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Extending Theil’s Inequality Index:
Addressing Dynamic Convergence
in the OECD

Dave D. Weatherspoon, James L. Seale, Jr.,
and Charles B. Moss

Theil’s inequality index is used to measure convergence in 14 Organization for Economic
Cooperation and Development (OECD) countries in terms of per capita income, per capita
government and investment expenditures, and industrial employment. Results indicate that
all four variables have converged over the sample period, 1950-1988. Next, the indices
of the four variables are made dynamic by using pairwise cointegration and Johansen’s
I(2) multi-cointegration tests. These tests indicate that the four inequalities are cointegrated,;
that is, there exists a long-run equilibrium between the four inequalities of the 14 OECD
countries. However, the inequality in per capita government expenditure has no effect on
the G-7 equilibrium when analyzed without the Other 7.
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Whether countries are becoming more similar
(convergence) in terms of per capita income
and the identification of the factors that con-
tribute to income convergence are important
economic issues. One way for convergence to
occur is for relatively poor countries to grow
faster than relatively rich ones (Barro). The
empirical literature has taken two main ap-
proaches in studying convergence issues: the
construction of inequality measures (e.g., Ah-
luwalia, Carter, and Chenery; Berry, Bouruig-
non, and Morrison; Gao et al.; Theil and Dee-
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pak; Ram 1988, 1989a; Seale, Theil, and
Deepak; Theil 1989, 1996; Theil and Deepak
1994, 2002; Theil and Seale; Wright), and re-
gression analysis (e.g., Baradaran-Shoraka;
Barro; Barro and Sali-i-Martin; Branco and
Williamson; Deepak, Seale, and Moss; Grier
and Tullock; Ram 1988). The evidence sup-
ports the idea that high-income countries are
converging; however, the reasons why are less
clear (Grier and Tullock; Goa et al.). Unlike
these former studies which have focused on
the short-run or on static models, this study
focuses on the long-run by determining a
method of measuring convergence, testing
convergence on a group of countries, and de-
termining the long-run relationships among
selected macroeconomic variables.
Specifically, two questions are posed. The
first ts whether 14 Organization for Economic
Cooperation and Development (OECD) coun-
tries are converging in terms of income, gov-
ernment expenditure, investment expenditure,
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and industrial employment.! Theil’s inequality
measure is used to answer this question. The
second is whether the inequality of income has
a long-run relationship with the three other in-
equalities. This question is explained using
both pairwise cointegration analysis and Jo-
hansen’s multiple cointegration technique.

Data

This study focuses on 14 OECD countries be-
cause of their increased importance in recent
years, and the fact that the data for these coun-
tries are readily available and relatively accu-
rate. The data used in this study are from two
sources: Summers and Heston data set, and the
OECD (1963, 1969, 1989, 1991a, and 19%91b).
The Summers and Heston data are constructed
based on purchasing power parity.2 The vari-
ables in this study from the Summers and Hes-
ton data are income per capita, government
expenditure per capita, investment expenditure
per capita, and population.? The industrial em-
ployment variable is taken from the OECD
data set. The criteria for choosing these vari-
ables are based on macroeconomic relation-
ships (De Long; Grossman amd Helpman;
Lucas; Romer), results from empirical inves-
tigations (Adams; Barro; Barro and Sala-i-
Martin; De Long and Summers; Glomm and
Ravkumar; Wright; Zind), and the availability
of data.

Measuring Convergence

To dynamically measure convergence and in-
terpret the changes, a consistent and decom-

! The OECD countries that are included in this
analysis are the G-7 (United States, Canada, Japan,
U.K., West Germany, France, Italy) and the Other 7
{Austria, Belgium, Denmark, The Netherlands, Nor-
way, Ireland, and Spain).

2 Purchasing power parity (PPP) is the number of
currency units required to buy goods equivalent to
what can be bought with one unit of the currency of
the base country (Kravis, Heston, and Summers 1982,
p. 383). Cross-country comparisons based on PPPs are
generally thought to be superior to those based on of-
ficial exchange rates (Kravis, Heston, and Summers
1978).

? Surmmers and Heston define government expen-
diture as public consumption and investment expen-
diture as private and public expenditure.
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posable index is needed. Theil’s inequality in-
dex meets this criteria and the criteria for an
inequality index.* Theil’s ineguality index has
been used in numerous international compar-
ison studies (e.g., Ahluwalia, Carter, and Che-
nery; Berry, Bouruignon, and Morrison; Ram
1989; Theil 1989, 1996). A major strength of
Theil’s inequality index is that it meets all four
criteria for an inequality index, yields a con-
sistent index, and is additively decomposable.’
The derivation of Theil’s inequality index can
be found in the Appendix.

Inspection of the inequality measures re-
ported in columns 2, 6, 10, and 14 of Table 1
clearly indicates that total inequality for all
four variables has decreased considerably.® In-
come inequality (column 2) decreased from
0.21 in 1950 to 0.03 in 1988, a decrease of
more than 86%, while the inequality of gov-
ernment expenditure (column 6) decreased
from 0.17 to 0.05, a decrease of 67% during
the same time period. Total investment in-
equality (column 10) decreased by 92% (0.25
to 0.02) while the inequality in industrial em-
ployment (column 14) decreased by 48%
(0.03 to 0.01). Thus, on average, the OECD
countries became much more affluent and
more similar. These countries are converging
in terms of income, government expenditure,
investment expenditure, and industrial em-
ployment.

The decomposability of Theil’s index can
be used to determine whether the driving force
behind the strong tendency toward conver-
gence among the OECD countries is due to
changes in regional inequality or changes in
within-region inequality. Accordingly, the 14
countries are grouped into two regions; G-7
(United States, Canada, France, Italy, Japan,
U.K., and West Germany); and the Other 7

* The four requirements for an index are symmetry,
mean-independence, population homogeneity, and the
Pigou-Dalton condition {Bourguignon; Osberg).

* Bourguignon defines additive decomposability as
a measure that the total inequality of a population can
be broken down into a weighted average of the in-
equality existing within subgroups of the poputation
and the inequality existing among them.

¢ The inequality measure has a lower bound of ¢
but no upper bound; zero represents the case where no
inequality exists.
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(Austria, Belgiom, Denmark, Ireland, The
Netherlands, Norway, and Spain). The region-
al inequalities, J,, are displayed in columns 3,
7, 11, and 15 of Table 1.

The Other 7 has not substantially narrowed
the income gap between themselves and the
G-7 (40% reduction, column 3). So what is
driving the decline in income inequality of the
14 countries? Within-region inequality has de-
creased by 90% for the G-7 as shown in col-
umn 4 (primarily due to fast growth in Japan
and slow growth in the U.S8.) and only 57%
for the Other 7 (column 5). Although the Oth-
er 7 countries are converging, they are con-
verging within themselves at a slower rate
than the G-7. Hence, total income inequality
for the 14 OECD countries has dramatically
declined due to the decline in inequality within
the G-7.

Part of the explanation for the major
change in inequality in the G-7 can be attri-
buted to investment expenditures. Total in-
vestment inequality (column 10) decreased by
92% but the majority of the decline is within
the G-7 (96% decline). Table 2 details the ini-
tial and ending level of investment expendi-
tures and the respective growth rates for the
OECD countries. The initial value for Japan is
significantly lower than for the other coun-
tries; however, Japan’s increase in the rate of
expenditure on investment per capita (21 times
the initial value) has boosted its rank to one
of the top countries in terms of investment ex-
penditure per capita. Japan’s increase in in-
vestment expenditure and the United State’s
relatively slow increase heavily influence con-
vergence within the G-7, which essentially
drives the convergence of investment in the
OECD countries.

On average, government-expenditure in-
equality is also converging at a slower rate
than income and investment inequality. Re-
gional inequality accounts for only 10%-15%
of total government inequality over the 39
years of this study. Within-regional inequality
is driving the convergence. Specifically, with-
in-regional inequality among the Other 7 has
decreased 71% while the G-7 decreased by
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65%.” The G-7 has increased government ex-
penditures 2.3 times over the 39-year period
while the Other 7 has increased government
expenditures by 3.4 times. The convergence in
the Other 7 is due to increased expenditures
on public goods by Spain and Norway. The
slow rate of government expenditure in The
Netherlands also helped the Other 7 to con-
verge by allowing the other countries to catch
up. The convergence in the 14 OECD coun-
tries is due to the slow growth of the United
States and the U.K. and the faster growth of
the Other 7 countries,

The inequality in industrial employment is
the only complex category. Total inequality
has decreased 47% from 1950 to 1988 (Table
1, column 14). The lowest level of inequality
among the 14 countries occurred in 1979. Re-
gional inequality increased even though total
inequality decreased. The regional inequality
increased 88% (column 15), which means the
two regions have grown further apart over
time; however, on average, regional inequality
accounted for less than 5% of total industrial
inequality until the late 1970s. Then regional
inequality jumped to almost 22% of total in-
equality. Once again, within-region inequality
is responsible for the reduction in total in-
equality. Inequality among the G-7 decreased
54% (column 16) and decreased 62% for the
Other 7 (column 17). The driving force behind
the reduction in the G-7 is the rate of increase
in the number of people employed by industry
in Japan. The relatively fast rate of increase in
industrial employment by Ireland and Spain
has influenced the convergence of the Other 7.

In summary, convergence is supported for
all four variables and generally occurred at a
faster rate in the income and investment var-
iables. However, there was little inequality
among the countries in terms of industrial em-
ployment even in 1950. One of the strongest
driving forces behind the decreases in all of
the inequalities is Japan’s behavior. The next
section extends the analysis to address the dy-
namic issues of convergence in the 14 OECD
countries.

7 Within-region inequality, J,, calculates the in-

equality among the countries within a given region.
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Table 1. Continned

Government Inequality Investment Inequality Industrial Inequality

Income Inequality

Joter7
16 17

J, G-7

R
15

J
14
0.0097 0.0019 0.0074 0.0106

Joteer
13

Joa
12

I
11

J
10
0.0213 0.0030 0.0159 0.0363

Jotner7
9

8

Joa
0.0623 0.0072 0.0507 0.0867

Sonher-7
5

4

Joz
0.0286 0.0065 0.0211

Year
1

0.0297

1980
1981

0.0583 0.0067 0.0463 0.0902 (0.0300 0.0066 00215 0.0375 0.0105 0.0026 0.0073 0.0119

0.0566 0.0063 0.0456 0.0849

0.0298 0.0072 0.0214 0.0308

0.0132 0.0026 0.0103 0.0130

00216 0.0039 0.0152 0.0359

0.0254 0.0068 0.0169 0.0309

1982
1983
1984
1985
1986
1987
1988

0.0191 0.0062 0.0091 0.04I1 0.0140 0.0029 0.0107 0.0138

0.0537 0.0060 0.0432 0.0809

0.0275 0.0075 0.0183 0.0331

0.0139 0.0038 0.0091 0.0164

0.0297 0.0093 0.0141 0.0665

0.0760

0.0544 (.0065 0.0441
0.0596 0.0070 0.0500 0.0717

0.0319 0.0085 0.0216 0.0369

0.0152 0.0040 0.0100 0.0202
0.0149 0.0037 0.0101 0.0198

0.0276 0.0089 0.0122 0.0667

0.0326 0.0087 0.0219 0.0392

00246 0.0067 0.0117 0.0641

0.0574 0.0071 0.0483 0.0657
0.0580 0.0063 0.0508 0.0586

0.0322 0.0088 0.0215 0.0379

0.0135 0.002¢ 0.0099 0.0157

0.0141 0.0024 0.0114 00143

0.0220 0.0069 0.0113 0.0433

0.0313 0.0088 0.0212 0.0331

0.0203 0.0067 0.0105 0.0369

Notes: G-7 (United States, Canada, Japan, U.K., Germany, France, Italy); G-O (Austria, Belgium, Denmark, The Netherlands, Norway, Ireland, and Spain); J is total inequality,

J is regional inequality, and J, is within inequality.

0.0480 00536

0.0547 0.0061

0.0304 0.0088 0.0203 0.0314

Table 2. Initial and Final Investment Per Ca-
pita and Growth Rate for 14 OECD Countries,
19501988

Growth

Country 1950 1988 Rate*
Canada 1,562 4,661 3
United States 1,640 3,513 2
Japan 185 3,878 21
U.K. 516 2,465 4.8
West Germany 752 3,050 4
France 845 3,094 37
Ttaly 569 2,921 5
Austria 544 3,534 6.5
Belgium 812 2,598 3.2
Denmark 1,120 2,473 2.2
Netherlands 1,013 2,275 23
Norway 1,394 4,404 3.2
Ireland 488 1,287 2.6
Spain 341 1,921 5.6

* Growth is calculated by dividing the final investment
per capita value by the initial value.

Cointegration

Several studies have combined inequality
measures with multiple-regression techniques
(Amos; Braun; McGillivray; Ram 1989,
1992). This study, however, attempts to estab-
lish the co-movement of these inequality in-
dices over time in order to analyze the long-
run equilibrivm relationships between income
inequality and factors that influence growth.
To accomplish this, cointegration is used in
this analysis to determine the long-run rela-
tionships among the four inequality indices for
the 14 OECD countries.

Testing for cointegration involves analyz-
ing the residuals from a cointegrating regres-
sion for stationarity. If the cointegrating equa-
tion is stationary, then the variables are
cointegrated (Maddala; Moss). A prerequisite
of cointegration analysis is that the variables
under consideration are integrated in the same
order. A time-series variable is integrated in
order d if the dth difference of x, is stationary
and is denoted by I(d). Maddala suggests ex-
amining graphs and using unit-root tests to de-
termine if a time series is stationary,

The graphs of the inequality of income,
government and investment expenditures, and
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Table 3. OECD Unit Root Tests®

Govern- Invest-
Tests Income ment ment  Industry
ADFsb 10.38 8.30 11.21 10.08
Phillips® 10.68 8.54 11.53 10.37

Note: Only the second differenced results are reported.

* The reported values are for zero lagged difference terms.
® The critical values for the Augmented Dicky-Fuller test
and Phillips test are 3.56, and 2.94 for the 0.01, and 0.05
confidence levels, respectively.

¢ The reported values are for 1 autocorrelation term.

industrial employment for the OECD countries
were examined and are confirmed to be I(2)
(not shown). Unit-root tests were then used to
determine the order of integration of the time
series. The resulis of the augmented Dickey-
Fuller (ADF) and the Phillips tests (Fuller;
Evans and Savin; Engle and Granger 1991;
Phillips; Maddala) are presented in Table 3
and indicate that the inequalities in income,
investment expenditure, industrial employ-
ment, and government expenditure with a 99%
confidence level are [(2), which supports the
interpretation of the graphs.®? Given that all of
the variables are /(2), pairwise-cointegration
tests are conducted. Engle and Granger (1987)
show that two Kd) variables, x, and y, are
cointegrated in order (d, b) if there exists a
constant B # 0 such that 4, = y, — a — Bx, is
integrated in order (d — b), b > 0. If these
restrictions are satisfied then x, and y, are coin-
tegrated, which is written as CI(d, b). In this
example, ¢ is a constant and u, is the residual
vector.

® Increasing the number of lags (autocovariance
terms for Phillips tests) in the model has no effect on
the significance level for the K(2) series.
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Durbin Watson and the Augmented Dick-
ey-Fuller (CADF) tests (Maddala) are used on
the following sets of inequality measures: in-
come — investment, income — government
expenditures, and income — industrial em-
ployment. The results from the two pairwise
tests are somewhat inconsistent. Table 4 shows
that the Durbin Watson statistic is significantly
different from zero at the 5% level for the fol-
lowing pairs: income inequality and invest-
ment-expenditure inequality, and income in-
equality and the inequality in the number of
people employed in industry. The Durbin Wat-
son statistic is not significantly different from
zero for government inequality and income in-
equality. The Durbin Watson tests indicate that
nonpairwise cointegration is rejected for in-
vestment and the number of people in indus-
try, but cannot be rejected for government ex-
penditure. The CADF tests tell a different
story from that of the Durbin Watson test re-
sults. Government expenditures and the num-
ber of people employed in industry regres-
sions reject noncointegration at the 1% level.
The investment regression does not reject non-
cotntegration.

Conflicting results from different time-se-
ries tests are common (Maddala). The distri-
bution of the Durbin Watson has not yet been
fully investigated. The general rule is that the
smaller the statistic, the greater the chance that
the null hypothesis of noncointegration is not
rejected. Engle and Yoo (1987, 1991) con-
clude that the Durbin Watson is not useful for
testing cointegration. In general, the test re-
sults indicate that income inequality is coin-
tegrated with the inequalities of the other three
variables. This suggests that there exists a
long-run equilibrium among income inequality

Table 4. OECD Pairwise Tests for Cointegration

Tests Govermment Investment Industry
Durbin-Watson Regression® 0.296 0.429 0.471
Aungmented Dickey-Fuller Regression®s 6.07 2.76 4.27

* The critical values for the Durbin-Watson regression are 0.511, 0.386, 0.322 for the 0.01, 0.05, and 0.10 confidence

levels, respectively (Engle and Granger 1987).

® The ctitical values for the Augmented Dickey-Fuller regression are 4.02, 3.4, and 3.09 for the 0.01, 0.05, and 0.10

confidence levels, respectively.
¢ The reported values are for zero lags.
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Table 5. Estimated Eigenvalues and Eigen-
vectors from Johansen’s Multiple Cointegra-
tion Test®

Eigenvalue (p):

0.688 0.504 0260 0.143
Eigenvectors (B):

—35.718 —-225.140 133.669 215.392
21.627 23.452 —33.151 -—111.575
22,905 154.150 —41.214 —107.683

188.173 179.047 —358.899 31.076

and the inequality in government and invest-
ment expenditure, and the number of people
employed in industry for the 14 OECD coun-
tries. However, the results only illustrate that
two variables are cointegrated at a time, not
all four simultaneously, and the hypothesis of
all four variables being cointegrated is what
needs to be addressed. As a final step, this
study analyzes whether multiple cointegration
exists among the four variables.

Multiple Cointegration

The results from the pairwise-cointegration
tests are somewhat inconclusive, Those results
only suggest that certain pairs of the inequal-
ities appear to be cointegrated. As a final step,
this study analyzes whether multiple cointe-
gration exists among the four variables. Due
to the complication of having four /(2) vari-
ables, Johansen’s /(2) procedure was used be-
cause of its maximum-likelihood properties

Table 6. Johansen Test Statistics

189

(consult Johansen 1992a, 1992b for details on
the procedure).

The first step of Johansen’s test is to solve
the eigenvalue problem. The solution to this
problem provides eigenvalues and their asso-
ciated eigenvectors, which are presented in Ta-
ble 5. Let p be the number of variables, and r
the number of significant eigenvalues. The
value of r can be determined by reading from
top to bottom of the Q, column (Table 6, col-
umn 4) and comparing the observed values
with the 95% critical value C,_yforp —r
degrees of freedom found in Table 6. Condi-
tional on », the value of s (the number of com-
mon /(1) trends) can be chosen by reading the
row associated with the selected r value in the
Q.. rows and comparing the observed values
with the critical values at the bottom of the
table (C,_,_,). The results from the 14 OECD
country analysis are similar to the results from
just analyzing the G-7. Both appear to have
two cointegrating vectors. This is not surpris-
ing considering that the G-7 dominates the 14
OECD countries.

The trace statistic O, clearly rejects r = 0,
since the test statistic is 83.55 and the 95%
calculated quantile is 49.09. The hypothesis H,
of » = 1 is also rejected with the statistic 41.65
and the quantile 31.62. The hypothesis H, of
r = 2 is a borderline case and cannot be re-
Jected since the statistic 16.40 corresponds ap-
proximately to the 95% quantile {17.65) in the
asymptotic distribution. Based on r = 2, the
two estimated cointegrating vectors (B) are

p-r r Q. Q. G, 05%)
4 0 99.633 46.278 16.756 2.807 83.555 49.097
s =0 5 =1 s =2 § =
3 1 73.589 27.506 4.782 41.646 31.618
s =0 s=1 5=
2 2 38.685 3.930 16.398 17.652
s=0 5=
1 3 27.406 5.557 8.106
s =
p—r-—s 4 3 2 1
Cor(95%) 49.097 31.618 17.652 8.106

* These results were calculated using a RATS program written and provided by Dr. Johansen, P = 4 represents the
number of variables, » the number of significant eigenvalues, and s the number of common I(1) trends.
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given by the first two columns of the eigen-
vectors in Table 5.

To determine the value of s, the row equal
to r = 2 in Table 6 is read. The hypothesis
H,o, that r = 2 and 5 = 0, is rejected based
on the test statistic 38.69 and the quantile
17.65. The next test H,,, that r = 2 and s =
1, cannot be rejected. This is determined by
comparing @,, = 3.9 with the quantile of
8.11. Therefore, the number of common (2)
trends in the data seriesis p — r — 5 = 1, and
the number of common (1) trends is s = 1.

There is one commeon I(2) trend that drives
all of the variables. The vector B'X, in this
case is just one linear combination, and it is
K1) (not stationary). However, this represen-
tation is made stationary by including the dif-
farences, that is B'X, + kBI'AX, (Johansen
1991c, 1991d), where the k coefficient is equal
to (a'o)"'a’'I'BX(BY'B2)~! = o] TB2(BY'BY) ', o
= a(e'a)"!, and B} = B m,. The two normal-
ized stationary relationships are:

(1) INC — .61GOV, — .64INV, — 5.27IND,
+ 128.4AINC + 48.83AGOV,
+ 184.39AINV, — 3.68AIND,

and

(2) INC - .1GOV, — .69INV, — .BOIND,

— 135.12AINC — 51.4AGOV,
— 194.1AINV, + 3.88AIND,

The B vectors used to determine Equations
(1) and (2) are the first two columns of the
eigenvector in Table 5, with the exception of
being normalized by the income coefficient.
These two equations represent the long-run
equilibrium among the four inequality indices
for the 14 OECD countries. Given that there
are two stationary relationships, the equilibri-
um can be thought of as a plane instead of a
line in hyperspace.’

% Hyperspace in this case refers to a four-dimen-
sional space with two stationary relationships forming
an equilibrium within this space. Since there are two
relationships, the equilibrium is a plane.

Journal of Agricultural and Applied Economics: Supplement, 2003

Table 7. Cointegrating Adjustment Coeffi-
cients from the G-7

B? of
11.397 0.006
4.334 0.010
16.366 —0.006
-0.327 0.056

The next step is to use all the information
from this estimation to determine which vari-
able or variables are determining this equilib-
rium. Both eigenvectors appear to have strong
relationships. The first eigenvector may have
the following cointegrating relationship
(1, —1, —1, *) and the second cointegrating re-
lationship may be (1,*, —1, —1). The first
vector indicates that income inequality, gov-
ernment—expenditure inequality, and invest-
ment—expenditure inequality form a stationary
equilibrium. The second-vector case is where
income inequality, investment—expenditure in-
equality, and the inequality in the number of
people employed by industry form a station-
ary equilibrivm. The interesting development
here is that government expenditure plays a
more important role in the 14 OECD countries
than in the G-7. The inequality in government
expenditure has no effect on the G-7 equilib-
rium when analyzed without the Other 7.

The coefficient B? in Table 7 shows which
variables are actually I(2). The variable that
has a coefficient closest to one or negative one
is the common J(2) trend. a? represents the
average speed of adjustment toward the esti-
mated equilibrium and is interpreted as the lin-
ear combination that describes the common
1(2) trend. A small coefficient indicates a slow
adjustment and a large coefficient represents a
fast adjustment.

The B2 vector indicates that the inequality
in the number of people employed in industry
is the J(2) variable. Hence, the I(2)-ness of the
model is ascribed to the inequality of indus-
trial employment. This means that when an
innovation occurs causing the inequalities to
be out of equilibrium, the inequality in indus-
trial employment adjusts the most and the
quickest to restore the equilibrium. This is the
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same for the G-7 case when it is run separate-
ly.

The result that industrial employment is the
main force is confirmed by a? in Table 7. As
in the G-7 case, the heaviest weight is given
to the inequality in industrial employment.
Therefore, the stabilizing force in this model
is the inequality in industrial employment.
However, the second largest value for a? is the
inequality of government expenditure. Hence,
when the economy is out of equilibrium, the
inequality of government expenditure helps to
return the economy to the long-run equilibri-
um. This result is contrary to the G-7 results
where government expenditure is not impor-
tant to the equilibrium process.

In summary, the stationary equilibrium is
dependent on two stationary relationships. The
first stationary relationship for the OECD is
described as the inequality in income, govern-
ment expenditure, and investment expenditure.
The second relationship is the inequality in in-
come inequality, investment-expenditure in-
equality, and the inequality in the number of
people employed in industry. These two sta-
tionary relationships form a long-run equilib-
rium and can be described as a plane in four-
dimensional space, which acts as an attractor
every time the four inequalities deviate from
this equilibrium. It is also determined that the
inequality in government expenditure has no
effect on the G-7 equilibrium but it does for
the 14 OECD countries when analyzed as a
whole. The inequality in industrial employ-
ment is determined to be the commeon I(2)
trend. Whenever an innovation occurs in one
of the inequalities and a deviation from the
long-run equilibrium exists, industrial employ-
ment adjusts first to return the economy to the
long-run equilibrium followed by a slower ad-
justment in government expenditures.

Summary and Conclusion

Theil’s inequality index lends itself to further
analysis using regression or cointegration
models. The fact that it is symmetrical and ad-
ditive assists in determining driving forces of
convergence or nonconvergence. In this study,
14 OECD countries are shown to have con-
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verged in terms of per capita income, per ca-
pita government expenditures, per capita in-
vestment expenditures, and industrial
employment over the time period 19501988,
Theil’s index reveals that Japan’s rapid growth
and the slow growth of the United States and
Canada strongly influences convergence in the
G-7. Since the G-7 has a heavier weight in the
model due to population, it strongly influences
the overall convergence of the 14 OECD
countries. Theil’s index is then extended to ad-
dress the issue of long-run relationships
among the various inequality indices.

The four total inequality indices are tested
for long-run relationships using cointegration
analysis. The pairwise-cointegration tests, al-
though inconclusive, suggest that income in-
equality is cointegrated with the other three
inequalities. However, our major goal is to de-
termine if all four inequality indices are coin-
tegrated, hence, Johansen’s multiple cointegra-
tion test is used. Results from Johansen’s
multiple cointegration I(2) test supports the
hypothesis that a long-run equilibrium exists
among the inequalities in income, investment
expenditure, and industrial employment for
the 14 OECD countries. Industrial employ-
ment appears to be the driving force in return-
ing these economies to their long-run equilib-
rivm when some external factor shocks the
economies out of equilibrium. Government
expenditure is shown to also adjust at a slower
rate to help return the economies to equilib-
rium. Interestingly, when the G-7 model is run
independent of the Other 7, government ex-
penditure has no role in returning the economy
to the equilibrium. The G-7 model emphasizes
the key factors for economic convergence to
be investment expenditure and industrial em-
ployment. Government expenditure does not
appear to influence convergence or growth in
the G-7 countries.

The implications of these results are im-
portant when considering the economic
growth in middle- to high-income countries.
Countries can mimic either the G-7 model,
which relies on investment and industrial em-
ployment for growth and convergence, or it
can follow the 14 OECD countries’ approach,
which adds government expenditures to the
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tist. This study may assist policy makers in re-
evaluating the reliance on public expenditures
to improve their economic growth. These in-
teresting issues should be pursued as data be-
come available, or when econometric methods
are better able to handle small samples.

Appendix. Theil’s Inequality Index

Theil’s income inequality index (Theil 1979, 1989)
when applied to » countries can be written as

P

7= p1l
>p og

(A1)

where p, is the population share of country i relative
to total population, and y; is its income share rela-
tive to total income.'°

This measure can be decomposed additively to
measure inter- and within inequality. Let R, ...,
R, represent regions such that each country is in
only one region. Let P, and Y, be the population
and income shares of region R, P, = %;p,, and ¥,
= 3, y; where the summations are overi € R, (g =
1, ..., G). The extension of (A.1) to regions is:

G P
(A2) Jy=2, Plog=t
g=1 Yg

which measures inter-regional inequality among G

regions, while
Py /(%
PS YE

measures the inequality among the countries of re-
gion R,. It is then easily verified that

a3 J,=3 (%)log

ieRy £

G
J = Iy + I* where J* = >, P,Y,

&=1

(A4)

which is an additive decomposition expressing total
inequality J among the n countries as the sum of
regional inequality Jg, and the average within-re-
gion inequality J*. This average is a weighted av-
erage with weights proportional to the populations.

10 All logarithms in this paper are natural loga-
rithms.

Journal of Agricultural and Applied Economics: Supplement, 2003

References

Adams, J.D. ‘‘Fundamental Stocks of Knowledge
and Productivity Growth.” Journal of Political
Economy 98(1990).673-702.

Ahluwalia, M.S., N.G. Carter, and H.B. Chenery.
“Growth and Poverty in Developing Coun-
tries.” Journal of Development Economics
6(1979):299-341,

Amos, OM. “Divergence of Per Capita Real Gross
State Product by Sector 1963 to 1986.” The Re-
view of Regional Studies 21(1991):221-34.

Baradaran-Shoraka, H.R. “Essays in Cross Country
Economic Growth.” Ann Arbor, MI: University
Microfilms Inc. (University of Florida), 1592,

Barro, R.J. “Economic Growth in a Cross Section
of Countries.” Quarterly Journal of Economics
106 (1991):407—43.

Bartro, R.J., and X. Sala-i-Martin. “Convergence.”
Journal of Political Economy 100(1992):223—-
51.

Berry, A., E Bournignon, and C. Morrisson. “Glob-
al Economic Inequality and its Trends Since
1950.”" Economic Inequality and Poverty: In-
ternational Perspectives. L. Osberg, ed. Ar-
monk, New York: M.E. Sharpe, Inc., 1991.

Bourguignon, E “Decomposable Income Inequality
Measures.” Econometrica 47(1979):901-20.

Branco, K.I., and J.B. Williamson. “Economic De-
velopment and Income Distribution: A Cross-
National Analysis.”” American Journal of Eco-
nomics and Sociology 47(July, 1988):277-97.

Braun, D. “Multiple Measurements of U.S. Income
Inequality.” The Review of Economics and Sta-
tistics T0(1988):398—405.

De Long, I.B. “Productivity Growth and Machin-
ery Investment: A Long Run Look, 1870-
1980.” Journal of Economic History 52(1992):
307-24.

De Long, J.B., and L.H. Sommers. “Equipment In-
vestment and Economic Growth.”” The Quarter-
by Journal of Economics 6(1991):445-502.

Deepak, S.D., JL. Seale, Jr., and C.B. Moss. “Per
Capita Income, Human Capital, and Conver-
gence: A Latent-Variable Approach.” Journal
of Agricultural Economics (2002):171-80.

Engle, R.E, and C.W.J. Granger. *“Co-Integration
and Error Correction: Representation, Estima-
tion, and Testing.”” Econometrica 55(1987):
251-76.

Engle, R.E, and C.W.J. Granger. Long-Run Eco-
nomic Relationships: Readings in Cointegra-
tion. Oxford, UK: Oxford University Press,
1991.

Engle, R.E, and B.S. Yoo. “Forecasting and Testing



Weatherspoon, Seale, and Moss: Theil’s Inequality and OECD Convergence

in Cointegrated Systems.” Journal of Econo-
metrics 35(1987):143-59.

Engle, R.F, and B.S. Yoo. “Cointegrated Economic
Time Series: An Overview with New Results.”
Long-Run Economic Relationships: Readings in
Cointegration. R.F. Engle, and C.W.J. Granger,
eds. Oxford, UK: Oxford University Press,
1991,

Evans, G.B.A,, and N.E. Savin. “Testing for Unit
Roots: 1.”" Econometrica 49(1981):753-79.
Fuller, W.A. Introduction to Statistical Time Series.

New York: John Wiley and Sons, 1976.

Gao, X., C.B. Moss, H. Theil, and D.D. Weather-
spoon. “The Development of the GDPs of the
G-7 Countries, 1950-1988. Journal of Agri-
cultural and Applied Economics (2002):151-53,

Glomm, G., and B. Ravikumar. “Public versus Pri-
vate Investment in Human Capital: Endogenous
Growth and Income Inequality.” Journal of Po-
litical Economy 100(1992): 818-34,

Grier, K.B., and G. Tullock. ““An Empirical Anal-
ysis of Cross-National Economic Growth,
1951-80.” Journal of Monetary Economics
24(1989):259-76.

Grossman, G.M., and E. Helpman. Innovation and
Growth in the Global Economy. Cambridge,
MA: The MIT Press, 1991.

Johansen, S. ““A Representation of Vector Autore-
gressive Processes Integrated of Order 2.’
Econometric Theory 8(1992a):188-202.

Johansen, 8. “A Statistical Analysis of Cointegra-
tion for f(2) Variables.” Preprint, University of
Copenhagen, October, 1992b.

Johansen, S. “An I(2) Cointegration Analysis of the
Purchasing Power Parity between Aunstralia and
USA.” Macroeconomic Modelling in the Long
Run. C. Hargreaves, ed. London: Edward Elgar,
1992c¢.

Johansen, S. “Testing Weak Exogeneity and the Or-
der of Cointegration in UK Money Demand
Data.” Journal of Policy Modelling 14(1992d):
313-35.

Kravis, I.B., A. Heston, and R. Summers. Interna-
tional Comparisons of Real Product and Pur-
chasing Power. Baltimore: The Johns Hopkins
University Press, 1978.

Kravis, I.B., A. Heston, and R. Summers. Worild
Product and Income: International Compari-
sons of Gross Product, Baltimore: The Johns
Hopkins University Press, 1982,

Lucas, R.E. **On the Mechanics of Economic De-
velopment.” Journal of Monetary Economics
22(1989):3—42.

Maddala, G.S. Introduction to Econometrics, 2™ ed.
New York: Macmillan Publishing Co., 1992,

193

McGillivray, M., and M. Peter. “Regional Income
Inequality in a Developed Nation: A Cross-Sec-
tional Study of Australian Sub-State Regions.”
Review of Regional Studies 21(1991%137-51.

Moss, C.B., H. Theil, and S.D. Deepak. “The
GDPs and Population of the G-7 Countries,
1950-1990.” Price Policies and Economic
Growth. Antonio Jorge and Jorge Salazar-Car-
illo, eds. Westport, CT: Praeger, 1997.

Organization for Economic Cooperation and De-
velopment (OECD). ““OECD Manpower Statis-
tics 195062 Statistical Bulletins,”” Paris, 1963.

Organization for Economic Cooperation and De-
velopment (OECD). *OECD Labour Force Sta-
tistics 195667 Basic Statistics,”” Paris, 1969.

Organization for Economic Cooperation and De-
velopment (OECD). “OECD Labour Force Sta-
tistics 1967—87 Basic Statistics,”” Paris, 1989.

Organization for Economic Cooperation and De-
velopment (OECD). *“Historical Statistics
1960-89, OECD Economic Outlook,” Paris,
1991.

Organization for Economic Cooperation and De-
velopment (OECD). “National Accounts, Main
Aggregates 1960-89.” Paris, Volume 1, 1991,

Osberg, L. Economic Inequality and Poverty: In-
ternational Perspectives. Armonk, New York:
M.E. Sharpe, Inc., 1991,

Phillips, PC.B. ““Time Series Regression with a
Unit Root.” Econometrica 55(1987):277-301.

Ram, R. “Economic Development and Income In-
equality: Further Evidence on the U-Curve Hy-
pothesis.” World Development 16(1988):1371—
76.

Ram, R. “Level of Development and Income In-
equality: An Extension of Kuznets Hypothesis
to the World Economy.” Kykios 42(1989):73—
88.

Ram, R. “Interstate Income Inequality in the Unit-
ed States: Measurement, Modeling and Some
Characteristics.” Review of Income and Wealth
38(1992):39-48.

Romer, PM. ‘“‘Increasing Returns and Long Run
Growth.” Journal of Political Economy
94{1986):1002-37.

Seale, J.L., Jr., H. Theil, and $.D. Deepak. “Growth
and its Disparity in Rich and Poor Regions.”
Economics Letters 45(2002):467-70.

Summers, R., and A. Heston. ‘“The Penn World Ta-
ble (MARK 5): An Expanded Set of Interna-
tional Comparisons, 1950-1988.” The Quarter-
ly Journal of Economics 106(1991):327—68.

Theil, H. “World Income Inequality and Its Com-
ponents.”” Economic Letters 2(1979):99-102.

Theil, H. “The Development of International In-



194

equality 1960-1985."" Journa! of Econometrics
42(1989):145-55.

Theil, H., and D. Chen. “The Geographic Distri-
bution of Gross World Product, 1950-1990.”
Studies in Global Econometrics. H. Theil. Dor-
drecht, Netherlands: Kluwer Academic Press,
1996.

Theil, H., and $.D. Deepak. “The GDPs of Seven
Major Regions, 1950-1990.” Empirical Eco-
nomics 142(1994):517-22.

Theil, H., and 8.D. Deepak. ““Visiting the GDPs of

Journal of Agricultural and Applied Economics: Supplement, 2003

the Western Pacific and Three Regions in West-
ern Europe.” Infernational Working Paper Se-
ries, TW93-25, Gainesville, FL: Food and Re-
source Economics Department, University of
Florida, 1993.

Wright, C.L. “Income Inequality and Economic
Growth: Examining the Evidence.” The Journal
of Developing Areas 13(1978):49-66.

Zind, R.G. “Income Convergence and Divergence
Within and Between LDC Groups.” World De-
velopment 19(1991).719-27.



