
7

ABSTRACT: The author elaborated and, 
by a world economic investigation on 
131 countries, verified a growth model 
considering both physical and human 
capital, as well as time, as the event space 
of creative economic activity. The main 
components of the model are the intensity 
functions using which one can map the 
three fundamental types of technical 
progress and thus economic growth and 

development from the initial state without 
physical capital to our days. The model is 
functioning well concerning both developed 
and developing countries, as demonstrated 
by the paper with the examples of the 
United States and India.
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1. Introduction

What is implied by economic growth mechanism? It is essentially an interaction 
of the fundamental production and growth factors, the functioning of economic 
force fields, generated by them, as a result of which emerges the economic output 
(Y), usually characterised today by the GDP at a national economy level and by 
value added sectorally. Growth mechanism determines not only the volume of 
output but price formation, income distribution and accumulation as well. Ever 
since the 18th century, economics has been dealing with these questions (see e.g. 
Mátyás 1999, 2002). However, the confrontation of mathematical modelling and 
model assumptions with factual data has begun only in the 20th century with 
the creation of the Cobb-Douglas production function (Douglas 1957). The latter 
is the staring point of the neoclassical growth theory marked by Solow’s name 
(Solow 1956, 1957, Samuelson and Nordhaus 2000), having today a dominant role 
in economic thought. It is characteristic that Aghion and Durlauf (2005) discuss 
the various aspects of economic growth essentially based on neoclassical theory. 

What explains the success of the Solow model?1 It is a joint effect of several 
circumstances, one of which is relative simplicity, good manageability. Not less 
substantial is the fact that the model corresponds to the fundamental theses of 
neoclassical economics: it sets out from the determinant role of supply, explaining 
value creation and income distribution by the marginal products of labour and 
capital. A further cause of success is that the model adequately maps economic 
growth mechanism when it supposes homogeneity of degree one, a constant 
return to scale, thus excluding the “big bang” problem (see Solow 1994). Referring 
to increasing returns, several authors, Kaldor, Kornai and others have sharply 
criticised the assumption of the neoclassical model regarding the diminishing 
return to factors and constant return to scale, respectively. We will see, however, 
that in a more general model, some factors can have an increasing return, whereas 
the return to scale is constant. 

In connection with the relative simplicity and certain assumptions of the Solow 
model, several problems arise, of which the most important is the specific role of 

1 The standard neoclassical model (Solow 1956) can be written down in the following form: Y 
= AoK

αL1-αeλΔ t, where Y is output, Ao is a multiplier of efficiency, K is fixed capital, L is labour 
and t is time. For variables, for the sake of simplicity, the index t was not written out. ∆t is the 
number of years (t-to) elapsed from some initial moment (to), α, 1-α and λ are the elasticity of 
output by fixed capital, labour and time, respectively. The model assumes that, in a situation 
of equilibrium, the parameter α corresponds to the profit share in the GDP, which regarding 
the developed countries is usually taken as 1/3. 
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the time factor. In the model, a major part of economic growth appears not as a 
return to capital and labour but as a function of time. Previously, it was called 
neutral technical progress; recently, it has become total factor productivity (TFP). 
The expression technical progress in the given respect is not appropriate, since in 
the model, economic growth has another part, dependent on change in capital, 
which is also a result of technical progress, embodied technical progress contrary 
to the disembodied one, or TFP. 

One of the biggest problems is that the future result of total factor productivity 
can only be guessed; therefore, we cannot reliably estimate the rate of economic 
growth. A further problem is that, according to empirical results (Mankiw, Romer 
and Weil, 1992), the elasticity of output by capital (α) is almost twice as what is 
supposed by neoclassical theory on the basis of income distribution proportions. 
In the neoclassical model, the effect of time factor is also increased by the fact 
that one considers as capital only physical and, within it, usually merely fixed 
capital. Thus, there does not appear to be the return to human capital as well as 
to scarce natural resources, namely the return to arable land and mineral wealth 
(in our time chiefly oil and natural gas resources). The effects of disregarded 
factors are very divergent in different countries and sectors, as well as in different 
phases of economic development; therefore, there is no explanation for many 
growth phenomena, while mass media are occasionally resounding with various 
“economic miracles”. 

Several researchers, namely P. Romer and Lucas Jr. endeavoured to endogenise 
the growth model by including components of human capital: research and 
development (R&D), education, and learning by doing, to find an explanation 
for the time-dependent technical progress of the Solow model. In essence, they 
also gave up the first-degree homogeneity of the growth model (Romer, P. 1986, 
1994; Lucas Jr. 1988). A sharp criticism of such endogenous models can be found 
in studies by Solow (1994) and Jones (1995). 

Growth mechanism determines not only an economy’s dynamics, change rate, but 
also its stagnancy, the level of development. Based on an adequate growth model, 
an answer must be obtained to the questions why there are such extreme income 
differences between developed and developing countries and what the role of 
growth factors is therein. In the case of neoclassical model, the underestimation 
of the parameter α leads to divergences by order of magnitude in comparing the 
incomes of developed and developing countries (Romer, D. 1996). A similar role 
is played by differences in human capital, as well as in natural, mainly oil and gas 
resources by disregarding the latter facts.
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From the outlined above, a conclusion can be drawn that there is a need for a 
general model mapping economic growth mechanism retaining the positive 
features of the Solow model: the determinant role of supply, homogeneity of 
degree one, constant return to scale and, at the same time, making it possible to 
overcome the problems. In my work, I aspire to achieve that objective, and this 
paper was written relying on the latest empirical results.2

2. Basic Assumptions

1. Economic growth is influenced by very many things; therefore, it is expedient 
to distinguish two groups of acting causes: growth and other factors. Growth 
factors fundamentally determine output. Other factors can change the quantity 
or efficiency of growth factors or incidentally both, thus affecting economic 
growth, primarily in the short run.

2. Within the scope of other factors are, inter alia, the weather, natural catastrophes 
(e.g. floods), certain political events (wars, civil wars, regime changes, etc.), 
economic policy, business cycles, international economic conditions, namely 
world-market prices, exchange rates, capital and labour force flows, as well as 
integration. The efficiency impact of other factors can be evaluated by comparing 
the economy’s performance with that according to the general model.3

3. Growth factors are labour, physical and human capital, as well as time. Two 
fundamental types of labour can be distinguished: reproductive and creative. The 
latter’s specialised form is R&D, while the non-specialised creative labour is often 
called “learning by doing” in the specialised literature. 

4. The amount of labour (M) is expressed by working years in the general model. 
Theoretically, one must consider the length of working time as well as labour 
intensity. However, for working time statistical data are only partly available; 
moreover, they are not always reliable, whereas for labour intensity there are no 
data at all. Through investigating the role of working time, it can be ascertained 
that it relatively moderately affects output, mainly because in case of longer 
working time there is a diminishing labour intensity and, besides, less time is 

2 I owe Professor Solow a debt of gratitude for his valuable advice on the earlier phases of 
research. The content of this paper is naturally the sole responsibility of the author.

3 Among the other factors, the role of international economic conditions and economic policy 
has been dealt with, inter alia, in the following papers: Simon and Simon Jr. (2005, 2006) and 
Simon Jr. (2006, 2007). 
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spent on the extra-school acquisition of knowledge, therefore labour creativity is 
smaller (cf. Simon 2001).

5. The fundamental types of physical capital are fixed capital, arable land and 
mineral wealth. The latter is represented by oil and natural gas resources in our 
model.4 Fixed capital is an average annual gross value at comparable prices. The 
other two types of capital can be measured by natural indicators in hectares and 
tonnes of oil equivalent, similarly to labour and human capital.

6. The main components of human capital are the employed, as the basic 
component, education, namely the number of schooling years, as well as the 
scientists and engineers engaged in research and development, considering the 
time spent on research. 

7. The role of time in growth mechanism is manifold. It is, together with space, a 
frame of reference. In growth models, time coordinates are concretely (yearly or 
quarterly) taken into consideration, while space coordinates figure with a country 
and, within it, branch or sector denotation. Simultaneously, time is an event 
space for both reproductive and creative labour. As a growth factor, it appears in 
connection with a creative economic activity.

8. Growth mechanism contains certain effect lags. In terms of research and 
development, according to our empirical experiences, it is on average two years; 
and this is taken into consideration in the general model. 

9. Growth factors exert their effect together, in an interaction with each other. 
There are four fundamental interactions: additive, multiplicative, inverse 
multiplicative and exponential. The neoclassical model reckons with the first two, 
but the other two are also of the greatest importance.

10. The inverse multiplicative interaction is connected with the fact that the 
return to capital types depends on their ratio to the number of employed, their 
so-called intensity, namely on capital intensity (K/L), where K is fixed capital, 
on land intensity (Z/L), where Z is the arable land in hectares, on mineral (oil 
and natural gas) resource intensity (Ot-1/L), where Ot-1 is the oil and gas wealth 
in tonnes of oil equivalent at the end of the year preceding the reference year, on 

4 According to Weitzman (1999), on a global scale, four-fifths of mining rents in 1994 originated 
in oil and natural gas mining. Because of the rise in oil price, this share may be even higher 
today.
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education (H/L), where H is the number of schooling years, as well as on research 
intensity (Rt-2/L), where Rt-2 is the number of scientists and engineers engaged in 
R&D in the second year preceding the reference year.

11. In the general model, intensities were included as intensity functions, which 
are normalised intensity values increased by unity in a logarithmic form, e.g. the 
capital intensity function FK = ln(1+nKK/L), where nK is a normalising coefficient. 
By a logarithmic conversion, the exponential interaction between intensities 
can be written down in a multiplicative form. With normalising coefficients, 
the degree of logarithmic conversion can be regulated, similarly to the Box-
Cox transformation.5 The normalising coefficient of capital intensity depends 
on prices used; when shifting to other prices, it should be modified by the fixed 
capital price index. 

12. The basic assumption of general model is that in case of certain modification6, 
growth mechanism can be mapped by concretising the parameter α of the Solow 
model, using the intensity functions and time factor. Thus, a range of growth 
factors (Z, O, H, R, L) is complemented, and the model will comprise the inverse 
multiplicative and exponential interactions. Time factor will have a new role, 
the role of the event space creative activity. This model structure is economically 
motivated by the fact that the economy, with the appearance of fixed capital, tools, 
stepped from the initial state and, in the course of its development, increasingly 
became the latter’s function. A successful functioning of human capital also 
supposes adequate fixed capital equipment.

13. The connection between the effects of capital intensity and growth is 
contradictory: there are both accelerating and decelerating effects; in a cybernetic 
language, positive and negative feedbacks. The situation is similar with other 
types of physical capital.

14. The general model through intensity functions maps not only an economic 
growth comprehended as a quantitative change, but also an economic development 
from the initial state without tools to today, and moreover presumably even beyond 
that. Why is it important? First of all, it is because a good part of developing 
countries even today is not too far from the initial state of the economy lacking 
physical capital. In that sense, the past is here in the present: world economy 
cannot be understood without knowing the past. The situation is similar with 

5 See e.g. in Kőrösi, Mátyás and Székely (1990).
6 Taking for zero the independent role of time and considering the number of employed.
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respect to the future. There are sectors of the economy, e.g. power stations, 
chemical plants, etc. being almost completely automated today, representing the 
technology of the future: the future, too, is here in the present. 

15. The main characteristic of economic development is the rise in productivity 
(Y/L, Y/M) through technical progress, embodied in physical and human capital. 
There is no disembodied, exclusively time-dependent technical progress. The 
three components of technical progress are its immobile, mobile and creative 
types. The first two appear where new technology is used, the third where it is 
created. 

16. Any type or component of technical progress comes into being as a joint effect 
of several growth factors, therefore the function used to map it can be called a 
complex factor, or otherwise a factor of technical progress.

17. The direction of the immobile technical progress in the course of economic 
development is positive to the end;7 its main characteristic is the increase in 
elasticity of output by physical capital at higher values of intensity functions. 
Kaldor (1957) in his technical progress function considered this phenomenon 
in terms of investments, respectively, supposing that research and development 
should affect economic growth in such a way. This, in essence, can also refer to 
other types of physical capital: arable land and mineral wealth.8 

18. In the course of immobile technical progress, the elasticity of output by 
physical capital begins with zero at the outset of economic development and later 
on asymptotically tends to unity (function GI) during a gradual transition to an 
automated social production, whereas capital intensity as a result of R&D is not 
increasing limitedly. It should be noted that in our days research is dominated by 
a few developed countries, primarily the United States. The technology created 
here reaches other countries by means of foreign trade, as well as capital flows 
and multinational companies. 

19. The mobile technical progress first increases the elasticity of output by capital 
intensity and then decreases it. It has a great role in the initial phase of economic 
development, but later on, its effect slackens; moreover, at very high values of 
capital intensity it asymptotically tends to zero (function GM). It emerges through 

7 The attribute immobile, similarly to the mobile, pertains to the direction of effect.
8 It is mechanisation and chemicalisation that make it possible to increase the area cultivated 

by an agricultural worker. Furthermore, technical progress has a very great role in the 
exploration of mineral wealth, the oil and natural gas resources.
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technological changes and better work organisation (e.g. a shift to moving-
band production, specialisation and cooperation, etc.), which largely depends 
on the magnitude of capital intensity: to a certain level, positively and, later on, 
negatively, since the increasingly massive, in many cases automated producing 
equipment becomes inertial, resistant to changes. The effect temporarily ensuring 
a very significant return is one of the fundamental causes of the rising and later 
falling “economic miracles”. 

20. The creative technical progress is expressed in a productivity rise induced 
by a specialised and non-specialised creative activity, the work of researchers 
and other qualified workers. The effect is larger if workers are more qualified, 
the employment share of scientists and engineers engaged in R&D is higher and 
more time is available. The creative technical progress, similarly to the mobile 
effect, depends on capital intensity, since a more developed technology initially 
provides more opportunities for further development but, later on, it becomes 
increasingly difficult because of the enlarged inertial effect. 

21. The elasticity of output depending on creative technical progress, the function 
GKR, can be mapped by a product of three components (GHGRGT). The first 
concerns the impact of education (GH), the second research and development 
(GR) and the third time (GT). 

22. While increasing the growth factors in the same proportion at a point in time, 
the output in the general model also increases in that proportion: the constant 
return to scale is fulfilled, similarly to the Solow model. 

23. In the general model, the constant return to scale does not exclude that the 
return to some factors could be increasing, since there is a factor, the number of 
employed, the return to which is negative and, in an absolute value, equals the 
joint return to all the other factors, except labour. The negative return originates 
from the fact that if solely the number of employed increases, there will be a 
decrease in intensities, in the returns derived from that. 

24. The return to labour in the general model is constant. The elasticity of output 
by labour is unity, whereas that by the other factors, according to the preceding 
basic assumption, is jointly zero. Thus, despite the possible existence of increasing 
returns, the general model is homogeneous of degree one. 

25. The verification of the general model needs a world economic investigation, 
while the estimation of parameters a branch- or sectoral level one, exclusively 
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treating manufacturing, the pulling sector of the modern economy, since today 
the bulk of R&D activity is concentrated here, therefore its effect can be measured 
primarily here.9 

3. The General Model

Variables:

Y –  volume of output (GDP or value added) at comparable prices (in dollars 
of 2000);

K – fixed capital (gross) at comparable prices (in dollars of 2000);
L – number of the employed;
M – number of working years;
H – number of schooling years;
R –  number of scientists and engineers engaged in research and development 

(R&D);
Z – arable land in hectares;
O – oil and natural gas resources in tonnes of oil equivalent.
Δt - t-t0 , t is time (years), t0 is the base year, 1950.

All variables are a function of time. The time index is put out in the case of 
retarded effects. In the formulae, a capital letter denotes a function, a small letter 
a parameter (except the variable t). 

Intensity functions 

FK = ln (1+ nK K/L (capital intensity function);

FH = ln (1+ nH H/L) (education function);

FR = ln (1+ nR Rt-2/L) (research intensity function);

FZ = ln (1+ nZ Z/L) (arable land intensity function);

FO = ln (1+ nO Ot-1/L) (mineral resource intensity function).

9 The author owes György Simon, Jr. a debt of gratitude for a critical survey of growth theory 
(Simon Jr. 2002) and for his assistance in creating the database of research.
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Normalising coefficients: nK = 1/385; nH =1; nR = 1, nZ =1; nO =1/1000, where the 
parameter nK refers to the 2000 dollar prices. These are rounded values, which 
do not differ significantly from the estimated ones. The estimation was made 
together with the parameters, starting from certain initial values.

Basic variant of the model10

Y = gM exp[FK (GI + GM + GKR )] (1)

The parameter g is the output produced without fixed capital during a working 
year that approximately corresponds to an economy’s initial productivity level 
without tools. Its estimation was made similarly to the other parameters.

Among the components in parentheses of relation (1), GI is a function concerning 
the immobile, GM the mobile and GKR the creative technical progress. In 
formulae: 

GI = 1-exp{- gI FK - gZ FZ }; 

GM = gM FK exp(-gKM FK – gZM FZ );

GKR = GH.GR.GT , where

GH = gH FH
 exp( – gKM FK ),

GR = 1+ gR FR
2,

GT = exp(gT Δt).

How can the model be interpreted economically? If fixed capital (K) is zero, i.e. 
there are no tools, the economy is in an initial state and output is gM. If K is 
greater than zero, then in relation to the initial state, output and productivity 
increase, depending on how large the intensities are: not only capital intensity, 
but also education and research intensity, an economy’s endowment with 
natural resources, as well as the amount of time available for a creative economic 
activity. 

10 It does not contain the oil factor, which in most countries has a relatively small weight.
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The immobile technical progress, namely the complex factor FK GI, depends 
positively on capital intensity and arable land intensity. The value of GI is 
a magnitude between zero and one, at a very high level of capital intensity it 
asymptotically tends to unity. A common feature of the other two components 
of technical progress (FK GM and FKGKR) is that their magnitude is enlarged by 
capital intensity only to a certain limit; afterwards it will decrease, and if capital 
intensity grows beyond all limits, their values will tend asymptotically to zero. 
The reasons for that have already been discussed above. The mobile technical 
progress (FKGM) is also negatively affected by arable land intensity, since land is a 
relatively inert factor from the viewpoint of technological development and work 
organisation. It is impossible, for example, to shift to moving-band production 
on plough-lands.

The creative technical progress, FKGKR , depends positively on education, research 
intensity and time available for creative economic activity. The role of education 
is double: reproductive and creative. In case of the former, it is substantially 
complementary to physical capital; its effect does not appear independently. 
The situation is, however, different regarding the creative effect of education, 
the most obvious form of which is research and development, a very important 
growth factor of modern economy. All creative activities mean, in a certain 
sense, learning: we learn how better results can be achieved. In that sense, R&D 
can also be called learning by doing. At the same time, if learning was the only 
issue, then most results could be achieved by the least educated, since they have 
most to learn. Empirical results show the opposite, which points to the fact that 
a primarily creative activity is in question, of which the more educated are much 
more capable. 

An answer must also be given to the question why a quadratic form of research 
intensity function (FR

2) figures in the model and not a linear one. It is essentially 
so for two reasons. In one respect, a higher volume concentrated research is, 
as a rule, more efficient. The other reason is presumably that the effect of such 
research more markedly overreaches the given production unit: there gradually 
comes into being a “spill-over”, an additional economic result. The model also 
considers the fact of research and development multiplying the explicit economic 
effect of education, which is true vice versa, too, since research results are more 
utilisable in an economy where workers have higher qualifications. 

Passing over to the verification of the general model, primarily the purpose and 
criteria should be determined. The purpose is the confirmation of conceptual 
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ideas and the corresponding model structure based on world economic data. The 
criteria can be summarised as follows. 

1. The output (GDP, value added) estimated by the model should fit well the 
actual values. However, this in itself is not enough for verification, at least as 
much or even more important is to meet some further criteria.

2. The estimated values of parameters should be significant.
3. The sign and order of magnitude of the parameters should be greatly in 

accordance with the conceptual ideas. How it is important is well demonstrated 
by the problem connected with the parameter α of the neoclassical model, as 
discussed above.

4. The model is applicable for other countries not considered in estimating the 
parameters. 

The verification of the general model was carried out in several phases, based on 
panel data. In the first phase, the parameters of the basic model were estimated 
using branch and sectoral data, respectively, considering manufacturing and non-
manufacturing based on time series for the most important developed countries: 
the U.S., Japan, FRG, UK and France in the period 1950–2003. Productivity 
(Y/M) served as a dependent variable, considering 530 observations (5×2×53). 
Value data (Y, K) were taken into account at 2000 dollar prices, which pertains 
to below, as well. 

The estimation method in the course of investigation was essentially the same. 
In the first approximation, parameters were estimated with logarithmic data, 
using the corresponding auxiliary variables by the least squares method (OLS). 
Thereafter, the results were made more accurate based on non-logarithmic data 
by the non-linear least squares method.11 

The second phase meant the estimation of GDP and national economic 
productivity, respectively, for the countries investigated in that phase, on the 
basis of 265 (5×53) observations. Two methods were available: an aggregated and 
a disaggregated one. In the first case, the estimation is made based on national 
economic data. In the second case, an estimation broken down by sectors (in our 
case, two: manufacturing and non-manufacturing) is carried out; the national 
economic values are determined by summarising the latter’s results. Because 
of a smaller aggregation error, the disaggregated estimation is more accurate, 
especially regarding the returns to growth factors. 

11 See e.g. Kőrösi, Mátyás and Székely (1990).
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In the third phase, the investigation was extended over 131 countries of the world,12 
using data by Heston, Summers and Aten (2006) and singling out three years 
(1970, 1988 and 2003). The investigation covered both developed and developing, 
as well as oil countries.13 We assume that the parameters of the basic model are 
valid for all countries, i.e. the model meets the fourth verification criterion that, 
in a certain sense, is the most important. 

To consider the oil factor not figuring in the basic model, an approximate formula 
(FKGO) was applied and, based on world economic data (131 countries), verified. 
Thus augmented model can be called a world model, since it is applicable for any 
country of the world.

The world model

Y = gM exp[FK (GI + GM + GKR + GO)] (2)

GO = gOFO exp(-gHOFH – gOOFO – gZOFZ)

The parameter gO of the oil factor is positive, the other parameters are connected with 
negative effects. Education (FH) negatively affects the return to oil factor because the 
creative activity in mining is mostly absorbed by the exploration of oil and natural 
gas resources; therefore, the latter’s separately accountable result is relatively smaller. 
That was ascertained in the course of our mining investigation, which is not discussed 
here. In the approximate formula for national economy, the connection appears in an 
inverse form. Among the two other negative effects, the first (gOOFO) is connected 
with the fact that countries immensely rich in oil and natural gas annually extract 
relatively less of their oil and gas reserves, the second (gZOFZ) indicates that in agrarian 
countries the economic importance of oil and gas production is usually smaller. In 
mining, the latter factor has no role, since no arable land is utilised.

A positive feature of relation (2) is that it makes easily measurable the effect of 
oil and natural gas resources on economic growth. It should also be noted that 
for estimating the parameters of the function GO, there were 380 observations 
available within the framework of investigation on 131 countries.14 At a national 

12 For the list of countries included in the world economic investigation, see Simon (2000).
13 In other world economic investigations (Mankiw, Romer and Weil 1992, Nonneman and 

Vanhoudt 1996, Hall and Jones 1999) the oil countries were not included; the effect mechanism 
of that today extremely important growth factor remained unexplored.

14 It is not 393 (3×131) because a few countries after 1988 ceased to exist, or extraordinary events 
(wars, civil wars) happened, and in some cases data problems arose.
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economy level, the formula GO yields realistic results in the case of countries 
having great oil and natural gas resource intensity concerning the role of the oil 
factor; for the other countries, it is expedient to apply the basic model, i.e. relation 
(1).

Table 1. Parameters of the model

No. Denotation Model version Estimated value t statistics
1. g Basic model 522 22.46
2. gI ” 0.0781 22.45
3. gM ” 0.319 22.42
4. gH ” 0.273 22.29
5. gR ” 278 17.44
6. gT ” 0.0065 20.28
7. gZ ” 0.082 20.95
8. gKM ” 0.34 -22.52
9. gZM ” 0.30 -19.14

10. gO Function GO 1.94 16.45
11. gHO ” 1.54 -19.04
12. gOO ” 0.47 -19.34
13. gZO ” 0.75 -8.46

Source: see Tables A1 and A2, as well as National Accounts Statistics (UN, New York), National 
Accounts (OECD, Paris), Japan Statistical Yearbook (Statistics Bureau, Tokyo), International 
Financial Statistics Yearbook (IMF, Washington, D. C.), Flows and Stocks of Fixed Capital (OECD, 
Paris), various volumes; New Cronos Eurostat database; ESRI (2005).

What conclusions can be drawn from the estimation results (see Table 1) obtained 
for the parameters of the general model? 

1. The parameters are significant, as seen from t statistics; their standard error in 
the vast majority of cases is around 1/20 of their estimated value.

2. The sign of parameters meets theoretical expectations. Among the nine 
parameters of the basic model, seven are connected with accelerating effects 
and positive feedbacks, two (gKM and gZM) with decelerating effects and the 
previously discussed negative feedbacks.

3. The results obtained for the magnitude of parameters seem realistic. In the 
general model, there are no such conditions as for the parameter α in the 
neoclassical model. From the viewpoint of order of magnitude, perhaps the 
most verifiable result is the estimated value of parameter g. The productivity 
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of least developed countries in 2003 was approximately two-three times 
higher than that (see Heston, Summers and Aten 2006).

4. The approximately two-thirds percent annual value of the time factor of 
creative activity does not seem large (gT). Yet a very significant effect is at 
issue. The same education and research intensity in 2003 produced a result 
more than 40 percent greater than in 1950 in the case of constant capital 
intensity.

Table 2. Fit of the model (Dependent variable: Y/M)

Sphere
Number 

of 
countries

Number 
of 

observations

R2 Standard error (%)

Annual Cumula-
tive Annual Cumula-

tive
Manufacturing 
and non-manufac-
turing 5 530 0.974 0.994 7.8 6.3
Manufacturing 5 265 0.965 0.986 10.2 9.6
Non-manufactur-
ing 5 265 0.970 0.997 6.4 4.5
National economy: 
aggregated 
disaggregated

5
5

265
265

0.972
0.976

0.996
0.998

6.8
6.3

5.1
3.7

World economy 131 380 0.928 0.957 29.9 25.9

Note: In addition to the joint values, the results for manufacturing and non-manufacturing are 
separately shown. 
Source: see Table 1

From Table 2, it can be ascertained that the model, with a determination exceeding 
90 percent, fits the actual productivity values in terms of both the most important 
developed countries and the world economy (131 countries). It should be noted 
that the table contains the corrected coefficients of determination (R2) where the 
number of degrees of freedom is decreased by the joint number of parameters, 
normalising coefficients and parameter-like model components. Because of a 
large number of observations, this does not affect significantly the results.

A general feature of the fit of the model is that the cumulative results are better 
than the annual ones, i.e. the estimation errors do not cumulate but decrease 
in time. This is connected with the circumstance that the other factors, as e.g. 
business cycles, affect growth mostly in the short run. Presumably, a role is also 
played by the fact that in our case an essentially economic development model is 
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at issue. A similarly favourable result, to my knowledge, was yielded by no other 
world economic investigation: despite the fact that usually a narrower range 
of countries was studied, they totally left out, as referred to above, e.g. the oil 
countries.15 

In the case of the world economy, the estimation errors are greater than for the 
most important developed countries. However, one should be mindful of the fact 
that the standard error exceeding 20 percent emerged by relating to a thousand 
or several thousand percent productivity and income differences. For example, 
in 2003 the productivity of the U.S. economy was more than 4500 percent higher 
than that of Ethiopia (see Heston, Summers and Aten 2006). Therefore, this 
result cannot be called bad either, proved by a value of determination above 90 
percent.

As for the aggregation error, based on empirical results, it is probable that it 
does not cause a very big problem in terms of estimating output. Disaggregation 
improves primarily the cumulative results. 

4. Growth Mechanism in the United States

When studying the mechanism of economic growth, the United States deserve 
special attention, mainly because it has the most advanced economy in the world 
in which technical progress is realised fundamentally by personal efforts, unlike 
in many other countries. At the same time, the reliability of empirical results 
is increased by the fact that they are not affected by problems connected to the 
conversion of value data, since international comparisons are made in dollar 
prices. Here, we are naturally dealing only roughly with that range of questions, 
on which very many studies had already been made. Our purpose is simply to 
demonstrate certain possibilities of using the general model. 

Let us first see some main characteristics of economic growth in the period 
1950–2006 (Table 3). 

1. The growth rate in the United States has been, since the middle of the 20th 
century, a relatively constant value of about 3 percent, with a somewhat 
diminishing tendency. Nearly half of the growth was ensured by the rise in the 

15 Cf. Mankiw, Romer and Weil (1992); Nonneman and Vanhoudt (1996); Hall and Jones 
(1999).
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number of the employed, mainly as a result of increase in population, but the 
share of the employed in the population also became significantly higher. 

2. The rise in productivity in the second period had considerably diminished, but 
thereafter it accelerated again, although it had not yet reached the value of the 
first period.

3. Capital intensity (K/Y) had a diminishing tendency to the end, with almost 
half percent per annum. Thus, capital productivity (Y/K) in 2006 exceeded by 
more than one-third the level of 1950.

4. The growth qualities of manufacturing typically differ from those of the 
national economy, behind which may primarily be the effect of R&D. The most 
significant difference is that growth here, regarding the entire period under study, 
was exclusively ensured by the rise in productivity, whereas the number of the 
employed did not grow but rather diminished. 

5. The change in capital intensity in manufacturing corresponded, considering 
the whole period, essentially to that in the national economy; it is conspicuous, 
however, that it took place decisively after 1990. 

6. Productivity in the same sector had also been rapidly growing before; moreover, 
between 1970 and 1990 slightly more slowly than in the first period. After 1990, 
its rise accelerated rapidly.

7. Capital intensity in manufacturing amounts to not even half of that in the 
national economy, i.e. capital productivity is more than twice the latter.

8. Productivity in manufacturing only towards the end of the period under study 
became higher than that in the national economy. Calculated at 2000 prices, it 
had been lower before. This is primarily related to the fact that, in connection 
with a more rapid increase in productivity, price proportions in the longer run 
change to the disadvantage of manufacturing, which, however, does not mean a 
disadvantage in efficiency.
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Table 3. Some main characteristics of U.S. economic growth, 1950–2006

Year National economy Manufacturing
Y Y/M* K/Y Y Y/M* K/Y

1950 1777 29.43 6.12 253 13.57 2.73
1970 3772 46.15 5.22 509 24.53 2.83
1990 7119 59.08 4.86 917 42.95 2.75
2006 11319 77.69 4.56 1574 96.09 2.03

Period Average annual change (%)
1951–1970 3.84 2.27 - 0.79 3.56 3.00 0.18
1971–1990 3.22 1.24 - 0.36 2.99 2.84 -0.14
1991–2006 2.95 1.73 -0.40 3.43 5.16 -1.88
1951–2006 3.36 1.75 -0.52 3.32 3.56 -0.53

*Thousand dollars/working year.
Note: Y and K are in billion dollars at 2000 prices.
Source: see Table A1

Table 4.  Fit of the model in the U.S. economy, 1951–2003  
(Dependent variable: Y/M. 53 observations)

Sphere R2 Standard error (%)*
Annual Cumulative Annual Cumulative

Manufacturing 
and non-manufac-
turing 0.978 0.998 5.8 (74) 3.7 (59)
Manufacturing 0.973 0.997 8.6 (84) 4.5 (47)
Non-manufactur-
ing 0.957 0.999 3.4 (53) 1.5 (33)
National economy:
aggregated
disaggregated

0.958
0.977

0.997
0.999

4.9 (72)
3.6 (57)

3.4 (67)
1.6 (43)

* In parentheses is the standard error in percentage of the analogous indicator for five countries.
Note: Here R2 is the uncorrected coefficient of determination, considering that the parameters of 
the model were not estimated specially for the U.S. economy.
Source: see Table 1

In the course of investigation with the general model, we are first to deal with the 
question of fit, in the same detail and considering the same period (1951–2003) as 
above (Table 2) in the case of five countries.
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The fit of the general model to U.S. economy data (Table 4) is better than that to 
the five countries, although, as seen above, the latter cannot be called bad either. 
It can be further ascertained that the positive effect of disaggregated estimation 
is relatively greater.

Table 5. Returns to factors of technical progress in the U.S. economy

Denot a-
tion

1950 1970 1990 2006
value percent value percent value percent value percent

National economy*
ln(Y/gM) 4.033 100 4.483 100 4.730 100 5.004 100
FKGI 2.769 68.7 2.883 64.3 2.952 62.4 3.074 61.4
FKGM 0.969 24.0 1.032 23.0 1.110 23.5 1.150 23.0
FKGKR 0.451 11.2 0.533 11.9 0.636 13.4 0.692 13.8
ε -0.156 -3.9 0.035 0.8 0.032 0.7 0.087 1.7

Manufacturing
ln(Y/gM) 3.259 100 3.851 100 4.411 100 5.216 100
FKGI 1.376 42.2 1.696 44.0 2.046 46.4 2.406 46.1
FKGM 1.410 43.3 1.468 38.1 1.492 33.8 1.489 28.5
FKGKR 0.576 17.7 0.710 18.4 0.941 21.3 1.295 24.8
ε -0.103 -3.2 -0.023 -0.5 -0.068 -1.5 0.026 0.6

* Calculated from aggregated data. 
Source: see Table A1

Similarly to the Solow model, the returns to factors can be written down in an 
additive form by a logarithmic conversion of both sides of relation (1) and, in 
an analogous way, relation (2). The difference is that in our case the point is the 
returns to factors of technical progress, except labour. As a dependent variable, 
we regard productivity in relation to the initial state. In relation (3), ε is the 
estimation error.

ln(Y/gM)= FK GI +FK GM + FK GKR + ε (3)

What conclusions can be drawn from the data in Table 5?

1. After the shocks of the second half of 1940s, (conversion to peace production, 
repeated economic crises), in 1950 the U.S. economy’s actual performance 
was a few percent lower than that according to the model; later on, however, 
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it achieved and even somewhat exceeded it, particularly towards the end of 
the study period.16 

2. The performance of manufacturing in the selected years deviated less from 
that according to the model than the performance of the national economy.

3. At a national economy level, the share of immobile technical progress is the 
largest but has a diminishing tendency. The mobile technical progress stands 
second with a diminishing tendency, too. At the same time, the share of 
creative technical progress that got the third place is steadily increasing. 

4. Without creative technical progress, the U.S. productivity and GDP in 2006 
would have been slightly over half of the actual. 

5. In manufacturing, the weight of creative technical progress is much greater 
than in the national economy, and is growing more rapidly. By contrast, the 
share of immobile technical progress is significantly smaller. The weight of 
the initially dominant mobile technical progress is decreasing, being replaced 
primarily by the creative technical progress.

6. In our days, namely in 2006, almost three quarters of productivity and output 
in U.S. manufacturing is a result of creative technical progress.

The returns to growth factors, in the case of the general model, too, can be 
determined analytically as partial derivatives of output by factors. In terms of 
labour, the partial derivative is Y/M, i.e. the marginal product of labour does not 
differ from its average product. It is true in the case of the general model, too, 
that the return to any factor is a product of elasticity of output by factors and 
the average productivity. However, elasticity is not constant here, disregarding 
labour.

The elasticity is of output by time, according to the general model, gTFKGKR, i.e. 
the parameter gT, analogous with the constant of the Solow model by time (λ), is 
multiplied by the current value of the function of creative technical progress. Here 
we do not deal with the elasticity functions of other factors, for them elasticity is 
estimated numerically.17 The results are summarised in Table 6.

16 Calculated with the disaggregated model, the deviations are smaller, thus e.g. in 2006 not 1.7 
but 0.7 percent.

17 It is the annual return by the model to the last hundredth part of factor divided by output (Y) 
and then the obtained result divided by 0.01, the ratio of the hundredth part of factor and its 
total quantity.
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Table 6. Elasticity of output by growth factors in the United States, 1950–2006 

Factor
National economy* Manufacturing

1950 1970 1990 2006 1950 1970 1990 2006
K 0.716 0.589 0.568 0.522 0.678 0.606 0.557 0.411
H 0.208 0.203 0.240 0.263 0.261 0.298 0.386 0.450
R 0.0013 0.020 0.063 0.141 0.0071 0.147 0.479 1.000
Δt 0.00293 0.00346 0.00413 0.00450 0.00374 0.00462 0.00612 0.00842
Z 0.010 0.0 -.012 -.014 - - - -
L -0.935 -.0.812 -0.859 -0.912 -0.946 -1.051 -1.422 -1.861
L+M 0.065 0.188 0.141 0.088 0.054 -0.051 -0.422 -0.861

* Calculated from disaggregated two-sector data (manufacturing and non-manufacturing)

From Table 6, several conclusions can be drawn.

1. The elasticity of output by growth factors has greatly changed and is different 
by sectors, too, mostly not accidentally but following certain tendencies.

2. The elasticity by fixed capital had a decreasing tendency in the study period 
both in the national economy and in manufacturing. However, its value is 
much higher than would be justified by income proportions.

3. The weight of education tendentially growing is great in the national economy, 
but even greater in manufacturing.

4. The elasticity by researchers is increasing by leaps and bounds. Initially, it was 
low, but one must consider that R&D is done by qualified specialists whose 
performance appears as a return to education, too, and the latter had already 
been significant at the beginning of the study period. 

5. The role of time factor is increasing which is understandable, since in the 
model not time in general, but the time of creative economic activity is at 
issue, making it possible today to produce increasingly large results.

6. Due to a relatively low share of agriculture, the role of arable land in the U.S. 
economy today is not great; the empirical results in this respect may not be 
realistic, particularly the negative values.

7. The situation of workers in production is fundamentally determined by the 
sum of elasticities of output by the factors L and M, the indicator L+M. If it 
is positive, it will pay off for the entrepreneurs to draw new labour force into 
production. If, on the other hand, it is negative, then reducing personnel will 
be more advantageous. 

8. The indicator L+M in the U.S. economy at a national economy level in the 
study period was positive to the end, with a rapidly growing employment. 
There was a different situation in manufacturing where, since the early 1990s 
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that indicator has become markedly negative, and accordingly a large-scale 
lay-off occurred.

Passing over to the question of returns to growth factors, it is expedient to focus 
attention on the most important from the viewpoint of economic growth. The 
connected empirical results are summarised in Table 7. 

Table 7. Returns to fundamental growth factors in the U.S. economy*

Factor
Unit of

measurement
National economy Manufacturing

1950 1970 1990 2006 1950 1970 1990 2005

K dollar/dollar
% 11.7 11.5 11.7 11.4 24.8 21.6 20.3 20.3

H dollar/schooling
year 787 983 1208 1671 456 767 1753 3533

R thousand dol-
lars/person 17.9 137 483 1381 21.4 186 616 1863

* In dollars of year 2000

Evaluating the data in Table 7, it is surprising how stable the return to capital (K) 
is and how large it is in relation to the usually about three percent per annum real 
interest. The data pertain to gross fixed capital; in comparison to the net value, not 
11.5 but 18–20 percent returns are at issue; moreover, in manufacturing they are 
above 30 percent. That is, the rate of interest, according to the empirical results, 
is only in a very loose connection with the return to capital. 

The returns to human capital are dynamically increasing, especially in terms 
of research and development. As compared to social inputs, the returns to the 
investigated types of human capital are extremely large. Thus, e.g., expenditure 
on R&D in the United States fluctuates around three percent of GDP; the return 
to it in 2006 exceeded 14 percent of GDP (see Table 6). Similar is the situation in 
respect of education. 

5. India and the United States

In our days, a major group of developing countries has been increasingly falling 
behind the developed part of the world, which threatens with a worldwide conflict. 
An effective action against this tendency requires the revelation of causes. India 
will be investigated, which is one of the largest developing countries. It is a lucky 
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circumstance that in recent years its growth has accelerated; there are hopes of 
breaking out of the poverty trap. Here the period 1970–2003 is to be analysed.18

Table 8. Some main characteristics of India’s economic growth

Year Y Y/M* K/Y Period Average annual change (%)
Y Y/M K/Y

1970 642 2.64 1.299 1971–1988 4.60 2.59 0.0007
1988 1442 4.18 1.316 1989–2003 5.32 3.22 0.0030
2003 3138 6.72 1.376 1971–2003 4.93 2.87 0.0017
* Thousand dollars/working year.
Note: Y and K are in billion dollars at 2000 prices.
Source: see Table A2

Table 9. Intensities in the Indian and U.S. economies

Intensity Unit of
measurement

Year India United 
States

U.S./India

K/L thousand dollars*
person

1970 3.43 236 68.8
1988 5.50 279 50.7
2003 9.25 347 37.5

H/L schooling years
person

1970 2.27 9.53 4.20
1988 3.92 11.67 2.98
2003 5.38 12.15 2.26

Rt-2 /L per mille 1970 0.256 6.74 26.3
1988 0.310 7.66 24.7
2003 0.259 7.54 29.1

Z/L hectares
person

1970 0.683 2.32 3.40
1988 0.487 1.61 3.31
2003 0.362 1.29 3.56

Ot-1/L oil tonnes
person

1970 2.73 151 55.3
1988 3.16 73.5 23.3
2003 2.85 59.4 20.8

* At 2000 prices
Source: see Tables A1 and A2

What is shown by the data in Table 8?

18 Growth problems of India’s economy are analysed in detail, inter alia, by Simon Jr. (2001).
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1. Economic growth in India prior to 2004 could not be characterised as slow 
either: it fluctuated around 5 percent; in the second phase of the study period, 
it was improving on average by 0.7 percent per annum.

2. The number of the employed has greatly increased; at the same time, nearly 
three-fifths of economic growth was ensured by the rise in productivity.

3. Growth dynamics was more favourable than in the United States; therefore, 
the difference in development between the two countries has decreased.

4. Yet U.S. productivity even in 2003 was more than ten times that of India, the 
latter still belonging to the group of developing countries.

5. Capital intensity (K/Y) in the Indian economy between 1970 and 2003 has 
slightly changed: it somewhat increased being simultaneously much lower 
than that of the United States.

Differences in development depend fundamentally on divergent intensities; 
therefore, it is expedient to compare the analogous indicators of India and the 
United States (Table 9). As seen from Table 9, extremely great are the differences 
in intensity between the two countries in favour of the United States. At the same 
time, it can be asserted that in the period under study they significantly decreased 
in two key areas: in terms of capital intensity and education. India has begun to 
“catch up”, though still from very afar, to the level of the United States. Table 10 
shows this process in terms of productivity.

Table 10. Output per working year (Y/M) in India and the United States, 1970–2003

Year  India*  United States* U.S./India
1970 2.64 46.15 17.48
1988 4.18 57.58 13.78
2003 6.72 74.11 11.03
* Thousand dollars/working year at 2000 prices
Source: see Tables A1 and A2

In India, productivity from 1970 to 2003 increased more than 2.5-fold, while in 
the United States to a much smaller extent, 1.6-fold. As a consequence, the 17-fold 
level difference between the two countries lessened to 11-fold. To what extent can 
the differences in productivity be explained by the neoclassical and the general 
model, respectively?

In the neoclassical case, the only divergence between the magnitude of factors 
determining the productivity in the two countries is the difference in capital 
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intensity taken into account by the 1/3 value of the exponent α assumed on the 
basis of income proportions. According to the general model, all intensities affect 
the differences in productivity,19 as well as the time elapsed from the base year of 
1950. The empirical results are contained in Table 11.

The general model with a few-percent error gives an explanation for over ten-
fold differences in productivity. The neoclassical model, on the other hand, is 
not capable of that. According to the latter, in order to catch up with the United 
States in productivity, India should have much more fixed capital than the U.S. 
economy. The reason for unfavourable estimation results is essentially double: 
the underestimation of return to capital and the disregard for the effect of human 
capital and creative technical progress.

Table 11.  Causes of difference in productivity between India and 
the United States, 1970–2003

Year ΔY/M* Model By the model** Other**

1970 1648 neoclassical 18.8 81.2
general 113 -13

1988 1278 neoclassical 21.1 78.9
general 104 -4

2003 1003 neoclassical 23.3 76.7
general 93.0 7

* United States – India: percent
** ΔY/M =100
Source: see Tables A1 and A2

Below we are to examine in detail the causes of level differences, using the 
returns to factors of technical progress, estimated based on relation (3) (Table 
12). We analyse not only, as in the case of the U.S. economy, how great the role 
of individual factors of technical progress was, but also to what extent the latter 
differed from the American. 

19 Similar to the above, relation (1) is applied, since oil and natural gas resources did not play a 
relevant role in the economic growth of either India or the United States (cf. Table 9).
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Table 12. Factors of technical progress in India’s economy

Denotation 1970 1988 2003
value percent value percent value percent

ln(Y/gM) 1.622 100 2.080 100 2.555 100
FKGI 0.456 28.1 0.594 28.6 0.778 30.5
FKGM 0.658 40.6 0.833 40.0 1.009 39.5
FKGKR 0.387 23.9 0.601 28.9 0.769 30.1
ε 0.121 7.4 0.052 2.5 -0.001 -0.1

India/United States (%)
ln(Y/gM) 36.3 - 44.3 - 51.6 -
FKGI 15.7 - 20.2 - 25.4 -
FKGM 63.6 - 75.2 - 88.4 -
FKGKR 72.2 - 94.9 - 113 -
Source: see Tables A1 and A2

What statements can be made based on data in Table 12?

1. The development of Indian economy took place with a good approximation as 
was expected based on the general model, though India’s data had no role in 
estimating the parameters of the model. This, along with many other things, 
is a clear confirmation of the fact that the general model meets the most 
important verification criteria and can be applied for any country, which is 
possible because it puts valid relations, regularities in a function form.

2. Substantially different is the weight of individual factors of technical progress 
in India and the United States. First stands the mobile technical progress, 
while for the second place two other factors are “competing”. The proportions 
did not change much in time, only the weight of creative technical progress 
increased considerably.

3. India’s greatest lagging behind the United States is in terms of immobile 
technical progress, which is primarily a consequence of extremely low capital 
intensity.

4. The logarithmic magnitude of creative technical progress approached and 
moreover in 2003, to a certain extent, even exceeded the U.S. level. This, 
however, in itself is not enough for catching-up because its effect is multiplied 
by a very low value of immobile technical progress.
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6. Conclusions

The mechanism of economic growth can be adequately mapped by a growth, 
or more precisely, development model giving an explanation for growth in both 
the developed and developing countries, as well as for the often extremely large 
differences in development between them; therefore, it can be called a general or 
world model. The essence of the model is the description of fundamental relations 
of technical progress in a function form considering intensities, e.g. capital 
intensity and research intensity, as well as creative time. This model can well 
explain, similarly to many other countries, the economic growth of the United 
States and India, including the very great differences in development between 
them.

By means of the general model, it is conceivable what fundamentally determines 
the movement of employment. The model distinguishes the return to labour and 
labour force. While the former is positive, the latter is negative, since because 
of the surplus employment in the case of the otherwise same circumstances, 
there are decreasing intensities and derived returns. So long as the joint return to 
labour and labour force is positive, it may be worthwhile to the entrepreneurs to 
increase the number of the employed. In the opposite case, reducing personnel 
may become more advantageous. Technical progress is the increase in absolute 
value of negative return, thus it exerts an effect in the direction of the joint return 
to labour and labour force becoming negative.

With technical progress, the returns to education and particularly research and 
development are rapidly increasing, and they amount to many times the social 
expenditures on these objectives. From the empirical results, in several cases 
conclusions different from certain theses of economic theory are derived. But 
this needs further research.
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APPENDIX

Table A1.  Main national economic and manufacturing indicators of 
the United States, 1950–2006

Year

Y N L K H/L Rt-2 Z Ot-1 Y L K Rt-2

USD 
 bil-
lion

mil-
 lions 

mil-
 lions

USD 
billion

years 
per
per-
son

thou-
 sands

mil-
lion 
hect-
ares 

 mil-
lion 

tonnes

USD 
billion

mil-
 lions

USD 
billion

thou-
sands 

National economy Manufacturing
1950 1777 152.4 60.38 10885 7.78 129 193 7919 253 18.61 691 84
1955 2213 166.0 65.11 12351 8.13 214 188 9456 320 20.66 832 153
1960 2502 180.8 68.25 14213 8.49 355 184 10639 331 20.66 972 267
1965 3191 194.4 73.74 16650 9.09 481 179 11191 462 20.46 1124 349
1970 3772 205.2 81.74 19299 9.59 551 190 12327 509 20.75 1443 403
1975 4311 216.1 87.97 22517 9.69 520 188 9956 559 19.46 1738 374
1980 5162 228.0 101.4 25723 11.86 595 191 8920 687 21.94 2061 432
1985 6054 238.7 109.3 29806 11.57 723 190 9460 807 20.88 2283 574
1988 6743 244.2 117.1 32673 11.67 897 188 8610 916 21.32 2441 686
1990 7113 250.2 120.4 34573 11.74 927 188 7616 917 21.35 2520 713
1995 8032 265.6 126.3 38949 11.89 963 184 7820 1096 20.49 2806 744
2000 9817 282.4 138.1 44852 12.05 1010 178 8017 1426 19.64 3243 748
2003  10301 291.1 139.0 48202 12.15 1048 179 8256 1400 16.90 3265 769
2005  11003 296.3 143.0 50448 12.21 1076 177 8264 1523 16.25 3200 787
2006  11319 299.7 145.7 51667 12.24 1156 177 8262 1574 16.38 3194 845

Note. Value data (Y, K) are expressed in 2000 dollars. Y is the GDP (national economy) and 
value added (manufacturing), respectively. K is the average annual gross fixed capital (including 
dwellings) calculated after 1994 with the dynamics of net value. N is the average annual number 
of population and L is that of the employed. H is the number of schooling years (in terms of 
population aged 15 and over). Rt-2 is the number of scientists and engineers engaged in research 
and development, considering a two-year effect lag and, in the case of manufacturing, in addition 
to production also those employed in the higher education and general service sectors (estimates). 
Z is the arable land. Ot-1 is the oil and natural gas wealth at the end of the year preceding the 
reference year, in tonnes of oil equivalent. 
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1, pp. 45–54. 
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Source: Bureau of Economic Analysis (U.S. Department of Commerce, Washington, D.C. http://
www.bea.gov); Statistical Abstract of the United States (Census Bureau, Washington, D.C.); Survey 
of Current Business (U.S. Department of Commerce, Washington, D.C.); Yearbook of Labour 
Statistics (ILO, Geneva); UNESCO Statistical Yearbook, Paris; FAO Production Yearbook, Rome; 
Energy Statistics Yearbook (UN, New York), various volumes; Barro and Lee (2000).

Table A2. India’s main national economic indicators, 1970–2003

Year

Y N L K H/L Rt-2 Z Ot-1

USD
billion millions Millions USD

billion

years 
per

person

thou-
sands

million 
hectares

million 
tonnes

1970 642 555 243 834 2.27 62.3 166 663
1988 1442 810 345 1897 3.92 107 168 1090
2003 3138 1050 467 4318 5.38 121 169 1330
Note. Value data (Y, K) are expressed in 2000 dollars. Y is the GDP, K is the average annual gross 
fixed capital (including dwellings). N is the average annual number of population and L is that of 
the employed. H is the number of schooling years (in terms of population aged 15 and over). Rt-2 is 
the number of scientists and engineers engaged in research and development, considering a two-
year effect lag. Z is arable land. Ot-1 is the oil and natural gas wealth at the end of the year preceding 
the reference year, in tonnes of oil equivalent. Fixed capital was estimated from investment data by 
Heston, Summers and Aten (2006) supposing a real amortisation of two percent per annum.
Source: Heston, Summers and Aten (2006); Statistical Yearbook (UN, New York); UNESCO 
Statistical Yearbook, Paris; FAO Production Yearbook, Rome; Energy Statistics Yearbook (UN, 
New York), various volumes; Barro and Lee (2000).


