%) 5.3 3.2 2.2 6.5 2.7 2.8

asian/pacific island (%) 9 8.1 2.4 8.1 2.7 3.4

other language (%) 1.7 1.6 1.3 0.8 1.2 0.8

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

evangelical protestant 410,918 302,320 554,967 244,699 281,300 28,747

evangelical protestant (%) 11.95 9.77 13.24 11.39 11.31 2.64

black protestant 12,253 10,857 6,647 12,585 9,714 1,302

black protestant (%) 0.36 0.35 0.16 0.59 0.39 0.12

mainline protestant 161,354 74,992 110,014 48,195 115,244 13,082

mainline protestant (%) 4.69 2.42 2.62 2.24 4.63 1.20

orthodox 14,805 7,828 13,579 6,740 8,682 5,352

orthodox (%) 0.43 0.25 0.32 0.31 0.35 0.49

catholic 423,291 801,850 559,919 347,723 408,253 95,048

catholic (%) 12.31 25.91 13.35 16.18 16.41 8.74

other 203,429 161,530 327,968 124,738 117,086 661,702

other (%) 5.91 5.22 7.82 5.80 4.71 60.83

unclaimed 2,213,759 1,735,936 2,619,793 1,364,447 1,547,314 282,640

unclaimed (%) 64.36 56.08 62.48 63.49 62.20 25.98

total population 3,439,809 3,095,313 4,192,887 2,149,127 2,487,593 1,087,873

Religious Membership | Association of Religion Data Archives (ARDA) | Metro | 2010

CITIZENSHIP

Citizenship | US Census American Community Survey (ACS) | Metro | 2016

LANGUAGE

Language Spoken at Home | US Census American Community Survey (ACS) | Metro | 2016

RELIGION

6



Washington California Arizona California Colorado Utah

weekly (%) 24 28 33 28 25 51

rank (out of 50) 45 36 21 36 42 1

nearly weekly/monthly (%) 17 19 18 19 19 13

seldom/never (%) 58 51 48 51 55 35

don’t know (%) 2 2 1 2 1 1

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

total population with bachelor's degrees (25+) 1,110,279 835,451 954,593 504,755 831,258 243,870

science/engineering (%) 43.98 42.04 31.87 40.43 37.98 35.53

science/engineering - computers, math, stats (%) 7.36 5.24 4.20 3.67 4.76 4.69

science/engineering - biology, agriculture, environmental 
science (%)

6.57 7.36 4.85 8.11 6.41 5.68

science/engineering - physical/related science (%) 3.13 3.57 2.72 3.04 3.52 3.75

science/engineering - psychology (%) 4.85 5.29 4.56 5.24 5.41 4.52

science/engineering - social science (%) 9.45 9.05 6.47 11.49 8.14 8.94

science/engineering - engineering (%) 11.59 10.68 8.24 8.17 8.56 7.06

science/engineering - multidiscipline (%) 1.03 0.84 0.82 0.71 1.17 0.90

science/engineering related fields (%) 8.07 7.94 10.49 8.15 7.84 9.05

business (%) 16.45 19.58 23.16 18.93 22.36 19.46

education (%) 8.02 7.55 13.97 6.88 8.26 11.34

arts/humanities/other (%) 23.48 22.89 20.52 25.61 23.55 24.62

arts/humanities/other - lit/languages (%) 5.09 4.17 2.97 4.34 4.36 5.67

arts/humanities/other - liberal arts/history (%) 5.29 5.09 4.00 5.73 4.52 3.50

arts/humanities/other - visual/performing arts (%) 4.93 4.28 3.57 3.48 3.93 4.54

arts/humanities/other - communications (%) 3.89 4.10 4.33 4.71 5.19 4.97

arts/humanities/other - other (%) 4.27 5.24 5.64 7.35 5.56 5.94

BACHELOR'S DEGREES

Bachelors Degrees | US Census American Community Survey (ACS) | Metro | 2016

Religious Service | Gallup | State | 2014
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Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

civilian employed population 16+ y/o 1,861,117 1,495,776 2,012,104 989,385 1,448,036 576,943

management, business, science, and arts occupations 
(%)

44.24 40.96 36.48 39.71 42.66 37.89

a. management, business, and financial occupations (%) 17.98 16.31 15.58 16.01 18.98 15.90

a1. management occupations (%) 12.12 10.79 10.06 9.90 12.45 10.55

a2. business and financial operations occupations (%) 5.86 5.52 5.52 6.11 6.53 5.35

b. computer, engineering, and science occupations (%) 10.37 8.16 5.68 7.18 8.04 6.69

b1. computer and mathematical occupations (%) 6.22 3.60 3.14 3.78 4.43 3.58

b2. architecture and engineering occupations (%) 3.11 2.97 2.00 2.11 2.58 2.00

b3. life, physical, and social science occupations (%) 1.04 1.60 0.54 1.29 1.03 1.11

c. education, legal, community service, arts, and media 
occupations (%)

10.65 11.15 9.69 10.88 10.52 10.33

c1. community and social services occupations (%) 1.55 1.50 1.66 1.74 1.55 1.25

c2. legal occupations (%) 1.30 1.49 1.06 1.34 1.45 1.24

c3. education, training, and library occupations (%) 5.28 5.65 5.17 5.83 5.23 5.66

c4. arts, design, entertainment, sports, and media 
occupations (%)

2.52 2.50 1.80 1.96 2.29 2.18

d. healthcare practitioner and technical occupations (%) 5.24 5.33 5.54 5.64 5.13 4.97

d1. health diagnosing and treating practitioners and 
other technical occupations (%)

3.80 3.79 3.82 4.06 3.77 3.54

d2. health technologists and technicians (%) 1.44 1.55 1.72 1.58 1.36 1.43

service occupations (%) 16.24 19.56 18.61 18.85 16.17 14.95

a. healthcare support occupations (%) 2.03 1.92 1.97 2.05 1.87 1.96

b. protective service occupations (%) 1.62 2.13 2.46 2.48 1.84 1.64

b1. firefighting and prevention, and other protective 
service workers including supervisors (%)

1.02 1.26 1.47 1.43 1.13 1.01

b2. law enforcement workers including supervisors (%) 0.60 0.88 0.99 1.05 0.71 0.63

c. food preparation and serving related occupations (%) 5.50 6.36 5.87 5.57 5.78 5.09

d. building and grounds cleaning and maintenance 
occupations (%)

3.11 4.38 4.33 3.80 3.37 3.69

e. personal care and service occupations (%) 3.99 4.77 3.97 4.95 3.32 2.58

sales and office occupations (%) 21.75 23.26 26.63 24.92 24.13 27.17

a. sales and related occupations (%) 9.91 11.10 11.93 10.91 11.36 11.19

b. office and administrative support occupations (%) 11.85 12.16 14.70 14.01 12.76 15.98

natural resources, construction, and maintenance 
occupations (%)

7.54 7.70 8.58 7.95 8.44 8.03

a. farming, fishing, and forestry occupations (%) 0.37 0.59 0.38 0.63 0.22 0.11

b. construction and extraction occupations (%) 4.23 4.39 4.89 4.46 5.58 5.02

c. installation, maintenance, and repair occupations (%) 2.94 2.72 3.31 2.85 2.64 2.90

production, transportation, and material moving 
occupations (%)

10.23 8.52 9.69 8.57 8.60 11.96

a. production occupations (%) 4.77 4.11 4.22 3.30 3.44 6.24

b. transportation occupations (%) 3.27 2.77 3.30 3.20 3.29 3.16

c. material moving occupations (%) 2.19 1.64 2.18 2.07 1.87 2.57

OCCUPATIONS + EMPLOYMENT

Occupations | US Census American Community Survey (ACS) | Metro | 2016
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Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

population 16+ y/o 2,950,186 2,607,875 3,489,998 1,774,628 2,165,921 857,626

in labor force (%) 68 65.1 62.1 61.7 70.8 71

a. civilian labor force (%) 67.2 62.2 62 61.6 70.7 70.9

a1. employed 63.1 57.4 57.7 55.8 66.9 67.3

a2. unemployed 4.1 4.9 4.3 5.8 3.8 3.7

b. armed forces 0.7 2.9 0.1 0.1 0.1 0.1

not in labor force 32 34.9 37.9 38.3 29.2 29

unemployment rate 6.1 7.8 7 9.4 5.4 5.2

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

overall rank (out of 379) 156 264 6 99 51 158

resemblance index (out of 100) 82.66 78.87 91.34 84.75 87.18 82.53

sociodemographic rank (out of 379) 97 109 11 4 56 290

housing stats rank (out of 379) 316 369 24 261 133 71

economic stats rank (out of 379) 29 17 8 87 48 100

education stats rank (out of 379) 138 99 92 195 38 232

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

1) metro name (score - distance (mi))
boston, ma     
79 - 2,482

los angeles, ca  
83 - 97

denver, co      
82 - 583

phoenix, az     
81 - 632

dallas, tx       
82 - 651

phoenix, az     
77 - 497

2) metro name (score - distance (mi))
portland, or     

79 - 142
boston, ma     
80 - 2,571

tampa, fl       
82 - 1,785

los angeles, ca  
79 - 367

atlanta, ga      
82 - 1,209

portland, or     
77 - 637

3) metro name (score - distance (mi))
chicago, il      
78 - 1,721

phoenix, az     
79 - 299

dallas, tx       
81 - 872

houston, tx     
79 - 1,596

phoenix, az     
82 - 583

denver, co      
77 - 375

4) metro name (score - distance (mi))
san diego, ca   

78 - 1,049
austin, tx       
79 - 1,153

sacramento, ca  
81 - 632

dallas, tx       
79 - 1,421

austin, tx       
80 - 766

kansas city, mo  
77 - 928

5) metro name (score - distance (mi))
san fancisco, ca 

78 - 676
sacramento, ca  

78 - 4,627
chicago, il      
81 - 1,483

denver, co      
79 - 880

los angeles, ca  
80 - 829

dallas, tx       
77 - 988

6) metro name (score - distance (mi))
philadelphia, pa  

77 - 2,487
miami, fl       

78 - 2,257
los angeles, ca  

80 - 356
san antonio, tx  

78 - 1,448
chicago, il      
79 - 906

chicago, il      
77 - 1,251

7) metro name (score - distance (mi))
baltimore, md   

77 - 2,327
san fran, ca     

78 - 443
miami, fl       

80 - 1,965
miami, fl       

78 - 2,528
kansas city, mo  

79 - 557
provo, ut       
76 - 29

8) metro name (score - distance (mi))
atlanta, ga      
77 - 2,176

seattle, wa     
78 - 1,049

atlanta, ga      
80 - 1,588

kansas city, mo  
78 - 1,437

tampa, fl       
79 - 1,513

atlanta, ga      
76 - 1,584

9) metro name (score - distance (mi))
austin, tx       
77 - 1,763

chicago, il      
77 - 1,713

san antonio, ca  
80 - 842

atlanta, ga      
78 - 1,437

portland, or     
79 - 985

minneapolis, mn 
82 - 660

10) metro name (score - distance (mi))
phoenix, az     
76 - 1,112

philadelphia, pa  
77 - 2,359

jacksonville, fl   
80 - 1,792

san diego, ca   
78 - 462

orlando, fl      
79 - 1,545

tampa, fl       
76 - 1,880

twin metro midwest chicago, il chicago, il chicago, il kansas city, mo chicago, il kansas city, mo

twin metro northeastern boston, ma boston, ma philadelphia, pa philadelphia, pa philadelphia, pa pittsburgh, pa

twin metro southern atlanta, ga austin, tx tampa, fl houston, tx dallas, tx dallas, tx

twin metro less populated
charlottesville, 

va
charlottesville, 

va
charlottesville, 

va
columbia, mo iowa city, ia sioux falls, sd

twin metro voted for opposite candidate in 2016 
presidential election (trump/clinton)

dallas, tx (trump) dallas, tx (trump)
denver, co 

(clinton)
dallas, tx (trump) dallas, tx (trump) dallas, tx (trump)

Employment Status | US Census American Community Survey (ACS) | Metro | 2016

OTHER

Resemblance to US | WalletHub | Metro | 2016

What is your city's twin? (similar job mix) | NY Times | Metro | 2018
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Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

mean digital score 42.7 41 42 41.9 41.3 43

mean digital score rank (out of 100) 8 53 21 26 45 5

high digital skill jobs (%) 27.7 25.1 26.2 24.5 26.8 30

medium digital skill jobs (%) 44.7 46.5 46.7 47.6 45.5 44.4

low digital skill jobs (%) 27.6 28.5 27 27.9 27.7 25.6

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

2011 employment in foreign-owned establishments (%) 4.6 4.8 3.7 2.6 4.8 4.6

2011 employment in foreign-owned establishments 
rank (out of 100)

57 49 75 93 48 58

1991 employment in foreign-owned establishments (%) 3.6 3.2 3.8 1.3 4.5 4.4

1991 employment in foreign-owned establishments 
rank (out of 100)

59 64 47 99 36 42

change foreign-owned establishments 2011-1991 (%) 1 1.6 -0.1 1.3 0.3 0.2

Digitalization of the Workforce | Brookings Institute | Metro | 2016

Foreign Investment | Brookings Institute | Metro | 2011
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Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

murder and nonnegligent manslaughter (per 100,000) 2.7 3.0 5.5 4.2 4.3 3.9

rape (per 100,000) 39.5 32.8 46.1 26.1 67.0 69.5

robbery (per 100,000) 109.2 83.7 112.7 120.1 86.2 103.9

aggravated assault (per 100,000) 201.7 210.8 262.6 260.7 231.5 233.2

violent crime (per 100,000) 353.2 330.4 426.9 411.0 389.0 410.5

violent crime mean 5.00 6.00 1.00 2.00 4.00 3.00

violent crime % normalization 0.83 0.77 1.00 0.96 0.91 0.96

violent crime sum 5 6 1 2 4 3

violent crime subcategory rank 5 6 1 2 4 3

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

burglary (per 100,000) 726.8 313.2 552.3 458.9 435.8 612.4

larceny-theft (per 100,000) 2,603.4 1,204.5 2,028.6 1,565.7 2,055.3 3,396.6

motor vehicle theft (per 100,000) 559.8 332.4 289.2 366.4 462.9 590.4

property crime (per 100,000) 3,890.0 1,850.1 2,870.1 2,391 2,954 4,599.4

property crime mean 2.00 6.00 4.00 5.00 3.00 1.00

property crime % normalization 0.85 0.40 0.62 0.52 0.64 1.00

property crime sum 2 6 4 5 3 1

property crime subcategory rank 2 6 4 5 3 1

Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

feel safe walking alone (%) 70.2 69.4 70.3 67.5 74.5 75.4

rank (out of 189) 90 82 92 67 146 156

safety mean 3.00 2.00 4.00 1.00 5.00 6.00

safety % normalization 0.66 0.78 0.63 1.00 -0.18 -0.33

safety sum 3 2 4 1 5 6

safety subcategory rank 3 2 4 1 5 6

Violent Crime | Federal Bureau of Investigation (FBI) | Metro | 2016

PROPTERY CRIME

Property Crime | Federal Bureau of Investigation (FBI) | Metro | 2016

SAFETY

Safety | Gallup | Metro | 2013

CRIME

VIOLENT CRIME
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Seattle San Diego Phoenix Sacramento Denver Salt Lake City

crime rate (%) 5.69 2.78 4.73 4.93 4.33 8.13

crime rate rank (out of 104) 64 6 37 44 30 99

per-capita spending ($) 357 313 347 402 363 346

per-capita spending rank (out of 104) 50 35 47 70 55 46

return on investment rank (out of 104) 91 82 43 64 65 51

police spending mean 1.00 2.00 6.00 4.00 3.00 5.00

police spending % normalization 1.00 0.90 0.47 0.70 0.71 0.56

police spending sum 1 2 6 4 3 5

police spending subcategory rank 1 2 6 4 3 5

Seattle San Diego Phoenix Sacramento Denver Salt Lake City

mean 2.75 4.00 3.75 3.00 3.75 3.75

percent normalization 0.83 0.71 0.68 0.80 0.52 0.55

sum 11 16 15 12 15 15

POLICE SPENDING

Police Spending | WalletHub | City | 2016

CRIME TOTAL
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King San Diego Maricopa Sacramento Denver Salt Lake

alcohol-impaired driving fatalities 25 77 124 52 18 10

alcohol-impaired driving fatalities (per 100,000) 1.16 2.32 2.92 3.43 2.6 0.89

single vehicle crash fatalities 54 149 267 89 38 41

single vehicle crash fatalities (per 100,000) 2.51 4.49 6.29 5.88 5.48 3.66

large truck involved crash fatalities 8 5 29 18 3 4

large truck involved crash fatalities (per 100,000) 0.37 0.15 0.68 1.19 0.43 0.36

speeding involved crash fatalities 30 75 137 55 22 13

speeding involved crash fatalities (per 100,000) 1.4 2.26 3.23 3.63 3.17 1.16

rollover involved crash fatalities 8 41 90 27 10 6

rollover involved crash fatalities (per 100,000) 0.37 1.24 2.12 1.78 1.44 0.54

roadway departure crash fatalities 50 106 141 56 15 19

roadway departure crash fatalities (per 100,000) 2.33 3.19 3.32 3.7 2.16 1.69

intersection (or related) crash fatalities 40 48 166 46 27 24

intersection (or related) crash fatalities (per 100,000) 1.86 1.45 3.91 3.04 3.9 2.14

passenger car occupant fatalities 38 76 119 63 12 20

passenger car occupant fatalities (per 100,000) 1.77 2.29 2.8 4.16 1.73 1.78

light truck occupant fatalities 16 31 96 16 3 9

light truck occupant fatalities (per 100,000) 0.74 0.93 2.26 1.06 0.43 0.8

motorcyclist fatalities 18 52 87 21 14 14

motorcyclist fatalities (per 100,000) 0.84 1.57 2.05 1.39 2.02 1.25

pedestrian fatalities 23 71 133 45 19 21

pedestrian fatalities (per 100,000) 1.07 2.14 3.13 2.97 2.74 1.87

bicyclist fatalities 2 5 22 16 4 2

bicyclist fatalities (per 100,000) 0.09 0.15 0.52 1.06 0.58 0.18

total fatalities 100 239 483 164 54 69

total fatalities (per 100,000) 4.65 7.2 11.38 10.83 7.79 6.15

traffic safety mean 6.00 4.00 1.00 2.00 3.00 5.00

traffic safety % normalization 0.41 0.63 1.00 0.95 0.68 0.54

traffic safety sum 6 4 1 2 3 5

traffic safety subcategory rank 6 4 1 2 3 5

TRAFFIC + PEDESTRIAN SAFETY

TRAFFIC SAFETY

Traffic Safety | National Highway Traffic Safety Administration (NHTSA) | County | 2016
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Seattle-Tac-
Bellevue

San Diego-
Carlsbad

Phoenix-Mesa-
Scottsdale

Sacramento-
Roseville

Denver-Aurora-
Lakewood

Salt Lake City 
Metro

pedestrian deaths (2005-2014) 316 559 814 375 327 125

annual pedestrian fatalities (per 100,000) 0.89 1.76 1.88 1.71 1.23 1.11

annual pedestrian fatalities rank 6 2 1 3 4 5

annual pedestrian fatalities % norm. 0.47 0.94 1.00 0.91 0.65 0.59

2011 pedestrian danger index 35.9 74.7 132.4 90.7 74.3 60.2

2014 pedestrian danger index 26.8 66 118.6 81.3 58.1 55.3

2016 pedestrian danger index 24.7 62.7 125.1 81.3 58.7 53

2016 rank (out of 104) 97 56 16 43 58 61

2016 pedestrian safety rank 6 3 1 2 4 5

2016 pedestrian safety % norm. 0.20 0.50 1.00 0.65 0.47 0.42

change in pedestrian danger index 2014 to 2016 -2.1 -3.3 6.5 0 0.6 -2.3

change in pedestrian danger index 2014 to 2016 rank 4 6 1 3 2 5

change in pedestrian danger index 2014 to 2016 % 
norm.

-0.32 -0.51 1.00 0.00 0.09 -0.35

pedestrian safety mean 5.33 3.67 1.00 2.67 3.33 5.00

pedestrian safety % normalization 0.12 0.31 1.00 0.52 0.41 0.22

pedestrian safety sum 16 11 3 8 10 15

pedestrian safety subcategory rank 6 4 1 2 3 5

Seattle San Diego Phoenix Sacramento Denver Salt Lake City

mean 5.67 3.83 1.00 2.33 3.17 5.00

percent normalization 0.26 0.47 1.00 0.74 0.54 0.38

sum 22 15 4 10 13 20

TRAFFIC + PEDESTRIAN SAFETY TOTAL

PEDESTRIAN SAFETY

Pedestrian Safety | Smart Growth America | Metro | 2016
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King San Diego Maricopa Sacramento Denver Salt Lake

earthquake risk very high very high moderate very high very low very high

earthquake risk index 46.38 56.12 3.4 23.24 0.89 29.55

earthquake risk rank 2 1 5 4 6 3

flood risk very low very low low moderate very low very low

flood risk index 0 0.76 1.3 6.42 0.23 0.32

flood risk rank 6 3 2 1 5 4

hail risk very low very low very low very low very high very low

hail risk index 0 0.5 0.34 0 46.55 1.68

hail risk rank 5 3 4 5 1 2

hurricane storm surge risk very low very low very low very low very low very low

hurricane storm surge risk index 0 0 0 0 0 0

hurricane storm surge risk rank n/a n/a n/a n/a n/a n/a

tornado risk very low very low very low very low moderate very low

tornado risk index 0.03 0 0.01 0.19 7.97 0.03

tornado risk rank 3 5 4 2 1 3

wildfire risk very low high very low moderate very low low

wildfire risk index 0 5.37 0.27 1.91 0 0.82

wildfire risk rank 5 1 4 2 5 3

hazard risk very high very high very low very high very high very high

hazard risk index 46.42 62.75 5.31 31.76 55.65 32.39

natural disasters mean 3.00 1.00 6.00 5.00 2.00 4.00

natural disasters % normalization 0.74 1.00 0.08 0.51 0.89 0.52

natural disasters sum 3 1 6 5 2 4

natural disasters subcategory rank 3 1 6 5 2 4

Seattle San Diego Phoenix Sacramento Denver Salt Lake City

mean 3.00 1.00 6.00 5.00 2.00 4.00

percent normalization 0.74 1.00 0.08 0.51 0.89 0.52

sum 3 1 6 5 2 4

NATURAL DISASTERS TOTAL

NATURAL DISASTERS

NATURAL DISASTERS

Natural Disasters | Attom Data Solutions | County | 2017
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Seattle San Diego Phoenix Sacramento Denver Salt Lake City

violent crime 5.00 6.00 1.00 2.00 4.00 3.00

property crime 2.00 6.00 4.00 5.00 3.00 1.00

safety 3.00 2.00 4.00 1.00 5.00 6.00

police spending 1.00 2.00 6.00 4.00 3.00 5.00

crime 2.75 4.00 3.75 3.00 3.75 3.75

traffic safety 6.00 4.00 1.00 2.00 3.00 5.00

pedestrian safety 5.33 3.67 1.00 2.67 3.33 5.00

traffic + pedestrian safety 5.67 3.83 1.00 2.33 3.17 5.00

natural disasters 3.00 1.00 6.00 5.00 2.00 4.00

natural disasters 3.00 1.00 6.00 5.00 2.00 4.00

safety mean 3.81 2.94 3.58 3.44 2.97 4.25

Seattle San Diego Phoenix Sacramento Denver Salt Lake City

violent crime 0.83 0.77 1.00 0.96 0.91 0.96

property crime 0.85 0.40 0.62 0.52 0.64 1.00

safety 0.66 0.78 0.63 1.00 -0.18 -0.33

police spending 1.00 0.90 0.47 0.70 0.71 0.56

crime 0.83 0.71 0.68 0.80 0.52 0.55

traffic safety 0.41 0.63 1.00 0.95 0.68 0.54

pedestrian safety 0.12 0.31 1.00 0.52 0.41 0.22

traffic + pedestrian safety 0.26 0.47 1.00 0.74 0.54 0.38

natural disasters 0.74 1.00 0.08 0.51 0.89 0.52

natural disasters 0.74 1.00 0.08 0.51 0.89 0.52

safety percent normalization 0.61 0.73 0.59 0.68 0.65 0.48

Seattle San Diego Phoenix Sacramento Denver Salt Lake City

violent crime 5 6 1 2 4 3

property crime 2 6 4 5 3 1

safety 3 2 4 1 5 6

police spending 1 2 6 4 3 5

crime 11 16 15 12 15 15

traffic safety 6 4 1 2 3 5

pedestrian safety 16 11 3 8 10 15

traffic + pedestrian safety 22 15 4 10 13 20

natural disasters 3 1 6 5 2 4

natural disasters 3 1 6 5 2 4

safety sum 36 32 25 27 30 39

SAFETY TOTAL

MEAN

SUM

PERCENT NORMALIZATION
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Seattle San Diego Phoenix Sacramento Denver Salt Lake City

violent crime 5 6 1 2 4 3

property crime 2 6 4 5 3 1

safety 3 2 4 1 5 6

police spending 1 2 6 4 3 5

traffic safety 6 4 1 2 3 5

pedestrian safety 6 4 1 2 3 5

natural disasters natural disaster risk 3 1 6 5 2 4

frequency of "6" 2 2 2 0 0 1

frequency of "5" 1 0 0 2 1 3

frequency of "4" 0 2 2 1 1 1

frequency of "3" 2 0 0 0 4 1

frequency of "2" 1 2 0 3 1 0

safety frequency of "1" 1 1 3 1 0 1

safety subcategory sum 26 25 23 21 23 29

crime 2.75 4.00 3.75 3.00 3.75 3.75

traffic + pedestrian safety 6.00 4.00 1.00 2.00 3.00 5.00

natural disasters 3.00 1.00 6.00 5.00 2.00 4.00

safety subcategory mean 3.71 3.57 3.29 3.00 3.29 4.14

traffic + ped. 
safety

SUBCATEGORY FREQUENCY

crime
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health
physical health

mental health

healthy eating

lifestyle

health stats

facilities + services
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25



26



27



28



29



30



31



32



33



34



35



36



37



38



39



40



41



42



43



44



45



46
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education
enrollment

attainment

quality

child well-being

teachers/schools/spending

48



49



50



51



52



53



54



55



56



57



58



59



60



61



62



63



64



65



66



67



68



69



70



71



environment
transportation

energy

air pollution

water

species

climate

climate change

sustainability/efficiency indexes
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76



77



78



79



80



81



82



83



84



85



86



87



88



89



90



91



92



93



94



95



96



97
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existing conditions
demographics

density

housing

parks + recreation

arts

other culture

libraries

infrastructure
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107
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109



110
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112



113



114



115



116
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economy
employment + jobs

city economy

personal/household economy

cost of living

homelessness

general metrics
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128



129



130



131



132



133



134



135



136



137



138



139



140
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142



143



144
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149



community
activism

pride

well-being

trending
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154



155



156



157



158



159



160



161



162



163



totals
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170



171



172



173



174



175



176



177



phoenix
This dataset includes only data points 
where phoenix is projected to have the 
greatest relative issue for each of the 
four evaluative methods. This was used 
as a tool to determine what data to 
examine for the site selection dataset.
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184



185



186



phoenix
This table indicates those areas in which 
Phoenix is projected to have issues and 
compares the results across evaluative 
methods. This is displayed to the 
subcategory level. 

sub category

category

pod

total

evaluative method
indicates issue 

187
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189



190
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192





base rank

category

pod

total

base normalization

category

pod

total

pod

total

lowest issue rank

highest issue rank

Mean Subcategory 
Frequency

Percent 
Normalization

Sum

Key
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240



241



242



243



244



245



246



247



248



totals
The site selection totals include additional 
evaluative methods for further 
comparison between site options.

indicates top 4 
issue rank

249
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253



254



top 4
This dataset is meant to evaluate the 
four potential sites that were visited. 
These sites were chosen due to the 
results from the totals section. The 
second part of this dataset indicates 
those categories that are above average 
in issue for each of the four sites. Finally, 
the data trends section suggests topics 
that could potentially lead to a 
programmatic response.
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