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Abstract: This project focuses on eight cities within the United States to gather a sense 

of the range of population density gradients existing around the country. Population 

density gradients were represented by scatter plot graphs which showed population 

densities in relation to their distances from the city's Central Business District (CBD). 

The research used ArcGIS 9.3 software with data collected from a variety of sources, and 

was conducted on the hypothesis that older cities have steeper density gradients than their 

younger counterparts, while smaller cities have steeper density gradients than larger ones. 

The research found this hypothesis to be true based on the cities studies, as both older 

cities and smaller cities were shown to have steeper density gradients. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

Density Gradients of Eight U.S. Cities 

 

Introduction 

 Cities of the United States, like those of Canada and Australia, are unique in the 

sense that the majority of their development occurred during the automobile era, when 

urban spatial patterns were determined by the dictates of the car. The difference in a 

city’s time of development is a key element in determining the spatial pattern of that city 

- cities of North America as well as Australia typically display traits that are highly 

characteristic of a car-oriented society, particularly when compared to their older 

counterparts in Europe and Japan. Perhaps the most important difference between older 

cities and newer ones is in regards to their density - whether it be population density, the 

spatial distribution of buildings, or the height of the buildings. Regardless of what is 

being measured, cities that developed during the era of the automobile have been 

repeatedly shown to display a pattern of development that can be highly characterized as 

sprawl, while cities that developed during periods before the expansion of the automobile 

display a spatial pattern that is far more compact.  

 The cities that are of a more compact design carry attributes that go beyond 

simple spatial measures; dense cities in the United States have been shown to contain 

higher real estate values, greater quality of life, and more social cohesion than their 

sprawled counterparts (Duany, Plater-Zyberk, Speck, 2000) (Putnam, 2001). The 

proliferation of urban sprawl in the United States have brought with it a number of social, 

environmental, and economic costs that have often been overlooked by city planners and 

administrators. Environmental costs include the heightened levels of carbon dioxide 

emissions brought by greater amounts of vehicular traffic, increased amount of valuable 

farmland and natural space consumed by urban development, a widened heat island 

effect, increased pollution runoff from a combination of vehicular traffic and impervious 

surfaces, and increased levels of construction materials, infrastructure, and energy needs 

caused by increased home sizes and the detachment from adjacent properties. Social costs 

include a decline in community cohesion, increased economic segregation levels, the 

disenfranchisement of car-less citizens (i.e. children, the poor, and the elderly) increased 

social alienation, a greater proportion of time spent in traffic, greater obesity rates, a 

heightened risk of automobile accidents, a diminished quality of urban design, less 

walkable neighborhoods, a devaluation of public space as well as a shortage of public 

amenities. Economic costs include the enormous infrastructure investment and the high 

maintenance costs necessary for sprawled design (including roads, utility pipes and 

cables, building costs), the high energy costs of home and automobile use, as well as the 

various social and environmental cost externalities that are often unaccounted for. In 

total, it is perhaps no exaggeration to say that this kind of living arrangement cannot be 

indefinitely sustained.  

 Considering the multitude of social, environmental, and economic variables that 

can be influenced by the level of density in a city, it was the interest of this research to 

examine the densities of an assortment of cities within the United States. The chosen 

cities were determined based on their age, their population size, and their land mass, so as 

to gather a diverse sample that ranged from young to old, unpopulated to heavily 

populated, and small to large. The chosen cities were New York City, Chicago, Los 

Angeles, Las Vegas, Houston, Detroit, Portland, and Pittsburgh. Each city shared a 



 

 

unique characteristic that allowed for further insight into the range of structures existing 

within American cities. The research was spurred by the past research of John Adams, 

who created models to show that older cities typically have steeper density gradients than 

younger cities, while smaller cities typically have steeper density gradients than larger 

cities. His findings were based on the development patterns of cities spatially and 

temporally; the form of transportation during the time of a city’s most rapid population 

growth determines the density of its form, while the limitations imposed by neighboring 

municipalities, geophysical boundaries, or urban growth boundaries also determines the 

density of urban form. The interest of this research was in reexamining Adams hypothesis 

forty years after the publication of “Residential Structure of Midwestern Cities” in the 

Annals of the Association of American Geographers. Specifically, it was to find out 

whether the older cities examined did show a steeper density gradient, and whether the 

smaller cities also show a steeper density gradient. 

   

Methodology 

 The research used ArcGIS 9.3 and Microsoft Excel 2010 software in sorting data 

collected from the U.S. Census Bureau’s American Fact Finder and TIGER/line websites. 

The TIGER/line site provided shapefiles of census tracts per county, places (municipal 

boundaries), and roads. The American Fact Finder site provided the population data per 

census tract within each county. Every municipal boundary fit within a single county, 

with the exception of New York City, which expanded over five counties, one per 

borough. To place all of New York City’s data under one file, all of the data from the five 

separate counties were combined into a single table using Microsoft Excel. The 

population data was spatially projected by joining it to the census tract shapefile‘s 

attribute table. Before this could be done however, the population data had to be 

reformatted properly so as to match the format of the common field located in the 

shapefile’s attribute table. Specifically, the ten-number sequence in the GEO ID 2 field of 

the TIGER/line table contained a “0” to the left of it, where as the American Fact Finder 

data did not. This was an issue only for the Los Angeles County data, and the discrepancy 

was fixed by going to Excel’s custom cell formatting option, and adjusting it by placing 

eleven zeroes so as to match the number of placeholders in the shapefile’s attribute table. 

In addition, the population data provided by American Fact Finder was in the form of a 

txt. format, thus making the data separated only by the “|” dividers in Excel as opposed to 

actual columns. In order to have successfully separated the data into individual columns, 

it was necessary to select the ‘Convert Text to Columns’ option under the Data tab. With 

the spreadsheet formatted, it was then manageable to join to the shapefile’s attribute 

table, with the population data included. However, the transferred population data could 

not be immediately used for mapping purposes, as it was converted into ArcGIS as string 

data. The population data could only be used by adding a new field and transferring the 

population data to the new field as ‘Number’ instead of ‘String’ through the Field 

Calculator.  

 Although the population data gathered was useful information, it could not be 

used immediately for mapping purposes. Census tracts differ in size, and mapping the 

population per census tract alone without using a standard area of measure would have 

made the data deceiving. Thus, it was more accurate to measure the population per square 

mile, but before this could be done, the dataframe had to be projected using an Equal 



 

 

Area projection so as to provide accurate area measurements. The dataframe was 

projected with an Albers Equal Area Conic projection, and the shapefiles were 

transferred in and converted to the data frame projection on the fly. Before the census 

tracts could be measured however, it was important to first consider what the TIGER/line 

shapefiles determined as census tract boundaries. Chicago, for instance, included a 

section of Lake Michigan for one of the census tracts, and this census tract contained a 

portion of land that was roughly the size of the entire county. New York City’s shapefile 

was nearly as deceiving, as it included all the nearby sections of the Atlantic Ocean and 

the Hudson River, while Los Angeles included segments of the Pacific Ocean. In order to 

remove these bodies of water from the area calculations, it was necessary to first find 

municipal boundary shapefiles that excluded them (such as the TIGER/line Places 

shapefile), and then to perform an intersect operation that would use the county census 

tracts shapefile and the municipal boundary shapefile as inputs. As it was only individual 

cities being used as the extent of analysis and not their surrounding metropolis, the 

municipal boundary shapefiles were also useful in clipping the county census tract 

shapefile down to that of the city alone.  

 After the extent of the analysis was determined, determining the area of each 

census tract could then be performed, using miles as the standard of measure. This was 

accomplished by adding a new field to the attribute table, and calculating the area for 

each census tract through the use of the Calculate Geometry command. With the area 

determined, it was then possible to determine the population density of each census tract. 

This was accomplished by adding a new field to the attribute table, and dividing the field 

containing population numbers to the field containing area (in square miles) using the 

Field Calculator. With the population density per census tract determined, the population 

density maps could then be created. The maps were choroplethic, and used the Natural 

Jenks Optimization method to divide the five classes of density due to the disparities in 

density existent in all the cities surveyed. 

 While the first portion of the study was to spatially determine the areas of density 

per census tract of the cities studies, the second portion was to determine the density 

gradients of each city. Most of this section of the study was dependent on Microsoft 

Excel 2010, as it includes trend line capabilities with line equations that ArcGIS 9.3 

cannot perform. Before the data could be exported into Excel however, one of the fields 

for analysis first had to be determined in ArcMap. Because the density gradient in this 

study required information on both the population density of each census tract - which 

had already been determined - as well as the distance of the census tracts from the 

designated Central Business District (CBD), the Distance from the CBD per Census Tract 

field first had to be established. In order for a measurement of each census tract to the 

CBD to be feasible, the distance could not be calculated without first transforming the 

census tract polygons into points, as ArcGIS 9.3 is incapable of measuring polygons to 

points. The CBD, being a point layer, needed no such transformation. While converting 

polygons into points is not a feasible maneuver, determining the centroid of each polygon 

provided the same data. The centroids were determined first by adding an x-coordinate 

and y-coordinate field in the city attribute table by way of the ’Calculate Geometry’ 

option. Then the coordinate fields were used as inputs in the ’Make XY Event Layer’ tool 

in the Data Management toolset. The new Event Layer could then be exported to a 

shapefile which contained centroids of individual census tracts.  



 

 

 With the centroids established, it could then be used as points for measurement to 

the CBD point layer. Before the CBD layer could be digitized however, the location first 

had to be established. Locating each city’s CBD was determined through the use of 

Google Maps. This was accomplished simply by typing in the city’s name in the Google 

Maps search bar, and relying on the placement of the point which located the city as the 

correct CBD location. This method was verified by comparing the intersection of the 

CBD chosen on Google Maps to other online sources. In order to guarantee the correct 

placement of the CBD in ArcMap, address geocoding was necessary. The Roads shape-

file from the TIGER/line website provided the street information necessary for the 

address geocoding process. With the roads layer in place, a new address locator was 

made in ArcCatalog, and the intersection was then plugged in to determine its precise 

location.  

 With both the centroids and the CBD plotted, measuring the distance of the 

census tracts to the CBD could then be calculated. Calculating the distance was 

accomplished through the use of the Spatial Join tool located in the Analysis toolset, and 

selecting the option which calculates the distance between the two point layers. With the 

calculation finished, the attribute table now shows a new field containing the distance 

measurements of each census tract to the CBD. With both of the fields necessary for 

calculating the density gradients determined, the city attribute table is ready to be 

exported to Microsoft Excel. In Excel, it is more manageable to delete all of the fields 

except for the two used for the analysis. Because the graph is to use the ‘Distance’ field 

for the x-axis and the ‘Population Density’ field for the y-axis, the fields must be 

arranged accordingly in Excel, with the ‘Distance’ field on the left and the ‘Population 

Density’ field on the right. The graph most suited for this analysis is a scatter plot graph, 

as each census tract represents a point to be scattered onto the graph. The inclusion of a 

trend line with the line formula and linear regression data will provide the essential 

information for this analysis, as the trend line functions as the density gradient, while the 

line formula indicates the slope of the gradient and the linear regression data indicates the 

correlation of the two variables. In comparing the different density gradients of each 

individual city, it can appear deceiving without having a standardized range for the x-axis 

and the y-axis. Doing so also provides a sense of perspective, as the population density of 

New York City is much higher than that of Detroit’s, while the distance of the furthest 

census tract to the CBD (i.e. the size of the city) for Houston is much greater than 

Pittsburgh’s.  

 The final analysis was in finding the correlation between the cities’ density 

gradients and their ages (in years) as well as the correlation between the cities’ density 

gradients and their size (in square miles). This was done once more in Excel with the 

column on the right containing individual density gradients (slope of trend line) of each 

city and the column on the left containing the age of the city for charting the first graph 

and the size of the city for charting the second graph. Because cities showing 

(conventional) density gradients showed a trend line with a negative slope, the density 

gradients were inversed for the final analysis, with steep density gradients showing 

positive slope numbers and vice-a-versa so as to make the correlational graphs clear. 

Once again, the trend line with the line formula and linear regression data was included 

so as to demonstrate the level of correlation between the two variables. 

 



 

 

Results 

 The results of the analysis showed that John Adams hypothesis, for the most part, 

holds true today. Steeper density gradients are shown to typically exist for older cities as 

well as smaller cities when compared to their counterparts. Perhaps unsurprisingly, New 

York City showed the steepest density gradient with a slope of -2594. Being the oldest 

city as well as the third largest city measured, the data shows that New York City 

exemplifies the age correlation hypothesis but is an outlier for the size correlation 

hypothesis. The least steep density gradient was Portland, in fact showing an inverse 

density gradient with heavier population densities on the city’s periphery, caused by 

several outlier census tracts. Being the second youngest city as well as the third smallest 

city measured, the data shows Portland as following the trend in the age correlation 

hypothesis but being an outlier for the size correlation hypothesis.  

 In looking at the data for all the cities, one can see that the correlation is stronger 

for the measure of city’s age to its density gradient than the measure of a city’s size to its 

density gradient. The correlation for city age and its city density gradient was revealed to 

be 0.5362 (see attachment 17), meaning a steady positive correlation, while the 

correlation for city size and city density gradient was revealed to be 0.064 (see 

attachment 18), meaning a weak positive correlation. Therefore, while there is still much 

validity in the hypothesis that a city’s age correlates to its density gradient, based on the 

sampled cities used in this study, there is merely a very small correlation between a city’s 

size and its density gradient. This indicates that densities are more likely to be determined 

by a city’s age than by a city’s size, which is mostly an unsurprising conclusion, as the 

history of cities from the pre-automobile era to today shows a drastic difference in the 

planning and layout of urban settlements. The spatial patterns seen today are largely a 

manifestation of postwar planning that abides to the dictates of the automobile. This 

urban typology brings with it a number of social, environmental, and economic harms, 

and is indicative of the high importance placed on cars since its proliferation. As cities 

continue to develop, planners and administrators would be wise to consider other factors 

to their decision making process. 
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