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Abstract

We revisit the distributional implications of macroeconomic activity in the USA by
estimating the effects of the unemployment and inflation rates on the quintile Lorenz
ordinates. We have access to 16 years of additional data (1995-2010) that were not
available for the earlier studies, covering the deepest recession since the Great Depres-
sion. These additional data do not substantively change the results regarding the effects
of unemployment and inflation on income inequality (both increase it). Adding con-
trols for other important macroeconomic variables that have increased substantially in
recent decades (public transfers, government budget deficits, and openness to trade)
also has little effect on the findings regarding unemployment and inflation. Changes
in budget deficits are uniformly equalizing, and public transfers increase the share of
the bottom 20% across different specifications. Greater openness to international trade
increases inequality in some specifications but has little effect when we also include
controls for public transfers and budget deficits.
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1 Introduction

The most recent studies of the effects of macroeconomic activity on income inequal-
ity in the USA date from the 1990s and use time series data through 1994, at most.
Since then the US economy endured its largest contraction since the Great Depres-
sion, federal government budget deficits rose dramatically, and international openness
increased substantially. During the same years, income inequality increased sharply,
with the growth of the top-income shares being particularly pronounced. The links
between income inequality and macroeconomic activity have received renewed atten-
tion since the Great Recession. Rajan (2010), for example, argues that the rise of
income inequality and the political responses to it set the stage for the financial crisis
that triggered the Great Recession (2007-2008). In the spirit of this renewed inter-
est in the connections between inequality and macroeconomic activity, we examine
whether extending the time series by adding the additional years from 1985 to 2010
alters the effects of the unemployment and inflation rates on income inequality in the
USA reported in the earlier studies.

Exploration of the connections among macroeconomic variables and the shape of
the income distribution began as early as the 1960s, with different researchers offering
alternative frameworks for the analysis. The most influential of these early studies was
Blinder and Esaki (1978), which regressed income shares by quintile for US families
on the unemployment and inflation rates using data for 1947-1974. Blank and Blinder
(1985), Jantti (1994), Bishop et al. (1994), and Mocan (1999) revisited the issue by
extending the time series, using more advanced estimation procedures, and in some
cases expanding the analysis to include other macro-policies such as government
budget deficits and openness to international trade, which had both taken on greater
salience since the earlier studies. Compared to the most recent study, we have 16 years
of additional data that were not available at that time and greater variation in some of
the key variables, both of which offer advantages in estimation.!

Our purpose is twofold. First, we estimate the effects of unemployment and inflation
on income inequality using a data set updated to 2010. Second, we consider the effects
of including additional macroeconomic controls on these estimates. In the next section,
we explain the model and the estimation methods and give a brief description of our
data sample. Section III presents the estimation results and compares our findings
to those based on a shorter US time series and those from other studies. Section IV
summarizes our conclusions.

2 The model, estimation method, and data
The studies by Blinder and Esaki (1978), Blank and Blinder (1985), Jéntti (1994),

and Mocan (1999) measure inequality using income shares by quintile, but this mea-
sure has no clear foundation for inequality rankings in welfare theory.” Our study

I Dimelis and Livada (1999) also analyze the time series for the USA, along with three EU countries, but
their methodology is very different from the other studies.

2 The link between income inequality and welfare theory was established by Atkinson (1970) and involves
the cumulated income shares (Lorenz ordinates), not the income shares separately.
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follows Bishop et al. (1994) by replacing the income shares with Lorenz ordinates,’
which allow us to use the Lorenz dominance theorem of Atkinson (1970) to compare
the income distribution transformations due to changes in macroeconomic variables.
Damjanovic (2005, 234) distills the theorem succinctly,

Atkinson demonstrated that if the Lorenz curve (which shows the proportion of
total income received by the poorest ¢ % of the population) for one distribution
lies below the Lorenz curve associated with another, then inequality in the first
case is higher for a wide range of inequality measures.

Our estimation method also differs from the early US studies. Blinder and Esaki
(1978) adopted ordinary least squares (OLS) because they found no evidence of auto-
correlation in the residuals and did not believe that either heteroscedasticity or reverse
causation from income distribution to inflation or unemployment was present. Blank
and Blinder (1985) included a correction for first-order autocorrelation. Jéantti (1994)
chose a feasible generalized least squares estimation method and joint cross-equation
tests. Bishop et al. (1994) selected the Engle and Granger (1987) two-step procedure
to deal with the issue of cointegration and seemingly unrelated regression to improve
efficiency. Likewise, Mocan (1999) contended that as key macroeconomic variables
in the US data are integrated of order one, /(1), a cointegrated model is the appropriate
framework for analysis. This method is also used in the most recent study along these
lines that we can find outside the USA (Khattak et al. 2014).

In his review of theory and applications of cointegration over the past 30 years,
the leading figure in the field (Johansen 2014) advocates the Engle-Granger method
for estimating cointegrated models of nonstationary /(1) variables. Before applying
the Engle-Granger two-step procedure, we must test the variables for stationarity. The
tests, reported below, indicate that all our variables are integrated of order /(1) such
that their first differences are stationary.

In the first stage, we use OLS to estimate the equation

k
szzaj0+zajixiz+8jz, e
i=1

where Lj; is the jth quintile Lorenz ordinate in year ¢, X;; is the ith explanatory variable
in year ¢, and ¢j; is a random error term. The estimated coefficients, @jo . . . d i, from
Eq. (1) reveal information about the long-run equilibrium relationship between the
Lorenz ordinates and the explanatory variables. The random error term, ¢;, measures
the degree of divergence of the dependent variable, Lj;, from the equilibrium, and the
associated residuals will be included in a second-stage regression. The cointegration
tests—reported in section IIl—reveal that there are two or more cointegrating vectors
in most cases.

Therefore, we can specify a meaningful short-run adjustment equation using the
first differences of all variables and an error-correction term, obtained from the first

3 The Current Population Reports provide for the USA as a whole the Lorenz curves for family incomes,
at the following points, bottom 20%, bottom 40%, bottom 60%, bottom 80%, and bottom 95%. Appendix
A provides detailed data definitions.
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stage, to capture the deviation from equilibrium in the previous period. The second-
stage equation takes the form

k
ALj =bjo+ Z bjiAXit +bjrv1ejr—1 +ujq, ()
i=1

where ALj, is the first-order-difference of the jth quintile Lorenz ordinate in year ¢,
AXj; is the first-order difference of ith explanatory variable between t and r — 1, ej;_1
is the residual from the jth regression in Eq. (1) with a one period lag, and u; is a
random disturbance.

The estimated coefficients b ;i and l;jk provide information on how changes in the
explanatory variables alter the Lorenz ordinates. The coefficient bji4; reveals how
deviations from long-run equilibrium—triggered by changes in the explanatory vari-
ables—are eliminated. When e;; 1 > 0, we expect the Lorenz ordinate to fall back
toward its equilibrium value. Thus, we expect bjr+1 < 0. Moreover, |b jk+1| indi-
cates the speed of convergence to equilibrium; the closer to unity, the faster is the
convergence. For |b jk+1| < 1, L; converges monotonically.

Unemployment and inflation play the dominant roles in all earlier studies, but we
also want to consider the additional explanatory variables used in those studies. For
the five studies based on US data (Blinder and Esaki 1978; Blank and Blinder 1985;
Jantti 1994; Bishop et al. 1994; and Mocan 1999), unemployment and inflation are
the only explanatory variables common to all. Bishop et al. (1994) include 8 more
variables (public transfers, the budget deficit, import duties, service industry, female
participation, female head, family size, median age). Though we believe that all of
these variables could affect the shape of the income distribution, the scarcity of degrees
of freedom (only 48 observations for the estimation) raises the prospect of overfitting
the data. Studies using panel data (Gustafsson and Johansson 1999), with observations
across time and countries, have more degrees of freedom and could include more of
these explanatory variables.

We also reviewed similar studies using time series data from other countries: Buse
(1982), Weil (1984), Nolan (1989), Blejer and Guerrero (1990), Bjorklund (1991),
Achdut (1996), Dimelis and Livada (1999), and Khattak et al. (2014). Here also unem-
ployment and inflation are the usual explanatory variables, but Buse (1982) adds the
aggregate participation rate, Blejer and Guerrero (1990) add 4 other variables (pro-
ductivity, government spending, and the real exchange and interest rates), and Achdut
(1996) includes transfers. Hence, even when additional variables are included, there
is no consistency across studies.

To balance concerns about limited degrees of freedom in time series data and
about the omission of variables that might influence the dependent variable (quintile
Lorenz ordinates), X;; in Eq. (1) includes the unemployment rate, inflation rate, budget
deficit [ratio of the deficit, including both federal and local governments, to nominal
gross domestic product (GDP)], public transfers (ratio of government, federal and
local, transfer payments (to persons) to nominal GDP), and openness (ratio of the
country’s total trade (the sum of exports plus imports) to GDP). The inclusion of
public transfers captures a well-known trend that could influence income inequality
for obvious reasons.
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Budget deficits are included to capture changes in fiscal policy (expansionary or
contractionary) and to control for their rapid expansion beginning in the Reagan admin-
istration. Corresponding to this period of rising budget deficits was a period of low and
stable inflation. It appears that policy emphasis changed from expansionary monetary
policy to expansionary fiscal policy (budget deficits due to tax cuts), though mone-
tary policy was much more expansionary in the last years of our sample (the Great
Recession).

We can draw upon prior studies of the impact of fiscal consolidations (reductions
in government spending, or increases in taxes, or both) on income inequality to justify
including budget deficits in Eq. (1). Using a panel of 18 industrialized countries,
including the USA, from 1978 to 2009, Angello and Sousa (2014, 702) report that
“income inequality significantly rises during periods of fiscal consolidation,” even
after inclusion of other controls. Furthermore, they find that spending cuts worsen
the income distribution while tax increases have the opposite effect. For the purposes
of our study, which revisits earlier studies after including additional data covering a
major financial crisis, it is also relevant that both effects are amplified when the fiscal
consolidation happens after financial turmoil. Woo et al. (2013), using panel data on
17 OECD (Organization for Economic Co-operation and Development) countries,
including the USA, find that fiscal consolidations worsen income inequality and that
the effects of spending cuts tend to be more significant than those from tax increases.
Consistent with the latter finding, Wolff and Zacharias (2007) determine that net
government expenditures in the USA are progressive (the ratio of net expenditures
(received) to income declines as one moves up the income deciles), while the opposite
holds in the case of taxes, except for the top decile in some cases.

The effect of international openness on jobs and income inequality is a source of
considerable controversy in the USA. For many years, models of international trade
assumed fully flexible wages and full employment, but new models have emerged
that allow for search and structural unemployment. These developments have inspired
empirical studies that explore the relationship between trade and unemployment, with
clear implications for income inequality. Using both cross-sectional (1990s average
values) and longitudinal (from 1985 to 2004) analysis, Dutt et al. (2009) find a robust
negative relationship between trade openness and unemployment in the cross-sectional
analysis and a negative relationship in years 2 and 3 in the panel analysis—though
unemployment increases in year 1 (when liberalization occurs). Felbermayr et al.
(2011) also use both cross-sectional (85 countries) and panel (20 OECD countries)
analysis and find that greater trade openness is usually associated with a lower rate
of structural unemployment—never a higher rate—in the long run. This result holds
under different models, specifications, and data sources, but it does not preclude an
increase in frictional unemployment in the short run. They also find evidence that the
impact of openness is transmitted through total factor productivity, which boosts the
demand for labor and thus, influences the distribution of income.

For the estimation, we use time series data from 1950 through 2010, the first and last
years for which all of our variables are available. For comparisons with earlier studies,
we also estimate a model with only unemployment and inflation and using a restricted
sample (1950-1989). The samples in Bishop et al. (1994) and Jéntti (1994) begin in
1947 and 1948, respectively, and go to 1989. Table 1 shows summary statistics for the
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Table 1 Summary statistics of the explanatory variables for two periods

Explanatory 1950-1989 1950-2010
variable
Minimum Maximum Mean  Minimum Maximum Mean

Unemployment 2.80 (1953) 9.50 (1982)  5.58 2.80 (1953) 9.80 (2009) 5.68
rate

Change in CPI —0.07 (1955) 9.80(1980) 2.56 —0.69 (2009) 9.80 (1980) 3.23

Budget deficit - - - —0.03 (1950) 0.10 (2009) 0.01
(% of GDP)

Public transfers - - - 0.03 (1952) 0.14 (2010) 0.09
(% of GDP)

Openness index - - - 5.92 (1953)  29.20 (2010) 14.35

1. Budget deficits are positive; negative numbers indicate a budget surplus. Budget deficits and public
transfers are expressed as a percentage of GDP
2. Openness index = (exports + imports)/GDP

explanatory variables. The unemployment rate is lowest in 1953 and reaches its peak
after the Great Recession (2009). Inflation, which we measure by annual changes in
the Consumer Price Index in the urban areas (CPI-U), reaches its peak in 1980 and
its lowest point during the Great Recession deflation. As a percentage of GDP, public
transfers grow to their highest level in the last year of the full sample (2010). The
largest budget deficits (federal through local), measured as a percentage of GDP, also
occur during the Great Recession. The degree of openness to world markets (defined
as exports plus imports, expressed as a percentage of GDP) also reaches its peak at
the end of the sample. See “Appendix A” for the definitions of and the sources for our
variables.

3 Estimation results
3.1 Stationarity, cointegration, and first-stage estimates

We first check our variables for stationarity and cointegration. Following Hayes et al.
(1990), who report that the quintile income shares in the USA follow a random walk
for 1948-1984, we test for unit roots in the dependent variables (Lorenz ordinates)
and the explanatory variables (unemployment and inflation rates, public transfers,
government budget deficit, and the openness index). After the pretests, we perform a
cointegration test to determine whether there is a long-run equilibrium relation tying
the dynamics of the variables together.

Using the full data sample (1950-2010), we perform an augmented Dicky—Fuller
(1979) test (ADF) for unit roots and a Kwiatkowski, Phillips, Schmidt, and Shin (1992)
test (KPSS) for stationarity. We investigate two possible data-generating mechanisms:
one with an intercept and another with an intercept and time trend. Table 2A and
2B reports the test results. For the ADF test, the null and alternative hypotheses are
formulated as p = 1 (the series has a unit root) and p <1 (the series is stationary),
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Table 2 Unitroot and stationarity tests for the (a) Lorenz ordinates, 1950-2010 and (b) explanatory variables,
1950-2010

L1 L2 L3 L4 L5 5% Ceritical value

(a) Lorenz ordinates, 1950-2010
2A.1 Augmented Dicky—Fuller (ADF) test: lags = 0, significance level = 5%

Intercept

b 0.98 1.01 1.01 1.00 0.97

Test stat —0.53 0.20 0.33 0.09 —0.73 —291
Intercept and trend

b 0.92 0.89 0.89 0.89 0.88

Test stat — 1.56 —-2.10 —2.46 —2.53 —233 —3.49
2A.2 Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) test: lags = 8, significance level = 5%
Intercept

Test stat 0.51%* 0.70%* 0.70%* 0.66%* 0.56%* 0.46
Intercept and trend

Test stat 0.18** 0.18** 0.19%* 0.20%* 0.19%* 0.15

Unempl. cpi Deficit Transfers Openness 5% Ceritical value

(b) explanatory variables, 1950-2010
2B.1 Augmented Dicky—Fuller (ADF) test: lags = 2, significance level = 5%

Intercept
b 0.76 1.01 0.79 0.99 1.02
Test stat —2.30 1.10 — 1.65 —0.47 1.69 —-291
Intercept and trend
b 0.69 0.97 0.63 0.92 0.95
Test stat —-2.79 —2.13 —2.49 —1.52 —-1.20 —3.49

2B.2 Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) test
No deterministic trend

Lags = 2, significance level = 5%

Test stat 0.55%* 2.13%* 0.897% 1.92%%* 1.99%* 0.46
Deterministic trend

Lags = 0, significance level = 5%

Test stat 0.347%%* 1.44%%* 0.14* 1.01%* 1.38%* 0.15

1. We denote rejection of the null hypothesis at the 5% and 10% critical values by ** and *

2. For the estimation procedures and critical values involved in these tests, see Dickey and Fuller (1979)
and Kwiatkowski et al. (1992)

3. For the ADF test, the null and alternative hypotheses are p = 1 (the series has a unit root) and p <1 (the
series is stationary), respectively. For the KPSS test, the null and alternative hypotheses are the opposite.
Rejection of the null indicates that these series are stationary

@ Springer



1114 J. A.Bishop et al.

Table 3 Cointegration (trace) tests, 1950-2010

Hyp Lorenz ordinates Critical values
L1 L2 L3 L4 L5 5% 10%

r<5 1.86 1.92 2.05 2.17 2.19 3.84 2.71
r<4 13.80 14.54 13.24 11.02 9.14 15.49 13.43
r<3 27.92 28.47 26.37 23.88 22.19 29.80 27.07
r<2 54.96 54.43 51.06 48.37 46.97 47.86 44.49
r<l1 90.43 89.11 86.40 85.80 82.50 69.82 65.82
r=0 155.66 162.28 163.29 166.42 162.29 95.75 91.11
1. The alternative hypothesis is H, : r > r*, where r* = 5,4, ..., 1in H| space of r = 6

2. We specify intercepts in the cointegrating relations and linear trends in the data, in which case we use a
model of deterministic cointegration, where the relations eliminate both stochastic and deterministic trends
in the data

respectively. For the KPSS test, the null and alternative are reversed: The series is
stationary (null) and the series is nonstationary (alternative).

In Table 2A.1, the estimated coefficients () for the autoregressive terms are close to
unity and the ADF test statistics are above the 5% critical values. Therefore, we cannot
reject the null hypothesis that the Lorenz ordinates all have unit roots. In Table 2A.2,
the KPSS test statistics are all above the 5% critical values, so we can reject the null
hypothesis that the Lorenz ordinates are stationary.

In Table 2B.1, where we test the explanatory variables for unit roots, the estimated
coefficients () are close to one and the ADF test statistics are above the critical values.
The KPSS test statistics in Table 2B.2, where we test the explanatory variables for
stationarity, are all above one or more of the critical values, so we can reject the null
hypothesis that the explanatory variables are stationary.

Given the evidence that our dependent and explanatory variables are all unit root
processes, we test whether they are cointegrated. We use the trace test of Johansen
(1988) to identify a cointegration vector. The results given in Table 3 allow us to
reject the null hypothesis that the number of cointegration vectors is less than or equal
to one at the 5% significance level. Therefore, there are at least two cointegrating
vectors for the income distribution and the explanatory variables, implying a long-run
equilibrium relationship among the variables as well as a causality relationship in the
sense of Granger (1969). Our findings are consistent with those in Bishop et al. (1994)
for the period 1947-1989 and in Mocan (1999) for 1948—1994. Therefore, we conclude
that the explanatory variables interact with one another in a general equilibrium sense,
while systematically causing changes in the income distribution across time.

Table 7 in “Appendix B” reports the first-stage estimates for Eq. (1), where the
Lorenz ordinates are the dependent variables and all variables are expressed in levels.
From earlier findings in Table 2A and B, all the variables are likely 7(1). Furthermore,
the Durbin—Watson statistics in Table 7 are consistent with the residuals being station-
ary. By the Granger representation theorem (Engle and Granger 1987), the variables
are cointegrated, reinforcing the finding from the Johansen test in Table 3 and implying
that there exists a valid error-correction representation of the data.
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3.2 Second-stage estimates

We turn next to the second-stage estimates from (error-correction) Eq. (2), where
the dependent variables (ALj) are first differences in the quintile Lorenz ordinates.
We begin with a parsimonious model, including only changes in unemployment and
inflation, which most nearly reflects the models used in early US studies. Next, we
offer a more complete model that adds three other macro-policy variables (public
transfers, government budget deficits, and an international openness index), also in
first differences. As these variables are all /(1) in levels, their first differences are 1(0),
as is the residual term from the first-stage equation. Later, we will consider models
with different combinations of the additional variables.

Table 4 reports the parameter estimates and their p values for the parsimonious
model, which includes only the unemployment (U) and inflation (/) rates, for shorter
and longer sample periods. The coefficients for the lagged error-correction are negative
and significant in four of the five equations, suggesting that the Lorenz ordinates
converge monotonically to a long-run equilibrium. The Breusch—Godfrey tests find
no statistical evidence that the error terms are autocorrelated in Eq. (2).

Examining Table 4a, we observe that the signs and coefficient estimates of the
unemployment and inflation rates are similar across the two periods. In both periods,
increases in the unemployment rate and the CPI generate crossing Lorenz curves.
The Lorenz curve shifts away from the line of equality at the bottom of the income
distribution, but shifts toward the line of equality above the 80th percentile, as shown
in Fig. 1. Hence, neither effect creates Lorenz dominance. Yet, given that the crossing
occurs above the 80th percentile and that the downward shifts in the Lorenz ordinates
in the bottom four quintiles are at least as large as the upward shift in the Lorenz
ordinate at the 95th percentile, the area between the curves below the crossing must
be large—more than four times longer and also thicker—relative to the area between
the curves above the crossing. Therefore, we can use the notion of “almost Lorenz
dominance” proposed by Zheng (2018) to say that increases in the unemployment and
inflation rates worsen income inequality for a wide range of inequality measures. From
the results reported in Tables 4a and b, we can also conclude that the inclusion of 16
additional years of data, by itself, has little effect on the estimates in the parsimonious
model.

Next, we turn to the model with three additional macroeconomic variables: public
transfers, budget deficits, and openness in Table 5. This model implies convergence to
long-run equilibrium and indicates that the residuals are stationary, like the parsimo-
nious model. Relative to that model (Tables 4a and b), the R? increases modestly. We
summarize our findings from this model as well as from models that add each control
separately in Table 6.

In Table 6, the numbers 1 through 5 represent the five Lorenz ordinates. Omitted
numbers indicate lack of statistical significance for a parameter at that specific Lorenz
ordinate. Numbers without brackets indicate positive parameter signs for the listed
set of Lorenz ordinates; numbers in brackets indicate negative parameter signs for
the listed set of Lorenz ordinates. If no Lorenz ordinate is significantly affected by a
particular variable, a dash appears in Table 6. Note also that evaluating Lorenz curves
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Table 4 (a) 1950-1989 and (b) 1950-2010 second-stage estimation results by quintile: error-correction
model (U and I only)

Explanatory variable Change in Lorenz ordinates

ALy ALy ALz ALy ALs

(a) 1950—1989 Second-stage estimation results by quintile: error-correction model (U and I only)

Constant 0.02 (0.00) —0.01(0.21) —0.02(0.06) —0.02(0.10) —0.03(0.05)
Lagged error correction  — 0.10 (0.00) — 0.24 (0.00) —0.30(0.00) —0.32(0.00) — 0.43 (0.00)
Change in —0.07 (0.00) —0.12(0.00) —0.13(0.00) - 0.09(0.00) 0.04 (0.00)
unemployment rate

Change in CPI —0.08 (0.00) —0.10(0.00) —0.13(0.00) —0.09(0.02) 0.08 (0.04)
Test statistics
R-square 0.37 0.44 0.41 0.33 0.20
Dep. var. mean 5.03 16.89 34.40 58.33 83.97
Breusch—Godfrey 2.28 5.05 5.18 7.09 8.82
F statistics 6.86 9.26 8.18 571 2.99
Joint p value 0.00 0.00 0.00 0.00 0.06
Explanatory variable Change in Lorenz ordinates

ALj ALy ALz ALy ALs

(b) 1950-2010 Second-stage estimation results by quintile: error-correction model (U and I only)

Constant 0.02 (0.00) —0.02(0.00) —0.06(0.00) —0.10(0.00) —0.13(0.00)

Lagged error correction ~ — 0.13 (0.00) —0.26 (0.00) —0.33(0.00) — 0.35(0.00) — 0.37(0.00)

Change in —0.05(0.00) —0.08(0.00) —0.06(0.00) —0.01(0.15) 0.11(0.00)
unemployment rate

Change in CPI —0.08 (0.00) —0.08(0.00) —0.08(0.00) 0.02(0.25) 0.23 (0.00)

Test statistics

R-square 0.32 0.33 0.27 0.21 0.17

Dep. var. mean 4.74 15.91 32.78 56.47 82.56

Breusch—-Godfrey 2.84 5.44 4.45 3.52 3.25

F statistics 8.65 9.11 6.81 4.89 3.83

Joint p value 0.00 0.00 0.00 0.00 0.03

1. The first four Lorenz ordinates are estimated at quintiles, while ALs is measured at the 95th percentile
2. The numbers in parentheses are p values for the estimated coefficients of each equation

based on quintiles requires simultaneous inference methods, which we describe in
“Appendix C.”

The first column in Table 6 is labeled “U and I only” and summarizes the results
from Table 4b (based on the 1950-2010 time series.) The next three columns add
controls for public transfers, government budget deficits, and openness separately.
The last column summarizes the results in Table 5, which includes all three controls.
We begin by checking the robustness of our earlier results when we include additional
control variables. While the additional controls (added either separately or together)
can change the statistical significance at any given Lorenz ordinate, the major finding
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Fig. 1 Lorenz curves before and after an increase in unemployment (unemployment and inflation only,
1950-1989)

that increases in both unemployment and inflation are disequalizing is robust. If we
compare the “all controls” model in Table 5 with the parsimonious model in Table 4b,
we find that the inclusion of the three additional controls expands the disequalizing
effects of both unemployment and inflation through the bottom 80% (L4) of the income
distribution.

The finding that increases in the unemployment rate have little or no negative impact
on the top-5 income share is interesting, but not surprising. Atkinson et al. (2011)
find that a surge in top wage incomes over the previous 30 years led to wage incomes
comprising a larger share of top incomes, and one would expect highly skilled workers
to be less vulnerable to income losses when unemployment rises. Furthermore, high-
income earners have access to expertise on how to hedge against inflation, so their
share of income does not diminish as the inflation rate increases.

Next, we examine the effects of the three additional macroeconomic policy controls
(public transfers, government budget deficits, and openness to international trade). We
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Table 5 Second-stage estimation results by quintile: error-correction model—full model, 1950-2010

Explanatory variable Change in Lorenz ordinates
ALj ALy ALz ALy ALs
Constant 0.02 (0.00) —0.02 (0.00) —0.04(0.08) —0.04(0.11) —0.05(0.12)
Lagged error correction ~ — 0.50 (0.00) — 0.45(0.00) —0.42(0.00) —0.42(0.00) — 0.46 (0.00)
Change in —0.11(0.00) —0.15(0.00) —0.14(0.00) —0.09 (0.00) 0.05(0.00)
unemployment rate
Change in CPI —0.11 (0.06) —0.15(0.01) —0.10(0.00) —0.16(0.00) — 0.05(0.10)
Change in budget deficit  0.37 (0.00) 0.79 (0.00) 0.90 (0.00) 0.95 (0.00) 0.73 (0.00)
Change in public 0.47 (0.00) 0.02 (0.42) —0.29 (0.05) —0.35(0.06) —0.26(0.15)
transfers
Change in openness 0.01 (0.50) 0.20 (0.01) 0.12 (0.18) —0.14 (0.21) —0.07(0.37)
index

Test statistics

R-square 0.46 0.42 0.33 0.25 0.21
Dep. var. mean 4.74 1591 32.78 56.47 82.56
Breusch—-Godfrey 6.32 6.92 4.81 431 3.64
F statistics 7.43 6.38 4.30 2.96 2.37
Joint p value 0.00 0.00 0.00 0.02 0.05

1. The first four Lorenz ordinates are estimated at quintile, while ALs is measured at the 95th percentile
2. The numbers in parentheses are p values for the estimated coefficients of each equation

3. Changes in the budget deficit and public transfers are expressed as a percentage of GDP

4. Openness index = (exports + imports)/GDP

Table 6 Signs and significant coefficients in the error-correction model for alternative controls (dependent
variables: first differences of the quintile Lorenz ordinates)

Explanatory UandIonly Addtransfers Add Budget deficit Add openness All controls
variables (in first
differences)
Unemployment [1-3], 5 [1-3],4-5 [1-4] [1-4],5 [1-4], 5
rate
Consumer Price [1-3],5 [1-5] [1-2], 4-5 [1-2], 4-5 [1-4]
Index
Public transfers - 1, [4-5] - - 1, [3-4]
Budget deficit - - 1-5 - 1-5
Openness index - - - [1-4] 2

1. Changes in the budget deficit and public transfers are expressed as percentages of GDP

2. Openness index = (exports + imports)/GDP

3. Square brackets denote negative signs. Numbers designate quintiles. Quintiles are included only if
significant at the 5% level using simultaneous inference tests described in “Appendix C”

4. Full estimates for “U and I”” and “All Controls” given in Table 4b and Table 5
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expect public transfers to be equalizing and openness to trade to be disequalizing. We
include budget deficits along with inflation to capture the changes in public policy after
1980, a period of stable prices and soaring budget deficits. The effect of budget deficits
on inequality is not apparent a priori—it depends on the outcome of a complex federal
budgeting process. Still, budget deficits allow policy makers with differing priorities
to avoid making hard choices, such as budget cuts that would exacerbate the trend
toward rising inequality.

We find that increases in public transfers have an equalizing effect, but only on the
bottom 20% (L;) of families. Rising budget deficits are unambiguously equalizing,
both when included alone and when they are included together with the other con-
trols. Finally, increases in international openness are unambiguously disequalizing
when included separately, but their impact diminishes when combined with the other
controls.

3.3 Comparisons to earlier findings

The most influential early US research on these issues was motivated by an interest in
comparing the effects of unemployment and inflation on the distribution of incomes.
Blinder and Esaki (1978, 607-608) arrived at a clear verdict:

[T]he one unequivocal message seems to be that the incidence of unemployment
is quite regressive. ... While the findings on inflation are less firm, ... the effects
of inflation on the income distribution simply are much less important than those
of unemployment.

Several years later, Blank and Blinder (1985, 11) reach a similar conclusion:

High unemployment has significant and systematically regressive effects on the
distribution of income: the poorer the group, the worse it fares when unemploy-
ment rises. ... For inflation, few significant effects were found.

The difficulties in comparing our findings to those from other studies arise from
two sources: (1) Most of the earlier studies use a different dependent variable (quintile
income shares directly or relative to the bottom quintile in some studies and the Gini,
Theil, or Atkinson income inequality index in others) and (2) the list of explanatory
variables differs across studies. Even in those that focus on the two most common
explanatory variables, the unemployment and inflation rates, some distinguish between
cyclical and structural unemployment or opt for unemployment rates for primary-age
males, while others distinguish between anticipated and unanticipated inflation.

To deal with these difficulties, we return to the parsimonious model (U and I only)
and focus on the shorter time series (1950-1989), which ends in the same year as a
pair of prior studies (Jantti 1994; Bishop et al. 1994), the latter of which uses the same
dependent variable as we use (Lorenz ordinates). Notice here that the income quintile
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share and Lorenz ordinate are the same for the bottom quintile and that Lorenz (and
in our case, almost Lorenz) dominance implies a smaller Gini inequality index for the
dominating distribution.

When we focus on the two common explanatory variables across prior studies, the
unemployment and inflation rates, and their effects on the bottom quintile (or in some
of the studies for other countries, the Gini ratio), our study reinforces the finding of
all US studies that a higher unemployment rate reduces the income share and Lorenz
ordinate of the bottom quintile of the distribution. The unemployment rate has mixed
effects in other countries, so we can make no meaningful comparison. Prior studies
using US data also report mixed results for the effects of a higher inflation rate on the
income share of the bottom quintile. The studies most similar to ours (Bishop et al.
1994; Mocan 1999) report that a higher inflation rate raises the income share in the
bottom quintile, but we find the opposite—whether we use a shorter or longer time
series. This result does not seem to depend on the number of explanatory variables,
as we find that a higher CPI harms the lowest quintile, even with additional controls
in the model. In studies based on data from other countries, the coefficient of the
inflation rate varies in sign and significance, so again no meaningful comparison with
our findings is possible.

How do our findings compare to those obtained by the most influential early studies
using US data? They strongly support one of the conclusions reported by both Blinder
and Esaki (1978) and Blank and Blinder (1985): Unemployment is a regressive tax.
But we do not find support for the claim that inflation has less damaging distributional
effects. With different estimation methods, an explanatory variable with a more direct
connection to income inequality, a longer time series, and more control variables,
we find that the effects of unemployment and inflation on the shape of the income
distribution are similar in both direction and magnitude.

4 Conclusion

We re-examine the influence of the inflation and unemployment rates on the size dis-
tribution of income among US families using 16 years of additional data (1995-2010)
not available in previous studies, including the deepest recession since World War II.
We also investigate the effects of changes in government budget deficits, international
openness, and public transfers, all of which reached their highest levels in the years
added to the sample.

We find that including these additional data does not substantively change the
results regarding the effects of unemployment and inflation (both disequalizing) on
income inequality when only unemployment and inflation are included in the model.
We also explore the effects of including additional macroeconomic policy controls:
public transfers (strongly equalizing), more openness to international trade (moder-
ately disequalizing), and government budget deficits (equalizing, except at the top of
the distribution). Adding the additional controls also has little influence on the way
unemployment and inflation affect the distribution of incomes. Of the three controls
considered, public transfers are equalizing only at the bottom of the income distri-
bution, budget deficits are unambiguously equalizing (and thus, perhaps politically
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difficult to address), and the effect of openness dissipates when combined with public
transfers and budget deficits.
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Appendix A: Definition and measurement of variables
Dependent variable

L,: Lorenz ordinate, where Ly is the cumulative share of family income. Incomes are
ranked from lowest to highest and the ordinates are measured in percentage terms. We
consider five Lorenz ordinates L1 = .2, L, = .4, L3 = .6, Ly = .8, L5 = .95, where
Ls is the combined share of family income of the bottom 95% of families. (Source:
computed from the Current Population Reports, Series P-60)

Explanatory variables

Unemployment Unemployment rate of all workers, measured in percentage terms.
[Source: Federal Reserve Economic Data (FRED)]

Inflation Inflation rate computed as a first difference of the Consumer Price Index for
urban areas. (Source: FRED)

Budget deficit Ratio of government deficit, including both federal and local govern-
ments, to nominal GDP, measured in percentage terms. (Source: FRED)

Public transfers Ratio of government (federal and local) transfer payments (to persons)
to nominal GDP, measured in percentage terms. (Source: FRED)

Openness Ratio of the country’s total trade (the sum of exports plus imports) to GDP.
(Source: FRED)

Appendix B: Stage 1 cointegration estimates

See Table 7.
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Table 7 Cointegration equation of Lorenz ordinates, 1950-2010 (61 observations)

Lorenz ordinates

Ly Ly L3 Ly Ls
Intercept 5.03 17.08 35.86 59.70 84.40
(0.00) (0.00) (0.00) (0.00) (0.00)
Unemployment —0.09 —0.15 —0.14 —0.08 0.04
(0.00) (0.00) (0.00) (0.00) (0.00)
CPI —-0.23 — 042 —0.57 — 0.60 — 040
(0.00) (0.00) (0.00) (0.00) (0.00)
Budget deficit 0.31 0.85 1.17 1.36 1.14
(0.00) (0.00) (0.00) (0.00) (0.00)
Public transfers 0.03 0.02 0.02 0.05 0.07
(0.00) (0.00) (0.00) (0.00) (0.00)
Openness index 0.76 1.06 1.41 1.72 1.68
(0.00) (0.00) (0.00) (0.00) (0.00)
Durbin—-Watson 1.18 1.00 1.00 1.09 1.21

1. The p values are reported in parenthesis. Due to the autocorrelation in error terms, standard deviations
of parameter estimates are not efficient and significance is exaggerated. Moreover, the linear stationary
relationship may not be unique (there can be more than one cointegration vector), so we report the first-
stage regression results only in the appendix

2. The critical values for Durbin—Watson test at the 1% significance level with sample size of 60 are dj, =
1.25, dy = 1.60. All reported test statistics are smaller than dj , which indicates that the residual terms in
the OLS regressions are positively autocorrelated

Appendix C: inference tests for Lorenz dominance

To test for Lorenz dominance, we follow Bishop et al. (1989, 1992), who propose a
multiple comparison procedure. The multiple comparison procedure employs a union-
intersection test. This procedure uses a fixed set of K quantiles (in our case quintiles)
and their corresponding test statistics, 7. In addition to the overall null hypothesis (H)
of pro-poor equality, there are two possible alternatives: pro-poor dominance (H41)
and crossing (H 42).

The overall null hypothesis is the logical intersection of the K sub-hypotheses, and
the alternative hypotheses are the logical union of the K sub-hypotheses. To control
for the probability of rejecting the overall null, we use the student maximum modulus,
MX # These test statistics for each of the sub-hypotheses are:

L;—L )
Tgri = where i =1,2,..., K

()]

4 Student maximum modulus (SMM) tables can be obtained from Stoline and Ury (1979). For deciles the
5% critical value is 2.80, and for quintiles, 2.50.
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where the variance of L is given by Beach and Davidson (1983), or:
Var(L;) = o},

Therefore, we

1. Reject Hyif ITgril>MK fori=1,...K
2. Accept Hy if ITGril>MX for some i and 1Tyl <= MX for all other i,
3. Accept Hyy if Tgri >MX for some i and — Tgy; >MX for some other i.

Under (1), if each of the sub-hypotheses is not rejected, then the joint null hypothesis
is not rejected, and we conclude that the explanatory variable is neither pro-equality
nor anti-equality. On the other hand, if any of the sub-hypotheses are rejected, then
the following are the possible outcomes:

e Under (2): Weak Equality Dominance: If for some quantiles GL; >GL; and for
others GL; = GL1, then we conclude that the effect of the explanatory variable is
weakly pro-equality. If GL; >GL for all i, then we have strong pro-equality.

e Under (3): If for some quantiles GL; >GL1 and for others GL; <GL1, then no
unambiguous ranking is possible for all z (a ‘crossing’ has occurred).

A number of alternative tests for stochastic dominance have been suggested (e.g.,
Anderson 1996; Xu 1997; Xu and Osberg 1998; Davidson and Duclos 2000; Barrett
and Donald 2003, among others). Barrett and Donald (2003) note that Davidson and
Duclos (2000) propose two types of test, the first being a Wald test. To implement this
test, Barrett and Donald (2003, 83) note that “one must compute the solutions to a
large number of quadratic programming problems in order to estimate the weights that
appear in the Chi squared mixture limiting distribution.” Davidson and Duclos (2000,
1455) recognize the complexity of this test. The second test proposed by Davidson and
Duclos has the Bishop, Formby, and Thistle (BFT) test structure. When Tse and Zhang
(2004) provide size and power estimates of the Davidson and Duclos test, which they
call “the DD test,” it has the BFT test structure with the variance—covariance structure
from Davidson and Duclos (2000, 364). Tse and Zhang (2004) provide a review of
these tests and extensive simulation results. We note that given the complex alternative
hypothesis, no single test can completely rank Lorenz curves.
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