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Abstract

This paper reviews alternative measures of income mixing within geographic units and applies
them using geographically detailed income data derived from tax records. It highlights the
characteristics of these measures, particularly their ease of interpretation and their suitability to
decomposition across different levels of analysis, from neighbourhoods to individual apartment
buildings. The discussion focuses on three measures: the dissimilarity index, the information
theory index and the divergence index (D-index). Particular emphasis is placed on the D-index
because it most effectively describes how income distributions at the sub-metropolitan level
(e.g., neighbourhoods) differ from distributions at the metropolitan level (i.e., how much income
sorting occurs across neighbourhoods). Furthermore, the D-index can consistently measure the
contributions of income sorting within neighbourhoods (e.g., across individual apartment
buildings) to the degree of income mixing at the neighbourhood and metropolitan scales.
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1 Introduction

This paper develops an income-based index of social mixing for apartment buildings and
neighbourhoods across Canadian census metropolitan areas (CMAs).! The index is intended to
identify the degree to which apartment buildings and neighbourhoods are composed of families
with diverse income levels and is developed as a part of a broader suite of indicators and research
pertaining to housing and social inclusion. An extensive literature attempts to use index measures
to summarize income distributions, some of which applies to measuring income mixing. The
objectives of this paper are to provide a conceptual review of these measures to identify which
ones provide a reasonable measure of income mixing, and to demonstrate their application to tax
data coded to the levels of neighbourhoods, dwelling types within neighbourhoods (i.e., large
apartment buildings and other dwelling types?) and apartment buildings.

To this end, this paper develops income mixing measures within geographic units. While intended
to assist with the development of housing policy, these measures may also have broader
applications, including describing how neighbourhood income profiles have changed over time,
and how income mixing is related to outcomes such as neighbourhood and life satisfaction.

This report is organized as follows. Section 2 draws on the existing literature to outline the criteria
for choosing an income mixing measure. The data used to measure income mixing across census
tracts, dwelling types and individual buildings are described in Section 3, followed by a description
of a proposed set of income mixing measures where incomes of families across census tracts in
Toronto are used to illustrate the measures’ characteristics. Section 4 highlights the
characteristics of these measures, particularly their ease of interpretation and their suitability for
decomposition across different levels of aggregation. This provides the essential background for
the description of income mixing across CMAs (Section 5). The paper concludes with a summary
and discussion of potential extensions to the measure (Section 6).

1. The development of neighbourhood-level and apartment-building-level measures for an income-based index of
social mixing was initiated and funded by the Canada Mortgage and Housing Corporation.

2. Postal code information is used to identify apartment buildings. Typically, only buildings with more than 50 units are
assigned a unique postal code. Therefore, relatively large apartment buildings are identified, leaving a residual
category composed of smaller apartment buildings and other dwelling types (e.g., single-family homes). Strictly
speaking, the data identify apartment structures rather than dwellings. Nevertheless, the term “dwelling” is used
because apartment-type dwellings are synonymous with this type of structure.
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2  Criteriafor selecting a measure of income mixing

The literature on income mixing has tended to focus on policies aimed at increasing housing
affordability, reducing the geographic concentration of poverty and creating positive externalities
(neighbourhood effects). Programs have been implemented at varying scales (i.e., individual
buildings, complexes of buildings, and neighbourhoods) and have sought a large variability of
income mixes, but with a general emphasis on ensuring a relatively high share of lower-income
households (Strelch 2016). This informs the objective of measuring the degree of income mixing
across various income classes from the neighbourhood level down to the multi-unit building level.3

The measurement of income mixing across geographic units and at different geographic scales
(i.e., metropolitan areas, neighbourhoods and apartment buildings within neighbourhoods)
implicitly imposes a set of requirements on the nature of the measures chosen. The following
principles guide the selection of income mixing measures:

1. Measuring income mixing requires a common reference distribution so that the
level of mixing can be measured and compared across geographic units (e.g.,
neighbourhoods).

Income mixing is predicated on the existence of income inequality (Reardon and
Bischoff 2011). This has two implications for measuring income mixing.

First, standard income inequality measures are not ideal since they reference an even
distribution of income at one extreme and a completely concentrated level of income
at the other, with both—by definition—precluding income mixing.* Between those two
extremes are index values that suggest higher levels of mixing, but that do not posit a
precise interpretation of income mixing, although one may be implied (see the
Appendix for a brief discussion of inequality measures and a review of the related
literature, including recent work at the sub-national scale in Canada).

Second, a measure of income mixing requires an explicit reference distribution against
which the level of mixing is compared. In other words, an “ideal” or “target” level of
mixing, or at least a level based on some logical foundation, must be determined. The
preferred approach used in this paper was to ask what the expected level of income
mixing would be if household incomes were randomly drawn from the current (non-
uniform) income distribution of the population (e.g., from the metropolitan area). This
expected value formed the benchmark against which all neighbourhoods could
be compared.®

2. Income mixing measures should be additive across different levels of
aggregation.
This speaks to the specific objective of measuring income mixing in neighbourhoods

and apartment buildings within neighbourhoods. An important question is how much
of the income mixing at the neighbourhood level is attributed to apartment buildings.

3. Sometimes, income mixing is also referred to as its counterpoint, income segregation. For the purposes of this
paper, the term “income mixing” is maintained, while recognizing that the two terms are conceptually similar, if
not identical.

4. If income were completely concentrated in one household, income mixing would be precluded de facto because
there would be mixing between the “no” income households and the one high-income household in only one
neighbourhood.

5. A second approach would be to draw from a uniform distribution of income, where all levels of income are equally
likely. This is tantamount to lining up all households in a neighbourhood as if their incomes were displayed along a
number line, where the intervals along the line were the range of household incomes in the metropolitan area divided
by the number of households in the neighbourhood. The neighbourhood would have achieved a maximal level of
mixing if each household was spread evenly along the number line, with one household per interval. Of course,
incomes are not distributed uniformly, and it is an open question whether being equally exposed to all income levels
has any meaningful benefit compared with being exposed to a reasonable range of households of different means.
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For instance, a neighbourhood may appear to have a high level of income mixing, but
this may be because of the concentration of lower-income households in large
apartment buildings and higher-income households in smaller multi-unit buildings and
detached homes. This requires an income mixing measure that allows the analyst to
decompose the neighbourhood-level measure into the portion attributable to large
apartment buildings.

These two principles inform this paper’s choice of income mixing measures. Alternative measures
are outlined in Section 4. However, the data used to measure income mixing are reviewed initially
because their construction depends on the measurement of family income and the allocation of
families to neighbourhoods and, for some, specific apartment buildings.

3 Data

3.1 Income: T1 Family File

The data for measuring income mixing are derived from the T1 Family File (T1FF), which includes
the taxfiler universe.® The analysis is limited to the 2016 taxation year. The unit of analysis for
income measurement is census families (hereafter, “families”).” Families are the highest level at
which income is measured in the T1FF on a consistent basis. Family income is measured on a
before- and after-tax basis, and after adjusting for family size. Family income excludes capital
gains and losses since these can result in large changes in income that are not broadly reflective
of family income on a year-over-year basis.?

The analysis focuses on after-tax income adjusted for family size because it better represents the
resources available to an individual within each census family. After-tax income is adjusted by
dividing it by the square root of the number of family members. Before-tax and after-tax income
unadjusted for family size can also be used to calculate all income mixing measures, if required.

In addition to these income measures, families are also classified based on low-income status
after tax (i.e., low-income measure [LIM]), which is defined as one-half median family income after
adjusting for family size.® Unmeasured returns to owner-occupied housing—which can have a
significant effect on income, particularly for older families that have built up significant equity in
their homes—are not accounted for (Brown, Lafrance and Hou 2010; Brown and Lafrance 2010;
Baldwin et al. 2011).

3.2 Geographic and dwelling type classification

Based on their postal code, families are assigned to a neighbourhood (census tract) and a census
metropolitan area (CMA). As previously noted, postal codes are also used to identify whether
families live in a relatively large apartment building. Therefore, families within each census tract
can be identified by dwelling type (large apartment building or other) and by the specific building

6. The 2016 T1FF (Statistics Canada 2018) identifies 95.2% of the people residing in Canada in 2016. Therefore, it
provides fairly comprehensive coverage of the population, but with the caveat that, if those missing have lower
incomes, some underestimation of lower-income families may result.

7. A dwelling may be composed of a household with multiple census families. The analysis is restricted to families
since they are the largest unit defined in the T1FF.

8. Even when capital losses are excluded from the income calculation, negative incomes can sometimes be reported.
These are kept in the dataset. Since the income mixing measures used here allocate families across, for instance,
income quintiles, the inclusion of negative incomes does not affect their calculation.

9. The family size adjustment is the same as applied to the low-income measure (see Pinard 2018).
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in which they live. The discussion will focus on census tracts, dwelling types and apartment
buildings since CMAs are identified through taxfiler census tracts.*°

Census tracts: Census tracts are used in this analysis to define neighbourhoods.!! They typically
range in size from 2,500 to 10,000 people. However, populations can fall outside of this range in
city central business districts, in business zones and in peripheral areas. While census tracts are
designed to encompass populations with similar socioeconomic characteristics, many are likely
to be diverse in terms of income because of their size.

Taxfilers are assigned to CMAs and census tracts using the postal code from the mailing address
on their tax return. This provides a reasonably accurate representation of taxfiler residences in
CMAs and census tracts. For instance, in the Ottawa—Gatineau CMA, there is a correlation of
0.91 across census tracts between the number of taxfilers and the estimated population from the
2016 Census.? Although this is a relatively high correlation and is sufficient for testing income
mixing measures, it does beg the question as to why it is not even higher.

There are at least two sources of error. First, the reported mailing address of taxfilers is not
necessarily where the census reported them as living. For instance, given their high degree of
residential mobility, young adults in university or at the start of their careers may report their
parents’ address on tax returns. Similarly, some senior citizens may have their taxes completed
by their children and use their children’s residence as the mailing address. Second, undercounts
and overcounts can occur since postal codes can be attributed to two or more census tracts,
particularly on the outskirts of CMAs. With the forthcoming Address Register and T1FF linkage,
the reported street address will be used to identify the census geography of taxfilers. This
promises to result in a more accurate allocation of taxfilers to census tracts and to even smaller
geography units, such as dissemination areas.

Dwelling types and apartments: As with census tracts, dwelling types are identified using the
postal code from the taxfiler's address. The Postal Code Conversion File identifies large
apartment buildings that have a dedicated six-character alphanumeric postal code. Based on the
rules used to assign postal codes, these buildings should have 50 or more units, but can actually
have far fewer.'® Toronto has the highest share of families in apartment buildings (27%) and
Montréal has the lowest (9%) (see Table 1). Montréal’s low share may be surprising given its
large share of renters, but its rental housing stock has more low-rise buildings, which are less
likely to be identified than Toronto’s large stock of high-rise apartment blocks.'* Across census
tracts, there is a wide range in the share of families in identified apartment buildings; some census
tracts capture low-density suburbs dominated by single-family homes, while others, typically in
the centre of CMAs, have a high share of apartments (see Table 1). In Toronto, the share of
families in apartments at the 95th percentile is 91%.

Taken together, there are two lessons to be drawn. First, depending on the CMA and census
tract, the potential for sorting on income across dwelling types and across buildings can be large.
Second, the relatively small size of apartment buildings has to be taken into account when

10. For all reported results, census tracts are restricted to those with a population of 100 or more and apartment
buildings to those with 10 or more families as identified on the tax files. Apartments buildings with fewer than 10
identified families are re-classified to other dwelling types.

11. See Statistics Canada (2019a) for a complete definition of census tracts.

12. Because they would not be included in the analysis, census tracts where no taxfilers were assigned based on their
postal code were excluded. This accounted for about 3% of census tracts.

13. For instance, in Montréal, the average number of families across identified apartment building is about 80, but the
5th percentile building has a count of about 20 families. These relatively low counts can stem from buildings that
have a primarily commercial use but also include apartments. As noted above, low counts can also occur because
residents are reporting a different mailing address.

14. While postal codes can identify apartment buildings, these buildings may be composed of rental and condo
apartments. It is likely that newer and typically higher-quality condo apartments will be more expensive and be
occupied by families with higher incomes.
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considering the granularity of the chosen income classes. Allocating families across percentiles,
for instance, makes little sense in a building with only 50 families represented. This underpins this
study’s preference to measure income mixing using quintiles rather than more fine-grained
income classes.

Table 1
Share of families by dwelling type, by census metropolitan area and across census
tracts in 2016, selected census metropolitan areas

Dwelling type share Census tract apartment share (percentiles)
Census metropolitan areas Apartment Other 5th 25th 50th 75th 95th
percent
Halifax 17 83 1 11 20 32 67
Québec 10 90 1 4 9 20 43
Montréal 9 91 1 4 9 21 57
Ottawa—Gatineau 13 87 2 6 16 37 64
Toronto 27 73 3 11 27 53 91
Winnipeg 14 86 2 6 13 25 43
Calgary 11 89 2 5 10 21 43
Edmonton 12 88 2 5 11 20 53
Vancouver 22 78 2 7 17 36 75

Notes: Families in the T1 Family File are classified as living in either an identified apartment or other dwelling types, which can include
smaller unidentified apartment buildings, row houses, duplexes, single-family homes, etc. Census tracts are ranked by their share of
families in apartments and presented in terms of selected percentiles.

Source: Statistics Canada, authors’ calculation based on data from the 2016 taxation year T1 Family File.

4  Measuring income mixing

Although there are numerous ways to measure income mixing, this study focuses on three
indices—the dissimilarity index (DI), the entropy-based information theory index (H-index) and the
divergence index (D-index). Several additional approaches will be briefly discussed at the end of
this section. These three indices are examined because of their widespread use, ease of
interpretation and/or ability to be decomposed across several hierarchical classes.
Decomposability is essential to this paper’s objective of understanding income mixing across
dwelling types and individual apartment blocks within neighbourhoods and at the neighbourhood
level.

4.1 Indices

Given the commonality of terms across the indices, it is helpful to begin with their definitions.
Geographic units are indexed by m for CMAs and c¢ for census tracts. Within census tracts,
families'®> can be classified across dwelling types d into those in the large multi-unit apartment
buildings a and other housing types 0 . Families living in apartment buildings can be identified
by building, indexed by b . Income is measured discretely in terms of quantiles (e.g., quintiles), or
above or below the LIM cut-off. q indexes families that fall into a given quantile or above or below
the LIM cut-off. Lastly, the number of families is given by n, and the proportion of families in a
particular income class q is given by . In all cases, the income levels that define the quantiles

are defined at the CMA level or at the LIM cut-off, which, for consistency with its definition, is
defined at the national level.

Dissimilarity index: The dissimilarity index (Dl ) is perhaps the most basic income mixing
measure (see Duncan and Duncan 1955). It is adapted here to measure the degree to which

15. Families are defined using the census definition (Statistics Canada 2019b).
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census tract ¢’s discrete income distribution differs from that of its CMA m , where the income
distribution is defined across quantiles or the LIM defined at the CMA level:

(1)

1 Q
DI, :—Z‘ﬂqc — Ty |
2

7, and 7, are the proportion of families that fall into income class q in census tract ¢ and
CMA m, respectively.

The DI can be interpreted as the proportion of families in each census tract that would have to be
shifted across income quantiles, or the LIM cut-off, to match the distribution of the CMA as a
whole. This is illustrated in Figure 1 for the Toronto CMA. When calculated using the LIM cut-off,
the Dl is simply the absolute difference between the share of families in a census tract below or
above the LIM cut-off, and that of the CMA. It takes on its minimum value of O when the census
tract matches Toronto’s 20% share of low-income families and increases to either side by
construction (see Figure 1). The census tract with the highest share of families below the LIM
cut-off is 63%. To match the CMA level, the incomes of 43% of families would have to be lifted
above the LIM cut-off, which is the DI value.

When calculated using quintile-based income classes, finer income breakdowns provide more
latitude for sorting families by income across census tracts. Therefore, for census tracts with low
shares of families with incomes below the LIM cut-off, the DI values can be quite high, rivalling
those census tracts where the share of families below the LIM cut-off is well above 20% (see
Figure 1). Hence, while the LIM-based income classes are useful for illustrative purposes, they
do not fully capture the scope of income sorting. This raises the question of whether quintile-based
classes are sufficiently detailed themselves, which is addressed below.

While the Dl is easily interpreted, it cannot be decomposed. That is, it is not possible to determine
consistently how families contribute to income mixing within neighbourhoods—by further sorting
across dwelling types or across individual apartment buildings—and how this contributes to
overall levels of income mixing. The other incoming mixing measures discussed in detail, namely
the H-index and D-index, are additively decomposable.
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Figure 1
Census tract low-income measure (LIM) and quintile-based dissimilarity index
(DI), Toronto census metropolitan area
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across Toronto that are above and below the LIM, while the second compares the share of families that fall within the
quintile income bounds set at the census metropolitan area level. Reported on the x-axis is the share of families in a
census tract at or below the LIM cut-off, while the y-axis reports the dissimilarity index using the LIM- and quintile-based
income classes.

Source: Statistics Canada, authors’ calculation based on data from the 2016 taxation year T1 Family File.

Information theory index (H-index): For a discrete distribution of income, the entropy of a CMA
(E, ) or acensus tract ( E,) within it can be defined as:

2 1
E,=) 7glog—
g=1 ﬂqm
0 . )
E,=> 7, log—.
a=1 4

qc

The index can be interpreted as a measure of diversity ranging from a value of 0 if all families are
in one income quantile (g) to a maximum value log (Q) if all families are spread evenly across

the quantile classes, which, by definition, is the case at the CMA level [E_ =log(Q)].° In turn,

entropy (E) forms the basis for Theil’s information theory index (H) (Roberto 2016; Theil and
Finizza 1971), which, for census tract ¢ in CMA m, is defined as:

Ho=tnBeog B 3)
E E

m m

16. Setting the base for the logarithm equal to Q results in log, (Q) =1, ensuring the range for Q is between 0 and 1.
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where the CMA-level entropy forms the benchmark distribution against which income mixing at
the census tract level is compared. If ¢ has the same entropy as m, then the index value is O.
However, if the maximum degree of income sorting occurs where all income is concentrated in

one quantile, or above or below the LIM cut-off, the H_ value is 1. From Equation (3), the CMA'’s
level of income mixing can be calculated using census tract family shares as weights:

HI' =Y e, @)

cem nm

The higher the level of H, the greater the degree of income sorting that is occurring across
census tracts.

The H-index is limited in that it is a measure of relative income diversity and is agnostic as to the
source of that diversity (Roberto 2016). Consider an instance where 20% of families in a CMA
have incomes below the LIM cut-off. A census tract with this proportion will have the same level
of entropy (E) as the CMA, and the H-index will be 0. However, if 80% of families in the census
tract had incomes below the LIM cut-off, the H-index would be 0 as well. They are equally diverse
relative to the CMA, but their relative income mixes are different (for a fuller discussion, see
Roberto [2016]).1” A measure is needed of how different, or divergent, the income distributions
are that, like the H-index, can be decomposed.

Divergence index (D-index): The D-index for a census tract ¢ in a CMA m is defined as
(Roberto 2016)8:

Q T
D, =Y 7, log—=. (5)

q=1 ﬂ.qm

Rather than comparing a summary of the income distributions, the D-index compares individual
census tract income classes with CMA income classes. As with the H-index, CMA-level income

divergence is the sum of census tract divergence, D, weighted by its share of CMA families:

DI = Z:—CDC. ©)

cem ''m

Regarding interpretation, if the income distribution of census tract ¢ matches that of the CMA,

Tloq = 7y » then D, = 0. Unlike the H-index, there is no upper bound defined for the D-index. This

comes with the benefit that the divergence between the income mixes at the CMA and census
tract levels is explicitly taken into account.

As Roberto (2016) notes, the D-index measures the degree of “surprise.” In this context, it
measures how unusual it would be to observe such a degree of divergence between the income

17. Reardon and Bischoff (2011) developed a variant of the H-index designed to measure income mixing (or
segregation as they describe it) that controls for the effect of overall income inequality on income mixing. Their
index seeks to measure income mixing at the metropolitan level across the income distribution. At the
sub-metropolitan level, it is equivalent to measuring the H-index by dividing the population into two groups based
on an income cut-off. The H-index is calculated using a series of cut-offs that span the income distribution. Plausibly,
these could be weighted and aggregated to provide a summary measure for each sub-metropolitan unit, but this
ultimately would entail calculating an index like the D-index.

18. See also Kullback (1987).
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distribution at the census-tract level compared with that at the CMA level. If, as in the example
above, 80% of families in a census tract have incomes below the LIM cut-off, while only 20% of
families at the CMA level were low income, there would be surprise in the degree of sorting on

income and with the expectation of a positive index value (D = 1.2, using log, ).

Figure 2 (a) illustrates the relationship between the D-index and H-index using LIM-based income
classes calculated across census tracts in Toronto. When matching the CMA-level share of
families below the LIM cut-off, both indices take on a value of 0. However, when they move away
from this point, they take on different values. The H-index turns negative when census tracts with
LIM shares rise to a minimum value when the LIM share is 50%, as this represents an even more
diverse income composition where families above and below the LIM cut-off are equally
represented. Furthermore, the relationship between the H-index and the LIM share is
non-monotonic, eventually rising and crossing the x-axis when 80% of families fall below the LIM
cut-off. However, the D-index progresses upward from its minimum, capturing how surprising it is
to observe the share of families in a census tract below the LIM cut-off relative to that of the CMA.
It is on this basis that this paper’s preference for the D-index rests.*®

The downside of the D-index is that it lacks an upper bound and it is not as easily interpretable
as the DI. One way to address this problem is to relate the two indices. Figure 2 (b) plots the
D-index on the DI using quintile-based income classes. Both tell similar stories, with a non-linear
relationship that is strong enough that the D-index can be described in terms of its related DI
values with some confidence. A D-index value of 0.05, for instance, implies that about 15% of
families would have to be shifted across income classes to match the CMA income mix. The
strong association between the indices means the upcoming focus on the D-index results in little
loss of generality.

Two questions remain. The first is whether the D-index is sensitive to the granularity of the income
classes used to measure income mixing. One concern is that using overly aggregate categories
results in a considerable loss of information (Reardon and Bischoff 2011). To test this, the D-index
was calculated for Toronto, defining income classes using percentiles rather than quintiles. The
cross-census-tract correlation between the percentile- and quintile-based D-index was very high,
at 0.93. Hence, relatively little information is lost when quintiles are used to measure income
mixing. The second question is how the D-index can also take into account the effects of sorting
families across dwelling types and, given the data, individual buildings, which is dealt with next.

19. Both indices return the same values if the reference income classes represent equal shares of families (and their
log bases match the number of income classes), which is the case when using quantiles to describe the CMA-level
distribution.
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Figure 2
Comparison of the D-index, H-index and D/

(a) Comparison of D-index and H-index (b) Comparison of DI and D-index
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4.2 Decomposing income mixing

While the degree of sorting of families across census tracts (neighbourhoods) is of considerable
interest, an additional key objective is to measure the extent of income mixing across dwelling
types and within multi-unit apartment buildings. Adding this dimension to this paper’s definition of
neighbourhoods raises two related questions:

1. How much of the income mixing in a census tract stems from sorting on income
across dwelling types?

A census tract might appear to be diverse, but a significant portion of that diversity may
come from sorting on income between identified apartments (a) and other dwelling
types (0). Large multi-unit apartments can be islands of low-income families set within
a sea of higher-income single-family homes. If neighbourhood-based externalities are
highly localized (e.g., crime), the relative isolation of low-income families in large
apartment blocks may matter.

2. How much of income mixing is due to sorting on income across apartment
buildings?

The income mixing observed in apartment buildings as a group may stem from the
sorting of low- and high-income families across buildings (e.g., between expensive
high-rise condo towers and lower-cost rental apartment buildings).

In mathematical terms, the decomposition is developed in steps. The first step is to decompose
census tract income mixing, after taking into account sorting across dwelling types. Next, the
decomposition is expanded to include sorting across individual buildings. The D-index at the
census tract dwelling-type level (cd ) aggregated up to the CMA level is given by:

m nc
Dcd = Z _chd , (7)

cdem nm
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where D, = Zqﬂ'ch log(7yq / 74y) - In turn, this can be decomposed into between-census-tract

divergence and within-census-tract divergence across dwelling types, with the latter given by:

D¢ = z:—dz Mo log et (8)

dec ''c qeQ 7Z-qc

In this instance, the reference income distribution is at the census-tract level (7,.) and provides

a means to measure how much each census tract’'s income mix varies across dwelling types. The
total level of income divergence is the sum of the between-census-tract income divergence
(Equation [6]) and the family-weighted average of the within-census-tract divergence across
dwelling types:

D7 =D + ey, )

cem nm

Therefore, for the CMA as a whole, the degree of income divergence stemming from sorting
families across census tracts and across dwelling types within census tracts can be measured.

By the same token, the effect of sorting across apartment buildings within the apartment dwelling
type can be measured, resulting in a CMA measure of census-tract dwelling type
apartment-building divergence:

m nc
Dcdb = z iDcdb’ (10)

cdbem nm

where Dcdb=Zq7rchblog(7rchb/7rqm). From this, the D-index can be subdivided into

subcomponents in an analogous fashion to (9):

D7, =D + > D, (11)

cdem '!'m

where within-census-tract dwelling type divergence across buildings is given by

n T
D = 2> 7 l0g—22, (12)

becd ''dc qeQ ﬂ-ch

Finally, substituting (9) into (11) results in the following complete decomposition across all levels:

DY, =D + Y epg 4+ 3 Dapee, (13)

cem nm cdem nm

At the CMA level, the first term measures the contribution of sorting on income across census
tracts to income divergence—that is, the degree to which poorer and richer families are sorting
into neighbourhoods with similar income levels. The second term measures the effect of sorting
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across dwelling types within census tracts. This takes into account the possibility that there could
be minimal sorting on income across neighbourhoods, but considerable sorting on income across
dwelling types, with possibly the poorer families concentrating in large apartment blocks and the
remaining higher-income families living in other types of dwellings. The third term measures the
sorting of families on income across apartment buildings. This captures the possibility that sorting
may be occurring at a fine level, across buildings in this instance. A similar decomposition can
also be done for individual census tracts, such that the contribution of sorting across dwelling
types, and individual apartment buildings at the census-tract level, can be taken into account.

Additional income mixing measures: Several other income mixing measures that are
continuous in nature were also considered, such as the Neighbourhood Sorting Index (Jargowsky
1996) and the Centile Gap Index (Watson 2009). Theoretically, less information is lost through
continuous measures (Reardon and Bischoff 2011). However, in practice, these measures do not
appear to provide an advantage over income mixing measures that are based on the discretized
income distributions described previously.

First, as previously noted, the correlation between the census tract D-index calculated across
quintiles and percentiles is 0.93 for Toronto.?° Hence, relatively little information is lost moving
from this near-continuous measure to more aggregate quintiles. Second, continuous measures
are more sensitive to the extremes of the income distribution. This would be particularly
problematic for census tracts with small populations and, especially, individual apartment
buildings. Third, unlike the D-index, these measures are less amenable to decomposition across
sub-classes, which is a major advantage when working with data classified by census tract,
dwelling type and individual building. Lastly, income mixing implies the combination of families
across income strata, which implies a discrete set of income classes. It is not necessary to
describe income distributions in a continuous fashion to develop a measure that is consistent with
the concept.

5 Income mixing across census metropolitan areas

This section describes income mixing across CMASs. It progresses by examining the variation in
income across census tracts, dwelling types and buildings within CMAs. This is followed by a
description of income mixing across CMAs using the D-index, and its decomposition into
contributions from sorting on income across dwelling types and apartment buildings within census
tracts.

5.1 Income across census tracts, dwelling types and buildings

To provide some basic context, Table 2 presents average family income levels, adjusted for family
size, across census tracts for selected CMAs. Average census tract incomes are highest in
Calgary and Edmonton, and lowest in Montréal and the city of Québec. The degree of variation
in incomes across census tracts is at issue. This is captured by the ratio of average census tract
incomes across a set of percentile ranks. The ratio of incomes ranked at the 95th percentile to
those at the 5th percentile provides a measure of the spread of census tract mean incomes. All
the CMAs reported have a ratio of 2 or more, with Toronto the highest at 2.9. This is broadly
consistent with earlier census-based findings (Chen, Myles and Picot 2012). The ratios of the 95th
to the 50th and the 50th to the 5th percentiles provide an indication of whether the spread is
coming from the upper or lower ends of the census tract income distribution. The ratios are quite

20. A similar correlation is obtained for Montréal. Calculating the D-index for percentiles is computationally burdensome
and so it is not calculated across all CMAs.
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similar for most of the CMAs reported, which indicates that a small selection of very high- or very
low-income census tracts is not driving the overall spread.

Table 2
Mean census after-tax income, adjusted for family size by census metropolitan area and
income spread across census tracts in 2016, selected census metropolitan areas

Mean census tract 95th to 5th 95th to 50th 50th to 5th

Census metropolitan areas income percentile percentile percentile
dollars ratio

Halifax 43,900 2.0 1.4 1.4
Québec 42,400 2.0 14 1.4
Montréal 41,400 2.4 1.6 1.5
Ottawa—Gatineau 50,000 25 1.4 1.6
Toronto 47,900 2.9 1.9 15
Winnipeg 42,700 2.7 1.6 1.7
Calgary 56,900 2.5 1.6 1.6
Edmonton 52,000 2.2 15 14
Vancouver 46,200 2.2 1.5 1.4

Note: Percentile ratios are based on the mean adjusted after-tax family income, measured across census tracts within each census
metropolitan area.
Source: Statistics Canada, authors’ calculation based on data from the 2016 taxation year T1 Family File.

As noted above, while families may sort on income across census tracts, they may also sort
across dwelling types and across individual apartment buildings within census tracts. Whether
these types of sorting matter depends on how much variation there is on incomes across dwelling
types and buildings.

Table 3 presents the average ratio of incomes of families in identified apartments relative to other
dwelling types across census tracts and demonstrates how much variation there is across census
tracts by presenting their percentile ranks. On average, incomes of families living in apartments
across census tracts are about 80% of those of families living in other types of dwellings. This is
consistent across the CMAs reported, with the exception of Vancouver, where the incomes of
families living in apartments are 95% of those of families living in other types of dwellings.

Across census tracts, there is considerable variation in the relative incomes of families living in
apartments and other dwelling types. In some census tracts, incomes of families in apartments
are far lower than incomes of families living in other types of dwellings, while in others the opposite
is true, albeit not to quite the same extent. For instance, in Toronto, the ratio ranges across census
tracts from 0.44 in the 5th percentile to 1.20 in the 95th. Not all families in apartments, which may
be rental or condo apartments, earn less than their neighbours in other dwelling types.

Table 3
Incomes of families in apartments relative to other dwelling types across census tracts

in 2016, selected census metropolitan areas
Percentiles of mean income ratios across census tracts

Census metropolitan areas Mean 5th 25th 50th 75th 95th
ratio
Halifax 0.81 0.47 0.66 0.78 0.90 1.39
Québec 0.81 0.50 0.62 0.81 0.93 1.16
Montréal 0.83 0.43 0.61 0.77 0.96 1.43
Ottawa—Gatineau 0.81 0.44 0.62 0.77 0.96 1.28
Toronto 0.79 0.44 0.63 0.76 0.91 1.20
Winnipeg 0.78 0.47 0.66 0.77 0.86 1.08
Calgary 0.81 0.47 0.68 0.80 0.92 1.10
Edmonton 0.82 0.57 0.68 0.81 0.93 1.13
Vancouver 0.95 0.58 0.84 0.95 1.07 1.27

Note: Percentiles are based on the mean adjusted after-tax income of families living in apartment buildings relative to other dwelling
types, measured across census tracts within each census metropolitan area.
Source: Statistics Canada, authors’ calculation based on data from the 2016 taxation year T1 Family File.
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Finally, Table 4 reports the variation in average apartment building family incomes across CMAs.
Once again, there is considerable variation across buildings, with the ratio of the 95th to the
5t percentile in Toronto being close to 4. This is greater than the variation observed in average
incomes across Toronto’s census tracts. Like sorting across dwelling types, sorting on income
across buildings within census tracts may influence overall levels of income mixing. It is to this
guestion, and to a broader overview of the level of income mixing across CMAs, that the
discussion now turns.

Table 4
Variation in average income across identified buildings in 2016, selected census
metropolitan areas

95th to 5th 95th to 50th 75th to 25th 50th to 5th

Census metropolitan areas percentile percentile percentile percentile
ratio

Halifax 3.4 1.8 1.6 1.9
Québec 3.5 1.7 1.6 2.0
Montréal 4.5 2.5 1.9 1.8
Ottawa—Gatineau 4.4 2.2 1.9 2.0
Toronto 3.9 2.2 1.7 1.7
Winnipeg 4.1 1.8 1.6 2.3
Calgary 3.6 2.0 15 1.8
Edmonton 3.0 1.8 1.5 1.7
Vancouver 3.4 1.7 15 2.0

Note: Percentiles are based on the mean adjusted after-tax income of families living in apartment buildings in selected census
metropolitan areas.
Source: Statistics Canada, authors’ calculation based on data from the 2016 taxation year T1 Family File.

5.2 Indices of income mixing

This section describes the income mix of CMAs using the D-index. Although the DI could be used
for comparison, as previously noted, it is strongly associated with the D-index (see Figure 2 [b]).
Therefore, the discussion from this point forward concentrates on the D-index, for the sake
of brevity.?!

To provide further context on the variation in income mixing across CMAs, Figure 3 presents box
plots of census-tract-level D-index values (D, ) across the same selection of CMAs used above.

The box plots illustrate the degree of variability in income mixing across census tracts within
CMAs. The bottoms and tops of the boxes are the 25th and 75th percentiles. Therefore, the
lengths of the boxes represent the interquartile range.

The lines intersecting the boxes indicate the median D-index values within a CMA. The ends of the
“whiskers” represent the lowest and highest datum within up to 1.5 times the interquartile range
from the first and third quartiles. In essence, the whiskers help to illustrate a reasonable range of
values, though they do not preclude extreme values that lie outside the top and bottom whiskers.

Across the CMAs reported, the median census tract D-index is around the same value (0.025),
but the range of values varies considerably—the interquartile range for Winnipeg is about twice
that of Vancouver, with Winnipeg’s upper quartile at about 0.08, and Vancouver’s at about 0.04.
The whiskers indicate that, across all CMAs, there are low values near 0 (income mixes nearly
matching the census tract's CMA) and high values ranging from a little under 0.1 to about 0.175
across the selected CMAs. These correspond roughly to the 95th percentiles of the CMAS’
respective D-index distributions. No census tracts have a D-index above 0.9 across all CMAs.

21. The H-index returns exactly the same income mixing measure when the reference income classes are equal in
size, as is the case with quintiles, and the logarithm used in their calculation has a base that is equal to the number
of income classes.
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Figure 3
Box plot of D-index across census tracts, selected census metropolitan areas

o -

Note: D-index: divergence index.
Source: Statistics Canada, authors’ calculation based on data from the 2016 taxation year T1 Family File.

The degree to which sorting on income across dwelling types and buildings within census tracts
also influences income mixing is at issue. Chart 1 presents the decomposition of the D-index
across CMAs, as described in Equation (13). The height of the bars measures the
CMA-level D-index values and allows for sorting on income across census tracts and within
census tracts across dwelling types and buildings. CMAs are ordered based on the contribution

of sorting on income across census tracts (D" ), which makes the largest contribution across all
CMAs.

Based on this ranking, the Windsor, Winnipeg and Hamilton CMAs have, on average, the
neighbourhoods with the least income mixing, while neighbourhoods in Belleville, Victoria and
Barrie have the most. Sorting on dwelling type and individual apartment buildings adds roughly
one-third to the overall D-index levels, but with considerable variation across CMAs. Importantly,
taking into account sorting on dwelling type and buildings would substantially change the
rankings. For instance, Toronto and London would move up the rankings from 9th and 10th to 5th
and 4th, respectively.
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Chart 1

D-index decomposition by census tract, dwelling type and apartment building across

census metropolitan areas
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Source: Statistics Canada, authors' compilation based on the 2016 taxation year T1 Family File.
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6 Conclusions

This paper outlines several income mixing measures. Priority was given to measures that are
easily interpreted and that can be decomposed across levels of analysis, namely
neighbourhoods, dwelling types and individual buildings. The latter is particularly important
because it provides a means to estimate and understand income mixing using units of analysis
sufficiently detailed to be relevant to housing policy. Indeed, the decomposition proved powerful,
illustrating how all three components are important and demonstrating their variable effects
across census metropolitan areas.

A number of additional steps should be taken to further improve the quality and utility of the income
mixing measures presented here. Perhaps most promising is the planned linkage of the T1 Family
File and the Address Register. This linkage provides a means to identify more precisely the location
of taxfilers. This will allow for income mixing to be measured at the dissemination-area level (or
below), and would further increase the precision of analytical estimates at more detailed levels of
geography. Many more steps might be undertaken, including testing the statistical significance of
the differences in income mixing across units and determining the spatial association of the income
mixing measures (i.e., whether there is a correlation with neighbouring units).
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Appendix: Inequality measures

It is important to distinguish between income mixing within neighbourhoods and inequality across
individuals and neighbourhoods. Income inequality at the individual (or family) level is a necessary
condition for the presence of between-neighbourhood inequality and income mixing within
neighbourhoods (Reardon and Bischoff 2011). Sorting on income across neighbourhoods will
result in higher levels of between-neighbourhood inequality and lower levels of income mixing
within neighbourhoods.?? Indeed, Chen, Myles and Picot (2012) showed that, across eight CMAs
from 1980 to 2005, income inequality has been rising, as has the level of inequality across
neighbourhoods (i.e., census tracts). This is associated with higher levels of income segregation
(see also Myles, Pyper and Picot 2000; Bolton and Breau 2012). Notably, Fong (2017) showed
that, although income inequality in Canada grew through the 1980s and 1990s, it was largely a
metropolitan phenomenon. This reinforces this paper’s focus on income mixing measures across
CMAs. In the non-metropolitan (non-CMA) parts of Canada, income inequality on an after-tax
basis has not risen since the 1970s.%3

The focus of this paper’s income mixing measures has been on distributional measures that use
the census tract as their reference distribution, which better addresses this program of work’s
specific objectives. Nevertheless, income mixing is predicated on the presence of income
inequality and, at some point, it may be useful to measure inequality as well. There are many
income inequality measures, including the Gini index and various forms of the Theil index. The
Theil index, which can be derived from a special form of the D-index (Roberto 2016), is additive
in nature, and so it is able to measure the contribution of neighbourhood inequality to
metropolitan-level inequality. At the neighbourhood level, the Theil index takes the following form:

1 <X X.
T/ ==>"In| =+ (14)
NS My K
and

T =iiln{ﬂ], (15)

where n; is the population of families in geographic unit J. X is the income of family i and M,

is the average family income in j. TjT and TjL are different versions of the Theil index—where
the former is more sensitive to differences in income share at the top of the income distribution,

22. This raises the question of the direction of causation. Does the rise in income inequality lead to sorting (income
segregation), or does the sorting itself lead to rising inequality? Income is a major determinant of where a household
can afford to live. Because house prices tend to be correlated across space, there is a tendency toward income
segregation (Reardon and Bischoff 2011). But income segregation may influence societal outcomes through
positive externalities (e.g., through its influence on the provision of “club” goods [e.g., good schools]) and negative
externalities (e.qg., higher crime rates in lower-income neighbourhoods). While the literature points toward the former
(Oreopoulos 2008), it is beyond the scope of this paper to comment fully on the potential endogeneity of income
mixing measures and neighbourhood characteristics.

23.There is a growing literature in Canada that examines neighbourhood income inequality (see Breau, Shin and
Burkhart 2018; Walks 2013).
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and the latter is more sensitive to differences in income share at the lower end of the income
distribution.?4

As a note of caution, Wolfson (1997) argues that the Theil index can be problematic because it is
sensitive to very small values, which can result in spurious results. Therefore, the sensitivity of
results to this effect would have to be tested, or other alternatives would have to be tested.

24. This basic discussion is drawn from Wikipedia (2019).
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