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Appendix A
The Simple Accounting Procedure Dataset

The research on which this book is based involved assembling data on
per capita incomes and consumption for 149 countries for the 50-year
time period 1950-2000. An attempt was made to get consistent data on
five basic variables: population, income, consumption, the distribution of
income, and distribution of consumption. Once information on these five
variables is available, on a continuous basis, then questions about levels
and changes in the distribution of income and economic growth can
effectively be answered.

Unfortunately, there is no single source from which all of these data
can be obtained. This appendix describes how the data were assembled,
and the assumptions that were made.

Population: Information for this variable involved virtually no assump-
tions and was taken from two major sources: World Bank, World Develop-
ment Indicators CD-ROM, referred to as WDI; and Maddison (2001),
referred to as M2001.

Income: All country income and consumption data have been converted
to purchasing power parity (PPP) data, at 1993 prices. Along with the
above two sources, the following additional four references have been
used to help construct a consistent series for 1950-2000: Penn World Tables,
1985-base PPP prices, referred to as PWT 5.6; WDI 1998, which has PPP
data, 1987 base, at both constant and current prices; PPP data, 1975 base,
from Summers and Heston (1988), Heston and Summers (1991), referred
to as HS; and IMF, International Financial Statistics CD-ROM, 2002.

Two questions remain: When data are available from more than one
source, which one is chosen; and how are the data linked. The hierarchy
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of preference for data available from more than one source is as follows:
first the WDI CD-ROM, which contains the latest, 1993-base PPP estimates.
When these are not available, the 1985-base data are used (PWT 5.6),
failing which WDI 1987 CD-ROM, failing which HS and finally the M2001
dataset are used. Data were linked via the rate of growth for the lower-
order series.

Consumption: National accounts data (WDI) were used to derive the
share of consumption in income. When such data were not available, the
share contained in PWT 5.6 was used. For missing observations, the most
recent estimate was used. If no consumption data were available, then
the regional share was imputed.

The above provides us with data on incomes and consumption and
population. It remains to obtain data on the distribution of income or
consumption. There are close to 50 countries for which income distribution
data are available for the 1950s; the number increases to about 75 countries
for the mid-1970s, and to more than 100 countries for the mid-1990s. The
number of countries for which distribution data are available is steadily
increasing, and for 2000 it had increased to 124 countries (i.e., at least one
distribution observation was available by the end of the 1990s). Thus, a
fair amount of data are available for estimating, with a reasonable degree
of confidence, both the level of world income distribution and its change
for the period 1950 to the present.

Since the mid-1970s, collection and documentation of income distribu-
tion data has been accorded high-priority status by development econo-
mists. The first such collection was by Paukert (1973) and the second by
the World Bank (Jain 1975). Both of these datasets were ‘‘rough,’’ in that
it was felt that a compilation was more important than verification or
cleaning. In the 1990s, two important distribution datasets emerged—that
of Deininger and Squire (1996) and of the World Institute for Development
Economics Research’s World Income Inequality Database. Both these data-
sets have been used to generate data on distributions. These two sources
of data have been supplemented by data available from the Web (World
Bank poverty monitor, worldbank.org/research/povmonitor; and Mila-
novic’s data on Eastern European countries), as well as data gathered for
18 Asian countries (Asian Development Bank 2002). Table A.1 documents
the coverage of these data.

One problem remains. For some countries only an income or consump-
tion distribution is available. Since both distributions are needed (con-
sumption distribution for poverty calculations and income distribution
for calculations of world individual income distributions), data from one
distribution were transformed into the other via a simple regression
between consumption and income shares for each quintile. Such regres-
sions were estimated for 27 country-year observations when data on both
consumption and income distribution were available.

Finally, for some countries (e.g., Afghanistan), no survey data are avail-
able. For these countries, the average regional quintile shares were imputed.
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Appendix B
Estimation of the Lorenz Curve,
and Its Accuracy

The data on distribution are available at mostly the quintile level (i.e., with
only five observations per distribution). If a Lorenz curve (relationship
between shares of population and shares of income) can be estimated, then
this five-observation distribution can be converted into a 100-observation
distribution. This appendix explains how.

Briefly, the estimation of a Lorenz curve follows the following proce-
dure: If the Lorenz curve can be parameterized (i.e., given a mathematical
formulation), then the study of the determinants of inequality can ‘‘begin.’’
Unfortunately, there are an infinity of ‘‘patterns’’ of distribution, so where
can one start? The Lorenz curves can cross, in which case it is a priori
ambiguous which distribution is more unequal. In a pioneering study,
Kakwani (1980) discusses methods of approximating the Lorenz curve,
and methods of estimating the same from the limited data (share in income
of different income groups and/or shares of individual quintiles).

His preferred formulation, and the one used by the simple accounting
procedure (SAP), is

p � a* �p�� * �(1 � p)�
�

(B.1)

where p represents the bottom p percent of the population and L(p) is the
corresponding share in income. Taking logs and rearranging terms, one
obtains a form fit for regression:

log�p�L(p)� � log a � � *log(p) � �*log(1 � p) (B.2)
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The parameters obtained from the above equation can be used to generate
the estimated incomes of each percentile of the population. Often, only
four independent observations are available for each distribution (the
quintile shares—the fifth quintile is derived from the other four and is
equal to 1 minus the sum of the other four); thus three parameters (a,
�, and �) are estimated from four observations, leaving only 1 degree
of freedom.

The results of equation B.2 are filtered by the SAP procedure to satisfy
the theoretical boundary constraints (i.e., the sum of the estimated shares
of each quintile is actually equal to the observed shares, and the share of
each percentile is equal to or larger than the share of the previous percen-
tile). The filtering is done through an iterative procedure, in which at the
end of the first round, the shares of the first percentile get estimated and
fixed; then the next quintile; then the next; and so on.

Regardless of the estimation procedure, the resulting distribution
exactly reflects the underlying exact quintile shares. So errors that might
creep in do not affect estimates of quintiles. Thus, this procedure cannot
contain more errors than a study that uses quintile shares (e.g., Milanovic
1999; or log-variance). The question remains: How accurate is this proce-
dure?

If the procedure is accurate, then the resulting world income distribu-
tion would also be more accurate than hitherto available. Note what
happens now when only quintile data are available. Each data point for
China represents the average income of 350 million people; for India, 250
million; for the United States, 70 million. For a world distribution, it does
not matter if for a small country distribution is in quintiles; but it does
matter if it is one of the many countries with a population above 20
million (when each data point represents 4 million people). If a percentile
distribution were available, then each data point for India would still
represent 10 million people, but the error for a global distribution would
be a lot smaller.

The data construction is now complete. Percentile distributions of
income and consumption are available for each year after 1950. These
data are the most complete and exhaustive of any income distribution
dataset assembled to date. These data are used throughout this book to
estimate the world income, and also consumption distribution for each
year after 1950, regional distributions, distributions for each country over
time (which will only change with each new survey), the composition
(by country) for each percentile, the poverty ratios for each country accord-
ing to an international poverty line, and so on.

How Good Is SAP?

The different sources (Deininger and Squire 1996; World Institute for
Development Economics Research’s World Income Inequality Database;
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World Bank, World Development Indicators CD-ROM and Web site) yielded
more than 2,500 distributions for more than 120 countries, with several
countries having more than one distribution for each survey year.

This procedure still left the choice to be made among competing esti-
mates of the distribution (quintile shares and Ginis) for the same country
and same year. For these survey country years, the quintile shares corres-
ponding to the survey with the minimum absolute error in the Gini
coefficient were selected.

Errors in Survey Inequality Measures

But this begs the question: How is the error in the Gini identified? Access
to most raw (unit observations) survey data is not available for most
surveys conducted before the mid-1980s. Researchers have to rely on
the tabulations of income (or expenditure) distributions from published
sources. In some instances, the official documents contain estimates of
Ginis as well.

The trail of income distribution data from source to publication is
as follows. The original tabulations of income ranges and percentage
households are converted by researchers into quintile distributions.1 The
error involved at this stage involves errors at the ‘‘cusp’’ (e.g., if the
income ranges of two adjoining cells overlap, then some adjustment is
needed to allocate households between the two quintiles). These adjust-
ments introduce error, but one of low intensity. Often, researchers have
transformed household distributions into per capita distributions, or
income before taxes into a distribution that reflects income after taxes.
The researchers have been careful to document what distribution is being
reported, though it is unclear whether the reported Gini reflects the ‘‘offi-
cial’’ Gini, or the Gini for the converted distribution. A reasonable hypoth-
esis for the reported data is that the distribution characteristics (quintile
shares) are reasonably accurate, but that there is a question mark about
the Ginis.

Errors in Published Inequality Data

In their study on the Kuznets hypothesis, Anand and Kanbur (1993b)
noted that simple reclassifications or ‘‘corrections’’ to the data resulted
in the inverted U-curve relationship between income distribution and
development becoming a normal U-curve! More recently, Atkinson and
Brandolini (1999) have discussed the possibility of errors in the inequality

1. The quintile distribution is selected for expositional purposes only, though decile distribu-
tions are rare for data from before the 1980s.
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data reported in Deininger and Squire (1996) and by implication in the
World Institute for Development Economics Research tabulations.

It is quite possible that the SAP method of generating the Lorenz curve
from reported quintile data may also contain large errors in the Ginis.
Access to 8 years worth of household survey data for 15 major states in
India (1983 to 1998) provides a vast laboratory to test methods of construct-
ing Ginis. Two Ginis were calculated for each distribution—a Gini based
on the original distribution, and a Gini based only on the calculated
quintile shares. Analogously, there are two estimates for the mean expen-
diture level at each percentile—the true estimate derived from unit-level
data, and the synthetic estimate derived from the quintile shares through
use of the SAP method. Table B.1 reports on the errors for 21 different
percentiles for 210 different distributions spanning 16 years of per capita
expenditure data in India.

The SAP method is seen to be shockingly accurate. The constructed
Ginis are within 1 percent of the true value in almost 90 percent of the
cases. The largest error is only 3.7 percent; the standard deviation of Gini
errors is about 0.4 percent.

Analogously, table B.2 reports the more extreme errors (Gini error �
5 percent) observed with reported Ginis for different regions, and the
different sources of data. Note that both the Deininger-Squire and WIDER
datasets have relatively large numbers of country-year errors (�100 per-
cent of the sample) whereas ‘‘other’’ sources are considerably ‘‘cleaner’’
(�5 percent of the sample) by comparison.

Even more telling are the values at individual percentile levels. Accuracy
at the individual percentile level is a very strict test of the method, because
it does not allow for errors to ‘‘cancel’’ out, as might very well be the
case for the Ginis.

Where accuracy is most needed for the generation of world inequality
is at the percentile level. To reiterate, four observations are used for each
distribution (the fifth quintile share is unity minus the sum of the shares
of the first four quintiles); from just these four observations, and knowl-
edge of the mean, levels of expenditure for 100 percentiles are derived.
Table B.1 reports on the error involved for every 5th percentile; no percen-
tile error is more than 3.5 percent, and the average error is less than
half a percent. However, the errors at the extremes—the 1st and 100th
percentiles—are large; the 1st percentile is overstated by almost 4 percent,
whereas the richest percentile’s expenditure is overestimated by a large
21 percent! This large error simply means that, on average, the last few
percentiles are underestimated, and this underestimation is reflected in
the share of the richest percentile. Note that this ‘‘error’’ does not in any
way affect the share of the richest quintile.

Because all the distributions used in this study have been transformed
using the SAP method, the low level of error achieved with more than
300 test distributions is very reassuring.
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Table B.1 How good is the simple accounting procedure (SAP)?
Testing with National Sample Survey data from India,
1983-98

Percentile error

Percentile Mean Maximum Minimum Standard deviation

1 3.8 274.6 �100.0 36.1
5 1.5 14.3 �7.5 3.0

10 �0.3 8.5 �12.5 2.3
15 �0.7 8.7 �9.1 2.2
20 �0.7 7.0 �9.1 2.1
25 �0.1 4.7 �3.3 1.1
30 �0.1 3.6 �3.1 0.8
35 0.2 3.2 �3.0 0.9
40 0.3 4.0 �4.4 1.0
45 �0.1 3.2 �3.2 0.9
50 0.1 3.7 �2.5 0.7
55 0.1 2.4 �2.5 0.7
60 0.0 2.5 �4.4 0.9
65 0.5 5.9 �3.3 1.2
70 0.2 3.7 �4.1 0.8
75 �0.2 3.8 �4.3 1.0
80 �0.9 4.9 �10.7 1.8
85 �2.0 6.3 �24.0 3.1
90 �3.1 15.7 �21.3 4.0
95 �3.4 24.5 �17.2 5.2

100 20.3 102.0 �30.1 20.8

Percentile distribution of errors in SAP Ginis

Gini Percentile

Largest error 3.7 274.6
Smallest error �1.3 �100.0
Mean error 0.4 �0.2
5th percentile �0.4 �5.2
25th percentile 0.2 �1.1
50th percentile 0.4 �0.1
75th percentile 0.7 0.6
95th percentile 1.3 3.2

a. For each percentile, the ‘‘true’’ value is known, and the error reflects the deviation of the
predicted SAP value from the true value.

Note: 210 distributions are from seven National Sample Surveys from 1983 to 1998 and 15
states, and a total of separate urban-rural distributions were used for testing the SAP method
of constructing Lorenz curves and associated statistics or inequality.
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Appendix C
Basic Data for the Simple Accounting
Procedure

The following table summarizes the dataset used to derive the results
presented in the book. The regional classification is East Asia, South Asia,
sub-Saharan Africa, Middle East and North Africa, Central Asia, Latin
America and the Caribbean, Eastern Europe, and the industrialized world.

The definitions for most of the regions are self-explanatory. The four
Central Asian economies are Kazakhstan, Kyrgyz Republic, Mongolia,
and Uzbekistan. These four countries are also included in the developing-
country classification (all countries excluding Eastern Europe and the
industrialized world). The 21 economies making up the Middle East and
North Africa are Algeria, Bahrain, Cyprus, Egypt, Iran, Iraq, Israel, Jordan,
Kuwait, Lebanon, Libya, Malta, Morocco, Oman, Saudi Arabia, Syrian
Arab Republic, Tunisia, Turkey, United Arab Emirates, West Bank and
Gaza, and Yemen. The distribution data reflect the data of the nearest
preceding year, if survey data were not available for 1960, 1980, or 2000.
Table C.1 presents data for each country for 1960, 1980, and 2000. The
survey type column depicts whether surveys for that country were expen-
diture (‘‘exp.’’) or income (‘‘inc.’’) surveys. The next six columns present
annual per capita income and consumption in purchasing power parity
dollars at 2000 prices (1993 base) for the 3 selected years. The next six
columns present shares of consumption or income for the 1st and 5th
quintiles. If the survey type is expenditure, the quintile shares are expendi-
ture shares; otherwise they are income shares; the same pattern is analo-
gously followed for the data on the Gini. The last column presents the
survey/national accounts ratio (i.e., the ratio of the survey consumption
mean to the national accounts data on private final consumption expendi-
ture, or the ratio of the survey mean to the national accounts data on per
capita GNP, at market prices).
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