Appendix A: Illustrating Alternative Dimensions of Segregation

Below are illustrations of high and low segregation using alternative measures of segregation. The illustrations come from Iceland, Weinberg, and Steinmetz (2002: 9-13). 
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Appendix B: Calculating Selected Segregation Measures


This appendix includes details of how the segregation measures in the empirical analysis were calculated. Specifically, the indexes described below include: dissimilarity, isolation, delta, absolute centralization, spatial proximity, and the multi-group entropy index. Details of the first 5—and of 19 of the measures discussed in Massey and Denton (1988)—are also in Iceland, Weinberg, and Steinmetz (2002) and Wilkes and Iceland (2004). The multi-group entropy index is described in Reardon and Firebaugh (2002) and Iceland (2004). 

Dissimilarity

[image: image1]The dissimilarity index is a measure of evenness. Evenness refers to the differential distribution of the subject population across neighborhoods in a metropolitan area. It ranges from 0 (complete integration) to 1 (complete segregation), and indicates the percentage of a group’s population that would have to change residence for each neighborhood to have the same percentage of that group as the metropolitan area overall. It is computed as:

where n is the number of tracts in a metropolitan area, xi is the population size of the minority group of interest in tract i, X is the population of the minority group in the metropolitan area as a whole, yi is the population of the reference group (usually non-Hispanic Whites) in tract i, and Y is the population of the reference group in the metropolitan area as a whole.

Isolation

The isolation index is a measure of exposure. Exposure refers to the amount of potential contact between groups. The isolation index indicates the probability that a minority group member would come into contact with another minority group member. It is computed as the minority-weighted average of the minority proportion of the population in each area. The index varies from 0 to 1, with 1 indicating the highest level of segregation. It is computed as:
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where xP*x is the usual notation for the isolation index, the x terms are the same as above, and ti refers to the sum of the minority and reference group populations in tract i. 

Delta
Delta, a measure of concentration, measures the relative amount of physical space occupied by the minority group. Minority groups of the same relative size occupying less space would be considered more concentrated and thus more segregated. The index gives the proportion of a group’s population that would have to move across census tracts to achieve uniform density. It ranges from 0 (low segregation) to 1. It is calculated as:
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where xi and X are as before, and ai measures the land area of neighborhood i, and A is the sum of all ai in the metropolitan area (the total land area). 

Absolute Centralization Index

The absolute centralization index captures the centralization dimension, or the degree to which a group is located near the center of a metropolitan area. It varies between -1 and 1. Positive values indicate that minority group members are more likely to reside near the city center while negative values indicate that they live more in the periphery than the reference group. A score of zero means that a group has a uniform distribution throughout the metropoli​tan area. The empirical analysis used the metropolitan area population centroid (the weighted population center) to represent the metropolitan area center, though one could alternatively choose to use the Central Business District as the metropolitan area center. The absolute centralization index is calculated as:
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where m equals the number of census tracts in the metropolitan area, ranked by increasing distance from the Central Business District (m=n), and X and A are defined as above. 

Spatial Proximity Index

The spatial proximity index is a measure of clustering. It is the only spatial measure of the five segregation indexes described thus far. That it, it takes into account not only the racial/ethnic composition of neighborhoods within a metropolitan area, but also the proximity (distance) of various neighborhoods to one another. More precisely, it measures the extent to which neighborhoods inhabited by minority members adjoin one another. A high degree of clustering indicates a racial or ethnic enclave. Spatial proximity equals 1 if there is no differential clustering between minority and majority group members. It is greater than 1 when members of each group live nearer to one another than to members of the other group, and it is less than 1 in the rare case that minority people lived nearer, on average, to non-minority people than to members of their own group. 


To estimate the spatial proximity index, one begins by estimating the average proximity between members of the same group, and then between members of different groups. The average proximity between group X members is calculated as:
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and the average proximity between members of X and Y are estimated as:
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where cij =exp(-dij), where dij is the distance between areal unit centroids, and where dii is estimated as (0.6ai)0.5. The average proximity between Y members (Pyy) and among all members of the population (Ptt) are caluculated in a manner analogous to how Pxx is calculated. 


The spatial proximity index is then finally calculated as the average of intrgroup proximities weighted by the fraction of each group in the population:
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Entropy Diversity Score and Entropy Index
Below I describe both an entropy score, which is a measure of diversity, and the entropy index (sometimes referred to as the information theory index), which measures the distribution of groups across neighborhoods. A measure of the first is used in the calculation of the latter. First, a metropolitan area’s entropy score is calculated as:
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where r refers to a particular racial/ethnic group’s proportion of the whole metropolitan area population. All logarithmic calculations use the natural log.
 

Unlike the information theory index defined below, this partial formula describes the diversity in a metropolitan area. The higher the number, the more diverse an area. The maximum level of entropy is given by the natural log of the number of groups used in the calculations. 

In the empirical analysis in this paper, six mutually exclusive and exhaustive categories were constructed: Non-Hispanic Whites, Non-Hispanic African Americans, Non-Hispanic Asians and Pacific Islanders, Non-Hispanic American Indians and Alaska Natives, Non-Hispanics of other races, and Hispanics. Having mutually exclusive and exhaustive categories is essential for constructing a single multiracial index.  With six racial/ethnic groups, the maximum entropy is log 6 or 1.792. The maximum score occurs when all groups have equal representation in the geographic area, such that with six groups, for example, each would comprise about 17 percent of the area’s population. This is not a segregation measure per se because it does not measure the distribution of these groups across a metropolitan area. A metropolitan area, for example, can be very diverse if all minority groups are present, but also very highly segregated if all groups live exclusively in their own neighborhoods. 

A unit within the metropolitan area, such as a census tract, would analogously have its entropy score, or diversity, defined as:
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where ri refers to a particular racial/ethnic group’s proportion of the population in tract i.

The information theory index is the weighted average deviation of each unit’s entropy from the metropolitan-wide entropy, expressed as a fraction of the metropolitan area’s total entropy:
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where ti refers to the total population of tract i, T is the is the metropolitan area population, n is the number of tracts, and Ei and E represent tract i's diversity (entropy) and metropolitan area diversity, respectively. The information theory index varies between 0, when all areas have the same composition as the entire metropolitan area (i.e., maximum integration), to a high of 1, when all areas contain one group only (maximum segregation). While the diversity score is influenced by the relative size of the various groups in a metropolitan area, the information theory index, being a measure of evenness, is not. Rather, it measures how evenly groups are distributed across metropolitan area neighborhoods, regardless of the size of each of the groups. Additional discussion and analyses of these indexes is contained in Iceland (2004).
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� When the proportion of a particular group in a given census tract (r) is 0, then the log is set to 0. This is the preferred procedure here, as the absence of a group (or multiple groups) should result in a 0 increase in the diversity score (where a higher score indicates more diversity).
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