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Abstract:



Urban spatial structure evolution, when using employment as the proxy, can be explained by the change of employment distribution. In this study, we measure the 361 US metro areas (metros) by employment shares, in five submetro sections (i.e., main-center, sub-centers, non-center clusters, non-cluster urban areas, and rural areas), and explore the spatial patterns of submetro growths. We use recognized methods to delimit urban and rural areas, identify employment centers with relative thresholds, and categorize the metros into three (i.e., small, midsize, and large) categories. Then we use descriptive statistics to determine the dynamics of employment growth in the five submetro sections. The results suggest that metros’ spatial structures and growth patterns vary greatly across different size categories. We found that (1) small metros tend to have growth in the main-center or non-cluster urban areas; (2) midsize metros may be in the critical period of forming sub-centers, which also may be an effective way to curb urban expansion into rural areas; and, (3) the five submetro growths in large metros tend to be positively associated with one another, except for the main-center.
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1. Introduction


The United States (US) went through three major stages of urban spatial structure evolution. In the 1840s, the American dream indicated spreading construction to the suburbs [1]. In the 1950s, the suburban movement began as many urban residents moved to the suburbs, encouraged by affordable automobiles and government subsidies [2]. Between the late 1950s and early 1970s, many states (e.g., Kentucky, Oregon) established urban growth boundaries (UGB) to curb urban expansion [3]. According to a survey in 1991, roughly a quarter of cities used UGBs to limit urban growth areas [4]. From the American dream, suburban movement to UGBs, urban policies swung back and forth to adjust to the urban spatial structure. As a result, some policies may have positive impacts on some regions, while having negative impacts on the others.



The planning literature has identified employment centers, and the growth within and outside of them. In other words, the spatial structure of metro areas (interchangeably “metros” or “cities” in this paper) may evolve towards concentration or dispersion (including decentralization). Earlier studies [5,6,7] have disagreed on whether cities are edged or edgeless. The former suggests that a re-concentration process occurs at a city’s edge during expansion, while the latter suggests that urban development is largely scattered—cities are edgeless. More recent studies [8,9,10,11,12,13,14] found both concentration and dispersion in different metros, and also in different employment sub-centers within a single metro. These are mainly case studies that cannot demonstrate their theories’ applicability to a larger sample of metros.



Given the literature review, two big questions arise. The first question is in regards to the origin and destination of the employment concentration and dispersion (including decentralization). Where does the employment move to when it spreads from the Central Business District (CBD)? Does it go to sub-centers, non-center areas, or does it move outside of the metro? The second question involves employment clusters that are smaller than an employment center (typically defined as a minimum size of 10,000 workers), but that display certain agglomerative power. These areas have largely been neglected in empirical studies. Is it really safe to say that agglomeration economies at the submetro level are no longer important? Or, maybe agglomeration economies are presenting themselves in a new form? In fact, a few studies [15,16,17,18,19,20,21] point out the complexity of the metropolitan spatial structures. They describe the structural complexity as being “beyond polycentricity” [19], a network of “trading places” [20], and “complex variation in density” [21]. After all, the formation of an employment center is a gradual process; it inevitably generates employment clusters of varying sizes. A metropolitan spatial structure is more than a dual system of employment centers and non-center areas.



Studies on employment centers implicitly include four submetro sections: the CBD, sub-centers, urban areas, and rural areas. The CBDs are easy to define for small-sized (e.g., case-study based, descriptive) studies. It is also common to define the largest employment center as the CBD [11], but we can cautiously use the term “main-center” in the case that some metro areas’ CBDs are smaller than their sub-centers. There are also recognized methods to delimit urban and rural areas [11,22], and to identify employment centers [23,24,25,26]. However, no study gives equal attention to all of these submetro sections; instead, most studies only analyze employment dynamics within and outside of the employment centers.



This paper investigates the dynamics of employment growth in five submetro sections that include four implicit ones (the main-center, sub-centers, non-cluster urban areas, and rural areas) in the literature and the non-center clusters. We use the entire country as the study area, and the longest time frame available. Next, we divide the metros into three size categories, since metros of different sizes may behave differently, e.g., the formation of sub-centers requires a population size threshold [24,27]. Then we explore the employment shares in 2000 and 2010, as well as the correlations of employment growth in these five submetro sections. In this study, we make two major assumptions. First, we assume that the growth of the metros is independent, e.g., two metros’ main-centers are not correlated with one another. Second, we assume that the metros are mature economic units that are highly diverse in industrial composition. Although different employment clusters in a metro may change in different directions (e.g., decline, remain) [7], in this study we look at the average effect of each submetro section, e.g., the sum of all sub-centers as a submetro section.



The significance of this study is twofold. First, the dynamics of employment growth in five submetro sections can provide policymakers with more accurate knowledge for proactive planning. Especially, we add the section of non-center clusters, which represent the gradual process of forming a sub-center; these clusters may also play a significant role in capturing agglomeration economies. Second, most studies on US metropolitan structure focus on the major metros (e.g., Los Angeles, Chicago); the repeated emphasis on the same cities results in biased understanding regarding the US metro structure as a whole. Additionally, those case studies provide little insight for small and midsize metros’ growth patterns. Our detailed analysis of all US metros paints a more complete picture of the US metro structure, which may serve as a benchmark for national and regional policy reference.




2. Data and Method


2.1. Data


We use shape files from the Topologically Integrated Geographic Encoding and Referencing (TIGER), and employment data are from the Census Transportation Planning Products (CTPP). TIGER provides shape files that define the metros’ boundaries and census tracts within the metros. The metros in this study come from the Metros in the Core Based Statistical Area (MCBSA) system. In the US (and Puerto Rico), there are 370 metros in the Census 2000 TIGER shape file. However, we exclude the eight Puerto Rico metros because no employment data were available. Within the 362 MCBSAs, Bristol, VA became a part of Kingsport-Bristol-Bristol, TN-VA. Therefore, we examine 361 metros. As the population grows, the Census alters the boundaries of census tracts. As we have observed, this alteration is negligible from year 2000 to 2010. Most (more than 99.9 percent) census tracts remained the same.



CTPP provides employment data summarized at the census tract level. We join the 2000 and 2010 CTPP employment data to the year 2000 TIGER shape files to obtain employment data for each census tract. The year 2000 and year 2010 employment data were collected by the US Census Bureau.




2.2. Method


2.2.1. Defining Five Submetro Sections


To capture the inner structural characteristics, we separate a metro into five submetro sections: the main-center, sub-centers, non-center clusters, non-cluster urban areas, and rural areas (see Figure 1). The main-center is defined as the largest employment center in a metro. Except for the main-center, all other submetro sections are aggregate configurations. The section of sub-centers is the sum of all employment centers except for the main-center. Note that we do not attempt to count each metro’s employment centers for this countrywide study. For one thing, the exact number is difficult to determine because two or more centers may be connected; for another, slightly different total employment threshold (that is usually arbitrary and based on local knowledge) may result in a different number of employment centers. Similarly, the section of non-center clusters is the sum of all employment clusters smaller than employment centers. The section of non-cluster urban areas is the sum of all urban areas excluding the employment clusters (i.e., the main-center, sub-centers, and non-center clusters). The section of rural areas is the remaining areas in a metro, excluding the urban areas. The sum of employment in the five submetro sections equals the metro’s total employment.


Figure 1. The definitions of a metro’s spatial constituents. (Note that the urban areas between the employment clusters are also non-cluster urban areas.)
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To enable comparisons among different submetro sections, we separate a metro by an urban density threshold, a cluster density threshold, and a center size threshold; see Table 1. The urban density threshold delimits urban and rural areas. The cluster density threshold delimits employment clusters, and non-cluster urban areas. The center size threshold delimits the employment centers, and non-center clusters. In other words, the main-center meets all three of the criteria (and having the largest employment center), and the rural areas meet no criterion, and so on. The following Section 2.2.2 and Section 2.2.3 will demonstrate calculation of the three thresholds (i.e., an urban density threshold, a cluster density threshold, and a center size threshold).



Table 1. The three thresholds to separate a metro into five submetro sections.







	
Thresholds

	
Main-Center

	
Sub-Centers

	
Non-Center Clusters

	
Non-Cluster Urban Areas

	
Rural Areas






	
Urban Density

	
√

	
√

	
√

	
√

	




	
Cluster Density

	
√

	
√

	
√

	

	




	
Center Size

	
√√

	
√

	

	

	











2.2.2. Delimiting Urban and Rural Areas


To ensure homogeneity of data units (i.e., census tracts) in a metro, we delimit the urban and the rural areas, because spatial indices are “sensitive to the presence of large, unpopulated census tracts in outlying areas due to the well-known mismatch of administrative boundaries and functional areas” [11] (p. 485). There are absolute and relative threshold methods to delimit the urban and rural areas. The absolute threshold method adopts a universal cutoff for all metros, such as 1000 persons per square mile as defined by the Census. This definition may inappropriately exclude large areas of developed land [3]. Conversely, the relative threshold method applies a cutoff percentage to a metro’s total population. The cutoff percentage may be 98 percent [22], or 95 percent [11].



We choose the relative [11,22] over the absolute methods [3,23], considering the large variations of employment densities across US metros. We also choose to use employment instead of population, because employment is better than population (based on primary residences) in capturing urban activity. For example, activity centers such as the Central Business Districts often have few residents.



After testing three percentages, we determine 98 percent as the most reasonable threshold to delimit urban and rural areas. Because population is generally larger than employment (especially in rural areas), we initially try to define urban areas as having 99 percent of employment. However, the resulting polygons include large swathes of mountainous terrain that are not urban. Then we try 95 percent. The resulting polygons, however, exclude many near urban center tracts that are urban. Finally, defining urban areas as having 98 percent of employment produces a more reasonable result than using the 99 percent and the 95 percent choices.



We separate the census tract (polygons), with the lowest year 2000 employment density from a metro one by one until the total employment is as close to (but not less than) 98 percent of the year 2000 total employment. The remaining census tracts within the MCBSA are the urban tracts. The rest census tract polygons are rural tracts whose employment amounts to roughly 2 percent of the metro’s total employment.




2.2.3. Identifying Employment Clusters


Similar to delimiting urban and rural areas, identifying clusters involves either absolute or relative threshold criteria. One method adopts an absolute density (e.g., 10 workers/acre) and a total employment threshold (e.g., 10,000 workers) [23]. A second method adopts a regression model (e.g., locally weighted regression) on distance from the Central Business District, to identify secondary density peaks and uses a geographic window to ensure the secondary peaks have statistically significantly higher density than their surroundings [24]. The third method adopts a percentile threshold to identify a metro’s densest areas as potential employment centers, and then applies a total employment threshold (e.g., 10,000 workers) to remove small-size employment clusters [11,23,25].



We adopt the third method because it meets the following criteria: (1) it is capable of capturing each metro’s structural feature; (2) it is easy to use for a large sample; and, (3) it uses a consistent density threshold throughout a metro. Conversely, the first and second methods have the following drawbacks. The first method can only capture the spatial features of high-density metros. This method is not applicable for large sample size studies. The second method results in inconsistent density thresholds within a metro, and complicates the comparative analysis on submetro sections. Furthermore, the second method is also arbitrary in choosing the “significance level, geographic window size, and weight of distance” [26] (p. 27).



Note that by using the third method, the calculated density thresholds may not always qualify in accordance with our traditional understanding of sub-centers. For this national study, the density threshold is determined by each metro’s density distribution. Some metros’ density threshold may be too low or too high, but these thresholds will not affect the effectiveness of this study. For example, a threshold of 2 workers/acre may not qualify to identify a mature employment center. However, this extremely low-density threshold is acceptable in this study, for it still captures the relatively dense areas in a metro; and these areas denote where the future sub-centers will be. Additionally, what we aim to examine is the growth in these areas. But we may not interpret some of the sub-center areas as matured sub-centers yet.



To apply the third method, we identify clusters by selecting high-density urban tracts and merging the neighboring tracts into a zone. High-density urban tracts have a density above the metro’s cluster density threshold. Each metro’s cluster density threshold equals two standard deviations above the metro’s mean employment density in urban areas. In equation (1), the probability (P) is a census tract’s area, proportional to a metro’s total urban land area, P = [image: there is no content]. The mean density (U) is a metro’s total employment in the urban land area divided by the urban land area, U = [image: there is no content]. A metro’s total urban land area is the sum of all census tract areas in the urban areas, [image: there is no content] = [image: there is no content]. For metro [image: there is no content], we have:


[image: there is no content]



(1)




where,



[image: there is no content]—Metro [image: there is no content]’s cluster density threshold; [image: there is no content] = 1, 2, 3, …, 361;



[image: there is no content]—Urban tract [image: there is no content]’s area in metro j; [image: there is no content] = 1, 2, 3, …, [image: there is no content] ([image: there is no content] = metro [image: there is no content]’s total number of urban tracts);



[image: there is no content]—Urban tract [image: there is no content]’s density in metro j.



To separate the employment centers and non-center clusters, we define the center size threshold at 10,000 workers (the same as previous studies). In other words, we define employment clusters with over 10,000 workers as employment centers, otherwise as non-center clusters. The arbitrary size threshold of 10,000 workers is broadly used in existing literature [11,13,23]. The theoretical support for this arbitrary size threshold can be traced back to the urban size ratchet concept [28]. We assume that a size of 10,000 workers is large enough to sustain an area’s local market. Empirically, we choose this center size threshold to enable comparison with previous studies, and furthermore, the debate on reasonable local market (city) size has little consensus in existing literature.






3. Results


3.1. A Metro’s Five Submetro Sections


Using the metro “Dallas–Fort Worth–Arlington, TX” as an example, we interpret the metro’s five submetro sections. We use the year 2000 data to calculate the two density thresholds (i.e., urban density threshold, and cluster density threshold), and apply them to year 2000 and 2010 structural measurements. As Figure 2 and Figure 3 show, the urban density threshold is 0.047 workers/acre. Areas with a density below 0.047 workers/acre are the rural areas (green areas) on both year 2000 and 2010 maps. Note that on the year 2010 map, we use the same urban areas boundary (blue line) as on the year 2000 map, in order to observe the urban developments that happened in the former rural areas. The cluster density threshold is 8.42 workers/acre. Areas with a density above the cluster density threshold are employment clusters that can be the main-center, sub-centers, or non-center clusters, depending on their cluster sizes. The largest employment cluster, also employment center, is the main-center with a red boundary. The sub-centers have pink boundaries, and the non-center clusters have purple boundaries.


Figure 2. A typical metro’s (Dallas–Fort Worth–Arlington, TX) five submetro sections in 2000.
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Figure 3. A typical metro’s (Dallas–Fort Worth–Arlington, TX) five submetro sections in 2010.
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3.2. Spatial Structure Charateristics


We divide metros into three categories according to population in 2000: large metros’ population ≥ one million; a quarter million ≤ midsize metros’ population < one million; and, small metros’ population < a quarter million. There are 49 large, 119 midsize, and 193 small metros. Note that this is the only time that we use population in our analysis. Although employment is more appropriate to represent agglomeration economies (e.g., agglomeration of firms), population is more traditionally used for simple categorization based on size. We select the thresholds of one million and a quarter million based on academic and practical examples. Studies commonly select the largest 50 metros to represent the characteristics of the entire urban US [21,29]. Coincidently, the threshold of one million results in the largest 49 metros, which makes the category of large metros comparable with other studies. Additionally, the National Center for Health Statistics (NCHS) data systems, used for studying the associations between residence’s urbanization level and health, also adopt the thresholds of one million and a quarter million to categorize the US metros into three categories [30]. Although alternative thresholds may be used, we consider these two as the most reasonable ones for a national study. Besides, one may divide the metros into more categories for more refined results, in light of the methods used in this study.



Figure 4 shows the mean employment shares in each metro category (i.e., large, midsize, small) in 2000 and 2010. We found that larger metros tend to have lower mean employment shares in the main-center, but higher mean employment shares in the sub-centers and non-cluster urban areas. However, comparing the mean initial and ending spatial structures gives little insight to the metros’ evolution process. In other words, the metros’ mean employment shares largely remain the same from 2000 to 2010. Two questions arise. Is this because the submetro growth shares are proportionate to their initial employment shares? Is this because submetro growths of different metros cancel out, resulting in a nearly zero effect on average? To answer the first question, we investigate the distribution of metro growth among the five submetro sections. To answer the second question, we build correlation matrices to examine how each metro’s submetro growth deviates from that of other metros.


Figure 4. Three metro categories’ mean employment shares in five submetro sections in 2000 and 2010.



[image: Urbansci 01 00028 g004]







3.3. The Distribution of Employment Growth


In this section, we examine whether the submetro growth shares are proportionate to their initial employment shares. We divide each metro’s submetro growth (amount) by the metro’s total employment in 2000, and the result is the submetro growth share. The sum of the five submetro growth shares equals the metro’s growth rate. We report the mean values of the five submetro growth shares in each metro category in Figure 5.


Figure 5. The mean growth shares of five submetro sections in three metro categories.
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As Figure 5 shows, the submetro growth shares in each metro category are not proportionate to their initial employment shares (as indicated in Figure 4). For example, small metros’ mean growth share in the main-center is greater than the sum of the other four growth shares, which is different from their initial distribution of employment shares. Additionally, small metros have negative mean growth shares in the non-center cluster areas; this may be because employment in non-center cluster areas agglomerates into employment centers, or disperses into non-cluster urban areas or even into rural areas. Midsize metros’ mean growth share in the sub-centers is much greater than that in the non-center clusters, while initially the employment shares in the two submetro sections are nearly the same. In fact, midsize metros’ mean growth share in the sub-centers is the largest among the three categories. For large metros, the mean growth shares in the non-cluster urban areas and rural areas greatly exceed their initial employment shares, which indicates a low-density growth pattern because those two submetro sections are the lowest density areas in a metro. Meanwhile, the mean growth shares in the sub-centers and non-center clusters are extremely small, indicating that metros have largely completed sub-centering before entering into the large metro category.




3.4. The Correlations of Submetro Growth


In this section, we examine how each metro’s submetro growth deviates from that of other metros by creating three correlation matrices. A correlation coefficient suggests the strength of the relationship between two sets of variables. For this study, we do not need the direction of the relationship. Note that the following three tables show the correlations of net growth (rather than growth rate) in the five submetro sections.



Table 2 shows that: (1) small metros’ main-centers compete with the other four submetro sections: sub-centers, non-center clusters, non-cluster urban areas, and rural areas, in decreasing order of likelihood; (2) metro growth tends to happen in the main-centers and non-cluster urban areas; and, (3) employment in non-center clusters tends to disperse into non-cluster urban areas, given non-cluster urban areas’ positive association with metro growth (0.40), and negative association with the non-center clusters (−0.14).



Table 2. Correlation matrix for growth in five submetro sections for small metros.







	
Section of Growth

	
Section No.

	
1

	
2

	
3

	
4

	
5

	
6






	
Main-center

	
1

	
1

	

	

	

	

	




	
Sub-centers

	
2

	
−0.25 *

	
1

	

	

	

	




	
Non-center clusters

	
3

	
−0.22 *

	
−0.03

	
1

	

	

	




	
Non-cluster urban areas

	
4

	
−0.17 *

	
−0.02

	
−0.14 *

	
1

	

	




	
Rural areas

	
5

	
−0.14

	
0.04

	
0

	
0.02

	
1

	




	
Metro

	
6

	
0.67 *

	
0.10

	
0.08

	
0.40 *

	
0.12

	
1








Note: The number of observations is 193; and the star superscript * suggests a statistically significant correlation at the 0.05 level.








Table 3 shows that midsize metros’ sub-centers agglomerate employment from the non-center clusters (−0.28) and rural areas (−0.22). Accordingly, the non-center clusters and rural areas are the only submetro sections that do not significantly associate with metro growth. The negative correlation between the sub-centers and rural areas suggests that forming sub-centers should be an effective method to curb urban expansion (to rural areas).



Table 3. Correlation matrix for growth in five submetro sections for midsize metros.







	
Section of Growth

	
Section No.

	
1

	
2

	
3

	
4

	
5

	
6






	
Main-center

	
1

	
1

	

	

	

	

	




	
Sub-centers

	
2

	
0

	
1

	

	

	

	




	
Non-center clusters

	
3

	
−0.1

	
−0.28 *

	
1

	

	

	




	
Non-cluster urban areas

	
4

	
−0.1

	
−0.14

	
−0.04

	
1

	

	




	
Rural areas

	
5

	
−0.14

	
−0.22 *

	
−0.15

	
0.16

	
1

	




	
Metro

	
6

	
0.54 *

	
0.27 *

	
0.04

	
0.59 *

	
0.18

	
1








Note: The number of observations is 119; and the star superscript * suggests a statistically significant correlation at the 0.05 level.








Table 4 shows that the large metros’ growth is largely characterized by low-density growth, with all the submetro growths positively associated with one another, except for the competition between the main-center and the sub-centers. The low-density growth is indicated by the positive correlation of metro growth with growths in non-cluster urban areas (0.89) and rural areas (0.66). Besides those two, the other three coefficients in the bottom row are all rounded to be 0.41 (main-center > non-cluster urban areas > sub-centers). The only moderately strong negative correlation, however, is between the main-center and sub-centers (−0.22). This indicates that the main-center and sub-centers may compete with one another in some metros. Finally, the absolute values of coefficients are relatively large in general, indicating large metros’ growth pattern is more stable than that of small and midsize metros.



Table 4. Correlation matrix for growth in five submetro sections for large metros.







	
Section of Growth

	
Section No.

	
1

	
2

	
3

	
4

	
5

	
6






	
Main-center

	
1

	
1

	

	

	

	

	




	
Sub-centers

	
2

	
−0.22

	
1

	

	

	

	




	
Non-center clusters

	
3

	
0.04

	
0.29 *

	
1

	

	

	




	
Non-cluster urban areas

	
4

	
0.16

	
0.24

	
0.27

	
1

	

	




	
Rural areas

	
5

	
0.19

	
−0.02

	
0.27

	
0.54 *

	
1

	




	
Metro

	
6

	
0.41 *

	
0.41 *

	
0.41 *

	
0.89 *

	
0.66 *

	
1








Note: The number of observations is 49; and the star superscript * suggests a statistically significant correlation at the 0.05 level.










4. Discussion and Conclusions


This paper investigated US metros’ spatial structures and evolution patterns. We use employment shares in five submetro sections to denote a metro’s spatial structure and use submetro growth patterns to describe the metro’s evolution process. The measurement methods are adopted from literature with minor modifications. We aim to make the methods easy to understand and applicable to the entire country. This study takes a closer look into the metropolitan spatial structures for all 361 metros. Policymakers can clearly see which stage their metro is currently at, and which stage it is heading to, as well as identifying similar metros. Additionally, other countries may use the same methods to conduct their own countrywide study.



We found that metros’ evolution patterns vary greatly across the three size categories. First, small metros’ main-centers agglomerate employment from the other four submetro sections: sub-centers, non-center clusters, non-cluster urban areas, and rural areas, in decreasing the order of likelihood. Non-center clusters tend to disperse into non-cluster urban areas. Therefore, for metros with a population of less than a quarter million, policymakers should focus the resources on creating jobs in the main-centers.



Second, midsize metros seem to be in the critical period to form sub-centers and reduce urban expansion (to rural areas). Midsize metros’ sub-centers have the largest mean growth share among the three categories, and not only compete with the non-center clusters but also the rural areas. Additionally, unlike large metros, midsize metros have a relatively large room for urban development. Therefore, for metros with a population of over a quarter but less than a million, policymakers should provide more convenience for sub-center development.



Third, large metros’ evolution patterns are of high regularity: Growths in the five submetro sections positively associate with one another, except for the main-center (that competes with the sub-centers). Additionally, large metros are much more likely to have growth in the low-density areas (i.e., non-cluster urban areas and rural areas) than the high-density areas. In fact, the growths in the sub-centers and non-center clusters are extremely small, indicating that the metros have already completed sub-centering before entering into the large metro category. This further confirms the importance of laying out a proactive plan at the midsize metro stage. After a metro’s population exceeds one million, large-scale changes to its spatial structure become difficult, but policymakers can still put efforts in increasing the development density and renewing the main-center.
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