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ABSTRACT

Professor Lord Nicholas Kaldor (1908 - 1986) made original and important contributions

to the theory of the firm, to Keynesian economics, to growth and distribution theory, to

equilibrium economics, and to thinking about domestic and international economic policy.

However, the emphasis of this thesis is Kaldor's contribution to growth and distribution

theory namely, Kaldor's three laws of growth, and the application thereof to the South

African economy.

According to Kaldor (1966) the industrial sector, manufacturing in particular, is deemed to

be the engine of growth and is generally referred to as Kaldor 's engine of growth

hypothesis. Kaldor 's first law states that there is a strong positive correlation between the

growth of manufacturing output and the growth of overall GDP. The second law states

that there is a strong positive correlation between the growth of manufacturing output and

the growth of productivity in the manufacturing sector. The third law states that there is a

strong positive correlation between the growth of manufacturing output and the growth of

productivity outside of the manufacturing sector or in the non-manufacturing sector.

The general finding of this thesis is supportive of the Kaldorian approach to economic

growth in South Africa. Hence, the manufacturing sector is an engine of growth in the

South African economy. Given the importance of the manufacturing sector, and future

economic growth in South Africa, investment and policy formulation should be

increasingly geared towards promoting this sector.



CHAPTER ONE

INTRODUCTION

1.1 Overview

Economic growth is broadly characteri sed by an increase in a nation 's productive capacity ,

which is consistent with an outward shift or persistent expansion of the production

possibilities frontier (Parkin , 1990: 56). An increase in a nation 's productive capacity can be

achieved by, shifting resources from lower-productivity to higher-productivity sectors

(Chenery, 1986: 13). This is a central feature of the Kaldor (1966) 1 model in that it considers

structural change as a means of achieving economic growth. This structural approach to

growth "manifests itself in an increasing share of industrial activity in the economy."

(McCarthy, 1988: 1) The persistent expansion of the production possibilities frontier is

representative of sustained economic growth and implies a positive increase in real GDP over

two consecutive quarters or more.

Econom ic growth can be measured as the rate at which real output grows over time. Real

Gross Domestic Product (GDP) is the most widely used basis for determining economic

growth (Dornbusch, Fischer, Mohr and Rogers , 1998: 36). A simple measure of economic

growth is the annual growth rate of real GDP or the percentage increase in real GDP from

one year to the next and equals [((GDp' - GDP'_J)/GDP'_J) x 100] (Fourie , 1999: 212).

The South African economy experienced a period of uninterrupted prosperity (McCarthy,

1999: 143) from 1933 to the late 1960's. This was highlighted by rapid economic growth

after the Second World War. With reference to Table 1, during the period 1946 - 1971,

national income increased on a yearly basis and recessions were generally seen as

I Kaldor 's (1966) original study, along with later studies undertaken by Cripps and Tarling (1973) and Hansen and Zhang (1996) make use of

a cross-sectional research methodology. This thesis employs a time series approach and is more consistent with the methodology employed

by Drakopoulos and Theodossiou (1991) and Bairam (1991). In this thesis, where reference is made to the results found by cross-sectional

studies, I do realise the limitations of drawing compar isons between the two research methods. However reference is made to these cross

sectional studies as a point of discussion and to substantiate the a priori expectations and findings surrounding this thesis.
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decelerations in the growth rate (Jones and MUller, 1992: 278) . The annual increase in real

GDP varied between 1.9 percent (in 1947) and 7.9 percent (in 1964) and averaged 5.0 percent

over the 25 years. The 'golden sixties' saw an even more astounding economic performance

where real GDP rose by an average 5.5 percent per year .

However during the mid-1970 's, both the economy and industrial sector production had

begun to slow down (Jones and MUller, 1992: 278; McCarthy, 1999: 143). This period was

highlighted by a decline in the long-run growth rate and hence a change in the pattern of

economic growth towards increased fluctuation and instability as opposed to the period 1946 

1971 (Gelb, 1991: 2). The average annual rate of growth of real GDP dropped from 5.5

percent in the 1960's to 3.3 percent in the 1970 's. The recession in the world economy, after

the second oil price increase in 1979, was countered by a marked increase in the price of gold ,

but the subsequent fall in commodity prices, the high levels of real interest rates and the first

contraction of international trade after the Second World War, all impacted negatively on the

South African economy (McCarthy, 1994: 67).

The 1980 's proved no better and stand out as a decade of poor economic growth performance

(McCarthy, 1994: 73). This period was marked by stagnation in output growth; persistent

inflation over 13 percent per year; a relatively weak rand; a decrease in foreign exchange

reserves and low personal savings ratios (Gelb , 1991: 1). The experience of low economic

growth, rising unemployment, high inflation and recurring balance of payments problems

during the 1980 's and early 1990 's, was in stark contrast to the previous decades of relatively

healthy growth (Dornbusch et. aI., 1998: 44). The average annual rate of growth of real GDP

during the 1980 's dropped further to 2.2 percent and for the period 1990 - 1998, growth had

slowed to 1.3 percent. While the South African economy had ranked among the top

worldwide performers during the 1960's, this situation had reversed dramatically by the

1980 's and early 1990's (Dornbusch et. al., 1998: 44).
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Table 1: Percentage Growth of Real GDP, 1947 - 1998

Year GOP Year GOP Year GOP Year GOP
1947 1.9 1960 3.0 1973 4.6 1986 0.0
1948 7.4 1961 3.8 1974 6.1 1987 2.1
1949 2.3 1962 6.2 1975 1.7 1988 4.2
1950 5.0 1963 7.4 1976 2.2 1989 2.4
1951 4.8 1964 7.9 1977 -0.1 1990 -0.3
1952 3.0 1965 6.1 1978 3.0 1991 -1.0
1953 4.5 1966 4.4 1979 3.8 1992 -2.1
1954 6.5 1967 7.2 1980 6.6 1993 1.2
1955 5.7 1968 4.2 1981 5.4 1994 3.2
1956 5.6 1969 4.7 1982 -0.4 1995 3.1
1957 4.5 1970 5.2 1983 -1.8 1996 4.2
1958 2.8 1971 4.3 1984 5.1 1997 2.5
1959 4.6 1972 1.7 1985 -1 .2 1998 0.5

Source: South Africa 's National Accounts 1946 - 1998, Supplement to the South African

Reserve Bank (SARB) Quarterly Bulletin, June 1999.

The manufacturing sector plays a key role in the South African economy (Black and Stanwix,

1987: 47; McCarthy, 1994: 66), and "one could settle on a description of the South African

economy as a developing economy that has made substantial industrial progress, to the extent

of the manufacturing sector being the most important commodity-producing sector in terms of

employment and income creation." (McCarthy, 1988: 3) Since the Kaldorian model of

economic growth places special emphasis on the manufacturing sector of the economy it is

necessary to define manufacturing and list the various types of manufacturing activities in the

South African economy.

The Department of Statistics (1981) defines manufacturing as, "the mechanical or chemical

transformation of inorganic or organic substances into new products, whether the work is

performed by power-driven machines or by hand, whether it is done in a factory or in the

worker's home and whether the products are sold wholesale or retail. "

According to the Standard Industrial Classification of All Economic Activities (SIC) the

manufacturing sector of the South African economy comprises the following sub-sectors or

categories: Food ; Beverages; Tobacco; Textiles and Clothing; Leather and leather products;

Footwear; Wood and cork products; Furniture; Paper and paper products; Printing; Chemical,
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Petroleum and coal products; Industrial chemicals ; Other chemical products ; Rubber

products; Plastic products; Non-metallic mineral products; Pottery; Glass and glass products;

Other non-metallic mineral products; Basic metals; Iron and steel basic industries; Non

ferrous metal basic industries; Metal products ; Machinery; Electrical machinery; Transport

equipment; Motor vehicles , parts and accessories ; Professional equipment, not elsewhere

classified (n.e.c) ; Other manufacturing industries.

The history of South African industrial development is well documented and need not be

discussed at length in this study' Prior to the 1980's the industrial sector and development

thereof tended to be more inward looking whereas the mining sector was more outward

oriented . The mining sector generated foreign exchange earnings for South Africa whilst the

manufacturing sector was geared towards the domestic market and was a net consumer of

foreign exchange (McCarthy, 1994: 68).

A couple of factors led to the more inward looking growth of manufacturing. A major factor

relates to the isolation of South Africa from foreign suppliers during the course of two world

wars and this created an environment conducive to import substitution. Another factor was

the protectionist policies followed by consecutive governments since 1925, which saw the

creation of formal policies to protect domestic industry (McCarthy, 1994: 68).

Industrial development in South Africa up to the 1960's can be seen as the first stage of

import substituting industrialisation where protection basically followed the infant industry

approach (McCarthy, 1994: 68). The second stage began in the mid-1970's but followed a

forced import substitution policy with a strategic industry approach (McCarthy, 1994: 69).

Focus now shifted to the production of products that were of strategic importance to the

economy. Some examples of strategically important industries were the investment in

projects such as the Armaments Development Corporation (Armscor) established in 1967; the

Iron and Steel Corporation (lSCOR); Sasol II (1974); Sasol III (1979) and later, Mossgas

(1987) .

2 See McCarth y (I 994: 67) for a list of sources that discuss the history of the South African industrial sector.
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The manufacturing sector of the South African economy experienced fast growth rates and

accumulation of capital and labour in the 1960's and 1970's in the face of high tariff and non

tariff barriers due to South Africa's adoption of an import substitution strategy. In the 1980' s,

a number of factors that included the decline of import substitution possibilities, the gold

boom of the 1980's and rising wages led to a loss of competitiveness of the local

manufacturing sector. However the poor performance of the manufacturing sector in the early

1990' s was largely due to the general recession at the time, deflationary policy as a result of

depleted public finances and political uncertainty (International Monetary Fund, 1998: 48).

The manufacturing sector contributes a large proportion to overall GDP in South Africa .

Viljoen (1983) studied the increased contribution of manufacturing industry to the GDP and

the slowing share of industry in GDP since the mid-1960's. He concluded that South Africa

was fast approaching the stage of industrial maturity (Viljoen , 1983: 33). In an earlier study

focusing on the structural changes in the manufacturing industry between 1916 and 1975,

Marais (1981: 26 - 32) found that particular changes had taken place, which could be viewed

as showing the evolution of a "mature industrial economic system" .

With reference to Table A.l: Contribution to GDP, 1946 - 1998 (see Appendix A), the

average annual rate of growth of manufacturing output during this period was in excess of the

overall rate of real GDP growth (4.9 percent and 3.5 percent respectively). The share of

manufacturing output in the GDP increased from 10.6 percent in 1946 to 20.2 percent in

1998. The overall share of secondary sector output in the GDP increased from 15.6 percent in

1946 to 26.9 percent in 1998, rising to over 30 percent during the period 1973 - 1984 (SARB,

1999).

In a recent study that applied the Kaldorian growth theory to the Greek economy,

Drakopoulos and Theodossiou (1991 : 1683) found similar results for the Greek

manufacturing industry . During the period 1950 - 1980, the average annual rate of growth of

the industrial sector exceeded the rate of GDP growth (7.6 percent and 5.9 percent

respect ively) (Agapitos, 1989: 76, cited by Drakopoulos and Theodossiou, 1991). The share

of manufacturing output in the GDP increased form 11 .5 percent in 1951 to 21 percent in
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1973. Therefore the situation in South Africa was not dissimilar to the Greek experience over

a roughly similar period. Another interesting observation for South Africa and substantiated

by the findings of Orakopoulos and Theodossiou (1991) is the declining contribution of the

overall primary sector and agriculture in particular. Over the study period , the agricultural

and mining and quarrying sectors showed a steady decline in contribution to overall output or

GOP.

1.2 Research Problem

The research problem under investigation is whether the manufacturing sector determines

economic growth in South Africa. According to Kaldor (1966) the industrial sector,

manufacturing in particular, is deemed to be the engine ofgrowth (this is generally known as

Kaldor 's engine of growth hypothesis (Bairam, 1991)). The research problem therefore

relates to whether the manufacturing sector has been a major driving force behind economic

growth in South Africa. The focus of this study is an examination of Kaldor 's three growth

laws in the context of the South African economy. Kaldor 's growth laws are a unique

approach to economic growth modelling in that they offer a multi-sector view of economic

growth and hence consider manufacturing and non-manufacturing activities in assessing the

problem at hand.

1.3 Objective of the Study

The objective of this study is to examine the relevance of Kaldor 's three laws of growth with

respect to the South African economy. More specifically, Kaldor 's three laws of growth will

be tested with respect to the South African economy to see whether:

1. There is a strong positive correlation between the growth of manufacturing output (gm)

and the growth of overall GOP (gGDP)'

2. There is a strong positive correlation between the growth of manufacturing output (gm)

and the growth of productivity in the manufacturing sector (Pm) .
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3. There is a strong posit ive correlation between the growth of manufacturing output (gm)

and the growth of productivity in the non-manufacturing sector (Pnm) or overall

productivity growth (PGDP)'

1.4 Procedure and Data

This study makes use of published macroeconomic data to test Kaldor's three laws of growth

with respect to South Africa . The study is essentially econometric in nature and will make

use of the Ordinary Least Squares (OLS) estimation of linear regressions, using the SHAZAM

version 8.0 econometric software package. To analyse Kaldor 's three growth laws, various

linear regression specifications are used and will be assessed in terms of model prediction,

and statistical significance of estimators.

The data in question consists of 52 observations for real GDP (constant 1995 prices) and the

gross value added or GVA (constant 1995 prices) by kind of economic activity or sector, on

an annual basis, according to the nine major categories of the SIC, fifth edition , January 1993,

taken from South Africa 's national accounts 1946 - 1998 (SARB , 1999). GVA refers to the

difference between the value of a firm's output and the value of the firm's inputs it has

purchased from others. This approach is consistent with the production method of GDP

determination (SARB, 1999: 13).

The GVA at constant 1995 prices according to the SIC equals real GDP plus subsidies on

products less taxes on products. Therefore GOP is the sum of all GVA by the sectors plus

taxes less subsidies on products (SARB , 1999: 13). The nine major SIC categories are

Agriculture, Forestry and Fishing (AFF); Mining and Quarrying (MQ); Manufacturing (M);

Electricity, Gas and Water (EGW); Construction (C); Wholesale and Retail trade, Catering

and Accommodation (WRtCA); Transport, Storage and Communication (TSC) ; Financial

intermediation, Insurance , Real estate and Business services (FiIReBs); Community, Social

and Personal services (CSPs).
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The Central Statistical Service (CSS) for South Africa was the main source of labour statistics

(for the computation of productivity estimates in manufacturing and non-manufacturing

activities) used in this thesis. The majority of the labour statistics come from the 1993 issue

of South African Labour Statistics published by the CSS with additional information from

South African Labour Statistics (1986 and 1995) and Bulletin of Statistics (1995 , 1996 and

1997). This data source comprises a smaller data set and hence consists of 26 observations

(1970 - 1996) for total employment by each of the SIC sectors, on an annual basis . Missing

figures for agriculture (1970, 1982, 1984 and 1989) and transport, storage and communication

(1971 - 1976) were calculated using exponential or compound growth rates between periods,

a method employed in Kaldor's (1966) original study.

A reduced sample size of 26 observations to test laws two and three is still sufficient for the

purposes of this study and is larger than that used by previous studies undertaken by

Drakopoulos and Theodossiou (1991) of 22 observations and Bairam (1991) of 11

observations. Note that the data set compiled for the employment statistics generally excludes

the former Transkei, Bophuthatswana, Venda and Ciskei (TBVC) states, but this should not

affect the study in question as the employment statistics are nonetheless consistent in nature

and compilation amongst all sources used. The data used in this study and the statistical

sources consulted are presented in Appendix C, Tables C.l - C.6.

Employment in the primary sector, for the purposes of this study, consists of agriculture,

min ing and quarrying only. These are the two main sub-sectors with in the overall primary

sector and the sub-sectors from which labour is drawn into the industrial sector according to

the hypothesis made by the Kaldor growth theory. According to the Department of

Agriculture and Environmental Affairs (DAEA) and Department of Water Affairs and

Forestry (DWAF), at present, the remaining sub-sectors within · the overall primary sector

namely, forestry and fishing, account for roughly 90 000 employees (this was confirmed

telephonically). In 1996, this would have accounted for approximately 6 percent of total

employment in the overall primary sector. Hence the majority of employment in the South

African primary sector is concentrated in the agricultural and mining and quarrying sub

sectors.



•

9

Excluding the employment statistics for the forestry and fishing sub-sectors from the overall

primary sector should not detract from the study at hand. It must also be noted that accurate

employment figures for the forestry sub-sector may be difficult to obtain as this figure

excludes independent contractors. Pertaining to the fisheries sub-sector, employment figures

relate to commercial fisheries only, and hence may give an inaccurate representation.

However as this study measures the growth in productivity, we do not expect a significant

impact in the estimated results by excluding employment for the forestry and fishing sub

sectors. Notwithstanding the above , it must be noted that earlier studies tend to focus on the

importance of employment and productivity in agriculture and mining activities specifically

(Thirlwall, 1987; Bairam, 1991 and Drakopoulos and Theodossiou, 1991) and hence the

approach adopted by this study.

1.5 Thesis Organisation

Following on from this introductory chapter , chapter two discusses several major theories of

economic growth that attempt to explain the mechanics of how economic growth takes place,

from a theoretical viewpoint. This leads the discussion on to chapter three in which a detailed

exposition of the Kaldorian approach to economic growth is made. A priori predictions

pertaining to Kaldor's three laws of economic growth are outlined in this chapter. Chapter

four then presents all the estimated regression results and the interpretation thereof so as to

establish the relevance or irrelevance of the Kaldorian theory to the South African context.

Hence all estimated results are discussed alluding to their significance in light of the relevant

literature . Finally, chapter five draws brief conclusions and proposes recommendations as to

future policy regarding economic growth in South Africa.
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CHAPTER TWO

THEORIES OF ECONOMIC GROWTH

2.1 Introduction

The birth of modern theory of economic growth can be traced back to the immediate post-war

period. This evolution in growth theory was heralded by the work of Harrod (1939) and

Domar (1947) . However during the mid-1950 's , the Harrod-Domar approach was broadened

to include a more comprehensive set of factors or sources of economic growth.' The

measurement of the sources of economic growth is taken from the pioneering work of growth

theorists such as Abramovitz (1956), Solow (1957) and Denison (1962).

The discussion that follows outlines three of the major pioneering theories of economic

growth. The contributions of Harrod (1939) and Domar (1947), Solow (1956) and Romer

(1986) will be discussed in order to establish an understanding of how economic growth takes

place in countries . These theories follow a one-sector approach to growth theory. The Romer

model however can follow a one-sector or multi-sector approach depending on whether

external economies of scale or positive externalities are viewed for the economy as a whole or

a specific industry. A discussion of these exogenous and endogenous theor ies of growth" is

made so as to establish the foundat ion for our understanding of how economic growth occurs.

A brief discussion of the structural approach is then made in order to lead the discussion into

3 This thesis does not attempt to outline and discuss the sources of economic growth, but rather, through this chapter, analyses the mechanics

of economic growth as expounded by several major growth theories that form the foundation for understanding how growth takes place. I

therefore in no way understate the value of a discussion of the sources of growth. The structural approach to sources of economic growth

essentia lly includes the neoclassica l sources plus reallocation of resources to higher productivity sectors, economies of scale and learning by

doing and reduction of internal and external bottlenecks (Chenery , 1986: 15). The Kaldorian approach to economic growth, being post

Keynesian in nature, follows the structural approach. The Kaldor approach, and theoretical discussion thereof that follows in the next

chapter, will discuss the implications of the structural approach to sources of growth with special reference to the manufacturing sector that,

in Kaldorian growth theory, is considered to be the driving force behind economic growth or, said another way, a major source of economic

growth.

4 The theories of Harrod, Domar and Solow are generally referred to as exogenous growth models in that technica l progress is independent of

investment (Scott, 1989: 72) or not considered explicitly within the model. The new growth theory of Romer is referred to as an endogenous

growth model in that technical progress, along with other variables, are viewed as an integral part of the model.
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the alternative theoretical approach to economic growth that this thesis is based on namely,

Kaldorian growth theory (after Lord Nicholas Kaldor of Cambridge University, 1966 and a

pioneer of the post Keynesian approach to economic analysis) and which is discussed in the

next chapter. The Kaldorian model follows the structural model of growth theory, and uses a

multi-sector approach as it takes into account the manufacturing and non-manufacturing

sectors of the economy. The Kaldorian approach to growth theory essentially postulates that

the manufacturing sector of the economy is the vehicle through which economic growth takes

place , and is the focus of this thesis. Kaldor's growth laws are discussed in detail in chapter

three, and their empirical applications to the South African economy are presented in chapter

four.

2.2 Major Growth Theories: Exogenous and Endogenous Growth

2.2.1 Introduction

The earlier models of Harrod (1939) and Domar (1947) and Solow (1956) can be classified as
.. ----- -------..
exogenous growth -;~dels - '~hereasthe- co-ntribution of Romer (1986) is classified as the
~ -- --------.::- - '. - --~ '.
beginnings of the new endogenous growth theory. Section 2.2 reviews these three major

economic growth theories. The Harrod -Domar growth model explains economic growth as

the result of interaction between three variables, namely: the savings rate, the rate of growth ) I lJ.. I ~
- --- - - --

of the labour force, and the capital-output ratio (Solow, 1988: 307) . The neoclassical+ _. - -----
j: \approach followed by Solow focuses on capital accumulation in that , saving and investing ). \<..1
\./)

more, a country can increase the amount of capital that it leaves to its future workers thereby

increasing their productivity, and hence their income. The approach followed by Romer or

the endogenous growth model postulates an alternative view to long-run growth . The rate of

investment, and the rate of return on capital can increase rather than decrease with increases

in capital stock, thus diminishing returns does not apply.

However it must be said that both the ne..?classical and endogenous growth models §.!!!I~r from

a common shortcoming. They both fail to explain other important factors that may affect

growth, such as the degree to~~_a country fost~_s free ~~a~e and free enterprise. Although
~-.. '~w ....~ ".- - •
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the precise relationship between these other important factors and growth are hard to estimate,

they may impact on growth to the same or larger degree as savings rates , schooling and basic

research. An important lesson governments can learn about growth might be that , if they

want to promote it, they must give up their desire to control it (The Economist, 1995: 110).

2.2.2 The Harrod-Domar Growth Model

Harrod (1939) and Domar (1947) explained economic growth as the result of the interaction

of three variables: "the savings rate , the rate of growth of the labour force, and the capital

output ratio - which were all given or constant: one a matter of preferences, the second a

matter of social demography, the third a matter of technology." (Solow, 1988: 307) The

Harrod-Domar model , in a Keynesian sense, is one that proposes government intervention and

does not necessarily rely on the market or self-correcting mechanism that the classical

approach prescribes (Thirlwall, 1999: 89). The Harrod-Domar approach thus does not

guarantee the existence of full employment (Yf ).

The Harrod-Domar model of economic growth, is built on two simplifying assumptions:

1. The national income of a country is proportional to its capital stock,

2. Increases in the capital stock come from savings of households, and assumes to represent

a proportion of national income.

The above simplifying assumptions suggest the following policy prescription: to increase

growth, the national savings rate must be increased (Harberger, 1984: 3). The Harrod-Domar

model assumed that labour input grows automatically in proportion to capital (Aghion and

Howitt, 1998: 24). In this sense , one must scrutinise what national sav ings means. National

savings refers to the combination of private and government savings. If national savings is

increased, but this is done via increased government savings, this would entail a budget

surplus that is usually obtained through raising the general level of taxes. If tax rates increase

in an economy, then investment spending (via the national income identity savings equals

investment or S = 1) is likely to decline as savings from households are used to pay for higher
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tax obligations. This means that increases in existing or new capital stock may not come

about as predicted by the simplified Harrod-Domar assumption.

From another perspective, increasing savings means that investment spending increases as

well. This makes perfect Hicksian sense (after one of the originators of the ISILM model

namely Hicks and Hansen). Through the national income identity S = I, an outward shift of

the IS curve results causing an increase in income/output. Given the Harrod-Domar condition

where an economy is at less than full employment, if output per person is declining, then an

increase in growth is likely to result from an increase in savings. The concept of diminishing

returns (a usual assumption in growth theory) does not apply in this instance as a faster

growth of labour input, due to surplus unemployed labour in the economy (Aghion and

Howitt, 1998: 25), is supplemented by a faster growth of capital input.

Another question that begs answering is whether Harrod-Domar equilibrium will be self

correcting (as in the typical classical analysis) or not self-correcting. This brings into question

the dynamic nature of a model in which intervention, in some sense, may be necessary. In

answering this question , an exposition of the two independent views as proposed by Harrod

and Domar must be made.

Harrod's original model can be seen as being a dynamic extension of Keynes ' static

equilibrium model (Thirlwall, 1999: 89) and proposes that if changes in income (Y) induce a

change in investment (1), better known as the accelerator process , at what rate should Y grow

in order for planned investment to equal planned savings (S) to satisfy the condition of

dynamic equilibrium for a growing economy over time. Thus Harrod wanted to know what

rate of savings is needed to equal investment in order for growth to take place . This is

different from the self-correcting approach of the underlying static Keynesian analysis that

states that, if S *I, a new equilibrium in the economy results via the multiplier process.

Harrod distinguishes between two growth rates namely , the actual growth rate (g) and

warranted growth rate (gw). In equilibrium therefore g = Sw-

Thus g = slc, = (SlY) I (JIL1Y) = (SIY)(L1Y/1)
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Given 8 = J, then LlY/Y is the target growth in output

However from Harrod's perspective, actual growth may not necessarily explain a steady-state

relationship between 8 and J at Yfand hence the concepts of gw and natural rate of growth (gn)

are important. Warranted growth can be defined as the optimal level of J to match 8 and keep

capital fully employed. Thus there is no over or under-utilisation of capital. This is

determined by plans to save or 8 = sY where s is the marginal propensity to save . If this

relationship (8 = s Y) determines the supply-side of the economy and demand for J is given by

the accelerator principle c; = LlK/LlY = JiLlY, then J = c, LlY where c, is the accelerator

coefficient for capital. Therefore under the Keynesian notion of8 = J then,

8 = sYand J= crLlY

Thus sY= crLlY

s = c; (Ll YlY)

From Harrod's perspective, to maintain dynamic equilibrium, the economy must grow at this

rate (gw). However if there is a departure from the equilibrium condition (say g > gw), then

actual investment is below the level needed to meet an increase in output. This results in

shortages and hence the incentive to invest more. This in turn causes a further departure from

gw. Therefore from Harrod's explanation, a departure from dynamic equilibrium is not self

correcting and some other mechanism is needed to correct the economic situation.

Domar, however, through independent research, arrived at the same general conclusion that

Harrod postulated and hence the Harrod-Domar growth model. Domar, instead of

determining the optimal rate of savings, wanted to know what rate of investment is needed to

maintain supply growth in relation to demand growth at Yf Domar saw investment as a
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"double-edged sword" in which investment increases demand via the multiplier process (I =>

Y) and increases supply via the accelerator process (Y => 1) and, hence expands capacity.

L1 Yd= L11/S and L1 Ys = Ia

(where a is the productivity of capital or L1 Y/1)

Thus for L1Yd = L1Ys

L11/S= Ia

L11/1= SrI

Thus investment must grow at a rate SrI. If a equals l /c, at Yfi then Harrod and Domar have

the same result for growth, even though both tackled the question from opposing angles.

Since the final result arrived at by Harrod and Domar independently were the same, the

combined model , as we know it today , is commonly referred to as the Harrod-Domar model.

The Harrod-Domar model does not however guarantee that all labour in an economy will be

fully employed if the economy grows at Stc: Thus full employment equilibrium can be

defined as a situation where capital and labour are fully utilised and hence g = gw= S» where

S« is the natural rate of growth. The concept of natural rate of growth is exogenously

determined in Harrod's framework (Thirlwall, 1999: 94) hence the reason for including the

Harrod-Domar approach amongst the group of exogenous growth models.

In a situation where gn> gw, or the rate of labour force growth is in excess of the warranted

rate of growth or growing faster than the rate of capital accumulation, unemployment results

and plans to invest are greater than plans to save . This in tum leads to an inflationary

environment. In this sense the Harrod-Domar approach is not self-correcting and intervention

is needed from outside sources (like the government or central bank) to rectify such a

situation. Solow (1956: 56) therefore argues that the Harrod-Domar model of economic

growth hinges on a seemingly dubious assumption that brings into question the results



16

postulated. "The characteristic and powerful conclusion of the Harrod-Domar line of thought

is that even for the long-run the economic system is at best balanced on a knife-edge of

equilibrium growth. Were the magnitudes of the key parameters - the savings ratio, the

capital-output ratio, the rate of increase of the labour force - to slip ever so slightly from dead

centre , the consequence would be either growing unemployment or prolonged inflation ."

2.2.3 The Solow Growth Model

A methodology used to estimate the sources of growth in the neoclassical framework is taken

from the work of Solow (1956) . An aggregate production function in the following form is

assumed:

Q= F(K, L, t)

This equation assumes that aggregate output is a function of capital , labour and time. Thus

from the above Solow aggregate function , a basic neoclassical growth equation can be written

as:

From this equation , in logged variable form, it is shown that growth of total factor

productivity (TFP) or GA is the difference between Gv (aggregate output) and the weighted

sum of input growth flKGK +PLGL (growth in capital and labour respectively). Each input

coefficient (flK and PL) measures the elasticity of output with respect to that input (either

capital or labour in this simplified model) . Thus the beta coefficient represents the effect on

output growth with a 1 percent increase in the growth of that input (Chenery , 1986: 17).

Therefore if a beta for a particular input has a value greater than one, then this would indicate

increasing returns to that input. In this instance , if the input were labour , we could say that

labour input is highly productive, or used very productively, and exhibits increasing returns to

labour . To restate Solow's (1956) seminal contribution, the concept of economic equilibrium

over time can be shown by the following differential equation that is similar to the basic
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model postulated at the outset of this section , and describes the evolution of an economy's

capital stock:

8K(t) = sF [K(t) , L(t)]

Thus the rate of change (derivative) of the stock of a single type of capital good is a function

of capital and labour over time. However Solow made the simplifying assumption that

aggregate savings is a constant fraction (s) of aggregate income. But , the question arises as to

what value for s is desirable for any given economy? The work of Phelps (1965) explored the

existence of an ideal savings rate across countries and t1}i~esulted in the famous Golden-Rule

or golden-age path of growth theory (Becker and Burmeister, 1991). By golden-age path we

mean a growth path in which every variable changes (if at all) at a constant relative rate.

Essentially, this result postulates that, "a golden-age path on which the competitive i 1'!-terest

rate equals the growth rate and hence gross investment equals the gross competitive earnings

on capital - then this golden-age produces a path of consumption which is uniformally higher

than the consumption path associated with any other golden-age." (Phelps , 1965: 793)

The neoclassical approach to growth theory focuses on capital accumulation. By saving and

investing more, a country can increase the amount of capital that it leaves to its future

workers, thereby increasing their productivity, and hence their income. Eventually, a country

reaches a point at which each generation saves just enough to replace the capital that it has

depleted. At this point , income per capita can grow only as rapidly as the technology it has

access to improves (The Economist, 1995: 110).

The neoclassical model assumes that countries with similar production technologies, resource

endowment, time-preference of consumption as well as comparable savings and population

growth rates should converge to similar steady-state levels of per-capita income. This

convergence property means that poor countries starting with a relatively low standard of

living and a lower capital-labour ratio, grow quicker during transition as they catch-up with

the rich countries, but in the end, both groups attain the same level of per capita income (Heng

and Siang, 1999). Mankiw (The Economist, 1995: 110) believes that the neoclassical
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prescription (Solow, 1956) is the better way to understand growth . He suggests that the goal

of studying growth theory is to explain why some countries grow faster than others , not

necessarily why they grow in the first place .

q

(l/s)k

q*

o

f(k)

k

Figure 1: Neoclassical Equilibrium

Source : Thirlwall (1999: 96)

In Figure 1, Thirlwall (1999) shows neoclassical equilibrium being q* (output per head) and

k* (capital-labour ratio). This results from the interaction of the production function (where

output is a function of capital) and a ray along which the rate of growth of capital is equal to

the rate of growth of labour. Hence the capital-labour ratio and capital-output ratio are

constant (q = (lls)k). A useful exposition will be to note what happens when there is an

increase in either the ratio of savings (and investment) to national income or the level of

techn ical progress .'

An increase in savings and investment to national income or s has implications for capital

accumulation. As s is raised , the slope of the lis line becomes flatter and hence the

5 According to Todaro (1982 : 90) technical progress, in its simplest form, results from new and improved ways of accomplishing traditional

tasks. Technolog ical progress can be neutral , labour-sav ing and capital-saving. Neutral technological progress occurs when higher output

levels are obtained without changing the quantity and combinations of factor inputs. Labour-sav ing technologica l progress refers to a

situation where higher levels of output are achieved with the same level oflabour input. Capital-saving technological progress is a far more,

uncommon phenomenon and implies that higher levels of output are achieved with the same level of capital input.
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equilibrium level of per capita income and the capital-labour ratio increase , however

equilibrium rate of growth remains constant. Equilibrium growth is unchanged in the

neoclassical growth model , as a higher savings-investment ratio is offset by a higher capital

output ratio (as increased savings-investment impacts positively on the numerator or capital

portion of the capital-output ratio). The capital-output ratio in tum adjusts slowly to keep the

growth of capital in line with the rate of growth of the labour force . Thus this satisfies one of

the major propositions of the neoclassical model in that the long-run steady-state rate of

growth is determined by the rate of growth of the labour force plus the rate of growth of

labour productivity. Therefore said another way, a rise in the savings-investment ratio leads

to a higher capital-output ratio, and hence lowers productivity of capital. This is due to the

neoclassical assumption of diminishing returns to capital (Thirlwall, 1999: 94).

An increase in technology or technological progress can be explained in a similar fashion. If

it is assumed that technological progress augments or supplements the productivity of labour

only (Harrod neutral technical progress as the capital-output ratio is constant) the effective

labour force now grows at I + q where q is the rate of growth of labour productivity. This

means that the lis line now becomes steeper as output/income per head is now higher to

supply the savings and capital accumulation needed to maintain a capital-output ratio

consistent with a faster rate of growth of the effective labour force. A rise in the savings

investment ratio has no effect on equilibrium growth of output, unless a higher level of

investment raises the rate of growth of labour-augmenting technical progress. However this

prescription is negated in the neoclassical model , as technical progress is assumed to be an

exogenous variable (Thirlwall, 1999: 97).

Lastly, the neoclassical model predicts that countries at different stages of growth will

converge (Hence the name of convergence theory, attributed to Solow 's model) as their

respective natural growth rates approach the same rate associated with long-run steady-state.

Thus an explanation must be given for how such convergence takes place in the model.

Output growth , in the neoclassical model , results from one of three factors namely, an

increase in labour force quantity and quality, an increase in capital stock (through savings and

investment) and improvements in technology. Thus closed economies, with lower savings
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rates, ceteris paribus, grow more slowly in the short-run and converge to lower per capita

income levels. However open economies that encourage foreign direct investment and trade,

experience rapid growth and income convergence at higher levels of per capita income, as

capital is assumed to flow from rich or developed countries (DC's) to poor or lesser

developed countries (LDC's) .

The convergence property of the neoclassical model means return on investment is greater in

LDC's that have lower capital-labour ratios. Alternatively, these countries have a higher

marginal productivity of capital. To restate, there is a larger degree of relative growth in open

economy LDC's than DC's. This is portrayed by a rapid growth in emerging market

investment nowadays, and the subsequent concern around emerging market volatility. In the

absence of external shocks or technological change, the neoclassical approach assumes that all

economies will converge to zero growth (Todaro, 2000: 99). Therefore the prediction of

neoclassical theory is that poor countries should grow faster than rich countries , given the

assumption of diminishing marginal returns to capital , identical preferences and technology

across countries (Thirlwall , 1999: 115).

However Thirlwall (1983: 343) points to the neoclassical assumption that long-run growth of

output cannot be regarded as being determined by an exogenously given long-run rate of

growth of the overall labour force and technical progress. This has largely led to the impetus

for endogenous growth theory. Hence a theoretical discussion involving the endogenous

approach to growth theory is now made to present a balanced view of the causes and

consequences surrounding economic growth.
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2.2.4 The Romer Growth Model

The more recent works of Romer (1986) and later Lucas (1988) extend the Solow approach

by making allowance for external economies of scale on an aggregate level.6 Even if

economic agents expect constant returns to scale, collective decisions may lead to increasing

returns for an economy as a whole. The important distinct ion that these models make is that

growth paths do not necessarily converge to a steady-state, and need not be Pareto optimal

(Becker and Burmeister, 1991). Therefore the Romer (and later Lucas) model of growth

helps explain why growth rates are different across countries , and provide a useful insight into

why divergence occurs between developed and developing nations . The approach followed

by Romer was the beginning of new growth or endogenous growth theory.

In just the same way two firms with in the same country and industry can enjoy widely

different levels of productivity, some countries , may possess a technological advantage over

others. This is why critics of the neoclassical approach prefer endogenous growth models as

they deal with technological change explicitl y. Instead of focusing on investments in human

capital (the amount of money spent imparting knowledge to the workforce) these models

focus on the incentives to create new knowledge, and the ways in which this knowledge

spreads. They do so by incorporating microeconomic decision-making, and by explicitly

examining the interaction between researchers and producers (The Economist, 1995: 110).

The Romer (1986: 1002) model presents a fully specified model of long-run growth as it

considers a number of factors, including those important in exogenous growth theory. The

endogenous growth model also assumes knowledge to be an input in production that has

increasing marginal productivity. Further, the model is basically a competitive equilibrium

model with endogenous technological change, unlike the approach followed by exogenous

growth theory.

6 Externa l economies of scale with respect to endogeno us growth theory, when viewed for the economy as a whole or a specific industry,

relates very much to knowledge-intensive activities. An example of this is the expansion of 'silicon valley' in California, USA where rapid

advances in technology and human capital development in such knowledge-intensive industry has led to positive externalities in the

information technology sector and other sectors of the economy.
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The Romer model presents an alternative view to long-run growth. It stipulates that the rate

of investment, and the rate of return on capital can increase rather than decrease with

increases in capital stock. Given that preferences, technology and even population size are

held constant, this condition results in the general recommendation that the level of per capita

output need not converge in different countries , and growth might therefore be consistently

slower in LDC's if growth results at all. The critical factor in the Romer long-run growth

model is a departure from the normal assumption of diminishing returns (Romer, 1986: 1003).

Todaro (2000) and Thirlwall (1999) propose certain factors that have provided impetus for the

development of the new growth theory. Todaro (2000: 99 - 100) says that neoclassical

growth theory fails to expound the sources of long-run growth. The neoclassical model

implies that factors not attributed to short-run adjustment in capital/labour are allocated to the

Solow residual. The Solow residual captures those variables that are outside of Solow's

neoclassical model and hence the name exogenous growth theory. The Solow residual is thus

seen as a catchall or error variable attempting to capture the process of technological change.

However this residual accounts for approximately 50 percent of historical growth in

industrialised nations. Thus the neoclassical approach attributes the majority of economic

growth to an exogenous source or independent process of technological change. The new

growth, or endogenous growth theory is so named, as capital, labour and technology are all

endogenous variables in the model. Thus new growth theory attempts to explain the Solow

residual as an endogenous component of economic growth.

The exogenous feature of the neoclassical growth model has two implications. Firstly, it is

impossible to study the actual determinants of technical advance , as they are exogenous to the

model, and thus assumed independent of the decisions of economic agents. Secondly,

neoclassical theory cannot explain large differences in residuals across nations with similar

technology (Todaro, 2000: 100). Thus there was growing concern in the 1980's and 1990's,

due to the increase in third world debt, and the neoclassical model 's failure to explain

increased divergence or differences in economic performance across countries.
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Thirlwall (1999: 115) cites several reasons for increased research into the new growth theory .

Firstly, there is heightened concern about the economic performance of poor countries, and

the growing divergence between countries and continents. Secondly, the availability of

suitable secondary data has contributed largely to sound econometric analysis of the above

factors. Thirdly, the work of development pioneers like Baumol (1986) have found that no

convergence in per capita incomes has occurred anywhere around the world , and this refutes

the neoclassical theory to a large extent.

To explain why growth is viewed as being endogenous in the approach followed by the new

growth models, Thirlwall (1999) uses the concept of positive externalities whereas Todaro

(2000) explains this with respect to the Solow residual. In discussing the positive

externalities of new growth theory, Thirlwall (1999 : I 15) refers to the pioneering studies

undertaken by Romer (1986, 1990) and Lucas (1988) saying that these are as a direct result of

human capital development (education and training) and research and development. This is

said to be particularly evident in knowledge-intensive industries like the information

technology and telecommunication sectors. Additional factors that are endogenous to new

growth theory and therefore affect productivity and economic growth are learning by doing ,

and associated technical progress (Arrow, 1962 and Kaldor, 1957), technological spillovers

from trade (Grossman and Helpman, 1990; 1991) and foreign direct investment (De Mello ,

1996).

2.2.5 The Structural Approach to Growth

The structural and Kaldorian approaches to growth are both post Keynesian models. The

pioneering studies of growth tended to follow the neoclassical approach, but the introduction

of the structural approach (1950's to present) heralded a new era. The structural view was

unique in that it included neoclassical sources of growth plus the reallocation of resources to

higher-productivity sectors; the attainment of economies of scale , learning by doing, and the

reduction of internal and external bottlenecks in the production process. The concept of

reallocation of resources to higher-productivity sectors (the manufacturing sector in
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particular), increasing returns and learning effect are all important features in the Kaldorian

approach to growth theory.

The structural approach is more concerned with the differences amongst sectors of the

economy that deter equilibrium adjustments in resource allocation implied by the neoclassical

theory. It can be said that disequilibrium is more evident in the discrepancy between returns

to labour and capital in differing uses than by shortages and surpluses that prohibit market

clearing. In contrast, the neoclassical theory assumes that equilibrium is maintained over time

through flexibility of prices , which limits the sources of growth to supply-side factors only

(Chenery, 1986: 16).

The structural approach however identifies some factors that make full adjustment unlikely

(similar to a Keynesian approach to growth theory that assumes an equilibrium below full

employment or Yf). An example of this would be a labour market where population is

growing too fast to be absorbed into the high-productivity sectors of the economy. Thus

elastic supply of unskilled labour results , located mainly in the agricultural and service sectors

(Chenery , 1986: 15). The idea of surplus labour in the agricultural sector is consistent with

the Lewis (1954 and 1958) model that explains the complementary relationship between

industry and agriculture. This concept also forms the foundation to the Kaldor growth model

as surplus labour is needed to boost industrial output, a sector subject to increasing returns.

Hence a brief discussion surrounding the structural approach is a suitable forerunner to

discussing the Kaldor growth theory that will be discussed in chapter three.

2.3 Summary and Conclusion

To summarise, Todaro (2000) presents three key factors (capital accumulation, population and

labour force growth and technological progress) that are viewed as components or sources of

economic growth. These factors are tabulated to give a concise comparison of how the three

major growth theories , discussed so far, differ from one another with respect to each relevant

component.
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Table 2: Summary of the Major Growth Theories

MAJOR THEORIES OF GROWTH

SOURCES/COMPONENTS OF Neoclassical New (Endogenous)
GROWTH Harrod-Domar

(Solow) Growth (Romer)

Increase in capital
Savings rate and

investment important Stresses importance
stock attained via

for increase in capital of both human and1 Capital Accumulation
increase in savings

stock and capital- physical capital stock
rate

labour ratio

Growth can be
Human capital andProposes natural

Population and Labour Force rate of growth (gn)
achieved by

knowledge
2 increasing labour

development areGrowth but does not

guarantee Y,
force quantity and

endogenous to model
quality

Technology seen as

Technology seen as endogenous variable

Model doesn't exogenous variable especially important in
3 Technological Progress

and forms part of human capital andconsider technology

Solow residua/ knowledge-intensive

industries

The discussion undertaken above makes a detailed analysis of the mechanics underpinning the

major growth theories identified after their originators namely, Harrod (1939) and Domar

(1947) , Solow (1956) and Romer (1986) growth models. These models, along with a brief

discussion surrounding the structural approach, were reviewed to provide background and

context for Kaldor's growth theory, which is the focus of this study. The Harrod-Domar

approach explains economic growth in terms of the interaction between the savings rate, rate

of growth of the labour force and the capital-output ratio. In this model full employment or Yf

cannot be guaranteed and technology is assumed to be exogenous to the model. The Solow

model states that the savings and investment rate are important for increases in the capital
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stock and capital-labour ratio, whereas the quantity and quality of the labour force are

important for growth. Once again, technology is assumed to be exogenous to the Solow

model, hence the reason the Harrod-Domar and Solow approaches are referred to as

exogenous growth models .

The Romer model nevertheless stresses the importance of both the human and physical capital

stock. Human capital development, physical capital stock and technology are now all

endogenous to the Romer model. In the Romer model, knowledge is seen as an input variable

to the production function and competitive equilibrium is consistent with increasing aggregate

returns due to externalities. Thus unlike the more traditional (exogenous) growth model ,

Romer postulates that knowledge exhibits increasing marginal productivity. This means the

production of goods from increased knowledge exhibits increasing returns . Thus knowledge

shows signs of increasing marginal productivity (Shaw, 1992). Much of what has become

known as endogenous growth theory, encompasses the process of learning by doing and the

macroeconomic effect of human capital development, which all implies increasing returns to

industry. Therefore endogenous growth theory is, as will be shown in the next chapter,

closely related to the economic theory underpinning the Kaldorian growth model (in this

sense we might say that Kaldor 's theory of economic growth was before its time) .
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CHAPTER THREE

THE KALDORIAN APPROACH TO ECONOMIC GROWTH

3.1 Introduction

Professor Lord Nicholas Kaldor (1908 - 1986) made original and important contributions to

the theory of the firm, to Keynesian economics, to growth and distribution theory, to

equilibrium economics, and to thinking about domestic and international economic policy

(Targetti and Thirlwall, 1989: 1). This chapter focuses on Lord Kaldor's contribution to

growth and distribution theory, and discusses the Kaldor growth model with special reference

to three regularities that have become known as Kaldor's growth laws (Parikh, 1978;

Thirlwall, 1983; McCombie and de Ridder, 1983; McCombie, 1983; Mizuno and Ghosh ,

1984; Drakopoulos and Theodossiou, 1991). These three laws , and their application with

regard to the South African economy, form the basis for this thesis.

Kaldor's original research question was to analyse why growth rates might differ for

advanced capitalist countries at similar stages of development. An attempt to answer such an

intriguing question came in two sets of lectures delivered in 1966, the most prominent of

which was Kaldor's Inaugural Lecture at Cambridge University in November, entitled

"Causes of the Slow Rate of Growth of the United Kingdom." In these lectures , Kaldor

presented a series of laws that have come to form the foundation of a model that explains the

applied economics of growth (Thirlwall, 1987: 184). These laws have profound

consequences for understanding the different growth rates of the advanced countries

(McCombie and de Ridder, 1983: 373) .

The general conclusion of the Kaldorian model is that growth in manufacturing output is

positively related to the growth in overall GDP (law one) , growth of productivity in

manufacturing (law two) and growth of productivity in non-manufacturing (law three)

respectively. Thus the growth of manufacturing output leads to a rise in productivity of non-
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manufacturing activities and hence overall economic growth. In this sense, the manufacturing

sector is'deemed to be the driving force behind economic growth .

3.2 The KaIdor Growth Model

3.2.1 Introduction

Research7 has shown that a close association exists across countries between the growth of

industry and the growth of GDP. More specifically, GOP growth is faster, the greater the

excess of industrial growth relative to GOP growth, or when the share of industry in total

GOP is rising the fastest (Thirlwall, 1999: 78).

GDP
growth

x

45°

x

o Industrial
growth

Figure 2: The Kaldorian Hypothesis

Source: Thirlwall (1999: 78)

Figure 2 shows the quintessential Kaldorian hypothesis as outlined above, where GOP growth

is measured on the vertical axis and industrial growth is measured on the horizontal axis. The

scatter points represent observations for individual countries. A hypothetical line drawn

through the points with a slope less than unity (slope here is defined as GOP growth divided

7 For example, see the Symposium on Kaldor 's growth laws, edited by A. P. Thirlwall in the Journal ofPost Keynesian Economics, Spring

1983; Bairam (1991); Drakopoulos and Theodossiou (1991); Hansen and Zhang (1996) .
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by industrial growth) or points to the right of the 45° equilibrium line, shows that the greater

the excess of industrial growth over GOP growth, the faster GOP seems to grow. The 45°

equilibrium line, gives the average growth rate that divides countries between those where the

share of industry is falling and are growing slowly overall, and those where the share of

industry is rising and are growing fast overall.

This thesis estimates statistical relationsh ips pertaining to growth that arise from the

predictions of Kaldor' s growth model. The original approach adopted by Kaldor (1966) was

used to explain "growth rate differences between advanced capitalist countries" (Thirlwall ,

1983: 345). Section 3.2.2 gives a brief exposition of the propositions surrounding the

Kaldorian approach to economic growth. Sections 3.2.3 - 3.2.5 then make a more detailed

discussion of Kaldor ' s three laws of growth that will be empirically analysed in this thesis. In

past studies, these laws have been tested in developed and developing countries using both

cross-section (across countries) and time series data. This thesis uses the time series approach

and is consistent with the study undertaken by Orakopoulos and Theodossiou (1991).

3.2.2 Basic Model Propositions

This section briefly discusses the basic propositions of the Kaldor growth model. The seven

points that follow are taken from Thirlwall (1983: 345 - 347). Propositions six and seven

refer to how the open economy influences the Kaldorian approach, but for the purpose of

econometric testing, these issues are beyond the scope of this thesis. Thirlwall does note that

these basic propositions are not as Kaldor originally stated them, but have come to be the

foundations of the Kaldorian model, as researchers understand it today.

1. The faster the rate of growth of the manufacturing sector, the faster is the rate of growth of

GOP, not merely because manufacturing output is a large constituent of overall output , but for

essential economic reasons associated with induced productivity growth, both inside and

outside the manufacturing sector. This is by no means a new concept, and is the reason for

the manufacturing sector being termed the engine of growth. Many other growth theorists
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have also remarked on the significance of the manufacturing sector for economic growth

(Solow, 1970).

2. The faster the rate of growth of manufacturing output, the faster the rate of growth of

labour productivity in manufacturing owing to static and dynamic economies of scale, or

increasing returns in the most far-reaching sense (the idea of static and dynamic economies

are discussed in more detail in section 3.2.3 that outlines Kaldor's first law). Kaldor, in the

spirit of Allyn Young (1928) , viewed returns to scale as a macroeconomic occurrence linked

to the interaction between the elasticity of demand for, and supply of manufactured products.

This important interaction is what accounts for the positive relationship between

manufacturing output and productivity growth , more commonly referred to as Verdoorn ' s

Law."

3. The faster the rate of growth of manufacturing output, the faster the rate of labour being

transferred from other sectors of the economy that are subject to diminishing returns , or where

there is no relationship between employment growth and output growth. A decline in labour

input in these sectors tends to raise productivity growth outside of manufacturing. Owing to

increasing returns in manufacturing, and induced productivity growth in non-manufacturing,

we expect that the faster the rate of growth of manufacturing output, the faster the rate of

growth of productivity in the overall economy.

4. As the possibility for labour transfer from diminishing returns activities dries up, or as

output comes to depend increasingly on employment in all sectors of the economy, the extent

of overall productivity growth induced by manufacturing growth declines, with the overall

rate of growth declining as well.

5. Kaldor later came to believe that it was in the latter sense in point four above that countries

at an advanced stage of development, with little or no surplus labour in agriculture or non

manufacturing activities, are subject to a "labour shortage" and experience a deceleration of

8 Verdoorn , PJ. (1949) Fattori che Regolano 10Sviluppo della Produtt ivita del Lavoro, L 'Industria, Vol. I, pp. 3 - 10.
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growth. Kaldor's original contention that, manufacturing output is constrained by a shortage

of labour, and this he proposed was the UK's problem, was later retracted (Kaldor, 1978).

6. The growth of manufacturing output is not constrained by labour supply, but is more

importantly determined by demand from agriculture in the early stage of development, and

export demand in the later stage. Export demand is seen as the main component of

autonomous demand in an open economy, which must equate to the leakage of income into

import demand. Hence the level of industrial output must adjust to the level of export

demand relative to the propensity to import, via the functioning of the Harrod trade

multiplier." Essentially, the rate of growth of output equates to the rate of growth of exports

divided by the income elasticity of demand for imports (Thirlwall, 1979).

7. A fast rate of growth of exports and output tends to invoke a cumulative process, or

virtuous circle of growth (sustained process of economic growth), through the association

between output and productivity growth. The lower costs of production in fast growing

economies make it harder for other (newly industrialising) economies to establish export

activities with favourable growth tendencies, except where these newly industrialising

economies have exceptional industrial enterprise.

3.2.3 Kaldor's First Law

The first law postulates that there exists a positive relationship between the growth of GOP

(gGDP) and the growth of manufacturing output (gm) (Drakopoulos and Theodossiou, 1991).

Hence "a fast rate of economic growth (gGDP) is associated with a fast rate of growth of the

manufacturing sector of the economy (gm)" (Thirlwall, 1983: 347):

(1.1)

9 The implications of the Harrod trade multiplier are beyond the scope of this thesis. For an exposition and discussion thereof, see Kennedy

and Thirlwall (1979) and Thirlwall and Vines (1982) .
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In equation (1.1)10 h
l
l represents the functional relationship that Kaldor hypothesised to be

positive (Thirlwall, 1999: 79). The slope coefficient (h l
l

) must be positive, as a negative slope

coefficient would imply a situation where the share of industry in the total economy is falling,

and hence growth in overall GDP is declining. This would be tantamount to saying that the

manufacturing sector is not driving overall economic growth, a situation contrary to a priori

economic theory. Kaldor 's original study considered a cross-section of twelve developed

countries, and estimated the following relationship between gGDP and gm:

gGDP =1.153+0.614gm R2 =0.959

(0.040)

According to Kaldor (1975: 893) and Thirlwall (1987: 186) an important property of the

above estimated regression equation is that the slope coefficient (0.614) is significantly less

than unity. This implies that the greater the excess of the rate of growth of manufacturing

output (gm) over the rate of growth of the overall economy (gGDP), the faster the overall

growth rate. If we set gGDP= gm it is shown that growth rates above 3 percent are found only

in countries where the rate of growth of manufacturing exceeds the overall growth rate of the

economy or alternatively, where the share of the manufacturing sector in the overall economy

is increasing. Therefore equation (1.1) does not capture the idea of increasing or decreasing

returns , per se, but rather shows for what level of economic growth manufacturing is in excess

of overall economic growth. In this sense, it can be said that growth in manufacturing is

driving overall economic growth .

Kaldor argued that the relationship given in equation (1.1) is characteristic of the transit ion

from "immaturity" to "maturity," where "immaturity" is a situation in which productivity is

lower in activities outside of industry (agriculture in particular) and labour is in relativel y

abundant supply for use in industry (Thirlwall, 1983: 347). In the literature , the sector that

provides surplus labour , is generally thought of as agriculture, because in the early stages of

10 Note that the intercept and slope coefficients in all equations use a sub-script and super-script. The sub-script shows which of Kaldor 's

laws are being estimated (i.e. law one, two or three) whereas the super-script shows which specification is estimated for each of the three

laws. Therefore the super-script does not indicate that the parameter values are in power-form.
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development a large portion of the population der ives its living from agriculture. I I However

surplus labour, or disgui sed unemployment in the serv ices sector, had been just as prevalent in

Victorian England, as in India, or Latin America in the 1970 's, as there were large numb ers of

people who derived a living in urban areas as hawkers, petty tradesman, servants and the like

on very low earnings (Kaldor, 1968: 387).12

The specification given in equation (1.1) is essentially the crux of the Kaldor argument, and if

there is a strong and positive relation estimated for the above regression equation, this is

tantamount to establishing the view that the industrial sector, manufacturing in particular, is

the driving force behind economic growth in a country. However what accounts for the fact

that the faster manufacturing output grows relative to GDP , the faster GDP seems to grow?

Alternatively, what is special about industry, and manufacturing in particular, which accounts

for the empirical association given in equation (1.1) and which makes industry the engine of

growth? Thirlwall (1983 : 349 ; 1999 : 78) states that differences in the growth of GDP are

generally credited to differences in the rate of growth of labour productivity. This means that

the expansion of the manufacturing sector leads to a rise in overall productivity (Drakopoulos

and Theodossiou, 1991: 1684) . This is expected for several reasons (Thirlwall, 1983).

I I The re-allocation of labour is captured in the Lewis model (1954 and 1958) where the economy consists of two sectors. Firstly, a

traditional, rural subsistence sector with very low productivity surplus labour and secondly a high productivity modem urban industrial

sector into which labour from the former sector is slowly transferred (Todaro, 1982: 233). Due to low productivity in agriculture, many

developing countries, being agriculture dependent, experience slow rates of development and growth (Thirlwall, 1999: 127). An explanation

for the existence of labour surplus is analogous to Keynes' definition of involuntary unemployment where a labour surplus exists when a

faster rate of increase in the demand for labour in the high-productivity sectors causes a faster rate of labour-transference even when it is

attended by a reduction, and not an increase. in the earnings-differential between the different sectors (Kaldor, 1968: 386). According to

Lewis, the existence of surplus labour in the factor contribut ion process plays a major role in development and growth. Labour transfer in

the Lewis model is explained by the wage differential between the traditional agricultural sector and the urban industrial sector. Lewis

assumed that urban wages would have to be at least 30 percent higher than the average rural income to induce workers to migrate (Todaro,

1982: 233). This idea of labour abundance or surplus labour in chiefly diminishing returns activities (agriculture in particular) that can be

transferred to increasing returns activities (industry in part icular) is a basis for Kaldorian growth theory.

12 According to Kaldor (1 968: 387) this relates to both the self-employed and employees alike. In the population Census of 1891 , 15.8
percent of the economically active population was employed as domestic servants. In the Census of 1961the figure was 1.4 percent. The

reduction cannot be explained with respect to a shift in consumer preferences or by the assumption that domestic services is an inferior good

with a negative income elasticity of demand, but rather by the growing absorption of surplus labour in the economy which led to a rise in

wages for domestic services in excess of the general rise in wages.
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Firstly, where industrial production and employment are rising, additional labour inputs are

drawn from other sectors that have disguised unemployment (where there is no relation

between employment and output) . The existence of surplus labour, or disguised

unemployment in the low-productivity sectors of the economy (agriculture and services being

the two predominant sectors) means that labour can be transferred to manufacturing without

an adverse impact on the output of these sectors (Kaldor , 1968: 386). Likewise, the

expansion of industry automatically causes an increase in the stock of capital employed in

industry. Hence in activities outside of manufacturing that are subject to diminishing returns,

the marginal product of labour is less than the average product of labour (Thirlwall , 1999: 78).

Consequently, as labour is drawn from these activities into industry as industry expands , the

marginal product of labour (representative of labour productivity) rises in non-industrial

activities.

The second reason encompasses the existence of increasing returns, both static and dynamic.

This means a relation is to be expected between the growth of industrial output , and the

growth of labour productivity in industry. Static returns are indicative of large-scale

production whereby the mass production of commodities leads to them being produced at a

lower average cost (Thirlwall , 1999: 78). Dynamic returns relate to the induced effect that

industrial output growth has on capital accumulation and the characteristic of new technical

progress in capital, external economies in production and the like (Thirlwall , 1983: 349).

Labour productivity also increases , as industrial output grows through the process of learning

by doing (Thirlwall, 1999: 78). Human capital , being representative of the training and

education of the factor labour input, leads to more trained scientists and engineers for example

and can accelerate research, development and hence labour productivity. An increase in

labour productivity brought about by human capital development is a fundamental concept in

both Kaldorian and new growth or endogenous growth theory.

A third reason surrounds the presence of economies of scale, or increasing returns to scale,

which causes productivity to rise in response to, or as a by-product of the increase in total

output. Classical economists contend that manufacturing activities are subject to the "law of
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increasing returns", the origin of this doctrine, credited to Adam Smith 13 in his famous treat ise

Wealth of Nations. Adam Smith argued that the return per unit of labour input (now

commonly referred to as productivity) depends on the division of labour : specialisation and

the division of production into many different processe s as shown by his famous example of

pin-making. In Smith 's own explanation, the division of labour is dependent on the size of

the market, and the greater the market, the greater the degree to which differentiation and

sepcialisation takes place, leading to a rise in productivity (Kaldor, 1966: 287).

Kaldor (1966 : 288) stated that Allyn Young '? viewed increasing returns as a "macro

phenomenon". Although so much of the economies of scale emerge as a result of increased

differentiation, the development of new production processes and new subsidiary industries,

they cannot be "discerned adequately by observing the effects of variations in the size of an

individual firm or of a particular industry." (Young, 1928, cited by Kaldor, 1966: 288) At any

particular point in time, there are industries where economies of scale have stopped being

important. They may nonetheless, benefit from a general industrial expansion which, as

Young said, should be "seen as an interrelated whole". With the extension of the division of

labour principle "the representative firm, like the industry of which it is a part, loses its

identity". It is in this sense, the "macroeconomic" sense, that Kaldor views increasing returns

to manufacturing or the industrial sector, as having a positive impact on overall productivity

and economic growth.

The fact that growth of manufacturing output correlates positively, or highly with the growth

of GDP is not a surpris ing result , as the manufacturing sector does constitute a reasonably

large portion of GDP. In Kaldor's original study (1966) he noted that , for the countries

surveyed, manufacturing contributed approximately 25 - 40 percent of total GDP. In South

Africa , for the study period 1946 - 1998, on average, manufacturing contributed about 18.4

percent and the overall secondary sector contributed about 26.1 percent to overall GDP. This

is consistent with the study undertaken by Drakopoulos and Theodossiou (1991 : 1683) for the

Greek economy, where the share of manufacturing in the overall GDP increased from 11.5

13 Smith, A. (1776 ) An Inquiry into the Nature and Causes ofthe Wealth ofNations, London : Macmillan edn ., 1936.

14 Young, A. (1928) Increasing Returns and Economic Progress, Econo mic Jo urnal, Vol. 38, December, pp. 527 - 542.



36

percent in 1951 to 21 percent in 1973. However Bairam (1991: 1277) believes that the

specification for equation (1.1) could be spurious as gGDP and gm are related by definition.

However Thirlwall (1983: 348) says the strong relationship between the two variables is not

merely because manufacturing output contributes a large share of total output because

equation (1.1) rather measures the excess of manufacturing output over total output.

The argument that the strong correlation between gGDP and gm is because manufacturing

output constitutes a large proportion of total output is refuted , if there is a strong relation

between the growth of non-manufacturing output (gnm) and the growth of manufacturing

output as given in equation (1.2). Thirlwall (1983: 348) found that there was an almost

identical relation between gnm and gm hence the results for equation (1.1) and (1.2) were quite

similar:

(1.2)

Another implication of law one is that there must also be a positive relationship between the

overall rate of economic growth and the excess of the rate of growth of manufacturing output

over the rate of growth of non-manufacturing output (Thirlwall, 1983; Drakopoulos and

Theodossiou, 1991). This is given in equation (1.3):

(1.3)

From the analytical framework expounded with respect to law one, there should be no

correlation between the rate of growth of GDP and either the growth of agriculture (Thirlwall ,

1983: 348; Drakopoulos and Theodossiou, 1991: 1684) or mining (for the purpose of the

South African economy) because growth in the Kaldorian model is industry-led.

However there should be a correlation between the growth of GDP, and the growth of

services (equation 1.4 in chapter four), and the relation , in Kaldor 's original study, was nearly

one-to-one. Kaldor contended that the direction of causation is most likely to be from the

growth of GDP to service sector growth, rather than the other way around (Thirlwall, 1983:
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348). This strong positive correlation with a regression slope coefficient not statistically

different from unity is because the demand for services is a result of the demand for

manufacturing output itself (Drakopoulos and Theodossiou, 1991: 1684). Likewise, the

demand for most services can be seen as being derived from the demand for manufacturing

output (equation 1.5 in chapter four) and hence the expectation that the slope coefficient is

positive. The growth of industry itself gives rise to the growth of services of many kinds,

which are both complementary and ancillary (demand for services like transport, distribution,

accountancy, banking services etc. are derived from, but do not generate industrial activities)

to the industrial sector. Thus total employment in services tends to increase during the

process of industrialisation, though less (in relation to the growth of total output) when the

growth in total output is relatively fast (Kaldor, 1968: 387) .

Alternatively, other specifications for law one will be tested in light of the unique structure of

the South African economy. This includes regressing , in tum, the growth of GDP on the

growth of the overall primary sector , the growth of agriculture, forestry and fishing, the

growth of mining and quarrying and the growth of the overall industrial or secondary sector

(equations 1.6 to 1.9 in chapter four) .

3.2.4 Kaldor's Second Law

The faster growth of manufacturing output generates faster growth of productivity in the

manufacturing sector, due to static and dynamic returns . This second law is commonly

referred to as Verdoorn 's law (Verdoorn, 1949, 1980; Thirlwall, 1983) after the Dutch

economist PJ. Verdoorn who first found such a relationship for Eastern European countries in

the 1940's. Productivity can be defined as:

p =q -e

In the above explanation for productivity, p is the annual rate of growth of productivity, q is

the annual rate of growth of output and e is the annual rate of growth of employment. An

important point to note is that all observations for p , q and e are in percentage change format,
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so as to represent the percentage growth from one year to the next. Thus as all level-form

variables are in percentage change format , we can say that productivity growth is measured as

output growth minus employment growth or p = q - e. 15 In considering the second and third

laws, use will be made of the above formulation of productivity growth for the manufacturing

and non-manufacturing sectors .

For the manufacturing sector this relation shows that there is a positive relationship between

the rate of growth of labour productivity in the manufacturing sector, and the rate of growth of

manufacturing output (Kaldor, 1966: 306; Thirlwall , 1983: 350; Drakopoulos and

Theodossiou, 1991: 1685; Delivani , 1992: 1357). In general, since increasing returns are

associated with the manufacturing or industrial sector , productivity increases in this sector.

Therefore Kaldor 's second law postulates that there exists a positive relationship between the

rate of growth of labour productivity in the manufacturing sector (Pm) and the rate of growth

of manufacturing output (gm) (Drakopoulos and Theodossiou, 1991: 1685):

(2.1)

In equation (2.1) b~ represents the functional relationship that Kaldor hypothesised to be

positive (Thirlwall, 1999: 79). From equation (2.1) the coefficient of gm is generally referred

to as the Verdoorn coefficient and typically has a value of approximately 0.5 (Thirlwall, 1999:

80). Equation (2.1) is a very common formulation of law two, and has been used by other

researchers (Stoneman, 1979; Thirlwall , 1983; Mizuno and Ghosh , 1984; Drakopoulo s and

Theodossiou, 1992).

However Kaldor (1975: 891) preferred to write equation (2.1) in the form shown in equat ion

(2.2). This stems from the fact that Kaldor regarded the existence of a significant relationship

IS If productiv ity is defined as output per labour input, then P = Q/E. If we now take logs, to obtain the linear form of this identity at time I,

we have: log P, = log Q,- log E,. If this relationship holds at time I, then it must hold at time 1-1. Hence we now have: log p, / = log Q,./ _

log E,/ . Ifwe find the difference between the two equat ions above, we now have: log P,- log P,./ = log Q, - log Q,./ - (log E,- log E,./) . If

logged variables are shown in lowercase, we now have p = q - e where the lowercase variables represent the percentage growth of

product ivity, output and employment, respectively.
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between the growth of emplo yment and output as the main test for deciding whether the

Verdoorn Law says something significant about reality, or whether it is a simple statistical

mirage. Note that equations (2.1) and (2.2) are the mirror image of each other , or two

different ways of looking at the same relation ship since gm =p; + em (Thirlwall , 1987: 189),

thus the symbols used for equation (2.2) accord with those from equat ion (2.1), but vary in

sign and size: 16

(2.2)

Equation (2.2) postulates that there exists a positive relationship between the rate of growth of

employment in the manufacturing sector (em) and the rate of growth of manufacturing output

(gm). According to Delivan i (1992: 1357) for economies of scale to exist , the coefficient for

gm should be approximately 0.5 in both equation (2.1) and (2.2) in order to guarantee that a

rise in output leads to a rise in both productivity and employment. From equation (2.2) we

see that an estimated value for b; of approximately 0.5 shows that a 1 percent growth in gm

leads to a 0.5 percent growth in em' This result implies that output growth exceeds

employment growth in manufacturing, and hence overall labour producti vity in manufacturing

increases . This is indicative of increasing returns in the manufacturing sector of the economy.

Kaldor (1975: 893) concludes by stating that a sufficient condit ion for the presence of static or

dynamic returns or economies of scale is the existence of a statistically significant relationship

between em and gm, with a regression slope coefficient which is significantly less than unity.

A regression slope coefficient of unity, or close to unity would be of the neoclassical kind in

that employment varies in a one-to-one relationship with output, and hence exhibits constant

returns (Kaldor, 1975: 893). In the event of this condition not being fulfilled , there are certain

possibil ities. Firstly, there is a significant relationship, but the regression coeffici ent of em on

gm, is either not significantly different from unity (representative of constant returns) or is

16 Equation (2.2) can be derived algebraically from equation (2.1) and hence the convention used in this instance of keeping the same

nomenclature for both equations. This shows how the sign and size of the constant and regression slope coefficient vary respectively

between the two equations. Given the identity p = q - e, then the mathematical specifications for equations (2.1) and (2.2) hold. See

Thirlwall (1983 : 352) and McCombie (1983 : 415) .
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significantly greater than unity (representative of decreasing returns). Secondly , if there is no

significant relationship between em and gm at all, this is equivalent to saying that the Verdoorn

Law has "broken down" (Cripps and Tarling, 1973) and hence the Verdoorn Law does not

apply.

Kaldor's second law raises the question of whether increasing returns to scale and diminishing

marginal product or marginal productivity of labour are incompatible. This contradiction is

implied by the a priori expectation for b~ in equation (2.1) that is found to approximate a

value of 0.5 in cross-country research. This means that a 1 percent growth in manufacturing

output leads to a roughly 0.5 percent growth of productivity in manufacturing and does not

seem to imply increasing returns. However increasing returns to scale refers to scale of

production, but not to input mix (variable input versus fixed input or variable input one versus

variable input two) . That is, it is possible to have increasing returns while marginal

productivity declines.

To explain the above concept further, equation (2.2) shows whether increasing returns to scale

exists, as it shows by how much manufacturing output is growing faster than employment

growth in manufacturing, whilst holding capital constant in the input mix.!7 But, overall scale

of production in manufacturing can be increased through the process of labour transfer, from

non-manufacturing to manufacturing activities. On the other hand, equation (2.1) merely

shows that overall productivity growth in manufacturing can be increased by the process of

labour transfer. As the process of labour transfer continues more rapidly, in the latter stages

of development, overall productivity may still be positive (total product is still positive) but

the rate of change in productivity or marginal productivity of labour in manufacturing is

declining. Hence the compatibility of increasing returns to scale and diminishing marginal

product. Thus equation (2.1) shows whether, overall , productivity in manufacturing is

increasing, but may not assert anything (Kaldor , 1975: 892) per se. If for instance , the

regression slope coefficient for equation (2.2) is 0.7 as opposed to 0.5 then , mathematically,

the regression slope coefficient for equation (2.1) must now be 0.3 as opposed to 0.5. This

17 McCombie (1983) states that the specification given in equation (2.2) may be sufficient to establish the presence of economies of scale, but

this depends upon the assumption concerning the rate of growth of capital.
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implies that the growth of labour productivity in manufacturing, given by equation (2.1), is

still positive and greater than zero, but shows that labour productivity is declining. A value

greater than 0.5 for bi in equation (2.1) means the value for (1 - b~) in equation (2.2) will

now be less than 0.5, by derivation, and this may suggest the presence of scale economies that

are particularly evident in the early stages of development (Thirlwall , 1999: 80).

However some doubt has been raised as to what is cause and what is effect in Kaldor 's

proposed specification given in equation (2.1). Hence the direction of causation is brought

into question. Some theorists have proposed that the direction of causation could be from

faster productivity growth, to faster output growth as faster productivity growth means

demand expands more rapidly through relative price changes. Thus in this sense, productivity

growth would be autonomous. However Kaldor argues that this does not adequately explain

large discrepancies in productivity growth in the same industry over the same time period in

different countries (Thirlwall , 1983: 350).

If productivity growth in manufacturing is faster, the faster the rate of growth in

manufacturing output , and this is the driving force behind overall economic growth In

countries where the share of manufacturing is increasing , one must ask what determines the

growth of manufacturing output? The explanation for this is revealed to some degree in

demand factors, and to some degree in supply factors. Both components, when combined ,

lead to fast growth, a characteristic of the intermediate stage of economic development.

"Following the arguments of Allyn Young, the more demand is focused on commodities with

a large supply response , and the larger the demand response (direct and indirect) induced by

increases in production, the higher the growth rate is likely to be." (Thirlwall , 1983: 351)

3.2.5 Kaldor's Third Law

The faster growth in manufacturing output leads to faster growth in productivity outside of

manufacturing, or in sectors other than manufacturing. This occurs as manufacturing draws

labour and other resources from non-manufacturing activities , without having a concomitant

reduction in output in these other sectors. This process implies increasing labour productivity
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in the non-manufacturing sector. The degree to which this process takes place varies from

economy to economy, but in a mature , industrialised economy, there may be little or no scope

for such labour/resource transfer, which tends to slow growth in such an economy.

In describing his notion of "economic maturity" Kaldor (1975: 385) stated this explicitly "as a

state of affairs where real income per head had reached broadly the same level in the different

sectors of the economy." In this sense, there would be reduced scope for labour transfer from

agriculture to manufacturing, for instance. Hence this is a situation where surplus labour is

exhausted, and the end of the dual economy begins, as "growth with unlimited supplies of

labour" (using the phrase coined by Arthur Lewis), is no longer possible . Bairam (1991:

1277) states that the industrial sector is the engine of growth, not only due to surplus labour

and low productivity in the non-industrial sectors , but also because it generates extra demand

for output supplied by the non-industrial sectors (Cornwall, 1976, 1977).

Kaldor (1968: 386) contends that it is the rate at which labour is transferred from the surplus

sectors to the high productivity sectors, which determines the growth rate of productivity for

the overall economy. The major part of this process concerns the fact that the growth of

productivity is accelerated as a result of the transfer at both ends, both the gaining-end and the

losing-end . Firstly, because of increasing returns, productivity in industry rises faster given

the faster output expands, and secondly, when the surplus-sectors lose labour, the productivity

of these sectors is also bound to rise.

The Third law postulates that there exists a positive relationship between the growth of

manufacturing output , and the growth of productivity outside of manufacturing or

productivity in non-manufacturing (Pnm):

(3.1)

In equation (3.1) the regression slope coefficient b~ represents the functional relationship that

is assumed to be positive (Thirlwall, 1999: 79). From equation (3.1), we can say that the

faster the growth of manufacturing output , the faster the rate of labour being transferred from
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non-manufacturing to manufacturing. This means that overall productivity growth is

positively correlated with the growth of output and employment in manufacturing, but

negatively correlated with the growth of employment outside of manufacturing (Thirlwall ,

1983: 354).

Thirwall (1999: 80) proposes an alternative approach to estimating law three as it may be

difficult to establish productivity growth in numerous activities outside manufacturing,

especially the service sector where output can only be measured by inputs , for instance

teaching, healthcare and the civil service . Thus we can test the postulated relationship for law

three indirectly by regressing overall productivity growth, or the rate of growth of GDP per

employed person (PGDP) (Kaldor, 1975: 894) on employment change in non-industrial, or non

manufacturing activities (enm) holding constant the effect of output growth in industry or

manufacturing (gm) (Drakopoulos and Theodossiou, 1991: 1685). This relationship is given

in equation (3.2) and the expectation is that ci is less than zero (Thirlwall, 1999: 80; Cripps

and Tarling, 1973). This particular specification for law three was used to test the Kaldorian

approach to regional economic growth in China (Hansen and Zhang, 1996):

(3.2)

Another specification of the third law can be used to reconcile the a priori predictions posed.

This means that overall productivity growth must be positively correlated with employment

growth in manufacturing, and negatively correlated with the growth of employment in non

manufacturing (Thirlwall, 1987: 193; Drakopoulos and Theodossiou, 1991: 1685). This

specification is given in equation (3.3) and once again the expectation is that c; is less than

zero (Thirlwall , 1987: 193; Cripps and Tarling , 1973):

(3.3)

Cripps and Tarling (1973) find support for Kaldor 's third law in that the sample of countrie s

they surveyed, showed that the supply of labour from the primary sector (agriculture and
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mining) was consistently higher for countries with a faster growth of output. Also, the

association is far stronger than for total employment growth, thus suggesting that the primary

sector is a more vital source of labour in fast growing countries. This lends support to the

Lewis growth model and the complementary relationship between industry and agriculture .

Cripps and Tarling also find that a negative relationsh ip exists between the growth of output

and the absorption of labour by the tertiary sector (Thiriwall, 1983: 355), but no relation

between the growth of output and employment in the non-manufacturing sector. This implies

that, "growth can be accelerated by diverting labour to manufacturing where there is a

correlation, and this is a plank in Kaldor ' s argument." (Thiriwall, 1983: 355)

The argument surrounding diminishing returns and increasing returns activities has important

policy implications . Neglecting the manufacturing sector and foreign trade sector can be

detrimental to growth. Long-run growth of output, in the neoclass ical sense, cannot be

viewed as being determined exogenously by the long-run rate of growth of the total labour

force and technical progress. Thus the growth of labour force, capital accumulation and

technical progress are mainly endogenous to the economic process dependent on the strength

of export demand relative to import demand in an open economy (Thirlwall, 1983: 343).

An important implication of the assumptions underlying the Kaldor model is that economic

growth is demand-induced (hence the Kaldor model being Keynesian in nature) and not

resource-constrained. Economic growth is to be explained by the growth of demand, which is

exogenous to the industrial sector" and not by the (exogenously given) growth rates of the

factors of production, labour and capital, together with some (exogenously given) technical

progress over time (Kaldor , 1975: 895). Finally, according to Kaldor (1975: 893), the

remarkable correlation between the growth of GDP and the growth of manufacturing output,

asserts that labour absorbed in manufacturing does not diminish output in the rest of the

economy. This occurs because the existence of surplus labour in agriculture (and also

18 According to Kaldor (1975) saying that growth is explained by the rise in demand, which is exogenous to the growing sectors , may be a

simplification, but does not invalidate statistical inferences drawn from it. The growth of industrial output is governed in part by the growth

of productivity, which in itself affects demand through the change in competitiveness induced by it. It is this reverse link that accounts for

the cumulative and circular nature of growth processes . There is a bilateral relationship from demand growth to productivity growth and

vice-versa, but the second relationship, in Kaldor 's view, is far less regular and systematic than the first.
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services) is only eliminated at a late stage of industrial development, or at the stage of

"economic maturity".

3.2.6 Additional Laws

The inclusion of laws four and five are explained briefly, but are beyond the scope of this

thesis. Law four extends the previous three laws to consider export demand for local

manufactured goods, as well as demand outside of manufacturing. Hence Thirlwall (1983:

346) proposes a fourth law that states that faster growth in manufacturing depends on the

growth of demand from outside manufacturing. The point that Thirlwall stresses is that

outside demand may be in the form of exports to other countries which alleviate the balance

of payments constraint on growth (Dixon and Thirlwall, 1975, 1979 and Cornwall , 1977).

According to Scott (1989: 344) a fifth law could be included, "namely, that success breeds

success and failure failure, but that seems implicit in the above four laws."

3.2.7 Summary

Sections 3.2.2 - 3.2.6 outline the theory and application of the Kaldor growth model.

Sections 3.2.3 - 3.2.5 give a detailed explanation of the economic theory and a priori

expectations surrounding Kaldor 's three laws of economic growth. These three laws form the

basis for the application of Kaldorian growth theory to the South African economy, which is

the focus of this thesis. Essentially, we have shown that, according to the Kaldorian

approach, growth in manufacturing output is positively related to the growth in overall GOP

(law one), growth of productivity in manufacturing (law two) and growth of productivity in

non-manufacturing (law three) respectively. This means that growth in manufacturing output

has a more pervasive effect in that it leads to growth of productivity in the other non

manufacturing sectors of the economy, and hence drives overall economic growth.
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3.3 The Industrial Sector and Manufacturing

In undertaking a study of this nature, controversy may arise as to the exact meaning of the

industrial sector of an economy. This section briefly outlines what comprises the industrial

sector, but more importantly, · how past studies have distinguished between the overall

industrial sector and manufacturing in testing Kaldor's growth laws. The overall industrial or

secondary sector of an economy comprises three major categories or sub-groups according to

the SIC, namel y, manufacturing, construction and public utilities (electricity, gas and water) .

However certain studies use the term manufacturing to encompass all activities within the

secondary sector, whilst others use this terminology to embody the strictest sense of the word,

and hence only the manufacturing sector. Other studies have used manufacturing and

construction together to explain industrial output.

To explain the meaning of the term manufacturing and the implications for growth, Kaldor

(1966) stated, "the contention that I intend to examine is that fast rates of economic growth

are associated with the fast rate of growth of the ' secondary' sector of the economy - mainly

the manufacturing sector - and that this is an attribute of an intermediate stage of economic

development: it is the characteristic of the transition from ' immaturity ' to 'matur ity'; and that

the trouble with the British economy is that it has reached a high stage of 'maturity' earlier

than others, with the result that it has exhausted the potential for fast growth before it had

attained particularly high levels of productivity or real income per head. "

Kennedy (1971: 112) stated that Kaldor (1966) contended that the link between output and

productivity growth was typically associated with the secondary sector (industrial production

including public utilities, construction and manufacturing) rather than with the primary

(agriculture and mining) or tertiary sectors of the economy. Notwithstanding Kennedy's

understanding of the term ' industrial sector' in Kaldor's own words, we are mainly concerned

with the manufacturing sector's contribution to overall growth.

In the study conducted by Drakopoulos and Theodossiou (1991) the definition of industry

includes both manufacturing and construction, "an established practice followed by a great
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number of theorists and students of the Greek economy" (Drakopoulos and Theodossiou,

1992: 1360) as the Greek economy is strongly characterised by the predominance of self

employed or small-scale building contractors. However studies that have tested the behaviour

of the construction sector in the context of a Kaldorian model have found that it is very

similar to the industrial or manufacturing sector (McCombie and de Ridder , 1983: 376 - 383).

This indicates that the construction sector is not likely to have distorting effects (Drakopoulos

and Theodossiou, 1992: 1360).

Drakopoulos and Theodossiou (1992: 1360) use both manufacturing and industrial output in

their paper. This was to accommodate studies that used one or the other, or even both. In this

thesis , manufacturing is used in the strictest sense of the word and adheres to the SIC

definition for manufacturing. However in testing Kaldor's first law, equation (1.9) uses the

overall secondary sector as the independent variable to see if the results for this specification

differ significantly from the results estimated for equation (1.1).

To conclude on the topic of manufacturing and the debate surrounding the exact meaning,

various commentators explicitly state that the choice of term is irrelevant to the argument at

hand (Thirlwall, 1983). Drakopoulos and Theodossiou (1991: 1686) found quite similar slope

coefficients for the Greek economy when regressing GDP growth on manufacturing growth

and overall industrial sector growth respectively. Thus Drakopoulos and Theodossiou (1992:

1360) in replying to comments made by Delivani (1992) state that, "the results of the two

separate formulations are very similar. This implies that even if construction is excluded , the

validity of the model is not affected ."

3.4 Conclusion

Chapter three outlined the basic propositions of the Kaldorian model of economic growth. In

tum, a more detailed discussion was made surrounding the three laws as expounded by

Kaldor (1966). These laws were also discussed with reference to a later study undertaken by

Drakopoulos and Theodossiou (1991). In general, the growth in manufacturing output is

positively related to the growth in overall GDP (law one), growth of productivity in
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manufacturing (law two) and growth of productivity in non-manufacturing (law three)

respectively. Thus essential to understanding the Kaldorian approach is that , the industrial

sector (manufacturing in particular) is the driving force behind overall economic growth.

Central to the argument is that growth can be achieved by labour transfer from diminishing

returns activities, (mining and agriculture in particular, but also services), to increasing returns

activities (manufacturing or the industrial sector). This process implies that overall

productivity can be increased without hampering output growth in the non-manufacturing

sectors of the economy due to the existence of a labour surplus or disguised unemployment in

these sectors. Given that productivity in non-manufacturing is rising and productivity in

manufacturing is positive, this is representative of economic growth.
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CHAPTER FOUR

EMPIRICAL RESULTS AND DISCUSSION

4.1 Introduction

This chapter presents the empirical results for the Kaldorian model of economic growth as

applied to South Africa. The results reported are discussed with respect to each of the three

Kaldor growth laws. One must note however that Kaldor 's original study was undertaken to

help explain growth differences between advanced capitalist countries (Kaldor, 1966).

Further, the most rigorous test of the theory in question is to survey a cross-section of

countries or a cross-section of regions within a particular country (Thirlwall , 1999: 79). Since

this study is similar in nature to that undertaken in recent times (Drakopoulos and

Theodossiou, 1991; Bairam, 1991) we make use of time series data for output and

employment for the various SIC categories in South Africa.

4.2 Econometric Tests

4.2.1 Introduction

Before discussing the estimated regression results pertaining to Kaldor 's three growth laws, a

brief discussion of certain econometric testing procedures is made. These tests, amongst

others , will be undertaken so as to validate the results obtained. The major tests that will be

performed are the Ramsey RESET test for specification error, and the Durbin and Watson d

test for autocorrelation. In the presence of first-order serial correlation or autocorrelation, the

method of generalised least-squares (GLS) will be employed to obtain more efficient

estimators.
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4.2.2 Ramsey's RESET Test for Specification Error

An important assumption of the Classical Linear Regression Model (CLRM) is that the

econometric model used in the analysis is correctly specified (Gujarati, 1995: 472) . Thus in

estimating the various functional forms for the postulated models (generally two-variable in

nature and may exclude other possible explanatory variables for overall output growth and

productivity growth), the Ramsey RESET test (1969) will be used to ascertain, if indeed, the

models postulated suffer from either the omission of any possible variables or, more

importantly, an incorrect functional form. Important to note in specifying the correct form of

a model in econometric study, is that a statistical relationship between var iables does not

necessarily imply causation, but rather should be determined a priori, or by way of theoretical

consideration (Gujarati, 1995: 21).

A distinct advantage of the RESET test is that it is relatively simple to apply, but a possible

drawback is that it does not specify the alternative model to be used. Thus knowing that a

model is mis-specified does not assist in specifying a more suitable alternative (Gujarati,

1995: 466). However in general, model mis-specification does not seem to be a problem in

this study as shown by the results reported later in this chapter.

The following test is a general test for regression specification error, namely, RESET

(Ramsey, 1969). The functional form of the model to be run and the steps are adapted from

Gujarati (1995: 464 - 466).

1. From the estimated equation, obtain the predicted 1; or 1; .

2. The OLS regression is now run with Y; included as an additional regressor, but in a

power form .
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3. From the above regression, obtain the new R2 and this in turn will be used in conjunction

with the old R2 to calculate an F value to determine whether there is indeed a statistically

significant increase in the overall fit of the new model.

F = (R:ew - R;/d) / number of new regressors

(1 - R:ew) /(n- number of parameters in the new model)

4. The critical values of the F distribution (RESET test) for the two-variable model

postulated in all three laws as well as the three-variable models postulated in laws two and

three , are given in Appendix B, Table 8.1 . The null hypothesis for all RESET tests is that

the model is correctly specified.

Note that the sample size for law one is 52 observations, whereas the sample size for laws

two and three are 26 observations respectively. In Table 8.1, DF} refers to the degrees of

freedom in the numerator and DF2 refers to the degrees of freedom in the denominator.

Critical values for the F distribution are given at the 1, 5 and 10 percent levels and are

approximate values.

4.2.3 Durbin-Watson d Test for Autocorrelation

The term autocorrelation can be defined , in the modelling of time series data, as the

correlation between members of series of observations ordered in time (Gujarati , 1995: 400) .

Simply put, "the classical model assumes that the disturbance term relating to any observation

is not influenced by the disturbance term relating to any other observation." (Gujarati, 1995:

401) In the presence of autocorrelation, OLS estimators are still linear and unbiased as well

as consistent (due to the OLS procedure), but are no longer efficient or no longer have

minimum variance among all estimators (Gujarati , 1995: 410). Thus they are no longer 'best '

or best-linear-unbiased-estimators (BLUE). A test for autocorrelation or serial correlation is

that formulated by Durbin and Watson (1951) and will be performed to check for the presence

of positive first-order serial autocorrelation.
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The following test procedure is adapted from Gujarati (1995: 423).

1. Run the original OLS regression and save all residuals .

2. Calculate the d statistic using the following formula: Note , SHAZAM econometric

package calculates this value routinely, as well as specifying the relevant RHO value.

3. For law one, given the sample size (n) of 52 observations and number of explanatory

variables excluding the constant term (k' = 1), the approximate critical limits for the lower

and upper bounds at the 5 percent (a = 0.05) level are di = 1.503 and do = 1.585. For

laws two and three, where n is 26 observations, the critical limits for the lower and upper

bounds at a = 0.05 for k' = 1 are di. = 1.302 and du = 1.461. Alternately, the critical limits

for the lower and upper bounds at a = 0.05 for k' = 2 are dL = 1.224 and du = 1.553.

4.2.4 Remedial Measures: When the Structure of Autocorrelation Is Known

In reporting econometric results, the presence of serial correlation (autocorrelation) in the

disturbances (Ut) has a direct bearing on the reliability of the estimated regression coefficients ,

as the OLS estimators are inefficient. Thus under OLS estimation that disregards

autocorrelation, the usual t and F tests of significance are no longer valid, and may hence give

erroneous conclusions regarding the statistical significance of the estimated regression

coefficients (Gujarati, 1995: 411).

Since, for our purposes, the structure of autocorrelation (p) is known (as SHAZAM uses the

Cochrane-Orcutt iterative procedure to estimate p , (Cochrane and Orcutt, 1949)) we can

apply the method of GLS to transform all observations. Note that, the other procedures for

estimating p yield "quite similar" results (Gujarati , 1995: 435) Hence using the procedure (

undertaken by SHAZAM is more than adequate for our purposes.
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The OLS procedure can now be applied to the transformed variables. As the mathematical

derivation of the GLS procedure is beyond the scope of this thesis , the reader can refer to

Gujarati (1995: 427) for further details. The GLS regression is used to obtain more reliable or

efficient OLS estimators. The procedure is given as follows , and will be applied where level

form regression results exhibit serial correlation. Note, that on observation of both the OLS

(level-form variables) and GLS (transformed variables) regression results reported, there is

generally no significant difference in the predictive power (R2
) of the models, coefficients, t

and F tests , but rather that the problem of serial correlation is now corrected for.

Where:

j( = ,01(1 - p)
~. = (~ - P~-l)

X;I = (XII - pXII_J

X;I = (X21 - pX21_1)

Note, to avoid the loss of one observation (as the above process clearly uses a first-difference

procedure) the first observation for Y, Xlt and X2t can be transformed as shown below and uses

the Prais-Winsten (1954) transformation. This is especially important when dealing with the

regression results reported in small samples:

4.2.5 Summary

This section has outlined the various econometric tests that will be performed on all estimated

regressions. The Ramsey RESET test is used to check for model specification error whilst the

Durbin-Watson test for autocorrelation is used to indicate the presence of serial correlation. If

an estimated regression suffers from autocorrelation, the method of generalised least-squares
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will be used as a remedial measure to correct for autocorrelation and provide estimated results

that are now BLUE.

4.3 Analysis of Empirical Results

4.3.1 Introduction

The following three sections discuss the estimated econometric results as obtained from

SHAZAM for the three Kaldor growth laws . This section only presents the summarised

results for models that are not autocorrelated or, where autocorrelation is detected, remedial

measures have been taken and the summarised results are reported. However the results of all

regressions undertaken are reported in Appendix D. All estimated regression models are

appropriately labelled so as to accord with the equation numbers in chapter three. Further,

note that variables with a star (*) represent autocorrelated-adjusted variables (tantamount to

performing the GLS procedure) with the corresponding autocorrelated regression results

being posted in Appendix D. Likewise, results for the RESET test that have two stars (**)

indicate acceptance of the null (model is correctly specified) at the 1 percent level of

significance whilst a cross (t) indicates rejection of the null hypothesis. The estimated

regression results reported for all three of Kaldor's growth laws, generally support the

Kaldorian approach. This means that economic growth in the South African context can be

explained, to a large degree, by the Kaldorian model.

4.3.2 Kaldor's First Law

g GDP = 1.1 78+ 0.469gm (1.1)

se (0.261) (0.039)

t (4.521) (12.02)

R2
= 0.743 df = 50

F = 144.598 DW = 2.195

Reset (2) = 1.911, Reset (3) = 0.937, Reset (4) = 1.782
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The regression results obtained for the first law support the view that the manufacturing sector

is the ' engine of growth ' . The regression results for equation (1.1) confirm the a priori

prediction that b: is greater than zero. A regression coefficient significantly less than unity

(0.469) shows that the greater the excess of the rate of growth of manufacturing output over

the rate of growth of the economy as a whole , the faster the overall growth rate (Thiriwall ,

1987: 186). The reported results in equation (1.1) are quite similar to those found by Kaldor

(1966) and Orakopoulos and Theodossiou (1991) . Hence a 1 percent growth in

manufacturing output leads to a roughly 0.47 percent growth in overall GOP. Setting g GDP =

gm it can be shown that, on average, annual growth rates above 2.2 percent for South Africa,

over the study period 1946/47 - 1997/98, are representative of years where the rate of growth

of manufacturing is in excess of the overall growth rate of the economy.

The overall fit of the model (R2
) is good with manufacturing explaining 74 percent of the

growth in overall GOP, ceteris paribus. The overall model fit is substantiated by a high value

for F of 144.598 and both values for t show that the estimated coefficients are statistically

significant. The OW statistic of 2.195 indicates the absence of first-order serial correlation.

Further, the model is correctly specified at the 5 percent level as shown by the low values for

all RESET tests . Thus from the estimated regression results , it seems evident that

manufacturing is the driving force behind economic growth. This result supports the original

finding by Kaldor (1966 : 285).

i .: = 1.673+0.432gm (1.2)

se (0.39 7) (0.059)

t (4.219) (7.275)

R2 =0.514 df =50

F = 52.929 DW = 2.58

Reset (2) = 0.786, Reset (3) = 0.536, Reset (4) = 0.355

The regression results posted for equation (1.2) also support the a priori prediction that b
1
2 is

greater than zero. A regression coefficient (0.432) with a reasonably high R2 of 51 percent is

not dissimilar to that found by Kaldor (Thirlwall , 1987: 187). Hence a 1 percent growth in
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manufacturing output leads to a roughly 0.43 percent growth in non-manufacturing output,

ceteris paribus. Also , note that the estimated regression results for equation (1.1) and (1.2) are

very similar, thus supporting the finding of Thirlwall (1983).

The overall model fit is substantiated by a high value for F of 52.929 and both values for t

indicate that the estimated coefficients are statistically significant. The DW statistic of 2.58

indicates the absence of first-order serial correlation. Further, the model is correctly specified

at the 5 percent level as shown by the low values for all RESET tests. Thus the growth in

manufacturing is a strong determinant of growth in the non-manufacturing sector a result that

is consistent with the finding of Kaldor (1966: 304) .

g GDP = 2.774 +0.44(gm - gnm) (1.3)

se (0.31) (0.083)

t (8.959) (5.322)

R2 =0.362 df = 50

F = 28.322 DW = 1.856

Reset (2) =6.464"", Reset (3) =3.283"", Reset (4) =5.I34t

The regression results reported for equation (1.3) likewise support the a priori prediction that

hl
3 is greater than zero. The estimated regression results are quite similar to that found by

Drakopoulos and Theodossiou (1991: 1686). A regression coefficient (0.44) implies that

there is a positive association between the overall rate of economic growth and the excess of

the rate of growth of manufacturing output over the rate of growth of non-manufacturing

output. This result supports the earlier finding ofKaldor (1966: 304).

A lower value for the R2 of 36 percent is also similar to that estimated by Kaldor (1966), but

lower than the overall fit estimated by Drakopoulos and Theodossiou (1991: 1686) for the

Greek economy of 0.66. Hence a 1 percent growth in the difference between manufacturing

and non-manufacturing output leads to a roughly 0.44 percent growth in overall GDP, ceteris

paribus. The overall model fit is substantiated by a high value for F of 28 .322 and both

values for t indicate that the estimated coefficients are statistically significant. The DW
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statistic of 1.856 indicates the absence of first-order serial correlation. Further, note the

model is correctly specified at the 1 percent level for the RESET (2) and (3) tests whereas the

RESET (4) indicates that the model is not correctly specified . Thus despite possible evidence

of mis-specification, there is a positive association between the overall growth in GDP, and

the difference in growth of manufacturing and non-manufacturing output.

g~DP = 0.072+ 0.948g;ertiary (1.4)

se (0.329) (0.112)

t (0.219) (8.496)

R2 =0.591 df =50

F =72.179 DW =1.911

Reset (2) = 0.000, Reset (3) = 1.071, Reset (4) =0.752

The regression results reported for equation (1.4) support the hypothesis that there is a

correlation between the growth of GDP and the growth of services (tertiary sector of the

economy). The result is quite similar to that of Kaldor (1966: 305) and is nearly one-to-one

with a constant that is not statistically different from zero. This result is also similar to the

finding of Drakopoulos and Theodossiou (1991: 1686) in studying the Greek economy.

Hence the fact that the constant term is not statistically different from zero and the coefficient

of the services variable is very close to one, suggests that the causal relationship is from the

rate of growth of GDP to the rate of growth of output of services (Kaldor , 1966: 305). Thus

as the economy grows, the services sector tends to grow at roughly the same rate, ceteris

paribus. The predictive power of the model is reasonably high with an R2 of 59 percent. The

GLS procedure now implies that there is no evidence of positive first-order serial correlation

with a DW of 1.911. The model is also correctly specified at the 5 percent level as shown by

the reported values for all RESET tests .
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g ;eliary = 1.692 + 0.2 77g: (l .5)

se (0.283) (0.051)

t (5.971) (5.452)

R 2 =0.3 73 df =50

F = 29. 725 DW = 1.665

Reset (2) = 5.46]"· , Reset (3) = 3.123, Reset (4) = 4.429 t

The regression results reported for equation (1.5) support the statement that, demand for

services, is derived from the demand for manufacturing output. This result is supported by a

positive expected coefficient for g*m of 0.277 that is statistically significant. Overall, 37

percent of the growth in the services or tertiary sector can be explained by the growth in the

manufacturing sector. The DW statistic of 1.665 indicates the absence of positive first-order

serial correlation using the GLS procedure. However the model is correctly specified at the 1

percent level for the RESET (2) test, and correctly specified at the 5 percent level for the

RESET (3) test. However RESET (4) implies that the model is not correctly specified, but

note that this decision is marginal. Thus since the decision on model specification for

equation (1.5) is indecisive, we can say, prima facie, that a reasonably strong relationship

exists between the growth of services, and the growth of manufacturing output.

In light of the structure of the South African economy, and its dependence on the primary

sector (agriculture and mining and quarrying activities) the discussion now focuses on

analysing regression results to this end. Note, g aff and gmq represent the growth in agriculture,

forestry and fishing and mining and quarrying respectively.

g~DP = 1.6 74+ 0.225g~rimary (1.6)

se (0.283) (0.058)

t (5.920) (3.8 74)

R 2 =0.231 df = 50

F = 15.009 DW = 1.863

Reset (2)= 1.028, Reset (3)= 3.154, Reset (4)= 2.464
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g~DP = 1.595 + 0.059g;jJ (1.7)

se (0.289) (0.019)

t (5.510) (3.061)

R2 = 0.158 df = 50

F =9.371 DW =1.9 76

Reset (2) = 1.473, Reset (3) = 0.81, Reset (4) = 0.564

g~DP = 1.929 +0.172g:q (1.8)

se (0.317) (0.087)

t (6.087) (1.984)

R2 = 0.073 df = 50

F =3.936 DW = 1.898

Reset (2) = 2.435, Reset (3) = 3.623" , Reset (4) = 2.811

From the regression results reported for equation (1.6), it is evident that there is no strong

relationship between the growth of primary sector output (explanatory variable) and overall

growth in GDP (dependent variable) . This result is reinforced by equations (1.7) and (1.8) in

which the overall predictive power of both models is low. Hence the growth of output in

agriculture , forestry and fishing and mining and quarrying, do not adequately explain or

predict overall GDP growth, a fact noted and supported by similar findings (Thirlwall , 1987;

Drakopoulos and Theodossiou, 1991). This may be deemed a surprising result considering

that the agricultural and mining sectors are important activities in the South African economy.

However regarding the results reported in equation (1.8), we might expect the gold sector to

have a relatively strong relationship with overall GDP, but this relationship may be dampened

due to the aggregation of the overall mining and quarrying sector. Note that the low

predictive power of the models is not due to incorrect functional form or specification bias, as

all RESET values reported for equations (1.6) and (1.7) imply that these models are correctly

specified at the 5 percent level. Equation (1.8) is correctly specified at the 5 percent level for

the RESET (2) and (4) tests , but correctly specified at the 1 percent level for the RESET (3)

test.
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A final test of law one is to regress overall GOP growth on overall industrial or secondary

sector growth. This regression is used to negate any doubt as to what the term manufacturing

really encompasses.

g~DP = 1.252 +0.447g;econdary (1 .9)

se (0.265) (0.043)

t (4. 724) (10.28)

R2 = 0.679 df = 50

F=105.78 DW=1.734

Reset (2) = 9.211t , Reset (3) = 4.515·· , Reset (4) = 3.659··

From the regression results reported for equation (1.9) the overall predictive power and

coefficient for g·Secondary are quite similar in nature to that reported in equation (1.1) and help

substantiate the earlier statement that manufacturing is a good proxy for the overall industrial

sector in South Africa. However note the RESET (2) test implies that the model is not

correctly specified, but the RESET (3) and (4) tests imply that the model is correctly specified

at the 1 percent level. Notwithstanding the results given in equation (1.9) and possible

specification bias, the results still indicate support for the statement that the choice of using

only manufacturing or the overall secondary sector (for analysing law one) is irrelevant

(Thirlwall, 1983).

4.3.3 Kaldor's Second Law

McCombie (1983 : 415) shows the full specification and a priori expectations, for a~ and b~

using the formulation proposed in equations (2.1) and (2.2) in chapter three.

(2.1)

or

(2.2)
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From the above equations we can now estimate the econometric models that constitute the

above mathematical relationships. Note that for equations (2.1) and (2.2) above to hold, then

all level-form variables must be in percentage change format, an issue discussed in chapter

three.

The results obtained support the view that there is a reasonably strong relation between the

rate of growth of productivity in manufacturing, and the growth of manufacturing output for

the South African economy.

Pm = 0.044 +0.538gm (2.1)

se (0.494) (0.094)

(0.089) (5.710)

R2 = 0.576 df = 24

F =32.605 DW =1.506

Reset (2) =0.698, Reset (3) = 0.604, Reset (4) = 3.545"

em = -0.044+0.462gm (2 .2)

se (0.494) (0.094)

t (-0.089)(4.895)

R2 =0.5 df = 24

F = 23.956 DW = 1.506

Reset (2) =0.698, Reset (3) =0.604, Reset (4) =3.544**

The estimated regression results for equations (2.1) and (2.2) are consistent with those of

McCombie (1983: 415) . In terms of equation (2.1) , we can conclude that some kind of

Verdoorn relation was exhibited by the South African economy during the period 1970 

1996. The slope coefficient has the correct magnitude and sign of 0.538 and accords with the

a priori prediction (Thirlwall, 1999: 79). Thus a 1 percent increase in the growth of

manufacturing output leads to a roughly 0.54 percent increase in the growth of productivity in

manufacturing, ceteris paribus. Overall, the growth in manufacturing output explains about

58 percent of the growth of productivity in manufacturing, a satisfactory result and in

accordance with the finding of Kaldor (1966) in which the R2
, excluding Japan, was 0.536 or
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approximately 54 percent (Thirlwall, 1983: 353). The DW statistic shows that there is no

evidence of positive first-order serial correlation, and the model is correctly specified at the 5

percent level for the RESET (2) and (3) tests and correctly specified at the 1 percent level for

the RESET (4) test.

In terms of equation (2.2), it is shown that the size and sign for the coefficient of gm is equal

to 1-b2. The magnitude of a~ in equation (2.2) is equal to a~ in equation (2.1) and has a

negative sign, as predicted. Thus a 1 percent increase in the growth of manufacturing output

leads to a roughly 0.46 percent increase in the growth of employment in manufacturing,

ceteris paribus. This result accords with the finding of Kaldor (1975: 893) that a sufficient

condition for the presence of static or dynamic economies is a statistically significant

relationship between em and gm and slope coefficient that is significantly less than unity.

Overall , the growth in manufacturing output explains about 50 percent of the growth of

employment in manufacturing. The DW statistic shows that there is no evidence of positive

first-order serial correlation whilst the model is correctly specified at the 5 percent level for

the RESET (2) and (3) tests and correctly specified at the 1 percent level for the RESET (4)

test.

4.3.4 Kaldor's Third Law

Law three essentially considers the relationship between the growth of manufacturing sector

output and productivity outside of manufacturing. Thus the focus now shifts to analysing

how the manufacturing sector affects the non-manufacturing sector.

Pnm=1.649 +0.166gm (3.1)

se (0.411) (0.078)

t (4.01 7) (2.121)

R2 =0.158 df =24

F = 4.5 DW = 2.341

Reset (2)= 1.024, Reset (3)= 1.10, Reset (4) = 0.74
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The first test of law three would involve analysing the literal relation between pnm and gm even

though Thirlwall (1999: 80) says that a direct test of this nature may be difficult on the basis

of measuring productivity growth in service activities. However if we consider the GVA

contribution of the services sector, and employment in the services sector, on an annual basis,

this may be suitable for our purposes.

Although the results given in regression equation (3.1) indicate low predictive power with an

R2 of about 16 percent, the estimated regression coefficient is statistically significant and has

the correct sign. The F value shows that the model is significant at the 5 percent level.

Therefore the faster the growth of manufacturing output, the faster the rate of labour being

transferred from non-manufacturing to manufacturing activities and a 1 percent increase in

manufacturing output leads to a 0.166 percent increase in non-manufacturing productivity.

There is no indication of positive first-order serial correlation, given a OW of 2.341, and the

model is correctly specified at the 5 percent level for all RESET tests.

Due to the relatively poor predictive power given in equation (3.1), some other method of

estimating law three must be sought. Thirlwall (1999: 80) proposes using overall productivity

growth (PGDP) and regressing this against employment change in non-manufacturing activities

(enm) whilst holding constant the effect of output growth in manufacturing.

P GDP = 0.975 +0.369gm -0.696enm (3.2)

se (0.23) (0.049) (0.126)

t (4.233) (7.54) (-5.514)

R2 =0.732 df =23

F = 31.342 DW = 2.433

Reset (2) =0.528, Reset (3) =0.287, Reset (4) = 0.761

The above specification for law three reveals convincing results with regard to the South

African economy. The R
2 is very high with 73 percent of overall productivity growth being

explained by employment change in non-manufacturing activities whilst holding output
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growth in manufacturing constant, ceteris paribus. All coefficients are statistically significant

and the coefficient on enm is significantly negative as is the a priori prediction (Thirlwall,

1999: 80; Cripps and Tarling, 1973). Thus the slower employment growth outside of

manufacturing, the faster overall productivity grows in the South African economy, over the

study period. Once again, the model exhibits no positive first-order serial correlation, and the

model is correctly specified at the 5 percent level for all RESET tests. The results reported in

equation (3.2) are similar in nature to that found for the Chinese economy over a similar study

period, 1965 - 1991 (Hansen and Zhang, 1996).

A final specification used to reconcile the predictions made above , is to check whether overall

productivity growth is positively correlated with employment growth in manufacturing and

negatively correlated with the growth of employment in non-manufacturing.

P GDP = 1.458+0.37gem -0.538enm (3.3)

se (0.325) (0.113) (0.19)

t (4.480)(3.363) (-2.838)

R2 = 0.375 df = 23

F = 6.908 DW = 1.664

Reset (2) =0.015, Reset (3) =0.071, Reset (4) =1.245

The final specification for law three given In equation (3.3) above, shows a weaker

relationship (R2
of 0.375) between overall productivity growth and employment growth in

manufacturing and non-manufacturing respectively. However note that the signs for the two

slope coefficients on em and e nm are consistent with the a priori predictions made in chapter

three, and hence support the a priori predictions made by Thirlwall (1987 : 193) and

Drakopoulos and Theodossiou (1991: 1685). Despite a low F value, the model as a whole is

statistically significant at the 5 percent level, and hence employment change in manufacturing

and non-manufacturing jointly explain approximately 38 percent of the change in overall

productivity. Likewise, the model exhibits no evidence of positive first-order serial

correlation, and the model is correctly specified at the 5 percent level for all RESET tests.



65

4.3.5 Summary

This section has presented and discussed all the estimated econometric results for Kaldor's

three laws of growth. None of the models presented in this chapter exhibit first-order serial

correlation and hence OLS estimators are BLUE. The general finding is that the estimated

regression results support the Kaldorian approach in explaining economic growth . Regarding

the debate concerning whether manufacturing, in the strictest sense , or the overall industrial

sector are used in the study of Kaldorian growth theory, it must be noted that the present

author found very similar estimated regression results for the South African economy using

both approaches. Hence in light of the South African economy, one could say that the

manufacturing sector is a good proxy for the overall industrial sector. In conclusion, from the

regression specifications used , and estimated regression results, there is substantial evidence

to suggest that the manufacturing sector has been an engine of growth in the South African

economy over the study period.
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CHAPTER FIVE

CONCLUSION AND REC OMMENDATIONS

This final chapter presents all the empirical results estimated for Kaldor 's three laws of

growth as applied to the South African economy. The results for each law are briefly

summarised and conclusions are made regarding their application to South Africa. From the

conclusions drawn we then detail proposed policy recommen dations for the future South

African economy.

5.1 Summary and Conclus ions

Table 3: Summary of Empirical Results for South Africa

Independent Variables
Eq. Oep. Intercept

gm gm-gnm gTertiary gPrimary gaff gmq g Secondary em enm R2 F OW

1.1 gGOP
1.178 0.469
(4.52) (12.02)

0.74 144.60 2.20

1.2 gnm
1.673 0.432
(4.22) (7.28)

0.51 52.93 2.58

1.3 gGOP
2.774 0.44
(8.96) (5.32) 0.36 28.32 1.86

1.4 gGOP
0.072 0.948
(0.22) (8.50) 0.59 72.18 1.91

1.5 gTertiary
1.692 0.277
(5.97) (5.45) 0.37 29.73 1.67

1.6 gGOP
1.674 0.225
(5.92) (3.87) 0.23 15.01 1.86

1.7 gGOP
1.595 0.059
(5.51) (3.06) 0.16 9.37 1.98

1.8 gGOP
1.929 0.172
(6.09) (1.98) 0.07 3.94 1.90

1.9 gGOP
1.252 0.447
(4.72) (10.28) 0.68 105.78 1.73

2.1 pm
0.044 0.538
(0.09) (5.71) 0.58 32.61 1.51

2.2 em
-0.044 0.462
(-0.09) (4.90) 0.50 23.96 1.51

3.1 pnm
1.649 0.166
(4.02) (2.12) 0.16 4.50 2.34

3.2 pGOP
0.975 0.369 -0.696
(4.23) (7.54) (-5.51) 0.73 31.34 2.43

3.3 PGOP
1.458 0.379 -0.538
(4.48) (3.36) (-2.84) 0.38 6.91 1.66
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The summarised empirical results reported in Table 3 above represent the output obtained

from SHAZAM for the application of Kaldor's three laws of growth to the South African

economy (note that t values are shown in brackets and calculated values for the t and F tests

have been rounded-off to two decimal places to facilitate the construction of this table). Brief

conclusions will be drawn for each law in light of the empirical results obtained, and then

conclude as to the relevance of Kaldorian growth theory with respect to the South African

economy.

5.1.1 Kaldor's First Law

The objective with respect to Kaldor's first law is to test whether there is a strong positive

correlation between the growth of manufacturing output (gm) as the independent variable and

the growth of overall GDP (gGDP) as the dependent variable. Equations (1.1) to (1.9) are the

estimated results for Kaldor's first law as applied to South Africa. From the results reported,

all estimated values accord with the a priori predictions, as detailed in chapter three. The a

priori prediction is that the regression coefficient for equation (1.1) is positive as the growth

of manufacturing output, as the independent variable, is positively related to the growth of

overall GDP. A reasonably high R2 value for equation (1.1) indicates a strong correlation

between the growth of manufacturing output and the growth of overall GDP, which is the

crux of Kaldor's first law. The a priori prediction for equations (1.2) to (1.9) is that all

regression coefficients are positive. Hence equations (1.2) and (1.5) are expected to show that

the growth of manufacturing output, as the independent variable, is positively related to the

growth of non-manufacturing output (gnm) and the growth of services (gTertiary) respectively.

However equations (1.3) , (1.4) and (1.6) to (1.9) should indicate that the growth of overall

GDP, as the dependent variable, is positively related to the difference in the growth of

manufacturing and non-manufacturing output (gm-gnm), the growth of services, the growth of

the overall primary sector (gPrimary) , the growth of agriculture, forestry and fishing (gaff) , the

growth of mining and quarrying (gmq) and the growth of the overall secondary sector

(gSecondary) respectively. The regression coefficient for equation (1.4) is expected to

approximate unity in that the growth in services should almost match the growth of overall

GDP. However there should be no correlation between the growth of overall GDP and the
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growth of agriculture, forestry and fishing in equation (1.7) or the growth of mining and

quarrying in equation (1.8), as growth in the Kaldorian model is industry-led. The results

reported for equation (1.9) are expected to approximate those of equation (1.1) as, the choice

of term, whether to use the growth of manufacturing sector output only or the growth of

overall secondary sector output, is irrelevant to the argument at hand (Thirlwall, 1983).

All estimated regression coefficients are statistically significant except for equation (1.8), as

the growth of mining and quarrying is not related to the growth of overall GDP, which

supports the a priori prediction made in chapter three. The regression coefficient for equation

(1.7) is significant, however the R2 is low and the coefficient, although significantly different

from zero, is low at 0.059. This tends to support the a priori expectation that there should be

no correlation between the growth of overall GDP and the growth of agriculture, forestry and

fishing . Equation (1.5) indicates that the growth of manufacturing output does determine the

growth of services to a large extent. Equation (1.4) shows that the growth of services does

almost match the growth of overall GDP as the regression coefficient is close to unity.

Equations (1.3) and (1.2) support the a priori predictions made in that the regression

coefficients are positive. Hence the difference in the growth of manufacturing and non

manufacturing output is positively related to the growth of overall GDP and the growth of

manufacturing output is positively related to the growth of non-manufacturing output.

The crux of law one is captured in equation (1.1) and the estimated results are similar to those

found by Kaldor (1966) and Drakopoulos and Theodossiou (1991) for the Greek economy. If

we set the growth of overall GDP equal to the growth of manufacturing output (gGDP = gm), it

is shown that annual growth rates for real GDP above 2.2 percent, over the study period

1946/47 - 1997/98, are on average representative of years where the rate of growth of

manufacturing is in excess of the overall growth rate of the economy or where the share of the

manufacturing sector in the overall economy is increasing . The conclusion is that there is a

strong positive correlation (as indicated by a relatively high R2 of 0.74) between the growth of

manufacturing output and the growth of overall GDP for the South African economy.
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5.1.2 Kaldor's Second Law

The objective with respect to Kaldor's second law is to test whether there is a strong positive

correlation between the growth of manufacturing output (gm) as the independent variable and

the growth of productivity in the manufacturing sector (Pm) as the dependent variable.

Equations (2.1) and (2.2) are the estimated results for Kaldor 's second law as applied to South

Africa. Once again, the estimated results reported for both specifications of law two, accord

with a priori predictions for the study period 1970/71 - 1995/96. The regression coefficient

for equation (2.1) should approximate a value of 0.5, which is consistent with Verdoorn 's law,

after PJ. Verdoorn who first found such a relationship for Eastern European countries in the

1940' s. The Verdoorn law states that faster growth of manufacturing output generates faster

growth of productivity in the manufacturing sector. Kaldor (1975 : 893) believes that a

sufficient condition for the presence of static or dynamic economies of scale, is the existence

of a statistically significant relationship between the growth of employment in manufacturing

(em) and the growth of manufacturing output, given in equation (2.2), where the regression

coefficient is positive and significantly less than unity.

Both estimated regression coefficients are statistically significant. The regression coefficient

for equation (2.1) is consistent with the Verdoorn law as it has a value of 0.538, indicating

that a 1 percent growth of manufacturing output leads to a roughly 0.54 percent growth of

productivity in the manufacturing sector. The regression coefficient for equation (2.2) is

0.462 and significantly less than zero, indicating that a 1 percent growth of manufacturing

output leads to a roughly 0.46 percent growth of employment in manufacturing. From

equation (2.1) as manufacturing output increases , productivity in the manufacturing sector

increases as well, but equation (2.2) shows that manufacturing output increases at a faster rate

than employment in manufacturing. Hence overall productivity in manufacturing has been

increasing in South Africa. The results for both equations are consistent with earlier findings

by Kaldor (1966), Kaldor (1975) and McCombie (1983) . The predictive power of both

models is good with values for R2 of 0.58 and 0.50 respectively. The conclusion is that there

is a relatively strong positive correlation between the growth of manufacturing output and the

growth ofproductivity in the manufacturing sector for the South African economy.
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5.1.3 Kaldor's Third Law

The object ive with respect to Kaldor's third law is to test whether there is a strong positive

correlation between the growth of manufacturing output as the independent variable and the

growth of productivity in the non-manufacturing sector (Pnm) or overall productivity growth

(PGDP) as the dependent variable. Equations (3.1) to (3.3) are the estimated results for

Kaldor's third law as applied to South Africa. The estimated results reported for all

specifications of law three, accord with the a priori predictions for the study period 1970/71 

1995/96. The regression coefficient for equation (3.1) is assumed to be positive as the growth

of manufacturing output and growth of productivity in the non-manufacturing sector are

positively related. However Thirlwall (1999: 80) proposes an alternative approach to

estimating law three as it may be difficult to estimate productivity growth in activities such as

services . Equations (3.2) and (3.3) therefore use overall productivity growth or growth of

GOP per employed person (PGDP) as the dependent variable. The regression coefficients for

the growth of manufacturing output in both equations (3.1) and (3.2) are assumed to be

positive. Using the approach followed by Cripps and Tarling (1973) , equation (3.2) uses the

growth of employment in non-manufacturing activit ies (enm) as an additional independent

variable, which is assumed to be negative as growth in overall GOP is negatively related to

employment growth in the non-manufacturing sector. An alternative specification for law

three is given by equation (3.3), which uses the growth of employment in manufacturing (em)

and growth of employment in non-manufacturing, as independent variables. The regression

coefficient for the growth of employment in manufacturing is assumed to be positive whereas

the regression coefficient for the growth of employment in non-manufacturing is assumed to

be negative.

All estimated regression coefficients are statistically significant. Despite a lower R2 for

equation (3.1) of 0.16, the estimated regression coefficient for the growth of manufacturing

output is statistically significant and has the correct positive sign. This finding is also

supported by the posit ive regression coefficient estimated for the growth of manufacturing

output in equation (3.2). Hence as manufacturing output increases , productivity in the non

manufacturing sector or GOP per employed person increases as well, and this result accords
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with the a priori prediction. The estimated regression results for equations (3.2) and (3.3) are

very encouraging. The R2 for equation (3.2) is high at 0.73 and equation (3.3) also indicates

sound model prediction with an R2 of 0.38. Most importantly, the regression coefficients for

the growth of employment in non-manufacturing (both equations) are consistent with the a

priori prediction in that they have the correct negative sign. Hence the slower employment

growth outside of manufacturing, the faster overall productivity grows in South Africa . The

results for all three equations (equations (3.2) and (3.3) in particular) are consistent with

earlier findings by Cripps and Tarling (1973), Thirlwall (1987) , Drakopoulos and

Theodossiou (1991) and Thirlwall (1999) . The conclusion is that there is a strong positive

correlation between the growth of manufacturing output and the growth of productivity in the

non-manufacturing sector for the South African economy.

5.1.4 Conclusion

From the study undertaken and the results obtained, there is broad agreement for the

application of Kaldor's growth laws to the South African economy. Therefore this study

supports Kaldorian growth theory in the South African context. With reference to Thirlwall

(1983: 357) we can conclude as follows:

1. Manufacturing growth can be considered as an engine of GDP growth in South Africa ;

2. The faster the rate of manufacturing growth, the faster the rate of productivity growth in

the South African manufacturing sector;

3. The faster the rate of manufacturing growth, the faster the overall rate of productivity

growth in South Africa as, more labour used in the manufacturing sector, does not

necessarily detract from growth elsewhere in the South African economy.
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5.2 Recommendations

From the conclusions drawn, the following recommendations can be considered. An initial

recommendation relates to industrial development or development of the manufacturing

sector. This study has shown that the manufacturing sector is a driving force behind

economic growth in South Africa. Therefore manufacturing is key to growth in the 2151

century (Jones, 2002: 70). If the manufacturing sector is to continue driving economic growth

for the years to come , investment and foreign direct investment in particular, must be targeted

at promoting and expanding the domestic manufacturing sector.

Another recommendation relates to economic transformation and structural change. The

South African economy must continue to transform itself from an agriculture and primary

sector-based economy to a more industrialised economy that focuses on manufacturing

activity. This process entails reallocating resources from the lower-productivity primary

sector to the higher-productivity industrial or manufacturing sector. This may be obvious in

light of the declining share of agriculture and the overall primary sector in the GOP , but with

the declining share of manufacturing in the GOP throughout the 1990 's, there may be cause

for concern. Hence government policy and labour legislation should be geared towards

creating an environment that is conducive to promoting resource allocation and employment

in the manufacturing sector.

It is generally accepted that the continued growth in manufacturing is dependent on the

sector's ability to grow in an export-oriented manner (McCarthy, 1994: 82) . Therefore a

recommendation that leads on from the study undertaken, and one supported by McCarthy

(1999: 161), is that , continued industrialisation may require considerable growth in

manufactured exports. This is an important policy recommendation as manufactured exports

represent a crucial demand constraint for the South African manufacturing sector.
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Table A.I : Contribution to GOP, 1946 - 1998

Year Agriculture Mining Primary Secondary Manufacturing Tertiary

1946 7.1 15.9 23.3 15.6 10.6 61 .1

1947 8.1 15.2 23.3 17.5 11.5 59.2

1948 8.2 14.9 23.1 18.7 11.8 58.3

1949 7.0 15.2 22.4 19.3 12.3 58.3

1950 7.7 15.0 23.1 19.8 12.7 57.1

1951 8.0 14.8 22.7 20.5 13.3 56.8

1952 7.6 14.9 22.5 21.3 13.6 56.2

1953 7.9 14.4 22.4 21.2 13.9 56.4

1954 7.9 14.9 22.8 21.5 14.3 55.7

1955 7.7 15.4 23.2 21.7 14.6 55.1

1956 7.8 16.0 24.0 21.5 14.6 54.5

1957 7.2 16.2 23.7 21.8 14.7 54.6

1958 6.5 16.4 23.4 21.9 14.8 54.7

1959 6.8 17.4 24.6 21.7 14.7 53.7

1960 6.8 17.2 24.5 21.7 14.9 53.8

1961 6.8 17.5 24.8 21.7 15.0 53.6

1962 6.8 17.8 25.1 21.7 15.1 53.2

1963 6.6 17.5 24.6 23.0 16.2 52.4

1964 5.4 17.4 23.6 24.9 17.4 51.5

1965 5.1 17.0 22.8 25.7 17.8 51.4

1966 5.3 16.8 22.8 26.1 18.3 51.1

1967 6.3 15.7 22.4 26.5 18.5 51.2

1968 5.2 15.4 21.2 26.5 18.5 52.2

1969 5.2 14.8 20.5 27.6 19.2 51.9

1970 4.6 14.5 19.6 28.3 19.4 52.1

1971 5.2 13.3 18.9 29.0 19.7 52.1
1972 5.0 12.3 17.6 29.7 19.9 52.6
1973 4.2 11.7 16.2 30.6 20.8 53.2
1974 5.1 10.1 15.4 31.0 20.9 53.7
1975 4.6 9.4 14.0 31.2 21.1 54.8
1976 4.3 9.8 14.3 30.9 21.0 54.8
1977 4.9 10.0 15.0 30.1 20.4 54.9
1978 4.9 9.8 14.8 30.6 21.3 54.5
1979 4.6 9.7 14.4 31.6 22.1 54.0
1980 4.8 8.9 13.7 32.4 22.5 53.9
1981 4.8 8.4 13.1 32.9 23.3 53.9
1982 4.4 8.4 12.9 32.3 22.2 54.8
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1983 3.5 8.6 12.2 30.9 22.1 56.8

1984 3.7 8.5 12.3 30.6 22.4 57.1

1985 4.4 8.5 13.0 29.5 21.8 57.4

1986 4.7 8.2 12.9 29.3 21.7 57.8

1987 4.7 7.7 12.4 29.1 21.7 58.5

1988 4.7 7.6 12.4 29.0 22.5 58.7

1989 5.3 7.4 12.6 29.0 22.4 58.4

1990 5.0 7.3 12.2 28.6 22.0 59.1

1991 5.2 7.2 12.4 27.8 21.2 59.8

1992 3.9 7.5 11.4 27.7 20.9 60.9

1993 4.7 7.6 12.3 27.1 20.6 60.5

1994 5.0 7.4 12.4 27.2 20.5 60.5
1995 3.9 7.0 10.8 27.9 21.2 61.3

1996 4.6 6.6 11.2 27.3 20.7 61.5
1997 4.6 6.6 11.2 27.3 20.7 61.5

1998 4.5 6.5 11.0 26.9 20.2 62.1

Source: South Af rica's National Accounts 1946 - 1998, Supplement to the SARB Quarterly

Bulletin, June 1999.
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Table B.t: Critical F Values for Ramsey' s RESET Test

Law 1

52 Observations (1 explanatory var iable)

Crit ical F (==) 1% 5% 10% OF, OF2

RESET (2) 7.31 4.08 2.84 1 49

RESET (3) 5.18 3.23 2.44 2 48

RESET (4) 4.31 2.84 2.23 3 47

Laws 2 & 3

26 Observations (1 explanatory variable)

Critical F (==) 1% 5% 10% OF, OF2

RESET (2) 7.885 4.28 2.94 1 23

RESET (3) 5.72 3.44 2.56 2 22

RESET (4) 4.88 3.075 2.365 3 21

Law 3

26 Observations (2 explanatory variables)

Crit ical F (==) 1% 5% 10% OF, OF2

RESET (2) 7.95 4.30 2.95 1 22

RESET (3) 5.785 3.465 2.575 2 21

RESET (4) 4.94 3.10 2.38 3 20

Source : Gujarati (1995)
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Table C.l : GVA by Kind of Economic Activity (R mill ions), 1946 - 1998
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GROSSVALUEADDEDBY KIND OF ECONOMIC ACTIVITY (R millions)

fA.t constant 1995 prices

Date GOP Primary AFF MQ Secondary M EGW C Tertiary WRtCA TSC FilReBs CSPs GVA

1946 102043 21283 6469 14554 14303 9670 858 2844 55872 10062 6096 13371 25588 96066

1947 103995 21594 7448 14100 16150 10602 909 3720 54737 11458 6307 13830 22415 97551

1948 111 647 22727 8071 14664 18380 11662 1017 4781 57436 12507 671 1 14668 22842 103980

1949 114168 22842 7159 15458 19671 12560 1129 4949 59431 13131 7083 14668 23691 107208

1950 119857 24842 8253 16130 21239 13667 1258 5140 61393 13205 7177 15132 24947 113122

1951 125554 25378 8879 16476 22889 14878 1356 5347 63407 13384 7690 15815 25728 117987

1952 129355 26137 8797 17230 24661 15810 1465 6037 65137 13557 8164 15995 26475 122520

1953 135158 27023 9596 17437 25675 16825 1568 5746 68196 14527 8472 16747 27416 127580

1954 143993 29215 10104 19056 27478 18332 1725 5653 71287 15353 8690 17894 28464 135574

1955 152183 31209 10298 20730 29208 19601 1902 5746 74133 15655 9080 18649 30030 142968

1956 160711 33966 111 03 22640 30468 20640 2011 5701 77144 16309 9459 19169 31606 151221

1957 168018 35033 10620 23979 32195 21734 2135 6104 80704 16843 9855 20024 33468 157742

1958 172769 35560 9906 24999 33414 22519 2244 6338 83304 17754 9957 20660 34666 162060

1959 180767 39116 10812 27563 34387 23286 2406 6219 85323 18289 10048 21300 35364 17044C

1960 186174 40326 11210 28368 35689 24497 2551 5940 88641 19288 10512 22824 34370 17653c

1961 193332 42305 11626 29861 37029 25597 2684 5869 91511 19640 10652 23653 35978 183517

1962 205276 45423 12285 32211 39293 27362 2835 5993 96143 20872 11249 24624 37910 194771

1963 220412 47515 12683 33821 44472 31229 3023 6758 101150 23312 11975 26024 38403 20778C

1964 237912 48959 11231 36236 51714 36162 3246 8506 107096 25267 12940 27863 39691 22272!

1965 252479 50362 11356 37423 56742 39189 3481 10093 113422 27475 13793 29289 41683 23559!

1966 263685 52527 12249 38726 59971 42058 3593 9992 117681 28232 14327 30294 43439 246031

1967 282661 54626 15312 38331 64639 45257 3858 10890 125027 30821 15007 32093 45898 260491

1968 294401 54671 13480 39755 68414 47703 4173 11628 134666 34058 15899 35044 48645 27268·

1969 308285 55967 14121 40455 75448 52478 4424 13287 141582 35988 17092 38506 49120 287991

1970 324466 56645 13182 41783 81615 55959 4888 15242 150204 38898 18910 40254 51051 30285:

1971 338349 56999 15655 40239 87737 59516 5203 17294 157551 41482 19970 41431 53542 31607

1972 343948 54756 15555 38267 92230 61776 5696 18816 163403 42932 20760 43127 55243 32218

1973 359674 52778 13586 37946 99317 67507 6221 18851 172834 46669 22357 45898 56776 33447

1974 381653 52886 1771 2 34931 106605 71887 6719 20903 184827 50668 25108 47904 59632 35244
1975 388124 49709 16193 33177 110652 74652 7116 21412 194130 55138 25902 48982 62712 35952

1976 396856 52082 15801 35639 112401 76524 7394 20585 199694 55207 26551 50210 66103 36983

1977 396483 54412 17658 36366 109191 73961 7787 19475 199231 51797 27074 50322 67821 36976

1978 408435 55311 18366 36653 114359 79327 8229 17874 203571 51391 28260 51524 69856 38029
1979 423917 55984 17968 37568 122589 85877 8801 18112 209678 49545 30755 54157 71773 3952C
1980 451983 56549 19761 36731 133992 92905 9564 19643 223161 55291 32921 57495 74130 41949
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9

9

2

o

9

8

7

7

9

o
2

4

6

1981 476213 57267 20903 36525 143490 101468 10659 20731 234842 60498 35006 60501 76271 440514

1982 474387 55859 19138 36570 140337 96170 11286 19913 237872 60587 33921 61992 79362 43750

1983 465627 52384 14792 36676 132269 94442 11271 18833 243190 62716 31931 64049 83367 427971

1984 489370 55334 16479 38098 137694 10071 3 11996 19298 257405 68521 34441 66600 86843 45037

1985 483441 58247 19830 38228 132156 97399 12812 18329 256894 65601 34869 67666 87347 44873

1986 483528 57898 21137 36924 131224 97240 13160 16847 258766 63211 34272 69199 90183 44878

1987 493685 56469 21675 35213 133057 99384 13613 15733 267493 65042 34507 71750 93960 45581

1988 514421 58123 22283 35827 136429 105851 14350 16242 275974 67754 36157 73172 96887 473121

1989 526740 60567 25559 35451 139632 107828 14881 17611 281509 68031 37732 74546 99344 48472

1990 525066 58677 23735 35171 137163 105405 15141 17774 283290 68560 37745 74720 100761 48107

1991 519720 58762 24795 34397 132052 100590 15436 16942 283851 67349 36919 75875 102750 47569

1992 508613 53014 18036 34978 128700 97291 15520 15889 283445 65768 37620 76199 103858 46515

1993 514887 58148 22366 35782 128051 97114 16133 14804 285471 66121 38507 76580 104263 47167

1994 531538 60071 24125 35946 132008 99706 17069 15233 293703 67780 40281 79378 106264 48578

1995 548100 54147 19317 34830 139362 106180 17408 15774 306845 71768 44538 82162 108377 50035

1996 570857 58492 23949 34543 142143 107648 18403 16092 320151 74416 47368 87669 110698 52078

1997 585149 59628 24596 35032 145857 110199 19169 16489 327871 74816 50464 91462 111129 533356

1998 588344 59196 24304 34892 144393 108258 19296 16839 332929 73791 53573 94565 111000 536511:

Source : South Africa 's National Accounts 1946 - 1998, Supplement to the SARB Quarterly

Bulletin, June 1999.



Table C.2 : Growth in OVA by Kind of Economic Activity (R millions), 1947 - 1998
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•

GROSS VALUEADDED BYKIND OF ECONOMIC ACTIVITY (R millions)

At constant 1995 prices

Date GOP Primary AFF MQ Secondary M EGW C Tertiary WRtCA TSC FilReBs CSPs

1947 1.913 1.461 15.134 -3.119 12.913 9.638 5.944 30.802 -2.031 13.874 3.461 3.433 -12.400

1948 7.358 5.247 8.365 4.000 13.808 9.998 11.881 28.522 4.931 9.155 6.406 6.059 1.905

1949 2.258 0.506 -11.300 5.415 7.024 7.700 11.013 3.514 3.473 4.989 5.543 0.000 3.717

1950 4.983 8.756 15.281 4.347 7.971 8.814 11.426 3.859 3.301 0.564 1.327 3.163 5.302

1951 4.753 2.158 7.585 2.145 7.769 8.861 7.790 4.027 3.281 1.356 7.148 4.514 3.131

1952 3.027 2.991 -0.924 4.576 7.742 6.264 8.038 12.904 2.728 1.293 6.164 1.138 2.903

1953 4.486 3.390 9.083 1.201 4.112 6.420 7.031 -4.820 4.696 7.155 3.773 4.701 3.554

1954 6.537 8.112 5.294 9.285 7.022 8.957 10.013 -1.619 4.533 5.686 2.573 6.849 3.823

1955 5.688 6.825 1.920 8.785 6.296 6.922 10.261 1.645 3.992 1.967 4.488 4.219 5.502

1956 5.604 8.834 7.817 9.214 4.314 5.301 5.731 -0.783 4.062 4.178 4.174 2.788 5.248

1957 4.547 3.141 -4.350 5.914 5.668 5.300 6.166 7.069 4.615 3.274 4.186 4.460 5.891

1958 2.828 1.504 -6.723 4.254 3.786 3.612 5.105 3.834 3.222 5.409 1.035 3.176 3.580

1959 4.629 10.000 9.146 10.256 2.912 3.406 7.219 -1.878 2.424 3.013 0.914 3.098 2.014

1960 2.991 3.093 3.681 2.921 3.786 5.201 6.027 -4.486 3.889 5.462 4.618 7.155 -2.811

1961 3.845 4.908 3.711 5.263 3.755 4.490 5.214 -1.195 3.238 1.825 1.332 3.632 4.678

1962 6.178 7.370 5.668 7.870 6.114 6.895 5.626 2.113 5.062 6.273 5.605 4.105 5.370

1963 7.373 4.606 3.240 4.998 13.180 14.133 6.631 12.765 5.208 11.690 6.454 5.686 1.300

1964 7.940 3.039 -11.448 7.141 16.284 15.796 7.377 25.866 5.878 8.386 8.058 7.067 3.354

1965 6.123 2.866 1.113 3.276 9.723 8.371 7.240 18.657 5.907 8.739 6.592 5.118 5.019

1966 4.438 4.299 7.864 3.482 5.691 7.321 3.217 -1.001 3.755 2.755 3.872 3.431 4.213

1967 7.196 3.996 25.006 -1.020 7.784 7.606 7.375 8.987 6.242 9.170 4.746 5.938 5.661

1968 4.153 0.082 -11.964 3.715 5.840 5.405 8.165 6.777 7.710 10.503 5.944 9.195 5.985

1969 4.716 2.371 4.755 1.761 10.282 10.010 6.015 14.267 5.136 5.667 7.504 9.879 0.976

1970 5.249 1.211 -6.650 3.283 8.174 6.633 10.488 14.714 6.090 8.086 10.637 4.540 3.931

1971 4.279 0.625 18.760 -3.695 7.501 6.356 6.444 13.463 4.891 6.643 5.605 2.924 4.879

1972 1.655 -3.935 -0.639 -4.901 5.121 3.797 9.475 8.801 3.714 3.495 3.956 4.094 3.177

1973 4.572 -3.612 -12.658 -0.839 7.684 9.277 9.217 0.186 5.772 8.704 7.693 6.425 2.775

1974 6.111 0.205 30.369 -7.946 7.338 6.488 8.005 10.885 6.939 8.569 12.305 4.371 5.030

1975 1.696 -6.007 -8.576 -5.021 3.796 3.846 5.909 2.435 5.033 8.822 3.162 2.250 5.165

1976 2.250 4.774 -2.421 7.421 1.581 2.508 3.907 -3.862 2.866 0.125 2.506 2.507 5.407

1977 -0.094 4.474 11.752 2.040 -2.856 -3.349 5.315 -5.392 -0.232 -6.177 1.970 0.223 2.599

1978 3.015 1.652 4.010 0.789 4.733 7.255 5.676 -8.221 2.178 -0.784 4.381 2.389 3.001

1979 3.791 1.217 -2.167 2.496 7.197 8.257 6.951 1.332 3.000 -3.592 8.829 5.110 2.744

1980 6.621 1.009 9.979 -2.228 9.302 8.184 8.669 8.453 6.430 11.598 7.043 6.164 3.284

1981 5.361 1.270 5.779 -0.561 7.088 9.217 11.449 5.539 5.234 9.417 6.333 5.228 2.888
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1982 -0.383 -2.459 -8.444 0.123 -2.197 -5.221 5.882 -3.946 1.290 0.147 -3.099 2.464 4.053

1983 -1.847 -6.221 -22.709 0.290 -5.749 -1.797 -0.133 -5.424 2.236 3.514 -5.867 3.318 5.046

1984 5.099 5.631 11.405 3.877 4.101 6.640 6.432 2.469 5.845 9.256 7.861 3.983 4.170

1985 -1.212 5.264 20.335 0.341 -4.022 -3.291 6.802 -5.021 -0.199 -4.261 1.243 1.601 0.580

1986 0.018 -0.599 6.591 -3.411 -0.705 -0.163 2.716 -8.086 0.729 -3.643 -1.712 2.266 3.247

1987 2.101 -2.468 2.545 -4.634 1.397 2.205 3.442 -6.612 3.373 2.897 0.686 3.686 4.188

1988 4.200 2.929 2.805 1.744 2.534 6.507 5.414 3.235 3.171 4.170 4.782 1.982 3.115

1989 2.395 4.205 14.702 -1.049 2.348 1.868 3.700 8.429 2.006 0.409 4.356 1.878 2.536

1990 -0.318 -3.121 -7.136 -0.790 -1.768 -2.247 1.747 0.926 0.633 0.778 0.034 0.233 1.426

1991 -1.018 0.145 4.466 -2.201 -3.726 -4.568 1.948 -4.681 0.198 -1.766 -2.188 1.546 1.974

1992 -2.137 -9.782 -27.260 1.689 -2.538 -3.280 0.544 -6.215 -0.143 -2.347 1.899 0.427 1.078

1993 1.234 9.684 24.008 2.299 -0.504 -0.182 3.950 -6.829 0.715 0.537 2.358 0.500 0.390

1994 3.234 3.307 7.865 0.458 3.090 2.669 5.802 2.898 2.884 2.509 4.607 3.654 1.919

1995 3.116 -9.862 -19.930 -3.105 5.571 6.493 1.986 3.552 4.475 5.884 10.568 3.507 1.988

1996 4.152 8.024 23.979 -0.824 1.996 1.383 5.716 2.016 4.336 3.690 6.354 6.703 2.142

1997 2.504 1.942 2.702 1.416 2.613 2.370 4.162 2.467 2.411 0.538 6.536 4.327 0.389

1998 0.546 -0.724 -1.187 -0.400 -1.004 -1.761 0.663 2.123 1.543 -1.370 6.161 3.393 -0.116

Source: South Africa 's National Accounts 1946 - 1998, Supplement to the SARB Quarterly

Bulletin, June 1999.
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Table C.3 : Gross Employment by Kind of Economic Activity, 1970 - 1996

GROSS EMPLOYMENT BY KIND OF ECONOMIC ACTIVITY

Date Agriculture MQ M EGW C WR tCA TSC FilReBs CSPs

1970 1639300 655346 1068921 22481 317814 620268 338320 85994 700484

1971 1638800 652294 1107000 24200 344400 650307 347458 90895 733636

1972 1505700 623067 1127275 26157 343958 672227 356843 95478 761528

1973 1468100 684743 1189000 28200 403700 691404 366482 99950 807101

1974 1454200 674140 1259800 29900 476178 656897 376381 104071 838818

1975 1433500 639473 1307600 32700 483600 724439 386547 106814 898374

1976 1280000 671240 1355205 37300 466409 734349 396988 108107 927875

1977 1247000 712006 1317200 38700 376700 725458 407711 105991 911645

1978 1292900 658261 1312100 40800 315857 730448 418793 106959 922023

1979 1320000 686599 1332743 42600 315100 737764 419955 112346 918926

1980 1235200 709042 1421400 45300 364164 756319 428789 120636 941693

1981 1146300 722918 1508322 48900 414100 764722 438635 132419 976135

1982 1138900 702041 1542618 54700 446866 774259 454993 140811 996975

1983 1131600 700901 1465827 60000 428100 758091 435152 149549 1045755

1984 1223900 711511 1477940 63600 424300 764603 432163 157592 1077951

1985 1323700 724587 1428988 66200 410100 755712 425454 160857 1064495

1986 1351600 756637 1415536 63760 402500 747908 409247 159730 1111144

1987 1354600 763319 1427826 56840 407600 754944 387794 161351 1183331

1988 1219600 732522 1448531 57170 413800 786421 378765 171 553 1231782

1989 1202000 706810 1458831 52400 417200 806255 373540 178974 1267552

1990 1184700 692900 14621 18 50920 417500 791108 361268 186280 1276235

1991 111 5300 653134 1430818 47940 391000 784600 343340 186545 1300772

1992 1051200 607950 1394419 45890 373700 777769 334995 190503 1312925

1993 1093300 561655 1405552 42480 374529 762000 303072 193076 1314777

1994 921700 613584 1399513 39975 366173 730005 280642 193793 1568331

1995 891000 599885 141 7398 39684 359126 751629 284348 200981 1581637

1996 914500 563396 1433649 40112 325926 757175 283275 215250 1627373

Source: Agricultural Censuses and Surveys, Bulletin of Statistics and South Af rican Labour

Statistics, Central Statistical Service of South Africa (various issues).
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Table C.4: Growth in Gross Employment by Kind of Economic Activity, 1971 - 1996

GROSS EMPLOYMENT BY KIND OF ECONOMIC ACTIV ITY

Date Agriculture MQ M EGW C WRtCA TSC FilReBs CSPs

1971 -0.031 -0.466 3.562 7.646 8.365 4.843 2.701 5.699 4.733

1972 -8.122 -4.481 1.832 8.087 -0.128 3.371 2.701 5.042 3.802

1973 -2.497 9.899 5.476 7.811 17.369 2.853 2.701 4.684 5.984

1974 -0.947 -1.548 5.955 6.028 17.953 -4.991 2.701 4.123 3.930

1975 -1.423 -5.142 3.794 9.365 1.559 10.282 2.701 2.636 7.100

1976 -10.708 4.968 3.641 14.067 -3.555 1.368 2.701 1.211 3.284

1977 -2.578 6.073 -2.804 3.753 -19.234 -1.211 2.701 -1.957 -1.749

1978 3.681 -7.548 -0.387 5.426 -16.152 0.688 2.718 0.913 1.138

1979 2.096 4.305 1.573 4.412 -0.240 1.002 0.277 5.037 -0.336

1980 -6.424 3.269 6.652 6.338 15.571 2.515 2.104 7.379 2.478

1981 -7.197 1.957 6.115 7.947 13.713 1.111 2.296 9.767 3.657

1982 -0.646 -2.888 2.274 11.861 7.913 1.247 3.729 6.337 2.135

1983 -0.641 -0.162 -4.978 9.689 -4.199 -2.088 -4.361 6.205 4.893

1984 8.157 1.514 0.826 6.000 -0.888 0.859 -0.687 5.378 3.079

1985 8.154 1.838 -3.312 4.088 -3.347 -1.163 -1.552 2.072 -1.248

1986 2.108 4.423 -0.941 -3.686 -1.853 -1.033 -3.809 -0.701 4.382

1987 0.222 0.883 0.868 -10.853 1.267 0.941 -5.242 1.015 6.497

1988 -9.966 -4.035 1.450 0.581 1.521 4.169 -2.328 6.323 4.094

1989 -1.443 -3.510 0.711 -8.344 0.822 2.522 -1.379 4.326 2.904

1990 -1.439 -1.968 0.225 -2.824 0.072 -1.879 -3.285 4.082 0.685

1991 -5.858 -5.739 -2.141 -5.852 -6.347 -0.823 -4.963 0.142 1.923

1992 -5.747 -6.918 -2.544 -4.276 -4.425 -0.871 -2.431 2.122 0.934

1993 4.005 -7.615 0.798 -7.431 0.222 -2.027 -9.529 1.351 0.141

1994 -15.696 9.246 -0.430 -5.897 -2.231 -4.199 -7.401 0.371 19.285

1995 -3.331 -2.233 1.278 -0.728 -1.925 2.962 1.321 3.709 0.848

1996 2.637 -6.083 1.147 1.079 -9.245 0.738 -0.377 7.100 2.892

Source: Bulletin of Statistics and South African Labour Statistics, Central Statistical Service

of South Africa (various issues).



Table C.S: Variables used in the regression analysis for Law 1, 1947 - 1998·

Date gGDP gm gnm gm-gnm

1947 1.913 9.638 0.432 9.206

1948 7.358 9.998 6.328 3.670

1949 2.258 7.700 2.354 5.346

1950 4.983 8.814 4.554 4.260

1951 4.753 8.861 3.763 5.098

1952 3.027 6.264 3.216 3.048

1953 4.486 6.420 3.877 2.543

1954 6.537 8.957 5.349 3.608

1955 5.688 6.922 4.817 2.106

1956 5.604 5.301 5.271 0.030

1957 4.547 5.300 4.263 1.038

1958 2.828 3.612 2.842 0.770

1959 4.629 3.406 4.329 -0.923

1960 2.991 5.201 2.320 2.881

1961 3.845 4.490 3.628 0.862

1962 6.178 6.895 5.727 1.168

1963 7.373 14.133 5.420 8.713

1964 7.940 15.796 5.757 10.039

1965 6.123 8.371 5.827 2.544

1966 4.438 7.321 3.585 3.736

1967 7.196 7.606 6.280 1.326

1968 4.153 5.405 5.448 -0.044

1969 4.716 10.010 5.087 4.923

1970 5.249 6.633 5.265 1.368

1971 4.279 6.356 4.731 1.625

1972 1.655 3.797 2.376 1.421

1973 4.572 9.277 3.290 5.987

1974 6.111 6.488 6.151 0.337

1975 1.696 3.846 2.677 1.170

1976 2.250 2.508 2.534 -0.026

1977 -0.094 -3.349 0.292 -3.641

1978 3.015 7.255 1.384 5.871

1979 3.791 8.257 2.313 5.944

1980 6.621 8.184 5.839 2.344

1981 5.361 9.217 5.092 4.125

1982 -0.383 -5.221 0.522 -5.743

92
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1983 -1.847 -1.797 0.268 -2.065

1984 5.099 6.640 5.760 0.880

1985 -1.212 -3.291 0.703 -3.993

1986 0.018 -0.163 0.073 -0.236

1987 2.101 2.205 1.902 0.303

1988 4.200 6.507 3.180 3.327

1989 2.395 1.868 2.890 -1.023

1990 -0.318 -2.247 0.121 -2.368

1991 -1.018 -4.568 0.229 -4.797

1992 -2.137 -3.280 -1.761 -1.518

1993 1.234 -0.182 1.818 -2.000

1994 3.234 2.669 3.076 -0.407

1995 3.116 6.493 2.098 4.396

1996 4.152 1.383 4.811 -3.429

1997 2.504 2.370 2.425 -0.055

1998 0.546 -1.761 1.206 -2.967

*Namely, growth in overall GDP (gGDP), growth in manufactur ing output (gm) , growth in non

manufacturing output (gnm) and growth in the differenc e between manufacturing and non

manufacturing output (gm-gnm).

Source : South Africa 's National Accounts 1946 - 1998, Supplement to the SARB Quarterly

Bulletin, June 1999.
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Table C.6: Variables used in the regression analysis for Laws 2 & 3, 1971 - 1996·

Date pm em pnm gm enm P GDP

1971 2.794 3.562 2.403 6.356 2.328 1.708

1972 1.966 1.832 4.541 3.797 -2.165 3.028

1973 3.801 5.476 -0.467 9.277 3.757 0.464

1974 0.534 5.955 4.812 6.488 1.339 3.816

1975 0.052 3.794 0.619 3.846 2.057 -0.735

1976 -1.133 3.641 4.302 2.508 -1.768 2.841

1977 -0.545 -2.804 2.392 -3.349 -2.100 2.166

1978 7.642 -0.387 2.250 7.255 -0.866 3.772

1979 6.684 1.573 0.814 8.257 1.499 2.275

1980 1.532 6.652 4.788 8.184 1.051 4.301

1981 3.102 6.115 4.158 9.217 0.934 3.204

1982 -7.495 2.274 -0.887 -5.221 1.409 -2.004

1983 3.181 -4.978 0.277 -1.797 -0.008 -0.612

1984 5.814 0.826 2.650 6.640 3.110 2.531

1985 0.022 -3.312 -0.852 -3.291 1.555 -1.630

1986 0.778 -0.941 -1.376 -0.163 1.448 -0.893

1987 1.337 0.868 0.557 2.205 1.344 0.861

1988 5.057 1.450 4.722 6.507 -1.542 5.085

1989 1.157 0.711 2.628 1.868 0.263 2.031

1990 -2.472 0.225 0.997 -2.247 -0.876 0.309

1991 -2.427 -2.141 3.017 -4.568 -2.787 1.622

1992 -0.736 -2.544 0.887 -3.280 -2.648 0.487

1993 -0.980 0.798 2.884 -0.182 -1.066 1.873

1994 3.099 -0.430 1.583 2.669 1.492 2.188

1995 5.215 1.278 2.223 6.493 -0.125 2.920

1996 0.236 1.147 4.414 1.383 0.398 3.581

·Namely, growth of productivity in manufacturing (Pm) , growth of employment In

manufacturing (em) , growth of productivity in non-manufacturing (Pnm) , growth in

manufacturing output (gm) , growth of employment in non-manufacturing (enm) and growth of

overall productivity (PGDP)'

Source: South Africa 's National Accounts 1946 - 1998, Supplement to the SARB Quarterly

Bulletin, June 1999 and Bulletin of Statistics and South African Labour Statistics, Central

Statistical Service of South Africa (various issues) .
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Command File: Equation (1.1)

file 11 c: \ ka 1dor . t x t
read(ll) 0 G M / s kip1i ne s=1
s amp l e 1 52
ols G M / Rstat
test
tes t G=O
test M=O
e nd
Diagno s / RESET
stop

Output File: Equation (1 .1 ) No Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMATI ON

52 OB SERVATIONS DEPENDENT VARIABLE = G
. .. NOTE . . SAM PLE RANGE SET TO: 1 , 52

R- SQUARE 0 .7431 R- SQUARE ADJUSTED 0 . 73 79
VARI ANCE OF THE ESTIMATE-SIGMA**2 = 1 .6621
STANDARD ERROR OF THE ESTI MATE-SIGMA = 1.2892
SUM OF SQUARED ERRORS-SSE= 83 . 104
MEAN OF DEPENDENT VARIABLE = 3.456 8
LOG OF THE LI KELIHOOD FUNCTI ON - 85 . 9750

96

VARIABLE
NAME

M
CONSTANT

ESTI MATED
COEFFIC I ENT
0.46929

1.1779

STANDARD
ERROR

0.3903E-01
0 .2605

T-RATIO
50 OF
12 .02
4 .521

PARTIAL STANDARDI ZED
P-VALUE CORR. COEFFICIENT

0 .000 0 .862 0 .8620
0.000 0 .539 0 .0000

ELASTICITY
AT MEANS

0 .6593
0 .3407

DURB IN-WATSON = 2.1952 VON NEUMANN RATIO = 2 .2383 RHO = - 0 . 1 842 4
RESIDUAL SUM = 0 .234 53E-13 RESI DUAL VARIANCE = 1 .6621
SUM OF ABSOLUTE ERRORS= 51.364
R- SQUARE BETWEEN OBSERVED AND PREDICTED = 0. 7431
RUNS TEST : 30 RUNS, 25 POS, 0 ZERO, 27 NEG NORMAL STATISTIC 0 .8 524

: TEST VALUE 0. 469 29
T STATIST IC = 12.024873
F STATISTIC = 144. 597 56
WALD CHI -SQUARE STATI STIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0 .39027E-01
WIT H 50 D. F . P-VALUE= 0.00000
WITH 1 AND 50 D. F . P-VALUE= 0 . 00000
144. 59 756 WITH 1 D.F. P-VALUE= 0.00000

CHEBYCHEV INEQUALITY = 0 .00692

REQUI RED MEMORY IS PAR= 6 CURRENT PAR= 500
DEPENDENT VARI ABLE = G 52 OBSERVATIONS
REGRESSION COEFFI CI ENTS

0 . 469293640 565 1 .17789069909

RAMSEY RESET SPECIFICATION TESTS
RESET(2)=
RESET( 3 ) =
RESET (4)=

1 .9112
0 .93695
1. 7815

- F WI TH
F WITH
F WITH

USING
DFl=
DF1=
DFl =

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47

J



Command File: Equation (1.2)

fil e 11 c :\kaldor .txt
read(ll) D N M I skiplines=l
sample 1 52
015 N M I Rstat
test
test N=O
test M=O
end
Diagnos I RESET
stop

Output File: Equation (1.2) No Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMATI ON

52 OBSERVATI ONS DEPENDENT VARIABLE = N
. . . NOTE. . SAMPLE RANGE SET TO: 1 , 52

R- SQUARE 0 . 5142 R- SQUARE ADJUSTED 0 .5045
VARIANCE OF THE ESTI MATE-S IGMA**2 = 3 .8525
STANDARD ERROR OF THE ESTIMATE-SI GMA = 1 .9628
SUM OF SQUARED ERRORS-SSE= 192 .62
MEAN OF DEPENDENT VARI ABLE = 3 .7726
LOG OF THE LIKELIHOOD FUNCTION - 107. 832
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VARIABLE
NAME

M

CONSTANT

ESTI MATED
COEFFI CI ENT
0 .4 322 7
1.6734

STANDARD
ERROR

0 .5 942E-Ol
0.3967

T-RATIO
50 DF
7 .275
4 .219

PARTIAL STANDARDIZED
P-VALUE CORR . COEFFICI ENT

0.000 0. 71 7 0 . 71 71
0.000 0 . 512 0.0000

ELASTICITY
AT MEANS

0 . 5564
0 .4436

DURBIN- WATSON = 2 . 5801 VON NEUMANN RATIO = 2 .6307 RHO = - 0 . 29468
RESI DUAL SUM = -0.917 32 E-13 RESIDUAL VARIANCE = 3 .8525
SUM OF ABSOLUTE ERRORS= 77 .949
R- SQUARE BETWEEN OB SERVED AND PREDICTED = 0 .5 142
RUNS TEST : 31 RUN S, 30 POS, a ZERO , 22 NEG NORMAL STATI STIC 1. 32 48

: TEST VALUE 0. 432 27
T STATI STI C = 7. 275 23 8 6
F STATISTIC = 52. 92 9096
WALD CHI -SQUARE STATISTI C
UPPER BOUN D ON P-VALUE BY

STD. ERROR OF TEST VALUE 0.59416E-01
WITH 50 D.F . P- VALUE= 0 . 0000 0
WITH 1 AND 50 D. F . P- VALUE= 0 . 00000
52. 92 9096 WI TH 1 D.F . P-VALUE= 0 .00000

CHEBYCHEV I NEQUALI TY = 0.01889

REQU IR ED MEMORY I S PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = N 52 OBSERVATIONS
REGRESSION COEFFI CI ENTS

0 .432269149823 1 .67343376216

RAMSEY RESET SPECI FI CATI ON TESTS
RESET(2} =
RESET( 3) =
RESET(4) =

0.78552
0 .53606
0.3 5455

- F WITH
F WITH
F WITH

USING
DFl =
DFl =
DFl =

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47



Command File: Equation (1.3)

f ile 11 c :\ka l dor. t xt
read (ll ) D G N / skipl i ne s =l
samp le 1 52
ol s G N / Rs t at
test
test G=O
test N=O
end
Di a gnos / RESET
stop

Output File: Equation (1.3) No Autocorrelation

REQUI RED MEMORY I S PAR= 4 CURRENT PAR= 50 0
OLS ESTI MATI ON

52 OBSERVATI ONS DEPEN DENT VARIABLE = G
. .. NOTE . . SAMPLE RANGE SET TO: 1 , 52

R- SQUARE 0 .3616 R-SQUARE AD JUSTED 0 . 3488
VARIANCE OF THE ESTIMATE -SIGMA** 2 = 4.1296
STANDARD ERROR OF THE ESTIMATE-SIGMA = 2 . 0321
SUM OF SQUARED ERRORS-SSE= 206.4 8
MEAN OF DEPENDENT VARIABLE = 3 .45 68
LOG OF THE LIKELIH OOD FUNCTI ON = -1 09 .63 8
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VARI ABLE
NAME

N
CONSTANT

ESTIMATED
COEFFICIENT
0.43955

2 .7 74 0

STANDARD
ERROR

0 .8259E-01
0 . 3096

T-RATIO
50 DF
5 .322
8. 95 9

PARTIAL STANDARDI ZED
P-VALUE CORR. COEFFICIENT

0 . 000 0.60 1 0 . 6013
0 .00 0 0. 785 0 .00 00

ELASTI CI TY
AT MEANS

0 .1975
0 . 80 25

DURBI N- WATSON = 1 .85 59 VON NEUMANN RATIO = 1. 8923 RHO 0 .01170
RESIDUAL SUM = 0 . 00000 RESIDUAL VARI ANCE = 4 . 12 96
SUM OF ABSOLUTE ERRORS= 84 .067
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0 .3616
RUNS TEST: 25 RUNS, 25 POS, a ZERO, 27 NEG NORMAL STATI STIC - 0.55 03

: TEST VALUE 0. 43 955
T STATISTIC = 5 .32180 66
F STATISTIC = 28 .32 1 625
WALD CHI-SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0. 82595E- 01
WITH 50 D.F . P-VALUE= 0.0 0000
WITH 1 AND 50 D. F . P-VALUE= 0 . 000 00
28 . 32 1 625 WITH 1 D. F . P-VALUE= 0.00 000

CHEBYCHEV I NEQUAL I TY = 0 . 03 53 1

REQUIRED MEMORY IS PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = G 52 OBSERVAT I ONS
REGRESSION COEFFICIENTS

0.43 955 2892249 2 . 7739 9608 5 96

SPECIFICATI ON TESTSRAMSEY RESET
RESET (2 ) =
RESET( 3 )=
RESET( 4)=

6.4644
3. 2829
5 . 133 7

- F WITH
F WITH
F WITH

USING
DF1=
DF1=
DF1=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47



Command File: Equation (1.4)

f i le 11 c : \kaldor .txt
read(l l) D G T / s kip1 i nes=1
s ampl e 1 52
01 5 G T / Rs tat
tes t
t e s t G=O
test T=O
end
Di a gnos / RESET
s t op

Output File: Equation (1.4) Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 50 0
OLS ESTIMATION

52 OBSERVATI ONS DEPENDENT VARIABLE = G
... NOTE. . SAMPLE RANGE SET TO: 1 , 52

R-SQUARE 0 .6239 R-SQUARE ADJUSTED 0. 616 3
VARIANCE OF THE ESTIMATE-S IGMA**2 = 2.4 331
STANDARD ERROR OF THE ESTIMATE-S IGMA = 1. 5598
SUM OF SQUARED ERRORS-SSE= 121 . 66
MEAN OF DEPENDENT VARIABLE = 3. 45 68
LOG OF THE LIKELIHOOD FUNCTION - 95 . 8835
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VARIABLE
NAME

T
CONSTANT

ESTIMATED
COEFFICIENT
0 . 9518 8
0.112 96

STANDARD
ERROR

0 . 10 45
0. 4262

T-RATIO
50 DF
9 . 107

0 .2 651

PARTIAL STANDARDIZED
P-VALUE CORR. COEFFICIENT

0 .000 0 .7 90 0 .7 899
0 . 792 0.03 7 0.00 00

ELASTICITY
AT MEANS

0 . 96 73
0 .0 32 7

DURBI N-WATSON = 1.1992 VON NEUMANN RATIO = 1 . 22 27 RHO 0 .34171
RESIDUAL SUM = -0 .655 03E-13 RESIDUAL VARIANCE = 2 .4 33 1
SUM OF ABSOLUTE ERRORS= 61 .975
R-S QUARE BETWEEN OBS ERVED AND PREDICTED = 0. 6239
RUNS TEST: 18 RUNS , 27 POS, 0 ZERO, 25 NEG NORMAL STATISTIC - 2 . 5140

: TEST VALUE 0.95 188
T STATI STI C = 9 . 1066 94 2
F STATI STI C = 82 .93 188 0
WALD CHI-SQUARE STAT ISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0 .10 453
WITH 50 D.F. P- VALUE= 0 . 00 000
WITH 1 AND 50 D.F . P- VALUE= 0 .00000
82 .9 31 880 WITH 1 D.F. P-VALUE= 0 .00000

CHEBYCHEV I NEQUALITY = 0 .012 06

REQU IRED MEMORY IS PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = G 52 OBSERVATI ONS
REGRESSION COEFFICIENTS

0 . 95 1880905008 0 . 112 95 990 5426

RAMSEY RESET SPECI FI CATI ON TESTS
RESET(2) =
RESET (3 ) =
RESET( 4)=

0 .3 6181E-01 
7.9 662
5.4 284

F WITH
F WITH
F WITH

USING
DFl=
DF1=
DFl=

POWERS
1 AN D
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47



Output File: Equation (1.4) No Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTI MATI ON

52 OBSERVATIONS DEPENDENT VARIABLE = G
.. . NOTE.. SAMPLE RANGE SET TO: 1 , 52

R-S QUARE 0 .5 908 R-SQUARE ADJUSTED 0 .5 82 6
VARIANCE OF THE ESTI MATE-S IGMA* *2 = 2.1233
STANDARD ERROR OF THE ESTIMATE- SIGMA = 1.4 572
SUM OF SQUARED ERRORS-SSE= 106.17
MEAN OF DEPENDENT VARIABLE = 2.2 768
LOG OF THE LIKELIH OOD FUNCTI ON - 92 . 3423

100

VARIABLE
NAME

T
CONSTANT

ESTIMATED
COEFFIC I ENT
0 . 94838
0 .718 87 E-01

STANDARD
ERROR

0 .1116
0.3289

T-RATIO
50 OF
8.496

0 .2186

PARTI AL STANDARD IZED
P-VALUE CORR. COEFFI CI ENT

0 .000 0.769 0.7686
0.828 0 .0 31 0 .0000

ELASTICI TY
AT MEANS

0 .9684
0 .0316

DURBIN- WATSON = 1 . 9106 VON NEUMANN RATIO = 1 .9 481 RHO = - 0 . 0197 6
RESIDUAL SUM = - 0 . 10236E-12 RESIDUAL VARIANCE = 2 . 12 33
SUM OF ABSOLUTE ERRORS= 57.658
R- SQUARE BETWEEN OBSERVED AND PREDICTED = 0.5908
RUNS TEST : 24 RUNS, 28 POS, 0 ZERO , 24 NEG NORMAL STATISTI C - 0. 8021

: TEST VALUE 0 .94838
T STATIST IC = 8 . 49 58043
F STATIST IC = 72.178691
WALD CHI-SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0 .11163
WI TH 50 D. F. P- VALUE= 0 .00000
WITH 1 AND 50 D.F. P-VALUE= 0.0 0000
72 .17 86 91 WIT H 1 D.F . P-VALUE= 0 .00000

CHEBYCHEV INEQUALITY = 0 .01385

REQUIRED MEMORY I S PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = G 52 OBSERVATIONS
REGRESSIO N COEFFICIE NTS

0 . 94 83770 95289 0. 71 88665257 10E-01

RAMSEY RESET SPECI FICATI ON TESTS
RESET (2 ) =
RESET (3)=
RESET (4 )=

0 .9244 7E-04 
1. 0706

0 . 75172

F WIT H
F WITH
F WITH

USIN G
DFl =
DFl=
DFl=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47



Command File: Equation (1.5)

file 11 c:\kaldor.txt
r e a d( l l) D T M / s kip l ines=1
sample 1 52
ols T M / Rs t at
tes t
t e st T=O
t e s t M=O
end
Dia gno s / RESET
s t op

Output File: Equation (1.5) Autocorrelation

REQUIRED MEMORY I S PAR= 4 CURRENT PAR= 500
OLS ESTIMATION

52 OBSERVATI ONS DEPENDENT VARIABLE = T
. .. NOTE.. SAMPLE RANGE SET TO: 1 , 52

R-SQUARE 0 .4204 R-SQUARE ADJUSTED 0.4088
VARIANCE OF THE ESTIMATE-S IGMA**2 = 2. 5815
STANDARD ERROR OF THE ESTIMATE-S IGMA = 1 . 6067
SUM OF SQUARED ERRORS -SSE= 129.07
MEAN OF DEPENDENT VARIABLE = 3.512 9
LOG OF THE LIKELIH OOD FUNCTI ON - 97. 4225

101

VARIABLE
NAME

M

CONSTANT

ESTIMATED
COEFFICIENT
0.29291

2 . 0905

STANDARD
ERROR

0 . 486 4E-01
0 .3 24 7

T-RATIO
50 DF
6. 022
6.43 8

PARTIAL STANDARDIZED
P- VALUE CORR. COEFFICIENT

0 .000 0 .648 0 .6484
0. 000 0. 67 3 0 .0 000

ELASTICITY
AT MEANS

0 . 40 49
0 . 59 51

DURBIN-WATSON = 1 .1762 VON NEUMANN RATIO = 1.1993 RHO 0. 2250 8
RESIDUAL SUM = -0 .39233E-13 RESIDUAL VARI ANCE = 2 . 581 5
SUM OF ABSOLUTE ERRORS= 57.3 96
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0 . 4204
RUNS TEST: 19 RUNS, 26 POS, 0 ZERO, 2 6 NEG NORMAL STATISTIC -2 . 24 09

: TEST VALUE 0 .29291
T STATISTIC = 6 .0222 83 4
F STATISTIC = 36 . 267 898
WALD CHI-SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0. 48638E- 01
WITH 50 D. F . P-VALUE= 0 . 000 00
WITH 1 AND 50 D. F . P-VALUE= 0 .00000
3 6 . 26 7898 WITH 1 D.F . P-VALUE= 0 .0 00 00

CHEBYCHEV INEQUALITY = 0 . 02757

REQUIRED MEMORY I S PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = T 52 OBSERVAT IONS
REGRESSION COEFFICIENTS

0.2 929092 1307 5 2 . 09 0500 57 808

RAMSEY RESET
RESET( 2)=
RESET (3 )=
RESET(4 )=

SPECIFICATION TESTS USI NG
4 .0 021 - F WITH DF1=
1 . 973 6 - F WITH DF1=
3 . 3193 - F WITH DF1=

POWERS OF YHAT
1 AND DF2= 49
2 AND DF2= 48
3 AND DF2= 47



Output File: Equation (1.5) No Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMATION

52 OBSERVATIONS DEPENDENT VARIABLE = T
. . . NOTE.. SAM PLE RANGE SET TO: 1 , 52

R- SQUARE 0 .3728 R- SQUARE ADJ USTED 0 .3603
VARIANCE OF THE ESTIMATE-S IGMA** 2 = 2 .28 79
STANDARD ERROR OF THE ESTI MATE-S IGMA = 1 .5126
SUM OF SQUARED ERRORS -SSE= 114. 39
MEAN OF DEPENDENT VARIABLE = 2 .7 299
LOG OF THE LIKELIHOOD FUNCTION -94 . 283 2

102

VARI ABLE
NAME

M

CONSTANT

ESTIMATED
COEFFICIENT
0. 27 68 1
1. 6917

STANDARD
ERROR

0. 50 77E-01
0 .283 3

T-RATIO
50 DF
5 . 452
5. 971

PARTIAL STANDARDIZED
P- VALUE CORR. COEFFICI ENT

0.0 00 0 . 611 0 . 610 6
0 .000 0.645 0 .0000

ELASTICITY
AT MEANS

0 .3 803
0. 6197

DURBIN- WATSON = 1 . 6648 VON NEUMANN RAT I O = 1. 6975 RHO = - 0 . 00428
RESI DUAL SUM = 0 .17784E-1 3 RESIDUAL VARIANCE = 2.2879
SUM OF ABSOLUTE ERRORS= 56 .5 95
R- SQUARE BETWEEN OBSERVED AND PREDICTED = 0 .3728
RUNS TEST: 23 RUNS, 24 POS, 0 ZERO, 28 NEG NORMAL STATISTIC - 1 . 0839

: TEST VALUE 0 . 27681
T STATIST IC = 5.452057 2
F STATI STI C = 29 . 724928
WALD CHI- SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0.50 772 E- 01
WITH 50 D.F . P-VALUE= 0. 00000
WI TH 1 AND 50 D.F . P-VALUE= 0 .0 000 0
29 .724928 WITH 1 D.F . P-VALUE= 0 .00 00 0

CHEBYCHEV INEQUAL I TY = 0 .0 3364

REQUIRED MEMORY I S PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = T 52 OBSERVATIONS
REGRESSI ON COEFFI CI ENTS

0 . 27 68 10 89 72 39 1.69165743571

RAMSEY RESET
RESET (2) =
RESET( 3 )=
RESET( 4) =

SPECIFICATI ON TESTS USING
5. 460 9 - F WIT H DF1=
3. 1234 - F WITH DF1=
4 .4 292 - F WI TH DF1=

POWERS OF YHAT
1 AND DF2= 49
2 AND DF2= 48
3 AND DF2= 47



Command File: Equation (1.6)

file 11 c :\kaldor .txt
read (11) D G P / s kiplines=l
sample 1 52
015 G P / Rstat
test
test G=O
test P=O
end
Diagnos / RESET
stop

Output File: Equation (1.6) Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMATION

52 OBSERVATIONS DEPENDENT VARIABLE = G
.. . NOTE . . SAM PLE RANGE SET TO: 1, 52

R-SQUARE 0 .2326 R-SQUARE ADJUSTED 0 .2173
VARIANCE OF THE ESTIMATE- SIGMA**2 = 4 .9640
STANDARD ERROR OF THE ESTI MATE- SI GMA = 2.2280
SUM OF SQUARED ERRORS- SSE= 248 .20
MEAN OF DEPENDENT VARIABLE = 3.4568
LOG OF THE LIKELIHOOD FUNCTION -114.423

103

VARIABLE
NAME

P
CONSTANT

ESTIMATED
COEFFICIENT
0 .2 7369

2 .8866

STANDARD
ERROR

0.7030E-01
0.3419

T-RATIO
50 DF
3.893
8.442

PARTIAL STANDARDIZED
P-VALUE CORR . COEFFICIENT

0 .000 0.482 0 .4823
0 .000 0.767 0 .0000

ELASTICITY
AT MEANS

0 .1649
0 .8351

DURBIN-WATSON = 1.1082 VON NEUMANN RATIO = 1 .1299 RHO 0.44101
RESIDUAL SUM = -0 .31086E-13 RESIDUAL VARIANCE = 4 .9640
SUM OF ABSOLUTE ERRORS= 90.902
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0 .2326
RUNS TEST : 19 RUNS, 26 POS, 0 ZERO , 26 NEG NORMAL STATI STI C -2 .2409

: TEST VALUE 0 .27369
T STATISTI C = 3 .8931654
F STATISTIC = 15 .156736
WALD CHI- SQUARE STATISTIC
UPPER BOUN D ON P-VALUE BY

STD. ERROR OF TEST VALUE 0 .70301E-01
WITH 50 D.F. P-VALUE= 0.00029
WITH 1 AND 50 D.F. P-VALUE= 0.00029
15.156736 WITH 1 D.F . P-VALUE= 0.00010

CHEBYCHEV INEQUALITY = 0.06598

REQUIR ED MEMORY IS PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = G 52 OBSERVATIONS
REGRESSION COEFFICIENTS

0.273693890317 2 .88661384193

RAMSEY RESET SPECIFICATION TESTS
RESET(2) =
RESET(3)=
RESET(4)=

0.8 4449
1. 60 75
1 .057 7

- F WITH
F WITH
F WITH

USING
DFl=
DFl=
DFl =

POWERS OF YHAT
1 AND DF2= 49
2 AND DF2= 48
3 AND DF2= 47
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Output File: Equation (1.6) No Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMATION

52 OBSERVATION S DEPENDENT VARIABLE = G
.. . NOTE.. SAMPLE RANGE SET TO: 1 , 52

R- SQUARE 0.2309 R- SQUARE ADJ USTED 0.21 55
VARI ANCE OF THE ESTIMATE-S IGMA* *2 = 3 .9234
STANDARD ERROR OF THE ESTIMATE-SIGMA = 1.9808
SUM OF SQUARED ERRORS-SSE= 196 .17
MEAN OF DEPENDENT VARIABLE = 1. 933 2
LOG OF THE LIKEL IHOOD FUNCT I ON -1 08.3 06

VARIABLE
NAME

P
CONSTANT

ESTIMATED
COEFFICIENT
0.22457
1. 6737

STANDARD
ERROR

0.5797E-01
0 .282 7

T-RATIO
50 DF
3. 874
5 .92 0

PARTIAL STANDARDIZED
P-VALUE CORR. COEFFI CI ENT

0 .000 0 . 480 0. 48 05
0 . 000 0.642 0.0000

ELASTI CITY
AT MEANS

0 .1342
0 .8658

DURBIN- WATSON = 1 .8 632 VON NEUMANN RATIO = 1.8997 RHO 0 .06036
RESIDUAL SUM = 0. 710 54 E-14 RESIDUAL VARIANCE = 3.9234
SUM OF ABSOLUTE ERRORS= 80. 97 2
R-S QUARE BETWEEN OBSERVED AND PREDICTED = 0.2309
RUNS TEST : 23 RUN S, 28 POS, 0 ZERO, 24 NEG NORMAL STATIS TI C - 1. 0839

: TEST VALUE 0 .22 457
T STATISTIC = 3.8740997
F STATIS TIC = 15.008648
WALD CHI-SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0.57 967E-0 1
WITH 50 D.F . P-VALUE= 0 .000 31
WITH 1 AND 50 D.F . P-VALUE= 0 .00031
15.008 64 8 WI TH 1 D.F. P-VALUE= 0 . 00 011

CHEBYCHEV I NEQUALITY = 0 . 06663

6 CURRENT PAR= 500
52 OBSERVATIONS

REQUIR ED MEMORY IS PAR=
DEPENDENT VARIABLE = G
REGRESSION COEFFI CI ENTS

0 .2 24 56803 1321 1 .67367412 319

SPECIFICATI ON TESTSRAMSEY RESET
RESET(2) =
RESET( 3) =
RESET (4 ) =

1. 028 4
3 . 1536
2 .4641

- F WI TH
F WITH
F WITH

USING
DF1=
DF1=
DF1=

POW ERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47
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Command File: Equation (1.7)

f i le 11 c:\kaldor .txt
read (ll ) D G A / skiplines=l
sample 1 52
ols G A / Rstat
tes t
t e st G=O
test A=O
end
Diagnos / RESET
stop

Output File: Equation (1.7) Autocorrelation

REQU IR ED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMAT ION

52 OBSERVATI ONS DEPENDENT VARI ABLE = G
. . . NOTE . . SAMPLE RANGE SET TO: 1, 52

R-SQUARE 0.0847 R-SQUARE ADJUSTED 0 .0663
VARIANCE OF THE ESTIMATE-SIGMA* *2 = 5 .9211
STANDARD ERROR OF THE ESTIMATE-SIGMA = 2 .4333
SUM OF SQUARED ERRORS -SSE= 29 6 .0 6
MEAN OF DEPENDENT VARIABLE = 3 . 4568
LOG OF THE LI KELIHOOD FUNCTION - 11 9 .00 7

VARIABLE
NAME

A
CONSTANT

ESTIMATED
COEFFICIENT
0 .61550E-01

3 . 2553

STANDARD
ERROR

0.2862E-0 1
0 .3502

T-RATIO
50 DF
2 . 15 0
9. 29 5

PARTIAL STANDARDIZED
P- VALUE CORR. COEFFICIENT

0 . 036 0 .291 0 . 2910
0 .000 0 . 796 0.0 000

ELASTICI TY
AT MEANS

0 .0 58 3
0 . 9417

DURBIN-WATSON = 0 . 958 4 VON NEUMANN RATI O = 0 .9772 RHO 0 .51236
RESI DUAL SUM = 0.40412E- 13 RESIDUAL VARI ANCE = 5. 9211
SUM OF ABSOLUTE ERRORS= 100 .37
R-SQ UARE BETWEEN OBSERVED AND PREDICTED = 0 .084 7
RUNS TEST: 21 RUNS, 27 POS, 0 ZERO , 25 NEG NORMAL STATISTIC - 1 . 67 24

STD. ERROR OF TEST VALUE 0 .28622E- 01
WITH 50 D.F . P-VALUE= 0 .03638
WITH 1 AND 50 D.F. P-VALUE= 0 .03638
4.6243 13 8 WITH 1 D. F . P-VALUE= 0 .03152

CHEBYCHEV I NEQUALI TY = 0 .21625

: TEST VALUE 0 . 61550E-01
T STATIST IC = 2. 1504218
F STATISTIC = 4 . 624 3138
WALD CHI -SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

REQUIRED MEMORY IS PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = G 52 OBSERVATIONS
REGRESSION COEFFICIENTS

0.6155044 67152E-01 3 .2553 1401935

SPECIFICATION TESTSRAMSEY RESET
RESET(2) =
RESET( 3) =
RESET(4) =

2. 7 965
2. 5810
1. 73 66

- F WI TH
F WI TH
F WI TH

USI NG
DF1=
DFl =
DFl=

POW ERS OF YHAT
1 AND DF2= 49
2 AND DF2= 48
3 AND DF2= 47
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Output File: Equation (1.7) No Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMATION

52 OBSERVATIONS DEPENDENT VARIABLE = G
. . . NOTE .. SAMPLE RANGE SET TO: 1 , 52

R-SQUARE 0.1578 R-SQUARE ADJUSTED 0.1410
VARIANCE OF THE ESTIMATE - SIGMA**2 = 4 .3093
STANDARD ERROR OF THE ESTIMATE-SIGMA = 2.0759
SUM OF SQUARED ERRORS-SSE= 215 .4 7
MEAN OF DEPENDENT VARIABLE = 1.6859
LOG OF THE LIKELIHOOD FUNCTION - 110. 745

VARIABLE
NAME

A
CONSTANT

ESTIMATED
COEFFICIENT
0. 59111E-01

1.5946

STANDARD
ERROR

0.1931E-01
0 .2894

T-RATIO
50 DF
3 . 061
5.510

PARTIAL STANDARDIZED
P-VALUE CORR. COEFFICIENT

0 .004 0.397 0 .3973
0.000 0.615 0.0000

ELASTICITY
AT MEANS

0.0541
0 .9459

DURBIN-WAT SON = 1 .9757 VON NEUMANN RATIO = 2.0144 RHO = -0 .00007
RESIDUAL SUM = 0 .24869E-13 RESIDUAL VARIANCE = 4.3093
SUM OF ABSOLUTE ERRORS= 83 .802
R-SQUARE BETWEEN OBSERVED AN D PREDICTED = 0. 1578
RUNS TEST: 23 RUNS, 28 POS, 0 ZERO , 24 NEG NORMAL STATISTIC - 1 . 0839

STD. ERROR OF TEST VALUE 0.19310E-01
WITH 50 D.F. P-VALUE= 0.00354
WITH 1 AND 50 D.F . P-VALUE= 0 .00354
9 .3710277 WITH 1 D.F. P-VALUE= 0 .00220

CHEBYCHEV INEQUALITY = 0 .10671

: TEST VALUE 0 .59111E-01
T STATI STI C = 3 .0612134
F STATISTIC = 9 .3710277
WALD CHI- SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

REQUIRED MEMORY IS PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = G 52 OBSERVATIONS
REGRESSION COEFFICI ENTS

0 . 59 110 7403 187 E-01 1.59462568344

RAMSEY RESET SPECIFICATION TESTS
RESET(2) =
RESET(3) =
RESET(4)=

1. 4732
0.81008
0 .56444

- F WITH
F WITH
F WITH

USING
DFl=
DFl=
DFl=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47



Command File: Equation (1.8)

file 11 c:\kaldor .txt
read (ll ) 0 G Q / skipl ines= l
sample 1 52
015 G Q / Rstat
test
test G=O
tes t Q=O
end
Diagnos / RESET
stop

Output File: Equation (1 .8) Autocorrelation

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMATION

52 OBSERVATIONS DEPENDENT VARIABLE = G
. . . NOTE .. SAMPLE RANGE SET TO: 1 , 52

R-SQUARE 0 .1313 R-SQUARE ADJUSTED 0.1139
VARIANCE OF THE ESTIMATE-SIGMA**2 = 5.6196
STANDARD ERROR OF THE ESTIMATE-SIGMA = 2 .37 0 6
SUM OF SQUARED ERRORS- SSE= 280 .98
MEAN OF DEPENDENT VARIABLE = 3 .4568
LOG OF THE LIKELIHOOD FUNCTION - 117. 648

107

VARIABLE
NAME

Q

CONSTANT

ESTIMATED
COEFFICIENT
0 .22401

3.0590

STANDARD
ERROR

0 .8 150E-01
0 .3592

T-RATIO
50 OF
2.749
8 .517

PARTIAL STANDARDIZED
P-VALUE CORR ' ,COEFFICIENT

0 .008 0.362 0.3623
0.000 0 .7 69 0 .0000

ELASTICITY
AT MEAN S

0 .1151
0.8849

DURBIN -WATSON = 1 .2180 VON NEUMANN RATIO = 1 . 241 9 RHO 0 . 388 29
RESIDUAL SUM = - 0 . 20428E- 13 RESIDUAL VARIANCE = 5 .61 96
SUM OF ABSOLUTE ERRORS= 93.759
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0 .1313
RUNS TEST: 1 9 RUNS , 29 pos , 0 ZERO , 23 NEG NORMAL STATISTIC - 2 . 1734

: TEST VALUE 0 . 22401
T STATISTIC = 2 .74 870 25
F STATISTI C = 7 .5553654
WALD CHI- SQUARE STATI STI C
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0 . 81 497E-01
WITH 50 D.F. P-VALUE= 0.00830
WITH 1 AND 50 D.F . P-VALUE= 0. 0083 0
7.555365 4 WITH 1 D.F . P-VALUE= 0 .00 59 8

CHEBYCHEV I NEQUALITY = 0 . 1323 6

REQUIRED MEMORY IS PAR= 6 CURRENT PAR= 500
DEPENDENT VARI ABLE = G 52 OBSERVATIONS
REGRESSION COEFFI CI ENTS

0 . 224010742195 3 . 05 90120 0106

SPECIFICATION TESTSRAMSEY RESET
RESET(2)=
RESET(3) =
RESET(4 )=

3 .2936
3.2327
2 . 13 66

- F WITH
F WIT H
F WI TH

USING
DF1=
DF1=
DF1=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47
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Output File: Equation (1 .8) No Autocorrelation

REQUI RED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMAT I ON

52 OBSERVATI ONS DEPENDENT VARIABLE = G
. . . NOTE. . SAMPLE RANGE SET TO: 1 , 52

R- SQUARE 0 .0730 R- SQUARE ADJUSTED 0 .0 544
VARIANCE OF THE ESTI MATE-SIGMA* *2 = 4 .7577
STANDARD ERROR OF THE ESTI MATE-S IGMA = 2.1812
SUM OF SQUARED ERRORS-SSE= 237 . 88
MEAN OF DEPENDENT VARIABLE = 2.1157
LOG OF THE LIKELIHOOD FUNCTION -113. 319

VARIABLE
NAME

Q

CONSTANT

ESTIMATED
COEFFICIENT
0 . 17196
1.9286

STANDARD
ERROR

0.8 667E- 01
0 . 31 68

T-RATIO
50 DF
1. 984
6 . 087

PARTI AL STANDARDI ZED
P-VALUE CORR. COEFFICIENT

0.0 53 0 .270 0 .27 02
0. 000 0.652 0 .0 000

ELASTICI TY
AT MEANS

0 .0 884
0 .911 6

DURBI N-WATSON = 1 .89 84 VON NEUMANN RATIO = 1.9356 RHO 0.04131
RESID UAL SUM = - 0 . 4085 6E- 13 RESI DUAL VARIANCE = 4.757 7
SUM OF ABSOLUTE ERRORS= 88 .612
R- SQUARE BETWEEN OBSERVED AND PREDICTED = 0.0730
RUNS TEST: 24 RUNS , 31 POS, 0 ZERO , 21 NEG NORMAL STATISTI C -0. 5934

: TEST VALUE 0 .17196
T STATISTIC = 1 .9840 567
F STATISTIC = 3 . 93 64 809
WALD CHI-SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0.86669E-01
WITH 50 D.F . P-VALUE= 0 .05275
WIT H 1 AND 50 D.F . P-VALUE= 0.0 527 5
3.93 64809 WITH 1 D.F. P-VALUE= 0.04725

CHEBYCHEV INEQUALITY = 0 .25403

6 CURRENT PAR= 500
52 OBSERVATIONS

REQUI RED MEMORY I S PAR=
DEPENDENT VARIABLE = G
REGRESSION COEFFI CI ENTS

0.171 9562 43771 1 .928 58 7990 55

SPECI FICATI ON TESTSRAMSEY RESET
RESET( 2 )=
RESET(3 ) =
RESET( 4) =

2.4349
3 .62 31
2. 8113

- F WITH
F WI TH
F WITH

USI NG
DF1=
DF1=
DF1=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47



Command File: Equation (1.9)

fi le 11 c: \ kaldor .txt
read (l l ) D G S / s kiplines =l
sample 1 52
015 G S / Rstat
test
test G=O
tes t S=O
end
Diagnos / RESET
Stop

Output File: Equation (1.9) Indecisive

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
OLS ESTIMATION

52 OBSERVATIONS DEPENDENT VARIABLE = G
. . . NOTE .. SAMPLE RANGE SET TO: 1, 52

R-SQUARE 0 .69 67 R- SQUARE ADJUSTED 0.690 6
VARIANCE OF THE ESTIMATE-SIGMA**2 = 1 . 9621
STANDARD ERROR OF THE ESTIMATE-SIGMA = 1.4008
SUM OF SQUARED ERRORS-SSE= 98 .107
MEAN OF DEPENDENT VARIABLE = 3 .4568
LOG OF THE LIKELIHOOD FUNCTI ON -90. 2899

109

VARIABLE
NAME

S
CONSTANT

ESTIMATED
COEFFICIENT
0 .44526

1.3857

STANDARD
ERROR

0.4155E-01
0 .2740

T- RATIO
50 DF
10.72
5 .057

PARTIAL STANDARD I ZED
P-VALUE CORR . COEFFICIENT

0 . 000 0.835 0 .8347
0.000 0.58 2 0 .0000

ELASTIC IT Y
AT MEANS

0 .5991
0.400 9

DURBIN -WATSON = 1 .5326 VON NEUMANN RATIO = 1.5627 RHO 0 . 09 40 4
RESIDUAL SUM = 0.82268E-13 RESIDUAL VARIANCE = 1 . 9621
SUM OF ABSOLUTE ERRORS= 51.960
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0 . 69 67
RUNS TEST: 27 RUNS , 25 POS, 0 ZERO, 27 NEG NORMAL STATIST IC 0.010 8

: TEST VALUE 0 .44526
T STATISTIC = 10 . 716342
F STATISTIC = 114 . 83998
WALD CHI-SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0.41550E-0 1
WITH 50 D. F . P-VALUE= 0 . 00 000
WITH 1 AND 50 D.F. P- VALUE= 0.00000
114. 83 99 8 WITH 1 D.F. P- VALUE= 0 .00000

CHEBYCHEV I NEQUALIT Y = 0.0087 1

REQUIRED MEMORY IS PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = G 52 OBSERVATIONS
REGRESSION COEFFICIE NTS

0 . 4452 5 9641 623 1.38573384541

SPECIFICATION TESTSRAMSEY RESET
RESET(2)=
RESET(3)=
RESET (4 )=

8 .7528
4.4146
4 .2555

- F WITH
F WITH
F WITH

USING
DF1=
DF1=
DF1=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 49
DF2= 48
DF2= 47



Output File: Equation (1 .9) No Autocorrelation

REQUIRED MEMORY I S PAR= 4 CURRENT PAR= 500
OLS ESTIMATION

52 OBSERVATIONS DEPENDENT VARI ABLE = G
.. . NOTE.. SAMPLE RANGE SET TO: 1 , 52

R- SQUARE 0 .6790 R- SQUARE ADJ USTED 0 .6726
VARI ANCE OF THE ESTI MATE-SIGMA** 2 = 1. 9142
STANDARD ERROR OF THE ESTIMATE-SIGMA = 1.3835
SUM OF SQUARED ERRORS -SSE= 95.7 10
MEAN OF DEPENDENT VARIABLE = 3.1325
LOG OF THE LIKELIH OOD FUNCTION - 89 . 64 68

110

VARIABLE
NAME

S
CON STANT

ESTIMATED
COEFFICIENT
0 .4465 8
1. 2520

STANDARD
ERROR

0.4 34 2E-01
0 .265 0

T-RATI O
50 DF
10 .2 8
4 .72 4

PARTIAL STANDARDIZED
P-V ALUE CORR. COEFFICIENT

0.000 0 .82 4 0. 8240
0.000 0 . 555 0 . 0000

ELASTICIT Y
AT MEANS

0.6003
0 .3997

DURBIN-WATSON = 1 . 73 42 VON NEUMANN RAT IO = 1 . 7682 RHO = - 0 . 00311
RESIDUAL SUM = 0 .3530 5E-13 RESI DUAL VARIANCE = 1 .91 42
SUM OF ABS OLUTE ERRORS= 52.535
R-S QUARE BETWEEN OBSERVED AND PREDICT ED = 0 .6790
RUNS TEST: 29 RUN S, 24 POS, 0 ZERO, 28 NEG NORMAL STATIST I C 0 .6070

: TEST VALUE 0.44658
T STATISTI C = 10 .284930
F STATISTI C = 10 5 . 779 78
WALD CHI-SQUARE STATISTIC
UPPER BOUND ON P- VALUE BY

STD. ERROR OF TEST VALUE 0.43421E-01
WI TH 50 D.F. P-VALUE= 0 .00000
WITH 1 AND 50 D.F. P-VALUE= 0 .0000 0
105 .77 978 WITH 1 D.F . P- VALUE= 0. 00000

CHEBYCHEV I NEQUALI TY = 0.0094 5

REQUIRED MEMORY I S PAR= 6 CURRENT PAR= 500
DEPENDENT VARIABLE = G 52 OBSERVATIONS
REGRESSION COEFFICI ENTS

0. 44 658 08 0680 5 1 .2 51 96 74 533 1

RAMSEY RESET
RESET (2) =
RESET( 3) =
RESET(4) =

SPECIFICAT I ON TESTS USI NG
9.2 10 5 - F WITH DF1=
4.514 9 - F WITH DF1=
3 .65 92 - F WITH DF1=

POWERS OF YHAT
1 AND DF2= 49
2 AN D DF2= 48
3 AND DF2= 47



Command File: Equation (2.1)

file 11 c :\kaldor .txt
read (ll) 0 P M / s kiplines=l
sample 1 26
015 P M / Rstat
t e s t
test P=O
test M=O
end
Diagnos / RESET
stop

Output File: Equation (2.1) No Autocorrelation

REQUIRED MEMORY IS PAR= 2 CURRENT PAR= 500
OLS ESTIMATION

26 OBSERVAT IONS DEPENDENT VARIABLE = P
. .. NOTE. . SAMPLE RANGE SET TO: 1 , 26

R-SQUARE 0 .5 760 R-SQUARE ADJUSTED 0 . 558 3
VARIANCE OF THE ESTI MATE-SIGMA* *2 = 4.7103
STANDARD ERROR OF THE ESTI MATE-SIGMA = 2.1703
SUM OF SQUARED ERRORS- SSE= 113 . 05
MEAN OF DEPENDENT VARIABLE = 1 .4 698
LOG OF THE LIKELIHOOD FUNCTI ON - 55 .9985

111

VARIABLE
NAME

M

CONSTANT

ESTI MATED
COEFFICI ENT
0 . 5384 5
0 . 43 909 E- 01

STANDARD
ERROR

0 .9430E-01
0 . 4935

T-RATIO PARTIAL STANDARDIZED
24 OF P-VALUE CORR. COEFFICIENT
5 .710 0 .000 0.759 0 .7590

0 .8898E-0 1 0 .930 0. 018 0 . 000 0

ELASTICITY
AT MEANS

0 . 9701
0 .02 99

DURBIN-WATSON = 1.5056 VON NEUMANN RATIO = 1 . 5659 RHO 0 . 24 449
RESIDUAL SUM = 0 .1 1102E- 13 RESIDUAL VARIANCE = 4.7 103
SUM OF ABSOLUTE ERRORS= 43.946
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0.5760
RUNS TEST : 9 RUNS , 13 POS, 0 ZERO, 13 NEG NORMAL STATI STI C -2 .0016

: TEST VALUE 0. 5384 5
T STATIS TI C = 5 . 7101032
F STATIS TI C = 32.605278
WALD CHI- SQUARE STATISTIC
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0.94298E-01
WI TH 24 D.F . P- VALUE= 0.00001
WITH 1 AND 24 D.F . P-VALUE= 0 .0 00 01
32.605278 WITH 1 D.F . P-VALUE= 0 .0 0000

CHEBYCHEV I NEQUALI TY = 0 .030 67

REQUIRED MEMORY IS PAR= 4 CURRENT PAR= 500
DEPENDENT VARIABLE = P 26 OBSERVATIONS
REGRESS ION COEFFICIENTS

0.538450048698 0 .43 9091248874E-01

RAMSEY RESET SPECIFICATION TESTS
RESET(2) =
RESET( 3 ) =
RESET(4 )=

0 .69804
0 .60 411
3.54 45

- F WI TH
F WITH
F WITH

USING
DFl=
DFl=
DFl=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 23
DF2= 22
DF2= 21



Command File: Equation (2.2)

fi le 11 c :\ka1 dor . tx t
r e ad( l l) D E M / s kip1 i nes=1
sample 1 2 6
015 E M / Rstat
tes t
t e s t E=O
tes t M=O
end
Di agno s / RESET
stop

Output File: Equation (2.2) No Autocorrelation

REQUI RED MEMORY IS PAR= 2 CURRENT PAR= 500
OLS ESTIMATION

26 OBSERVATI ONS DEPENDENT VARIABLE = E
.. . NOTE . . SAM PLE RANGE SET TO: 1 , 26

R-SQUARE 0 .4995 R-SQUARE ADJUSTED 0.4 787
VARIANCE OF THE ESTI MATE- SIGMA**2 = 4.7 104
STANDARD ERROR OF THE ESTIMATE-SIGMA = 2.1703
SUM OF SQUARED ERRORS -SSE= 11 3 . 05
MEAN OF DEPENDENT VARIABLE = 1. 1785
LOG OF THE LI KELIHOOD FUNCT ION -55 . 998 8

112

VARIABLE
NAME

M
CONSTANT

ESTIMATED
COEFFICIENT
0 .46155

- 0 . 43 789E-01

STANDARD
ERROR

0 .9430E-0 1
0. 493 5

T-RATIO PARTIAL STANDARDIZED
24 DF P-VALUE CORR. COEFFICIENT
4 .895 0 . 000 0.7 07 0 .7068

- 0. 8873E- 01 0 .930 -0 .018 0. 000 0

ELASTI CI TY
AT MEAN S

1. 03 72
-0 .03 72

DURBIN-WATSON = 1 .5 056 VON NEUMANN RAT I O = 1 .5 65 8 RHO 0. 244 50
RESI DUAL SUM = - 0 . 27756E- 14 RESIDUAL VARIANCE = 4 .7 104
SUM OF ABSOLUTE ERRORS= 43 .947
R- SQUARE BETWEEN OBSERVED AND PREDI CTED = 0 .4 995
RUNS TEST: 9 RUNS, 13 POS, 0 ZERO , 13 NEG NORMAL STATI STI C - 2 . 0016

: TEST VALUE 0 .46155
T STATISTIC = 4 .894521 8
F STATIST IC = 23 .956344
WALD CHI- SQUARE STATIS TI C
UPPER BOUND ON P-VALUE BY

STD. ERROR OF TEST VALUE 0 .94299E-01
WITH 24 D.F. P-VALUE= 0 .0 000 5
WITH 1 AND 24 D.F . P-VALUE= 0 .0000 5
23 . 956 344 WITH 1 D.F . P-VALUE= 0 .00000

CHEBYCHEV I NEQUALI TY = 0 .0 4174

REQUI RED MEMORY I S PAR= 4 CURRENT PAR= 500
DE PENDENT VARIABLE = E 2 6 OBSERVAT I ONS
REGRESSI ON COEFFI CIENTS

0.46154 815 7009 -0 .4378 898 87 073E-01

RAMSEY RESET SPECI FI CATI ON TESTS
RESET (2 )=
RESET( 3 ) =
RESET (4)=

0 . 697 93
0.60414

3 . 5440

- F WITH
F WITH
F WITH

USING
DFl=
DFl =
DFl=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 23
DF2= 22
DF2= 21



Command File: Equation (3.1)

fi l e 11 c : \ kaldor.txt
r ead (l l ) D P M / s kip l i nes =l
samp l e 1 26
ols P M / Rstat
t est
test p=o
test M=O
end
Di agnos / RESET
s t op

Output File: Equation (3.1) No Autocorrelation

REQU I RED MEMORY I S PAR= 2 CURRENT PAR= 500
OLS ESTIMATION

26 OBSERVATIONS DEPENDENT VARIABLE = P
. . . NOTE.. SAMPLE RANGE SET TO: 1 , 26

R-SQ UARE 0 .15 79 R-SQUARE ADJUSTED 0 .12 28
VARI ANCE OF THE ESTIMATE-SIGMA**2 = 3 . 2602
STANDARD ERROR OF THE ESTI MATE-S IGMA = 1.8056
SUM OF SQUARED ERRORS- SSE= 78 . 246
MEAN OF DEPENDENT VARIABLE = 2 .0898
LOG OF THE LIKELIHOOD FUNCTION - 51 .2152

11 3

VARIABLE
NAME

M
CON STANT

ESTIMATED
COEFFIC IE NT
0 .16642
1. 6491

STANDARD
ERROR

0 . 784 5E-01
0 . 4106

T-RATIO
24 DF
2.121
4. 017

PARTIAL STANDARDI ZED
P-VALUE CORR. COEFFICI ENT

0.04 4 0 . 397 0.3974
0 .001 0 .634 0 .0000

ELASTI CI TY
AT MEAN S

0 .2109
0 .7891

DURBIN-WATS ON = 2 .3 40 5 VON NEUMANN RATI O = 2 .4341 RHO = - 0. 230 83
RESIDUAL SUM = 0. 3552 7E-1 4 RESID UAL VARIANCE = 3 .2602
SUM OF ABSOLUTE ERRORS= 38.433
R- SQUARE BETWEEN OBS ERVED AND PREDICTED = 0.1579
RUNS TEST: 1 6 RUNS , 11 POS, 0 ZERO, 15 NEG NORMAL STATISTI C 0 .9 472

: TEST VALUE 0 .16642
T STATISTIC = 2.1213 035
F STATIS TI C = 4 . 4999285
WALD CHI-SQUARE STATIS TIC
UPPER BOUN D ON P-VALUE BY

STD. ERROR OF TEST VALUE 0 . 784 52 E-01
WITH 24 D.F. P-VALUE= 0.04442
WI TH 1 AND 24 D.F . P- VALUE= 0.04442
4 .499928 5 WI TH 1 D.F . P-VALUE= 0 .03390

CHEBYCHEV I NEQUALITY = 0 .22223

REQUIRED MEMORY I S PAR= 4 CURRENT PAR= 500
DEPENDENT VARIABLE = P 26 OBSERVAT IONS
REGRESSION COEFFICIENT S

0 . 1664204 04 121 1 .649139320 59

SPECIFI CATI ON TESTSRAMSEY RESET
RESET(2)=
RESET (3)=
RESET(4)=

1.0239
1. 0998

0 . 74042

- F WITH
F WITH
F WITH

USING
DF1=
DFl=
DF1=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 23
DF2= 22
DF2= 21



Command File: Equation (3.2)

fi le 11 c : \kaldor. txt
read (ll) D P M E/ s kip l ines=l
sample 1 26
o l s P M E/ Rstat
test
test M=O
tes t E=O
end
Diagnos / RESET
stop

Output File: Equation (3.2) No Autocorrelation

REQUIRED MEMORY I S PAR= 3 CURRENT PAR= 500
OLS ESTIMATION

26 OBSERVATIONS DE PENDENT VARIABLE = P
. . . NOTE . . SAMPLE RANGE SET TO: 1 , 2 6

R-SQUARE 0.7316 R-SQUARE ADJUSTED 0 .708 2
VARIANCE OF THE ESTIMATE-S IGMA**2 = 1 .01 98
STANDARD ERROR OF THE ESTIMATE-SIGMA = 1.0098
SUM OF SQUARED ERRORS-SSE= 23.454
MEAN OF DEPENDENT VARIABLE = 1 .7380
LOG OF THE LI KELIHOOD FUNCTION -35 .55 29

VARIABLE ESTIMATED STANDARD T-RATIO PARTIAL STANDARDIZED ELASTICIT Y
NAME COEFFICIENT ERROR 23 DF P-VALUE CORR. COEFFICIENT AT MEAN S

M 0 .3692 6 0.4898E-O l 7.540 0.0 00 0.844 0 .9092 0 .5 626
E -0.695 87 0 .1262 -5 .514 0 . 000- 0 . 755 -0.6649 -0 .1237
CONSTANT 0 . 97519 0 . 2304 4 . 23 3 0 .000 0 . 662 0 .0000 0. 5611

DURBIN-WATSON = 2.43 25 VON NEUMANN RATIO = 2. 52 98 RHO = -0 . 442 33
RESIDUAL SUM = 0 . 97700E- 14 RESIDUAL VARIANCE = 1 . 0198
SUM OF ABSOLUTE ERRORS= 20 .1 94
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0 . 731 6
RUNS TEST : 17 RUNS, 12 POS, 0 ZERO, 14 NEG NORMAL STATISTIC = 1.239 4

: F STATISTIC = 31 .34 2155 WITH 2 AND 23 D. F . P-VALUE= 0 .00000
WALD CHI-SQUARE STATISTIC 62 .6843 09 WITH 2 D.F . P-VALUE= 0 .00000
UPPER BOUND ON P-VALUE BY CHEBYCHEV I NEQUALI TY = 0 . 03 19 1

REQUIRED MEMORY I S PAR= 4 CURRENT PAR= 50 0
DEPENDENT VARIABLE = P 26 OBSERVATIONS
REGRESSION COEFFIC IE NTS

0 . 3692577 48882 - 0.695 87 45 881 95 0 .9751 856169 60

114

RAMSEY RESET SPECIFICAT I ON TESTS
RESET (2 )=
RESET(3)=
RESET(4 )=

0. 527 62
0.28 655
0 .761 03

- F WITH
F WITH
F WITH

USI NG
DFl=
DF1=
DFl=

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 22
DF2= 21
DF2= 20



Command File: Equation (3.3)

file 11 c :\kaldor.txt
read(ll) 0 P EM EN/ skipl ines;l
s ample 1 26
ols P EM EN/ Rsta t
tes t
test EM;O
test EN;O
end
Diagnos / RESET
stop

Output File: Equation (3.3) No Autocorrelation

REQUIRED MEMORY IS PAR; 3 CURRENT PAR; 500
OLS ESTI MATION

26 OBSERVATIO NS DEPENDENT VARI ABLE = P
. .. NOTE . . SAMPLE RANGE SET TO: 1 , 2 6

R-SQUARE 0.3753 R- SQUARE ADJUSTED 0 .32 09
VARIANCE OF THE ESTIMATE-SIGMA**2 = 2 . 3734
STANDARD ERROR OF THE ESTIMATE-SIGMA = 1 .54 06
SUM OF SQUARED ERRORS -SSE= 54 .588
MEAN OF DEPENDENT VARIABLE = 1.7380
LOG OF THE LIKELIHOOD FUNCTION - 46 . 5348

VARIABLE ESTIMATED STANDARD T-RATIO PARTIAL STANDARDIZED ELASTICITY
NAME COEFFICIENT ERROR 23 OF P- VALUE CORR . COEFFICIENT AT MEANS

EM 0 .37894 0 . 112 7 3.363 0. 003 0.574 0.6093 0 .2 569
EN - 0 . 53812 0.18 96 - 2 . 838 0. 009- 0 . 509 - 0.5142 - 0. 0957
CONSTANT 1. 457 7 0 . 325 4 4 .4 80 0 . 000 0.68 3 0 . 00 00 0 . 838 7

DURB IN-WATSON ; 1. 6635 VON NEUMANN RATIO = 1.7300 RHO 0 .14446
RESIDUAL SUM = - 0 . 11102E- 14 RESIDUAL VARIANCE ; 2 . 3734
SUM OF ABSOLUTE ERRORS= 30.328
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0.3753
RUNS TEST: 11 RUNS , 12 POS, 0 ZERO, 14 NEG NORMAL STATISTIC = - 1 . 1774

: F STATI STI C ; 6 .9075709 WITH 2 AND 23 D. F . P-VALUE= 0.00447
WALD CHI -SQUARE STATI STIC 13 .8 15142 WITH 2 D.F. P-VALUE= 0.00100
UPPER BOUND ON P-VALUE BY CHEBYCHEV INEQUALITY = 0 .14 477

REQUIRED MEMORY IS PAR; 4 CURRENT PAR; 500
DEPENDENT VARI ABLE = P 26 OBSERVATI ONS
REGRESSION COEFFICI ENTS

0 .37 8944015860 -0 .53 8117512143 1 .45772512 804

115

RAMSEY RESET SPECI FICATION TESTS
RESET(2);
RESET (3 ) ;
RESET(4)=

0 .15439E-01 
0 .70924E-01

1.2453

F WITH
F WITH
F WI TH

USING
DFl =
DFl=
DFl =

POWERS
1 AND
2 AND
3 AND

OF YHAT
DF2= 22
DF2; 21
DF2= 20
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