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ABSTRACT

Did global income inequality rise or fall over the past twenty years? Exchange rate
comparisons suggest that inequality has risen, but the purchasing power comparisons
of the Penn World Tables suggest inequality has fallen. We show that both measures
are biased. Exchange rate comparisons ignore the relative price of non-tradables,
whilst the Penn World Table method of calculating purchasing power paritiesis
subject to substitution bias. Correcting for this bias, using Afriat true indexes, we find
no compelling evidence of a significant change in world inequality. The
contradictory trends of the exchange rate and PWT measures can be explained by the
fact that national price structures became less similar over time.
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1. Introduction

An apparent increase in inequality in international income distribution ower the past
three or four decades, particularly during the 1980s, has been highlighted by
Korzeniewicz and Moran (1997 and by the United Nations Development Projed in
their recent Human Development Report, UNDP (1999. Whilst the former is
reluctant to draw strong conclusions abou underlying causes, the UNDP argue
passonately for international policies to mitigate rising inequality caused by

eoonamic globalisation.

Critics have agued that this view of international income inequality is distorted by
the use of currency market exchange rates (FX) to compare incomes aqosscourtries.
Recent papers by Castles (1998 and Castles (2000 are highly critical of the UNDP
claims of rising world inequality. A number of authors have shown that inequality is
tending to fall rather than rise when income @mparisons are made using purchasing
power parities (PPP*. Firebaugh (1999 reports that both the Theil and Gini indexes
of inter-courtry inequality dedine between 1965 and 1989 using PPP adjusted
incomes, confirming the findings of Schulz (1998 who also reports a deaease in the
variance of logincome. These results are confirmed by a recent working paper from
Melchior, Telle and Wiig (2000 and by our own calculations, which are shown as

Figure 1.

It is well known that the use of market exchange rates to translate international

Incomes into a ammon currency introduces a ‘traded sector bias'. Whilst exchange

! The one exception appeas to be Milanovic (199) who reports rising inequality between 1988and
1993 Although Milanovic adjusts for purchasing power parities, hisincome definition is different
from all the other studies, which are based on concepts of national or domestic income. He uses
household income derived from survey data, ignoring benefits from publi c spending on hedth,



rates tend to equate purchasing power over traded good and services, much of world
production is for domestic consumption only. Wide variations aaqosscourtries in the
prices of nontraded goods and services are not refleded in the market for foreign
exchange. So FX-conwverted incomes do nd refled the relative purchasing power of

consumers.
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Note: Gini coefficients are cdculated on per capita GDP for 115 countries using population weights.

For some specific purposes, such as asessng a nation's capacity to repay foreign
debt or its bargaining power in international trade negotiations, the FX income
comparison may well be appropriate. For the purpose of measuring inequality in
living standards, however, we need to take acount of the real purchasing power of
national currencies. How to adieve this is problematic. The studies cited above

have used estimates of purchasing power parity incomes calculated by the Geary-

educaion etc. . He a&nowledges that this survey income systematicaly underestimates national
income and that underreporting increases with adjusted GDP per capita.



Khamis (GK) method - see Summers and Heston (1991) - which evaluates nationd
expenditures at ‘world-average’ prices.  But this method is subjed to substitution
bias: it ignores the fad that a large anournt of a good may be consumed na because

consumers are rich bu because the locd priceislow.

In Section 2we develop a simple model that captures the biases in bah the FX and
GK measures of inequality. This enables us to explain why the two measures are
trending in oppaite directions. true inequality may be relatively constant, but if both
biases are increasing over time & prices become less $mil ar, then the FX method will

show rising inequality whil st the GK method may indicate fali ng inequality.

To test this hypothesis, we examine the similarity of prices. We dso cdculate the
Ided Afriat Index of real incomes, using the methods developed by Dowrick and
Quiggin (1997, to yield red income mmparisons free of bath substitution bas and

traded sector bias.

It isimportant to nae that this paper, in line with al of the studies cited abowve, uses
popuation weighted measures of inequality, to capture the idea that we think of
inequality as a function d income gaps between people (or househdlds). Thisisin
contrast to most of the recent empiricd lit erature on ecnamic growth which focuses
on the national econamy as the standard unt of observation. To test hypotheses on
the determinants of growth, an olservation onthe growth rate of the Luxembourg
eoonamy is typically treaed with the same weight as an observation onUSA growth,
and a ommon finding is that international incomes have been dverging. We nfirm
this finding when we cnstruct unweighted measures of inter-courtry inequality using

either foreign exchange or PWT data.

To measure global inequality acossindividualsis at present impassble, with oy the



richer courtries able to afford detailled income and expenditure surveys. We can,
however, go beyond inter-national income @mparisons in the diredion d inter-
personal comparisons by utilising puldished data on intra-country inequality.
Following the examples of Schulz (1998 and Korzeniewicz and Moran (1997) we

introduce an element of intra-courtry inequality by using quintil e distribution cata.

By carefully examining the methods that have been used to estimate recent trends in
world income inequality we hope to provide some important perspedive and balance

to the aurrent debate.

2. A MODEL OF SECTORAL AND SUBSTITUTION BIAS IN
INTERNATIONAL INCOME COMPARISONS

In order to examine international inequality we need to deflate nominal incomes to
give some measure of rea income. It is well established that international currency
markets, driven by capital and trade flows, tend to undervalue the domestic
purchasing power of currencies of low productivity / low income ourtries. This
phenomenon has been analysed by Balassa (1964), Samuelson (1964 and Bhagwati
(19849). Red wages are low in courtries with low labour productivity, so nan-traded
labour-intensive services are cheg relative to capital-intensive traded goods. Market
exchange rates are more likely to equate international prices in the traded sedor than
in the nontraded sector of the emnamy. Consequently, markets tend to undervalue
the aurrencies of poor courtries in relation to their domestic purchasing power.
Hence the common experience of international travellers that their money will go

much further in India or Indanesiathan it will i n Western Europe.

An important implication d this ‘traded sedor bias is that foreign exchange (FX)



income cmparisons, because they understate the real incomes of poarer econamies,
will overstate the degree of international inequality in the red purchasing power of

consumers.

A massgve research effort, based ondetalled price surveys in many courtries under
the auspices of the United Nations International Comparison Program (ICP), has
resulted in the pulicaion d the Penn World Tables (PWT) which provide ready
aacessto measures of GDP per capita measured at constant international prices for a
hunded o more wurtries over thirty or forty years. These data ae commonly

referred to as Purchasing Power Parity (PPP measures of red income.

Many users of the PWT data are unaware, however, that attempts to measure
purchasing power parity are problematic. The PWT are based onthe Geary-Khamis
method d construction d ‘average international prices’. The GDP of each courtry is
evaluated at these fixed prices. It is well known, however, that constant price
valuations introduce systematic bias by ignoring consumers ability to substitute
towards goods and services that are locally cheg even though they appear to be
relatively expensive when valued at international prices. The aithors of the PWT

themselves describe the problem of substitution bas:

“T heissue arises out of a familiar problemin priceand quarity index
number construction. ...Valuation & other than avn pricestendsto inflate the
aggegate \alue of the bunde of goods because no dl owanceis made for the
substitutions in quartiti es toward the goods that arerelativdy cheap. ... The
practical importanceof thisisaue ... may loom large in comparisons between
courtries that havewidely divergent priceand quatity structures.”

Kravis, Heston and
Summers (1982, p.7.

We susped that this issue may be very significant when it comes to assessng trends

in world inequality, because we know that the price and quantity structures in the



world's poarest econamies are very different from those typically obtaining in the
richer industriali sed econamies. Use of the PWT estimates of international incomes,
whilst avoiding the sedora bias in the FX income data, introduces substitution has

instead.

In order to better understand these sources of bias in international comparisons, we
construct a simple model of two trading econamies. Each produces a nontraded
labour-intensive service, S. Only Courtry 1 is able to produce an intermediate good,
A, which we might think of as an agricultural product. Both courtries manufadure a
final tradeable good, M, using labou and the intermediate good. The production
tedindogies exhibit constant returns to scde and are identicd acrosscourtries, except
that private knowledge (due to research and / or education) in the second courtry

makes labou more productive in its manufacturing sedor.

To keg the model simple we asame CobbDouglas production functions in
manufaduring, we treat labour as the only fador of production, we disregard transport
costs for trading the intermediate and manufactured goods and we aume @mmpetitive
pricing behaviour in product and labou markets, including free trade. We a&sume
that all goods and services must be produced, traded and consumed within the one

time period. The production side of the eonamy in courtry i can be summarised as

foll ows:
S =Ll
Al — th
M = AN AT Y 1,2 (1)

where Z = S, A, M represent the domestic output of Services, Intermediate Product
and Manufactured Product respectively; L', represents the amourt of labour employed

in produwction sedor Z; and A is the productivity of labour in courtry i's



manufacturing sector.

Given the assumptions of constant returns to scale and competitive pricing, we can
solve for the price of the manufactured good in country i, P™ in terms of the domestic

currency input prices for labour and the intermediate good, w' and P*:
PM = a(w/\)% (P )
wherea=1/[ a®. (1-a)*™].

We normalise prices and productivity by setting the wage and productivity level in
country 1 to unity. We can then use A (>1) without a superscript to represent
manufacturing labour productivity in the high productivity country 2. This alows us

to derive the price vector for country las:

Pt = (PSP PM = (1,1,9) ©)
The exchange rate is E units of currency 2 per unit of currency 1. Ignoring transport
costs, the domestic price of the intermediate good in country 2 is E. This determines
the price of the manufactured good, using (2) as: PPM = a(w?\)*.EX® . But tradein
the manufactured good requires P = E. P = aE. These conditions fully determines
the wage in country 2 asw? = AE, that is to say productivity-adjusted factor-prices are

equalised across the traded sectors.

By assumption, there are no differences across countries in the productivity of labour
in the production of non-traded services. The price of servicesis simply the wage. It
follows that services are relatively expensive in the high-productivity, high-wage

country. The price vector is:
P> = (AEE, aE) (4)

We anayse demand and welfare by assuming common Cobb-Douglas preferences for



consumers:
U's, m) = (8)°.(m)*P ®)
where s and m refer to per capita consumption of services and manufactured goods.

The budget share of servicesis 3 in each country. Given that per capita income in

each countryequals the wage, the per capita consumption bundles, q' = [q°, q™] are:?

q' = [B, (1-B)al ;
a® = [B, M1-B)al. (6)

Per capita consumption of services is identical in the two countries, despite the fact
that services are more expensive in country 2, because the income effect of higher
manufacturing productivity offsets the price effect. This exact offsetting is an artefact
of the Cobb-Douglas production and utility functions, but it is not crucia to our

results.

Substitution of the consumption bundles into the common utility function gives the

true per capita income ratio between the two countries:
u?/ut =\ (7)

These findings are summarised in the following proposition:

PROPOSITION 1
With free trade in intermedi ate and manufactured goods and competitive pricing, a
country with higher productivity in manufacturing will exhibit the following features:

1) per capitareal income is higher;
1) non-traded services are more expensive relative to manufactures.

In this model, per capita National Income and Gross Domestic Product are identical

and, measured in local currencies, are smply equal to the wage. So the GDP or

% We assume that the productivity differential and relative population size are such that it is feasible for
country 1 to produce all of the intermediate good demanded in both countries.




income ratio that is obtained from exchange rate @mparison is Smply w?/Ew’.

Substituting in ou expressons for wages, we get the FX income ratio:
FX?/FXt = A (8)

which leadsto ou second popasition.

PROPOSITION 2: Traded sector biasin FX comparisons

(i) International comparisons of per capita income which use market exchange rates
overstate true income differentials.

(if) The magnitude of the biasis an increasing function d the underlying productivity
differential between the muntries andis an increasing function o the domestic
expenditure share of the nontraded sedor.

Proof: From (7) and (8), where U% > U, 0<B<land\ > 1,
(FX21FXY = AP (U2 uh > U2/ UL

The first part of this propasition confirms the result foundin Samuelson (1974 who
clams that the result halds irrespective of whether preferences are homothetic or not.
The overstatement of true income differentials is due to traded sedor bias in exchange
rate measures of red income. Whilst the free trade exchange rate, E, adieves
purchasing power parity for traded goods, purchasing power parity for nontraded
goods and servicesis higher, AE. It follows that the use of exchange rates to compare

incomes exaggerates the degreeof inequality.

We turn now to the measurement of the international income ratio by the Geay-
Khamis method. This method \alues each country’s GDP at ‘world prices’. The
world price of manufactures, relative to services, is constructed as a weighted average
of the relative prices of al the countries in the GK system. For the purposes of our
model we have cnsidered orly two courtries, but we can allow for other countries

with arange of productivity levels.

We represent the GK price vector as.




peK = (POKS PSKM) = (1 4/g) 9)

writing the relative price of manufactures in the world price vector as a/g to indicate
that this corresponds to the price of manufactures in a country with a productivity
parameter of g. If the world economy is dominated by countries richer than country
2, g will be greater than A. If, on the other hand, the rest of the world is poorer than

country 1, g will be less than unity.

The Geary-Khamis measure of real GDP per capita for country i is the per capita

consumption bundle evaluated at world prices: g'. P, The GK incomeratio is:

GK'(g) B+(-B)/g

Whether this under or over-states the true income ratio depends on the value of g. We

summarise the relationship in our third proposition.

10



PROPOSITION 3: Substitution biasin Geary-Khamis comparisons

i) A bilateral international comparison d per capita income which values
expenditure & constant prices will understate the true income differential if the
constant pricevedor corresponds to that of the high prodctivity courtry, or the
prices of an even richer courtry.

ii) A constant price @mparisonwill overstate the true income differentia if the
constant pricevedor corresponds to that of the low productivity courtry, or the
prices of an even paorer courtry.

i) Thebiasisan increasing function d the dissmilarity of the reference pricevedor
with resped to the comparison courtry prices.

Iv) Wherei) or ii) hdds, the magnitude of the biasis an increasing function d the
underlying productivity differential between the two comparison courtries.

Proof: From (7) and (10), theratio of the constant price (GK) incomeratio to the
trueincomeratio is R(Q):

_ GK™(9) _ _Bg+(-B)A a1
utut o [pg+a-ph”

From (11), for A>1, Rg<O0. It can be shown that for 0<B<1, R(1)>1 and R(A\)<1. It

followsthat R must be greater than 1for all g <1 (andincreasing in the distance

below g) and lessthan 1 (and decreasing in the distance dowe g) for all g>A. The
relative price of servicesis monaonicdly increasingin A. Hencei), ii) andiii).

Risdeaeasing/ increasing in the productivity differential, A, asA<g or A>g. Hence

|V) *kk

Propasition 3 formalises and extends the notion d substitution bias in fixed price
comparisons. It is well known that the use of courtry 1's prices is likely to
exaggerate wurtry 2's welfare — since goods that are in high demandin 2, kecause of
their relative dnegoness will be overvalued at 1's prices. (In aher words, the
Laspeyres quantity index is usualy larger then the Paasche index - which must be the
case if the underlying preferences are wmmon and hanothetic.) It follows that
valuing demand at courtry 1's prices will tend to owerstate the true income ratio, if 1
IS poaer than 2, and vice versa.  This implicaion d substitution kbas in the
measurement of inequality is sometimes referred to as the Gerschenkron Effect, after

Gerschenkron (1951). Nuxoll (1994 has shown that the Gerschenkron effed will

11




also apply when the income ratio between country 1 and country 2 is measured at the
prices of some third country, if relative prices and quantities are inversely correlated
across al three countries. Our proposition formalises this result in the context of an
explicit model where prices, quantities and the true income ratio are endogenously

determined by tastes and technol ogy.

Our Proposition shows that constant price measures of inequality are systematically
biased. Thelevel of inequality is understated if abilateral incomeratio is evaluated at
aprice vector corresponding to the price structures of areference country that is richer
than countries 1 and 2. The magnitude of the bias is an increasing function of both

the true bilateral ratio and the income level of the reference country.

The extent of these biases is illustrated in Figure 2 for the case where non-traded
services comprise half of total expenditure, i.e. =0.5. The horizontal axis measures
A, the manufacturing productivity differential between the two countries. The
uppermost line shows the extent of positive bias in the foreign exchange comparison:
(FXAFXY 1 (UHUY. When the underlying productivity ratio is ten, FX comparisons
overstate the true income ratio by a factor greater than three. The two lower lines
shows bias in GK income comparisons. When the prices of the low productivity
country are used, i.e. g=1, the GK method exaggerates the true ratio by up to 60%.
But evaluating international income at the prices of a high productivity country

(9=10) understates the true income ratio - by up to 40% in this example.

12



Theillustrated biases refer to the measurement of the income ratio between a pair of

countries. We expect to find a similar level of bias in measures of multilatera

inequality, because most measures, such as the Gini Index, are constructed from

bilateral ratios.
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FIGURE 2

Measures of international and global inequality

There are a number of important questions and debates on methods of assessing the

level of world inequality. In this section we go through these questions in turn to

clarify the issues and discuss the appropriateness of particular methods. In the

following section we will test the degree to which estimates of trends in world

inequality are sensitive to these methodological choices.

13




Foreign Exchange or Purchasing Power Parity Incomes

In the previous sction we demonstrated that there are potentially serious biases in the
two commonly used methods of measuring international income inequality. If we
compare the upper and lower lines in Figure 2, we seethat it is posgble for the FX
measure to owerstate the true level of inequality whilst the Geary-Khamis measure
understates the true level. This occurs when the GK methodis evaluating GDP at a
set of ‘international’ prices that correspond to the price structure of a high
productivity econamy. Thisis exadly what we find in the real GDP data provided by
the Penn World Tables. The GK method gives a lot of weight in the construction d
the international price vedor to large high productivity econamies such as the USA.
Nuxoll (1994 reportsthat PWT prices correspondto those of courtries with relatively
high income levels. So we ae nat surprised to find that the PWT income ratios are
typicdly biased downwards, understating the true level of inequality, as demonstrated

by Dowrick and Quiggin (1997) and by Hill (2000.

Moreover, Figure 2 shows that the degree of bias in bah measures is likely to
increasse & the true level of inequality increases. This suggests one posshle
explanation for the cnflicting messages coming from the analysis of FX and GK
measures of inequality. If trueinequality isrising over time, bah the upward FX bias
and the downward GK bias will i ncrease. It follows that the trend rate of increase will

be exaggerated by FX measures and uncerstated by the GK measure

On its own, this hypathesis is not enough to explain why FX inequality has been
trending up and GK inequality trending down. In the simple model of Sedion 2,
where there ae only two consumption goods, bah measures move in the same
diredion. In redity, however, there ae amultiplicity of relative prices which are

influenced to varying degrees by trade and trade restrictions, by international

14



differences in productivity and fador endovments, by monopdy pricing, by
government regulation, etc. For instance Falvey and Gemmell (199%) find that
international differences in the price of services are explained by differences in factor

endovments as well as by differencesin total fador productivity.

Dowrick and Quiggin (1997) find that the degree of substitution dasisincreasing in
the dissmil arity between courtries' adual prices. It foll ows that the degree of biasin
both FX and GK measuresis likely to increase nat only when underlying productivity
differentials increase but also when international prices diverge for other reasons.
Thus we can propcse an explanation for the ridde of GK inequality falling whil st FX

inequality rises:

Hypothesis 1 True inequality changed little between 1980 and 1993, but national
price structures became less similar, causing the FX measure of inequality to rise and

the GK measure of inequality to fall.

Firebaugh (1999 discourts this passhili ty, citing the finding of Dowrick and Quiggin
(1997 that price structures had beame more similar over the 198Gs, reducing the
amourt of substitution bas in GK measures of income @nvergence Those findings
were, however, only for the OECD courtries where price @nvergence resulted from
EC emnanmic integration. There is no presumption d price onvergence acoss the

rest of the world.

We mnstruct measures of price similarity acrossthe world econamies using data from
the Penn World Table on the relative prices of private consumption, government
consumption and investment. We use the Kravis, Heston and Summers (1982 (page
106) definition d price similarity as the wsine of the angle between a pair of price

vedors. We then define aprice similarity index, PSY, in relation to some reference

15



pricevector, where the i™ element of the index, representing the simil arity of prices P

to P} is

Zs.WPP

TR

PSR = (12

\/21'1 21-1 ( )

with j indexing the cdegories of expenditure.

Figure 3 displays the time trends between 1980and 1992for the mean of two indexes
of pricesimilarity. The first index takes US prices as the reference; the second index

relates each courtry’s prices to the GK international pricevedor.

FIGURE 3

Price similarity index, 1980-92
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We seethat, onaverage, courtry’s price structures became less smilar between 1980

and 1992.
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Calculating True (Afriat) Incomes

To test our hypathesis further we need true measures of international incomes, free of
both substitution bias and traded sector bias. Dowrick and Quiggin (1997) develop a
method that adhieves this, based onthe eonamic index number approach of Afriat
(1984). This approach compares the values of observed GDP per capita bundes of
goods and services (q;) using data on each courtry’s prices (p;) to test the hypothesis
that the g; could have been generated by a representative wnsumer facing the relative
prices and budget constraints of each country. Dowrick and Quiggin (1994 have
foundthat this hypathesisis nat rejeded when they apply reveded preferencetests to
the International Comparison Project data for 60 courtries. This finding makes it
posshle to produwce partia welfare rankings aaoss courtries, with q; reveded

preferred to q; if (pi . g;) < (pi - ¢i) butit isnot the caethat (p; . ai) < (p; - q;)-

Using the expenditure function e(u(q), p') it is then possble to construct money-
metric utili ty comparisons, e(u(di), pr) / e(u(q;), pr), which are mnsistent with the data
and the asumption d common preferences and the dhoice of some reference price
vedor, p;. These utility ratios are preferable to fixed priceindices, (gi . pr) / (q; . pr),
becaise they alow for substitution by consumers. However, they are not unique -
varying according to the coice of p, — except in the case where the preference

functionis homothetic.

We find that for a mgjority of courtries (52 ou of the 60 courtries in the 1980
benchmark study, and 49 ow of the 53 courtries in the 1993 study) the ICP
observations on GDP prices and quantities do satisfy the Afriat test for common
homothetic preferences. For this st of observations the money-metric utility
comparisons, e(h(qi), pr) / e(h(g;), pr), are independent of the doice of p,. We can

then follow Dowrick and Quiggin (1997 in constructing the Ided Afriat Index, which

17



gives a unique® utili ty-consistent comparison, refleding true purchasing power and

freeof substitution bHas. We refer to the this measure a true or Afriat income.

Estimating True (Afriat) GDP for non-benchmark countries

We ae ale to cdculate true GDP per capita for al of the courntries included in the
1980 and 1993International Comparison (ICP) surveys, using the minimum of the
Laspeyres valuations for thase murtries outside the homothetic sets as recommended
by Dowrick and Quiggin (1997). However, in order to get genuinely representative
estimates of world inequality, it is necessary to increase popuation coverage,
requiring the extension d PPP estimates to nonrtbenchmark courtries. This is
espedally important because China is not covered in either of the ICP surveys and
Indiaisincluded in the 1980 kenchmark only.

In order to predict true incomes for nonbenchmark courtries, we use a procedure
similar to that developed by the authors of the Penn World Tables, seeKravis, Heston
and Summers (1982. They use ICP benchmark data to estimate aregresson model

with GK income & the dependent variable and FX income & an explanatory variable.

Our factor productivity model suggests that FX overstates true income for poarer
courtries. Substituting (8) into (7), and rormalising true income in courtry 1 to unty,

impliesthat true income per capita in courntry i is:
u' = (FX)@P O In(UY) = (1-B) In(FX') 0<p<1 (13)

We use this log-linea relationship as the basis of a regresson model, augmenting it

with a variable, OPEN, capturing the exposure of the curtry to foreign trade —

% The Afriat method yields multiple sets of utility ratios with defined upper and lower bounds. For the

18



following the procedure reported by Summers and Heston (1991). Deviations
between FX and U are driven by price differences between the traded and nontraded
sedors of the e@namy — so where the traded sector constitutes a larger propation o
GDP, we eped the U/FX ratio to be doser to unity. We regressiog U on logFX
and OPEN for ead of the two benchmark years sparately, testing for functional form
by including the square of logFX and the interaction & OPEN with logFX. Then,

datafor the two years is combined to oltain poded estimates.

The regresson results are reported in Table 1. Following tests for heteroscedasticity,
the 1980equation and the poded model were estimated using weighted least squares®

whereas the 1993 equation was estimated by OLS.

The logarithm of FX income is highly significant acossall equations. As expeded,
the oefficient is less than unty — varying between 0.6 and 0.8 acording to the
sample. Note that these coefficient estimates are higher than those reported by the
authors of the Penn World Table — an example of which is listed in the final column
of Table 1 as under 0.5. The PWT’'s Geary-Khamis method dees correct for the
sedoral biasin FX income, bu it overcorreds due to substitution bas. Our use of the
Afriat method demonstrates that true income typicdly lies between the FX and the

GK measures.

The square of logFX adds sgnificant explanatory power to the regresson orly in the
1980sample. The opennessvariable is gatisticdly significant in the 1993 regresson,
along with the interadion term. The 1993 results imply that there is less of a gap

between FX income and true income in econamies that are more exposed to world

purpases of this paper, we use the mid-points of the multil ateral bounds.
“ By plotting the 1980sample and the poded dataon r and n, it was observed that the scatter of U was
falling with rising FX. As aresult, the ésolute values of the residuals from OL S-estimated equations
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trade. The explanatory power, as defined by R?, is close to 97 percent for the 1993
sample and the standard error of the regression is around 16 percent, similar to the
standard errors for the PWT regression reported in Table 1 and other PWT regressions
reported in Summers and Heston (1991). The 1993 data are displayed in Figure 4
along with the predicted value of the regression. We see that the basic log linear
relationship predicted by (13) fits the data reasonably well, with only minor additional

explanatory power coming from the other variables.

FIGURE 4

Real (Afriat) Incomevs FX Income, 1993
actual and predicted valuesfor 48 countries

-
® red income /'
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It is not clear why the OPEN variable is not significant in the 1980 sample, when we
have a strong theoretical prior that the level of openness should be important in
reducing the gap between FX and PPP incomes. One possible explanation is that we

have misspecified the relationship between FX income and true income, perhaps

were regressed, in the spirit of the Glejser test, on n. The estimated residuals were used as weightsto
re-estimate the two equations.

20



through omission of important variables or through incorrect functional form. This
poses a problem when it comes to predicting true incomes for the non-benchmark
countries in each year. Do we use the particular coefficients for that year, or do we
use the coefficients from the pooled regression. The former method may yield more
accurate predictions for each particular year, but it creates further problems. The
object of the exerciseisto compare levels of true income inequality between 1980 and
1993. If we are using two different models to predict true incomes for non-
benchmark countries, we cannot be sure whether any changes in estimated inequality
are due to changes in the real income distribution or to the different methods used for
predictions. Because we are primarily interested in the intertemporal comparison we
focus on the results from the pooled regressions. We recognise that the
misspecification of the exact relationship reduces the accuracy of the incomes

predicted for non-benchmark countries.
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Tablel
A. Regression Results

The dependent variable islog real GDP per capita (Afriat PFP) in columns 1-3, and the PWT
measure in column 4.

1980 1993 Pooled PWT
data Comparison
Estimation WLS OLS WLS OLS
Method
Intercept 0.075 -0.137 -0.044 -0.086
(1.36) (2.75) (0.70) (0.87)
D93 - - -0.121**
(2.25)
Log(FX) 0.795 *** 0.632 *** 0.742 *** 0.493 ***
(27.1) (16.3) (16.3) 4.3
[ Log(FX) J? -0.045* - - -0.047 *
(1.89) (1.84)
OPEN - 0.200¢ * 0.163
(2.71) (1.77)
OPENXx Log(FX) - -0.104* -0.100
(1.79) (1.53)
Sample size 60 48 108 34
SER 0.251 0.159 0.270 0.157
R2 0.936 0.968 0.915 0.967

Note: t-statisticsin bradkets; *** significant at the 1% level, ** significant at the 5% level, * significant
at the 10% level.

The regresson summarised in column 4isfor 1975PWT measures of red GDP; it also contained
statisticdly insignificant opennessvariables.

Source Authors’ estimations for columns 1-3. Kravis, Heston and Summers (1982, p.335, for column
4.

B. Descriptive Statistics

Mean St. Dev. Min. Max.
1980
log Income (Afriat) 0.00 131 -2.65 2.07
log Income (FX) 0.00 1.09 -2.36 1.62
OPEN 0.62 0.32 0.12 181
1993
log Income (Afriat) 0.00 152 -3.42 1.83
log Income (FX) 0.01 0.89 -2.20 1.20
OPEN 0.80 0.60 0.16 3.49

Source Penn World Tables 5.6a (http://pwt.econ.upenn.edw/home.html) for OPEN;

World Bank Global Development Network Growth Database for FX income (GDP per capita):
http://www.worldbank.org/reseach/growth/GDNdata.htm;

Note: Both FX and Afriat incomes have been normalised to a geometric mean of unity.
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Different measures of inequality

Four aternative measures of inequality — Gini (G), Thell (T), the squared coefficient
of variation (CV?) and the variance of logarithmic income (L) — are enployed in this
paper. The four measures, following Firebaugh (1999, can conveniently be

represented by a distancefunction d the form:
N
lm=Zpi fu(Y); m=G,T,CV? L (1)

where y; is the ratio between the income per capita of the i™ courtry and the average
income (per capita) adoss N courtries and p; is the share of the i™ courtry’s
popuation in the total popdation d N countries. We chocse to use the popuation
weights as a dadllar change in per capita income in China or India has a lot more
significance for world income distribution than a similar change in income in

Luxembourg or Iceland.

Spedfic functional forms distinguish the four indexes:

N

G= ) piyi(qi _Qi)'
T= S p Y logy,

%" @
cv? :Z P, (Yi _1)2,

N
L= pilogy, ~Ellogy ¥,
where E is expeded value; log is the natural logarithm; g is the propation o
popuation in N courtries that is poaer than courtry i and Q; is the proportion o

popuation richer than country i. Clealy, the three popuation popations, that is, pi,

g and Q; sum to unty.
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Intra-country inequality

Historicdly, studies of world income distribution have analysed income inequality
aaoss courtries while ignoring the intra-courtry comporent, probably because of
data mnstraints - see, for, instance, Theil (1979, Theil and Seade (1994, Theil (1996
and Firebaugh (199). More recently, howvever, the within-courtry dimension is
being taken into consideration, giving a more acurate picture of overal inequality
aaossal houwsehadds in the world —as in Berry, Bourguignon and Morrison (1983,
Grosh and Nafziger (1986, Chatikapanich, Valenzuela and Rao (1997, Schulz

(1998 and Milanovic (199).

Initialy, in this paper, we present time-series estimates of international income
inequality based only on the between-country comporent for the period beginning
from 1980for each of the three income measures, that is FX, PPP(Afriat) and PPP
(PWT). The PPP(PWT) based inequality indexes are reported annually for 198097
covering 115 courtries with 86 per cent of world popuationin 1997.The FX-based
indexes, which incorporate 138 courtries representing 83 per cent of world popuation
in 1995, are presented annually for the 1980-95 period. The PPP (Afriat) based

indexes are cdculated for 1980and 1993 oty.

Intra-country inequality measures have been taken from Deininger and Squire (1996
who have put together a data set containing quintile income shares and Gini
coefficients clasdgfied by courtry, year, income type (grossor net), coverage (national
or sub-national), form of recipient unit (person a houwsehad) and, importantly, by
data quality. The data set includes 682 olservations of the highest quality. Relying
amost exclusively on the highest quality data, mostly on guntile distribution and
occasionally on Gini, the four inequality indexes are mmputed for 1980and 1993for

47 courtries covering nearly 70 per cent of the world popuationin bah years.
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For many courtries Deininger and Squire do nd report quintile distribution data of
reliable quality for the two years. In order to increase the number of courtries
included in the sample, the distribution data for the dosest year, while cnstraining
the departure to a most three years from the year of interest — 1980 o 1993, are
chosen as a proxy. In a few cases, only the Gini coefficient and nd the distribution
data was available. Ginis were used in those caes to approximate the underlying
quintile distribution wsing the single-parameter functional form of the Lorenz curve
suggested by Chotikapanich (1993.° The mean per capita income for different
quintiles are obtained by multiplying the relevant quintile income share with
courtry’s per capita income and then dviding by 0.2, the popuation share per
quintile. We then trea ead courtry-quintil e, with its average income and appropriate

popuationweight, as a single observationin re-calculating gobal inequality.

® Chotikapanich approximates the Lorenz curve by the foll owing single-parameter spedfication:
LC= (ekp - 1)/(6k - 1). The corresponding Gini coefficient is given by:
G= |_(k —-2)e* +(k + Z)J/k((-:‘k —1), where p isthe population share and k is a parameter, which

isrequired to be greaer than zero. In thefirst step, the Gini equation is lved for k which then is used
to oltain the estimates of quintile income distribution.
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4. Inequality Results

Figure 3A repeats the illustration d FX and PWT Gini coefficients, bu adds in ou
estimates of inequality based onthe estimates of true Afriat incomes. Our predictions
of bias are onfirmed. The FX measure overstates true inequality whilst the PWT

mesasure understates it.

FIGURE 3A
TheInter-Country Gini Coefficient — three income measures

Forex Income

Inter-country Gini Coefficient
°
°

Penn World Table Income

TR
+ +

e} o 0 o 0 o [T}

© ~ ~ @ =} D D

5} o o )] [} )] )]

B B B — B — —

0.52 ——

With resped to trends, our estimates of true income inequality indicate avery sight
rise in the inter-courtry Gini coefficient, from 0.615in 1980to 0.623in 1993. This
finding is not, however, robust to the inequality index employed. Figures 3B-D
display the other indexes of inequality — Theil, CV2and Log variance We see aslight
reduction in the variance of logs true income, from 1.551to 1.522, letween 1980and

1993.

The threenon-Gini measures of inequality give us a somewhat different picture. We

find that two of the FX-income measures are higher in 1993than in 1980,whil st the

26



three PWT figures are lower. But looking at changes from 1980 to different end

FIGURES 3b-d
International Income Inequality — Three Alternative I ndexes
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yeas yields different results. Most naticedly, if we measure inequality as the
variance of log income, FX inequality declines from a peg in 1992to be & exadly

the sameleve in 1995asit had beenin 1980.

Estimation error for countriesnot included in the | CP benchmark surveys

Because China is nat included in either of the International Comparison Projed
surveys of prices, bah the PWT and ou own Afriat measures of red income are
predicted using the regresson equations reported in Table 1.° Given that China
acouns for over one-fifth of world popudation, it is crucia to analyse the robustness
of measured inequality with respect to the prediction errors associated with Chinese
red income. We have seen that the standard error of the PPPregressons are a least
fifteen percent within the sample of benchmark courtries — and we exped the aror to
be even greaer when making predictions outside the sample. To chedk robustness
we cdculate upper and lower bounds for red GDP per capita in China by adding or
subtrading two standard errors from the baseline prediction. The results are displayed

in Table 2.

In the cae of the PWT income estimates, the upper and lower estimates suggest that
per capita income in China in 1993was between seven and thirteen percent of US

income. For the Afriat income estimates, the bounds are three and eight percent.

® The Appendix to Penn World Table 5.6 reports a series of broadly similar regressions explaining the
relationship between GK and survey expenditure. The standard error of regresson for the PPP(PWT)
is taken from Summers and Heston (1991) who report seven alternative regression equations which are
used for prediction depending on the avail abili ty of data on diff erent countries. The median standard
error of 0.15is used to perform the sensitivity analysisin this paper.
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Table2
Estimated GDP per capita of China
(per centage of USincome)

1980 1993
FX Afriat PWT FX Afriat PWT
Lower
Prediction 2.6 4.7 25 6.7
Baseline 1.7 4.7 6.4 15 45 9.2
Higher
Prediction 85 8.7 8.1 12.6

The four inequality indexes are re-cdculated for 1980and 1993 sing the upper and
lower estimates of Chinese red GDP.  Results are reported in Table 3. Not
surprisingly the low and hgh values of the Gini differ significantly from their
basdline wurterparts. Similarly, the high estimate of the Gini coefficient for Afriat
income exceels the baseline estimate by more than 4 per cent in 1980and by 3.6 per

cent in 1993. These ‘ confidenceintervals for true income inequality are displayed as

dotsin Figure 3A.

Table3

Sensitivity of Inter-country Inequality to Estimates of Chineseincome

PWT Income Afriat Income

Low Baseline High Low
estimate estimate estimate

Baseline  High
estimate

1980 0.552 0.571 0.592  0.582 0.615 0.641

1993 0.526 0.545 0.566  0.591 0.623 0.646

In another experiment we dropped China from our sample and computed inequality
indexes for the rest of the 114 courtries in the sample. We know that, as a @urtry

with relatively low income but exhibiting relatively high growth, China is lowering
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global inequality over time. Asexpeded, wsing either the FX or Afriat definitions of
income, inequality increases more sharply when China is excluded. Surprisingly,
when we use the PWT estimates of PPPincome, the dedine in world inequality

disappeas atogether when Chinais excluded.

We ae not suggesting that China shoud be excluded from measures of world
inequality. But it isimportant to emphasise that international comparisons of average
red income for China ae based on regresson estimates, na on dred price
measurement by the International Comparison Program. In the ésence of such dred
measurement, any estimates of recent trends in international inequality are subjed to

substantial uncertainty.

Global inequality

Adding the dimension d within-nation inequality to ou measures of international
inequality allows us to analyse global inequality. The Deininger and Squire (1996
data set al ows us to examine changes in intra-courtry inequality by Gini coefficient
and by income quintile for 47 courtries, covering over two thirds of the world's
popdation. The Gini coefficient data is summarised in Table 4. Somewhat
surprisingly, given extensive recent pubicity on rising income inequality in
indwstrialised econamies, the unweighted courtry average shows a dight drop in
inequality. Weighted by popuation, havever, the average value of the Gini

coefficient rises.
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Table4

Within-country Gini Coefficients for 47 countries

1980 1993 Change
Unweighted average
(%) 39.5 38.9 -0.6
Population weighted
average (%) 34.3 36.4 1.9

We augment our measures of inter-country inequality, utilising intra-country income
distribution by quintiles, to derive estimates of global inequality. Table 5 presents
estimates of the global Gini coefficient for 1980 and 1993. We again find that global
income inequality has been rising if we use the FX income definition, whilst the
PWT measure of income records afall. Our estimates of true (Afriat) income suggest

adight risein global inequality.

Table5
Gini Coefficients of Global Income Inequality (by Country Quintiles)
PWT Income Afriat Income Forex Income

1980 0.659 0.698 0.779

(86.7%)" (88.0%) (90.9%)
1993 0.636 0.711 0.824

(85.6%) (87.7%) (92.4%)
Percent Change? -3.4% 1.7% 5.8%

Notes:
1. Inter-country values of the index are given in parentheses as a percentage of global values.
2. Percentage change of global index between 1993 and 1980.

In Table 5, the figures in parentheses give the ratio of the inter-country Gini to the
world Gini. This ratio varies between 85 and 89 per cent for the PPP-based estimates

and between 91 and 92 per cent for the FX income-based Gini. This seems rather
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surprising — that intra-courtry inequality contributes relatively little, no more than
fifteen percent, to owerall world inequality. These results are, however, consistent
with the findings of Berry, Bourguignon and Morrison (1983, Milanovic (199),
Korzeniewicz and Moran (1997 and Li, Squire and Zou (1998. Examining the
quintil e shares of income within courtries, we find that the ratio of income earned by
the richest 20% is, on average, eight times the income earned by the poarest 20% of
howsehdds. This is substantially less than the dispersion d income shares across
courtries: in 1993,the inter-courtry quintile ratio of real per capita income was 25

and the USA was nealy 60 times richer than bah Ethiopia and the Congo.

We ae ill concerned that the use of grouped income data may substantialy
understate the contribution d intra-courtry inequality to global inequality. As an
experiment, we generated ten thousand log-normally distributed incomes and
computed the variance of log income when the income is grouped into various
fradiles—as diownin Figure 5. We find that the variance of log income grouped into
quintiles is 90% of the variance of the full sample. Groupng into dedles gives over
95% of the popuation variance We mnclude, therefore, that the quintile income
shares that we and aher researchers have used are likely to come dose to capturing

the full contribution d intra-courtry inequality to world inequality.

Given that intra-courtry inequality is only a minor comporent of world inequality, it
Is not surprising to find that world inequality displays smilar trends to inter-courtry
inequality. The inclusion d within-courtry inequality tends to rescde the indexes

upwards, withou greatly altering rates of change over recent years.
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FIGURE 5

Variance of Fractiled Income / Variance of Population
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The arrespondng results for the other three inequality indexes — Theil (T),
coefficient of variation squared (V) and variance of log income (L) — are presented

in Table 6.

We find that on these threeindexes of inequality the cntribution o within-courtry
inequality is propationaly greaer than was the cae with the Gini index. This
perhaps reflects the fact that the Gini coefficient is relatively insensitive to changes at
the tail s of the distribution. We find, revertheless that the trends identified for the
global Gini index, are esentially robust to the dioice of inequality index. Global
inequality falls between 1980and 1993for PWT incomes, bu it increases for true

Afriat income and FX income, according to al four indexes.

34



Table6

Alter native Indexes of Global incomeinequality

PWT Afriat FX
Theil Index
1980 0.847 0.968 1.258
(70.9%) (715%) (77.3%)
1993 0.790 1.016 1.503
(704%) (714%) (79.0%)
Percent Change* -6.7% 5.0 19.9%
Squared CV
1980 2.860 3.343 4.338
(55.0%) (54 5%) (60.7%)
1993 2.734 3.632 5.731
(554%) (54 5%) (61.9%)
Percent Change* -4.4% 8.70 32.1%
Variance of log
1980 1.743 2.214 3.672
(65.3%) (70.1%) (74.7%)
1993 1.511 2.402 4.238
(62.8%) (634%) (722%)
Percent Change* -13.3% 8.9% 15.%%
Note:

1. Vdues in parentheses are the between-courntry index as a percentage of the intra-courtry

index.

2. * Percentage dhangein Gini between 1993and 1980.

Finally, Table 6 presents results of a further sensitivity analysis to take account of the
faad that China has not been surveyed in any of the International Comparison
Program’s detail ed price surveys. We cdculate apseudo-95%-confidence-interval for
the value of the Chinese per capita GDP income by quintiles - increasing and
reducing the PWT and Afriat estimates of Chinese income by two standard errors of
the relevant predicting regresson equation. We then calculate extreme bounds for the

ratio of 1993inequality to 1980inequality by cdculating the ratio of the 1993 upjer



bound to the 1980 |ower bound, and vice versa.

We find that these bounds encompass unity on all measures. None of our measures of

changing levels of globa inequality are robust when we take account of the errors

involved in estimating the real income level of China

Table6 Extreme Boundsfor Growth in Global Inequality
PWT Income Afriat Income
Lowratio  Highratio Low ratio High ratio
Gini (G) 0.91 1.03 0.94 1.10
Theil (T) 0.81 1.08 0.87 1.25
CV-squared (CV?) 0.81 1.12 0.89 1.30
Var-log (L) 0.69 1.10 0.68 1.71

Notes: Low ratio = Low value of Index in 1993 relative to the high value of Index in 1980,
High ratio High value of Index in 1993 relative to the low value in 1980.

4.  Concluding Comments

The emerging orthodoxy on recent international trends is that when incomes are

compared on the basis of purchasing power parity, rather than currency market rates,

world inequality has been tending to fall over the past two decades. We confirm

these findings when we use the estimates of purchasing power parity incomes

compiled in the Penn World Tables.

What is not at all clear, however, is the reason why the inequality trends measured by

FX and PWT income should be in opposite directions. If rea incomes are in fact

converging, as suggested by the PWT measures, then real wages in poorer countries
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shoud be caching up onwages in the richer econamies and the relative prices of
labour-intensive nontraded services sioud be onwerging. If this were so, we would
exped the sedoral bias in FX income comparisons to be diminishing over time &
well. Looking back at our Figure 2, we see that in 1980the level of inequality in FX
incomes was substantialy higher than the level of inequality in PWT incomes. By the
199Gs, with falling rea inequality, the gap between the two lines soud have
diminished. In ather words, with falli ng inequality in red income we shoud exped
FX measures of income inequality to have been falling even faster. But the exad
oppaite has occurred, the gap between FX and PWT inequality has increased

dramaticdly.

One plausible explanation is that the biases in bah the PWT and Foreign Exchange
estimates have been increasing over the period. The PWT method d cdculating
purchasing power parity income values goods and services in all courtries and in all
yeas at 1985international prices. Nuxoll (1994 shows that these @nstant prices
correspondto thase of fairly wedthy ecnamies and will therefore tend to overstate
the true incomes of the poorer emnamies. So we ae not surprised to find that the
PWT measure understates true inequality. If red income differentials have in fad
been approximately stable, then as we move further away in time from the 1985base
yea, we eped the bias in the PWT to incresse.  This ource of increasing bias in
the PWT income measures is likely to have been exacebated by other factors sich as

trade barriers that increase inter-courtry price dissmil arity.

Here we have a potential explanation for the radical differences in measured
inequality trends. Inequality has been increasing slightly — as suggested by our Afriat
measures of true PPPincome. The sedoral bias inherent in FX income comparisons,

which exaggerates true income differences, has therefore been increasing as well,
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causing FX income inequality to rise substantially. The biasin the PWT income goes
the other way. As courtries' price structures have become less and less smilar to
1985 international prices, PWT increasingly overstates the true income levels in

poarer courtries, causing PWT income inequality to fall .

Whilst this gory is plausible, we caina be sure that it is true. There are substantial
errorsinvolved in predicting rea incomes for courtries that have not been included in
the ICP benchmark surveys — whether we ae predicting GK income or true Afriat
incomes. Whilst our preferred method d calculating true incomes does indeal
suggest arisein inequality between 1980and 1993 ancther other method suggests the
oppaite. These methoddogicd problems need further research. Moreover, uriess
and urtil the International Comparison Program extends its detailed price surveys to
China, al methods of caculating purchasing power parities have to resort to

iImpredse guesdimates of red income for one fifth of the world’s popuation.
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