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Introduction 

To proceed with an analysis of nighttime lighting and economic activity in major U.S. cities, we must first 
conduct a selection process. The process is designed to ensure a geographically diverse and economically 
vibrant set of U.S. cities to best represent the variation of urbanized areas in the country. Because the vast 
majority of statistics surrounding large urban activities are reported at the metropolitan statistical area 
(MSA) level, this selection process will assume this specific geographic unit as its primary focus of analysis.  

MSAs in the U.S. are defined by the Office of Management and Budget (OMB) as core urban areas with a 
population of 50,000 or more and the surrounding counties with a high degree of social and economic 
integration with that urban core.1 The broad definition helps capture the full extent of urbanization, 
including the principal cities as well as the larger region of suburban, exurban and some rural areas. More 
than 90 percent of the nation’s entire population growth in the last decade occurred within MSAs.2  

 

Methodological Background 

Typically, research at this scale focuses on the top 100 MSAs by population. This convenient metric 
accounts for a large portion of the nation’s populous and economy. Demographically, these MSAs represent 
67% of total U.S. population in 2014. In trade, the ports and airports located in 100 largest MSAs handle 
75% of all foreign seaport tonnage and 79% of all U.S. air cargo weight. The group also accounts for a 
majority portion of advanced research, producing 78% of all patents, attracted 80% of National Institutes 
of Health and National Science Foundation research funding, and received 94% of all venture capital 
funding. These outsized proportions resulted in Brookings Institution, a think-tank focused on U.S. 
development policies, proclaiming the MSA as the standard tool for geographical analysis at this scale.3 
Furthermore, Brookings maintains an extensive program of monitoring MSAs as its premier tool for 
effecting policy change at the national scale. In a 2009 essay, Brookings scholars concluded that “America 
is quite literally a ‘MetroNation,’ utterly dependent on the success of its metropolitan hubs.”4 

In addition to the Brookings call for metropolitan-scale research, the National Science Foundation has 
initiated a funding call for what it terms “Big Data Regional Innovation Hubs.” These hubs are to coordinate 
multi-sector collaborations for addressing “societal grand challenges” at the regional level.5 The western 
hub has already declared one of its core themes to be metro data science to better address the challenges 
of “creating efficient infrastructures in transportation, utilities, housing, communication, public services, 
and resource consumption.”6 Taken together, these significant funding and primary research efforts 
indicate that regional-scale research efforts and data science are relatively new and not well-formed. 
Data will not be pre-bundled to answer questions at this geographical scale nor is there an established set 



of research protocols to tackle the scale. Our project will gather and analyze data at the geographic scale 
using MSA boundaries to make regional and metro scale comparisons. 

 

Selection Factors and Methodological Process 

The selection process will use one primary cutoff (population) and several factors (pop. growth, pop.-
weighted density, and Gross Metropolitan Product) to sort the list of potential MSAs for further study. The 
rationale and steps in the process are detailed below, along with a selected biography for methodological 
reference and relevant findings: 

 
1. Population Threshold Cut-off 

Of the 381 officially delineated metropolitan areas, the largest is the megacity of New York, with 
20,000,000+ inhabitants, while the smallest is the barely metropolitan 50,000 inhabitants of Carson 
City, Nevada. Comparing the infrastructures (lighting, roads, transport, facilities, etc.) of two metro 
areas with this magnitude of variation would not be very productive and would probably not unveil new 
relationships related to our research.  

Defining a lower population threshold of 500,000 limits the list of metropolitan areas to about 104 
MSAs, which together account for about two-thirds of the total U.S. population in 2014 (214 million). 
These metros also form a majority of the U.S. economy. The top three U.S. metros – New York-Newark-
Jersey City, Los Angeles-Long Beach-Anaheim, and Chicago-Naperville-Elgin – produce a gross 
metropolitan product (GMP) large enough to be the 5th largest economy in the world by GDP.7 
Furthermore, U.S. metros are expected to make outsize contributions to global growth over the next 
decade. McKinsey Group projects that the top 30 U.S. metros will contribute 7% of global GDP growth 
until 2025.8 At the same time, the 227 middle-sized metros in the U.S. still produce 70% of the total 
GDP.9 Thus, ensuring that we include both the largest metros in the study and a sampling of the less 
superlative metros will be critical to capture the full range of future urban production.  

Limiting by population is probably the most common feature of research attempting to compare 
metros statistically. Economic, demographic and sociological research are the most prolific arenas for 
using a population-limited subset of MSAs. Studies use this grouping to address societal relationships 
such as population growth and income (Gottlieb, 2002), entrepreneurship (Konczal, 2013), job and 
transit access (Tomer et al., 2011) and racial segregation (Reardon et al., 2008).10,11,12,13 When comparing 
transportation metrics, transportation research fields also utilize population classes of metros (TRB, 
2015).14 The logic behind segregating the metros into size classes based on population recognizes 
both the need to compare apples to apples and that scale thresholds exist that impact urban 
infrastructures, physical form and economic developments.  

 

2. Population Growth as Proxy 

The selection process requires a factor that can transparently distinguish between cities that grew 
historically and those that grow more rapidly in recent times. The rationale for this factor is related to 
the nature of urbanization. Historically, growth would have heavily been focused around a core, usually 



associated with a major river and ports, that generated lots of jobs and trade (true for all 20 of the 
largest cities in the U.S. in 1900) as documented by the well-respected study by Glaeser and Kohlhase 
(2004).15 However, recent urbanization involves an entirely different set of flexible economies, 
faster transportation, service sectors, and a mobile workforce that need to be captured for any 
study attempting to answer large scale infrastructural questions.  

There are two critical points about the value of population growth as a proxy for analyzing new 
urbanization features. First, we know that the actual infrastructures (roads, utilities, etc.), 
environmental impacts and even regional economies change in step with population growth according 
to roughly defined scaling laws (Bettencourt et al., 2007).16 These relationships ensure that we are 
focusing on a factor that will yield important information about infrastructures, of which lighting is a 
subset. Second, we know that new growth occupies land area differently than old growth. Urbanization 
since 1950 tends to spread population more diffusely, occupying roughly twice the amount of land per 
person as older urbanization (Marshall, 2007).17  Thus, we utilize recent population growth (2000-
2014) as a factor to be certain that we capture the newest growth rather than the biggest 
historical growth.i  

Naturally, the biggest cities by population receive an outsize share of the national media attention. 
New York and Los Angeles are the media hubs for the entire urban sphere. However, both of these 
metros grow at rates that are far below average for the full metro area set (single-digit growth rates). 
Meanwhile, Raleigh, NC and Austin, TX grew at a very fast clip of 36% over the same period. On the 
other end of the spectrum, Rust Belt cities continue their population decline at various levels (~5% 
since 2000). This diversity signifies drastically different approaches to infrastructure creation and 
usage for these urbanized areas and each should be represented in the final selection set.  

 
3. Gross Metropolitan Product (GMP) and Industry Diversity 

Another critical dimension when attempting to capture the diversity of metropolitan performance is 
economic production. The Bureau of Economic Analysis distributes this data by metropolitan area to 
facilitate geographical comparisons, reporting information on 21 separate industry sectors. These are 
industry standards and utilized in private and public research efforts, though the measures rely heavily 
on personal income reporting in each state.18 Gross Metropolitan Product from the Bureau of Economic 
Analysis captures the production of the industry sectors in each metro area.19 The data used in this 
analysis are in real, chain-weighted dollars (i.e., inflation-adjusted).  

Intuitively, one might think that some measure of industry diversity and growth across the 21 sectors 
might best measure economic vibrancy in the MSAs. However, research is undecided on the 
contribution of industry diversity versus specialization.20 The argument often centers around the 
value of agglomerating, or geographically attaching, multiple allied industries, services, and 

																																																													
i	It	should	be	noted	that	the	mid-2000s,	the	years	when	much	of	the	foundational	regional	science	data	research	
was	conducted,	was	an	important	era	for	urbanization.	That	era	was	both	the	historical	point	at	which	the	majority	
of	humans	began	living	in	urban	areas	as	well	as	the	rise	of	the	global	housing	bubble.	Researchers	became	very	
keen	to	understand	the	nature	of	that	growth	and	whether	it	could	be	sustained,	perhaps	even	in	the	Malthusian	
sense.	The	bursting	of	the	bubble	and	subsequent	recession	years	subdued	much	of	the	research	interest	in	urban	
growth	because	decline	became	the	de	facto	discourse.	Only	now	are	we	at	an	economic	juncture	to	again	tackle	
questions	of	growth	and	scaling	laws	in	this	very	new	and	immature	research	field.		



capabilities. For example, financial services of every type is available within a few mile radius of New 
York City. Another example is the vast pools of technological capacity and talent available in close 
proximity in Silicon Valley. However, urban economists have not established the basic contribution of 
agglomeration around an industry to the larger economic development of a region.21 Rather, the value 
of any particular industrial sector agglomeration may be sensitive to certain thresholds both in terms 
of critical mass (low side) and over-focus (high-side).22 For this project, the straightforward use of 
real GMP of all industry sectors is used to avoid unduly biasing the selection process on 
underdeveloped regional economic theory. 

 

4. Population-Weighted Density 
 
Population density is the final factor that will help ensure a diverse study set of MSAs. Density 
varies widely in U.S. urban areas, ranging from the peaks of downtown Manhattan to the suburban 
districts of Dallas and even sparse rural areas in the outlying counties of metropolitan areas. In 
fact, the majority of the U.S. population now lives in suburban areas.23 It is therefore critical that 
we have metropolitan areas that contain a representative set of these conditions. Abundant 
research points to relationships between population density and temperature, energy use, 
transportation networks, and numerous other critical variables.24 These relationships all hover 
around the infrastructure needed to support these densities in their daily housing and 
transportation needs. A strong example is the critical thresholds of density needed before mass 
transit is economically supportable.25 Thus, varying urban densities may invoke different 
amounts and configurations of lighting infrastructure. The selected metros need to display the 
full range of U.S. densities to properly assess the potential lighting infrastructure/economic 
variable connections. 
 
The Census Bureau formulated a new measure to help capture the density of where people actually 
lived, rather than raw density measures which include vast tracts of industrial, logistical, or 
otherwise non-populated land area.26 This final factor, called population-weighted density (see 
distribution figure below), will help select diverse representatives out of the groupings established 
by population growth and GMP.  



 

5. Plotting, Grouping, and Selecting the MSAs 

For this step in the selection process, GMP and population growth will be plotted along with a 
bubble representation of each MSA’s population-weighted density. Plots such as these are widely 
used in regional urban studies to help segregate metros from the mean, evaluate any outliers, and 
assess any potential relationships among the individual data points. Recent research by urban 
economists and scholars use scatterplots to extensively evaluate base relationships between 
physical measures of urban life and economic costs/performance.27,28,29 Urban consultants and 
think-tanks also utilize them to compare national-level and global-level metropolitan or city 
performance in socio-economic, civic, or environmental terms.30 Plots are used as a powerful, 
straightforward research tool, with a recent track record for clarifying the complex 
relationships associated with large urban units. 

Geographical units like MSAs are already complex entities and analyses are kept simple to avoid 
confounding base properties. Variables like population, population change, and GMP are 
transparent and easily relatable. Higher level indexes, log-log plots, and other derived variables 
are valuable in some advanced cases, but tend to obfuscate rather than clarify in early stage 
research efforts. Mining for spurious correlations, as is currently in vogue in big data projects, 
is not a particularly productive path at this stage. 

Plotting GMP vs. Population Growth for the top 100 MSAs produces a very telling pattern (see 
figure). There are several groups of MSAs that separate from the more average performing 
metros. Below, the groups will be listed and named. The process of naming the groups has 
precedent as a method of identifying real, structural processes acting only on a related subset of 



MSAs (such as Gottlieb’s “population magnets” and “wealth builders”).31,32 Cordoning off a loosely-
defined group of MSAs with similar economic/ demographic profiles can spawn entire subfields of 
research, such as that associated with the term ‘Rust Belt’.33 The fact that these groups 
correspond to a priori categories identified in allied fields is a powerful result alone. 

With these precedents in mind, the plot helps reveal a system of MSAs that separate into at least 
five identifiable groups. The following 5 selection sets will serve as the primary source of the final 
selection to be determined by data compatibility/availability (see plot figure for full groups). The 
sets below were determined by selecting the highest, lowest, and the median 2010 population-
weighted density MSA from each group (listed in that order below). The MSA with a density next 
closest to the median was chosen as the alternate. All nine Census Divisions are represented in 
the groups: 

 

Large-Slow Growth (gray) 

New York-Northern New Jersey-Long Island, NY-NJ-PA 
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 
Chicago-Joliet-Naperville, IL-IN-WI 

  

(Alternate: Boston-Cambridge-Quincy, MA-NH)  

This group is easily identifiable as some of the founding metropolises of the U.S. They have large, 
dense cores, served by various forms of transit, and remain the top 10 largest MSAs. They have 
always served as premier ports on either coast (or the ‘third coast’ in the case of Chicago). 

 

Large-Faster Growth (orange) 

Washington-Arlington-Alexandria, DC-VA-MD-WV 
Atlanta-Sandy Springs-Marietta, GA 
Houston-Sugar Land-Baytown, TX 

 

(Alternate: Phoenix-Mesa-Glendale, AZ)  

Each of these MSAs dominates its regional economic and urban landscape and has grown over 20% 
in population since 2000. The members of this group serve as regional hubs in the South and West 
regions and have added one million in population since 2000 (except Denver MSA, which added 
almost 400,000). 

 

     Rust Belt-Declining (purple) 

Milwaukee-Waukesha-West Allis, WI 
Youngstown-Warren-Boardman, OH-PA 
Pittsburgh, PA 



 

(Alternate: Rochester, NY) 

These MSAs are generally located in the Midwest and interior Northeast regions, and have 
previously been dominated by heavy industry and manufacturing-related economies. Known since 
the 1980s as the Rust Belt, they have suffered declining populations and economic share for 
decades and have served as laboratories for urban design/planning in a shrinking context.  

      

     New Economy-Quality of Life Hubs (green) 

San Jose-Sunnyvale-Santa Clara, CA 
Nashville-Davidson--Murfreesboro--Franklin, TN Portland-
Vancouver-Hillsboro, OR-WA 

 

 (Alternate: Salt Lake City, UT) 

The last two groups of MSAs are more difficult to precisely define, especially as they occupy 
emergent economic niches in the tech, retirement, and recreational economies like Nashville, TN. A 
few metros might make up a separate, hi-tech grouping considering the blistering growth of this 
sector in San Jose and Seattle. However, the group would suffer from a low sample size and lack of 
a mature industrial agglomeration given how singularly focused some can be (e.g., on software, 
automotive engineering, or aerospace industries).34 Quality of life rankings include many of these 
MSAs in their upper tiers, each ranking varying based on the weighting of various factors like job 
growth, healthcare, recreational options, tax rates, crime rates, poverty rates, congestion, cost of 
living, etc.35,36,37 

    

     Growth Magnets (magenta) 

Las Vegas-Paradise, NV 
Raleigh-Cary, NC 
Orlando-Kissimmee-Sanford, FL 

 

  (Alternate: Port St. Lucie, FL) 

 

The highest growth rates in the U.S. are focused on these MSAs. Raleigh-Cary is often ranked first 
in job growth, given its strong research universities, healthcare, and tech sectors. All the MSAs in 
this group are located in the South or West, or the Sun Belt. This term has some associations with 
retirement populations, which is still relevant for places like Port St. Lucie, FL. However, the 
continued robustness of the growth in tech, entertainment, and health sectors mark many of these 
MSAs as maturing urban areas. 

 



Notes On Grouping and Exceptions: 

Groups were primarily defined by their growth profile (very high, high, average, below average, and 
negative growth) and visually inspecting the plot to extract any groupings that correlate to known 
metropolitan sets from external literature. Sets that are well-established are the Rust Belt 
grouping (as supported by research like the S. High book on the Rust Belt) and the Large-Slow 
Growth grouping (as supported by the E. Glaeser and Kohlhase paper). The higher growth metros 
have been much discussed by P. Gottlieb while at the Brookings Institution, though there have been 
more recent additions due to newer census growth data. While other methodologies simply use 
population or population growth, like the international researchers C. Hale and S. Eagleson, cited 
below), the methods conducted here attempt to utilize a multi-pronged approach. We attempt to 
match a knowledge of performance-related metros with the basic quantitative factors of 
population growth, density and GMP. Combining the knowledge base with the separation visible on 
the plot produced a general outline for settling metros into groupings, with minor exceptions 
described below. This a priori knowledge largely arises from the following sectors: 

-Historical Foundation/Trajectory (cities formed in the 18th/19th centuries have far 
denser cores that support mass transit, strong downtowns, and high-rises) 
 
-Growth Profile as a large differentiation factor (e.g., Rust Belt decline vs. Growth 
Magnets) 

 
-Regional Economics and Geography (e.g. Denver has always served as the rail/road/air hub 
of its region, while the island structure of New York City concentrates its development and 
increases transit) 

 
-Ranking on Quality of Life/Job Generation Indexes,(lower taxes, air conditioning, baby 
boom retirees, cheap labor/land/housing, lower taxes, and weather all make southern and 
western metros more attractive)   

 
-Economic Sector Clustering (like tech or aerospace in San Jose and Seattle, respectively)  
 

Naturally, several exceptions arise when analyzing complex entities like metros. For example, 
Riverside, CA is directly beside Los Angeles geographically, and certainly in its sphere of 
economic/geographical influence. The same can be said for Baltimore, MD and Washington, D.C.  For 
each of these cases, the larger metro was retained and the smaller metro thrown out because it 
would be impossible to differentiate the various influences the bigger metro had on the smaller.  

Orlando, FL is another problematic metro. Orlando is an important, rising regional entity in central 
Florida but its economy is not large enough to be considered a regional hub. Thus, it cannot be 
placed with the large-fast growth grouping, which mostly includes regional hubs. However, Orlando 
is very fast growing and ranks high on quality of life indexes. This nexus of relatable attributes 
conforms to the scatterplot groupings given that Orlando sits at the convergence of the other 
three groupings. Ultimately, the growth factor was determined to be the most exceptional 
characteristic, and Orlando was thus placed in the growth magnet grouping. The same bi-
definitional dilemma will be true of any of the cities near the middle of the plot. In each case, a 



judgement call must be made on the most exceptional dimension of the metro, based on knowledge 
of historical development of the metro and its position on various other indexes.  

The final illustrative case would be Denver. Denver has served as the regional transportation and 
economic hub of the Intermountain West and Plains region since the railroad was constructed. It 
has the largest airport and is a known tech sector job growth center. Because of these known 
factors, and other related, historically-determined attributes, Denver sorts best into the large-
fast growth grouping, even though it is not as large as Houston or Atlanta. Its relative size is a 
historically-determined artifact, as it sits in a relatively unpopulated portion of the interior U.S. 
Economically, it performs and grows much like a regional hub, as do other members of the Large-
Faster Growth grouping. Each metro was assessed with this network of interactive factors, none of 
which can be conveniently represented in quantitative fashion.  

 

 



 

 

 



A Primer on Data Collection and Current Lighting/Economic Research 

 

Current Research Structure 

Recent research efforts indicate the different tracks investigators have assumed for study of lighting and 
economics. The research tracks largely group into three scales-international, regional, and street. Some 
overlap exists between the tracks, but the larger scale studies generally utilize some form of remote 
sensing while the smaller street-scale studies are more likely to use observational study designs and 
qualitative comparisons of case studies. 

In a data poor environment, such as the developing world, large-coverage satellite capture data seems to 
be a valuable tool in estimating economic activity.38 Those estimates have application for a level of detail 
appropriate only for inter-regional or international type comparisons. For example, remotely-sensed night 
lights data might help make broad estimates of economic output per person in a place with no GDP data. 
However, the researchers state that there is “no reason to use luminosity data as a supplement to 
standard data in any context where standard data are available”.39 The current research effort by CAU will 
need to assume a higher level of detail, closer to the census block or track, in order to answer questions 
about infrastructure of intra-urban/neighborhood level geographies. 

Some recently published efforts attempt to calibrate satellite and tabular data, but remain plagued with 
inconsistent results. Researchers at the Martin Prosperity Institute conducted a study relating satellite 
lights data and actual economic data (available in super-high resolution in Sweden) to validate the use of 
satellite data.40 The conclusion drawn from the inaccurate estimates of economic data was that satellite 
data best represented the physical extent/shape of urbanization, not its economic output. In Sweden’s 
case, the data overestimate the economic output of dense urban zones and underestimate the rural/town 
output. This estimation problem partly arises because satellites are capturing infrastructural lighting on 
the exterior, but have no way of penetrating or distinguishing the different types of interior building 
activity. For example, a dark industrial facility could easily produce larger economic output than a well-lit 
public park. 

Lastly, a program at the London School of Economics has been investigating the more discrete role of 
lighting in certain urban environments at the street scale. They have described dark as a luxury good, given 
the excessive amount of lighting applied to public housing projects.41 This approach attempts to evaluate 
the sociological aspects of urban lighting to help designers avoid propagating suboptimal designs for urban 
environments. This literature, while in its infancy, may be of value for structuring more detailed 
positive/negative assessments of lighting infrastructure. 

 

Future Direction and Limitations 

Collectively, these early research efforts are struggling partially because no underlying theory has been 
developed to organize the direction of work. A recent book questions the positivistic value of artificial 
lighting as an improvement on the overall environment. Urban Lighting, Light Pollution, and Society (2015) 
documents the various ways artificial light inflicts damage to the visual and ecological environment and 
may need reevaluating as a major part of development infrastructure.42 Brightness, directionality, spectral 
specifications, and periodicity are all potentially modifiable for better outcomes. Some of the first 



innovative research steps have been taken to model artificial lighting infrastructure across the urban 
landscape in order to evaluate its ecological impacts.43 Ongoing research efforts in China and Europe 
indicate the need for lighting infrastructure that minimizes disturbance to the night sky and terrestrial 
ecology.44,45,46  

One source of confusion in urban lighting research is the real-world mingling of security/visibility lighting 
produced largely for cars and the more complex layer of lighting focused on the diverse array of urban 
nighttime activities. Some urban nightscapes have simply adopted the technologies, materials and 
distribution patterns of the lighting focused on car visibility. It is the other side of urban street life that 
may yield a more useful focus for ongoing research into differential urban economic vitality. Higher 
resolution data, that distinguishes between these types of lighting, will be needed to answer questions 
about differential aspects of urban districts. Observational and case studies may need to be hybridized with 
lighting data available from individual MSAs/cities to holistically address lighting infrastructure on a 
metropolitan/urban scale. 
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