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Abstract

This paper compares the level of spatial segregation by
race of ethnicity with the 1level of spatial segregation by
demographic group in two metropolitan areas with similar

incomes and demographic composition, but with very different

racial make up.A We compare census tract data for thé san
Francisco Bay Area for 1980, .a region with six large ethnic
divisions, with similar data for the Stockholm nﬁtropolitanM“
area, a region with- a much more homogeneous racial

composition.

An extensive comparison of entropy measures of

segregation in the two regions is presented, including for
Stockholm, an analysis of spatial segregation by income class.
one important finding of the analysis, replicated in two very
different metropolitan regions, is that spatial segregation by

race or ethnicity is unrelated to the principal economic

factors which presumably underly spatial segregation by income

class or demographic grouping.



I. INTRODUCTION

Even thek most casual observer notices that residential
'pafiterns in American urban areas are highly segregated by
race. It is 'only slightly 1less obvious thét urban areas
thro'ughout' the developed world are segregated by income, by
ﬁousehold size and composition, and' by other demographic
characteristics.- Presumably, residential segregation by
sociodemographic group reflects similarity of tastes for local
public goods and locational amenities and similarity in
disposable income. Residential segregation f)y race and ethnic
group may reflect the same phénomenon. It may also reflect
the outcomes of a discriminatory market in which minority
households have less access to the entire housing stock or in

which minority households feel less threatened by choosing to

reside in close proximity to one another.

Disentangling "natural" segregation by sociodemographic
group from that which arises from prejudice is no easy task.
Yet the distinction is important, at 1least in the American

context, to interpreting trends in segregation. In previous

work (Miller énd Quigléy, [1990]), we compared the pattern of
spatial segregation by race and household type in 1970 and
1980 for the San Francisco Bay Area, concluding that levels of
spatial segregation by race declined slightly during the
decade, and that 1levels of segregation. by household type -

declined more substantially. That work also indicated that



only a small fraction of segregation by race could be

"ekplained“ by the prior segregation of households by

‘household type. The»socioeconomic forces which led to spatial
clustering of different types of households ‘“explained"
practically none of the spatial segregation of races in the

San Francisco Bay Area in 1970 or in 1980.

This paper provides a more abstract benchmark for
assessing these conclusions by presenting a similar analysis
of spatial segregation by sociqdemographic group over time in

a racially and culturally homogeneous society. The analysis

concentrates on residential patterns in Stockﬂolm, as reported

in special census tabulations for 1975 and 1985. To

facilitate comparisons with previous work, we also use an

entropy index to measure segregation. However, we derive the

measure in an alternate way that permits a more general

comparative treatment of segregation.

We investigate the level of spatial segregation by type
of household, by income, and by etﬁbicity using an identical
methodology and consistent definitions for 1975 and 1985. We

also compare these results to those obtained for San Francisco

in 1980 and which are based on almost identical definitions of

. household type.

In many ways San Francisco and Stockholm exhibit a
similar pattern of spatial and demographic development (See -

Harsman and Quigley [1991] for a more detailed discussion).”



Both regions have a well defined central core, and both

regions have high average incomes, with considerable growth in
nonmanufacturing employment. A prinéipal difference is the
.ethnic makeup of populations. : San f‘rancisco has large and
growing populations of hispanic, black, and Asian households.
Although Stockholm does show an increase in the fraction of
non-Swedes and non-European households; it is from a very

small Dbase. By any international standard, Stockholm is

ethnically homogeneous.

II. SEGREGATION

Consider households’ choices to reside at various points

in an urban area, where conflicting choices are resolved by

some impersonal mechanism. Now if the conditional

distribution of households by demographic group in space

differs from the unconditional distribution, the population

may be said to be segregated. - Of course, if conflicting

choices are resolved by a pricé mechaﬁism, then differences in
income ofhwealth among groups may lead to this segregation.
Similarly, if prices are regulated and households are assigned
to dwellings according to waiting time in a public queue,
differences in age or recency of migration may be reflected in

segregation. (To a first approximation the price mechanism is

used to ration access in San Francisco, and the public queue

is used to ration access in Stockholm.)



Also, systematic differences in those factors which
affect preferences for location, for example family size and
household composition, can similarly give rise to residential

«segfegation by demographic group.

More generally, the problem of defining ana.'measuring

segregation can be formulated as follows. Let
(1) P = (P1s/Pys---Pp)

be a vector describing an observed distribution over subareas

of a given household or ethnic group, Eipi = 1. let
(2) g = (dq,93/-++,9p)

be a vector describing the distribution of all households over

the same subareas, 2;d; = 1. Define a measure of segregation
I(p,q) that indicates how the conditional distribution, p
deviates from the "reference" distribution, q,
(3) I(p,9) = 24 pij log(pi/dj)
= 2; Py log(l/4j) - 2; pj log(l/py)-
This measure is a weighted sum of the logarithmic

difference between the two distributions in each of the

subareas. The fractions given by the conditional distribution

are used as weights.  When the conditional distribution p

equals the reference distribution g, there is no segregation,

and I(p,q) = 0.



The second term in the expression on the far right is the
entropy of the conditional distribution, and the first term is
the entropy of the reference distribution, using the weights

givén by the conditional distribution.

This definition of I(p,q) was used by Shannon [1948] to
measure the information obtained when it is first assumed that
g is the distribution characterizing a certain phenomenon and

subsequently it is learned that the phenomenon is

characterized by the distribution p. The analogy to

segregation is straightforward; we first assume that the

spatial distribution of a certain household type is the same

as the distribution of other households over subareas, g.
Then we learn that the conditional distribution is p. The

measure of segregation I(p,q) can be interpreted as value of

the information ~gained when the 1level of segregation is

measured directly.

Hobson [1969] has shown that this definition of I(p,q) is

unique up to a positi&e constant under five general

conditions. The first three state that I(p,q) should be a

continuous function of all its variables, that it should be

independent of the order in which the states, or subareas, are

numbered, and that I(g,q) = 0. According to the fourth

condition, I(p,q) should increase when the shape of p tends to

be more peaked or the shape of g tends to be less peaked. The

last condition states that I(p,q) should be independent of the -



number of states or subareas in the following sense. Assume

that the r first and the n-r last states aré. aggregated

according to Figure 1.

Figure 1
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With this notation, the conditidn can be stated as:

“~

(4) I(py/s---sPpidyr---9p) = T(P1,P3iQ3,Q3)
+ Pll(pllpll"'lpr/Pl;ql/Qll"‘lqr/Ql)

+ le(Pr+1/P21--~:Pn/P2;qr+1/Q21---rqn/Qz) .

Thus, in general, segregation can be measured by
partitioning space into larger and smaller subareas. I(p,q)

is the weighted sum of the segregation measures calculated

-



within each subarea, and the weights are the population

fractions in each of the subareas.

. This definition implies that the presence of segregation
can be tested by partitionijng the area géographically and by

examining the demographic composition of each subarea. Two

problems arise with this approach to -analyzing either the

presence or the degree of segregation. One is that, as the

sizes of the subareas increase, the same physical area appears

less - segregated. In the 1limit, when the subarea subsumes

everything, the metropolitan area must be "integrated." A

second is that the way in which the area is partitioned can
affect conclusions about the presence of segregation or the
degree of segregation. For example, a’ ch'ecker—board pattern
of residential occupancy by subarea can give rise to extreme

differences in residential occupancy by subarea or to

identical measures of the racial composition of subareas,

depending only upon how the checker-board is partitioned.

Despite the potential importache of this partitioning
problem, ~any empirical analysis of patterns of residential
segregation must ultimately begin with counts of individuals

or households by predetermined geographical areas: census

tracts or perhaps block faces. For both the U.S. and for

Sweden, census tracts were established to have stable

boundaries, and were designed to be relatively homogeneous

areas with respect to population characteristics, econonic



status and 1living conditions.  Census tracts for these two

regions are of roughly the same size. Any measure of

segregation is conditional upon the prior partitioning of the

_urban area into these geograpvhical subareas.

Let n;i be the number of individuals of group i residing

in census tract t. Thus ngt = 2Z¢ njy is the total number of

individuals residing in t, and nj, 2y nji is the total

number of individuals of type i in the entire area.
Similarly, Nus = 23N5x = Zp Ngg is total population. Let Pix =
nit/n*t be the number households of categor¥ i as a fraction

of all households in census tract t, wy = n4¢/ni, be the

number of households in census tract t as a fraction of all

households, and w; = ni*/n** be the number of households of

type i as a fraction of all households.

Comparing -the demographic composition in tract t with

4

that in the whole region, the index of segregation can be

computed as

~

(5) Te(pie (91) = 254 Pir 1og(pi/wg) .

By summing I, over all subareas, using the population

fractions, Wy, as weights we'get the following measure for the

level .of segregation in the region:

10



As noted below, these measures of segregation are

equivalent to those defined by Theil [1972] and used by Miller
and Quigléy [1990]. In comparison with other commonly used
measures of segregation, the entropy index is the only one

. which satisfies properties of symmetry, continuity and full

additivity (See Allison [1978], or White ([1983]. See also

Schnare [1980]).71

IIXI. THE DATA

As noted ~above, this analysis of spatial segregation is
based upon data from the San Francisco Bay Area (The "San

Francisco-San Jose-0Oakland Consolidated Metropolitan

Statistical Area") which includes nine counties and five

Metropolitan Statistical Areas (MSA’s) and the Stockholm

Metropolitan Area (Stockholm County) which includes the

1 One difficulty with this index remains. The entropy index
does not overcome the ambiguity arising from the arbitrary
way that a region is partioned into subareas. In
principle, this could be addressed by considering the
demographic composition in all™ surrounding tracts when
judging the extent to which a given tract is segregated.
For example, define a non-increasing distance function
(deyk) which assumes the value 1 when the distance between
t and k, d¢x = 0, and approaches 0 when d approaches
infinity. Now compute the accessibility, m;; to households
of category i in subarea 't by using the distance function
as a weighting factor (Weibull [1976] presents a thorough
discussion of the theoretical properties of this distance
or ‘accessibility weighted measure).

Weighting by (mjy / mjsx) in equation (5) instead of (n

: /.
ni*) would produce a segregation index robust to l}%he-

partioning of the region into subareas. Lack of data
precludes utilizing measures of this type in this analysis.

1l



central city, an inner ring, and the suburban fringe. The San

Francisco analysis is based upon census tract data for 1980

consisting of 1079 census tracts. The Stockholm analysis is

. based upon 806 census tracts defined identically for 1975 and

1985. Figures 2 and 3 present, in schematic terms, the two

metropolitan regions.

Table 1 summarizes the demographic groupings available

for San Francisco in 1980. For the nine county region as a

whole, some 72 percent of the "population is classified as

white, 9 percent is Hispanic, 7 percent black and 6 percent is

Asian.

The classification of the population into household types

is straightforward.? The seven major types of household
g

include traditional husband-wife families with and without

children, single adults 1living alone, by sex, single parent

households, by sex, and non family households containing two

or more adults. Note that Asian, Hispanic, and "other"

households are far more likely to involve married couples with

children than is true for white, black, or native American

2 According to U.S. Census conventions, the
counted by family and by household.
on the basis of relationships;
the basis of living quarters.
types. Family households
persons living together.

population is
Families are defined

households are defined on
Households are of two basis
include two or more related
Non-family households are persons

living alone or sharing 1living quarters with persons to .

whom they are not related.

P

12



FIGURE 2

The San Francisco Bay Area
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FIGURE 3

The Stockholm Metropolitan Area
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hou'seholds.3 Also, black households are three times more

likeiy to be made up of an unmarried female head with children

than is \the case for other dgroups. Among households with

'chiidren, 45 percent of black households are headed by single
f

women, compared to 16 percent for all " other groups. 27

percent of all the households in the Bay Area are white, non-
family households. Only 22 percent of all households are

white married couples with children. Married couples of all

races with children account for only 27 percent of Bay Area

households.

Tables 2 and 3 present comparable information for the

Stockholm metropolitan area for 1975 and 1985. As far as

possible, households are classified in a similar fashion.

Household types include two adults with and without children

(who together accounted for 47 percent of <the Stockholm

metropolitan area population in 1985), single men and women

with children, single individuals, and a residual category

"other." Ethnic information is available in three categories:
Swedish (in which all adults in the household are Swedish

citizens); "mixed" (in which one of the adults is a Swedish

citizen), and not Swedish (in which no adult in the household

is a Swedish citizen). In 1985 almost 89 percent of the

populétion lived in households containing at least one Swedish

citizen, a slight decline from 91 percent in 1975. The

3 Race is defined by the race of the "householder," generally .

the adult cited first by the census respondent.
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Swedish data also includes a cross classification by income

gfoﬁp, in three categories. This feature of the data is

discussed in more detail below.

Altogether, the San Francisco data for 1980 includes 42
demographic categories (6 racial groups by 7 household types);
the Stockholm data for 1975 and 1985 includes 54 demographic

categories (6 household types by 3 ethnic groups by 3 income

categories).

IV. RESIDENTIAL SEGREGATION BY DEMOGRAPHIC GROUP

Households in these +two metropolitan regions are
partitioned into ethnic categories and household types and

into a several spatial groupings, for example central city or

suburban location.

Let M, be the set of census tracts in some spatial

aggregation s, such as the central city.

Thus
(7)) Wg = Zeemg Yt

is the number of households in aggregation s as a fraction of

area total, and pjg 1s the proportion of househelds of type i

in region s

(8)  Pig = Zeem ¢ (Ue/Ws)Pit -

14



Following (5), the segregation of a tract t in relation to
region s is

(9)  Ig = Z5p5¢Y09(Pie [ Pis)

The average segregation in region s equals

(10) TIg = 3¢ (Wp/Wg)Ig

Inserting (10) into (11) and using (8) we get

|

(11) Ig = Zp(we/Wg)3505¢109(P5¢/Pig)

225 (B /W) pylog( 1/p5¢) = Zp (0 /W) 25054109(1/p54)

= 23pjglog(1/055) 7 Zp Pis 2iPirlog(1/p4y)

The first term on the last line of (11) is the entropy of
the distribution over household categories at the regional

level, H,. The second term is a weighted average, ﬁs, of the

entropies of the tracts, Hiy in the same region, where the

population shares of the tracts are used as weights.

~
~

The value of I is merely the difference, Hg - H,

s ~ Hg- Since

I, = 0 when pj4 Pisr Hg 1is the maximum value that the

average regional entropy, Hg can attain. Larger values of I,

i.e., greater levels of segregation, are manifest as

reductions in the average entropy. From the relationship
between p;+ and pig in (8), it is clear that the maximum value

of I is obtained when ﬁs attains its minimum value.

number of tracts is equal to or larger than” the number of

If the .

15



household categories, H, = 0 and, equivalently, the maximum

value of I = Hg. This means that I /Max I, = I /Hg is a

relative measure of segregation. This measure of segregation

‘is iidentical to the relative reduction of entropy measure

{

_introduced by Theil [1572] and used by Miller and Quigley
[19907] - '

The previous discussion deals with classifications in one

dimensidn, say racial categories. The extension to the
bivariate case -- the joint distribution of ethnic category,
e, and household type, h -- is straightforward.

As before,

(12)  Pent = Meht/Dxxt -

is the number of households of group e and housing type h as a
fraction of all households in census tract t. The

probabilities of the two marginal distributions are

(13)  Pext = 2p Pent

Psnt = 2e Peht ’

and the entropies of these distributions are

(14) H(e)t = ze pe*t log (1/pe*t)
H(h)y = 3 Pxnt 109 (1/papt)
H(e,h)gt = 3¢ 2p Pent 109 (1/Pent) -

H(elh) = 3 Pant 2o {Pent/Pxnt} 109 {Pint/Pent? .

-

i6



Consider the difference between the joint distribution,

pont and the distribution given by the product of the two

marginal distributions, [Pext Pxnt]-

(15) I(e,h)¢ = 2 IpPentlod(Pent / [Pext Pxntl) -

This expression can be interpreted as the information
obtained if it is initially assumed that +the bivariate

distribution in each tract equals the product of the

corresponding marginal distributions. When the 1latter two
distributions are independen’é, then pgpnt [(PsptPosrt] and
I (e ' h) t = 0.

Another interpretation of I(e,h){ is obtained by rewriting

(15). After some manipulation, -

(16) I(e,h)y = ZpPsxntI({Pent / Pxht}: Pext)

I({Peht / Psntl: Poxt) measures the average difference
between .the conditional distribution {p.n+ / Pipt} and the

marginal distribution pgx¢. By symmetry,

~

(17) I(e,h)¢ = ZgPext L({Pent/Pext} Pxnt)

This measure of the difference between the two distributions

given by {pght [/ Pext} and p4ip¢ can be interpreted as the

average demographic segregation caused by the ethnic

segregation.
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Using (14) and (16), equation (15) can be further

interpreted as

(18) I(e,h)¢ = H(e)y + H(g - H(e,h)y

H(e)t - H(e|h)y i

H(h)¢ —- H(hle)¢

The segregation measure 1is the .sum of the marginal

entropies minus the joint entropy. As noted in the second and

third lines, it can also be expressed as a marginal entropy

minus the relevant average conditional entropy, H(e[h)t_ and

H(h|e){ respectively.

The marginal and conditioﬁal entropies in the second and
third lines of eguation (18) are equal when I(e,h)y = 0.
Hence +the marginal entropies are upper bounds of the
conditional entropies. The lower bounds of the éonditional
entropies are equal to zero. Hence the maximum of I(e,h) is
given by H(e)t and H(h) ¢, respectively. An index of relative
segregation is obtained by dividing I(e/h)y by H(e)¢ and

~

H(h) ¢, respectively.
V. COMPARATIVE RESULTS

Table 4 compares,for 1980, the household type and racial

entropy of - the geographic componenfs of the San Francisco Bay

Area with the maximum entropy possible. The table gives the

values of Ig normalized by Hg for the five MSA’s in the San .

Francisco Bay area and the three regions in- the Stockholm
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TABLE 4

Indices of Residential Segregation by Ethnicity,
Household Type and Income for Stockholm and S8an Francisco

Etbnicity Household Type  Income

San Francisco Bay Area
Year: 1980

Entire Region 22.43% 8.19% NA

Central City 23.22 8.53

Oakland 25.16 8.49

San Jose 12.06 6.36

Santa Rosa 8.73 2.94

. Napa 13.25 5.16

Stockholm Metropolitan Area

Year: 1975

Entire Region 4.31% 9.54% 6.94%
Central City 2.00 4.68 4,18
Ring 3.46 7.14 6.62
Suburbs 5.39 5.70 5.56
Year: 1985
Entire Region 5.80 - 8.58 8.21
Central City 2.37 3.53 3.10
Ring 5.34 8.07 9.95
Suburbs 6.89 5.58 7.45

Note: Table entries are (100 I )/Hg where Hg is the maximum
entropy possible each geographical region.

NA: Not available.



County. The first column presents the index of ethnic
ségrégation (six races are used for San Francisco), and the
second presents the index of segregation by demographic group.

The ‘third (only available for Stockholm) presents the measure

{

of segregation by income class. These indexes are interpreféd

in the following \;:ay. Considering the.San Francisco Bay Area,
the maximum racial entropy in the region is 0.978, which would
be obtained if each and every census tract had the racial
composition of the region as a whole -- that is, if each tract
had the racial proportions indicated by the last-line of Table
1. The actual racial entropy of the region-is lower, 0.759,

due to the segregation of races. The reduction in entropy due

to racial segregation is 0.219 or 22.43 percent of the

maximum.

Taking the 5 MSA’s individually, the maximum racial or
ethnic entropy is largest in San Francisco and Oakland, the
two MSA’s with the smallest fraétions of white households.
The measures of segregation are also largest in these two
MSA’s, 25.16 percent and 23.33 pe;cent respectively. The
least segregated MSA is clearly Santa Rosa, but it is also the

one with the smallest non white population.

The table presents similar information for the Stockholn

Metropolitan area for 1975 and for 1985. The reduction in

entropy caused by segregation by ethnic group is much smaller,

5.80 percent in 1985, but the segregation index increased -
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considerably during the decade 1975-1985. The level of

segrégation also appears to be higher in the suburban areas.

The level of ethnic segregation is 4 or 5 times greater in’San
-Fraﬁcisoo than Stockholm, but of course the definitions of the

ethnic groups are quite different.

column 2 of table 4 presents analogoué information on the
segregation of households by demographic type within these two
metropolitan regions. For the San Francisco region as a
whole, the maximum entropy is. 1.485, which would be obtained
if each census tract had a distribution of household types
jdentical to that reported in the last column of Table 1. The
maximum entropy by household type is a good bit larger than

the racial entropy, reflecting in part the

classification of 'households into groups. For the San

Francisco region, segregation by household type reduces actual
entropy to 1.363 or by 8.19 percent. Thus, for San Francisco
racial segregation is about two aﬁd a half times more intense
than segregation by demographic group. When the entropy
measures are disaggregated by MSA,\the results are similar.
The index of segregation varies from 2.9 percent in the Santa
Rosa MSA to 8.5 percent in the Oakland and San Francisco
metropolitan areas. In contrast, the indéx of racial

segregation varies from 8.7 percent in Santa Rosa to 23.2

percent in Oakland and 25.2 percent in San Francisco.

more equal-
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The results presented for Stockholm indicate that the

level of spatial segregation by demographic type is somewhat

greater than in San Francisco. In 1985 the maximum entropy is

1.381 for the region as a wgple. The actual entropy level is

1.263, i.e., a reduction by 8.58 percent.

In particular, the spatial segregation of houéeholds by
demographic type is 1less in the central-city of Stockholm than
in San Francisco, but the level of segregation is far more
intense in the inner suburbs’ringing Stockholm than in the
subﬁrban counties surrounding San Francisco. In general,
there has been a modest decline iﬁ'ségregafion by household

type in the Stockholm metropolitan area during the decade

1975-1985, with the sharp exception of the inner ring.

The third column presents, for Stockholm only, the level

of segregation estimated by income class. Income segregation
is less pronounced than is segregation by household type, but
segregation has increased sharply in the inner ring and in the

suburbs of Stockholm during the pericd 1975-1985.

Table 5 compares the conditional and unconditional

distributions by ethnic group and household type for the
various geographical componen£s of the San Francisco Bay Area
and of greater Stockholm. The first column gives the averagé
value of I(e,h)y/H(e)t and the second of I(e,h){/H(h)y for the
various subregions in the Bay Area and Stockholm.

indicated, the entries in the table have=-

As we have .

a™ convenient
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Proportionate Differences in Conditional and Unconditional

TABLE 5

Entropies by Ethnicity and Household Type
for Stockholm and San Francisco

>

" Ethnicity

; Household Type
San Francisco Bay Area
Year: 1980
Entire Region 8.30% 4.62%
Central City '8.34 4.65
Oakland 9.82 5.72
San Jose 6.76 3.95
Santa Rosa 7.56 -2.46
Napa 7.22 3.98
stockholm Metropolitan Area
Year: 1975
Entire Region 3.00% 7.88%
Central City 3.84 10.38
Ring 2.80 7.49
Suburbs 2.64 6.59
Year: 1985
Entire Region 4.57 9.89
Central City 5.75 12.98
Ring 4.46 9.69
Suburbs 3.90 8.19
Note: For column 1, table entries are

[H(e)+H(h)-H(e,h)1/H(e) = I(e,h)/H(e).

For column 2, table entries are
[H(e)+H(h)-H(e,h)]/H(h) = I(e,h)/H(h).



interpretation. Suppose the spatial distribution of household'

" types in the metropolitan region is governed by "economic
forces." Under these circumstances, recognizing the known and
prior spatial distribution of household types explains only a
small fraction of the observed segregation of houéehold by
race or ethnic group. For San Francisco, only 8.3 percent of

the racial segregation observed could be attributed to

segregation by household type arising from economic forces.

For Stockholm in 1975 the fraction is even smaller. Only

about 3 percent of the segregation of households by ethnic
group could be "explained" by the segregation— of households by

household type. The fraction has risen substantially during

the decade 1975-1985 however.

From column 2 only about 4.6 percent of the spatial
segregation of household types in San Francisco could be
explained by the prior segregation of households by race. For

the largest central cities of San Francisco and Oakland, the

upper limit is less than 6 percent.

For Stockholm a much - larger fraction of spatial
segregation by household type could be explained by the prior

segregation of households by ethnic group. Moreover, the

fraction has grown considerably during the decade 1975-1985.

Despite the many differences in the metropolitan areas,

the principal results are similar: Only a small fraction of .~

-
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segregation by household type can be expla ined by a prior
segregation of households by race or ethnic type. An even
smaller fraction of segregation by race can be explained by

‘economic forces leading to a_clustering by demographic group.
i

" Table 6 inéicates, for Stockholm only, the influence of

income class. Consider again the three Dbivariate

distributions popstr Pexit and pip4i¢ and the three marginal
distributions peg*t, Pxh*t and p;;it. The table compares two
of the bivariate distributions with the corresponding marginal
distributions. Each cell in the table is obtained by dividing

the average value of Ig = Z¢ (W /W) Iy by the maximum value of

I;. The first column reports

(19) I(e,i) = Z2iPxxit I({Pexit/Pxxit}rPesxt) '

where the maximum value of I(e,i)t = H(e)y. The ratio between

them indicates the extent of ethnic segregation which could be
nexplained" by income segregation.” The values in the second,

third and fourth column are given by I(e,i)t, I(h,i)t, and

~

I(h,i)y divided by the corresponding maximum values of H(e)y,

H(i)g, and H(h)y, respectively.

As indicated in the first two columns, practically none
of the segregation of households by ethnic group can be
explained by income segregation, and none of the segregation

by income group can be explained by ethnic segregation. 1In

contrast, a large and growing fraction of segregation by
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TABLE 6

Proportionate Differences in Conditional and Unconditional
Entropies for Stockholm Metropolitan Area

>

By Ethnicity
and Income

By Household Type

and Income

Ethnicity Income Household Type Incbme
Year: 1975
Entire Region 2.19% 1.14% 13.20% 18.10%
Central City 2.70 1.14 11.76 16.18
Ring 2.16 1.16 13.40 19.28
Suburbs ) 1.84 1.11 - 12.09 18.23
Year: 1985
Entire Region 2.80 1.71 15.18 20.01
Central City 3.62 1.80 16.37 18.31
Ring 2.81 1.76 15.27 20.83
Suburbs 2.28 1.55 14.28 20.32

Note: For column 1, table entries are
[H(e)+H(i)~-H(e,i)]/H(e) = I(e,i)/H(e).
For column 2, table entries are I(e,i)
For column 3, table entries are I(h,i)
For column 4, table entries are I(h,i)

JH(1) .
/H(h).
JH(1).



household type can be explained by segregation by income
class. A larger and growing fraction of segregation by income

class can be explained by patterns of segregation by household

.type". -

!

" Table 7 presents further d_isaggregation. The three

columns present the segregation 1indexes obtained when

comparing the  conditional distributions {Penit/Penit}s

{Pohit/Perit} and {Penit/Pen*t?} with the marginal distributions

Poxxtr Pxn*t and Pxxitrs respectively.

Column 1 indicates the fraction of observed segregation

by ethnic group which could be explained by the prior

segregation of households by household type and incone.

The

extent to which segregation of ethnic groups is explicable by

these other forces is rather small, but it is growing. In

contrast, according to column 2, the extent to which
segregation by household type is explicable by the prior
segregation of households by income class and ethnicity is

much larger, and it is growing. As indicated in column 3.,.

about a fifth of the observed segregation of households by
income level 1is explicable by the pattern of household

occupancy by ethnicity and household type.

VvI. SUMMARY AND CONCLUSIONS

This paper considers residential segregation by ethnic

group, household type, and income class for -the Stockholm °

24



TABLE 7
" proportionate Differences in Conditional and Unconditional

Entropies by Ethnicity, Household type, and
‘ Income for Greater Stockholm

]

Ethnicity Household Type Income
Year: 1975
Entire Region 9.99% 16.17% - 19.20%
Central City 12.47 17.81 17.06
Ring 9.49 16.14 20.86
Suburbs 8.85 14.30 19.60
Year: 1985
Entire Region 11.95 19.40 21.27
Central City 15.00 21.41 18.31
Ring 11.69 19.35 22.09
Suburbs 10.35 - 18.08 21.80

Note: For column 1, table entries are
[H(e)+H(q)-H(e,q)]/H(e) = I(e,q)/H(e),
where g is the set of household type-income
categories. : '

For column 2, table entries are I(h,r)/H(h),
where r is the set of ethnicity-income

. categories. -
For column 3, table entries.are I(i,z)/H(1),

where z is the set of ethnicity-household type
categories.



-

metropolitan area. By ~relying upon special census
tabulations, the analysis is replicated for 1975 and 1985

using identical definitions. The results indicate that

‘spatial segregation by ethnic group is small, but it is
growing. Spatial segregation by household type is larger, and
has declined slightly in Stockholm with the exception of the

inner suburbén ring. Segregation by income class is slightly

less pronounced than is segregation by household type, but it

isvgrqwinq especially outside the central city of Stockholm.

Very 1little of the segregatidn by ethnicity can be

explained by the prior segregation of househblds by household
type or income class or by the joint distribution by household
type and income class. Very little of the spatial segregation

by household type can be explained by the prior segregation of

households by ethnicity. A larger fraction can be explained

by the distribution of households by income class.

Some of these results can be compared directly with
patterns of segregation in the San Ffancisco Bay Area observed
in 1980. The extent of segregation by household type is

somewhat larger in Stockholm than in San Francisco, with

reduced levels of segregation in the city of Stockholm offset

by incréased demographic segregation in the near suburbs. For
both Cities, only a small fraction of the observed pattern of

racial or ethnic segregation can be explained by the pattern

of segregation by household type.

Similarly, only a small
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fraction of observed segregation by household type can be

explained by the residential patterns of ethnic or racial

groups.

" Even though ethnic ” segregation is defined very

differently for San Francisco and for Stockholm, it is
tempting to attribute the 1low level of segregation in

Stockholm to Swedish housing policy which rations residential

locations by dqueue. As indicated in the Appendix, this

conjecture is probably false.

Evidently the forces which give rise to segregation by
demographic group are somewhat stronger in Stockholm than in

San Francisco. In both metropolitan regions, the forces that
give rise to segregation by demograéhic group are dquite
independent of the forces giving rise to segregation by racial
or ethnic group. In Stockholm, the segregation of ﬁouseholds
by income class does explain a substantial fraction of the

observed segregation by household type, but it explains almost

none of the observed segrégation by ethnicity.

In each of these very different metropolitan regions,
spatial segregation by race or ethnicity seems unrelated to

spatial segregation by income class or demographic grouping.
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Appendix

2 A policy that rations rental housing by a gqueue and which
supplies municipallyiowned rental housing could, of course, be
used to promote the integration of ethnic groups or household
types. Table Al provides some evidence on this issue. it
reports the simple correlations, across census tracts, between
one of the segrégation indexes and a measure of government
activity in housing supply. Simple correlations ére reported
between the measure of segregation by ethn}c group and the
fraction of dwellings in multi-family structures. There is
essentially no correlation betﬁeen these measures. However,
the correlation between the 1level of segregation and the
fraction of dwellings in non-profit, municipally-owned,

structures is much larger.

This positive correlation between segregation and the
extent of non-profit (state subsidized) housing suggests that

housing policy might, in fact, be. one cause of

4

increased

ethnic segregation.

4 It has been reported elsewhere, for example, that almost
all dwellings in the most intensely segregated areas,
Stockholm as well as other large Swedish cities, are owned
by non-profit companies under municipal control.

in |
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TABLE Al

simple correlation coefficients for Stockholm,

1975 and 1985
(806 Census tracts)

Fraction of dwellings
in multi-family structures

Fraction of dwellings
in municipally-owned structures

1975
1985

1975

1985

Index of Segregation
by Ethnic Group

1975 1985
0.12 -

- 0.05
0.34 -
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