
The Extent of Centralization of Housing Units in Large American Cities, 
1970-2020

John R. Ottensmann
Indiana University Indianapolis

john.ottensmann@gmail.com
urbanpatternsblog.wordpress.com

September 2023

Abstract

The centralization of housing units in 56 large urban areas from 1970 to 2020 is 
measured using an index based on the ratio of the mean distance housing units are 
located from the center to the mean distance if the housing units were uniformly 
distributed across the urban area. Mean centralization declines from 1970 to 2010 and 
then increases in 2020. Highest levels of centralization tend to occur in old large urban 
areas, especially in the Northeast. Centralization increases with urban area size and 
declines as areas grow more rapidly. Measures based on units in the urban core and 
suburban periphery, and the central density from the negative exponential model are 
reasonable measures of centralization. The negative exponential density gradient is not. 
Several of these measures show patterns over time similar to the centralization index, 
first declining and then increasing in recent decades. This raises the possibility that 
long-standing trends in urban decentralization may be ending.

Introduction

Researchers were studying the decentralization of the population in urban areas 
by the middle of the last century. Early research compared rates of growth in the central 
city to the remainder of the urban area. Thompson (1948) studied the growth of 
Metropolitan Districts from 1900 to 1940. Bogue (1953) did the same for Standard 
Metropolitan Areas up through 1950.

Mills (1972) used the density gradient from the negative exponential model of the 
decline of density with distance from the center as a measure of decentralization of both 
population and employment. His work popularized that approach, presenting a simple 
method for estimating the parameters of the model using only totals for the urban area 
and the central city. Edmonston (1975) extended the work to more urban areas over 
longer periods of time. An extensive literature using the negative exponential model 
followed, summarized in the review by McDonald (1989). This became something of a 
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standard method for the study of the subject, with Anas, Arnott, and Small (1998) 
describing the density gradient as “a useful index of population centralization.”

Schnore (1959) identified a problem with such studies, asking “at what point 
does `normal’ city growth—which almost inevitably occurs at the periphery of existing 
settlement—become `decentralization’?” Guterbock (2021) also faults researchers for 
failing to make the distinction between decentralization and the general expansion of 
urban areas, citing Duncan (1959).

It is easy to see why researchers addressing decentralization selected the 
measures they used. Decentralization of the population within an urban area will result 
in the rate of population increase in the suburbs being greater than in the central city. 
Likewise, decentralization will produce a decline in the density gradient. The problem 
is that the converse is not necessarily true. The growth of an urban area without the 
population redistribution that one would consider decentralization can also be 
associated with more rapid suburban growth and density gradient decline.

One needs to start with a clear understanding of what one means by 
centralization and decentralization. Then a measure of centralization can be developed 
that directly implements that understanding. An index of decentralization is created in 
this manner. The index is described in the following section, which also discusses the 
measurement of centralization more generally.1

This paper considers the centralization of housing units from 1970 to 2020 using 
a dataset with housing units in census tracts for 56 large urban areas, described next. 
Housing units are used rather than the more frequently employed population for 
several reasons. Housing units are more fixed than population so they better 
characterize the urban pattern, an argument made by others as well (e.g., Galster, et al. 
2001; Paulsen 2014). The Census Bureau (2022) changed from using population density 
to housing unit density for delineating urban areas saying that “housing unit density 
provides a more direct measure of the densely developed landscape than population 
density.” The standard monocentric model in urban economics (Muth 1969; Mills 1972) 
predicts the decline of population density with distance from the center. But the model 
assumes identical households and addresses the choice of location for residences, 
making housing units and housing unit density actually more appropriate.

Results for the centralization of housing units in the large urban areas from 1970 
to 2020 follow, including basic statistics, examples for selected areas, and simple 
exploratory models of the relationship of centralization to basic characteristics of the 
urban areas. Since measures related to counts in urban cores and suburban peripheries 
and to parameters estimated for the negative exponential model have been used for 
research on decentralization, the relationships of several of these measures to the index 

 This index was first employed in an earlier paper to look at centralization using an different dataset 1

(Ottensmann 2017a).
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of centralization are explored. Finally, the mean index of centralization declined until 
until 2010, with an uptick to 2020. Such reversals have also been observed for some of 
the core-periphery and negative exponential measures. These potentially important 
changes in the trends are compared.

Measurement of centralization

Developing a measure of centralization and decentralization first requires a clear 
statement of what this concept means. A reasonable place to start would be the 
dictionary. Most useful is this definition of decentralization:

decentralization… 2. sociology : the redistribution of population and industry 
from urban centers to outlying areas (Merriam-Webster 2022)2

Most would agree that if the population, numbers of housing units, or employment 
near the center decrease and numbers near the edge of the urban area increase, 
decentralization is occurring. But both need not occur to produce decentralization. 
Either the loss of population or units near the center or the gain of units at the periphery 
can reasonably be considered to be decentralization, resulting in an decrease in the level 
of centralization in an urban area having an unchanged size.

All of these forms of decentralization share a common characteristic. Each of the 
changes increases the mean distance of the population, housing units, or employment 
from the center. Thus for an urban area within fixed boundaries, mean distance to the 
center can be taken as a measure of the level of centralization.

The qualification of fixed boundaries is important. It is obvious that larger urban 
areas will tend to have greater mean distances to the center. Therefore, if mean distance 
is to be used in a measure of centralization, it must be standardized to account for the 
size of the urban area.

An urban area can be considered to be neither centralized nor decentralized if the 
number of housing units or other entities being considered are uniformly distributed 
across the urban area. The uniform distribution means that the density of housing units 
would be everywhere the same across the urban area. The mean distance for a uniform 
distribution can be used for the standardization of the actual mean distance to produce 
a measure comparable across urban areas of different sizes.

 The first definition of decentralization in Merriam-Webster and the only one in many dictionary 2

definitions of centralization and decentralization refers to these in the context of governments and other 
organizations. The Oxford English Dictionary does give one definition of centralize as, “To position in or 
at the physical centre; to place in a central position; to make central. Also: to position or adjust with 
reference to a pre-existing central point.” This is consistent with the definition quoted without specifically 
referring to population, industry, and urban centers.
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This provides the basis for the development of an index of centralization for an 
urban area. Begin with data for the numbers of housing units for small areas such as 
census tracts within the urban area. The actual mean distance of housing units to the 
center,  is

 
where  is the number of housing units in census tract , and  is the distance to the 
center. The mean distance of uniformly distributed housing units to the center,  is

where  is the overall housing unit density for the urban area, assumed to be the same 
for each tract, and  is land area of the tract.

The ratio of the actual mean distance to the mean distance for a uniform 
distribution will have a value of one if housing units are neither centralized nor 
decentralized. The value will be zero when all housing units are located at the center. So 
as the ratio decreases from 1 to zero, the level of centralization increases to the 
maximum possible level. (The ratio can be greater than one if the distribution is more 
decentralized than a uniform distribution, but this is less likely for urban areas.)

To create an index of centralization which increases as centralization increases, 
the ratio can be subtracted from one, ranging from one for maximum centralization to 
zero for a uniform distribution (and negative for even more decentralized patterns). 
Presentation of the index is enhanced by scaling it to have a value of one hundred for 
maximum centralization.  The centralization index  is then

This is the measure of centralization used in this paper. It ranges from one hundred for 
maximum centralization to zero for a uniform distribution, and negative for greater 
decentralization. The second expression for the index shows that it can be interpreted as 
the percent reduction in mean distance to the center compared to the mean distance for 
a uniform distribution.

One note on computation. Some of the urban areas in the dataset have two or 
three centers with each census tract assigned to one of the centers. For these areas, 
values of the centralization index are first computed for each center, for the tracts 
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assigned to the center using the distances to the center. The final centralization index for 
the urban area is the mean of these values weighted by the number of housing units in 
the tracts assigned to each center.

A variety of other measures of centralization have been proposed and used. 
Massey and Denton (1988) and Lee (2007) describe various alternatives. Perhaps the 
simplest, both conceptually and in terms of data requirements, is the percentage of the 
population of the urban area within the central city. Schnore (1962) provides one 
example. The varying extent of central cities, which are political entities, makes this 
measure problematic.

Glaeser and Kahn (2001, 2004) use the percentages of employment and 
population within different distances from the center of the city as measures of 
centralization. The problem with their application is that they used the same fixed set of 
distances—3 miles, 5 miles, and 10 miles—for all of the metropolitan areas considered 
regardless of size. For the New York urban area in 2020 as defined for this research, the 
area of a 3-mile circle would be less than one percent of the area of the whole area. For 
Albuquerque, on the other hand, the area of the 3-mile circle would be 12 percent of the 
total area. For the 56 large urban areas as delineated for 1970, eight would be entirely 
within the 10-mile radius. A measure that was the percentage within some distance 
would be reasonable if the distance were to vary with the size of the urban area. Even 
then, this would make inefficient use of the information on the distances from small 
areas to the center, collapsing that to two categories.

The absolute centralization index described by Massey and Denton (1988) makes 
better use of the information by ordering the small areas by distance. The cumulative 
proportion of population is plotted against the cumulative proportion of area. A 
uniform distribution would fall on the diagonal. The measure is based on the area 
between the curve and the diagonal, much like the Gini coefficient.

Mean distance uses the full interval-level information. Lee (2007) uses this to 
compare levels of centralization over time for a single-metropolitan area. Obviously 
comparing mean distances across areas of different sizes does not make sense (which is 
also the case for comparisons of median distances, done by Glaeser and Kahn (2001, 
2004)). 

Two papers by Galster, Cutsinger, and others (Galster, et al. 2001; Cutsinger, et al. 
2005) measure centralization using mean distance to the center adjusted using the size 
of the urban area. The first standardizes the inverse of the mean distance by the square 
root of the area of the urban area. The second (Cutsinger, et al. 2005) comes closest to the 
centralization index presented here, using the ratio of the mean distance for a uniform 
distribution to the center to the mean distance for housing units, the inverse of the ratio 
employed in the current index. It has a value one for a uniform distribution and 
increases without limit as centralization increases. The index proposed here has several 
advantages. The distribution of the Cutsinger index is much more highly skewed. The 
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open-ended range makes judgements concerning what is a high level of centralization 
more difficult. And the proposed index can be interpreted as the percentage reduction 
in mean distance compared to the uniform distribution.

The Urban Patterns 2 data

The Urban patterns 2 dataset includes housing unit counts for census tracts from 
1950 to 2020 that have been used to delineate 56 large urban areas in the United States 
for each census year. Data for 2010 and 2020 are from the Census and the National 
Historical Geographic Information System (Manson, et al. 2022). Data from the censuses 
from 1970 to 2000 are from a unique dataset from the Urban Institute and Geolytics 
(2003) with the data normalized to 2000 census tract boundaries. Housing units for 1950 
and 1960 are estimated from the data on housing units by year built from later years, 
taking the numbers built before 1950 and 1960 as the estimates of the numbers present 
in those years. These estimates include error resulting from changes to the housing 
stock over time, especially the loss of units, but analyses suggest that the estimates for 
urban area totals are reasonable for two decades back in time. Census tract boundaries 
for 2020 are used for the dataset. The census tract relationship files are used to estimate 
values for the 2020 tracts from data for earlier years. Detailed documentation of the 
dataset and listings of all data sources are included in Ottensmann (2023a).

Urban areas consist of contiguous census tracts that meet urban criteria. Some 
large areas of continuous urban tracts include what should reasonably be considered 
two or more urban areas. Areas in the northeastern United States are a major example. 
To distinguish separate urban areas, Combined Statistical Areas (CSAs) are used (and 
MSAs that are not included in a CSA). CSAs are used rather than the more commonly 
used Metropolitan Statistical Areas (MSAs) as they better represent the full extent of 
urban areas. The CSAs are only used to identify the urban areas, such as Philadelphia, 
New York, and Hartford. The boundaries are established at the locations where the 
urban areas have become contiguous as they have expanded. The urban areas included 
in the dataset are the 56 areas containing more than 300,000 housing units in 2020.

The criteria defining the urban areas are as close as possible to those being used 
for delineating the 2020 census Urban Areas, which include what were formerly called 
Urbanized Areas (U.S. Census Bureau 2022). A census tract is considered to be urban 
and is included in an urban area if it has a housing unit density greater than 200 
housing units per square mile and is contiguous to the urban area. To include urban 
territory that is nonresidential, a tract is also included if over one-third of its area has 
impervious surface of 20 percent or more. An additional condition is that a tract is only 
considered to be urban if it has been designated as urban for the following census year. 
This is to provide a pattern of cumulative expansion of the urban areas. This direction 
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has been chosen rather than the reverse (if urban, then urban later) because the more 
recent data are considered to be more accurate.

Urban areas include multiple areas of urban territory that were originally 
separate but that have since growth together. Areas that are sufficiently large are 
considered to be urban centers and are included in an urban area with tracts assigned to 
one of the urban centers. The Dallas-Fort Worth area is an example. As the areas become 
contiguous, tracts are assigned to the center growing more rapidly toward the other and 
to provide more continuous, less irregular boundaries. Areas are considered separate 
urban centers and are included in an urban area if the number of housing units in 2020 
exceeds 16 percent of the total units in the urban area. This cutoff was established by 
identifying as candidates all initially separate areas deemed large enough to potentially 
be considered urban centers and then setting the threshold. The smallest urban centers 
in relation to the total size of the urban area are Providence, with Boston; Tacoma, with 
Seattle; and High Point, with Greensboro and Winston-Salem. Next highest, at 11 
percent are Port Charlotte in the Sarasota-Bradenton area and Winter Haven in the 
Orlando area. The names given to the urban areas include the names of all urban 
centers that have been included.

The centralization index requires distances from the census tracts to the center. 
This is taken to be the location of the Central Business District (CBD). The last time the 
Census identified CBDs was for the 1982 economic censuses. Many researchers have 
continued to use this information as the best available for designating CBDs. The 
Census report lists the census tract or tracts constituting the CBD for a large number of 
cities (U.S. Census Bureau 1983). The CBD tracts for each urban center are identified on 
a map, combined into a single feature, and the centroid of the feature is determined. 
This is taken as the point location of the CBD for each urban center. Distance to the CBD 
in miles from the centroid of each census tract to the CBD is calculated. For urban areas 
having two or three urban centers, distance is to the CBD for the center to which the 
tract has been assigned in the delineation of the urban areas.

As the dataset extends back to 1950, values for the centralization index can be 
calculated starting with that year. Two earlier papers examined the distribution of 
housing units within the urban areas. The first looked at numbers in the urban core and 
suburban periphery and the second the negative exponential decline of density with 
distance from the center (Ottensmann 2023b, c). In both cases, results for 1950 and 1960 
were inconsistent with those obtained for the later years. The very small sizes of some 
of the urban areas in those earlier years combined with error associated with the 
estimation of housing unit counts from the year-built data are potential causes of these 
problems. Clear evidence points to the role of small size for the negative exponential 
analysis. Similar inconsistencies exist for the centralization index. As a result, analysis is 
once again limited to the period from 1970 to 2020.
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Housing unit centralization, 1970-2020

This section presents the centralization index for the 56 large urban areas from 
1970 to 2020. Table 1 gives the basic statistics. Mean centralization declines steadily from 
24.2 in 1970 to 18.8 in 2010, followed by a small uptick to 19.3 in 2020 to nearly the level 
in 2000. The urban areas show a great deal of variation in the centralization index, 
ranging from 8.4 to 47.0 in 2020 with similarly large ranges in the earlier years. The 
minimum centralization dropped a little in an uneven fashion over the period while the 
maximum remained fairly steady.

Table 1. Basic statistics for centralization from 1970 to 2020 for the 56 large urban 
areas.

It is useful to look at the urban areas at the extremes with respect to levels of 
centralization and change. Table 2 lists the areas with the five highest and five lowest 
levels of centralization in 2020 and change in centralization from 1970 to 2020. Not 
surprisingly, housing units are most centralized in the New York urban area. New 
Orleans in second might be something of a surprise. Chicago, Milwaukee, and 
Philadelphia follow. All are older urban areas that saw significant shares of their 
development in the nineteenth century. All but New Orleans are larger areas in the 
Northeast and Midwest. Given earlier dependence on walking and public 
transportation, high levels of centralization make sense.

Leading the list of the least centralized urban areas are Oklahoma City, Las Vegas 
and Cape Coral-Fort Myers-Naples. These are areas in the Sunbelt that have seen much 
more of their growth in recent decades, the era dominated by the automobile, reducing 
the benefits of centralization. Kansas City and Memphis head a list of nine more areas 
with centralization of 15 or less, nearly all in the South and West.

Year Mean Minimum Median Maximum

1970 24.2 11.1 24.1 46.1

1980 21.7 8.9 21.0 44.7

1990 19.9 8.1 18.6 44.3

2000 19.4 8.6 18.4 45.6

2010 18.8 9.7 17.9 46.2

2020 19.3 8.4 18.0 47.0
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Table 2. Urban areas with highest and lowest levels of centralization in 2020 and 
change in centralization from 1970 to 2020.

Change in centralization from 1970 to 2020 presents a very different picture. The 
largest increase in centralization of 6.9 came in Los Angeles, not where it might have 
been expected. But the Los Angeles urban area expanded to add large amounts of much 
less dense territory over the years, making it relatively more centralized. Tucson, 
Sarasota-Bradenton, and Albuquerque are all rapidly growing urban areas that likely 
saw increased development near what had started out as small CBDs combined with 
low density development farther out. For some reason New Orleans had a much lower 
level of centralization in 1970 and increased dramatically to 1980, producing the large 
jump from 1970 to 2020.

Making sense of the list of urban areas showing the greatest declines in the level 
of centralization is more difficult. Four are very different types of areas in the South and 
West. And then there is St. Louis, presumably dropping because of large losses in the 
central city.

While the patterns of centralization and change in centralization show wide 
variation, regional differences were noted. Table 3 gives means by region for 
centralization in 2020 and for the changes in centralization from 1970 to 2020 and in the 
final decade from 2010 to 2020. (While Washington-Baltimore is in the South according 

Area Centralization 
2020 Area

Change 
centralization 

1970-2020

New York 47.0 Los Angeles 6.9

New Orleans 38.7 Tucson 5.7

Chicago 30.3 New Orleans 4.3

Milwaukee 29.0 Sarasota-Bradenton 4.2

Philadelphia 28.1 Albuquerque 3.5

. . . . . . . . . . . .

Memphis 12.1 Salt Lake City-Provo -11.3

Kansas City 11.3 Nashville -11.7

Cape Coral-Fort Myers-Naples 8.8 St Louis -12.8

Las Vegas 8.6 Las Vegas -15.9

Oklahoma City 8.4 Honolulu -19.0
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Table 3. Mean centralization by region and changes in centralization from 1970 to 
2020 and 2010 to 2020 by region.

to the census, it is part of the large expanse of urbanization extending up past Boston, so 
for this research it is considered to be in the Northeast.) Mean centralization in 2020  
varies significantly for the urban areas in the four census regions. Levels of 
centralization are by far the highest for the areas in the Northeast. Areas in the South 
have on average the lowest centralization. The areas in the Midwest and West have 
similar levels, somewhat higher than in the South.

Mean changes do not vary significantly by region but the differences are still 
interesting. The greatest average drop in centralization from 1970 to 2010 takes place for 
the urban areas in the Midwest. Perhaps a result of the decline in manufacturing? The 
smallest decrease is in the South, with the other two regions between.

Change in centralization from 2010 to 2020 is considered because the uptick in 
mean centralization for all areas in this decade after steady decline suggests something 
may have changed. Urban areas in the Northeast, Midwest, and South have minimal 
changes in their average levels of centralization, ranging from -0.06 to 0.36. The major 
increase in mean centralization of 1.28 takes place in urban areas in the West. This is one 
piece of information that may be valuable in attempting to understand what may have 
happened in this decade.

The urban areas varied widely not only in their levels of centralization but in the 
patterns of change from 1970 to 2020. As might be expected, centralization in many of 
the areas went up and down over the period. But 27 of the areas, nearly half, had 
simpler, more distinct and consistent patterns. Figure 1 shows the trends for five of the 
areas exhibiting these patterns with the trend in the mean for all areas in light gray. This 
varies far less than any of the individual areas since it is the mean, affected by the ups 
and downs of all 56 areas.

By far the most common of these patterns, for 17 areas, was one of first declining 
centralization and then increasing centralization. This, of course, is the trend for the 

Region Centralization 
2020**

Change in 
centralization 

1970-2020

Change in 
centralization 

2010-2020

Northeast 26.8 -5.11 0.36

Midwest 19.9 -6.29 -0.06

South 16.9 -4.28 0.36

West 18.5 -4.81 1.28

   * p < 0.05   ** p < 0.01   *** p < 0.001
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Figure 1. Centralization from 1970 to 2020 for selected urban areas.

mean for all areas, though the year of reversal varies for the areas. The examples of 
Boston-Providence and Salt Lake City-Provo, in red are illustrative. The former reverses 
direction and starts increasing in 2010, the latter in 2000. Some urban areas turn up even 
earlier.

But five the areas exhibit exactly the opposite pattern, with centralization first 
increasing and then falling. New Orleans and Cape Coral-Fort Myers-Naples are 
shown, in blue. Consistent decline in centralization in every decade occurs in four 
urban areas, including St. Louis, green. Finally, the level of centralization in New York 
varies within a limited range of less than three, smaller than any other area. It seems 
reasonable to consider the New York pattern, in orange, an example of a steady level of 
centralization.

Regression is used to examine the relationships of centralization and change in 
centralization to a few basic characteristics of the urban areas. This is exploratory 
analysis, with the number of housing units and housing unit density and measures of 
their change used to predict centralization and change. The models presented include 
those variables that are statistically significant. By minimizing the number of potential 
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Table 4. Exploratory regression model predicting centralization in 2020 (standard 
errors in parentheses).

predictors considered, the possibility of obtaining significant results by chance are 
reduced.

Results for the regression model predicting centralization in 2020 are presented 
in Table 4. Two urban area characteristics are significant predictors of centralization in 
2020, the number of housing units in that year and the change in the number of housing 
units from 1970 to 2020. These account for half of the variation in centralization with  
at 0.50. Centralization increases with the number of housing units. Larger urban areas 
are more centralized, reflecting the greater benefit of locating relatively closer to the 
center as the area expands. But centralization is inversely related to the change in the 
number of housing units. More rapidly growing areas are more decentralized. Since 
much of the growth of an urban area occurs closer to the periphery, more growth would 
tend to increase the mean distance to the center and decrease the level of centralization.

Table 5 shows the results for regression models predicting centralization change 
to 2020, from 1970 and from 2010. Three urban area characteristics are significant 
predictors of the change in centralization from 1970 to 2020.  is only 0.19, much lower 
than for the model predicting centralization in 2020. The number of housing units in 
1970, in log form, is inversely related to the change in centralization. Growth in the 
number of housing units over the period is associated increased levels of centralization. 
This latter result is consistent with the observation previously that larger cities tend to 
be more centralized. And higher housing unit density at the start of the period is 
associated with increased centralization as well.

As discussed when considering mean change by region, change in centralization 
from 2010 to 2020 was considered along with change over the entire period because of 

Independent variable Centralization 
2020

Housing units 2020 
(millions)

6.13 ***

(1.01)

Change housing units 
1970-2020 (millions)

-7.75 **

(2.23)

Constant
17.14 ***

(1.02)

R2 0.499 ***

   * p < 0.05   ** p < 0.01   *** p < 0.001

R2

R2
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Table 5. Exploratory regression models predicting change in centralization from 1970 
to 2000 and from 2010 to 2020 (standard errors in parentheses).

the reversal in the direction of change in mean centralization in the final decade. The 
second model in Table 5 shows the prediction of change in centralization from 2010 to 
2020. The prediction is slightly better than for change over the longer interval with  at 
0.26. Change in housing units in that final decade is a significant predictor of change in 
centralization, just as change in units since 1970 was for change in centralization since 
1970. The change in housing density from 2010 to 2020 is inversely related to the change 
in centralization. It is not clear why this might be the case.

Relationship to other measures of centralization

As described in the introduction, variables related to the central city-suburban 
distribution of population and housing units and the negative exponential model of the 
decline of density have been used as measures of centralization and decentralization. 
This section examines the relationship of measures associated with these to the index of 
centralization. This is accomplished by using the measures to predict the value of the 
index of centralization using regression, with the  from the regression indicating the 
proportion of the variation in centralization accounted for by the different measures.

The early approach to the study of decentralization used the distribution of the 
population in the central city and in the remainder of the urban area, however defined. 

Independent variable
Change 

centralization 
1970-2020

Independent variable
Change 

centralization 
2010-2020

Log housing units 1970
-2.49 * Change housing units 

2010-2020 (millions)
5.86 **

(1.17) (1.73)

Change housing units 
1970-2020 (millions)

3.44 * Change housing unit density 
2010-2020 (thousands)

-11.02

(1.30) (4.13)

Housing unit density 
1970 (thousands)

7.41 *
Constant

-0.011 *

(2.95) (0.325)

Constant
15.32 R2 0.257 ***

(11.74)

R2 0.192 *

   * p < 0.05   ** p < 0.01   *** p < 0.001

R2

R2
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The latter would be referred to as the “ring” or more often the “suburbs.” The basic 
notion was that the central city encompassed the older portion of the urban area while 
the suburban ring was the more recently developed area. The problem is that cities are 
political entities and their boundaries encompass widely varying portions of their urban 
areas. In some urban areas, territory that had been developed and became a part of the 
urban area as early as the nineteenth or early twentieth century are outside the central 
city, in the area considered to be the suburbs. Conversely, central cities in other urban 
areas have been able to continue expanding their boundaries such that they include a 
large share of more recent development.

The dataset used here allows for the designation of the older and the more 
recently developed portions of the urban area in a consistent manner. The extent of the 
urban area in 1940 is delineated using estimates of housing units by census tracts. This 
is referred to as the urban core. Starting with 1950, that portion of the urban area outside 
the urban core is considered to be the suburban periphery. Thus the suburban periphery 
is approximately that part of the urban area developed after World War II, the area often 
considered to be the suburbs. This urban core-suburban periphery distinction has been 
used to examine change in the large urban areas (Ottensmann 2023b).

Early studies using central city-suburb data looked at decentralization over time 
by comparing rates of growth in the suburban ring and the central city. The 
centralization index is a measure of the level of centralization at one point in time, with 
change in that measure used to examine decentralization over time. For comparison 
with the centralization index, measures are needed for the distribution of housing units 
across the urban core and suburban periphery at specific times. The most obvious and 
frequently used measure is the percentage of all housing units in the urban area in the 
urban core. All other things being equal, a higher proportion in the core should be 
associated with greater centralization.

Percent in the core fails to take into account the relative portions of the urban 
area in the core and periphery. Some of the more rapidly growing urban areas were very 
small in 1940 and thus have a small urban core. Housing units close to the center but 
outside the core would not be seen as contributing to centralization. An alternative 
measure is the ratio of the housing unit density in the urban core to the density in the 
urban periphery. The underlying counts are still affected by the size of the core relative 
to the periphery, but the densities at least standardize those counts for the sizes of the 
areas.

Table 6 presents the results for the regressions of the centralization index for 2020 
on the percent of housing units in the urban core and the ratio of density in the urban 
core to the suburban periphery.  for the percent in the core is 0.48 and for the core-
periphery ratio is 0.50, nearly identical. Each is accounting for approximately half of the 
variation in the index of centralization. This similarity does not result from the two 
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Table 6. Regression models for percent urban area housing units in the urban core  
and ratio of density in the urban core to the suburban periphery predicting 
centralization index in 2020 (standard errors in parentheses).

measures being that closely related. The  for the regression of one on the other is only 
0.42.

To see if these relationships hold over time, the same regressions are repeated for 
the values for 1970.  for percent in core was slightly lower while the value for the 
core-periphery ratio was larger, 0.70. Further comparisons regressed the changes in 
percent in core and the core-periphery ratio from 1970 to 2020 on the change in the 
centralization index. Here performance diverged.  for the change in the percent in the 
urban core was only 0.053, not statistically significant. For the core-periphery ratio it 
was 0.44, highly significant and accounting for nearly half the variation in the change in 
centralization. Given these results, the ratio of the density in the urban core to the 
density in the suburban periphery would seem to be a more consistent and effective 
measure of centralization.

The model for the negative exponential decline of density with distance from the 
center can be expressed as

where  is the density (housing unit density in the current research) in census tract ,  
is the distance from the census tract to the center of the urban area.  is the central 
density and  is the density gradient, both parameters to be estimated from the data, 
and  is the base of the natural logarithms.

Independent variable Centralization 
2020

Centralization 
2020

Percent urban area housing 
units in urban core 2020

0.330 ***
- -

(0.047)

Ratio density urban core to 
suburban periphery 2020 - -

4.539 ***

(0.620)

Constant
11.904 *** 5.245 *

(1.248) (2.029)

R2 0.477 *** 0.498 ***

   * p < 0.05   ** p < 0.01   *** p < 0.001

R2

R2

R2

Di = D0e−βdi

Di i di
D0

β
e
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Winsborough (1963) suggests that both parameters of the negative exponential 
model are measures of the distribution of population or housing units. He proposes that 
the density gradient can be considered to be a measure of concentration and the central 
density a measure of congestion, without further explaining what either of these terms 
means. However, the density gradient has been nearly universally used as a measure of 
centralization, equating the decline of the density gradient with decentralization. That it 
might not be a very good measure should have been obvious early, as some of the oldest 
studies found a strong inverse relationship between the density gradient and the 
population of the urban area. As urban areas grow, density gradients tend to decline. 
Whether this decline represents actual decentralization or is simply a product of normal 
growth was not considered.

Guterbock (2021) and Ottensmann (2017b, 2022, 2023c) confront the problem 
with using the density gradient as a measure of decentralization. They demonstrate the 
empirical relationship between the gradient and the size of the urban area. They further 
show the mathematical relationship that exists between the density gradient, the central 
density, and the size of the urban area that underlies the problem.

The parameters of the negative exponential decline of housing unit density have 
been estimated for the large urban areas from 1970 to 2020 using nonlinear regression 
(Ottensmann 2023). Because the model assumes the decline of density from a single 
center, the model was estimated only for the 40 large urban areas having a single center. 
The relationships of both model parameters, the density gradient  and the central 
density  to the index of decentralization for 2020 are shown in the first two sets of 
regression results in Table 7. While the density gradient is statistically significantly 
related to the centralization index, that relationship is not very strong. Across the 40 
urban areas, the gradient accounts for only 18 percent of the variation in the 
centralization index. It is the central density that is far more strongly related to the 
centralization index, with the  of 0.51 showing it accounts for half of the variation in 
the index. So the central density is actually a much better measure of centralization than 
the density gradient.

Similar results were obtained when regressing the centralization index for 1970 
and the density gradient and the central density. In this case the value of  for the 
density gradient was only 0.045, not statistically significant. The central density, on the 
other hand, was even more strongly related to the centralization index, accounting for 
64 percent of the variation. But as measures of the change in centralization and 
decentralization over time, both fail. Regressions of the change in the in the density 
gradient and central density on the change in the centralization index from 1970 to 2020 
both yield  values less than 0.1 and the relationships are not statistically significant.

Guterbock (2021) proceeds further to develop a measure combining the central 
density and the density gradient in such a way that it is independent of the size of the 
urban area. This measure is called the Density Distribution Index (DDI) and is 

β
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Table 7. Regression models for negative exponential model density gradient and 
central density and Density Distribution Index predicting centralization index in 
2020 for 40 urban areas having a single center (standard errors in parentheses).

expressed as a function of the negative exponential model parameters with this 
formula:

The idea is that a measure not related to the size of the urban area will then be a 
superior measure of centralization. This does not consider the possibility that levels of 
centralization may in some way be related to size such that a size-independent measure 
may not be the best measure of centralization.

Values of the DDI are calculated from the central density and density gradient for  
each urban area for 2020 and are used to predict the centralization. The regression 
results are also presented in Table 7. With an  of 0.48, the relationship to the index is 
nearly the same as for the central density. That this is the case is hardly surprising. 
While the DDI is a function of both the central density and the density gradient, most of 
the variation in the DDI comes from the central density. Calculating the ratio of the two 
terms for DDI, log of central density and 0.5 times log of density gradient for each 
urban area, the mean of the the ratios is 7.87. In other words, the magnitude of the first 
term with the central density is on average nearly eight times the magnitude of the 

Independent variable Centralization 
2020

Centralization 
2020

Centralization 
2020

Density gradient 2020
44.235 **

- - - -
(15.208)

Central density 2020 
(thousands) - -

0.537 ***
- -

(0.086)

Density Distribution Index 2020 - - - -
5.051 ***

0.856

Constant
14.476 *** 15.404 *** -17.588 **

(2.016) (1.058) 6.327

R2 0.182 ** 0.509 *** 0.478 ***

   * p < 0.05   ** p < 0.01   *** p < 0.001

DDI = ln (D0) +
1
2

ln (β)

R2
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second term with the density gradient. Regressing the log of central density on the DDI 
produces an  of 0.94. In other words, the DDI is not that different from central density, 
explaining the similarity of the relationships to the centralization index.

Going back to 1970, like central density, DDI did better in predicting the 
centralization index with  at 0.76, even higher than central density in 1970. Also 
following central density, the change in DDI from 1970 to 2020 was unrelated to the 
index, accounting for less than 10 percent of the variation in the change in 
centralization.

Given their close relationship and their similar performance, the central density 
and the DDI would be the most reasonable measures of centralization derived from the 
negative exponential model. Both provide estimates of centralization at a point in time 
comparable to the core-periphery measures, accounting for approximately half or more 
of the variation in the centralization index. But these measures are inferior to the core-
periphery density ratio in failing to show a significant relationship to the change in 
centralization from 1970 to 2020.

The trend analysis in the following section uses central density rather than DDI 
as the centralization measure associated with the negative exponential model for two 
reasons: The central density has the intuitive meaning of number of housing units per 
square mile at the point where the density curve intersections the y-axis, the center. DDI 
is a combination of the logs of the two negative exponential parameters expressed in 
different units. And central density avoids the assumption made in constructing the 
DDI that it is independent of the size of the urban area, which seems less than 
appropriate given that the results in the last section showed the centralization index to 
be related to the number of housing units in the urban area.

Trends in measures related to centralization

The mean centralization for the 56 large urban areas declined consistently from 
1970 to 2010. Then from 2010 to 2020 it increased slightly. This is not the only measure 
for which such a reversal has been observed. The paper looking at the negative 
exponential decline of density from 1970 to to 2020 found the mean central density 
declined through 2000 and then increased to 2020 (Ottensmann 2023c). The paper 
describes this as “an interesting and potentially very important development.” This 
section compares the trends since 1970 in centralization, the ratio of density in the urban 
core to the suburban periphery, and central density, the latter two being measures 
related to centralization. Housing unit density in the urban areas is also included.

Table 8 gives the mean values of the centralization index, the core-periphery 
ratio, central density, and the housing unit density of the urban areas. These results are 
for the 56 large urban areas with the exception of central density, which is for the 40 
urban areas with a single urban center for which the negative exponential model could 
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Table 8. Mean centralization, core-periphery ratio, central density, and overall urban 
area density from 1970 to 2020.

be estimated. As shown earlier, centralization declines steadily to 2010 and then 
increases somewhat by 2020. The core-periphery ratio declines to 2000, increases very 
slightly to 2010, and then somewhat more by 2020. Central density also moves 
downward through 2000 and then increases significantly to 2010 and by a much larger 
amount by 2020, above the 1970 value. The pattern for the overall density of the urban 
areas is less consistent, dropping by a small amount, then increasing by a small amount, 
before more substantial drop to 2000. This is followed by a small increase to 2010 and a 
jump to 2020 to nearly the 1970 starting density. So all of the measures are showing 
increases in their mean values in the final one or two decades after previous declines.

It should be emphasized that this pattern in the means over time does not imply 
that individual urban areas necessarily followed this trajectory. As seen for 
centralization, urban areas vary greatly in the patterns of their trends over time. The 
other measures show similar variation. Over time an increasing percentage of the urban 
areas experience increases from one decade to the next. Table 9 gives the percent of the 
urban areas for which the value at the end of each decade was greater than the value at 
the start, the areas in which the measure was increasing. Centralization and central 
density increased steady, only exceeding fifty percent in 2020. The core-periphery ratio 
jumps to that level by 2000, drops slightly, and shoots up again to 2020. Once again, the 
overall density was an outlier, with high levels of increase early, a big drop from 1990 to 
2000, and then large increases. The increases observed in the means of these measures 
was at least in part a function of higher percentages of the urban areas showing 
increases over time.

The four measures have very different magnitudes and are measured in different 
units. Directly comparing the trends requires that they be transformed. For each the the  

Year Centralization Core-periphery 
ratio Central density Overall density

1970 24.2 3.51 6,989 1,154

1980 21.7 3.09 6,475 1,141

1990 19.9 2.88 6,206 1,158

2000 19.4 2.90 6,031 1,093

2010 18.8 2.93 6,339 1,098

2020 19.3 3.09 7,464 1,121
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Table 9. Percent of of urban areas with increases in centralization, core-periphery 
ratio, central density, and overall urban area density in each decade from 1970 to 2020.

values, the mean for the measure over time is subtracted and those values are divided 
by the standard deviation to give standardized z-scores. These are plotted to compare 
the relative changes in the measures from 1970 to 2020, shown in Figure 2. As observed, 
centralization declines steady to 2010, followed by a small increase to 2020.  Despite 
having a different inflection point, the core-periphery ratio and the central density

Figure 2. Z-scores for centralization, core-periphery ratio, central density, and overall 
urban area density from 1970 to 2020. 

Decade Centralization Core-periphery 
ratio Central density Overall density

1970-1980 27 13 14 41

1980-1990 27 21 18 54

1990-2000 36 55 23 14

2000-2010 43 50 34 52

2010-2020 59 71 57 68
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follow a similar pattern over much of the period. Central density declines to 2000 and 
then increases. The core-periphery ratio actually has the minimum z-score in 1990 but 
then increases only slightly before a larger increase from 2010 to 2020. And while overall 
density has the modest down and up over the first two decades, a large drop from 1990 
to 2000 is followed by increases in the following two decades. So while the year that the 
increase starts varies, all four measures have declines followed by increases some time 
in the final three decades.

Conclusions

Measures of centralization based on traditional approaches do a fairly decent job, 
accounting for around half of the variation in the centralization index. Two variables 
related to the numbers of housing units in the urban core and the suburban periphery 
performed equally well—percent of housing units in the core and the ratio of housing 
unit density in the core to density in the periphery. Of course comparable measures 
using central city-suburb data will likely do less well due to the arbitrary nature of 
central city boundaries affecting the proportion of the urban area included in the central 
city.

The density gradient estimated for the negative exponential model of density 
decline has been a widely used measure of centralization. It is not a very good measure, 
accounting for only about a fifth of the variation in the centralization index. But while 
the gradient performed poorly, the other negative exponential model parameter, the 
central density is a more acceptable measure of centralization, accounting for about half 
of the variation in the centralization index.

The trend in the average levels of centralization raises interesting questions. 
Mean centralization declined in each decade from 1970 to 2010 but this consistent 
pattern was broken with an uptick in centralization for 2020. That this is not an 
aberration is confirmed by the trends in two of the other measures of centralization, the 
ratio of core to periphery density and the central density from the negative exponential 
model. Both show declines followed by a reversal, increasing after 2000. And while the 
mean of overall densities in the urban areas varied somewhat more, a large drop before 
2000 also precedes increases in the final two decades.

So what to conclude from these observations? Has an extremely long period 
decentralization within urban areas come to an end? Has the trend reversed and are 
urban areas now becoming more centralized? Guterbock (2021) observed the 
deconcentration/decentralization of American urban areas though most of the 
twentieth century, becoming especially rapid after 1950. Then starting in 1990, levels of 
centralization remain fairly constant. This leads to the proclamation of “the end of 
population deconcentration in the United States.” (He does wisely caution that the 
aftermath of COVID-19 may see other changes to urban patterns.)
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I am more cautious about assuming that decentralization has come to an end and 
that levels of centralization will either remain steady or increase. I have seen too many 
examples where an observation of a change in direction is initially touted as a 
fundamental shift away from long established patterns but is later acknowledged to 
have been a brief anomaly. For example, after 1970, observations that nonmetropolitan 
areas had started growing more rapidly than metropolitan areas prompted observers to 
declare the end of centuries of urbanization and the start of counter urbanization (e.g., 
Berry 1980). But it was not long before metropolitan areas were again growing more 
rapidly and the idea of counter urbanization was forgotten (Beaile and Fugitt 1986; 
Long and DeArea 1988).

The increases in average levels of centralization in recent decades is certainly 
significant and provocative. Note however that it is not as if something had changed 
around the turn of the century. Increases in mean centralization resulted at least in part 
from greater numbers of urban areas experiencing increases in each decade. Some forces 
may be acting that will be important to identify and understand.
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