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ABSTRACT

The main contribution of this dissertation is the construction of a new
homogeneous set of panel data by state cross-sections and annually from 1913 to 2003,
using the Statistics of Income publications by the U.S. Internal Revenue Service. This
database represents the top 10 percent of the income distribution, but data from other
sources are needed to account for average income. Meanwhile, the new income database
of the top decile offers an alternative estimate of average income figures used by Barro
and Sala-i-Martin to study the same topic.
In order to address the issue of income convergence across the United States
over the long-run, three types of convergence are distinguished: 1) the β convergence of
average income in comparison with the β convergence of the top decile, 2) the σ
convergence, and 3) the convergence of top incomes towards the lower decile of the
income distribution.
In the case of the β convergence, we found evidence confirming convergence
within the top decile, and more mitigated results for convergence among state average
incomes. The results showed that income inequality is positively correlated to average
income, and negatively correlated to economic growth rates.

xiii

In the case of the σ convergence, the trend over time opposes two income
groups. On the one hand, average income and income of the top percentile both recorded
a decline in dispersion across states (except after the mid 1980s). On the other hand, the
incomes of fractiles 90-95, and 95-99 percent featured with a rise in dispersion across
states.
Finally, the convergence of the top decile towards the bottom decile is
emphasized from 1965 to 2003 (likewise for the top and bottom quartiles). The dispersion
indicators of the lower layers of the income distribution were estimated by generalizing
the Pareto assumption to the full income distribution. What emerges from these estimates
is that the top income shares did not grow faster than the low income shares from 1965 to
1984. This trend was totally reversed and reached a peak in 1988 in all states, then
decreased again until 1985, and finally reached a local maximum in 2000.

xiv

Chapter 1
INTRODUCTION

Income inequality can be – and is – conceived of in many ways. The topic
has ignited passionate debates in the academic literature, crossing the borders of
economics, sociology, politics, law, history, and geography, just to name a few. While
this study will not attempt to shed light on all disciplinary aspects of the income
inequality issue, both geographical and historical facets of income inequality within the
United States will lie at the core of the analysis.
Before proceeding further, the conceptual framework needs to be set
properly, and to this we turn first.

1.1

Income Inequality: Meaning and Measurement

1.1.1

How is Income Defined?
First, income has to be comparable from one perspective or another: over

time, across geographic space, or among households, just to name a few. In other terms,
income needs to be expressed in one single unit of measurement, whether it refers to the
choice of a particular currency for international comparisons, the base year of a price
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index for temporal comparisons, or the percentage of a total if one considers income
shares. Furthermore, the unit of account may be selected carefully. Champernowne and
Cowell (1998, p. 68) illustrate the point with the following example.
We cannot assume that an income of x1 going to ‘person’ 1 always counts
as less than income of x2 going to ‘person’ 2 just because x2 is a larger
number than x1, since ‘person’ 1 might be a single individual and ‘person’
2 a sprawling household of three adults and ten children, but incomes must
be defined in such a way that we can always decide for any pair which is
the larger or that they are equally large, even when the two ‘persons’
receiving them are demographically dissimilar: that is what is meant by
the income being comparable.
Second, one has to be clear about the income sources counted in the
definition of income, as it varies from one statistical agency to the other, or from one year
to another within the same agency. Income usually includes wages, business and property
incomes, dividends, interest, and social benefits. But official income may exclude
amounts that contribute to the individual’s overall living standard, such as transfer
payments, non-cash income (the use of company car, subsidized meal vouchers, food
stamps), and so on. In other words, the income definition needs to be clearly stated. The
income definition used here is discussed in section 3.3.2 of this thesis.
1.1.2

Income Recipients: Who is to Count?
Individuals, households, families, tax units… The choice of the basic unit for

the income recipients may not be as straightforward as it appears. Based on the same
income tax returns for their inquiry on inequality in the United States, Kuznets (1953),
and Piketty and Saez (2004) did not choose the same unit. Kuznets reduced tax returns to
a per capita basis, while Piketty and Saez debated Kuznets’ choice and created instead a

2

tax units series for homogeneity purposes. What are the arguments from both sides? On
the one hand, Kuznets (1953, p. xxxiii) argued that a tax return “does not represent the
number of income recipients, since there may be more than one recipient per return (and
the number cannot be ascertained from the available data). (…) Nor does the income tax
return measure, in and of itself, a family or spending unit, however defined, since a
family may file more than one return”. On the other hand, Piketty and Saez (2003, p. 4)
pointed out a downward bias that the per capita basis introduces in the income series, and
prefer to use tax units. 1 “Because our data are based on tax returns, they do not provide
information on the distribution of individual incomes within a tax unit. As a result, all our
series are for tax units and not individuals. A tax unit is defined as a married couple
living together (with dependents) or a single adult (with dependents), as in the current tax
law.”
1.1.3

Income Inequality Measures
Income inequality can be measured in absolute terms. The poverty line, for

instance, is defined as the income threshold below which an individual or a family is
considered poor. Inequality needs to be measured in relative terms whenever two income
distributions are to be compared. There are many relative measures of inequality. In the
particular case of poverty, a relative measure may be the percentage of the population
below the poverty line. There are many other inequality indicators expressed in relative

1

Section 3.3.3 will discuss the details of this issue.
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terms, such as percentile distributions, the Gini coefficient, the Theil, Atkinson, and
Gibrat indexes, etc.
However, none of these inequality indicators informs about the causes of
income inequality. Multiple factors may generate income inequality: life cycle effects
(age), gender or race discrimination, education and training, inherited wealth, economic
circumstances, individuals’ characteristics (IQ, talent), the leisure-labor choice, and so
on. This critical remark does not mean that inequality measures are invalid; rather, it
points out the need for clarification of definitions and consistency of comparisons prior to
investigating the causal aspects of the subject.

1.2

A Double-Contradiction Rekindles the Debate
The starting point of this study is a contradiction that emerges from two

currents of the literature: the income inequality literature, and the regional convergence
literature. On income inequality, the natural decrease of inequality predicted by Kuznets
(1955) does not receive strong empirical support. On regional convergence, neo-classical
economists support convergence whereas geographers marshal evidence for divergence,
at least in the case of the United States at the sub-national level.
This thesis sheds light on the subject through the construction and use of a
new panel data set of 4,641 income inequality observations (the 50 U.S. states plus the
District of Columbia over 91 years from 1913 to 2003). Various inequality indicators are
derived from this database. At the national level, the time-series data here are very similar
to those of Piketty and Saez (2004). At the state level, there is no possible comparison
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with Piketty and Saez’s series as their data set does not allow for sub-national
differentiation. Many empirical studies used panel data on income inequality within the
United States, but none, to my knowledge, covers such a comprehensive range of years
for each state.
1.3

The Analyses of Convergence
The panel data on top incomes is used here to address the question of income

convergence in the United States over the past century. Did the richest states experience
relatively slower rates of growth while the poorest states recorded faster rates of growth,
with both ends eventually converging to a common average? Does the same conclusion
hold when considering top incomes instead of average incomes? If true, how does it
impact inequality across states? Furthermore, convergence can be approached in terms of
income dispersion. What conclusions can be drawn from the comparison between the
dispersion of average income and the dispersion of top income? Finally, another aspect of
convergence raises the issue of the estimation of the income distribution itself, as it has
been only partially known so far. Suppose that we can derive, one way or another, all
deciles of the spectrum. In that case, we would be able to address the following question.
To which extent does top decile converge towards or diverge away from the lower deciles
of the income distribution? How did one evolve with respect to the other over time?
1.4

Organizational Structure
The remainder of this study is organized as follows. Chapter 2 reviews the

existing literature and explains how it relates to the subject of this thesis. Chapter 3
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presents the raw data as they appear in the Statistics of Income tables, and describes the
methodology used to derive the fractile tables and all other inequality measures. Crosssectional and trend-over-time analyses are presented in Chapter 4. Chapter 5 starts with
an overview of β convergence, continues with the estimation of growth and inequality
equations, and ends with an analysis on income dispersion. Finally, Chapter 6 recognizes
the need for studying more than the top 10 percent of the income distribution, and
estimates the lower fractiles (down to the lower decile) based on one assumption about
the functional form of the Lorenz curve. The Gini coefficients, and two other inequality
measures (‘top-to-bottom’ ratio and an intermediary indicator) are also estimated and
briefly discussed. Chapter 7 concludes the study with a summary and suggestions for
future research.
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Chapter 2
LITERATURE SURVEY:
THE NEED FOR DISPERSION INDICATORS

Theoretically, the Kuznets’ curve and the neo-classical model of growth are
perfectly consistent. Empirically, the ambiguity of conclusions dominates the debate, and
the sections below briefly illustrate where we stand.

2.1

On Income Inequality: Inverted-U or Sinusoidal Curve?

2.1.1

Kuznets and the Natural Decrease of Income Inequality
Kuznets (1953) pioneered the development of empirical studies based on

income tax data sorted by income ranges, which is a common way to highlight income
differences. Kuznets used individual income tax returns to derive top income shares
series (top 1%, top 3%, top 5% and their intermediate percentage bands) from 1913 to
1948, but the series is fairly complete only for 1919-1946. In percent, the shares of upper
income groups are defined as the ratio of income amounts reported by each group over
total income. Individual tax returns, despite the term ‘individual’, do not necessarily
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reflect the income of individuals, rather the income of households filing a tax return. For
consistency purposes, Kuznets decided to estimate series based on individuals, not tax
units. To do so, Kuznets divided the total income reported in each income bracket by the
total number of individuals represented by all tax returns in that bracket. For instance, a
tax return of a widow with no dependents reporting $10,000 would be replaced by an
individual with $10,000 of income while a family of four with $10,000 of income would
be replaced by four identical individuals with $2,500 of income each. 1
Kuznets (1953) was restricted to the top tail of the distribution because taxes
were paid only by the upper income classes of the population. Another data limitation is
that the size of income shares depends upon the unit used in the distribution (individual,
family, consuming unit, etc.) Under these circumstances, Kuznets (1953, p. xxxv) made
three major findings: 1) The income shares of upper income groups drastically declined
between 1939 and 1950; 2) this decline was highly correlated with the drop in the shares
of upper income groups in total savings of individuals; and 3) short term changes in these
shares were associated with business cycles. Note that the declining trend of upper shares
in the United States at that time serves as a prelude to the famous inverted-U curve.
What follows briefly explains what the Kuznets’ curve is. Using the longterm perspective of development stages, Kuznets (1955) uses the partitioning of
employment (among the usual three sectors of agriculture, manufacturing, and services
activities) in order to explain how the development process first widens and then narrows
income inequalities over time. Theoretically, as the industrial revolution triggers labor to

1

For more details about this example, see Piketty and Saez (2003, p. 37).
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migrate from rural areas to more urbanized and industrialized areas, the first stages of
economic development result in a widening of the income inequality gap, as described by
the upward-sloping portion of the Kuznets’ curve. At the later stages of development, the
industrial gains concentrated in urban areas are eventually shared among more people
(decrease in inequality) as the flow of workers moves from rural areas of lowproductivity levels into the industrialized metropolis, hence the downward sloping curve.

Per capita
income inequality

Industrialization

Figure 2.1

Post-industrialization

Long-term
development

Kuznets’ Curve

Kuznets (1958) investigated the parallels between the distribution of income
within the United States (for 1919-21, 1929, 1940, 1950 and 1955) and the distribution of
income across countries. For each year, the 48 states are divided in 6 groups of 8, sorted
by the descending order of per capita personal income as defined by the Department of
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Commerce 2 . Kuznets also calculated an annual inequality indicator that divides the stategroup averages over the national average. In general, Kuznets’ conclusions for U.S. states
are very similar to those drawn for international comparisons, although there are two key
differences. The first shows that the level of per capita income inequality was narrower in
the United States than that among other nations. The second finds larger amplitude in the
sectoral composition in the interstate comparisons than in the international comparisons.
When sub-national regions of the U.S. economy are considered, one should
expect them to lie on the decreasing portion of the Kuznets curve, so that the low-income
states are associated with greater income disparities than the more developed states.
Perloff, Dunn, Lampard and Muth (1960, p. 522) illustrate this point for 1955: “the
sixteen states with the lowest per capita income derived some 5.9% of their total
manufacturing wages and salaries from ‘machinery (including electrical)’; the sixteen
states with middle level income, 16.3%; the sixteen states with the highest per capita
incomes, 20.1%.”
Similarly, Williamson (1965) collected U.S. county-level data for 1950 and
1960 (p. 19 and 20), and found that:
On the average, the eight lowest income states have a coefficient of intercounty inequality approximately two and one-half times that of the richest
seven. The same pattern holds true for the 1960 data, where again severe
interregional differentials are associated with relatively low levels of
development.

2

In Kuznets’ time, the Department of Commerce defined personal income as the sum of
wages, salaries, and other labor income; entrepreneurial income; dividends, interest, rent
and royalties; and transfer income; less personal contributions for social insurance – or an
approximation to it in the case of the Leven estimates for the earlier years.
10

Overall, the inverse-U curve finds some empirical support more at the subnational than at the international level 3 . But the sub-national studies usually suffer from a
lack of data over the long-run, thereby weakening the conclusions for convergence.
Kuznets’ expectations of natural regional convergence are consistent with the
neoclassical steady state of conditional convergence 4 across regions, assuming the
absence of factors hindering the flows of capital and labor from one place to the other.
2.1.2 Piketty: the Accidental Pattern of Income Inequality
Piketty (2001) 5 uses individual income tax returns (1915–98), wage tax
returns (1919–98) and inheritance tax returns (1902–94) to create a homogeneous data set
of income inequality, wage inequality and wealth inequality. His findings question the
arguments supporting the belief of a natural fading away of income inequality over time.
“Mostly accidental” is how Piketty qualifies the decline in income inequality that took
place during the first half of the twentieth century in France. The overall decline is related
to the historical hazards of capital income and progressive taxation on very large
fortunes.

3

See Barro (2000, p. 9).

4

Absolute convergence refers to the tendency for the living standards of different
countries to become more equal over time, independently of the particular characteristics
of individual countries. Conditional convergence features the tendency of living
standards within groups of countries with similar characteristics to become more equal
over time.
5

The original version is the following: Piketty Thomas. Les hauts revenus en France au
XXème siècle. Inégalités et redistributions 1901-1998. Grasset. 2001.
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Piketty’s work (2001) triggered a series of other empirical analyses applying
the same methodology to different countries, as summarized by Atkinson (August 2003):
There has recently been a revival of interest among economists in the
distribution of top incomes. The pioneering study by Piketty (2001)
produced estimates of the long-run distribution of top incomes for France.
Following his lead, Atkinson (2002) made estimates for the United
Kingdom, and Piketty and Saez (2003) made estimates for the United
States. Estimates are now also available for Germany (Dell, 2002), Canada
(Saez and Veall, 2003), Netherlands (Atkinson and Salverda, 2003), India
(Banerjee and Piketty, 2001), and Australia and New Zealand (Atkinson
and Leigh, 2003). In using data from the income tax records, these studies
use similar sources to the earlier work of Bowley (1914) and Stamp (1916
and 1936) in the UK, and Kuznets (1953) in the US. (See also the survey
by Kraus, 1981.) The findings of the recent papers are however of added
interest, since the data provide estimates covering nearly all of the
twentieth century – a length of time series unusual in economics.
Moreover, the techniques are considerably more developed.
Thomas Piketty and Emmanuel Saez (2004) shed light on the empirical
aspects of income inequality in the United States, using the Internal Revenue Service’s
(IRS) annual publications on Statistics of Income to create a homogeneous time-series
data set on the upper shares of income and wages from 1913 to 1998. The methodology
used by Piketty and Saez follows very closely that used by Kuznets (1953). There are
several differences, though. The first difference lies on the definition of the upper income
shares, based on individuals for Kuznets, and tax units for Piketty and Saez. In their paper
(long version, 2004, p. 4), a “tax unit is defined as a married couple living together (with
dependents) or a single adult (with dependents), as in the current tax law.” Because
“Kuznets did not correct for the re-ranking,” he “misclassified in the top shares large
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families with high total income but moderate income per capita.”6 Relative to Saez and
Piketty’s, Kuznets’ shares are therefore underestimated. This discrepancy does not impact
the pattern of upper income evolution over years though, because the decrease in the
number of individuals per tax unit occurred across all income groups over the century.
The second difference deals with the treatment of capital gains and numerous
other data adjustments. They received much less attention in Kuznets’ work (1953) than
in Piketty and Saez (2004). One should be aware, however, that the IRS micro-files
released from 1960 to 1995, and improving the statistics of the initial IRS tables,
significantly helped Saez and Piketty in making the corrections to their estimates, were
not at the disposal of Kuznets in his time.
The evidence for rising inequalities in the U.S. since the 1970s leads the
authors to re-interpret the Kuznets curve as a sinusoidal graph. “A new industrial
revolution has taken place, thereby leading to increasing inequality, and inequality will
decline again at some point, as more and more workers benefit from the new
innovations.” This argument matters even more once applied to the state-level analysis as
the technological revolution occurred first on both the east and the west coasts. The lack
of empirical evidence supporting the theoretical reduction in inequalities over time also
holds in the convergence literature.

6

Piketty and Saez (2003, p. 37)
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2.2

On Regional Convergence: Two Disciplines Compared
Two academic disciplines, (neoclassical) economics and (human) geography,

predict two opposite outcomes: regional convergence for the former school and regional
divergence for the latter. On the one hand, the Solow model suggests that two economies
with similar technology, savings rates, and population growth rates should converge to
the same capital-labor ratio and level of per-capita income in the long run. This model
finds empirical support in numerous studies such as Barro and Sala-i-Martin’s (1995).
Barro and Sala-i-Martin applied the neoclassical model to the U.S. states. “The overall
evidence weighs heavily in favor of convergence: poor states tend to grow faster in terms
of per capita income and product, and within sectors as well as for state aggregates.” In
that sense, the growth literature validates the income inequality debate begun by Kuznets
(1955).
On the other hand, the new economic geography, similarly concerned with
the understanding of the origins and effects of regional growth differences, levels
criticism at the way neo-classical theory handles the analysis of income inequality at the
sub national scale: “neoclassical theory is based on diminishing returns in which any
spatial structure (such as the creation of rich and poor regions) is self-canceling (through
convergence)”. The economists of the new economic geography attempted to bridge the
gap at the theoretical level, substituting the assumption of diminishing returns to that of
increasing returns to scale (Krugman 1995, 1996, 1998). With those recent
improvements, the opposition against regional convergence persists, as the researchers
from both disciplines marshal empirical evidence supporting the increase in regional
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inequality in the United States from the late 1970s on, and conclude in favor of economic
polarization and regional divergence (Danziger and Gottschalk, 1993; Amos, 1988;
Braun 1991, Coughlin and Mandelbaum, 1988; Rowley, Redman and Angle, 1991, Fan
and Casetti 1994).
The next section looks more closely at the arguments debated in both
disciplines.
2.2.1

Barro and Sala-i-Martin Advocate β Convergence 7
Acknowledged as a key reference in empirical literature, the contribution of

Barro and Sala-i-Martin (1995) strongly supports the convergence prediction of the
Solow model with exogenous technological progress in a closed economy. Barro and
Sala-i-Martin used both gross state product and per capita personal income 8 , exclusive of

7

Barro and Sala-i-Martin (1995, p. 383) distinguish two definitions of convergence: βconvergence and σ-convergence. “In one view (…), convergence applies if a poor
economy tends to grow faster than a rich one, so that the poor country tends to catch up
with the rich one in terms of the level of per capita income or product. This property
corresponds to our concept of β convergence. (This phenomenon is sometimes described
as “regression toward the mean”.) The second concept (…) concerns cross-sectional
dispersion. In this context, convergence occurs if the dispersion _measured, for example,
by the standard deviation of the logarithm of per capita income or product across a group
of countries or regions_ declines over time. We call this process σ convergence.”

8

The BEA’s definition is: “Personal income is the income that is received by persons
from all sources. It is calculated as the sum of wage and salary disbursements,
supplements to wages and salaries, proprietors' income with inventory valuation and
capital consumption adjustments, rental income of persons with capital consumption
adjustment, personal dividend income, personal interest income, and personal current
transfer receipts, less contributions for government social insurance. This measure of
income is calculated as the personal income of the residents of a given area divided by
the resident population of the area. In computing per capita personal income, BEA uses
the Census Bureau's annual midyear population estimates.”
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all transfers, for 47 U.S. states or territories from 1880 to 1988 9 , and found a β
convergence rate of about 2 percent a year. According to the authors, factors of
production indeed flowed from low- to high-income states, leading the economies further
below the steady-state position to grow faster. The evidence of convergence within the
United States supports more the neoclassical model of growth than the evidence of
convergence over large samples of many countries. The main reason is that one country’s
features usually contrast more with another country’s than regions within the same
country. 10
Note that the β convergence, here tested within the United States, does not
imply convergence across states, as Olivier Blanchard 11 pointed out. Indeed, crosssectional means that fluctuate within an interval shrinking over time can still display
increasing standard-deviations. Blanchard highlighted this nuance to better argue against
it. He showed that the temporal dimension of Barro and Sala-i-Martin’s data can be used
to test the hypothesis of convergence in broader terms. Considering 1) dispersion over
time, and 2) convergence coefficient over time, “both [ways] strongly suggest
convergence [across the U.S. states]”. In other words, Blanchard generalized Barro and

9

The authors exclude Oklahoma (no data), Alaska, Hawaii, and the District of Columbia.
The BEA Personal State Income data they used are available for 1880, 1900, 1920, and
annually from 1929 to 1988.
10

Barro and Sala-i-Martin (1995) also studied convergence between regions in Europe
and in Japan.

11

See “Comments and Discussion” in Barro, Sala-i-Martin, Blanchard & Hall (1991, p.
159-174).
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Sala-i-Martin’s conclusions on β convergence to overall convergence across U.S. states.
Such results are now taken for granted in the economic literature, and this is exactly what
I think can be improved, and this for two reasons.
First, Barro and Sala-i-Martin tested the neo-classical equation using
arithmetic means as a proxy for the distribution of income. How to measure income
discrepancies is an issue debated carefully in the income inequality literature, and the
arithmetic mean hardly belongs to the set of the best statistical tools. A response to this
problem is to resort to dispersion indicators, such a quartiles, deciles, or percentiles,
revealing, at least partially, the income distribution itself.
Second, the later trends of increasing income inequalities observed recently
in the United States question the neoclassical theory in that respect. The issue is
controversial also with regard to the decade when income inequality started to widen: the
mid-1970s, versus the mid-1980s. Such an argument carries much weight in the academic
circles of human geography.
2.2.2. The Geographers Advocate Regional Polarization
The human geography literature easily gets to the point. Braun (1991)
published an article entitled “Income Inequality and Economic Development: Geographic
Divergence”, Amos (1988) writes about “Unbalanced regional growth and regional
income inequality in the latter stages of development”, Coughlin and Mandelbaum (1988)
“Why have state per capita income diverge recently?”, and Fan and Casetti (1994) “The
spatial and temporal dynamics of U.S. regional income inequality, 1950-1989.”
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Using the state-level per capita income data published by the Bureau of the
Census, Fan and Casetti (1994) shed light on the short-term dynamics of regional
inequalities in the United States between 1950 and 1989. In their 1994 publication, they
acknowledge the influence of Kuznets’ convergence on the empirical literature. However,
they consider the explanation of economic development as “static and deterministic:” The
model they suggest lays emphasis on the regional dynamics accounting for the spatial
flows of factors of production, that in turn affect the patterns of regional income
inequality. The authors stress three successive phases: the “polarization” of factors of
production, or regional divergence; the reverse process (“polarization reversal”), or
regional convergence; finally, the re-allocation of production factors flowing across the
United States and the renewed growth of some traditional core states, such as the recent
increase in regional income inequality.

2.3

New State-Level Income Data
The data set constructed here will serve the analyses of convergence in later

chapters.
2.3.1 A New Data Set Relates to the Literature
The table below summarizes the inequality and convergence literatures and
shows the need for new data at the sub-national level over the long-run.
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Table 2.1

A New Data Set to Debate on Inequality and Convergence

Authors

National Level

State Level

studying the U.S.

(data & conclusion)

(data & conclusion)

Kuznets

Piketty and Saez

IRS data & top decile (1953)

OBE 12 personal income (1958)

inverted-U curve (1955)

convergence (1958)

IRS data & top decile (2004)
sinusoidal Kuznets’ curve (2004)

---

Barro &

Real GDP (1995)

BEA personal income (1995)

Sala-i-Martin

convergence (1995)

state convergence (1995)

Real GDP

BEA or Census income data

divergence

polarization

Geographers

Estelle

IRS data & top decile (2006)

Sommeiller

sinusoidal Kuznets’ curve (2006)

IRS and BEA data + estimates
of full income distribution
convergence and divergence

2.3.2. The New Data Set is Used for Convergence Analyses
The analysis based on the panel data set is twofold. First, the data relative to
the upper decile yield measures of inequality between and within states. These inequality
indicators and the growth rates of state i’s average income are used in regressions to
study the β and σ convergence (see Chapter 5). Second, the remaining 90 percent of the

12

OBE stands for ‘Office of Business Economics’, and is the former name of the BEA,
‘Bureau of Economic Analysis’. Both were/are part of the U.S. Department of
Commerce.
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distribution is not ignored as lower measures (bottom decile, first 25 percent, median,
first 75 percent, and upper decile) are estimated to analyze the convergence (or
divergence) of income groups within the income distribution itself.
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Chapter 3
DATA AND METHODOLOGY

This chapter describes 1) the set of panel data, 2) the methodology applied,
and 3) the inequality indicators that result from the calculations.

3.1

Data: the IRS Publications Statistics of Income
The Internal Revenue Service publication, Statistics of Income, Individual

Income Tax Returns, is the primary source of the data used for the 50 states and the
District of Columbia, from 1913 to 2003. Two variables are extracted from the IRS
tables: the number of individual returns and the total income expressed in current dollars.
Both variables are ranked by size of income (i.e. for a certain number of income
brackets), and by state. For instance, the first page of the 1917 IRS table appears as:
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Typically, the state income tables annually released by the IRS display, for
each state and for a series of income brackets, the number of tax returns, the dollar
amount of adjusted gross income, and some sources of income. While the IRS tables have
been available in an electronic format since 1997, the tables published earlier are paperbased. All paper-based tables were scanned and tabulated in Excel worksheets. They
record the first two variables (number of returns, and income amounts).
Arraying these income classes from the lowest income to the highest, it is
possible to derive cumulative totals of household population and income, and to draw
partition lines splitting the distribution evenly in a series of fractiles. Fractiles divide a
given set of observations into equal portions, e.g. into two halves with the median, into
four quarters with quartiles (0-25 percent, 25-50 percent, 50-75 percent, and 75-100
percent), into ten equal shares with deciles (0-10 percent, 10-20 percent, etc.), one
hundred shares with percentiles, etc.
What is called ‘top decile’ refers to the income group that represents the
richest 10 percent of the population. Only the richest 10 percent of the population can be
examined consistently from 1913 to 2003. Why is it relevant to reduce the whole
distribution to the top decile only? Before 1944, large exemption levels reduced the
proportion of individual filing returns to about 10-15 percent (versus the vast majority
after WWII). Between 1913 and 1916, this share drops as low as 1 percent.
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3.2

Methodology: Pareto Estimation of Income Levels in Upper Decile
Piketty (2001) pointed out the strong heterogeneity of the top decile.

Piketty’s methodology is applied here, and is fully described in Les hauts revenus en
France au XXème siècle 1 . Piketty’s book deals with the upper income shares over the
past century, and focuses on France’s individual tax returns in the 20th century. It
includes voluminous appendices detailing step by step the 'why's and 'why not's of the
methodology used. The methodology can be broken into two steps: 1) the definition of
the fractile tables that need to be created for each state and for each year between 1913
and 2003, and 2) the interpolation method used to estimate each of them.
3.2.1

17 Fractiles to be Estimated
There are 17 fractiles to be estimated: 6 threshold incomes, 6 average

incomes, and 5 inter-fractiles. The following table describes what they correspond to.

1

The Upper Shares of Income in France in the 20th Century.
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Table 3.2

Definition and Notation of the 17 Fractiles to be Estimated
6 Threshold Incomes

Percentile of tax units by income
level from low to high
Threshold income required to
reach each percentile
Threshold income required to
reach each percentile - Notation

90%

95%

99%

99.50%

99.90%

99.99%

$74,838

$98,292

$196,683

$285,144

$666,101

$2,218,587

TI90

TI95

TI99

TI99.50

TI99.90

TI99.99

6 Average Incomes
Percentile of tax units by income
level from low to high

90-100%

95-100%

99-100%

99.50-100%

99.90-100%

99.99-100%

Cumulative percentage of tax
units from top down

10%

5%

1%

0.5%

0.1%

0.01%

Average income of tax units in
each cumulative range

$137,646

$189,694

$434,720

$633,256

$1,504,101

$4,961,690

Average income of tax units in
each cumulative range - Notation

AI90-100

AI95-100

AI99-100

AI99.50-100

AI99.90-100

AI99.99-100

5 Inter-Fractiles
Percentile of tax units by income
level from low to high

90-95%

95-99%

99-99.50%

99.50-99.90%

99.9-99.99%

99.99-100%

Percentage of tax units within
each interval

5%

4%

0.50%

0.40%

0.09%

0.01%

Average income of tax units in
each interval

$85,599

$128,437

$236,185

$415,544

$1,119,925

$4,961,690

Average income of tax units in
each interval - Notation

AI90-95

AI95-99

AI99.00-99.50 AI99.50-99.90 AI99.90-99.99

AI99.99-100

The threshold income labeled TI90 refers to the income level above which a
tax unit belongs to the top decile and below which it does not. Six income thresholds
were calculated: TI90, TI95, TI99, TI99.5, TI99.9, and TI99.99. 2 All of the income

2

The TI notation here corresponds to the P notation in Piketty’s publications.
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amounts are expressed in 2003 dollars, yet they do not take into account the cost of living
differentials from one state to another. 3
The dollar amount in the AI90-100 category refers to the average income of
the top decile. For instance, the richest 10 percent of Alabama’s tax payers earned about
$137,646 on average in 2003 (current dollars). 4
This upper income class displays enough disparities to subdivide the top
decile into 6 inter-fractiles: AI90-95, AI95-99, AI99-99.5, AI99.5-99.9, AI99.90-99.99,
and AI99.99-100 5 . Still considering the case of Alabama in 2003, the richest 0.01 percent
earned about $10,128,674 that year. Such a high income could not be revealed by an
income of $137,646 for the AI90-100 fractile.
The example of year 1940 reveals how sharp the differences can be from one
state to another. For the households living in Arkansas that year, the threshold income
TI90 is $9,354, while the threshold income of TI99.99 is $474,840. Meanwhile,
$11,546,827 is the threshold of the richest 0.01 percent in Delaware. The same year, an
income of about $47,000 makes a tax filer part of the wealthiest 1 percent in Mississippi,
but part of the wealthiest 10 percent in the District of Columbia.

3

It would be very difficult to compute cost of living differences both across states and
over time. State-level CPI data have the same base year value of 100, so these data do not
reflect cost of living differences in the base year, only relative rates of inflation beginning
from the same base value.

4

‘AI90-100’ here is equivalent to Piketty’s average income accruing to fractile ‘P90100’.
5

As Atkinson pointed it out, the top fractile AI99.99-100 needs to be deflated due to the
lack of income brackets at the top. Therefore, a 5% decrease was applied to the years
displaying 12 income classes or less, i.e. between 1988 and 2002.
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In the whole sample (except Alaska), the District of Columbia has the
highest TI90 threshold from 1917 to 1942, and again from 1944 to 1947, 1953-55, 1958,
(except in 1918 with a third position after South Dakota and Nebraska, and in 1925
ranking second after Florida).
The year 2000 is an illustration of the peak in income levels reached by the
top percentile that year. Among all the states, the highest income level of the AI99-99.5
fractile is recorded in Connecticut ($665,798). Still, that income level of the bottom half
of the top percentile (AI99-99.5 in Connecticut) needs to be multiplied by more than 3.1
to reach the lowest values (among the states) of the highest fractile (AI99.99-100), which
was recorded in West Virginia the same year ($665,798 * 3.1 < $2,096,212). Another
example is that of the year 1982, when earnings of about $200,000 placed a household in
to the AI99-99.5 fractile in Connecticut 6 but to the AI99.99-100 fractile in South
Dakota 7 .
Fractiles can be determined graphically using the cumulative curve. The
cumulative distribution function plots the number of tax units (i.e. the number of
households who filed a tax return) against the different income thresholds. For instance,
the median interval simply corresponds to that bracket of income that contains 50% of the
statistical population. However, to get a numerical estimation rather than a broad interval,

6

To be more precise, the AI99-99.5 fractile (i.e. the average income of the bottom half of
top percentile) in Connecticut, 1982 is $199,214.
7

To be more precise, the AI99.99-100 fractile (i.e. the average income of the top 0.01
percent) in South Dakota, 1982 is $200,293.
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income statisticians use the fact that typically, income cumulative curves fit the Pareto
distribution fairly well at the upper tail.
3.2.2

Fractiles are Estimated by the Pareto Interpolation Method
The Pareto interpolation is a method of estimating either the median, or the

deciles, or the percentiles of a population that follow a Pareto distribution.
•

The Pareto Distribution
Studying the income distributions of various countries, the Italian economist

Vilfredo Pareto noticed a specific pattern of the income allocation among individuals:
Whenever the amount of wealth doubles, the number of people falls by a constant factor.
In the theoretical literature, this constant factor is usually called the Pareto coefficient and
is labeled b. This factor may vary from country to country, but the pattern remains
basically the same. Buchanan (2002) comments further on the Pareto distribution:
Unlike a standard bell curve distribution, in which great deviations from
the average are very rare, Pareto's so-called fat-tailed distribution starts
very high at the low end, has no bulge in the middle at all, and falls off
relatively slowly at the high end, indicating that some number of
extremely wealthy people hold the lion's share of a country's riches. In the
United States, for example, something like 80% of the wealth is held by
only 20% of the people. But this particular 80-20 split is not really the
point; in some other country, the precise numbers might be 90-20 or 95-10
or something else. The important point is that the distribution (at the
wealthy end, at least) follows a strikingly simple mathematical curve
illustrating that a small fraction of people always owns a large fraction of
the wealth.
Visually, the Pareto distribution can be represented by the probability density
function (PDF) taking the power form f(y) = α kα / y(1+α), where y stands for income, α is a
scalar, and k, the minimum level of income in the distribution. It captures well the 80-20
28

percent rule as f(y), the “probability” or fraction of the population that earns a small
amount of income per person (y), is rather high for low-income levels, then decreases
steadily as income y increases: The higher the values of α, the wider the gap of
inequality. 8

f(y) = α kα / y(1+α), %
f(y)| αhigh
αlow < αhigh
f(y)| αlow

y
0

Figure 3.1

1

2

3

4

5

Pareto Probability Density Function

Justifying that an income allocation fits Pareto distribution is the first step
towards the calculation of dispersion indicators, such as the 17 fractiles to be estimated.
This estimation can be performed using the Pareto interpolation technique (where the
curved portion of the cumulative curve is approximated to a straight segment).

8

The scalar α will be used again in the analysis on convergence (Chapter 6). In that
chapter, the hypothesis that the top income fractiles are well approximated by the Pareto
distribution will be extended to the functional form of the Lorenz curve, without making
further assumptions. The Lorenz curve will be used to derive in all states the lower
fractiles of the distribution (down to the lower decile).
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•

The Pareto Interpolation Method
The Pareto interpolation method suggests a specific formula to estimate

fractiles. In the case of the top decile TI90, the formula is written as follows: 9
TI90 = k (10%)1/α

(3.1)

The estimation of the parameters k and α start with the determination of si, the lower
bound of the income interval [si ; si+1) displayed in the IRS tables. For instance, the IRS
table for Alabama in 2003 (listed in the table below), displays Ni and Yi for each income
bracket [si ; si+1).

Table 3.3
Income brackets
[1 ; 30,000)
[30,000 ; 50,000)
[50,000 ; 75,000)
[75,000 ; 100,000)
[100,000 ; 200,000)
200,000 or more
Total

9

si
lower bound

All the Steps from IRS Tables to TI90
Ni*

Ni

1 1,088,495
30,000
332,057
50,000
229,168
75,000
117,246
100,000
92,505
200,000
24,294
1,883,765

1,883,765
795,270
463,213
234,045
116,799
24,294

Yi
in $1,000

Yi*
in $1,000

14,335,594
12,931,107
14,052,671
10,063,119
12,021,949
11,438,224
74,842,665

74,842,664
60,507,070
47,575,963
33,523,292
23,460,173
11,438,224

yi = Yi* / Ni*
in $
76,084
102,709
143,234
200,859
470,825

To calculate the top percentile instead, then the formula becomes: TI99 = k (1%)1/α.
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Table 3.3
Income
brackets
in 1,000 $

yi =
Yi* / Ni*
in $

bi =
yi / si

αi =
bi / (bi - 1)

continued

pi % =
Ni* / N*

Min |pi – 10%|
ki =
si . [ pi (1/αi) ]
i = 1 to 5

TI90
ki / [ 0.1 (1/αi) ]

0.001-30
30-50

76,084

2.54

1.65

34.10

15,634.98

24.10

50-75

102,709

2.05

1.95

19.86

21,812.81

9.86

75-100

143,234

1.91

2.10

10.03

25,084.20

0.03

100-200

200,859

2.01

1.99

5.01

22,235.44

4.99

200 or more

470,825

2.35

1.74

1.04

14,480.79

8.96

75,125

Columns Ni* and Yi* simply correspond to the cumulative sums of Ni and Yi,
respectively. The variable labeled yi represents the average income earned by the
individuals lying in the [si ; si+1) income interval. The Pareto coefficient bi = yi / si divides
the average income earned in the income class [si ; si+1) by the minimum income of that
class. It is then straightforward to derive the parameter αi = bi / (bi – 1). Both αi and pi, the
fraction of tax units earning more than si are used in the estimation of k = si [ pi (1/αi) ].
Next, the lower bound si chosen in the calculation of threshold income TI90
is such that the fraction pi of tax units with income above si is as close as possible to the
fractile TI90. This way of choosing si is one of Piketty’s (2001) contributions. Finally, the
Pareto formula mentioned above is applied here: estimated decile TI90 = k / 0.1(1/α).
Similarly, the formula estimating the top percentile is TI99 = k / 0.01 (1/α), and so on for
the other threshold-income fractiles.
Getting average-income fractiles requires nothing more than multiplying the
Pareto coefficient bi with the corresponding threshold income. Using the same example
of the top decile as previously, average income level is defined as follows:
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(3.2)

AI90-100 = bi . TI90
Then, inter-fractiles are deduced from simple subtractions summarized in the

table below.
Table 3.4

Inter-Fractiles Calculation

AI90 - AI95

2 (AI90-100) - (AI95-100)

AI95 - AI99

[ 5 (AI95-100) - (AI99-100) ] / 4

AI99 - 99.5

2 (AI99-100) - (AI99.5-100)

AI99.5 - 99.9

[ 5 (AI99.5-100) - (AI99.9-100) ] / 4

AI99.90 - 99.99

[ 10 (AI99.9-100) - (AI99.99-100) ] / 9

After the computation of fractiles for each state and each year from 1913 to
2003, more adjustments need to be made. Section 3.3 describes the main corrections
added to the time-series (and the appendices describe all other adjustments not discussed
in the text).

3.3

The Main Adjustments
To ensure the homogeneity of the time-series, various adjustments had to be

performed. Below are the three corrections that most affected the data-set: 1) the
exclusion of capital gains, 2) the treatment of the 1944 change in the definition of
income, and 3) the upward adjustment of the count of tax units, smaller in size than
households. The interested reader will find in Appendix 2 the description of all other
adjustments.
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3.3.1

Excluding Capital Gains
Among the different sources of income (wages, dividends, interests, business

incomes, etc.) the capital gains declared are realized, and only a fraction of realized gains
is reported on the tax returns. Moreover, capital gains feature an extreme volatility in the
short-term, and keeping their aberrant values in the sample skews the curve of the overall
trend. Unequivocal comparisons therefore require the exclusion of all capital gains from
the upper income time-series. Piketty and Saez (2004) note (p. 33):
From 1913 to 1933, 100% of capital gains were included in net income
(there was no capital gains exclusion); from 1934 to 1937, 70% of capital
gains were included in net income (i.e. 30% of capital gains were
excluded); from 1938 to 1941, 60% of capital gains were included in net
income (i.e. 40% of capital gains were excluded); from 1942 to 1978, 50%
of capital gains were included in net income (1942-1943) or in AGI (19441978) (i.e. 50% of capital gains were excluded); from 1979 to 1986, 40%
of capital gains were included in AGI (i.e. 60% of capital gains were
excluded); from 1987 on, 100% of capital gains were included in AGI
(there was again no capital gains exclusion).
After withdrawing the share of declared capital gains from total income, one
problem occurs. The subtraction of capital gains in each fractile series leads to a
significant reduction, if not the elimination, of the highest incomes. This is the case for
these tax units filing returns with capital gains as a main source of income. In other
words, the removal of capital gains generates a new series whose ranking is inconsistent
with the initial income-class intervals as displayed in the IRS publications. The rank
reversal is an issue that needs to be corrected. According to Piketty and Saez, the top
fractile AI99.99-100 needs to be increased by 40 percent, the fractile AI99.9-99.99 by 2
percent, AI99-99.5 and AI99.5-99.9 by 1 percent to preserve the initial income ranking.
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AI90-95 and AI95-99 are left unaffected. These corrections are applied here to the
fractile series uniformly across states. It seems reasonable to apply the treatment of
capital gains uniformly across states because splitting capital gains into 51 different areas
also divides the biasing effect by the same number.
3.3.2

Net Income and Adjusted Gross Income (from 1944 on)
The IRS definition of income has varied over time. The IRS used the term

‘net income’ until 1943, and ‘adjusted gross income’ from 1944 on. In the net income
definition, the various deductions (charitable gifts, interest paid, local taxes, etc.) taken
into account underestimated the 1913-1943 series compared to the 1944-2003 series. In
consequence, the final series from 1913 to 1943 had to be adjusted upward. The sharpest
correction concerned the top percentile, inflated by up to 20 percent. To a lesser extent,
the 1944-2003 series also had to be adjusted upward (for the same reasons as explained
by Piketty and Saez, 2004, p. 33, iii).
As in Piketty and Saez (2004), income is here defined as the annual gross
income reported on tax returns, excluding capital gains and government transfers (such as
social security pensions, unemployment benefits, welfare payments, etc.) and before
individual income taxes and employees’ payroll taxes.
3.3.3

Households versus Tax Units
In this paper, the terms ‘household’ or ‘tax unit’ are used similarly, one as

being the substitute for the other. However, there is a difference between ‘tax unit’ and
‘household’. The tax-unit series was constructed by Piketty and Saez (2004, p. 4)
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according to the following definition. “A tax unit is defined as a married couple living
together (with dependents) or a single adult (with dependents), as in the current tax law.”
Due to the limited availability of data at the state level, the tax-unit series could not be
identically constructed at the state level, hence, the resort to the household population as
a proxy variable for tax units. The household series comes from the Bureau of the Census
who defines the term ‘household’ as follows:
A household includes all the persons who occupy a housing unit. A
housing unit is a house, an apartment, a mobile home, a group of rooms, or
a single room that is occupied (…). The occupants may be a single family,
one person living alone, two or more families living together, or any other
group of related or unrelated persons who share living arrangements.
Therefore, to believe that households approximate well tax units is a delicate
question because more than one tax unit may be included in one household (e.g. spouses
filling returns separately, students co-renting the same housing, etc.) In other words, the
number of tax units is usually greater than the number of households. Whether income
per tax unit or income per household is chosen, the latter exceeds income per tax unit (by
30 percent on average, according to Piketty and Saez, 2004, p. 30).
This is the reason why the number of households had to be adjusted upward
so that the national aggregate of the time-series I collected fits Piketty and Saez’s series
of tax units, leaving the initial state proportions intact. In other words, I calculated the
percent share that state i represents in the U.S. number of households using BEA state
data. Then, the same percentages (state / U.S.) were applied to Piketty and Saez’s
denominators to get a new series by state. This is the most significant adjustment made
for the N* variable.
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3.4

51 Ratios of Top Incomes over State Mean: Within-State Inequality
The within-state inequality ratios are defined as the average income per

household accruing to each fractile divided by state i’s average income per household.
State i’s average income data at the denominator cannot come from the IRS publications
because the number of income tax returns does not represent more than the richest 10
percent of the population in the early years of the sample. In other words, IRS data cannot
represent the state average income consistently from 1913 to 2003, hence the resort to
another data source for a comparison of top incomes (IRS) with the mean income (BEA).
Unlike the IRS’s Statistics of Income, the BEA’s State Personal Income data
are not displayed by income classes, and both differ in definition. 10 As mentioned in the
introduction chapter, adjustments needed to be made on the BEA income series so that
the BEA definition fits the IRS income (itself modified for time-consistency purposes as
described in Section 3.3.2). The details of the adjustments made on the BEA personal
income series are presented in Appendix A.1.2. Overall, to divide the top income levels
by the state average yields an indicator measuring within-state inequality.

10

“In addition to non-taxable government transfers, non-taxable personal income
includes imputed rent; interest and dividends received by pension plans, life insurance
carriers and non-profit institutions; non-taxable employer and employee contributions to
pension plans, health insurance, day care, etc.; capital and inventory adjustments (NIPA
capital consumption is generally smaller than IRS capital consumption, so that NIPA
entrepreneurial income is generally larger than IRS entrepreneurial income); etc. See
Park (2000) for a detailed description of the differences between NIPA personal income
and individual tax return income.” (Piketty and Saez, 2004, p. 28, note 49.)
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3.5

51 Ratios of Top Incomes over U.S. Mean: Between-State Inequality
There are 51 inter-state inequality ratios, one for each state and one for the

District of Columbia. These ratios divide the per-household income of state i’s top
fractiles by the national average of per-household income. Converted in 2003 dollars, the
national income used from 1913 to 2003 comes from Piketty and Saez’s series, as it is
already corrected with all necessary adjustments. As well as an indicator of inter-state
inequality, this ‘convergence ratio’ parallels Piketty and Saez’s income shares whose
fluctuation interval ranges from 0 to 1. Piketty and Saez’s income shares represent the
percent weight of top incomes in total income. 1 Here, however, the top income per
household is divided by the national income per household (not total income), and
therefore most of the ratios exceed unity. The few that lie within unity are the states
where the richest per household incomes did not go past the level of the national average;
this particular case typically occurred in the early years of the time-period 1913-2003.

3.6

Income Shares by State
Income shares measure the weight of top incomes in total income at the state

level. They are also part of the panel database.

1

See Les Hauts Revenus en France, Appendix B, p. 619, footnote 1, and “Income
Inequality in the United States”, long version, p. 38.)
37

Chapter 4
CROSS-SECTIONAL AND TREND-OVER-TIME ANALYSES

The results can be analyzed over time, by cross-section, or both at the same
time. First, the income levels are presented with the charts of fractiles for the full time
period and by region, as defined by the U.S. Census Bureau: West, Midwest, South, and
Northeast.
Table 4.1

The U.S. Census Regions

West

Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada,
New Mexico, Oregon, Utah, Washington, Wyoming.

Midwest

Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska,
North Dakota, Ohio, South Dakota, Wisconsin.

South

Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia,
Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma,
South Carolina, Tennessee, Texas, Virginia, West Virginia.

Northeast

Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New
York, Pennsylvania, Rhode Island, Vermont.

Second, the ratios dividing the top income levels by the state average income
are mapped in selected years. Third, the indicator capturing the departure of top income
levels from the U.S. mean is mapped annually from 1913 to 2003 and animated in a short
video file that any standard media player can read.
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4.1

Income Levels over Time
The figures below show the regional trend of fractiles AI90-95, AI95-99, and

AI99-100 for the entire time period. The regional data were obtained by taking the
average values of the states in that region. The state recording the highest level of income
for fractile AI99.99-100 is also displayed. Throughout the 91 years of observations, the
peak income of the top 0.01 percent (AI99.99-100) exceeds by 23 times the maximum
value of the top percentile (AI99-100) in the Midwest, and 37 times in the West.
4.1.1

West
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Average Income of AI90-95, AI95-99, AI99-100
WEST, 1913-2003
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Average Income of Top 0.01%
California, 1913-2003
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Source: Author's computations based on individual tax returns (AI99.99-100)

Figure 4.1

Average Income Levels in the West

The striking feature of this figure is the dramatic rise in income level of the
top 0.01 percent at the end of the 1990 decade in California.
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4.1.2

Midwest
Average Income of AI90-95, AI95-99, AI99-100
MIDWEST, 1913-2003
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Average Income of Top 0.01%
Illinois, 1913-2003
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Figure 4.2

Average Income Levels in the Midwest

Occurring in 1982, the sharp drop in income of the top 0.01 percent is hard
to explain. Even though the accuracy of the IRS data were affected by a very restricted
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number of income brackets in the SOI tables that year, the following years still confirm a
very pronounced downward trend.
4.1.3 South
Average Income of AI90-95, AI95-99, AI99-100
SOUTH, 1913-2003
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Average Income, of Top 0.001%
District of Columbia, 1913-2003
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Figure 4.3

Average Income Levels in the South

42

Again, the top 0.01 percent seem to reach all-time high levels at the end of
the sample period, far above the ranges of the beginning of the sample 1913-2003.
4.1.4

Northeast
Average Income of AI90-95, AI95-99, AI99-100
NORTHEAST, 1913-2003
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Average Income, of Top 0.001%
New York, 1913-2003
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Figure 4.4

Average Income Levels in the Northeast
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For the four regions, the 4 percent between the 95th and 99th percentiles of
the distribution grow slowly and at the same rate over time. For instance, the AI95-99
incomes all start around $40,000 in 1917, and reach the threshold of $100,000 (constant
dollars) in 1966 for the West and Midwest, 1968 for the South, and 1964 for the
Northeast. Barro and Sala-i-Martin (1995) conclude that states grew roughly at the same
rate over the past century: this is true only for the fractiles AI90-95 and AI95-99.

4.2

Within-State Inequality (ytopi,t / ybari,t)

4.2.1

Maps
In regard to the upper percentile relative to the state mean, only the results

based on the top percentile (AI99-100) are displayed below. Between 1913 and 2003, the
values of the intra-state inequality ratio range from 1.4 to 47. For the map of year t to be
comparable to the map of any other year n ≠ t, a ranking of the values in four equal
intervals is applied to the entire time period (as opposed to the same partition applied to
one particular year). 5.9 is the threshold of the first quartile, 7.6 is that of the median, and
9.7 of the third quartile. Hence the same legend for all maps:

Figure 4.5
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Legend

Here, the magnitude of the third quartile (75-100 percent) is 37.3 (= 47 – 9.7) and refers
to the top percentile. It lies between 3 and 1,833, its equivalent values based on fractiles
AI90-95 and AI99.99-100, respectively.
The years selected below (1929-1933, 1939-1945, 1949-1979, 1990, and
2000) represent the beginning or the end of historical events that affected the U.S.
economy more or less severely.

Figure 4.6

Figure 4.8

1929

Figure 4.7

1939

Figure 4.9
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1933

1945

4.2.2

Figure 4.10

1949

Figure 4.11

1979

Figure 4.12

1989

Figure 4.13

2000

Trend over Time
Regressions of intra-state inequality on time and state by state yield time

coefficients that are summarized in the three plots below.
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Figure 4.14

Time Coefficients of Intra-State Inequality Regressions

An alternative way of presenting the results is to resort to the coefficient of
variation (CV). By definition, the coefficient of variation divides the standard deviation
by the mean, measures the volatility of a series with respect to its mean. The coefficient
of variation CVt(ytopi,t / ybari,t) is here regressed on time to observe the variability of
within-state inequality over time. The table below shows that the annual income gaps
within states have significantly declined in magnitude from 1913 to 2003.

Table 4.2

*

Variability in Within-State Inequality

Dependent variable: CVt (ytopi,t / ybari,t)

AI 90-95%

AI 95-99%

Top 1%

Regressor coefficient: Time

-0.0035*

-0.0022*

-0.0015*

Statistically significant at the 1% confidence level.

A visual representation of the coefficients of variation illustrates the same
result, in a lesser extent for the top percentile (in the right panel):
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Figure 4.15

4.3

Coefficients of Variations of Intra-State Inequality

Inter-State Inequality (ytopi,t / ybarUS,t)
The estimation method applied at the state level is the same as Piketty and

Saez’s at the national level. Therefore, the unweighted addition of top incomes across
states (top panel) should match Piketty and Saez’s top income figures at the national level
(bottom panel).
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The Top 10% Income relative to the Average
Nation, 1917-2003

AI90-100 / average income per household
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Figure 4.16

Top Decile at National Level: Here versus Piketty and Saez (2004)
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The reason why this calculation is done is to check the accuracy of the state
estimates calculated here. Basic regressions of one against the other yield a (positive) R²
of 0.8. The unexplained part of the correlation may be linked to several factors. One of
them is that the two curves above are not identically defined. The former divides the top
decile income by per household income (and typically exceeds unity) while the latter
divides the top decile income by total income (and is smaller than one). This should not
affect the similarity in their respective trend, however. Another explanation refers to the
unit income as measured by Piketty and Saez, who constructed a tax-unit series to
calculate income per tax unit, while we refer here to the income per household. Indeed,
the availability of the data at the state level did not allow the state and national series to
be identically constructed, despite all the adjustments already performed on the
household series. 1
One may keep in mind that if the incomes of the top 10 percent do not
exceed 4.5 times the national average during the entire time period, the top 0.01 percent
reaches a peak of 380 times in 1916, and always lies above 150 times the national
average, except for the 1940-1990 time interval.
4.3.1 Animated Mapping
Below is the media file showing the temporal evolution of the ratio dividing
the top percentile by the U.S. average personal income. More precisely, it consists in
putting together all the annual maps of the ratio, and the juxtaposition of all maps

1

More explanations are provided in Section 3.3.3, and in appendices A.1.3.
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chronologically creates an animated effect recorded in a video file. Ranging from 3.1 to
73.4 (in all years and states), the values of the inter-state ratio are displayed with 2 visual
effects. The first one is a 3-dimensional projection that gives height to the state polygons,
the height being equal to the state value of the ratio. The second is the partition of the
values into 4 equal groups of colors, shading from light blue (low values) to dark blue
(top values), breaking at the 3 quartile thresholds (Q25 = 6.6, Q50 = 8.4 and Q75 = 11).

Figure 4.17

Legend for the Video File

The animation file lasts about 1 minute and 30 seconds. Click here to play
the video. For readers using the paper-version of this thesis, below is one map extracted
from the video.
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Figure 4.18

Inter-State Inequality in 1938

The evolution of the top income with respect to the national average is
referred here as ‘inter-state convergence’, and can be summarized in a trend analysis.
4.3.2

Trend over Time
Inter-state convergence regressions produce the following time estimates.

Figure 4.19

Time Coefficients from Inter-State Inequality Regressions
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There is a clear difference between the fractiles of 90-99 percent and the top
percentile. While the increasing trend of the former reveals a further deviation from the
national mean after the 1940s, the latter sharply converges to the national mean after the
Second World War until the mid 1980s.
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Chapter 5
CONVERGENCE 1:
INCOME INEQUALITY AND ECONOMIC GROWTH

Chapter 5 deals with the evolution of income inequality compared to the
growth rate of state average income. As mentioned in Chapter 3, state average income
refers to the BEA series of per household personal income by state adjusted to Piketty
and Saez’s series, and income inequality is measured with various ratios of the top
percentile.
This chapter aims at assessing the sensitivity of the results to two different
approaches. The first one is borrowed from Kuznets (1958); the second one is taken from
Barro and Sala-i-Martin (1995). Therefore, this chapter starts with a Kuznets-type
analysis based on the ranking of states according to their respective initial average
income (BEA data). The analysis continues with a formal econometric analysis based on
the generalized method of moments to address the issue of the β convergence. Next, the
concept of the σ convergence is applied to both average and top incomes, using different
measures of their respective dispersion across states.
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5.1

Kuznets-Type Analysis Based on the Ranking of States
The Kuznets-type analysis leads to distinguish three stylized facts: 1) the

persistence of income differentials among states over time, 2) the high-income states
display the widest income gaps, and 3) the relationship between low income levels and
fast growth rates does not hold during recessions. In all three cases, whether a state is
considered rich or poor is based on the ranking of the state average income series.
5.1.1 Persistence of Income Differentials Among States over Time
Overall, the rank order of the states with respect to state average income has
remained strikingly stable over time. The richest third (i.e. the top 17 states) in 2003
includes 13 of the 1913 wealthiest states. In addition to listing the high-income states,
Table 5.1 displays the corresponding income per household expressed in 2003 dollars.
The state names that do not appear in both the columns have been grayed out.
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Table 5.1

High-Income States in 1913 and 2003

1913

2003

Alaska

35,317

Connecticut

87,634

California

34,176

New Jersey

84,721

District of Columbia

31,799

District of Columbia

84,310

New York

26,209

Massachusetts

79,210

Connecticut

24,962

Maryland

78,063

New Jersey

24,562

California

77,580

Illinois

21,728

New York

74,655

Michigan

21,464

Alaska

71,553

Delaware

20,905

Hawaii

70,804

Massachusetts

20,002

Illinois

70,417

Rhode Island

19,588

New Hampshire

69,837

Hawaii

18,544

Virginia

68,643

Arizona

18,517

Colorado

68,167

Pennsylvania

17,710

Minnesota

68,153

Maryland

17,405

Delaware

68,045

Ohio

16,964

Washington

65,019

Washington

16,653

Rhode Island

64,903

This secular persistence of income discrepancies across states generalizes
what Perloff, Dunn, Lampard, and Muth (1967, p. 502) found for per capita income by
state from 1920 to 1955. The authors noted that “there has been remarkably little change
in income differences among states over these years. While it is true that some states have
had more rapid increases in per capita income than others and there has been a tendency
toward equalization of differentials in relative terms, the narrowing of the differentials
appears to be related primarily to short-run fluctuations and year-to-year random
movements.” The authors point out two economic upheavals featuring the time-period
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1920-1955: 1) the Great Depression, and 2) the inflationary spiral that occurred in the
aftermath of World War II.
5.1.2

The High-Income States Display the Widest Income Gaps
The main idea is to oppose two series: 1) the level of state average income

per household, and 2) the size of the state inequality gap. More precisely, the state
average income per household corresponds, as discussed above, to the BEA state
personal income adjusted to Piketty and Saez’s series. The inequality gap is measured by
the inter-state ratio of the top percentile (derived from IRS tables), i.e. the departure of
the state top incomes (top 1 percent) from the national average. The first series is ordered
in descending sequence, and then partitioned into 3 groups of 17 states each: high-,
medium-, and low-income states. Similarly, the second series partitions states of wide,
moderate, and narrow income gaps. How many of the poorest states are featured by high
inequality? Kuznets predicted the reverse correlation.
Figure 5.1 illustrate the results for selected years, with negative correlation
(left panel) and positive correlation (right panel):
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Figure 5.1

1913 1929 1939 1945 1955 1975 1980 1990 2000 2003

The Richest States Record the Widest Inequality Gaps

It is evident in Figure 5.1 that there are many more states where a narrow
income gap is associated with a low level of income (and sharp inequality with high
income levels) than states recording a low income average along with a wide income gap
(and vice-versa for ‘high-narrow’). Moreover, the state count in either case barely varies
over time. The standard deviation for the negative and positive correlations is 1.9 and 3.7,
respectively. This result contradicts Kuznets hypothesis, but prior to drawing such a
conclusion, we need to focus on how state growth rates evolved with inter-state
inequality, measured in the next section by the ratio of the income earned by the top 1
percent relative to the national average income.
5.1.3

The Relation Low Income - Fast Growth Holds in the Long-Run
In his study of industrial distribution of income by states, Kuznets (1958, p.

42) writes that “the states with the highest rates of growth in per capita income had low
per capita incomes in the initial year; and those with lowest rates of growth in per capita
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income had initially high per capita incomes… In other words, in the country’s growth
during recent decades interstate inequalities in per capita income were reduced.”
However, Kuznets analyzed only five years or periods (1919-21, 1929, 1940,
1950, and 1955) to draw his conclusion on. Using the series of the state average of per
household income, we compare here the number of low-income states with fast growth
rates to the number of low-income states with slow rates of growth. 1 Again, the data shed
light on this point. The two panels of the figure below provide a visualization of the
results. The first one utilizes the full size of the sample (1913-2003), and the second
duplicates the former for selected years only (1919-21, 1929, 1940, 1950, and 1955 from
Kuznets’ perspective).

1

Alternatively, we could have compared the number of high-income states with slow
growth rates to the number of high-income states with fast rates of growth.
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Correlation between Initial Income and Growth Rates
in Kuznets' Analysis

Count Number of States Displaying either Correlation

Negative

Positive

30
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5
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(b)
Figure 5.2

Correlation Ambiguities between Initial Income and Growth Rates

Figure 5.2 suggests convergence because the low-income states recorded fast
growth rates 52 times out of the 90 years considered. This number exceeds the number of
years when low-income states recorded slow growth rates (32 years out of 90). The
remaining 6 years featured equality between income levels and growth rates. It is not
surprising that both Kuznets and Barro concluded in favor of convergence because the
years they considered displayed more states where initial incomes were negatively
correlated to growth rates.
Figure 5.2 reveals that the negative correlation switched to a positive
correlation in recessionary years: the aftermath of 1929’s black Friday, the early 1950s,
early 1960s, almost the full decade of the 1980s, and the second half of the 1990s. At
these points in time, there were more rich states growing fast than rich states growing
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slow. 2 This remark suggests that the β convergence does not hold anymore in the
downward phase of the Juglar’s cycle, whose complete occurrence usually takes eight to
ten years.
However, their conclusions were based on different measures of income.
Kuznets used per capita income (and not per household income), thereby making
comparisons less unequivocal. Note also that Kuznets’ main argument was not to
demonstrate the links between growth rates and income differentials, but to inform on the
industrial distribution of income among the sectors of agriculture (A), manufacturing (M)
and services (S), at a very refined degree of disaggregation. For 1919-1921, 1929, 1940,
1950, and 1955, he arrayed the percentage increase in states per capita income in
descending order, and partitioned them into six groups of 8 states each. He performed
both cross-section and trend over time analyses, and concluded: 3
The share of the A sector declined in all six groups of states; but the
decline was greater in the states in which growth in per capita income was
greatest. (…) Thus the results for the share of the A sector conform to the
expectations derived from the cross-section analysis.
The changes in the share of the M sector also agree with our
expectations. The share rose in all six groups, but it rose more in the
groups in which per capita income grew at a higher rate.
The share of the S sector also rose fairly substantially in all six
groups; but the association between the rate of growth of per capita
income and the increase in the share is not as clear-cut as for the A and M
sectors.

2

Similarly, there were more poor states growing slow than poor states growing fast.

3

Kuznets (1958, p. 42).
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The industrial distribution of income across states is a topic where
boundaries lie beyond the scope of the present work. The next step is to address the same
issue of inequality and growth, through the traditional concept of the β convergence.

5.2

β Convergence and Inequality Regressions
The β convergence refers to the negative correlation between the initial

income level and the growth rate at two different points in time. The initial income level
is measure here by the state average income derived from the BEA series. Inequality
equations, however, address the convergence issue from a different perspective and link
the top incomes to the growth rate of state average income.
5.2.1

β Convergence: Growth and Initial Income Level
Testing the Solow model of growth 4 , the traditional regressions found in the

empirical literature use a cross-country sample to perform a linear regression of growth
rates on a constant term and the initial level of per-capita income. With i indexing U.S.
states, the main equation is
(5.1)

(1/T) . log [yi,(t0+T)/yi,t0] = α + β log [yi,t0] + γXi + εit,

where:
o T is the amplitude of the time-interval considered,
4

According to the Solow growth model, two economies with similar technology, savings
rates, and population growth rates converge to the same capital-labor ratio and level of
per-capita income in the long run. In other words, if poor countries tend to grow at faster
rates (per capita) than rich countries, their per-capita income levels are getting closer
together over time.
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o t0 is 1917 for the top decile, and 1913 for the top 1 percent,
o log [yi,(t0+T)/yi,t0] is the overall growth rate of the BEA personal income per
household in state i between year t0 and t0+T,
o (1/T) . log[yi,(t0+T)/yi,t0] is the annual growth rate of the BEA personal income per
household in state i between year t0 and t0+T,
o yi,t0 is the initial income level,
o Xi represents one or more additional variables that may affect growth,
o εi is a random error term, and
o α, β, and γ are parameters to be estimated.
Initial income is entered in log form because that allows the coefficient β to
be interpreted as the marginal effect of a one-percent increase in initial income on the
growth rate. A negative value of β provides evidence supporting the convergence
hypothesis of the Solow model. 5
As Crain (2003) pointed it out, the definition of the growth rate (of income)
is an issue. Whether the growth rate is defined one way or another, the estimated
coefficients of an equation may change in sign. To illustrate his point, Crain compared
the ‘continuously compounded’ growth rate (as used in traditional convergence
regressions) to the ‘least squares’ growth rate (that Crain derives from least squares trend
regressions). In regressions based on the ‘least squares’ growth rates, the β coefficient is
no longer statistically significant (even though it keeps the same sign). Crain extended the

5

Barro and Sala-i-Martin define β in a different way and expect a positive β for a
conclusion favoring convergence.
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analysis from income per capita to income per worker and concluded again on the
sensitivity of the results to the growth rate definition, as shown in the table below.

Table 5.2

Barro-Type Test for State Income Convergence, 1969-1999

Source: Crain (2003, p. 28).

Taking this detail into account, the next figure distinguishes two definitions
of growth rates, both being based on state average income per household. The first one is
equal to the logarithm of the ratio of income level in year 2003 over the income level in
year 1913: log(ybar2003/ybar1913). The second one is defined as the average of annual
growth rates between 1913 and 2003. The results appear in panels (a) and (b) of the
figure below, where each point represents a state.
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Growth Rate from 1913 to 2003 versus Initial State Personal Income
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versus Initial State Personal Income

(b)

Average of annual growth rates 1913-2003
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Figure 5.3

Growth Rates versus Initial Income Level

The declining trend clearly coincides with Barro and Sala-i-Martin’s results.
To visualize where the states are located on the scatter plots, we aggregated the data at
the regional level and what was expected clearly appeared in the figure below.
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Regional Growth Rate 1913, 2003 versus Initial State Personal Income
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Figure 5.4

Regional Growth Rates versus Initial Income Level

As mentioned earlier, the data depicted in the two figures above are not
derived from the IRS tables, but from the BEA state personal income data. The next
section deals with the β convergence of the IRS incomes within the top 10 percent.
5.2.2

β Convergence Within the Top Decile
Convergence seems to occur within the top decile. Consider fractiles AI90-

95, AI95-99, and AI99-100, (with all income levels expressed in constant dollars of
2003). The beginning of the time-period is 1917 for the first two, and 1913 for the third
one. In the figure below, the horizontal axis is the one percent increase in the initial
income level of the fractile considered, and the vertical axis is the growth rate of ytopi,
between t0 and (t0 + T):
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Figure 5.5

Convergence Within the Top 10 Percent

The three scatter plots actually correspond to equation
(5.2)
5.2.3

(1/T) . log [ytopi,(t0+T)/ytopi,t0] = α + β log [ytopi,t0] + εit.
Inequality Regressions
Before estimating any regressions, one needs to consider the best method of

estimation, given the panel data at our disposal.
•

Generalized Method of Moments (GMM) as the Method of Estimation
Panel data lend themselves to dynamic models. The chosen method of

estimation is a dynamic panel data model where the general approach relies on
instrumental variables estimators and on a generalized method of moments estimator.
Several reasons justify this choice. First, performing a Hausman test on the growth
equation leads to the rejection of the assumption that the regressors are uncorrelated with
the error terms. In other words, ordinary least squares estimates cannot be consistent. An
alternative method to least squares estimation is the instrumental variable technique. In
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other words, one needs to introduce instrumental variables to the dynamic panel data
specification which is given by Equation (5.3)
(5.3)

yit = αi + β xit + δ yi,t-1 + εit.
Second, the time-span 1913-2003 is long enough to use the lagged growth

rates (yi,t-2 – yi,t-3) as instrumental variables for (yi,t-1 – yi,t-2). The first differences
transformation applied to the dynamic model corrects for the cross-section effects and
produces an equation of the form 6 :
(5.4)

yit – yi,t-1 = β (xit – xi,t-1) + δ (yi,t-1 – yi,t-2) + (εit – εi,t-1).
Third, the dynamic model adopted here corrects for time-period fixed effects

with dummy variables and corrects for heteroscedasticity with a White diagonal
instrument weighting matrix.
•

Inequality and Initial Income Level: Significant Positive Correlation
The table below shows a strong positive correlation between inter-state

inequality (AI99-100i / ybarUS) and the state average income at the beginning of each
period.

6

See Greene (2000, p. 583).
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Table 5.3

Inter-State Inequality Increases with the State Mean Income
Dependent Variable: INTER99100
Sample
Variable
Coefficient
INTER99100(-1)
0.2629
1913-1928
YBAR
-9.89E-06
INTER99100(-1)
0.0258
1929-1939
YBAR
0.0019
INTER99100(-1)
-0.0233
1944-1979
YBAR
0.0001
INTER99100(-1)
-0.1192
1980-1989
YBAR
0.0003
INTER99100(-1)
-0.4013
1990-1999
YBAR
0.0007
INTER99100(-1)
-0.6120
1999-2003
YBAR
0.0009

Prob.
0.0000
0.9799
0.7042
0.0032
0.6084
0.0000
0.0001
0.0001
0.0000
0.0000
0.0000
0.0000

Coefficients do not vary much when AI99.99-100 is used instead. Do the
results change after the addition of another regressor in the GMM regressions? Reflective
of the industrial composition of income in each state, this variable added to the Xi matrix
is taken from Barro and Sala-i-Martin (1991, p. 117). It breaks down “state i’s personal
income into nine standard sectors: agriculture; mining, construction; manufacturing;
transportation; wholesale and retail trade; finance, insurance, real estate; services, and
government.” The data relate to the personal income accruing to each sector in 1930,
1940, 1950, 1960, 1970, and 1980 at the national level. The two authors first calculated
the national growth rate of each sector from one decade to the other, and then weighted
the national growth rates by the share of each sector in state i. The variable they compute
is a single number per state summing all sectoral (weighted) growth rates together. The
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authors also computed the agricultural share of personal income for 1920-1930, which is
included in the vector of the sectoral regressors.

Table 5.4

Adding Sectoral Variables to the Basic Equation

Sample

Variable
Coefficient
INTER9999100(-1)
0.3856
1920-1980
YBAR
0.0048
SECTOR
40.8959

Prob.
0.0032
0.0213
0.6890

The sectoral variables added to the basic equation fail to improve the results.
They also affect the number of observations, dropping the sample size from 4,539 to 288.
This is due to the decennial nature of the sectoral variable, measuring growth rates of a
sector in a state income from one decade to the next (and not from one year to the next)
during the time-period 1920-1988.
The correlation between the growth rate of the average income and
inequality across states is the focus of the next section.
•

Growth and Inter-State Inequality: Significant Negative Correlation
In this section, the main variable is no longer the initial income average, but

the initial income in the top decile of the distribution. To what extent does the initial
income of the wealthiest tax filers affect the growth rate of the state average income? The
main equation is written as
(5.5)

(1/T) . log [yi,(t0+T)/yi,t0] = α + β log [ytopi,t0] + γXi + εit,

as opposed to
(5.6)

(1/T) . log [yi,(t0+T)/yi,t0] = α + β log [yi,t0] + γXi + εit,
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where the new items are:
o ytopi,t0 is the initial per-tax-unit income in the top decile,
o log [ytopi,t0] is a one-percent increase in initial income in the top decile. 7
The variables of the table below show the correlation coefficients (and their
corresponding probability of being insignificant) between G, the annual growth, and the
inter-state inequality indicator, labeled INTER99100, named after the 51 ratios dividing
each year the top 1 percent fractile on the national average income.

Table 5.5

Correlation between Growth and Inequality
Sample

1913-1928

1929-1939

1940-1979

1980-1989

1990-1999

2000-2003

Dependent Variable: G
Variable
Coefficient Prob.
G(-1)
0.829
0.000
INTER99100
-0.007
0.000
TIME
6.702
0.000
G(-1)
-0.298
0.000
INTER99100
-1.474
0.000
TIME
-3.080
0.000
G(-1)
0.122
0.022
INTER99100
0.496
0.426
TIME
1.397
0.438
G(-1)
-0.081
0.000
INTER99100
-0.355
0.000
TIME
-0.585
0.001
G(-1)
-0.154
0.004
INTER99100
0.472
0.029
TIME
3.901
0.000
G(-1)
0.061
0.394
INTER99100
0.012
0.954
TIME
3.036
0.000

7

The β coefficient is here interpreted as the marginal effect on the growth rate, and a
negative sign is expected for a conclusion of convergence. However, Barro and Sala-iMartin define β in a different way and expect a positive β for a conclusion favoring
convergence.
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What appears from the table above is unequivocal: whenever the inequality
coefficient is negative, it is statistically significant. In other words, a decrease in the
growth rate occurs along with a wider inequality gap, and vice-versa, but the two
variables hardly move in the same direction at the same time. These results need to be
taken with caution, as correlation does not mean causality. Granger tests of causality
show that growth does not Granger cause inequality, and inequality does not Granger
cause growth.
With the dependent variable being the annual growth rate of personal income
in state i, the results of the GMM regressions including the industrial composition of
income are summarized in the table below.

Table 5.6

GMM Regressions with the Sectoral Variable

Variable

Coefficient

t-Statistic

Prob.

G(-1)

-0.5204

-1.2333

0.2185

INTER99100

-0.9112

-1.4141

0.1584

SECTOR
1920-1930

36.5199
11.4669

1.1143
1.6569

0.2661
0.0987

1930-1940

34.9368

5.4154

0.0000

1940-1950

-15.0182

-8.3573

0.0000

1950-1960

-8.7370

-1.9994

0.0465

1960-1970

-0.3046

-0.6538

0.5138

1970-1980

-5.4314

-1.6213

0.1061

The R² jumps from 0.59 to 0.77, and the inter-state inequality indicator keeps
its negative sign but loses its statistical significance. Note again that the sample size
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shrank drastically from 4,539 to 288, as the sectoral variable is available for 6 years and
48 states only.
5.2.4 Spatial Auto-Correlation
The purpose of this section is to test the robustness of the previous results
against the test of spatial-autocorrelation of the panel data set. A traditional measure of
spatial auto-correlation is Moran’s I. It is used extensively in economic geography
(Anselin, 1988, Janikas and Rey, 2005), and more and more by regional economists
(Dall’erba and Le Gallo, 2005). Moran's I is a correlation coefficient (and therefore varies
from negative one to positive one) weighted by the state-to-state distance matrix. More
precisely, Moran’s I is defined as follows:
(5.7)

I=

n
S0

∑∑
i

wij ( xi − μ )( x j − μ )

∑ (x − μ)

j

2

i

i

where n is the number of observations, wij is the spatial weight matrix based on state-tostate distances, S0 is the sum of all the elements of the spatial weight matrix, xi and xj
stand for the error-term vector derived from the GMM regressions, and μ is the arithmetic
mean of x. Usually, the weight matrix takes the inverse of the distance between state i and
j, so that a high value of Moran’s I indicates a cluster effect and a low value the
independence of nearby points. “The Moran's I value that indicates spatial independence
of values (or the lack of spatial autocorrelation) is a negative number close to zero”
(Hare, 2001). We intentionally increase the differences in state-to-state distances by
raising their values to power (minus) two:
(5.8)

wij* = {dij}-2
74

where {d} represents the distance between regions i and j. It is also common in the spatial
data literature to normalize the rows of the weight matrix so that each row sums to unity,
and so that S0 equals n in the formula defining Moran’s I. 8
(5.9)

wij =

wij*

∑w

*
ij

j

Applied to the present data set, Moran’s I takes the value of -0.2341, which tends to
justify the fact that the attractive forces of economic poles spread locally, but not
globally. In other words, polarization is a self-reinforcing phenomenon that pulls further
apart high and low-income areas: high-income states exert attraction on neighboring
areas (and these peripheral areas bring more income revenues to the core) but not to the
extent of reaching rural remote areas where poverty falls into the trap of hysteresis, where
low-income states stayed with low-income levels simply because it was the case in the
previous time period.

5.3

σ Convergence
The σ convergence refers to the dispersion of income across regions. In

Barro and Sala-i-Martin (1995), σ convergence is measured with the unweighted crosssectional standard deviations of state per capita income. In addition to the standarddeviation, we consider here the coefficient of variation for a closer look at the data. The

8

See Fingleton, Igliori, and Moore (2003) to learn more on the row-normalization of the
weight matrix.
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purpose of this section is to compare the dispersion of average incomes to the dispersion
of top incomes.
5.3.1

Average Income and Top Percentile Income Decline in Dispersion
The point here is to compare the income dispersion of the top percentile

(AI99-100) with the dispersion of average incomes (σ-convergence). Both dispersion
indicators are measured by the unweighted cross-sectional standard deviations of income
over time. Barro and Sala-i-Martin’s σ(log yi,t) is based on the log of per capita personal
income. Here σ(log ytopi,t) is based on the logarithm of the per household income
accruing to the top percentile. The figure below shows two things: 1) similar trends of
income dispersion; 2) the income dispersion displays sharper volatility for the top 1
percent income than for the average personal income.
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Dispersion of Top 1% Income across U.S. States, 1913-2003
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Source: Sommeiller's Computation based on STDEV(log AI99-100)t.

Figure 5.6

Dispersion between Average and Top Incomes are Alike in Trend

Very sensitive to measurement errors, the issue of income inequality ought to
be considered in various ways, and we turn next to the measure of the income dispersion
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of both average income and the incomes of the 90-99 percent (instead of the 99-100
percent).
5.3.2 Incomes of Top 90-95 and 95-99 Percent Record Increasing Dispersion
The incomes of the 90-95 and 95-99 percent revealed an increase in
dispersion across states over time. This result contrasts with the previous section where
average income and income of top 1 percent both recorded a sharp decrease in dispersion
across states over time (except after the mid 1980s). This difference is suggested twice:
once with the coefficient of variation regressed on time (table below), and another time
with graphs of the standard deviation (figure below). 9

Table 5.7

*

Inequality Across States over the Past Century

Dependent variable: CVt(ytopi,t)

AI 90-95%

AI 95-99%

Top 1%

Time coefficients

1,167.4 *

1,550.6*

-0.0047 *

Statistically significant at the 1% confidence level.

9

By definition, the coefficient of variation (CV) divides the standard deviation by the
mean, measures the volatility of a series with respect to its mean, and is an index without
unit. Why resorting to the CV ratio and thereby complicating the overall economic
interpretation of its coefficient? While the standard deviation is sensitive to the addition
of a constant, the coefficient of variation is not. For instance, assume a hypothetical
standard deviation of income of $2,000 associated with a mean of $3,000 in a given year,
thereby depicting a high degree of inequality. Had everyone earned a bonus of
$100,000,000 the following year, the standard deviation would drop, suggesting a decline
in inequality. Unlike the standard deviation, the coefficient of variation is scale invariant
as the constant term cancels out by appearing on both the numerator and the denominator.
Therefore, the coefficient of variation is often considered a better measure of income
inequality, especially for series displaying different group means across sections or over
time.
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The figure below displays income dispersion within the top decile, measured
by the coefficient of variation, and the decomposition of its ratio (standard deviations and
means are expressed in 2003 dollars).

Figure 5.7

CV, Mean and Standard Deviation Within the Top Decile

A common point to all three groups is that the increasing portion of the CV
curve after the mid-1980s is accounted for by a rise in both the mean and the standard
deviation. However, the differences among them lie on the opposition mentioned earlier:
Considering the coefficient of variation of the two fractiles of the 90-99 percent interval,
one may notice their respective decrease between the mid-1930s and the late 1970s. This
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downward trend occurred along with a sharp increase in their mean income, but with a
slow and smooth rise in their standard deviation. As for the top percentile CV, it
experiences a drop between 1939 and 1980 due to opposite trends in the standard
deviation (decreasing) and the mean (increasing), the same way the dispersion of average
income did (bottom panel of Figure 5.6).
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Chapter 6
CONVERGENCE 2:
THE FULL DISTRIBUTION OF INCOME

What has been discussed so far concerns the top 10 percent of the income
distribution, with no attention paid to the remaining 90 percent (other than the state
average income). This incompleteness obviously limits the relevance of the conclusions
drawn previously. This chapter discusses the task of estimating the full income
distribution, including the lower quartiles, the bottom decile, and the Gini coefficient.
This is a challenging task to perform because it implies the generalization of the Pareto
approximation to the entire distribution, which, undeniably, is a strong assumption.
Therefore, the estimates obtained are far from being perfect, probably need some
improvement, but are certainly worth further investigation.
The estimation of the full income distribution can be done for each state, but
not for the entire time-period 1913-2003. The latter has to be restricted to 1965-2003.
This is because prior to 1965, the number of individual tax returns does not approximate
the household population well.
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What follows provides a basic understanding on the Lorenz curve, and
explains how the assumption made about the Lorenz curve and its functional form
obtains the three quartiles, the lower decile, and the Gini coefficient.

6.1

The Lorenz Curve and the Gini Coefficient

6.1.1

General Considerations
The Lorenz curve plots the cumulative percentage of the population number

(horizontal axis) against the cumulative percentage of total income (vertical axis).
Because both axes sum up to 100 percent, the Lorenz curve is represented in a square box
that scales from 0 to 1. In the following hypothetical example, income inequality is
highlighted by reading the graph this way: 75 percent of the population earns less than 50
percent of the total income, and 50 percent of the population less than 25 percent of total
income.
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The Lorenz Curve and the Gini Coefficient
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Lorenz Curve and Gini Coefficient

The so-called ‘concentration area’ corresponds to the surface , bounded
with the diagonal and the arc formed by the Lorenz curve (departing from the equality
ray). Then, the Gini coefficient is defined as the ratio of two areas: concentration area
over triangle ABC:
(6.1)

0 < Gini =

/ ABC < 1.

The Gini coefficient and its lack of a unit of measurement conveniently
allows for temporal and spatial comparisons, as it is a relative measure of inequality;
hence, the extensive use of the Gini coefficient. However, to depict a socio-economic
phenomenon as complex as that of income inequality by a unique index is always
restrictive. This is a limitation to bear in mind.
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6.1.2

The Case of Crossing Lorenz Curves
Comparison problems arise when two Lorenz curves intersect such as

depicted in the graph below (which is also hypothetical).

Crossing Lorenz Curves
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Figure 6.2
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Crossing Lorenz Curves

Suppose that the initial income distribution is represented by the dashed line,
so that 50 percent of the population earns 24 percent of the national income, and that 75
percent of the households earn 40 percent of total income. If a redistributive policy is
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implemented to flatten the dashed curve closer to the equality line, two different
situations may arise. The first one is the dotted Lorenz curve that respects the principle of
transfers, 1 that is, the transfer of income from rich to poor households reduces income
inequality and shifts the initial Lorenz curve closer to the diagonal of equity. However,
the second outcome might be the solid curve, which violates this principle. On the one
hand, looking at the median 2 suggests that the initial distribution (50 percent of the
population earning 24 percent of total income) is more equal than post-transfer
distribution (50 percent of the households earning 22 percent of overall income). On the
other hand, looking at the upper quartile suggests the contrary conclusion (75 percent of
the households enjoy a higher income after the tax-transfers). In other words, crossing
Lorenz curves introduces an unequivocal bias in any attempt of ranking inequality
distributions.
Policy implications are at stake. Non-crossing Lorenz curves are used to
justify redistributive policies transferring income from rich to poor individuals. Ideally,
such top-to-bottom transfers shift the Lorenz curve inwards, towards the line of equality.
However, the case of intersecting Lorenz curves clearly imposes a limit to the ‘rich-topoor reasoning’ because a consistent ordering of income distributions in terms of
inequality is no longer possible. This reveals the complexities of the income inequality
phenomena.

1

Creedy (1998, pp. 14-16).

2

In the case of the Lorenz curve, the term ‘median’ truly means the share of median
income in total income.
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With these considerations in mind, we now need to choose which functional
form may best approximate the Lorenz curve, before proceeding to the computation of
the distribution itself.

6.2

The Assumption of Pareto Distributions
This section explains why the Pareto distributions are believed to be a

relatively good fit for the Lorenz curve, and how the Gini coefficient is defined in that
case.
6.2.1

The Functional Form of the Lorenz Curve
The Lorenz curve literature suggests different functional forms of the Lorenz

curve: exponential function, power function, log-normal function, etc., all involving the
estimation of a certain number of parameters. Among all these parametric forms, which
one is relevant here? None is fully satisfactory, but the one chosen here fits the Pareto
distribution of income, as assumed and used earlier with the estimations of fractiles
within the top decile. Applying the Pareto distribution to the functional form of the
Lorenz curve is an old and accepted tradition in the empirical literature. 3 Moreover, the
Pareto functional form of the Lorenz curve limits to one the number of parameters to be
estimated. Multiplying the number of parameters in the model specification, however

3

This remark pertains to the case of Australian households living in urban areas, with
data from the survey of consumer expenditures 1967-1968. See Kakwani and Podder
(1973).
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appealing it can be, raises complications in terms of interpretation of the results and the
computation of the estimates.
With x being the cumulative proportion of the household population, and y
being the cumulative percentage of income earned, the parametric function of the Lorenz
curve is supposed to be of the form:

L(δ) : y ( x) = 1 − (1 − x)δ ,
(6.2)
δ = 1−

0<δ<1

1
,
α

α>1

How best to represent the Pareto form of the Lorenz curve? The probability
density function associated with the Pareto distribution is the same as the probability
density function (PDF) associated with the Pareto interpolation technique described in
Chapter 3:

f(y) = α kα / y(1+α), %
f(y)| αhigh
αlow < αhigh
f(y)| αlow

y
0

Figure 6.3

1

2

3

4

5

Pareto Probability Density Function
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With y standing for income, α a scalar, and k, the minimum level of income
in the distribution, f(y) = α kα / y(1+α), the Pareto PDF, captures well the 80-20 percent
rule. f(y), the “probability” or fraction of the population that earns a small amount of
income per person (y), is rather high for low-income levels, then decreases steadily as
income y increases: The higher the values of α, the wider the gap of inequality.
The parameter α corresponds to the coefficient calculated earlier in the
estimation of fractiles of the upper decile, based on the Pareto interpolation method.
There is one α coefficient attributed to each income bracket displayed in the Statistics of
Income tables annually and at the state level.

Note that L(δ) : y(x) when x = 90 does not correspond to AI90-100, the

average income of the top decile. The former is a fraction expressed in percent, the latter
is the income of the top 10 percent measured in constant dollars of 2003. L(δ) : y(90)
does not correspond either to S90-100, the share of fractile 90-100 in total income. It is
the income ‘share’ of the threshold income TI90 that L(δ) : y(90) corresponds to. Both are
identically calculated.
In the case of France in the time-period 1900-1910, Piketty4 used a Pareto
coefficient of 2.6, which means an α coefficient of 1.625 as α = b / (b – 1). In the case of
our panel data on the United States, the α coefficients calculated in Chapter 3 average to

4

Piketty (2001, p. 619, note 2).
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2.1 for all states and years, and display a very low standard deviation (0.57), as
expected. 5
6.2.2

The Gini Coefficient in the Case of the Pareto Distribution

The corresponding Gini coefficient, labeled G, is the concentration ratio
applied to income distribution and is defined as:
1

G = 1 – 2 . ∫ [1 − (1 − x)δ ]dx

(6.3)

0

Re-arranging and simplifying the terms yields a coefficient depending only on the
parameter δ:
(6.4)

G=

1− δ
1+ δ

Clearly, the α coefficients will be used again to compute the Gini coefficients
as δ = 1 – 1/α. As there are as many α coefficients as income brackets, we are able to
average a value of α for each state in each year.
We now turn to the application to the United States from 1965 to 2003.

5

This holds after exclusion of aberrantly high values of the Pareto coefficient associated
with the AI99.99-100 fractile.
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6.3

Applied to the Panel Data of the United States, 1965-2003

6.3.1

Lorenz Curves Skewed to the Right

Below are the Lorenz curves computed for Alabama and California in year
2000. Skewed to the right, these Lorenz curves depict the weight of top incomes in the
distribution.

Figure 6.4

An Example of Lorenz Curves

The Gini coefficient is 0.443 for Alabama and 0.577 for California.
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6.3.2

Inequality Regressions on Gini Coefficients

As earlier, we use GMM estimation to assess the correlation link between
inequality and economic growth. Like Chapter 5, economic growth is measured by the
growth rate of state average income per household. Unlike in Chapter 5, the inequality
indicator is no longer a fractile but the Gini matrix. The regressions lead, once again, to a
negative correlation between the two variables. 6
However, the introduction of time fixed effects in the inequality equation
leads to regression coefficients that display neither consistency in sign, nor strong
significance, as shown in the figure below.

Time Fixed Effects in Regressions of Growth Rates of State Average
Income on Gini Coefficients
6

Time Coefficients

4
2
0
-2
-4
-6

Figure 6.5
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Time Fixed Effects in Growth Regressions with Gini Coefficients

An alternative way of examining the whole distribution is to consider
‘opposite’ percentiles, such as P10 vs. P90, P25 vs. P75, take their percentage share in

6

The negative coefficient is statistically significant at the 10 percent confidence interval.
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total income as displayed on the Lorenz curve (L10, L90, and L25, and L75), and
calculate their respective ratios. 7 More details are available in the next section.
6.3.3

The Share of Median Income in Total Income, L90/10, and L75/25

The figure below summarizes the estimates of three indicators by region and
annually from 1965 to 2003: 1) the percent share of median income in total income, 2)
L90/10 or the ratio of the income share earned by 90 percent of the population over the
income share of the bottom 10 percent of the population, and 3) L75/25, the ratio of the
income share held by 75 percent of the population over the income share of the bottom 25
percent. The same legend applies to each region i’s curves.

Midwest, 1965-2003
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P as in percentile. L as in Lorenz.
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5

Median Share, L90/10, and L75/25 in the Census Regions

The primary axis has no units as it represents the two ratios L90/10 and
L75/25, whereas the secondary axis (on the right of each graph) displays percentages for
the median share in total income.
For all four regions, the two ratios remain fairly constant from 1965 to the
mid 1980s, reach a sudden peak in 1988, and then display a very smooth cycle with a
downward trend from 1988 to the mid 1990s, and an upward trend culminating in year
2000. The trends of L90/10 and L75/25 are clearly alike, suggesting that similar
inequality dynamics occur both in income classes of low- and wide-inequality gaps
(L75/25 and L90/10, respectively). However, this conclusion is questionable because the
Pareto assumption on the functional form of the Lorenz curve is applied to the entire
income distribution.
Among all states and years, the L75/25 ratio varies between 3.57 and 4.08,
suggesting that the variable fluctuates within a very narrow band; likewise for L90/10, in
a lesser extent. This apparent stability can be misleading. The actual fluctuations mean
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drastic changes in income shares, as suggested by Figure 6.7, showing the L75/25 curve
in the case of the Northeast region.

L75/25 in the Northeast, 1965-2003

No unit
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3.4

Fluctuations of Inequality Ratio L75/25, Northeast

Consider one state in the Northeast region, say Massachusetts. According to
the Massachusetts’ Lorenz curve, the wealthiest 25 percent of the household population
(labeled L0-25) earned about 14.5 percent of the total state income in 1978. Meanwhile,
the wealthiest 75 percent of the household (labeled L0-75) earned 52.9 percent of the
state income, which means that ratio L75/25 was of 3.7 that year. The same variables in
2000 recorded the values of 7.4 percent of income share for L0-25, 30.8 for L0-75, and
therefore 4.2 for ratio L75/25. With L75/25 increasing by 0.5 (= 4.2 – 3.7) ‘only’, the
share of the wealthiest 25 percent almost shrank by a half, from 14.5 percent in 1978 to
7.4 percent in 2000, which is a drastic change. Meanwhile, the income share of the
wealthiest 75 percent of the household population did not drop as sharply as the L25

94

share (from 52.9 percent of income in 1978 to 30.8 in 2000, which is far above 26.5
percent, or 52.9 / 2).
The same type of comments applies to the L90/10 ratio. In 1975, L90/10
coordinate slight exceeded 13.1 in the South. The same ratio in 1988 was 14.8. This
increase from 1975 to 1988 does not seem to be much at the first glance. Considering the
definition of the ratio (L90/10 = L0-90 / L0-10), it appears that L0-10, the share of the
bottom decile in total income, decreased from 5.3 percent in 1975 to 4 percent in 1988.
Expressed in dollars of 2003, the total income for all Southern states was about
$75,897,000 in 1975, and 5.3 percent of that total represents slightly more than
$4,030,000. Similarly, 4 percent of $119,427,000 in 1988 represents about $4,729,000.
This means that the poorest 10 percent of the population experienced an overall increase
by less than $700,000 from 1975 to 1988. From the top decile perspective, however, L090 is 69.6 percent in 1975, and 58.5 percent in 1988. Therefore, the richest 10 percent
benefited from an increase by $17,088,000, from $52,824,000 in 1975 to $69,913,000 in
1988. The full calculation process is summarized in Table 6.1.

Table 6.1
South

Bottom and Top Deciles in the South from 1975 to 1988

L90/10
(a)

L0-10, % L0-90, % total income,$
(d)
(b)
(c)

$Y0-10
(b) * (d)

$Y0-90
(c) * (d)

1975

13.12

5.31

69.60

75,896,796

4,030,120

52,824,170

1988

14.82

3.96

58.54

119,426,905

4,729,305

69,912,510

difference

1.70

43,530,108

699,186

17,088,340
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In a nutshell, the income of the richest 10 percent increased 24 times faster
than that of the poorest 10 percent in the same time 8 , and this what an increase by 1.7 in
L90/10 means.
Among the former studies released on this topic, one is conducted by the
Center on Budget and Policy Priorities and the Economic Policy Institute (2000). The
authors of the report used non-annual data from the Census Bureau’s March Current
Population Survey, and measured the inequality gap with the ratio between the richest
quintile and the poorest quintile (Q80/20). The authors focused on two time periods: one
short (1988-90 versus 1996-98), and one long (1978-80 versus 1996-98), but do not
comment on the intermediary range 1978-80 versus 1988-90. The results shown with the
L90/10 ratio estimation do not perfectly fit their short-term and long-term analyses, but
the trends toward a wider inequality gap look alike.

8

The number 24 comes from the following division: 17,088,340 / 699,186 = 24.4.
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Chapter 7
CONCLUSION

The conclusion briefly summarizes the contents of the dissertation and
broadens the subject with several suggestions as for what can be done in future research.

7.1

Summary
The main contribution of this dissertation is the construction of a new

homogeneous set of panel data by state cross-sections and annually from 1913 to 2003,
using the Statistics of Income publications by the U.S. Internal Revenue Service. This
database represents well the top 10 percent of the income distribution, but data from other
sources are used to account for average income. Meanwhile, the top decile database
offers an alternative estimate of average income figures used by Barro and Sala-i-Martin
to study the same topic.
In order to address the issue of income convergence across the United States
over the long-run, three types of convergence are distinguished: 1) the β convergence of
average income in comparison with the β convergence of income in the top decile
(growth and inequality regressions), 2) the σ convergence (dispersion of average and top
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incomes), and 3) the convergence of top incomes towards the lower fractiles of the
income distribution.
In the case of β convergence, we found evidence confirming conclusions
towards convergence within the top decile, and more mitigated results for convergence
among state average incomes. More particularly, β convergence based on average income
does not seem to hold in recessionary phases of the business cycle. To compare growth
regressions to inequality regressions, where inequality indicators are based on the top
income series, the results showed that income inequality is positively correlated to the
average income, and negatively correlated to economic growth rates.
In the case of σ convergence, the trend over time compares two groups of
income. On the one hand, average income and income of the top percentile both recorded
a decline in dispersion across states (except after the mid 1980s). On the other hand, the
incomes of fractiles 90-95, and 95-99 percent were featured with a rise in dispersion
across states.
Finally, the convergence (or divergence) of the top decile towards (or away
from) the bottom decile is examined from 1965 to 2003. Similarly, the top and bottom
quartiles are compared as well. The dispersion indicators of the lower layers of the
income distribution were estimated by extending the Pareto assumption from the top
decile to the full income distribution. What emerges from these estimates is that the top
income shares did not grow faster than the low income shares from 1965 to 1984. This
trend was totally reversed and reached a peak in 1988 in all states, then decreased again
until 1985, and finally reached a local maximum in 2000.
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7.2

Suggestions for Future Research
Further investigation may compare regional convergence of income to

regional convergence of salaries and wages, as the IRS tables also reveal income
composition by state. Section A.4 of the appendices suggests a beginning analysis
towards that goal.
On the one hand, average income and income of the top 1 percent both
record a sharp decrease in dispersion across states over time (except after the mid 1980s).
On the other hand, the incomes of the top 90-95 and 95-99 percent feature an increase in
dispersion across states over time. The analysis of such contrasting results remains to be
done.
In Chapter 6, the assumption of the Pareto distribution applied to the entire
income distribution is questionable. More assumptions on the functional form of the
Lorenz curve need to be tested, inasmuch as the hypothesis influences the results and
affects their economic interpretation to a certain extent.
Finally, the IRS tables record tax liabilities data consistently from 1913 to
the present. Several aspects of the tax policies implemented over the past century could
be explained with those data that remain to be computed.
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Appendix 1
DATA SOURCES

A.1.1 Internal Revenue Service and Statistics of Income
All income levels of the top deciles were derived from the Statistics of
Income (SOI). Listed below are the various publications in which the SOI tables were
released, along with comments on the data availability when necessary.
•

1913-1915: "Annual Report of the Commissioner of Internal Revenue". The 1913,
1914, and 1915 tables provide the number of tax returns by size of income and by
state. However, the dollar amount of the state total income accruing to each of the
income classes was not released.

•

1916-1973, 1975-1981: "SOI Individual Income Tax Returns" of Tax Year n,
Publication 79 (8-83), Basic Tables, Part 4 (State Data), first and last tables.

•

1944: State data are published by composition of income, but not by income-class
interval (only U.S. aggregates are available by income class).

•

1974: U.S. Department of the Treasury, IRS “Supplemental Statistics of Income.
Small Area Data, Individual Income Tax Returns”, 1974. Publication 1008 (12-77).
Basic Table 3 ‘Selected Income and Tax Items by Size of Adjusted Gross Income and
by State and County’, pp. 60-436.
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•

Between 1982 and 1987, the IRS interrupted the regular publications of state data by
size of adjusted gross income (AGI). This interruption apparently corresponds to a
change in methodology from sample estimation to master file computerization. Only
the national aggregate by size of AGI is found in the “SOI Bulletin” of Tax Year n +
2, Fall, Publication 1136, “Selected Statistical Series”, Table 2 ‘Individual Income
and Tax by State, [Year n]’. The substitute data for these six years were found in the
following issues:
o 1982: “SOI Bulletin”, Volume 5, Number 1, Summer 1985, ‘Individual
Income by Zip Code Area, 1979 and 1982’.
o 1983: “Statistics of Income, Individual Tax Model for 1983”, IRS.
o 1984-1985: Bureau of the Census annual data extracted from the March
Current Population Survey, household count for 21 income-class intervals for
each state.
o 1986-1987: “SOI Bulletin”, Volume 10, Number 2, Fall 1990, ‘Individual
Income Tax Return Data by State, 1986-1988’.
o 1988-1996: “SOI Bulletin” of Tax Year n + 2, Fall, Publication 1136,
‘Selected Historical Data’ (yellow), Table 2 ‘Individual Income and Tax Data
by State and Size of AGI, [Year n]’.
o 1997-2003: Data by state, by income size, and by income sources are
available on the IRS website.

101

A.1.2 Bureau of Economic Analysis and State Personal Income
Unlike the IRS’s Statistics of Income, the BEA’s State Personal Income data
are not displayed by income classes. The State Personal Income from the BEA are used
instead when it comes to comparing the income level of the top decile to the average
income. The BEA introduces some differences between the national aggregate and the
state estimate of personal income:
The main differences between the national income and product accounts
(NIPAs) estimates of personal income and the State estimates of personal
income stem from the treatment of the income of U.S. residents who are
working abroad and the treatment of the income of foreign residents who
are working in the United States. The national total of the State estimates
of personal income consists of only the income earned by persons who
live within the United States, including foreign residents working in the
United States. The measure of personal income in the NIPAs is broader.

From 1929 to 2003, the national and state personal income data come from
the Bureau of Economic Analysis. For data prior to 1929, Piketty and Saez 1 completed
the personal income series by linking it to the 1913-1929 personal income series
published by Kuznets (1941, 1945). The authors made downward adjustments over the
time series so that the total personal income does not exceed the total tax return gross
income. The contrary would “seem implausible: This would imply that non-filers have
higher average incomes than filers.”
I used Piketty and Saez’s national series from 1913 to 1928 to estimate their
state equivalent, with the income share of each state in the national income between 1913
and 1928 assumed to be proportional to the same state income share for year 1929. In
1

Piketty and Saez (2001, p. 38, note 63).
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other words, the state personal income estimates maintain the same proportion of the
national aggregate 2 from 1913 to 1928 as the state shares of personal income represent in
U.S. total income for 1929.
A.1.3 Bureau of the Census and Household Numbers
The number of households by state was published by the U.S. Census
Bureau, in “The Demographic Trends in the 20th Century”. The table provides us with
the number of households by state for each decade of the 20th century (1900, 1910, 1920,
and so on to 2000). The intercensal estimates of the household population are produced
by the U.S. Bureau of the Census for each year between 1981 and 1989 3 and again
between 1991 and 1998. 4
The intercensal estimates have been retrieved from 1911 to 1979 by
assuming for each decade a linear progression of the type Vn = V0 * (1 + r)n , where n = 1
to 9 and r = (V10 / V0)1/10 - 1. Because the interpolated series assumes constant the
magnitude of the annual change, this method of estimation is also called ‘straight-line
interpolation’. Note that it is the default option of the Bureau of Economic Analysis,
when no other data source is available.

2

The national aggregates come from Piketty and Saez's series (2004).

3

The estimates are consistent with Current Population Report Series P25-1123, issued in
October 1994.

4

Census Bureau’s “Estimates of Housing Units, Households, Households by Age of
Householder, and Persons per Household of States: Annual Time Series, July 1, 1991 to
July 1, 1998”. Publication ST-98-51.
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Labeled N*, the state estimates of households for 2001, 2002 and 2003 were
obtained by inflating the Census state figure for year 2000 with the average growth rate
of the household population over the 1990-2000 decade.
Before 1960, the data for Alaska and Hawaii are missing in the publications
mentioned above. The missing data were replaced by the number of occupied dwelling
units released in the following publications: (1) the 1950 Census of Housing 5 for both
Alaska and Hawaii, (2) the 1940 Census of Population for Alaska in 1940, and (3) the
1940 Census of Housing, for Hawaii in 1940, 1930, and 1920.
Between 1913 and 1939, Alaska’s number of households is assumed to be
proportional to the share of Alaska's households in the U.S. total in 1940 (as 1940 is the
earliest year this data is available). Similarly, estimates of N* for Hawaii between 1913
and 1919 are hooked to Hawaii’s population share in the national aggregate in 1920.
The main issue relative to the series N* concerns the equation of one return
per household. Because most of the time more than one tax return is filed per household,
the initial time-series of households was scaled up so that the national aggregates fit
Piketty and Saez series, keeping intact the state proportions.
A.1.4 Federal Reserve Bank of Minneapolis
The consumer price index data are published by the Federal Reserve Bank of
Minneapolis for the time period 1800-2005.

5

Census of Housing (1950, General Characteristics, Part 7).
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Appendix 2
DATA HOMOGENEITY

The adjustments presented below add to the adjustments already mentioned
in earlier chapters. All together, all adjustments performed in the database have been
covered at some point in the text.
A.2.1 Alaska, Hawaii, D.C., and Other Areas
From 1913 to 1959, Alaska and Hawaii do not record reliable data due to (1)
the excessive amount of missing values for early years of the time period, (2) to the lack
of Census data in terms of household units prior to 1960 (when Hawaii was not a U.S.
state yet, only a U.S. territory).
•

Alaska
1921-1938 and 1943-1954: Alaska is included in Washington state. To

separate Alaska from Washington state, we calculated r, the growth rate of the share of
Alaska in the total of the two states between 1942 and 1955, assuming a linear
progression of this share annually:
(A.1)

r = (Alaska share 1955 / Alaska share 1942)1/13 - 1

Using this constant rate, it is straightforward to derive the annual values of Alaska’s
share:
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(A.2)

Alaska sharen = Alaska share1942 * (1 + r)n, with n = 1943 to 1954

Defined as Alaska / (Alaska + Washington), the Alaska share contains only one unknown
at this point: the numerator. After Alaska data are deduced, Washington is just the
difference between the two states taken together and Alaska just estimated. Likewise for
time period 1921-1938.
•

Hawaii
The island became a United States territory in 1900, and was admitted as the

50th state in 1959.
1913-1959: Alaska and Hawaii do not record reliable data due to (1) the
excessive amount of missing values for early years of the time period, (2) to the lack of
Census data in terms of household units prior to 1960 (when Hawaii was not a U.S. state
yet, a U.S. territory only). It is therefore possible to encounter unexplained results like the
one for Alaska in 1957, with a drop in TI99.5 below its minimum level.
•

District of Columbia
1961 and 1962: District of Columbia is included in Maryland for these two

years. The 1960 and 1963 data are used to proxy the two variables (number of returns and
adjusted gross income) for 1961 and 1962. However, the income class [$10,000-$15,000)
in 1960 does not provide information for the intermediate income classes [$10,000$11,000), [$11,000-$12,000), [$12,000-$13,000), [$13,000-$14,000), and [$14,000$15,000) as 1963 does. The missing classes for 1960 where estimated by applying to
1960 the same percentage that each intermediate income class represents in the [$10,000$15,000) total of 1963.
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V1963 = V1960 (1 + r)3 , where r = (V1963 / V1960)1/3 – 1.

(A.3)
•

Puerto Rico and the Virgin Islands
The United States took possession of Puerto Rico and the Virgin Islands in

1898, and 1917, respectively. Unlike the Virgin Islands, Puerto Rico became a
Commonwealth on July 25, 1952 (Source: National Park Service, U.S. Department of the
Interior).
1913-1951: Puerto Rico is included in Maryland.
1917-1951: Puerto Rico and Virgin Islands are included in Maryland.
1952: Puerto Rico is included in both Maryland (1st half of 1952) and New
York (2nd half of 1952). Nothing is mentioned about the Virgin Islands.
1953: Puerto Rico and Virgin Islands are included in New York.
1954: For the first time, Puerto Rico is a separate entity in the State and
Territory classification.
1954 on: Puerto Rico and Virgin Islands are grouped together and they either
appeared separately or were added to the ‘Other Areas’ category.
•

Panama Canal Zone
The United States Protectorate in the Republic of Panama started with the

Treaty of 1903.
1913-1954: Panama Canal Zone is included in Florida.
A.2.2 Classes Grouped for Disclosure Purposes, 1917-1937
As the IRS tables display income by income brackets, it happened for 19171937 that several income classes, typically those at the very top of the ranking, were
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displayed with an income grouped together and tagged with a note specifying that is was
done to conceal the identity of taxpayer. The number of returns in every income class was
left visible, however. To retrieve the income data removed for disclosure purposes, the
estimates were approximated based on a mid-point approach. Breaking it down, the
estimation method takes the midpoint of each income class that fell under disclosure.
Expressed in dollars, each midpoint was weighted by the number of returns as they
appear in each income class, and then added together. The final estimate therefore
represents in the classes-grouped total (which is given in the tables) the same share as one
midpoint represents in the sum of midpoints.
Consider the following example made of hypothetical numbers. The table
below shows an income of $20,000,000 as the total of two income classes grouped
together.
Table A2.1
Net income classes
in current $
2,000,000 under 3,000,000
3,000,000 under 4,000,000
4,000,000 under 5,000,000
5,000,000 and over
Total classes grouped

An Example of Classes Grouped

Number
of returns

Net income
in $

Midpoint of the income
class weighted by
number of returns, in $

5
3
2
1

D
13,000,000
D
7,000,000
20,000,000

12,500,000
No need of …
9,000,000
No need of …
21,500,000

Estimated net
income, in $
11,627,907
… estimation
8,372,093
… estimation
20,000,000

The income class [$2,000,000 - $3,000,000) records five returns while that
of $4,000,000 - $5,000,000, only two. Both classes fall under the protection of the
taxpayer's identity. For those two income classes, we weighted the midpoint income by
the number of returns ($12,500,000 = $2,500,000 * 5, and $9,000,000 = $4,500,000 * 2).

108

Relative to $20,000,000, which is the classes-grouped total displayed, the net income
estimates should keep the same proportions as the midpoint figure in the total of
$21,500,000 (obtained by adding $12,500,000 to $9,000,000). In other words, if the
midpoint of the [$2,000,000 - $3,000,000) income class represents 58% of the midpoints
total (58% = 100 * 12,500 / 21,500), then the net income estimate should also represent
58% of the classes-grouped total, namely: 58% * 20,000,000 = $11,627,907. Likewise
for estimating the net income of the [$4,000,000 - $5,000,000) income class ($20,000,000
* $9,000,000 / $21,500,000 = $8,372,093). As this method refers to ‘relative midpoint’
for estimation, the sum of all estimates always equals the given classes-grouped total.
In a minority of cases 6 , the income estimate calculated with the ‘relative
midpoint’ approach did not lie within the interval of the corresponding income class.
Whenever an estimates fell below the lower bound of the income class, it was replaced
with the lower bound weighted by the number of returns. Whenever the estimate
exceeded the upper bound, it was replaced with the upper bound weighted by the number
of returns. Either way introduces a deviation of the sum of the estimates from the given
classes-grouped total. One could have used instead the ‘absolute midpoint’ approach.
However, the sum of the income estimates would have deviated further apart from the
classes-grouped total.
The highest income class does not have an upper bound, e.g. [$5,000,000
and over). In that case, we used the ‘relative mid-point’ approach with an assumption on

6

The minority of cases lies around 8% of all income classes displayed in the IRS tables
from 1917 to 1937.
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the upper bound, but replaced the estimate of the highest income class by the residual
term. Doing so eliminated the deviation of the sum of the estimates from the classesgrouped total.
Whatever the estimation method is, none of them can correct for the errors
coming from the IRS itself. For instance, New Hampshire in 1918 recorded classesgrouped that were displayed with a total income amount that cannot be consistent with
the income classes it corresponds to, as shown in the table below.

Table A2.2

A Typo in New Hampshire Table, 1918

New Hampshire, 1918
Net income classes, $

Number of returns

Net income, in $

150,000 under 200,000
200,000 under 250,000
Classes grouped

1
2
---

D
D
739,319

Indeed, the total of classes grouped ($739,319) exceeds the sum of the upper
bounds weighted by the number of returns (739,319 > 700,000 = 200,000 + 500,000).
Likewise for Nevada 1927 (Table A2.3):
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Table A2.3

Another Typo in IRS Tables

Nevada, 1927
Number of returns Net income
Net income classes, $
60 under 70
70 under 80
80 under 90
90 under 100
100 under 150
150 under 200
200 under 250
Classes grouped

1

D

2
1
1

D
D
D

1
---

D
820,937

$

The highest estimate, that is, the sum of the upper bounds weighted by the
number of returns (750,000 = 70,000 + 180,000 + 100,000 + 150,000 + 250,000), lies
beneath the level of classes grouped ($820,937).
Overall, 92 out of 1,071 classes grouped (51 states times 21 years between
1917 and 1937), had to be ‘midpoint’ adjusted. This represents around 8% of all income
classes during this period.
There is no net income data by size of net income and by state for years
1913, 1914, and 1915. Only the number of returns is available. The net income estimates
were derived from the same estimation approach as the classes grouped estimates were
based on.
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Appendix 3
NOTES ABOUT THE IRS TABLES

Returns with adjusted gross income can be both taxable and non-taxable.
Returns with no adjusted gross income are non-taxable. Adjusted gross income means
gross income minus a series of allowable deductions (e.g. trade and business deductions,
expenses of travel and lodging in connection with employment, losses from sales or
exchanges of property, etc.) Should these allowable deductions exceed the gross income,
there is an adjusted gross deficit.
1917-1928, 1943 and 1945-1954: Returns with no net income (1917-1928,
and 1943) or no adjusted gross income (1945-1954) were not included in the state totals,
but were in the national aggregate. Why? According to the IRS, returns with adjusted
gross deficit were too few and the sample variability too great, to permit their
presentation on a state basis. For consistency purposes, I subtracted them from the
national aggregate for both variables: number of returns and income amount. 7

7

The operation is a substraction for the number of returns, but an addition for income
amounts, as a deficit is a negative number.
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1913-1916: No net income data are available at the state level. Income
brackets start at [$3,000 - $4,000) except for 1913, with [$2,000 - $3,333.33) being the
lowest income class.
1946-1952: Non-taxable returns of AGI of $4,000 and over are all included
in the [$4,000 - 5,000) income class.
1943 and 1945: Non-taxable returns of AGI of $1,000 and over are all
included in the [$1,000 - 2,000) income class.
1942: The 1942 table does not detail Forms 1040A by income classes and
displays the state aggregate only. Therefore, the 1040A forms cannot be used for the
calculation of fractiles, even though their value appears in the state totals.
From 1943 on, money amounts for net income (1943) and AGI (1944-2003)
are in $1,000.
1962: Delaware data appear in the national aggregate, but not separately.
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Appendix 4
GROWTH RATES AND WAGES

This section briefly exposes how inter-state inequality co-varied with top
wages in the recent years. The idea is to see whether the regional convergence that
sometimes occurs with income also occurs with salaries and wages.
A.4.1 Composition of Income in IRS Tables
The IRS tables also provide information on income composition at the state
level. The IRS adjusted gross income (AGI) includes the following items: salaries and
wages, interests (taxable and non-taxable), dividends, entrepreneurial income (i.e.
business and farm incomes), pensions and annuities, and realized capital gains. Using the
data from 1997 to 2001, the average incomes (in 2003 dollars) accruing to AI90-95,
AI95-99, and to the top percentile, AI99-100, were broken down into each income
source.
A.4.2 Initial Wage Levels versus Growth Rates
Six states were selected so that both urbanized and rural states are
represented: California, Texas and New York vs. Kansas, Iowa and Nebraska.
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Figure A4.1 Income Composition in California, Texas and New York

In all six states, the top percentile clearly distinguishes itself from the bottom
two fractiles. In the top 1 percent, wages represent a lesser share of total income than in
the other two layers of the distribution, and capital gains a more substantial share. While

115

capital gains fluctuations seem to be consistent with those of total income, wages do not
necessarily vary in the same direction as total income does.
Even though there are differences in levels between the ‘rural’ states and the
‘richer ones’, wages appear to be more stable than total income, and much more stable
than capital gains in all of them.

Figure A4.2 Income Composition in Kansas, Iowa and Nebraska
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In sum, wages seem to reach higher levels in states displaying high
inequality, and follow more or less closely the fluctuations of capital gains in poorer
states than in richer ones.
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