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Abstract

The paper examines the economic performance of a large number of countries using an internationally comparable data set and latest techniques for analysis. The paper focuses on three aspects of economic performance of the countries under study. The first aspect concerns the levels of per capita gross domestic product and its growth over the study period. The next part of the paper deals with the changes in global inequality and its decomposition into within and between regional inequality, accounting for changes in inequality within each country. The last part of the paper focuses on growth in total factor productivity and its decomposition into technical change and technical efficiency change components. The analysis is undertaken using the data envelopment analysis (DEA) technique. Unlike some of the more recent work using this technique covering only  the OECD countries, the present study includes countries at all levels of development and from all regions of the world. An interesting aspect of the study is the attempt to incorporate the level of inequality directly into the data envelopment analysis in order to examine possible trade-offs between growth in per capita income and inequality.  The period for the study is 1960-1992, though analysis in several parts of the paper had to be restricted, due to data limitations, to shorter lengths. The last section of the paper presents results from some recent attempts by the authors to derive the implicit weights accorded to per capita income and inequality under the methodology based on the Data Envelopment Analysis.
Economic Growth, Productivity Change And Inequalty:
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1. INTRODUCTION

The economic performance of nations, regions and of the world as a whole have formed the subject matter of numerous studies over the last three decades. Much of the work on the subject in the earlier phases was hamstrung by the paucity of reliable and internationally comparable data on gross domestic product and its components. Since the inception of the International Comparison Program (ICP)
, considerable effort has been channelled into the collection and compilation of data series for purposes of comparisons of real gross domestic product across countries. ICP results for several benchmark years have been published by the Statistical Office of the United Nations and the World Bank. Heston and Summers have produced an annual data series with an extensive coverage extending over a long period, with the title Penn World Tables (PWT)
. Penn World Tables are now considered to be an invaluable source of data for international comparison research. 

Broadly based empirical analyses such as Maddison (1987, 1989 and 1995) provide a general framework for studying and evaluating the economic performance of nations. A number of other studies have focused on regional and country-level performance measurement and analysis. Three major strands of literature can be identified in the analysis of economic performance of nations. The first, and most typical, of these focuses on growth in real per capita income. These are justified on the grounds that real per capita income can be considered as a proxy for the standard of living achieved in a country. An other approach frequently used in analysing comparative performance is to examine the extent of convergence achieved by the poorer nations and measure disparities in the global distribution of income. Theil (1989, 1996) examines the distribution of income within specific regions and between regions. Inequality measures based on entropy are used in measuring within and between regional inequality and thereby assessing the performance of poorer nations in terms of catching up with more developed regions of the world. Barro (1991) and Barro and Sala-i-martin (1991) have examined the question of catch-up and convergence through the use of (- and (- convergence that relies on the real per-capita incomes of the countries

An alternative to these approaches based on growth in real gross domestic product, is to consider productivity performance based on partial measure, such as output per person employed or per hour worked, and multi-factor productivity measures based on the concept of total factor productivity. Output growth driven purely through increased input-use may not be sustainable in the long run, and, therefore, total factor productivity is considered as an important indicator of economic performance.
 One of the main issues involved in the measurement of total factor productivity is to determine input expenditure shares for various inputs used in production. In most empirical exercises, researchers use intuitively meaningful and acceptable input shares for labour and capital (for example, 0.6 and 0.4 for labour and capital respectively) in determining total factor productivity. Deviating from this traditional approach, Färe et al (1994) demonstrate the feasibility of using the data envelopment analysis to solve the problem of specifying factor shares in determining total factor productivity. This approach also allows the possibility of decomposing the growth in total factor productivity into efficiency change and technical change components. Färe et. al. illustrate their approach using data for a set of selected OECD countries.
 

The main objective of the present study is to examine the economic performance of nations which embraces a wider perspective on social welfare, encompassing growth in gross domestic product, as well as changes in the distribution of income within each country. Since the seminal paper of Kuznets (1955), which provided a framework within which it is feasible to analyse the effects of growth in income on the level of inequality, considerable empirical work has focused on testing Kuznets’ hypothesis of an “inverted U-shape” for the relationship between growth and inequality and also on the possible direction of causality between growth and inequality
. In this study we deviate from this debate and focus on economic performance based on the social welfare of the population in different countries.  It is necessary to examine both output growth and changes in inequality simultaneously. Following Sen (1973)
 and vast literature on the measurement of social welfare, the present study attempts to assess the performance of nations using the twin criteria of real per capita income
 as well as the level of inequality. In this paper we develop the analytical framework as well as the methodology necessary to allow simultaneous consideration of inequality and per capita income and apply the methodology to assess the performance of 48 countries over the period 1965-1990.

The present study represents an improvement over a number of studies to date on two counts. First, most of the studies on productivity growth and performance were limited in their scope, as the focus was either on the performance of a single economy or of a group, like that of the OECD countries. The present study includes between 60 and 48 countries, covering all the regions of the world and accounting for a major portion of global output and population. The study also differs from earlier studies in terms of the methodology used. The present study not only uses non-parametric methods based on data envelopment analysis (DEA) to measure productivity growth in different countries, as was used in Färe et al, but also generalises the approach to include both inequality and level of income as joint determinants of total welFäre resulting from economic activity. 

Given the nature and extent of the empirical analysis undertaken in the study, no attempt is made in the paper to offer any detailed explanations for the trends in productivity growth and other indicators of economic performance derived. Such an endeavour is a task by itself, it requires identification of suitable proximate and ultimate causes of growth as well as the quantification of the effects of these factors in different countries and regions. 

The structure of the paper is as follows. Section 2 briefly outlines the major sources of data and describes all the variables in the study. The methodology used in the analysis undertaken in the study is presented in Section 3. Empirical results form Section 4 and the paper finishes with a few concluding remarks and a brief discussion of future work on this project.

2. DATA

The scope of the present study and the methodology selected for analyses are dictated by the availability of suitable data. Two types of data are sought for purposes of the present study. First, data on measures of aggregate output and inputs are needed for the study of productivity performance. Measurement of total factor productivity usually requires either data on input and output prices or the input and output shares. In order to examine issues relating to inequality and social welfare, it is necessary to have information on the distribution of income in each country through the study period. Data on income distribution could be in the form of income shares for different decile or quintile groups of population or it could be in the form an aggregate measure, like the Gini coefficient.

Output and input data aggregates are drawn from the Penn World Tables 5.6 (PWT 5.6) which were released in 1994. The Penn World Tables present internationally comparable economic data for more than 120 countries. PWT 5.6 is the latest version of the Penn World Tables described in detail in Summers and Heston (1991). The following variables are drawn from PWT 5.6.

Real gross domestic product per capita (RGDPCH): Provides real per capita incomes in different countries expressed in 1985 international dollars. These series are constructed after adjusting for price differences across countries and over time. RGDPCH is used with population figures to derive total gross domestic product data for each country.

A point that deserves attention is the fact that RGDPCH data for different countries are of differing levels of reliability. The series consist of countries that can be classified into three groups, those that participated in a single benchmark comparison of the ICP, those that participated in several benchmark comparisons, and the rest are classified as non-benchmark countries. RGDPCH for non-benchmark countries are estimated from an equation based upon the relationship between a country’s real domestic absorption relative to the US and an estimate of its relative domestic absorption derived from price survey data used for post adjustment allowances for international personnel. An implication of this is that the RGDPCH figures used here, and in other studies, are subject to measurement errors of different magnitudes for different countries.

The input series refer to labour and non-residential capital stock for each country in the study. These are drawn from the following series of PWT 5.6.

Real GDP per Worker (RGDPW): PWT 5.6 description of the variable is “worker for this variable is usually a census definition based on economically active population. The underlying data are drawn from the International Labour Organization, and have been interpolated for other years.” This definition implies that RGDPW is defined on the basis of the total workforce rather than actual number of persons employed, which, in turn, implies that this variable has the potential to overstate the actual amount of labour employed.
 The labour force figure used in this study, derived from RGDPW, is the same as that used in Färe et al (1994).

Non-residential Capital Stock: Data on non-residential capital stock is derived from the capital stock per worker (KAPW) series in the Penn World Tables. These series are estimated using a geometric depreciation rate for different classes of assets, capital stock components are built up on a perpetual inventory basis. Capital stock is the sum of machinery and equipment, non-residential and other construction. These series are used as the capital series in the empirical analysis.

Inequality Data: The present study uses inequality data provided in the World Bank (WB) data set on inequality described in detail in Deininger and Squire (1996). The WB data set is mainly a compilation of internationally comparable Gini coefficients for 108 countries, for periods dating, in some cases, from 1947 to 1993. Compared to earlier data sets, this World Bank data set is said to “represent a significant expansion of coverage and a substantial improvement in quality”. Coverage and reliability varies a great deal from country to country. After checking for consistency in the income concept, used as well as the type of inequality data available, Gini coefficients for 60 countries are used in the present study.

Country Coverage and Study Period: The principal aim of the study is to include as many countries as possible and extend the analysis to a reasonably long period. Thus, different parts of analysis in the paper are based on different sets of countries and study periods. For assessment of performance based on simple growth rates of per capita income, we use data for 60 countries over the period 1960-1992. The country listing is presented in Table 1. However, for purposes of analysing productivity performance, based on per capita income and income inequality, the study is limited to a set of 48 countries and the period 1965-1990. 
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Country Listing

AFRICA

Chile 

Yugoslavia 

Botswana *

Colombia 

Cote d'lvoire

Dominican Rep. 

OECD

Kenya

Ecuador *

Australia 

Madagascar *

Gautemala 

Austria 

Malawi

Honduras 

Belgium 

Mauritius

Jamaica 

Canada 

Nigeria

Mexico *

Denmark 

Sierra Leone *

Panama 

Finland 

Swaziland *

Paraguay 

France 

Zambia *

Peru 

West Germany 

Zimbabwe *

Venezuela 

Iceland *

Ireland 

ASIA

MIDDLE EAST/

Italy 

Hong Kong

N.AFRICA

Japan 

India

Iran, IslamicRep. *

Luxembourg *

Korea, Rep.

Israel

Netherlands 

Philippines

Morocco

New Zealand 

Sri Lanka 

Syrian Arab Rep. *

Norway 

Thailand

Spain 

EUROPE

Sweden 

LATIN AMERICA

Greece 

Switzerland *

Argentina 

Portugal 

United Kingdom 

Bolivia

Turkey

United States 

Note: (*) refers to those countries that are excluded in the 48 countries considered in productivity

measurement using inequality and per capita GDP. Countries listed in continents are those which 

do not belong to the OECD group.


The main reason for the reduction in country coverage is the non-availability of inequality data. Data sets used in the present analysis are available from the authors upon request. These will eventually be made available on the web.

3. Methodology

In this section we briefly describe the methods used for the different strands of analysis undertaken in the present study. A major portion of the section is devoted to the measurement of total (or joint) factor productivity using Malmquist productivity index. The technique of data envelopment analysis (DEA) necessary to make the Malmquist TFP index calculations operational is presented in the technical Appendix at the end of the paper. Extensions necessary to measure  performance based on social welfare criteria are also discussed in considerable detail.

3.1 Growth Rates
Average annual compound growth rates in per capita income are computed using standard methods for all the countries in the study for the whole period, as well as for intermediate sub-periods. Growth rates for different regions are computed using aggregates for the respective regions.

3.2 Regional and Global Inequality
Measures of inequality in the distribution of income across countries within specific regions and between regions are derived using Theil’s additively decomposable L-measure with population shares as weights. The methodology described below is fairly standard and routinely used in many studies, including Theil (1989, 1995). No attempt is made here (in this section) to take into account inequality within each country in deriving within and between regional inequality.

Theil’s methodology may be described as follows. Suppose Yij and Nij ,respectively, denote the per capita income and population size of the i-th (i = 1,2, …,nj) country in region j (j = 1,2, …., K). Let Yj and Nj represent the per capita income and population size in the j-th region. Then
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For a given region j, let (ij and (ij represent the population and income shares of the i-th country in j-th region.

Theil’s L-measure of inequality within the j-th region, Lj, is given by
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(1)

Given the inequality within each region, Lj, the total within region inequality is defined as the population share weighted average of the inequality within each region. Denoted by LW, the within region inequality is given by


[image: image5.wmf]å

=

=

K

1

j

j

j

W

N

N

.

L

L

,




(2)

where N is the global population, sum total of population in all regions.

Using the additive decomposability property of the total world inequality, L, it can be expressed as the sum of within region inequality and between region inequality. Thus
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where 
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(4)

represents inequality between different regions of the world. Total inequality and the within and between regions inequality measures are used in assessing the performance of the poorer regions and the extent of catch-up and convergence between the less affluent and more developed regions of world.

3.3 Productivity Growth, Efficiency Change and Technical Progress

This section deals with the question of assessing the economic performance of nations using measures of productivity growth (instead of growth in real per capita income) and its decomposition into technical progress and efficiency change (or catch-up) components. Standard measures of productivity growth (see Solow, 1957) are based on the concept of total factor productivity (TFP) which is defined as growth in output net of growth in inputs used. These measures are used as measures of technical change under the assumption that the output and input quantities observed are derived within a framework of optimising behaviour of producers based on the assumption of fully efficient use of the technology available and that the output and input combinations observed are allocatively efficient. 

In this paper we use the more general concept of the TFP index defined in Caves, Christensen and Diewert (1982). The Malmquist TFP index uses the distance function concepts proposed in Malmquist (1953). The Malmquist TFP index is designed to measure productivity changes in the context of a multi-output production process involving multiple inputs. The most important contributions in this area are Nishimizu and Page (1982), Caves, Christensen and Diewert (1982) and the more recent work of Färe, Grosskopf, Norris and Zhang (1994). Nishimizu and Page (1982) use parametric production frontiers and subsequently measure TFP growth as the sum of an efficiency change component and a technical change component. Caves, Christensen and Diewert show that the Malmquist TFP index, under a set of conditions, can be approximated by the ratio of Tornqvist output and input index numbers. Färe et al (1994) use non-parametric methods (DEA-like) to calculate the various Malmquist distances involved.

In this paper we use the non-parametric approach of Färe et al (1994) to measure productivity growth in different countries. The technique of data envelopment analysis (DEA) and its use in the computation of the required distances are discussed in the technical Appendix on DEA. The remainder of this section is devoted to the description of the Malmquist TFP index and its decomposition. The exposition here is essentially non-technical in nature. Technical details and further references are available in Färe and Primont (1995) and Coelli, Rao and Battese (1998, Chapters 5 and 10).

Production Technology
Since the Malmquist index purports to measure productivity changes, it is based on the existence of a production technology which transforms multi-dimensional input vectors, say x, into multi-output vectors, y.  The production technology forms the basis for the standard isoquants, which show all the input combinations that can produce a given output vector, and the production possibility curves that show all feasible output combinations associated with a given vector of outputs.

The production technology is assumed to satisfy a number of basic properties or axioms. These are: (i) possibility of inactivity; (ii) weak or strong disposability of outputs; (iii) weak or strong disposability of inputs; (iv) closed and bounded production possibility sets; (v) closed input sets; and (vi) input and output convexity.
 Of these the most important axioms are the strong and weak versions of output and input disposability. In addition to these, the present study assumes that the production technologies satisfy (global or local) constant returns to scale.

Distance Functions

The Malmquist TFP index is defined using distance functions. Distance functions allow one to describe a multi-input, multi-output production technology without the need to specify a behavioural objective (such as cost minimisation or profit maximisation).  One may define input distance functions and output distance functions.  An input distance function characterises the production technology by looking at a minimal proportional contraction of the input vector, given an output vector.  An output distance function considers a maximal proportional expansion of the output vector, given an input vector.  For purposes of this paper, we need to consider only output distance functions.  However, input distance functions can be defined and used in a similar manner.

A production technology, satisfying standard axioms, may be defined using the output (possibility) set, P(x), which represents the set of all output vectors, y, which can be produced using the input vector, x.  That is,


P(x) = {y : x can produce y}.




(5)

The output distance function is defined on the output set, P(x), as:


do(x,y) = min{( : (y/()(P(x)}.



(6)

The distance function, do(x,y), will take a value which is less than or equal to one if the output vector, y, is an element of the feasible production set, P(x).  Furthermore, the distance function will take a value of unity if y is located on the outer boundary of the feasible production set, and will take a value greater than one if y is located outside the feasible production set.

Malmquist TFP Index

The Malmquist TFP index came to prominence through the work of Caves, Christensen and Diewert (1982).  The Malmquist index can be defined using an output-oriented approach or an input-oriented approach. In the present study, output-oriented measure of TFP change is the most appropriate.

The Malmquist (output-oriented) TFP index measures the TFP change between two data points by calculating the ratio of the distances of each data point relative to a common technology.  Following Färe et al (1994), the Malmquist (output-orientated) TFP change index between period s (the base period) and period t is given by
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(8)

where the notation do(xt, yt) represents the distance from the period t observation to the period s technology.  A value of mo greater than one will indicate positive TFP growth from period s to period t while a value less than one indicates a TFP decline.  Note that equation (8) is, in fact, the geometric mean of two TFP indices.  The first is evaluated with respect to period s technology and the second with respect to period t technology. An equivalent way of writing this productivity index is 
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where the ratio outside the square brackets measures the change in the output-oriented measure of Farrell technical efficiency between periods s and t.  That is, the efficiency change is equivalent to the ratio of the Farrell technical efficiency in period t to the Farrell technical efficiency in period s.  The remaining part of the index in equation (9) is a measure of technical change.  It is the geometric mean of the shift in technology between the two periods, evaluated at xt and also at xs.  Thus the two terms in equation (9) are:



Efficiency change  =  
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and


Technical change  =  
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   (11)


This decomposition is illustrated in Figure 1 where we have depicted a constant returns to scale technology involving a single input and a single output.  A particular country produces at the points D and E in periods s and t, respectively.  In each period the country is operating below the technology for that period.  Hence there is technical inefficiency in both periods.  Using equations 10 and 11 we obtain:


Efficiency change  =  
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Technical change  =  
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In an empirical application we must calculate the four distance measures which appear in equation 9 for each country in each pair of adjacent time periods.


Figure 1   Malmquist Productivity Indices

One issue that must be stressed is that the returns to scale properties of the technology is very important in TFP measurement.  Grifell-Tatjé and Lovell (1995) use a simple one-input, one-output example to illustrate that a Malmquist TFP index may not correctly measure TFP changes when variable returns to scale is assumed for the technology.  Hence it is important that constant returns to scale be imposed upon any technology that is used to estimate distance functions for the calculation of a Malmquist TFP index.  Otherwise the resulting measures may not properly reflect the TFP gains or losses resulting from scale effects.

Computation of the Malmquist TFP Index

In order to be able to compute the TFP index it is necessary to have prior knowledge of the production technology. Caves, Christensen and Diewert (1982) demonstrated that, under the assumption of optimal behaviour and in the absence of technical inefficiency and under constant returns to scale assumptions, the Malmquist TFP index can be approximated by the ratio of the Tornqvist output index to the Tornqvist input index.
 These indices may be computed using the standard Fisher index number formula (Diewert, 1992). 

In this study, as in Färe et al (1994), the assumption of fully efficient production operations is dropped. Therefore, it becomes necessary to compute the distances involved in equation 9 so that the efficiency change and technical change components can be computed. This, in turn, requires either a parametric approach or a non-parametric approach. The non-parametric approach, based on data envelopment analysis, is pursued in this study. This method is discussed in the technical appendix on the DEA technique provided at the end of the paper.

3.4 Social Welfare  and Assessment of Performance of Nations
In this section we describe three alternative models considered for the purpose of assessing productivity performance of countries when social welfare outcomes are considered to be the primary goal. Traditionally the focus has been on the real gross domestic product per capita or, equivalently, on the real per capita income, and, therefore, on the growth of total factor productivity. This type of analysis is adequate if per capita income is considered to be the sole determinant of social welfare. In this study, this approach is extended to include other considerations, in particular the degree of inequality accompanying the output levels. A brief rationale behind the approach is provided in the subsection below, followed by a description of the specific models used in this paper.

Theoretical Framework
From the perspective of aggregate social welfare, total GDP, size of the population as well as how the GDP is distributed among the inhabitants of the country are important. Based on this notion, the social welfare of a given country with a population size of n with incomes y1, y2, . . ., yN may be represented by


[image: image14.wmf]]

y

,

.

.

,.

y

,

y

[

W

(.)

W

N

2

1

=

,



(12)

where W(.) is the social welfare function (SWF) which is assumed to satisfy a number of basic axioms.
 If each individual, i, n the population is assumed to have a utility function Ui(y), then the welfare function is given by 
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If the functional form of W, along with numerical values of any parameters involved, is known and data on income levels for all the population are available, it would then be possible to evaluate the SWF and use aggregate or per capital social welfare in assessing the performance of nations. While equations 12 and 13 provide a basic argument in favour of using income distribution characteristics in performance assessment, several problems are encountered in identifying the form of the social welfare function, as well as in gathering and incorporating distribution data into the analysis.

Under a set of assumptions and conditions on the SWF, it is feasible to express the SWF in equation 13 as a function of just the mean income, (, and a scalar index of inequality (see Lambert (1993), Section 5.2 for details). Within this framework, the simplified SWF can be written as
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where ( is the mean (or per capita) income and I is a scalar index of inequality.

In the present study, the nature of available data dictates that the Gini coefficient, G, be used as the scalar index of inequality in equation 14.
 Thus the social welfare in country j with per capita income (j and Gini coefficient Gj, is given by
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The performance of different countries can be assessed using the observed levels of mean income and Gini coefficients in equation 15 and contrasted with the inputs used in the process of achieving these outcomes. Obviously, there still remains the problem of determining the form of the function F((,G) in equation 15. Such an assessment implies that per capital income and inequality are outcomes of a social decision process. This process is considered below.

The basic premise here is that with a given level of inputs (labour, capital and other natural resources), it is possible to generate a range of combinations of per capital income and inequality. The function F suggests that both equality and per capita income (or economic efficiency) are valued by the society, and in some cases it may be necessary that equality may be sacrificed for higher mean income, and, in other instances, some mean income for the sake of equality.

This kind of dilemma is faced by most nations in the present economic environment. In order to improve efficiency and competitiveness, a number of countries have chosen to embark on labour market reforms and a rapid deregulation of various sectors in the economy. Such measures, while improving efficiency (and thus help to achieve higher levels of GDP), have the potential to increase inequality at least in the short run. Therefore societies have to make a conscious choice on the optimal combination of levels of income and inequality outcomes of the economic and social policies pursed. The observed data points, with given per capital incomes and inequality levels, can be considered as the optimal combinations of such choices (assuming no allocative or technical inefficiency involved in achieving the outcomes).

The following diagram, based on Breit (1974) and Lambert (1993), provides a simple geometric representation to show how a society’s chosen combination of real income per capita and inequality can be explained.

For a given level of inputs and resources, the output possibility curve, OPC, shows all the possibilities in which per capita income is a concave function of equality (defined as one minus the Gini coefficient). Output per capita is maximised at point A, this point is associated with a very low degree of equality.
 However, government (or a conscious decision by the society) induces resources away from their most “efficient” uses and results in a reduction in the level of per capita income but with the society becoming more egalitarian.
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Figure 2: Output Possibility Curve and Social Preference


If the society considers real per capita income as a social good and inequality as a social bad, the society’s preferences can be represented by the indifference curves like  IC1 and IC2. The society then chooses that combination of outcomes, per capita income and inequality (or equality), which maximises welfare of the society. This is achieved at points similar to B in Figure 2. Optimum point B results in a per capita income of (1 and level of equality E1. If the society operates fully efficiently, (1 and E1 would be the observed outcomes. However, in practice the actual outcomes may fall well short of the optimum levels that could be achieved, raising the possible existence of technical inefficiency (similar to what is usually observed in standard production paradigms) and allocative inefficiency.

Discussion so far provides a framework under which it is feasible to extend the standard performance analysis based exclusively on GDP (and, hence, per capita income) to encompass inequality issues associated with growth. The important issue, however, is to make this theoretical framework operational. In order to apply this framework, it is necessary to specify a functional form for the SWF in equation 14. A further necessary requirement is to ensure that the output possibility curve, OPC, satisfies all the necessary production axioms stated in Section 3.3. Based on standard assumptions regarding the SWF, it is easy to check that all the axioms are satisfied by a SWF with ( and G (or 1-G) as arguments. The assumption of constant returns to scale can only hold locally since the values of G and (1-G) are bound by the interval 0 to 1.

The present study considers three alternative models through which the issue of inequality is considered. These models can be considered as models with increasing generality.

Model 1: Under this specification only real GDP, and therefore per capita income, is considered to be the sole output. Thus the problem is one of measuring total factor productivity change based on a single output along with the two inputs, capital and labour. Thus model 1 is identical to the one considered in Färe et al (1994) which was used to assess the performance of selected OECD countries. The main difference here is that the present study extends the Färe et al (1994) study to cover 60 countries from various regions of the world.

Model 2: In this model, a specific functional form for the SWF in equation 15 is assumed. The function considered is
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where E is a measure of equality. Thus the SWF in equation 16 represents a scalar output measure. The new measure replaces the GDP measure as the output variable in the model associated with given levels of capital and labour inputs. That is, Model 2 explicitly accounts for the inequality outcome and by adjusting the output measure from Model 1.

The particular specification of SWF in equation 16 has been used in the literature. Sen (1973) provides rationale for this particular choice of welfare function based on the pairwise maximin criterion. Kakwani (1980) provides a system of axioms under which the SWF is equal to ((1-G).
 Literature on social welfare functions provides ample support for the use of the specification for SWF in equation 16.

The SWF in equation 16 has the implied elasticities of W(y) with respect to ( and G, respectively to be 1 and –1/(1-G). An immediate conclusion that can be drawn from these elasticities is that the SWF in equation 16 is more sensitive to ( if the Gini coefficient G is less than 0.5 and less sensitive to ( if the Gini index is greater than 0.5.

In terms of performance assessment, model 2 is very similar to model 1, the only difference being that ( in model 1 is replaced by ((1-G). The remainder of the analysis is similar. 

Model 3: Despite the support in the literature for the SWF specification used in model 2, two limitations can be readily identified. First limitation refers to the particular rate of substitution between ( and (1-G) implied in model 2. In model 3 an attempt is made to let the data determine appropriate rates of substitution. The second limitation refers to the fact that, SWFs, like utility functions, allow the possibility to generate new SWFs through simple monotonic (increasing) transformations. An implication of this is that the specification of SWF in equation 16 is as good as any monotonic increasing transformation of equation 16. This possibility results in additional complications when the Malmquist productivity measures are applied on the basis different SWFs that are all order preserving transformations.

In addressing these two limitations, model 3 simply treats ( and (1-G) as a two-dimensional output vector associated with the two-dimensional input vector, consisting of labour and capital. If the rates of substitution between ( and (1-G) turn out to be similar to those underlying model 2, results from these two models would be similar.

4. EMPIRICAL RESULTS
The methods discussed in Section 3 are applied to the data set described in Section 2. The main body of the study is based on 60 countries covering the period 1960 to 1992. As data are drawn from the Penn World Tables, it is possible that results on growth rates may be at variance with rates derived from national sources. The purpose of the study is to examine economic performance of various countries from a number of different angles. The presentation of results closely follows the structure used in the methodology section.

Growth in real per capita income
Table 2 shows average annual compound growth rates for 60 countries from six different regions. First, all countries belonging to the OECD are grouped to form one region (more economic than geographic) and the remaining countries are then grouped using geographical location. Growth rates are presented for the whole study period, 1960-92 as well as for the three constituent decades. Countries in the table are ordered from the best performing nation to the least. The Republic of Korea is at the top of the table with an impressive 6.96 percent growth in per capita income, closely followed by Hong Kong and Japan. Japan had a very impressive 9.52 growth rate during the 60's followed by more modest (by comparison) growth rates of 3.26 and 3.58 percent in the 70's and 80's. Thailand too posted an impressive average growth rate of 4.57 over the study period.      

In terms of performance by regional groups, the OECD group posted the highest growth rate of 2.63 (a major contributor being Japan) followed by Asia with a growth rate of 1.44.  Middle East/North Africa posted a consistent negative rate, this performance may be due to the instability experienced in this region.
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Growth in Real per Capita Income

(Average Annual Compunded Growth Rates)

1960-92

1960-70

1970-80

1980-90

1960-92

1960-70

1970-80

1980-90

Korea, Rep.

6.96

6.45

6.31

7.98

Chile

1.65

2.24

0.76

1.07

Hong Kong

6.44

7.28

6.80

5.50

India

1.61

0.41

0.97

3.65

Japan

5.24

9.52

3.26

3.58

Bolivia

1.31

3.87

1.82

-1.78

Botswana

5.02

4.50

9.00

1.33

Philippines

1.26

2.17

2.97

-0.66

Thailand

4.57

4.98

3.62

5.06

New Zealand

1.12

1.66

1.01

1.05

Spain

3.63

6.48

2.35

2.62

Kenya

1.09

-0.92

4.45

0.01

Nigeria

3.43

5.10

5.41

0.57

Jamaica

1.06

4.16

-1.12

0.74

Ireland

3.41

4.27

3.14

3.09

Gautemala

0.94

2.02

2.41

-1.89

Norway

3.25

3.69

4.22

2.08

Honduras

0.91

1.79

2.08

-0.96

Italy

3.24

5.14

3.16

1.93

Malawi

0.84

1.50

2.31

-0.65

Iceland

2.96

3.12

5.51

1.46

Zimbabwe

0.48

0.86

1.05

-0.22

Austria

2.93

3.86

3.42

1.91

Venezuela

0.35

2.06

-0.46

-1.95

Belgium

2.86

4.28

2.92

1.76

Argentina

0.16

2.33

1.43

-3.18

France

2.76

4.68

2.49

1.69

Peru

0.09

3.02

0.50

-2.70

Finland

2.61

4.38

2.95

2.63

Cote d'lvoire

0.02

3.95

1.14

-3.95

Canada

2.58

3.41

3.39

1.97

Portugal

-0.33

-0.11

-0.77

-0.10

West Germany

2.55

3.68

2.37

1.86

Sierra Leone

-0.58

5.58

-2.31

-2.31

Swaziland

2.52

7.29

1.95

-1.94

Greece

-0.69

-0.54

-0.92

-0.48

Mexico

2.51

3.50

4.27

-0.38

Yugoslavia

-0.86

-1.01

-0.90

-0.65

Netherlands

2.47

4.20

2.07

1.45

Zambia

-0.99

1.64

-1.38

-3.37

Mauritius

2.45

-1.71

5.26

3.88

Madagascar

-2.07

-0.35

-1.51

-3.70

Panama

2.37

5.12

2.76

-1.62

Turkey

-2.33

-2.47

-2.27

-2.30

Luxembourg

2.35

2.06

1.97

3.18

Morocco

-2.44

-2.50

-2.33

-2.55

Denmark

2.34

3.68

1.61

2.07

Israel

-2.73

-3.36

-2.62

-1.82

Colombia

2.20

2.41

3.26

1.14

Syrian Arab Rep.

-3.21

-3.11

-3.25

-3.25

Ecuador

2.09

2.06

6.10

-1.58

Iran, IslamicRep.

-3.31

-3.31

-3.14

-3.48

Dominican Rep.

2.02

2.60

4.32

-0.79

United Kingdom

1.98

2.28

1.77

2.67

Australia

1.97

3.34

1.52

1.45

AFRICA

1.51

2.78

3.24

-0.56

Paraguay

1.95

1.74

6.17

-1.74

ASIA

2.02

1.44

2.18

3.98

Sweden

1.94

3.58

1.46

1.71

LATIN AMERICA

1.46

2.70

2.51

-1.09

United States

1.88

2.73

1.67

1.67

MIDDLE EAST/N.AFRICA

-2.62

-3.05

-2.90

-3.12

Sri Lanka

1.80

-0.10

2.80

2.51

EUROPE

0.24

-1.51

-1.57

-1.47

Switzerland

1.66

3.26

0.99

1.44

OECD

2.63

3.96

2.25

2.14

Note: Countries are ordered according to their growth performance over the whole study period.



Figure 3 shows the frequency distribution of growth rates for the three decades considered in the study. In all the time periods, most frequencies are observed for growth rates between 1 and 3 percent. The decade of the 1960's seems to have recorded frequencies for much higher growth rates more in the range of 2 to 6 percent. These frequency polygons show a general shift to the left indicating a general lowering of growth rates experienced in the countries included in this study.

Global Inequality and a Decomposition
The level of global inequality and its decomposition into within-region and between- region inequality are briefly discussed here. These results provide an indication of performance at regional level and the extent of catch-up in terms of per capita income that may have taken place during the study period. All the measures discussed here are derived using Theil’s L-measure, which is additively decomposable.

Regional inequalities are derived using only per capita income and population of the countries belonging to the region. Thus, inequality within each country is ignored for the purpose of examining regional inequality.
 If the regions consist of countries at a similar stage of development and similar levels of per capita income, within-region inequality is expected to be quite low. Inequality in all the regions, with the exception of Africa, show a low level of regional inequality. However, Africa posted a significant reduction in regional inequality over the 25-year study period.
 The OECD group also shows a phenomenal reduction in regional inequality, much of this may be attributed to catch-up by countries like Japan during this period. In a general reversal of trends shown in other regions, within-regional inequality has increased six-fold from 0.024 to 0.150 in Asia. This can be mainly attributed to spectacular growth rates achieved by some of the new industrialised economies in the region.
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Regional Inequality and Decomposition of Global Inequality

AFRICA

ASIA

LATIN

MIDDLE EAST/

EUROPE

OECD

Global Inequality

AMERICA

N.AFRICA

-----------------------------------------------

Within

Between

Total

Region

Region

1965

0.217

0.024

0.107

0.091

0.018

0.059

0.059

0.503

0.562

1970

0.214

0.047

0.097

0.134

0.030

0.030

0.057

0.536

0.594

1975

0.158

0.074

0.083

0.134

0.029

0.022

0.061

0.530

0.591

1980

0.114

0.110

0.080

0.069

0.053

0.020

0.072

0.541

0.613

1985

0.099

0.111

0.076

0.068

0.041

0.021

0.072

0.537

0.609

1990

0.110

0.150

0.080

0.062

0.033

0.014

0.089

0.519

0.608

Note: Computed using Theil's L-measure of inequality (see Section 3.2).


Turning to global
 inequality, the general trend is a steady, albeit slow, growth in global inequality. However, between region inequality has declined from 0.541 to 0.519 from 1980 to 1990. So the main contributor to the increase in global inequality is the within region inequality. The basic result from these trends is that while there has been a catch-up between regions, in a few populous regions some countries have been growing at a much faster rate than other countries.
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Results presented here are consistent with the results in a number of studies by Theil and his associates (Theil, 1979, 1989, 1996; Theil et al, 1994, 1995).

Productivity Performance and Inequality
The main focus of this section is the performance of various countries measured in terms of the total factor productivity growth achieved over the study period, and then to identify the principal sources. Sensitivity of the results to various measures of social welFäre described in Models 1 to 3 in Section 3.4 are also discussed.

Performance based on real per capita income

The results described here are based on the full set of 60 countries with the following inputs and outputs. The output measure used is the real gross domestic product, and the inputs used are the total labour force and total non-residential capital stock. Given the assumption of constant returns to scale on the production technology, results derived are based on the application of the DEA technique using real per capita income (real GDP per capita) as the output measure and labour and capital per capita as the inputs.
 The productivity changes are measured using the Malmquist DEA technique described in the Appendix.

Application of Malmquist DEA provides a great volume of results
, but only the principal features of the results are presented here. Table 4 provides a summary of results in the form of average annual growth rates
, for the period 1965-1990, in TFP and its decomposition into growth in efficiency and technical progress components. Growth rates are provided for each of the countries in the study, and for the broad country groupings.

In terms of productivity performance by regions, Asia has the highest annual rate of nearly 1.0 percent, followed by Africa and the OECD groups. An interesting feature here is that every country in the Asian region has a positive growth rate in TFP over the study period. In Africa, however, impressive performance by countries like Nigeria, Botswana and Zimbabwe has helped mask some of the negative growths recorded by some of the smaller countries like Sierra Leone and Malawi. In Asia, the star performer is Hong Kong with a somewhat spectacular rate of 3.80, followed by Thailand, Korea and India with 1.10 and 1.0 percent respectively. Japan, which is included in the OECD region
, shows a TFP growth rate of 1.1 percent. Most countries in Latin America show negative productivity growth. Middle East/N. Africa 
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Total Factor Productivity Growth and Decomposition

(Average annual growth percentage)

Efficiency

Technical

Productivity

Efficiency

Technical

Productivity

Change

Change

Change

Change

Change

Change

AFRICA

0.74

0.16

0.89

MIDDLE EAST/

N.AFRICA

-1.24

-0.25

-1.47

Botswana

1.80

-0.20

1.60

Cote d'lvoire

-1.30

0.70

-0.60

Iran, IslamicRep.

-3.30

-0.30

-3.60

Kenya

1.20

0.20

1.30

Israel

1.50

-0.20

1.30

Madagascar

-1.60

-0.30

-1.90

Morocco

1.40

-0.30

1.10

Malawi

0.60

-1.70

-1.00

Syrian Arab Rep.

2.00

0.10

2.20

Mauritius

1.00

-0.50

0.50

Nigeria

1.20

0.60

1.80

EUROPE

1.10

-0.98

0.13

Sierra Leone

0.00

-3.40

-3.40

Swaziland

1.20

-0.80

0.40

Greece

0.70

0.20

0.90

Zambia

-0.40

-0.70

-1.10

Portugal

1.50

0.20

1.80

Zimbabwe

1.60

-0.20

1.40

Turkey

1.40

-1.30

0.10

Yugoslavia

0.40

-1.20

-0.80

ASIA

1.04

-0.05

0.99

OECD

0.29

0.28

0.58

Hong Kong

3.60

0.20

3.80

India

0.90

0.10

1.00

Australia

0.30

1.10

1.40

Korea, Rep.

2.40

-1.40

1.00

Austria

-0.40

0.20

-0.20

Philippines

1.40

-0.90

0.50

Belgium

0.80

0.20

1.00

Sri Lanka

0.80

-0.10

0.70

Canada

0.70

0.70

1.30

Thailand

1.60

-0.40

1.10

Denmark

-0.30

-0.30

-0.50

Finland

1.50

0.30

1.90

LATIN AMERICA

-0.34

0.15

-0.21

France

0.20

0.30

0.50

West Germany

0.60

0.30

1.00

Argentina

-1.30

0.40

-0.90

Iceland

-0.10

0.00

-0.10

Bolivia

0.30

-1.40

-1.20

Ireland

1.00

0.30

1.30

Chile

-0.60

-0.10

-0.60

Italy

1.20

-0.30

0.90

Colombia

0.70

0.30

1.00

Japan

0.50

0.60

1.10

Dominican Rep.

-0.50

-0.90

-1.40

Luxembourg

1.20

1.10

2.30

Ecuador

0.30

0.50

0.80

Netherlands

0.30

-0.30

0.00

Gautemala

0.50

-0.80

-0.30

New Zealand

-0.70

0.30

-0.40

Honduras

0.70

-1.10

-0.40

Norway

1.00

1.10

2.10

Jamaica

0.40

-0.30

0.20

Spain

-0.20

0.30

0.10

Mexico

-0.10

0.60

0.40

Sweden

-0.20

0.10

0.00

Panama

-0.80

0.40

-0.30

Switzerland

0.20

1.10

1.30

Paraguay

0.00

-0.50

-0.50

United Kingdom

0.10

0.10

0.20

Peru

-1.20

0.00

-1.10

United States

0.00

0.20

0.20

Venezuela

-1.60

-0.40

-2.00

Note: Regional averages are derived using population share weighted averages of annual growth rates for countries.


growth rate is completely dominated by Iran.
 A major implication is that it is more meaningful to conduct analyses of TFP growth rates on a country by country basis. Among the OECD countries, the most spectacular results are for Luxembourg, Norway and Finland, with growth rates around 2.0 percent and the United States a TFP growth rate of 0.2 percent. Relatively high growth rates for Noway and Finland may be explained more in terms of their resource endowments and the role of mining sector in these economies.

It is important that TFP growth rates are studied along with the two components that make up for the overall productivity growth. These are the efficiency change and technical change measures. Growth in efficiency change is indicative of a country’s performance is adapting the global technology, and therefore shows up the catch-up factor involved. For example, most of TFP growth in Hong Kong and in Korea is due to efficiency change.

Charts in Figure 5 show the performance of a few countries, selected from different continents. The chart for United States shows that it remained on the frontier throughout the study period. The technical change and TFP growth components coincide since the efficiency level remains at 1. In the case of Japan, both efficiency change and technical change have played a role in the overall TFP growth. In contrast, in the case of Korea, most of the TFP growth is due to catch-up as shown in the efficiency change over time. The period between 1974 and 1982 shows some steep growth and decline before attaining a steady growth since 1982. The Australian case is fairly straightforward, it shows a steady increase in TFP over the period, particularly in the period since 1982. In the case of Kenya, TFP movement is closely associated with efficiency changes. Significant movements away from the general trend may be due to climatic conditions, the more recent dip in efficiency in1978-1981 was compensated by a compensating movements in technical change.
 Results reported here for Japan and United States are numerically very close to those reported in a recent study by Färe et al (1994) on OECD countries. 
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Profiles of Efficiency Change, Technical Change and TFP Growth in selected countries
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Social Welfare and Productivity Performance
This section deals exclusively with performance assessed on the basis of economic considerations, as expressed in the real per capita income, and welfar considerations that are influenced by distribution of income. Since the distribution data availability is limited, and since levels of inequality in any given country exhibit only limited variation, empirical analysis in this section is limited to a subset of 48 countries and the application of DEA is restricted to 5-year periods beginning 1965.

All the three models discussed in Section 3.4 are applied on the data set that is available. Model 1 uses real per capita income as the single output, and labour and capital per capita as the two inputs used. Table 5 presents the basic results for this model (Model 1). Since the DEA methodology applied to any single year provides a set “peers” or best performing countries for that period technology, the first two columns show the peers that define the best practice for each of the countries in the initial and final years, 1965 and 1990. In 1965, the best performing countries, in alphabetical order, are Argentina, Paraguay and the United States. The set of peer countries is different in 1990, it consists of Hong Kong, Mauritius, Paraguay and the United States. These peers determine the best practice for each country against which the country’s technical efficiency is determined. A distinguishing feature of these two sets of peer countries is the inclusion of Hong Kong and Mauritius in the set for 1990. While Paraguay and the United States remain in the peer group, Argentina has dropped out of the set. In interpreting the role of peers, it is useful to note that each peer represents a particular capital-labour input mix. Argentina (in 1965) and Mauritius (in 1990) can be considered as countries with relatively high labour to capital ratio. On the other end of the spectrum, the United States represents an input mix with a low labour-capital ratio. Countries like Paraguay and Hong Kong may be considered as countries with labour-capital ratios in the intermediate range.

Examining the best practice defined for specific countries, it is interesting to see that Japan had Argentina and Paraguay as its peers in 1965, indicating a more labour intensive production process (and therefore benchmarked against countries with similar input mix).  In 1990 it is benchmarked against the United States indicating a shift towards a capital intensive input mix. The fact that Japan has a single peer, the United States, indicates that it had a higher capital-labour ratio than that observed in the US. Korea shows a similar trend over the period, with a shift in peers from Argentina and Paraguay in 1965 to Hong Kong and the US in 1990. In 1990, all the OECD countries have either the United States or Hong Kong or both as peers.

Technical efficiency scores for each country, for the two years 1965 and 1990, are provided in columns next to the peers. Most of the countries in Africa and Asia have very low technical efficiency scores, many of them have shown either marginal improvements or in some cases decreases. An exception is Hong Kong which had increased its score of 0.447 in 1965 to 1.00 (hence on the frontier) in 1990. In contrast, most of the OECD countries show increases in technical efficiency scores indicating a degree of catch-up not seen in the case of African and Asian economies. 
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Peers, Efficiency Change, Technical Change and TFP Growth

Number of Countries = 48

Peers and Technical Efficiency Scores

Average Annual Growth Rates

1965

1990

Efficiency Change

Technical Change

TFP

Cote d'lvoire

Argentina

Paraguay

0.681

Mauritius

Paraguay

0.482

-1.38

0.26

-1.10

Kenya

Argentina

Paraguay

0.259

Paraguay

0.296

0.53

0.77

1.32

Malawi

Paraguay

0.425

Paraguay

0.403

-0.22

-3.47

-3.66

Mauritius

Argentina

Paraguay

0.985

Mauritius

1.000

0.06

0.71

0.77

Nigeria

Argentina

Paraguay

0.172

Paraguay

0.240

1.34

-0.69

0.63

Hong Kong

Argentina

United States

0.447

Hong Kong

1.000

3.28

0.18

3.45

India

Argentina

Paraguay

0.370

Mauritius

Paraguay

0.413

0.44

0.96

1.42

Korea, Rep.

Argentina

Paraguay

0.446

Hong Kong

United States

0.632

1.40

0.18

1.59

Philippines

Argentina

Paraguay

0.429

Mauritius

Paraguay

0.463

0.30

0.46

0.75

Sri Lanka

Argentina

Paraguay

0.320

Hong Kong

Mauritius

0.331

0.14

0.12

0.26

Thailand

Argentina

Paraguay

0.446

Hong Kong

Mauritius

0.567

0.96

0.90

1.89

Argentina

Argentina

1.000

Hong Kong

Mauritius

0.652

-1.70

0.14

-1.57

Bolivia

Argentina

Paraguay

0.493

Hong Kong

Mauritius

0.398

-0.85

0.20

-0.65

Chile

Argentina

Paraguay

0.865

Hong Kong

Mauritius

0.662

-1.06

0.04

-1.02

Colombia

Argentina

United States

0.419

Hong Kong

Mauritius

0.458

0.36

0.20

0.55

Dominican Rep.

Argentina

Paraguay

0.730

Hong Kong

Mauritius

0.513

-1.40

0.73

-0.69

Gautemala

Argentina

Paraguay

0.824

Mauritius

Paraguay

0.725

-0.51

0.55

0.04

Honduras

Argentina

Paraguay

0.460

Hong Kong

Mauritius

0.413

-0.42

0.20

-0.22

Jamaica

Argentina

Paraguay

0.587

Mauritius

Paraguay

0.529

-0.42

-0.06

-0.46

Mexico

Argentina

United States

0.846

Hong Kong

United States

0.745

-0.51

0.14

-0.38

Panama

Argentina

United States

0.439

Hong Kong

United States

0.332

-1.10

-0.04

-1.15

Paraguay

Paraguay

1.000

Paraguay

1.000

0.00

-1.44

-1.44

Peru

Argentina

United States

0.585

Hong Kong

Mauritius

0.399

-1.53

0.06

-1.46

Venezuela

Argentina

United States

0.961

Hong Kong

United States

0.631

-1.68

-0.42

-2.09

Israel

Argentina

United States

0.609

Hong Kong

United States

0.858

1.38

-0.46

0.92

Morocco

Argentina

Paraguay

0.739

Mauritius

Paraguay

0.856

0.59

0.73

1.32

Greece

Argentina

United States

0.556

Hong Kong

United States

0.605

0.34

-0.42

-0.10

Portugal

Argentina

Paraguay

0.674

Hong Kong

Mauritius

0.784

0.59

0.16

0.75

Turkey

Argentina

Paraguay

0.510

Hong Kong

Mauritius

0.561

0.38

0.44

0.83

Yugoslavia

Argentina

Paraguay

0.709

Hong Kong

Mauritius

0.602

-0.65

0.53

-0.12

Australia

United States

0.751

United States

0.817

0.34

0.85

1.19

Austria

Argentina

United States

0.868

Hong Kong

United States

0.732

-0.69

-0.36

-1.02

Belgium

Argentina

United States

0.726

United States

0.887

0.81

0.40

1.21

Canada

United States

0.786

United States

0.926

0.65

0.48

1.13

Denmark

Argentina

United States

0.765

Hong Kong

United States

0.706

-0.32

-0.16

-0.48

Finland

Argentina

United States

0.509

United States

0.742

1.51

0.51

2.05

France

Argentina

United States

0.806

United States

0.832

0.12

-0.08

0.04

West Germany

Argentina

United States

0.721

United States

0.837

0.59

0.50

1.10

Ireland

Argentina

United States

0.733

Hong Kong

United States

0.873

0.69

-0.32

0.38

Italy

Argentina

United States

0.682

Hong Kong

United States

0.896

1.10

-0.61

0.50

Japan

Argentina

Paraguay

0.621

United States

0.630

0.06

-0.40

-0.34

Netherlands

Argentina

United States

0.850

Hong Kong

United States

0.896

0.20

-0.04

0.16

New Zealand

United States

0.877

Hong Kong

United States

0.741

-0.67

0.12

-0.55

Norway

United States

0.543

United States

0.703

1.04

1.10

2.15

Spain

Argentina

United States

0.966

Hong Kong

United States

0.837

-0.57

-0.48

-1.06

Sweden

Argentina

United States

0.815

United States

0.779

-0.18

0.16

-0.02

United Kingdom

Argentina

United States

0.980

Hong Kong

United States

0.947

-0.14

-0.32

-0.44

United States

United States

1.000

United States

1.000

0.00

0.18

0.18



The countries worth a mention are Canada, Germany, Italy and Norway which have recorded big increases in the technical efficiency score.

The last three columns of Table 5 show the average annual growth rates in TFP, and its components, over the period 1965 to 1990. However, these rates are derived from the application of DEA to data at 5-year intervals. Growth rates in these columns roughly correspond to the growth rates presented in Table 4, with the exception that these rates are based on a reduced set of countries in the analysis. By and large, results in Tables 5 and 4 seem to be consistent. However, Japan seems to be one of the exceptions. In Table 4, Japan had a TFP growth rate of 1.1 percent per annum, while the table shows a negative growth rate, -0.34, per annum. A possible explanation for this difference is in the peers for Japan in the two DEA exercises. Since Japan has only one peer, the United States, in the year 1990 indicating that Japan has a higher capital-labour ratio than the US may be driving this result.

Based on the discussion of the simple model involving one output, real per capita income, and two outputs, labour and capital per capita, it is now possible to examine the results derived under the three different specifications for the SWF in the three models described in Section 3.4. Model 2 represents another one output-two input scenario, the output being a measure of welfare defined as the product of per capita income and one minus the Gini coefficient. Model 3 is a two-output specification with per capita income and 1-G as the two outputs. It is important to note that the difference between models 1 and 2 is fairly clear and easy to interpret. For any given level of per capita income, any decrease in equality (or increase in G), will reduce social welfare, thereby implying a reduction in productivity for a given level of inputs. However, such a straightforward interpretation is somewhat difficult when model 3 is considered. The DEA methodology, and the resulting output frontiers (for a given level of inputs), imply a system of weighting (or shadow prices) for the two components, per capita income and equality (1-G), of social welfare. The shadow prices can be obtained by solving the dual programming problems associated with each of the LP problems listed in the Appendix. But such as an has not yet been completed.

Before embarking on assessing the results, it is useful to examine the set of peers that determine best practice under each of the models. The peers provide a clue as to the output mixes that are considered important when the performance of a particular country is being analysed. The following table shows the list of countries which are treated as peers under the three models for the year 1990.

Table 6: Peer countries for different models

Benchmark Year: 1990

Model 1
Model 2
Model 3

Hong Kong

Mauritius

Paraguay

United States


Paraguay

Mauritius

Canada

Netherlands (*)

United Kingdom

United States
Belgium

Hong Kong

Ireland

Malawi

Mauritius(*)

Paraguay

Spain

United Kingdom

United States



(*) indicates countries which are peers but are not considered as countries defining best practice for any of the inefficient countries.

Table 6 shows the effect of the model on the group of peer countries. Mauritius, Paraguay and the United States are common to all the three sets. Model 3 has the biggest set of peer countries, this is mainly due to the fact that it implies benchmarking in four-dimensional space (two outputs and two inputs). Model 2 includes Canada as a new peer, compared to model 1, which is due to quite a spectacular performance on the inequality front, with a low Gini of 0.2756 while maintaining a high level of real per capita income. Hong Kong does not appear as a peer in model 2 since it posts a high Gini coefficient of 0.45. This discussion suggests that it is necessary to interpret  results from these three models in conjunction with information on inequality in Table 7.
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1970

1975

1980

1985

1990

AFRICA

1

Cote d'lvoire

53.42

53.42

51.71

50.00

41.21

36.89

2

Kenya

47.90

47.90

52.00

57.30

55.85

54.39

3

Malawi

46.96

46.96

51.80

55.85

59.90

59.90

4

Mauritius

45.70

45.70

45.70

45.70

39.63

36.69

5

Nigeria

48.00

41.75

35.50

36.70

37.02

41.15

6

Hong Kong

46.70

40.90

40.90

37.30

42.00

45.00

7

India

31.14

30.38

32.14

31.49

32.22

29.69

8

Korea, Rep.

34.34

33.30

39.10

38.63

34.54

33.64

9

Philippines

51.32

49.39

45.39

45.74

46.08

45.00

10

Sri Lanka

47.00

37.71

35.30

42.00

46.70

38.00

11

Thailand

42.63

42.63

41.74

43.10

47.40

48.80

12

Argentina

44.00

44.00

36.60

41.60

44.60

47.59

13

Bolivia

53.00

53.00

52.52

52.05

51.57

42.04

14

Chile

46.20

46.00

47.12

53.21

54.91

53.18

15

Colombia

58.40

52.02

46.00

55.00

53.16

51.32

16

Dominican Rep.

49.28

49.28

45.00

44.15

43.29

50.46

17

Gautemala

29.96

36.55

43.13

49.72

54.39

59.06

18

Honduras

61.88

61.88

59.57

57.25

54.94

54.00

19

Jamaica

41.27

41.27

44.52

65.50

53.65

41.79

20

Mexico

55.50

45.54

57.90

54.24

50.58

54.98

21

Panama

57.00

57.00

52.24

47.47

51.97

56.47

22

Paraguay

45.10

45.10

45.10

45.10

45.10

39.80

23

Peru

55.00

55.00

52.17

49.33

42.76

43.81

24

Venezuela

47.65

47.65

43.63

42.82

45.17

44.40

25

Israel

36.67

30.87

32.81

34.75

37.27

36.58

26

Morocco

50.00

49.00

59.00

52.40

39.19

39.20

27

Greece

44.10

45.32

35.11

33.29

34.24

35.19

28

Portugal

40.58

40.58

40.58

36.80

36.78

36.76

29

Turkey

56.00

56.00

51.00

40.00

44.09

44.09

30

Yugoslavia

31.18

25.00

21.80

34.22

32.40

38.72

31

Australia

32.00

32.02

34.33

39.96

37.58

41.72

32

Austria

29.30

29.30

31.20

31.40

31.60

31.78

33

Belgium

36.37

36.37

41.87

28.25

29.04

30.15

34

Canada

31.61

32.24

31.62

31.00

32.81

27.56

35

Denmark

37.00

34.00

31.00

30.99

20.10

33.20

36

Finland

31.80

27.00

21.60

30.86

30.84

31.28

37

France

47.00

44.00

43.00

37.67

37.76

33.72

38

West Germany

35.08

35.08

35.08

35.08

36.18

31.40

39

Ireland

38.69

38.69

38.69

35.65

34.60

34.60

40

Italy

39.00

39.00

39.00

34.29

33.15

32.74

41

Japan

34.80

35.50

34.40

33.40

35.90

35.00

42

Netherlands

44.93

36.77

28.60

28.14

29.10

29.60

43

New Zealand

30.04

30.04

30.04

34.79

35.82

40.21

44

Norway

36.04

30.50

37.30

31.15

31.39

33.31

45

Spain

31.99

34.55

37.11

26.79

25.19

25.91

46

Sweden

33.41

30.36

27.31

32.44

31.24

32.52

47

United Kingdom

24.30

25.10

23.30

24.90

27.10

32.30

48

United States

34.64

34.06

34.42

35.20

37.26

37.80

Table 7

Gini Coefficients


With the background information contained in Tables 6 and 7, it is possible to examine the results from these three models. Results from model 1 have been examined in some considerable detail earlier in the paper (Table 5 and related discussion). It is fairly simple to move from model 1 to model 3 and identify the underlying trends. Generally TFP growth rates under model 2 are lower for those countries with increases in inequality over the study period, this is particularly evident in the case of most of the OECD countries. The ranking (based on TFP growth) of countries is relatively unaltered between models 1 and 2. In almost all countries, it is possible to offer an explanation for any changes in ranking that may have resulted under model 2. Hong Kong remains the top performer in all the three models. Increases in inequality appear to be more than compensated for in the form of increases in real per capita income.

Contrasting and offering explanations for differences in results between models 2 and 3 appear to be more hazardous. The main reason for this is due to the fact that countries are now benchmarked using a fairly different groups of countries, and the weights attached to per capita income and inequality are likely to be different for different countries with different output mixes and input mixes. If a country is a very poor country with high inequality, it is feasible that the model may require fairly large per capita income increase to compensate for any further reduction in inequality or vice versa (any fall in inequality may be considered very valuable when a country has a low per capita income). Coted’Ivoire seems to be a classic example of this. It has moved from a low rank of 42 (model 1) and 32 (model 2) to a high rank of 2 in model 3 which appears to be mostly due to a big reduction in inequality with the Gini coefficient falling from 0.5342 in 1970 to 0.3689 in 1990. An interesting feature of the results is an elevation of countries like Germany and a drop in ranking in countries like Norway and Finland. France appears to provide an interesting example where the rank improved significantly, 25 to 9, between models 1 and 2 but reverted to a low rank of 23 under model 3.

Another feature of interest is that the TFP growth levels for many of the OECD countries dropped between models 1 and 2, but then increased under model 3. However,  TFP growth rates for the industrialised countries appear to be lower under models 2 and 3 compared to those under model 1. This trend suggests the need to consider inequality related issues in assessing the performance of countries across the board.
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Performance of countries based on Social Welfare

Number of Countries = 48

(average annual growth rates)

Model 1

Model 2

Model 3

GDP

SW

SW (2-dim)

Efficiency

Technical

TFP

TFP

Efficiency

Technical

TFP

TFP

Efficiency

Technical

TFP

TFP

Change

Change

Change

Rank

Change

Change

Change

Rank

Change

Change

Change

Rank

Cote d'lvoire

-1.377

0.259

-1.104

42

-0.505

0.298

-0.201

32

1.038

0.456

1.495

2

Cote d'lvoire

Kenya

0.534

0.768

1.324

7

0.000

0.807

0.807

20

-0.587

-0.282

-0.854

40

Kenya

Malawi

-0.221

-3.473

-3.658

48

-1.697

-3.130

-4.775

48

0.000

-5.142

-5.142

48

Malawi

Mauritius

0.060

0.710

0.768

15

0.671

0.456

1.134

15

0.060

0.671

0.729

9

Mauritius

Nigeria

1.343

-0.689

0.632

18

1.513

-0.587

0.904

19

0.671

-1.998

-1.335

45

Nigeria

Hong Kong

3.278

0.179

3.453

1

4.379

-0.958

3.366

1

2.853

0.219

3.084

1

Hong Kong

India

0.436

0.961

1.419

6

0.318

0.846

1.172

13

0.318

-0.302

0.020

27

India

Korea, Rep.

1.400

0.179

1.589

5

1.570

-0.403

1.172

14

-0.120

-0.587

-0.710

39

Korea, Rep.

Philippines

0.298

0.456

0.749

16

0.865

0.199

1.057

16

1.229

-0.731

0.495

15

Philippines

Sri Lanka

0.140

0.120

0.259

22

1.343

-0.546

0.807

21

1.115

-0.648

0.456

18

Sri Lanka

Thailand

0.961

0.904

1.887

4

0.357

0.397

0.768

22

0.040

-0.525

-0.485

35

Thailand

Argentina

-1.697

0.140

-1.568

46

-1.230

-0.813

-2.020

46

-0.648

-0.628

-1.272

43

Argentina

Bolivia

-0.854

0.199

-0.648

37

0.239

-0.100

0.140

27

1.776

-0.566

1.191

3

Bolivia

Chile

-1.062

0.040

-1.021

39

-0.979

-0.648

-1.611

44

-0.525

-0.464

-0.979

42

Chile

Colombia

0.357

0.199

0.554

19

1.943

-1.000

0.942

17

0.749

-0.424

0.338

21

Colombia

Dominican Rep.

-1.399

0.729

-0.689

38

-1.377

0.020

-1.356

43

-0.181

-0.731

-0.917

41

Dominican Rep.

Gautemala

-0.505

0.554

0.040

25

-2.613

0.219

-2.414

47

-0.813

-0.525

-1.335

46

Gautemala

Honduras

-0.424

0.199

-0.221

30

0.436

0.060

0.495

26

1.362

-0.607

0.749

7

Honduras

Jamaica

-0.424

-0.060

-0.464

34

-0.261

-0.140

-0.403

33

-0.302

-0.363

-0.689

38

Jamaica

Mexico

-0.505

0.140

-0.383

32

0.397

-0.979

-0.607

35

0.100

-0.505

-0.403

32

Mexico

Panama

-1.104

-0.040

-1.146

43

-0.363

-0.896

-1.272

41

0.120

-0.302

-0.181

29

Panama

Paraguay

0.000

-1.441

-1.441

44

0.000

-1.272

-1.272

42

0.000

-2.260

-2.260

47

Paraguay

Peru

-1.526

0.060

-1.462

45

0.120

-0.854

-0.731

37

1.057

-0.403

0.651

12

Peru

Venezuela

-1.675

-0.424

-2.085

47

-1.083

-0.566

-1.654

45

-0.792

-0.485

-1.293

44

Venezuela

Israel

1.381

-0.464

0.923

13

1.720

-0.424

1.286

11

0.534

-0.080

0.436

19

Israel

Morocco

0.593

0.729

1.324

7

1.362

0.515

1.906

4

0.593

-0.261

0.318

22

Morocco

Greece

0.338

-0.424

-0.100

28

1.324

-0.566

0.768

23

0.923

-0.100

0.826

6

Greece

Portugal

0.593

0.159

0.749

16

1.476

-0.525

0.942

18

0.923

-0.424

0.495

16

Portugal

Turkey

0.377

0.436

0.826

14

1.682

-0.140

1.532

6

1.229

-0.080

1.172

4

Turkey

Yugoslavia

-0.648

0.534

-0.120

29

-0.731

-0.181

-0.896

39

-0.060

-0.181

-0.241

30

Yugoslavia

Australia

0.338

0.846

1.191

10

-0.201

0.729

0.534

25

-0.140

0.554

0.417

20

Australia

Austria

-0.689

-0.363

-1.021

39

-0.181

-0.464

-0.648

36

-0.201

-0.241

-0.444

34

Austria

Belgium

0.807

0.397

1.210

9

1.400

0.259

1.664

5

0.534

0.199

0.729

10

Belgium

Canada

0.651

0.475

1.134

11

0.787

0.456

1.248

12

0.159

0.377

0.534

14

Canada

Denmark

-0.322

-0.161

-0.485

35

0.219

-0.201

0.020

30

-0.100

-0.060

-0.161

28

Denmark

Finland

1.513

0.515

2.054

3

1.476

0.612

2.072

3

0.417

0.318

0.729

11

Finland

France

0.120

-0.080

0.040

25

1.438

-0.100

1.343

9

0.495

-0.282

0.219

23

France

West Germany

0.593

0.495

1.096

12

0.807

0.671

1.476

7

0.573

0.475

1.057

5

West Germany

Ireland

0.690

-0.322

0.377

21

1.381

-0.628

0.729

24

0.884

-0.403

0.475

17

Ireland

Italy

1.096

-0.607

0.495

20

1.906

-0.464

1.438

8

0.942

-0.181

0.749

8

Italy

Japan

0.060

-0.403

-0.342

31

0.318

-0.403

-0.080

31

0.239

-0.546

-0.302

31

Japan

Netherlands

0.199

-0.040

0.159

24

1.457

-0.100

1.343

10

0.495

0.080

0.573

13

Netherlands

New Zealand

-0.669

0.120

-0.546

36

-1.146

0.040

-1.104

40

-0.813

0.239

-0.587

36

New Zealand

Norway

1.038

1.096

2.146

2

1.096

1.191

2.311

2

-0.100

0.278

0.199

24

Norway

Spain

-0.566

-0.485

-1.062

41

0.100

-0.566

-0.485

34

0.000

-0.403

-0.403

33

Spain

Sweden

-0.181

0.159

-0.020

27

-0.040

0.140

0.100

28

-0.060

0.179

0.120

26

Sweden

United Kingdom

-0.140

-0.322

-0.444

33

0.000

-0.751

-0.751

38

0.040

-0.628

-0.587

37

United Kingdom

United States

0.000

0.179

0.179

23

0.000

0.080

0.080

29

0.000

0.140

0.140

25

United States

Model 1: Output - per capita income; inputs - Labour and Capita per capita

Model 2: Output - SWF 

m

(1-G); inputs - Labour and Capita per capita

Model 3: Outputs - per capita income, 1-G; inputs - Labour and Capita per capita



In offering plausible explanations, there is a need to closely examine the inequality and per income growth features specific to the countries under consideration. Another important consideration to bear in mind is that movements in the level of inequality and labour per unit of population vary in fairly narrow range compared to real per capita income and the other input, capital per capita. Such narrow ranges can influence the TFP measures, and the underlying growth rates, depending upon at what end of the spectrum a particular country and its input and output levels and mixes belong.
Output and Input Shares Implicit in the Malmquist DEA Model

In order to better understand the working of model 3 and the interplay between income and inequality, we present the shares of the two outputs (per capita income and level of equality) implicit in the TFP growth rates obtained using the DEA analysis. Methodology used in deriving these implicit shares is explained in Coelli and Rao (1999). The output shares as well as the input shares of labour and capital for the two end points, 1965 and 1990, are presented in Table 9

An output share of zero for a given commodity in a given country implies that there is slack in the direction of that commodity, and the output vector for that commodity is radially expanded to a face on the output frontier with slack. Increases in the output of the commodity with zero share will not increase TFP. A similar, but opposite, type of interpretation may be given to commodities with shares of unity in some countries. Given this interpretation of the shares presented in Table 7, we can examine the relative importance of per capita income and equality in different countries. It is quite interesting to note that in several Asian countries with low per capita incomes, such as India, Philippines and Sri Lanka, equality has a share of unity indicating the need to improve the distribution of income in these countries. In contrast, Japan and Thailand have non-zero weights attached to both income and inequality and Hong Kong has an implicit share of unity attached to per capita income. A further point of interest is the shifts in these weights over the 25-year period from 1965 to 1990. Japan, Hong Kong and Thailand exhibit shifts in the relative importance of these two outputs over time. More interesting feature of the table relate to countries like Australia, Finland and Sweden. A number of countries like the United States and the United Kingdom exhibit relative stable share weights over this period.


[image: image29.wmf]Table 9

Implicit Output and Input Shares used in TFP index from DEA

Output Shares

Input Shares

1965

1990

1965

1990

Countries

Per Capita

Equality

Per Capita

Equality

Labour

Capital

Labour

Capital

Income

Income

Japan

0.85

0.15

0.69

0.31

0.59

0.41

0.00

1.00

Hong 

Kong

0.54

0.46

1.00

0.00

0.35

0.65

0.75

0.25

India

0.00

1.00

0.00

1.00

0.13

0.87

0.10

0.90

Korea, Rep.

0.00

1.00

0.58

0.42

0.28

0.72

0.44

0.56

Philippines

0.06

0.94

0.00

1.00

0.00

1.00

0.01

0.99

Sri 

Lanka

0.00

1.00

0.00

1.00

0.00

1.00

0.02

0.98

Thailand

0.00

1.00

0.57

0.43

0.16

0.84

0.23

0.77

Cote 

d'lvoire

1.00

0.00

0.00

1.00

0.12

0.89

0.06

0.94

Kenya

0.00

1.00

0.00

1.00

0.17

0.83

0.90

0.10

Malawi

0.00

1.00

0.00

1.00

0.56

0.44

0.81

0.19

Mauritius

1.00

0.00

1.00

0.00

0.48

0.52

0.53

0.48

Nigeria

0.00

1.00

0.00

1.00

0.05

0.95

0.88

0.12

Argentina

1.00

0.00

0.57

0.43

0.72

0.28

0.35

0.66

Bolivia

0.06

0.94

0.00

1.00

0.00

1.00

0.02

0.99

Chile

0.76

0.24

0.62

0.39

0.54

0.46

0.34

0.66

Colombia

0.09

0.91

0.00

1.00

0.00

1.00

0.03

0.97

Dominican Rep.

0.56

0.44

0.00

1.00

0.28

0.73

0.02

0.99

Gautemala

0.00

1.00

0.47

0.53

0.00

1.00

0.16

0.84

Honduras

0.36

0.65

0.00

1.00

0.18

0.82

0.01

0.99

Jamaica

0.41

0.59

0.44

0.57

0.22

0.78

0.16

0.84

Mexico

0.87

0.13

0.69

0.32

0.54

0.46

0.41

0.59

Panama

0.10

0.90

0.00

1.00

0.00

1.00

0.04

0.96

Paraguay

0.33

0.68

1.00

0.00

1.00

0.00

1.00

0.00

Peru

0.25

0.75

0.00

1.00

0.10

0.90

0.02

0.98

Venezuela

0.54

0.46

0.58

0.42

0.32

0.68

0.44

0.56

Israel

0.15

0.85

0.69

0.31

0.00

1.00

0.50

0.50

Morocco

0.00

1.00

0.40

0.60

0.22

0.78

0.11

0.89

Greece

0.25

0.75

0.00

1.00

0.10

0.90

0.06

0.94

Portugal

0.67

0.33

0.67

0.33

0.44

0.56

0.39

0.61

Turkey

0.76

0.24

0.50

0.50

0.40

0.61

0.26

0.74

Yugoslavia

0.64

0.36

0.53

0.47

0.36

0.64

0.29

0.71

Australia

0.23

0.77

0.71

0.29

0.00

1.00

0.00

1.00

Austria

0.89

0.11

0.63

0.37

0.61

0.39

0.14

0.86

Belgium

0.20

0.80

0.66

0.34

0.00

1.00

0.00

1.00

Canada

0.23

0.77

0.70

0.30

0.00

1.00

0.00

1.00

Denmark

0.72

0.28

0.66

0.35

0.53

0.47

0.14

0.86

Finland

0.18

0.82

0.67

0.33

0.00

1.00

0.00

1.00

France

0.93

0.07

0.66

0.34

0.70

0.30

0.15

0.85

West Germany

0.43

0.57

0.68

0.32

0.20

0.80

0.00

1.00

Ireland

0.56

0.45

0.69

0.31

0.35

0.65

0.47

0.53

Italy

0.36

0.64

0.63

0.37

0.17

0.83

0.13

0.87

Netherlands

0.55

0.45

0.63

0.37

0.32

0.68

0.14

0.87

New Zealand

0.45

0.55

0.64

0.36

0.24

0.77

0.14

0.86

Norway

0.18

0.82

0.66

0.34

0.00

1.00

0.00

1.00

Spain

0.56

0.44

0.44

0.56

0.32

0.68

0.00

1.00

Sweden

0.48

0.52

0.69

0.31

0.21

0.79

0.00

1.00

United Kingdom

0.90

0.10

0.83

0.17

0.63

0.37

0.50

0.50

United States

1.00

0.00

1.00

0.00

0.00

1.00

0.63

0.37



5. CONCLUSIONS
The main objective of the present study is to examine the performance of countries utilising data on growth rates in real per capita income, capital and labour input measures drawn from the Penn World Tables, and to use it in conjunction with inequality data published by the World Bank. The paper examines analytical and methodological issues surrounding productivity measurement in the absence of input price data and extends the existing methodology based on data envelopment analysis (DEA) to encompass the inequality outcomes achieved in different countries. Based on the theoretical framework for the specification of social welfare functions, three different models are proposed in the paper to analyse productivity performance when both real per capita income and inequality are considered simultaneously.

The choice of DEA as the basic methodology is based on important theoretical and practical considerations. First, in standard productivity measurement at a macro-level, assumptions (or informed guesses) are usually made about the factor shares. In theory these factor shares require data on input prices (as well as output prices when multiple outputs are being considered)
. However, such data are usually either not available or unreliable. The DEA methodology used in the paper requires only quantity data. Second, DEA can provide a decomposition of total factor productivity change into efficiency change and technical change. Such a decomposition makes it possible to examine if a country has improved its productivity simply through a more efficient use of existing technology or through technological progress. Third, in assessing the productive performance of a country, DEA benchmarks each country with a set of countries (peers) which have a similar input mix (and output mix in the case of multiple outputs) in determining the best performance. The procedure also allows for the identification of the peers, and also their relative importance, so that it is feasible to approach the task of identifying a strategy to improve efficiency in a systematic manner.

In addition to the advantages listed, which are well documented in the literature, the present study demonstrates the feasibility of using the DEA method to incorporate factors such as inequality into performance assessment. The principal advantage, as was demonstrated through the specification of model 3, is that it is not necessary to determine a priori any weights to the two measures of output, viz., real per capita income and inequality. 

The results on economic performance and performance based on social welfare presented in the study are quite fascinating. Standard growth rates of real per capita income reveal some incredible performances by a number of Asian economies, Korea, Hong Kong, Japan and Thailand to mention a few. However, when focus is shifted towards growth in total factor productivity, many of these economies do not show any impressive performances. An exception to this general observation is Hong Kong which has top rank in terms of growth in total factor productivity under all the three models considered. Results from Model 2, which uses a scalar measure of social welfare, show that TFP growth rates are lower for a number of OECD countries when inequality is used along with real per capita income. However, Model 3, which does not assign any weights to inequality and per capita income, provides results that are quite interesting. Model 3, due to its flexibility of assigning different weights for countries at different levels of development, has elevated the performance of a number of African, Latin American and Asian countries. The paper provides a wealth of information in the form of various measures of performance, the task of analysing these results for specific countries is found to be both challenging and beyond the scope of the present study.

Given the success in incorporating inequality within the general problem of assessment of productivity performance of countries, further work is needed in refining the methods used in the present paper. A number of issues have cropped up during the course of the study but were not addressed due to the nature and scope of the paper. The first issue concerns the quality of the data set and the possible implications for the results. The DEA technique is sensitive to the presence of measurement errors and outliers, though the results derived using data sets of different sizes (sets with 60, 48 and 30 countries were used in the study at different stages) appear to be fairly robust, indicating a degree of reliability. The authors are in the process of developing and using multi-output stochastic frontier analysis (MOFSA), which is still in its infancy, to handle the problem of measurement errors. Since the PWT data set is generated through a series of extrapolations, regression based stochastic frontier analysis is likely to be a useful method. The second issue concerns the use of social welfare functions and the problem of translational invariance of DEA results. Since the SWF of a given form can be used in generating other functions, using monotonic increasing transformations, it is important to examine the invariance of various performance measures to such transformations. Further analysis of the implicit shares presented is necessary to understand the underlying processes. The problem of slacks and the resulting shadow prices of zero and one in some instances requires further study.

APPENDIX

DATA ENVELOPMENT ANALYSIS AND MALMQUIST INDEX COMPUTATION

In this paper we measure total factor productivity (TFP) using the Malmquist index methods described in Färe et al (1994) and Coelli, Rao and Battese (1997, Ch. 10).  This approach uses data envelopment analysis (DEA) methods to construct a piece-wise linear production frontier for each year in the sample.  We firstly provide a brief description of DEA methods before we go on to describe the Malmquist TFP calculations.

Data Envelopment Analysis (DEA)

DEA is a linear-programming methodology, which uses data on the input and output quantities of a group of countries (or firms or whatever) to construct a piece-wise linear surface over the data points.  This frontier surface is constructed by the solution of a sequence of linear programming problems – one for each country in the sample.  The degree of technical inefficiency of each country (the distance between the observed data point and the frontier) is produced as a by-product of the frontier construction method.

DEA can be either input-orientated or output-orientated.  In the input-orientated case, the DEA method defines the frontier by seeking the maximum possible proportional reduction in input usage, with output levels held constant, for each country. While, in the output-orientated case, the DEA method seeks the maximum proportional increase in output production, with input levels held fixed.  The two measures provide the same technical efficiency scores when a constant returns to scale (CRS) technology applies, but are unequal when variable returns to scale (VRS) is assumed.  In this paper we assume a CRS technology (the reasons for this are outlined in the Malmquist discussion below).  Hence the choice of orientation is not a big issue in our case.  However, we have selected an output orientation because we believe it would be fair to assume that, in the case of countries, each country attempts to maximise output from a given set of inputs or resource endowments, rather than the converse.

If one has data on N countries in a particular time period, the linear programming (LP)  problem that is solved for the i-th country in an output-orientated DEA model is as follows:

max(,( (,


st
-(yi + Y( ( 0,



xi - X( ( 0,



( ( 0,
(A.1)

where

yi is a M(1 vector of output quantities for the i-th country;

xi is a K(1 vector of input quantities for the i-th country;

Y is a N(M matrix of output quantities for all N countries;

X is a N(K matrix of input quantities for all N countries;

( is a N(1 vector of weights; and

( is a scalar.

Observe that ( will take a value greater than or equal to one, and that (-1 is the proportional increase in outputs that could be achieved by the i-th country, with input quantities held constant. Note also that 1/( defines a technical efficiency (TE) score which varies between zero and one (and that this is the output-orientated TE score reported in our results).

The above LP is solved N times – once for each country in the sample.  Each LP produces a  and a  vector.  The -parameter provides information on the technical efficiency score for the i-th country and the -vector provides information on the peers of the (inefficient) i-th country.  The peers of the i-th country are those efficient countries that define the facet of the frontier against which the (inefficient) i-th country is projected. 

The DEA problem can be illustrated using a simple example.  Consider the case where we have a group of five countries producing two sectoral outputs (e.g., agriculture and manufacturing).  Assume for simplicity that each has identical input vectors.  These five countries are depicted in Figure A.1.  Countries A, B and C are efficient countries because they define the frontier.  Countries D and E are inefficient countries.  For country D the technical efficiency score is equal to


TED = 0D/0D,
(A.2)

and its peers are countries A and B.  In the DEA output listing this country would have a technical efficiency score of approximately 70% and would have non-zero -weights associated with countries A and B.  For country E the technical efficiency score is equal to


TEE = 0E/0E,
(A.3)

and its peers are countries B and C.  In the DEA output listing this country would have a technical efficiency score of approximately 50% and would have non-zero -weights associated with countries B and C.  Note that the DEA output listing for countries A, B and C would provide technical efficiency scores equal to one and each country would be its own peer. For further discussion of DEA methods see Coelli, Rao and Battese (1997, Ch. 6).


Figure A.1 Output-Orientated DEA

DEA applied to a single year data on outputs and inputs benchmarks each country’s performance against “best practice” defined using a set of countries considered as peers. Output from a single year DEA provides a list of “peer” countries which define best practice for every country that is not on the production frontier (or, equivalently, an inefficient country). Thus DEA benchmarks countries against countries with similar input and output mixes. DEA also provides a scalar measure of efficiency, in the range 0 to 1. Efficient countries on the frontier have scores equal to 1 and inefficient countries have scores less than 1.

Malmquist TFP Index Computation and Decomposition using DEA

The Malmquist TFP index measures the TFP change between two data points (e.g., those of a particular country in two adjacent time periods) by calculating the ratio of the distances of each data point relative to a common technology.  Following Färe et al (1994), the Malmquist (output-orientated) TFP change index between period s (the base period) and period t is given by
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where the notation dos(xt, yt) represents the distance from the period t observation to the period s technology.  A value of mo greater than one will indicate positive TFP growth from period s to period t while a value less than one indicates a TFP decline.  Note that equation A.6 is, in fact, the geometric mean of two TFP indices.  The first is evaluated with respect to period s technology and the second with respect to period t technology.

An equivalent way of writing this productivity index is 
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where the ratio outside the square brackets measures the change in the output-oriented measure of Farrell technical efficiency between periods s and t.  That is, the efficiency change is equivalent to the ratio of the technical efficiency in period t to the technical efficiency in period s.  The remaining part of the index in equation A.7 is a measure of technical change.  It is the geometric mean of the shift in technology between the two periods, evaluated at xt and also at xs.  

Following Färe et al (1994), and given that suitable panel data are available, we can calculate the required distance measures for the Malmquist TFP index using DEA-like linear programs.  For the i-th country, we must calculate four distance functions to measure the TFP change between two periods, s and t.  This requires the solving of four linear programming (LP) problems.  Färe et al (1994) assume a constant returns to scale (CRS) technology in their analysis.  The required LPs are:


[dot(yt, xt)]-1 = max(,( (,


st
-(yit + Yt( ( 0,



xit - Xt( ( 0,



( ( 0,
(A.8)


[dos(ys, xs)]-1 = max(,( (,


st
-(yis + Ys( ( 0,



xis - Xs( ( 0,



( ( 0,
(A.9)


[dot(ys, xs)]-1 = max(,( (,


st
-(yis + Yt( ( 0,



xis - Xt( ( 0,



( ( 0,
(A.10)

and


[dos(yt, xt)]-1 = max(,( (,


st
-(yit + Ys( ( 0,



xit - Xs( ( 0,



( ( 0.
(A.11)

Note that in LP’s A.10 and A.11, where production points are compared to technologies from different time periods, the ( parameter need not be greater than or equal to one, as it must be when calculating standard output-orientated technical efficiencies.  The data point could lie above the production frontier.  This will most likely occur in LP A.11 where a production point from period t is compared to technology in an earlier period, s.  If technical progress has occurred, then a value of (<1 is possible.  Note that it could also possibly occur in LP A.10 if technical regress has occurred, but this is less likely.
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� See Kenessey (1996) for a comprehensive account of the history and the current status of the International Comparison Program (ICP).


� See Summers and Heston (1991) for details of the procedures underlying the Penn World Tables.


� See Krugman (1994) and Young (1990) for a discussion of the issues involved.


�The approach by Fare et al (1994) does not require any parametric specification of the production function underlying the TFP measurement nor does it require any information of input prices. This approach will be described in more detail in Section 3 of this paper.


� See, for example,  Alhuwalia (1976 ) and Rati Ram (1989).


� Sen (1973) provides an axiomatic framework within which both level of income and inequality determine the welfare in a given society, and shows that, under a given set of axioms, the change in welfare over time can be measured using growth in per capita income after adjusting for changes in inequality (measured using Gini coefficients).


� In this paper, real per capita income and real per capita  gross domestic product are used interchangeably. From the production perspective use of GDP is more appropriate, but where discussion is focused on welfare issues the use of per capita income seems to be more appropriate.


� In order to examine this further, we have replicated the analysis in this study using a small set of countries for which actual data on employment are available from the International Labour Organization. However, there was no appreciable difference in the results obtained.


� See footnote 6 of the Appendix to PWT 5.6 for a more comprehensive discussion of the construction of the capital stock series.  


� Regions are defined basically on a geographical basis, except for the OECD countries. Regional totals are aggregates calculated for only those countries involved in this study. Caution must be exercised in interpreting the results.


� See Chotikapanich, Valenzuela and Rao (1997) for an assessment of regional and global inequality where inequality within each country is explicitly taken into account.


� Regional income totals are defined on the basis that per capita incomes in different countries are expressed in a common currency unit, derived through the use of appropriate measures of purchasing power parities.


� See Fare and Primont (1995, page 27) for details of these axioms.





� Global constant returns to scale is applicable to the case where single output, real GDP, is used in productivity analysis. Local returns to scale are more meaningful when the two-dimensional output vector, real GDP and inequality, is considered.


� This becomes relevant when we consider inter-period distance measures.


� The notion of a TFP index is often motivated as the ratio of an index of outputs to an index of inputs.  Diewert (1992) suggests an alternative Malmquist TFP index which is defined as the ratio of a Malmquist output index to a Malmquist input index.  This index has become known as the Hicks-Moorsteen TFP index.  It has been applied in a number of TFP analyses in recent years (e.g., Bjurek, 1996).  Färe, Grosskopf and Roos (1997) observe that this index will equal the Malmquist TFP index defined in equation 9 when the technology is inverse homothetic and exhibits constant returns to scale.


� See Lambert (1993, Section 4.3) for further details on the specification of welfare functions.


� If decile or quintile shares were available we could use Theil’s inequality measures. Measures such as the Atkinson’s measure could if used if more detailed income distribution data were available.


� Any reduction of equality at the point A will cause a drop in per capita income. Similarly, arguments may be made in favour of an upper bound for equality (below 1) even when a society is ready to reduce the real per capita income.


� See Theorem 5.1 on page 76 in Kakwani (1980).


� An alternative specification of SWF, W(y) equal to  (/(1+G), is discussed in Kakwani (1980). This specification is always more sensitive to the mean income than to the income inequality as measured by the Gini coefficient.


� See Chotikapanich, Valenzuela and Rao (1997) for global inequality measures incorporating inequality levels within each country.


� Though the results are presented in 5-year intervals, results for all the years in the study period are available from the authors.


� This result is despite the fact that China is not included in this study (due to data problems). If China were included, one would expect higher within inequality for the region.


� Global here refers to the 60 countries included here.


� A direct implication is that growth in labour per capita is somewhat limited (constrained by changes in the age distribution of the population) whereas growth in capital per capita is not limited by any a priori consideration.


� The DEA provides a wealth of information which includes the number of peer countries as well as the peers that define the best practice for each of the countries in the study. 


� Annual average growth rates are only summary measures, and , therefore have the potential to mask interesting year to year movements and long term trends. While these detailed results are generated, it is impossible to provide such details for every country in the list. 


� Growth rates for country groups are based on population share weighted averages instead of simple averages as is customary in standard DEA studies applied to firm-level data.


� Inclusion of a given country in one regional grouping or the other does not alter its TFP growth measure, but changes the regional averages.


� Iran is quite an interesting country. In the detailed results from DEA, Iran was technically efficient country, therefore was a peer country, from 1965 until 1977. During these years, it had a healthy TFP growth in the vicinity of 20 percent on average.


� Since GDP includes value added generated from all the sectors of the economy, including the mining sector, it is possible that a country with a booming mining sector would perform very well in terms of productivity measurement since no explicit account is taken of possible resource depletion implications.


� This is clearly due to volatility in the performance of its peers during this period.


� The authors are in the process of examining, in detail, the structure of shadow prices for the two outputs in the context of model 3.


� Such peers are available for every benchmark year, 1965, 1970, 1975, 1980 and 1985, considered in the study.


� The DEA method can also be used along with input and output price data within a cost-minimising or revenue maximising or profit maximising framework, leading to further insights on issues of allocative inefficiencies in the determination of input and output mixes.
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		Note: Computed using Theil's L-measure of inequality (see Section 3.2).
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Australia
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Belgium







0.20







0.80







0.66
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Canada
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