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This paper explores the empirical evidence on conditional convergence. It uses cross-country data for 86 countries over the period of 45 years (1960-2005). The paper uses the Solow model as the basis for the analysis. We find that the data does not support the presence of absolute convergence, but there is instead evidence to confirm the existence of convergence conditional on investment and population growth, as well as human capital. The results also show that a number of additional variables do not account for much of the variation in international income growth levels. 
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Why do countries grow at different rates? Is there convergence in growth rates among countries and more generally, how can the countries increase their economic growth? These are some of the most important questions asked by economists. The pioneers of the discussion on economic growth such as Ramsey (1928), Solow (1956), as well as some of their successors viewed economic growth as exogenous. They often focused on the effects of growth on the economic position of a country rather than determining how growth came about. The determinants of growth and their individual effects have not been discussed in detail in the first studies on the subject. However, more recent studies on the subject have focused more on why growth comes about and what drives it.
The theories of endogenous growth started to be formalized in the 1980s. The emergence of the so called, new growth theories was a response to a widened criticism of the exogenous growth literature. Contrary to exogenous growth literature, endogenous growth models tend to look at the determinants of the savings rates and of technological progress, thus using microeconomic basis to build a macroeconomic models. 
The main implications of the endogenous growth models is that economic policies like trade openness, free competition and the promotion of innovation might have a positive impact on economic growth. However, there has also been some criticism of these ideas. One of the problems arises from the failure of the models to explain the phenomenon of conditional convergence noted in empirical literature. Although, endogenous growth models have been used to explain income divergence between rich and poor, they still do not perform at the same level when it comes to the convergence literature. 
The differences in the models sparked renewed interests in the economic growth literature and the improved empirical studies on the subject. The growing interest in the subject has led to a number of important, but complicated questions. For example, one of the criticisms of the exogenous growth literature is that it finds convergence, but the data used is convergence biased. This is due to the availability of data for countries at the time, only the richer economies provided the data, and these were already on the path to convergence. Therefore, it seems that a longer time series and more cross-sectional data would provide a better environment to assess the presence of conditional convergence. 
Economic growth and convergence are a very important problem. There are millions of people in the world that live below the poverty line and people who do not have access to sanitation and clean water as well as health care and other factors necessary for a decent life. Growth theories combined with appropriate economic policies provide one possible solution to these problems, at least from a macroeconomic point of view. A question that arises here, is what determines who lives in poverty and who manages to escape from it? Perhaps, one answer to this question is provided through the theory of economic convergence. 
 There are numerous examples of countries that begin at a similar level of income, but grow substantially faster than their peers. For example, Botswana and Nigeria are both African nations, which in the year 1960 had a similar level of GDP per capita, however, throughout the years, the growth rates of the countries differed substantially, as shown in Figure 1.1.

Figure1.1 The importance of growth in GDP per worker to the prosperity of a country.
Data source: World Bank, 2010

Figure 1.1 shows only one example of countries that started out at a similar level of GDP per worker, and grew at different rates, reaching different levels of prosperity. There are, however, numerous other examples where this has happened. 
The figure above shows that economic growth tends to be a good tool for escaping from poverty for a country. However, what determines growth? This is one of the most important questions in economics and one that has been plaguing many economists for a long time.
Another important observation is that countries do not seem to be able to grow at high rates forever. There seems to be a point, almost a breaking point, when economic growth slows (increases) or stalls completely. One example of this type of situation can be found among the Asian Tigers, which grew very quickly after 1960. The preceding years, however, cannot be characterized by exceptional growth paths, although some economists did not believe in the positive growth for these Asian countries. One example of this comes from the book published by Mydral in 1968, where the author raises concerns as to reasons why the South Asian countries were unable to escape the poverty trap (Sorensen, Whitta-Jacobson, 2005). Even though the Asian Tigers experienced rapid growth, they were unable to sustain this for very long. In the recent past, these countries have not been known to have outstanding growth rates, however.
The experience of the Asian tigers suggests that poverty is not a constant condition and that there is a chance for countries to come out of extreme poverty. At the same time, this type of argument does not seem to apply to many African countries that have not been growing in the recent years as fast as expected.

Figure 1.2 Convergence of GDP per worker in 8 OECD countries.
Data source: World Bank, 2010
The figure above seems to show that all of the 8 countries mentioned in the graph, converge to the same growth path. It seems that this graph provides evidence of absolute convergence. However, this is the ideal scenario that is unlikely to occur. Thus, the main focus of this paper will be on conditional convergence. 
This paper will carry out a cross-country analysis of 86 countries over the period 1960-2005, in order to evaluate whether there is empirical evidence of conditional convergence.
The next chapter will look at the basic Solow model and introduce the key variables which will be used to carry out the empirical analysis later in the paper. Chapter 3 discuss a number of additional  variables that have been identified in the growth literature and which could affect the dynamics of the model and assess to what extent these variables are important for the main discussion. After that, chapter 4 will outline the data and the methodology used. Chapter 5 will continue the detailed outline of the model. After which, Chapter 6 will proceed with a discussion of the results. Finally, chapter 7 concludes by summarizing the main results and outlining some possible future research opportunities.
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Some of the differences in economic growth are associated with the initial conditions prevailing in the country. The position in 1960 depends on things such as political stability of the country, demographic developments, issues of nutrition, child mortality rates, number of patients per doctor, etc. However, it is very difficult to represent all of these conditions at once. In this paper, as it is standard in the literature, the initial level of GDP per worker will be used as a representation of the initial position of the country. 

[bookmark: _Toc300083617]2.1 The basic Solow model

The predecessor of most of today’s growth models, even if they are not directly drawn from it, is the Solow model. This model is also known as the Solow-Swan model, and was first introduced in 1956. Although, it is a simple model, the Solow model has a number of advantages. Earlier models did not distinguish between old and new technology, simply looking at the two types as one. Solow, on the other hand, was the first economist to distinguish between current and ‘old’ technology, by giving current or ‘new’ technology a larger weight. This also meant that the concept of technological progress was introduced (Romer, 2006). However, the introduction of technological progress implies that there is a difference in efficiency of old and new technology. Thus, the model implies that accumulation of (physical) capital alone cannot bring about growth or increase output per capita. 
Before proceeding with the discussion of convergence, we will briefly outline the working of the Solow growth model. 
The Solow model takes savings rates, population growth and technological progress as given. This means that they are derived externally and are considered as exogenous in the current system. Apart from this, there are two inputs in this model: capital (K) and labor (L). Both inputs are paid their marginal products. If we assume a Cobb-Douglas production function, then, given the information above, the production function for period t becomes:
,
where, Y represents output, K is capital, L is labor, A is the level of technology. As mentioned earlier technological and population growth are assumed to be exogenous. The growth rates are g and n, and as a result period t values of these two variables are given by:


This implies that the level of A(t)L(t) grows at a rate of. 
Furthermore, the model assumes that a constant fraction of output s is invested. Let k be the stock of capital per effective worker, in other words,. Additionally, if we let y be the level of output per effective worker,, then we can define the evolution of k using the following expression:

where, δ represents the rate of depreciation. 
The above equation, (4), implies that k converges to the steady state value k*, which is defined by 

Equation (5) can also be further simplified to give an expression of k*:

This shows, that the ratio of capital to labor at the steady state ispositively related to the rate of savings and a negatively related to the rate of population growth. The focal predictions of the model center on the impact of savings and population growth on real income. Having said this, if we substitute (6) into the original production function and take logs, we get the following expression for the steady state income per capita:

The Solow model assumes, as mentioned earlier, that each input is paid its marginal product. Thus, equation (7) can be used not only to predict the signs of the coefficients, but also their magnitudes. The model, and further economic literature, has found α to be equal to about one third.This implies that the coefficients of the savings rate and the population growth must be around 0.5 and -0.5, respectively.
The brief description of the main aspects of the Solow model, provided above, has established the basic framework for the discussion of the issues of growth and convergence. The Solow growth model is the first model that introduced convergence. It predicts the existence of and the convergence to a balanced growth path. Thus, the main idea is that differences in productivity of workers largely depend on the country’s initial position relative to the balanced growth path. Thus, if richer countries are closer to the balanced growth path, and poorer countries are further away, initially, then the poor should converge towards the level of the rich and possibly overtake them, as mentioned earlier. 
The model also implies that the rate of return on capital is lower in countries with a higher ratio of capital per worker, thus it seems fair to say that capital should flow from the rich countries to the poor ones. This effect will continue until the rates of return balance out in the two countries and we have convergence again. On the other hand, if the poor country can gain access to newer, more productive technology, then the rate of convergence might be even faster than discussed in the two cases above. 
The empirical evidence on convergence is mixed. The first and perhaps the most famous example to be discussed is the paper by Baumol (1986). Baumol performed a regression analysis based on output growth over the period of 1870-1979 using the GDP per working hour in 1870 as the level of initial income. As a result, he obtained a coefficient for the initial level of income of -0.995, which is almost equal to -1. Taking into account the range of the standard error, (0.81, 1.18), implies that the estimation of the coefficient is relatively precise as well. 
On a closer inspection, however, the methodology followed by Baumol (1986) highlights some important shortcomings in the analysis, which have been identified by DeLong (1988). The first problem is the selection of the data to be used in the regression. The data uses an ex post sample of developed countries identified by Maddison (1982).  The largest problem with this selection is that it only looks at countries which have already converged, thus, leaving out the rest. This means that there is a bias towards convergence in the analysis. 
The data set spans from 1870 to 1979 and therefore, also suffers from measurement error. The data of the year 1870 is not precise and is likely to contain errors. Thus, the use of a simple least square regression is not the best course of action as the errors are not eliminated in this situation. 
However, the fact that the data used, is biased, does not imply that convergence does not exist. A more recent paper by Mankiw, Romer and Weil (1992) find evidence of conditional convergence. The paper looks at 121 countries for which data is available between 1960 and 1985. They also found evidence that the Solow model holds under the empirical setting.
The discussion on convergence is an important one, as it can have numerous implications, for example, for foreign aid and domestic policies. This means that a better understanding of the issues at stake is necessary before moving on to the empirics. 
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The discussion of convergence cannot take place without an outline of the basic theory. In the economic literature there are two distinctly defined types of convergence: β-convergence (conditional) and σ-convergence (absolute). 
Conditional convergence is a necessary but not a sufficient condition for absolute convergence. The hypothesis of absolute convergence states that in the long run, GDP per worker (or per capita) converges to the same growth path in all countries. This implies that all countries converge to the same level of income per worker(Sorensen et al, 2005).Furthermore, this would mean that all countries converge to the same level of capital-labor ratio, output per capita and consumption (k*, y*, c*) with an equal growth rate g. 
Figure 2.1 presents absolute convergence as described by the Solow model. The diagram depicts a situation where kp and krrepresent the initial capital-labor ratios of the poor and the rich country respectively.  The model assumes that all other factors are equal.Thus the Solow model predicts that both countries would tend to converge to the same level of k*.  The figure also shows that the growth of the poorer country will have to exceed that of the rich country, if the convergence is to take place. This would also mean that the marginal product of capital in the poor country would be higher than that of a rich one. 
The growth model refers to the average consumer. However, it is still possible to have poor people within rich countries. Thus, one of the implications of this hypothesis is that poverty will cease to exist in the long run. If this hypothesis would hold, it would also have a number of implications for the existing aid policies. The fact that poverty will be eradicated in the long run, on its own would doom the political reasoning for giving aid to developing countries.It could be argued, however, that the rate of convergence to the universal growth path is slow and the problems of poverty are so severe, that there is a necessity for aid. The absolute convergence argument largely diminished the argument for foreign aid policies. 


Figure 2.1 Absolute convergence, where kp and krare the initial capital-labor ratios of the poor and the rich country respectively;k* is the steady state.
However, there is enough evidence to say that the absolute convergence hypothesis does not find support in the data. Countries often differ based on their basic structural characteristics and their levels of saving and investment. This would mean that countries with, for example, higher savings rates have higher level of GDP per worker. Furthermore, the level of GDP per worker cannot converge to the same level for all the countries due to their differences in the structural characteristics and the initial conditions. 
Nevertheless, it seems that convergence can still take place. The more likely scenario is that convergence will occur, conditional on a number of factors. Thus, the theory of conditional convergence states that a country’s income per worker (or per capita) converges to a country specific long-run growth path, which is given by the basic structural characteristics of the country (Sorensen, et al., 2005).  Thus, the lower the countries original level of GDP per worker, the higher is the expected subsequent growth. This implies that the countries that start below their long run growth path are likely to grow at a faster pace. 


Figure 2.2 Conditional convergence,where kp* and kr*are the steady states of the poor and the rich country respectively.
Figure 2.2 is a graphical representation of the conditional convergence hypothesis as described in the Solow model. The hypothesis of conditional convergence is similar to the absolute convergence hypothesis in that it states that countries converge to the same point.However, there is one important difference between the two: the latter requires the countries to be similar. Therefore, only after controlling for structural differences we will be able to observe the negative relationship between the initial level of GDP per worker and subsequent growth. 
Recent economic literature is buzzing with discussion of conditional convergence and economic growth. Economic convergence has a number of important implications for developing countries. Unlike the theory of absolute convergence, conditional convergence does not imply an eventual eradication of poverty. It does, however, suggest, that if a country can reach the same structural characteristics as the richer countries, it might, in time, become richer. Foreign aid policies seem more rational in the case of conditional convergence, as they can help the country achieve the necessary structural characteristics, if aimed properly. 
Economic literature shows evidence of both the presence and the absence of income convergence. This is often attributed to the fact that in the early studies did nothave enough data to accurately measure the development process of a country.  However, some recent works have identified a clear trend. They claim that all countries, rich and poor, over the period of time seem to converge towards each other at a constant rate of about 2 % per annum (Quah, 1995).  
Furthermore, the literature also suggests that countries need to have relatively homogenous political situations as well as similar legal systems and technological adoption methods in order to show evidence of convergence. This suggests that it might be desirable to arrange countries into regions and compare themamong each other within these regions (Barro, 1994). Doing a simple cross country analysis would be problematic as all countries have very different initial positions. Thus this paper will attempt to make an analysis of the regional convergence of the countries based on their initial positions. 
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This chapter looks at the growth model as a dynamic system. It attempts to identify and explain some of the additional factors that play a role in economic growth. The chapter goes deeper into economic theory in order to explain the effects that each of the factors has on economic growth. Furthermore, it attempts to identify a number of variables that would be used later in the analysis. 

[bookmark: _Toc300083620]3.1 Defining economic growth

While there are a number of definitions of economic growth available; essentially they all point to an increase in the capacity of an economy to produce goods and services, from one period to another. 
This definition gives some insight into the concept. It also gives economic growth a time dimension. As it has been implied earlier in this paper, time plays an important role in economic growth.  It might possible that the effect is only visible a time period later: a year or two, after the original change has occurred. 
Another important factor in defining economic growth is the measurement of growth itself. Growth can be measured in a number of ways: nominal or real, absolute or relative measurements all give a certain indication of economic performance. Although there are a number of ways to measure economic growth, one measure has been preferred in literature and in practice. This is the GDP per worker growth rate. This is also the measure that will be used in this paper to estimate economic growth.  

[bookmark: _Toc300083621]3.2 Demographic trends

Demographic trends and their effects on economic growth have attracted a lot of attention in the economic literature in recent years. Population growth, density, migration and age distribution, have all been known to have an influence on economic growth (Kelly, Schmidt, 2000). 
High levels of population growth might have a predominantly negative effect on economic growth. This happens when population growth influences factors such as the dependency ratio, as well as certain economic behavior in the form of investment and saving. If population growth is high, it could imply that the household sizes are also high, meaning that the amount of money spent on consumption is also likely to be higher, than in a case of a smaller household, implying that the rates of savings and investments will be lower.
Moreover, high level of population growth can have a negative effect on quality of the human capital that is available in the country. This might occur when education is expensive and the amount of income used for consumption is large, among other situations. Therefore, households would be unable to educate all of their children and as a result the quality of human capital will be lower. Similarly, when government spending on education remains at the same level even when population growth is higher the size of expenditure becomes too small to be beneficial to a large number of people, implying that the average level of human capital in the population will fall.
On the other hand, the distribution of the population and its composition might also play an important role in terms of the growth potential of the country. Having predominantly higher age population might be a problem in terms of the amount of workforce available. However, high value of working age population is important for economic growth, as it means that more people are able to work and, therefore, spend, save and invest. Furthermore, population density can have a positive effect on growth if we take into account effects such as spill-over and diffusion of knowledge, and increased level of specialization. 

[bookmark: _Toc300083622]3.3 Foreign Direct Investment

Foreign Direct Investment (FDI) is widely considered to play an important role in economic growth, mainly as a vehicle of technology transfer. The use of more efficient technology provides an opportunity for future development of the country. One of the most important sources of technological advancement, especially in the less developed countries, is provided by the multinational. Countries, whose level of technological advancement is below that of the source of FDI, will benefit more from an improvement in technology, as it will often lead to additional economic benefits. 
Having a multinational company in a country often produces spill-over effects, which involve the transfer of knowledge and know-how from one set of individuals to another. This is likely to help a country improve its technology and grow faster. Higher growth possibilities in the country coupled with an improving investment environment can cause a further increase in the number of multinationals, given, of course, that the costs of production in the country remain lower than in the home country. 
However, the effect of FDI on growth has often been questioned in the economic literature. Early empirical work concluded that FDI was an effective tool for growth, and in fact it went as far as calling it a “catalyst” for growth and capital accumulation. However, more recent studies do not agree with this view. For instance, the recent findings by Lund (2010) suggest that the relationship between economic growth and FDI is ambiguous. They also suggest that a certain level of development is necessary for a country to attract FDI. Furthermore, it seems that a high level of economic growth can be pivotal in attracting FDI, as it provides resources and potentially new infrastructure, which represent a favorable environment for FDI (Zhang, 2001).
Furthermore, there are evidence of reverse causality between FDI and GDP, in economic literature. It seems possible that an increase in GDP attracts FDI, rather than the opposite. Therefore, recent literature provides limited evidence in favor of FDI-growth relationship. It seems that domestic investment, as suggested by the Solow model, might instead play a more prominent role in growth (Grenaway, et al., 2007). 
However, there is also evidence in the literature that human capital does not only play a role in growth but also on the effectiveness of FDI on growth. A certain level of human capital is imperative for a country looking to benefit from foreign direct investment (Berensztein, De Gregorio, Lee, 1995). Labor is assumed to be able perform the tasks and learn new techniques that are imported through FDI. If the initial level of knowledge is below a given benchmark, the country will be unable to realize the full potential of the spill-over effect of direct investment and the effectiveness of FDI as a tool for growth diminishes. 
Having said this, it seems that although FDI is an important variable for growth, it requires a number of preconditions to be satisfied for it to take effect. Unlike some of the other variables, FDI might have a secondary effect on growth and only have a larger impact when a certain level of development has already been reached within the country. Nevertheless, FDI remains an important source of technological advancement and can play a very prominent role in economic growth.
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The literature concerning the relationship between trade and economic growth is very extensive. The development of endogenous growth models has only enhanced the debate on the relationship, as it opened new opportunities to look at the long run effects of trade. 
There are a number of channels through which international trade can influence growth. The first is represented by the process of technology spillovers and diffusion which arises due to access to many new products or various varieties of goods through international trade (Grossman, Helpman, 1991). These do not only include new finished products but also intermediate goods and access to new services. The main benefit arising from this lies in the diversification and modernization of the already existing technology and production, allowing the country to reach for higher levels of growth.
Second, exchange of technology and knowledge between countries which is facilitated by trade would reduce the duplication of various research and development costs. It also enlarges the market in which the firm can operate by allowing the firm access to international consumers. This causes an increase in the level of rents that can be received by innovators, given that the innovation requires large levels of research (Grossman, Helpman, 1991; Romer, 1990). Aggregation of these factors leads to a positive impact on growth. 
Third, trade facilitates competition, through opening access to new markets and new competitors. This, in turn, facilitates gains from specialization as a result of competition between firms. It can also lead to more innovation on the market as new firms need to diversify their products in order to be able to compete. This results in a positive impact of trade on economic growth. 
Although all of the channels discussed above show a positive impact on economic growth, there is evidence of a number of effects which have the potential to negatively affect growth. The most important one is that a country, benefiting from already existing technology and imitating the technology that is available to the international community, might not be able to get all the benefits it would from investing into completely new technologies (Aghion, Howitt, 1992). This implies that the technologically ‘following’ countries will most likely continue to imitate existing technology, leaving it to the ‘leading’ countries to come up with new technologies. Furthermore, this means that the countries with an accumulated level of capital for Research and Development purposes will continue to experience the negative externality related to innovation and development of new technologies. However, in general, having a higher level of technology, irrespective of which country contributes the most to it, would result in a globally positive effect.
Many economists still insist that trade has a positive influence of growth. This point of view is also supported in empirical literature, examples can be found in Sachs and Warner (2001), Frankel and Romer (1999), among others. 
Recent literature on new growth theories does not predict that trade will either enhance or reduce the effects of growth, rather that the evidence is quite ambiguous. The results depend highly on whether comparative advantage can generate economic growth and whether this would be enough to overcome the negative effects discussed above (Capolupo, Celi, 2005).  Another example could be found in the paper by Levine and Renelt (1992). This cross-sectional study offers support to the relationship between trade and resource allocation but it does not provide concrete evidence for the positive long run growth effects. There is also a more recent set of studies which come to similar conclusions, for example, Rodriguez and Rodrick (1999). Among others they also point to some problems with the use of openness, the data in general and the countries analyzed. 
Other works have also looked at trade policy and at the impact of trade on growth. The goal was to assess the impact of openness of trade on the economic performance in developing countries. These provide some evidence of a relationship between trade and growth, but the evidence is week and there is some concern about the indicators used as well as the reliability of the data (Dollar, Kraay, 2003). Perhaps trade openness on its own cannot boost economic growth. It is possible, however, that trade liberalization might be a sort of “catapult” towards a higher level of economic growth. Thus, in this paper I will aim not only to analyze the relationship of trade openness using the panel study, but also try to see whether there is an impact of the region and of the stages of development on the relationships.

[bookmark: _Toc300083624]3.5. Government Expenditure

The role of the government in economic growth is an important issue. If changes in government spending as a percentage of GDP can affect the growth rate of output, this would imply that part of the long term differences in growth rates among countries can be explained by the variation in government expenditure. 
There have been a number of attempts to examine the relationship empirically. Landau (1983) found evidence of a negative relationship between growth rate of real GDP per capita and the share of government consumption expenditure. Furthermore, some studies (e.g. Kormendi, Meguire, 1985) have found no significant relationship between the two variables. Further studies, including Barro (1991), also found negative or no relationship between economic growth and government consumption expenditure.  
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There is a view that democracy has a positive effect on economic growth. However, as it has been shown in the literature and through several empirical studies, the relationship between democracy and economic growth is very weak (Phillips, Acemoglu, Glaeser, 2007). A number of early studies on the subject, (see for example Kormeni and Meguire (1985) and Scully (1988)) found empirical evidence of the significant positive relations of political freedom to economic growth. 
On the other hand, more recent results seem to be more ambiguous (Przeworski, Limongi, 1993). Furthermore, Barro (1996) finds that the existing links between democracy and growth are the result of existing connections to other determinants of growth, such as human capital. Astudy by Rodrik (1997) also concludes that if we control for other variables, then the strength of the relationship between democracy and growth seems to diminish. 
Perhaps, it makes more sense to look at the level of governance, in connection to democracy. A study by Rivera-Batiz (2002) concludes that democracy is an important determinant of growth, but only when it results in improved governance.If this relationship does not hold, however, then democracy seems to have very little effect on growth. The same holds for authoritarian countries, if the level of governance is high, growth is also expected to be high. 
Furthermore, it is important that a country is in a stable political condition. Political instability brings forth uncertainty and generates a less favorable environment for investment, thus hindering economic growth. 
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The availability of natural resources is also a potentially important determinant of economic growth. It seems logical to say that a country, possessing a large amount of natural resources, should be able to grow faster. However, in reality, the observed patterns are reversed. It seems that many of the countries that have available resources develop at a slower pace than those with less natural reserve. What can be the reason for this? 
Perhaps one of the problems with the “easy riches” is that the commodity markets fluctuate and thus, the country dependent on these commodities as a main source of finance cannot rely on them.  On the other hand, some countries, especially the large oil producers, have attempted to use oil revenues to finance some diversified investments and promote development in the industrial sector. 
Some of the economic literature stresses the lack of positive externalities arising from natural resources, as opposed to manufacturing. Many studies focus on this in connection to the Dutch Disease models as well as development literature. There are a number of examples, such as Hirschman (1958) and Baldwin (1966) that the primary exports, contrary to manufacturing and other value creating processes, do not lead to an improvement of standards of living. This is due to the fact that natural resources do not require a large labor input, as opposed to manufacturing; thus, only a small amount of workers will be able to benefit from it. 
On the other hand, more recent economic literature also looks at the impact of natural resources together with property rights. Literature shows that weak ownership predicts the investments into human and physical capital needed for economic development. Perhaps the problem here is that excessive use of natural resources and low levels of economic growth might be dependent on the third variable: property rights (Bohn, Deacon, 1997). However, in this analysis, we will not look specifically at property rights, only at the level of natural resources available. 
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The previous chapters have identified a number of relevant variables that may have an impact on economic growth. In this chapter, I set the framework for my empirical study. I will start of by describing the database and the model used. This will be done using the variables that have been identified in the preceding chapters. The main aim of this section is to identify the data that will be used for the analysis of convergence.
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The dataset contains information about 87 countries[footnoteRef:2] over the period from 1960 to 2005. The countries used for analysis in this paper were based on the selection by Mankiw, Romer, and Weil (1992). The analysis performed in the above mentioned paper is based on a cross country regression of 121 countries for the time period from 1960 to 1985.  [2:  The comprehensive list of countries can be found in Appendix I to the thesis.] 

This thesis, however, builds on this analysis and looks at the data from 1960 until 2005, thus extending the model presented by Mankiw et al (1992). As mentioned earlier, this analysis is only based on 87 countries rather than the 121 used by the paper. The reason for this is the availability of data. Some of the countries used in the original paper did not have the data available for all of the years in question. Thus, some of the countries needed to be eliminated from the sample, in order to balance the data. 

Economic growth
The economic performance of a country is normally measured by GDP. In my dataset, GDP in constant 2000 dollars is used. One reason for using this data, rather than the GDP corrected for Purchasing Power Parity (PPP) is the availability of data. Currently, data augmented by PPP is only available from 1970 and thus, would reduce the time dimension by 10 years. 
The income per worker was used as a proxy for the well-being within the country. The use of GDP per worker eliminates any possible black market bias. A less developed country would be more likely to have a large informal sector. This would mean that if the GDP of the domestic marketed production is divided by the total population, one will not be calculating the true value of prosperity within the country. Therefore, it is better to divide the official production by the number of official workers as it corrects for the informal market. Furthermore, the measurement of the official number of workers is important in this situation. In this paper, the official number of workers is taken to be the percentage of population that is within the range of the working population (15-64 years). Obviously, this is not the precise measure of the amount of people employed but it allows us to look at the potential of the country if all workers are employed. The use of GDP per worker, also corrects for a certain degree of cross-country differences in terms of the formal economy production and participation. 
However, given that the dependent variable, in this case, is GDP per worker growth, the data was annually transformed into growth rates of GDP (using the previous year’s levels of GDP). Having done this, we could take 5 year averages, which were then transformed into the averages for the country and used in the empirical study. Thus, every country had one figure of GDP per worker, which is the average of the growth rate over the years. 

Initial level of GDP per worker
The initial level of GDP per worker is used as a proxy of the original conditions of the country. The GDP per worker in 1960 was taken as a measure of the original position in the country. The use of this variable allowed us to correct for the initial economic position, which could play a role in terms of the growth path of the country, as mentioned earlier in the paper. 
As the data was screened to include only the countries that had data available from 1960 to 2005, there were no countries that did not have an initial level of GDP per worker in the country. We chose this strategy to make the analysis more balanced and took care of some of the time biases, i.e., to eliminate having some countries with a shorter time period. The problem with the datasets starting at different periods is that there might not be enough information to observe convergence. Furthermore, there was a large structural and economic shift during the 1990s. A number of countries, therefore, were taken out of the analysis, to make a more balanced dataset.
The data for GDP was obtained from the World Bank database[footnoteRef:3].  [3:  World Bank, World Development Indicators & Global Development Finance, 2010.] 



 Population growth
As mentioned earlier, population in this paper is not considered as the whole amount of people in the country, rather it is the amount of people working (or capable of working). The data for variable is taken from the World Bank database. 
The original total level of population is taken together with the percentage of working population. The working population is considered as the people between the age of 15 and 64 within the country. By multiplying the percentage of working population by total population, we obtain the actual amount of total working population. This is then the proxy used for calculating the GDP per worker and the growth rate of population. 
To calculate the average population growth of a country, we first calculate the annual population growth and then take the average to obtain the desired results. The obtained rate is then used as a proxy for population growth. 
As the Solow model looks at technological growth and depreciation together with population growth, (n+g+δ), these figures also need to be taken into account. The economic literature generally uses 7.5% as the combination of the g+ δ, however, the paper by Mankiw et al (1992), used as a basis in this analysis uses an estimation of 5%. As this both these estimations are accepted in literature, this paper will use the figure of 5%. The estimations are directly added to the population growth figure, to make it easier to analyze the figures.

Investment
Another important variable in this analysis is investment. There are a number of ways to measure investment. In this paper, the proxy of investment is the figure of gross domestic savings as a percentage of GDP. 
Gross Domestic Savings as a percentage of GDP represents the amount of domestic savings realized throughout the year. The assumption made here and in the Solow model is that any savings are allocated to investment. Furthermore, using gross domestic savings eliminates any international investment, thus making this a good measure of investment.

Human Capital
The proxy for human capital in this paper is the average number of years of education in the country. The education data is obtained from the Barro-Lee. The data is available from 1960 to 2000 at five year intervals. 
Although, it is often argued that tertiary or even secondary education can have a positive effect on economic growth, the education levels also seem to have an effect on each other. This means that the best way to look at human capital in general, is to look at the average number of years of education. 

[bookmark: _Toc300083629]4.2 Secondary Variables


The secondary variables are those used for the purpose of robustness checks of the data. They are included in the analysis, but are not expected to play a crucial role in the final results on convergence. 

 Foreign Direct Investment (FDI)
Although, there are a number of ways to measure FDI, in this analysis, I use the inflow of foreign direct investment as a percentage of GDP as an indicator of FDI. The reason for using inflow rather than outflow is simple, multinational companies tend to locate in the countries where the business environment is favorable, which means that a certain precondition of economic position needs to exist. These preconditions can include a certain level of political and economic security, a level of human capital and, as discussed above, certain levels of growth. 
The data for foreign direct investment is obtained from the World Bank dataset. The average for the country was taken for this analysis. 

 Trade 
In this paper, trade is measured by the sum of imports and exports of goods and services as a percentage of GDP. This is a standard indicator of trade, although numerous others exist. The sum of imports and exports shows the total trade flows of goods and services into and out of a country, thus it can also be used as a measure of openness. The larger the value of the sum of imports to exports as a percentage of GDP the more open is the country.
However, there are a number of aspects that make this measure less appropriate as a measure of openness. First, the sum of imports and exports does not distinguish between the individual impacts of imports and exports. Suppose that the country is, in aggregate, an exporter, then the information provided as a sum of imports and exports will be based specifically on the exports and less so on the imports. This means that the information available is not the best measure of the specific effects attributed to each side of trade, however, this is not so important for the purpose of this analysis. 

Government expenditure
Government expenditure is used as a control variable in this analysis, just like the rest of the variables in this section. Its main purpose is to check the robustness of the model. 
The data for government expenditure is obtained from the World Bank on a yearly basis from 1960 until 2005. The data measures general government final consumption expenditure as a percentage of GDP. This measure is used to show how much, if at all, government expenditure influences economic growth and affects convergence. 
Note, however, that because this variable is used only as a control variable, no distinction is made between specific sectors of expenditure. 

Institutions
The political situation and the effectiveness of institutions can be assessed in a number of ways. One way to do this is to use a proxy for property rights. This would allow us to assess how well the institutions function. Another way is to give an index to the political situation in a country. The latter, is the method used in this paper. The data is obtained from the Polity IV database.  The data provides a distinction between democracy and autocracy, among other variables. 
The democracy and autocracy indices are based on a number of conditions. These conditions include the following variables for democracy: competitiveness of ‘executive recruitment’, openness of ‘executive recruitment’, constraints placed on the ‘chief executive’, the competitiveness of the political participation and regulation of participation[footnoteRef:4]. These variables are then further divided into sections and each section is given a score.Depending on which section the country falls under, a certain score is assigned to it. When the scores are summed up the values of democracy and autocracy arise.  [4:  The comprehensive list of variables and how they are assessed can be found in Appendix II] 

Furthermore, both democracy and autocracy indices take values between 0 and 10: zero meaning no democracy (autocracy) and 10 meaning complete or perfect democracy (autocracy). It is possible to have a value for democracy and autocracy at the same time. These values are important for countries which have elements of both regimes.
The original Polity IV database also suggests a Polity variable, which is a combination of the two variables (the value of autocracy is subtracted from the figures of democracy). However, one problem arises with the use of this variable. Although it ranges from 10 to -10, the middle figures are quite ambiguous, because they can be interpreted in a number of ways. For this reason, only the individual figures of democracy and autocracy are taken for the purposes of this analysis. 
Moreover, the Polity IV data also includes values for regime changes. These values are very different from the 0 to 10 range that is used to describe the political situation. They include figures such as -66, -77, and -88, which stand for the interruption periods, interregnum Periods and transition periods, respectively. Interruption period here is identified as a political regime due to an interruption caused by a war or foreign occupation. The interregnum period is defined as a period of internal wars and finally, the transition period presents the adjustment times between regimes.  Because these values do not fall into the identified range of 0-10, these values would only play a disturbance role and would bias the data, making it difficult to draw conclusions from the results.
The Polity IV database is a good resource for a time series analysis as it provides indexed data on the political situation in the country. However, there are a few problems that arise when using it. First, the data used looks at the averages of the estimators for the country over 45 years. The problem with using an index of 0 to 10 is that a country with a democracy index of 5 through the years and a country with a democracy figure of 0 for a number of years and 10 for the rest will result in the same average. This means that there might be some problems with interpreting the results. 
Second, the Polity dataset provides an index for the transitional stages of an economy. These values (-66, -77, -88) will skew the data, if included. This means that these observations need to be excluded from the analysis. This means that the transitional states of countries are not examined, this is definitely a shortfall of the analysis, as including these could shed some light on the impact of changes in political regimes on economic growth. 
Another important measure of the institutions is stability. In this model, stability is measure by the number of years a regime has been in existence. The data for stability, or durability, as it is called in the regression, is obtained from the Polity IV dataset. 

Natural resources
The natural resource augmented Solow model states that the larger the amount of natural resources, the more growth the country should experience. In this case, the model uses the natural resources of a country to see whether there is any impact of natural resources on the convergence hypothesis. 
The data set used is obtained from the World Bank Wealth Estimates, 2005. The value of subsoil assets is used as a proxy for natural resource abundance within a country. The data obtained is based on the total amount of resources available, thus, it was divided by the working population to evaluate the effects that natural resources have on the country’s growth. As the wealth estimates only provide data for one specific year, 2005 in this case, it must be used as a proxy for natural resources. 

[bookmark: _Toc300083630]4.3 Country Classifications

To carry out the analysis for separate groups of countries, we have constructed six dummy variables which refer specifically to a classification of the data: Low income, Middle income, High Income, Non-oil, Intermediate and OECD. The latter two variables, Non-oil and OECD, are taken as given using the paper of Mankiw et al. (1992). The paper classified three sets of countries: Non-oil, Intermediate and OECD. The classification is as follows. The classification of the country groups are based on different criteria, which are outlined below.

Non-oil countries
There are a number of countries for which oil production is the dominant industry. This implies that the large percentage of GDP comes from oil production and sale. Oil is an important market throughout the world. The prices of oil are very volatile and can affect not only the GDP per worker, but also numerous other economic factors, such as trade and saving and investment rates. Thus, in order to exclude the oil bias from the data, we have introduced a non-oil dummy. 
There are a number of different classifications of oil producing and exporting countries. In this, case, however, we used the same classification as the paper of Mankiw, et al. (1992). In their case, the oil producing country is defined as a country, for which oil production is a dominant industry in 1960. The sample of non-oil producers consists of 78 countries.
Intermediate countries
These are the countries are given a grade D by Summers and Hestonand countries which have population in 1960 below 1 million people. Grade D means that the data availability and quality from the country is questionable and there is little or no primary data available at the time. The exclusion of these countries means avoiding unnecessary measurement errors. 
The small countries are excluded from the data set as well.This is done for the purpose of eliminating any idiosyncratic factors that may govern the measurements and determinations of real incomes within these countries. Thus, having the original sample of 86 countries and excluding the small countries together with the grade D countries, we end up with 68 countries in this sample. 

OECD countries
The sample of OECD countries consists of 22 countries. These are countries that belong to the OECD in 1985 and that have a population larger than 1 million in 1960. As these countries are often defined as high income and developed countries, it is likely that the data available for this set of countries is of high quality and that the data is highly reliable and comparable. However, the sample consists of only 22 observations and therefore might neglect some of the variation in the variables. 

Income distribution
The countries are also broken down into their income levels. There are three main income groups identified by the World Bank: Low, Middle and High, income countries[footnoteRef:5]. The countries are classified according to their Gross National Product (GNI) per capita.  [5:  Full list of countries could be found in the Appendix I of the paper. Classification dummies are also available. ] 

The low income group is made up of countries whose average citizen earns $1,005 or less in 2005. The group of middle income countries is broken down into two parts, the lower-middle income ($1,006-$3,975) and the upper-middle income ($3,976-12,275). The higher income group is then defined as any economy with an income per capita higher than or equal to $12,276.
Although, these distinctions are important, there are a limited number of countries that fall in each group. As a result, we have decided to combine the lower-middle income with the lower income countries, to represent the lower income countries and upper-middle income with the higher income countries, defined below, to represent the higher income economies. The classifications are made as dummy variables and used in the regression to separate the different regions. This means that the analysis could be done specifically on certain countries, while leaving out all the rest. 
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The basic Solow model has been described in the previous chapters. However, here I will look in more detail at the step by step analysis. I will also show how to augment the model to reach the conditional convergence equation, which would be used in the empirical analysis.

[bookmark: _Toc300083632]5.1 Basic Solow model

The basic Solow model has already been formulated in the Chapter 2. However, the analysis of the results begins with the basic Solow model. Thus, I will recall equation that has been derived earlier. 

This equation states that economic growth per worker depends on the initial level of technology, the investment and population growth. The model assumes technology to be an exogenous variable;thus, it becomes a constant and will be accounted for in the constant term of the regression performed. However, if we assume A to be a constant in terms of technology, we should also look at the possible variation in factors such as the resource endowments, institutions and geography. Thus, we need to introduce an error term ε. The basic empirical model, used in this part of the analysis will be:

Our main empirical question is to determine whether the data supports the predictions made by the Solow model, concerning the drivers of the standard of living. This implies that we want to examine the data for evidence that income per worker is higher in countries with higher savings. From equation(8) we would expect income per workerwould be lower with higher values of population growth. 
One important assumption needs to be made, before the analysis is performed, however. That is that savings rate and population growth are independent of the country specific factors, which influence the production function. In other words, we assume that s and n are independent of the error term ε. This is the same assumption made originally in the Solow model, as well as a number of other growth models. This implies that equation (8) can be estimated using Ordinary Least Squares. The results of this analysis will be presented in Chapter 6 of the paper.  
[bookmark: _Toc300083633]5.2 Solow model with human capital

Human capital is an important driver of growth. What is the effect of including human capital in the model? 
In the previous section we did not include human capital, thus it was part of the omitted variables. Including it in the equation could potentially change the values of the coefficients of capital investments and population growth. Therefore, in this section, human capital will be added into the model. To do this, the original production function needs to be modified (see Mankiw, Romer and Weil 1992).
.
In this equation,H represents the stock of human capital. From the above equation, it holdsthat, this implies that there are decreasing returns to capital, both physical and human. If, this does not hold, for example, in the case of  (constant returns), the model does not have a steady state.
In this situation, we need to assume that part of the investment made goes to increase the stock of human capital. Therefore, taking the earlier interpretation of investment, s, it can be divided into sK, which represents the fraction of income that is invested into physical capital, K, and sH, which is the fraction invested into human capital, H. Economic progress therefore, can then be determined as
 , and
.
As in Chapter 2,,  and . 
One assumption that needs to be made at this point, concerns the production function. We assume that the same production function applies to both types of capital and consumption. To simplify the analysis, we will assume that the level of depreciation of human and physical capital is the same. The above equations imply that the economy converges to an equilibrium defined as


Importing these equations back into the production function, described in equation (9), and taking the logs, gives an equation for income per capita:

This equation is very similar to the one obtained in (7). One obvious difference between the two is given by the presence of human capital investment as well as physical capital. Thus, the equation shows that income per capita depends positively on human and physical capital and negatively on population growth. 
However, in this paper, the level of human capital is assessed, not the investment made towards it; therefore, the above equation cannot be used. However, using the same assumptions about A as in the previous section, we can rewrite (14), by combining it with (13), as 
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The Solow model predicts the existence of conditional convergence, as was explained in Chapter 2. It also predicts the speed of convergence. As mentioned in the introductory chapter, the literature suggests that this level is around 2%. The model justifies this result. If we take y* to be the equilibrium level of income per worker, as given in equation (14), and let y(t) be the actual value of y at time t, then the speed of convergence will be given by

Furthermore, If we assume that the values of α and β are equal to one third, each and that the population growth, together with technological advancement and depreciation are around 6%, then the rate of convergence, λ, is equal to 0.02 or 2%. However, if human capital is excluded from the model, as was done in the first part of this analysis, then the convergence rate doubles to 4%.  When taken into account together with equation (14), equation (16), suggests that 



where y(0) is income per worker at the initial date, in this case at 1960. Therefore, the initial level of GDP plays an important role in determining the growth rate of future levels of growth. 
The next chapter uses the model discussed here and the data discussed in Chapter 4, to present the results of our empirical analysis. There are also a number of additional factors, discussed in chapter 3, whose role is also considered.
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Chapter 5 presented the convergence equation. This chapter will use that equation, (17), to perform an empirical analysis of the data. Our main aim is to see whether convergence takes place. 
The first part of the chapter looks at the evidence of absolute and conditional convergence in the data, then it proceeds to a discussion of the robustness of the results and finally, the chapter concludes with the summary of the main findings.

[bookmark: _Toc300083636]6.1 Preliminary results
Before looking at the main results, it is useful to get a feel of what the data shows. The diagrams below present an aggregate picture of the growth rate of income per worker in the low income countries as well as in the high income economies. 

Figure 6.1 Growth rate dynamics in time, low income countries
Data source: World Bank, 2010
The figures show that the low income countries tend to be growing faster than the high income countries. This presents some evidence to the existence of absolute convergence. However, the results should be interpreted with caution. As mentioned earlier, these results are not conditioned on the initial level of income or differences in population growth and capital accumulation. The results are also not adjusted to exclude oil exporting countries. As the large amount of GDP of oil exporting countries is attributed to oil production, it could be that the oil prices are driving the growth rate up, the same goes for other commodities. 
However, looking at the results of the world growth dynamics, Figure 6.3, one can see that the average growth rate is slightly decreasing over time. This means that the aggregate trend is towards lower economic growth. This seems to support the presence of absolute convergence.  Furthermore, the scatterplot of GDP growth to initial level of GDP, Figure 6.4, shows that there seems to be a positive relationship between the two values. 
Having said this, I will now turn to the discussion of the main results obtained from the regression analysis. 

Figure 6.2 Dynamics of economic growth in time for high income economies
Data source: World Bank, 2010



Figure 6.3 Growth dynamics over time for the world
Data source: World Bank, 2010


Figure 6.4 Growth rate of GDP per worker to the initial level of GDP
Data source: World Bank, 2010


[bookmark: _Toc300083637]6.2 Absolute and Conditional Convergence

Table 6-1 presents the relationship between the growth rate of GDP per worker and the initial level of GDP. Unlike the preliminary results, the table shows little evidence of absolute convergence, as has been found earlier in literature (Romer, 1987). The coefficient of the log of GDP in year 1960 is slightly positive in most cases, except for OECD countries and High Income countries, where it is not different from zero. Furthermore, the adjusted R2 values are very small for most of the regressions. Therefore, it would seem that there is no tendency for the poor countries to faster than the rich countries. This means that the absolute convergence hypothesis does not hold, as was expected.
Table 6‑1 Unconditional (absolute) convergence
	Regression
	Full sample
	Non-oil
	Intermediate
	OECD
	Low income
	High income

	Number of observations
	86
	78
	62
	22
	43
	43

	Constant
	-0.012
(0.008)
	-0.376
(0.376)
	-0.404
(0.484)
	0.366
(0.805)
	-0.674
(0.417)
	-0.328
(0.630)

	Ln(GDP1960)
	0.003***
(0.001)
	0.136***
(0.045)
	0.133**
(0.057)
	0.043
(0.096)
	0.189***
(0.049)
	0.114
(0.075)

	Adj. R-squared
	0.083
	0.062
	0.041
	-0.041
	0.157
	0.021

	S.E.E.
	0.015
	0.644
	0.740
	0.731
	0.571
	0.724


Ln(GDP1960) is the log of the initial level of income per worker. Furthermore, *=10% significance; **=5% significance; ***=1% significance. Standard errors are in parenthesis below the estimated coefficients.
Table 6.2 restricts the previous model with the investment and the growth rate of working age capital. The inclusion of these two variables significantly improves the fit of the regression. Thus, the existing model explains more of the variation of GDP per worker growth rate, than the one in Table 6.1.
Furthermore, adding investment and population growths results in all of the coefficients of initial level of GDP to become negative, though insignificant, in majority of cases. This would imply that there is some evidence of convergence.  Finally, the human capital variable is added to the equation. The results can be seen in Table 6.3.
The addition of human capital to the regression increases the absolute value of the coefficients of initial level of GDP and, at the same time, makes them more significant. Furthermore, the additional variable also adds some explanatory power to the model (adjusted- R2). 


Table 6‑2 Conditional convergence (without human capital)
	Regression
	Full sample
	Non-oil
	Intermediate
	OECD
	Low income
	High income

	Number of observations
	84
	76
	61
	22
	41
	43

	Constant
	2.381**
(1.065)
	2.569**
(1.091)
	2.780**
(1.337)
	5.435***
(1.321)
	1.142
(1.396)
	3.374**
(1.426)

	Ln(GDP1960)
	-0.100
(0.086)
	-0.114
(0.090)
	-0.132
(0.103)
	-0.360**
(0.132)
	-0.021
(0.117)
	-0.174
(0.115)

	Ln(gds)
	0.358***
(0.126)
	0.344***
(0.124)
	0.353**
(0.140)
	0.434**
(0.164)
	0.402
(0.254)
	0.351**
(0.018)

	Ln(n+g+δ)
	-0.707***
(0.226)
	-0.719***
(0.233)
	-0.767**
(0.295)
	-1.152***
(0.265)
	-0.489*
(0.275)
	-0.883***
(0.322)

	Adj. R-squared
	0.220
	0.209
	0.160
	0.202
	0.261
	0.153

	S.E.E.
	0.610
	0.597
	0.698
	0.640
	0.544
	0.673


Ln(GDP1960) is the log of the initial level of income per worker. Ln(gds) is the variable representing investment, calculated by the average of the level of gross domestic savings in the country. Ln(n+g+δ) is the proxy for population growth, n+δ is considered to be 0.05. Furthermore, *=10% significance; **=5% significance; ***=1% significance. Standard errors are in parenthesis below the estimated coefficients.

Table 6‑3 Conditional convergence with human capital
	Regression
	Full sample
	Non-oil
	Intermediate
	OECD
	Low income
	High income

	Number of observations
	72
	65
	54
	21
	34
	38

	Constant
	3.131***
(1.069)
	3.704***
(0.996)
	3.903***
(1.292)
	4.893***
(1.340)
	0.784
(2.029)
	3.380**
(1.249)

	Ln(GDP1960)
	-0.291**
(0.110)
	-0.339***
(0.105)
	-0.346***
(0.128)
	-0.460***
(0.138)
	-0.127
(0.227)
	-0.369***
(0.124)

	Ln(gds)
	0.307
(0.199)
	0.197
(0.183)
	0.229
(0.222)
	0.594
(0.561)
	0.713*
(0.356)
	0.092
(0.240)

	Ln(n+g+δ)
	-0.663**
(0.197)
	-0.677***
(0.198)
	-0.754***
(0.256)
	-1.015**
(0.371)
	-0.508*
(0.256)
	-0.455
(0.291)

	Ln(yearseduc)
	0.543**
(0.223)
	0.654***
(0.202)
	0.609**
(0.253)
	0.321
(0.534)
	0.220
(0.349)
	0.804***
(0.290)

	Adj. R-squared
	0.313
	0.347
	0.282
	0.212
	0.358
	0.298

	S.E.E.
	0.579
	0.542
	0.643
	0.638
	0.517
	0.622


Ln(GDP1960) is the log of the initial level of income per worker. Ln(gds) is the variable representing investment, calculated by the average of the level of gross domestic savings in the country. Ln(n+g+δ) is the proxy for population growth, n+δ is considered to be 0.05. Ln(yeareduc) is a measure of human capital, calculated using the average years of education. Furthermore, *=10% significance; **=5% significance; ***=1% significance. Standard errors are in parenthesis below the estimated coefficients.


If we would compare the data in Tables 6.2 and 6.3, it would seem that the low income countries do not experience convergence, unlike the rest of the sections in the model. This is an interesting result, as it tells us that the low income countries do not seem to be converging to a steady state level of income. One of the reasons for this result could be that the low income countries are currently far from their steady states, and thus, the impact of investment and human capital has not yet had its full effect on the level of income per worker. This would also explain the size of the coefficients obtained for this group of countries. 

[bookmark: _Toc300083638]6.3Convergence with additional variables

As mentioned in chapter 3, there are a number of additional channels which have been outlined by the literature as affecting convergence. The impact of these variables is shown in tables 5.4-5.6. 
Table 5.4 shows the effects of Trade, Foreign Direct investment and Government expenditure on the already existing variables in the Solow model. The first thing that is important to point out here is that none of the newly added variables seem to have a significant effect on the growth rate of GDP per worker. This is to be expected, as they are used as additional variables. 
However, the inclusion of these three variables seems to positively impact the size of the coefficient of initial level of income, even though the coefficient for the low income countries still remains insignificant. This is an important finding, as it implies that these economic factors do not have significant impact on the model of convergence. 
Furthermore, the explanatory power of the regression seems to have fallen with the inclusion of new variables. This is an important finding, as it says that the included variables are not particularly important for the model. They are useful, however, as a robustness check, in this situation. Thus, it could be said that the findings of model are robust.
Table 5.5 shows the impact of a number of institutional variables. The results show that the variables do not have a large impact on the effectiveness of the model. The coefficient of initial level of GDP still remains negative and significant. This is a similar result to table 5.3, although the absolute values of the coefficients have increased. The R2 also shows that the inclusion of these new variables has much effect explaining the variation of GDP per capita growth over the years. 


Table 6‑4 Convergence with other economic variables
	Regression
	Full sample
	Non-oil
	Intermediate
	OECD
	Low income
	High income

	Number of observations
	69
	63
	52
	22
	32
	37

	Constant
	3.866***
(1.384)
	4.834***
(1.205)
	4.328**
(1.986)
	5.232***
(1.347)
	2.217
(3.238)
	3.864**
(1.477)

	Ln(GDP1960)
	-0.303**
(0.118)
	-0.355***
(0.110)
	-0.327**
(0.134)
	-0.478***
(0.149)
	-0.167
(0.272)
	-0.388***
(0.136)

	Ln(gds)
	0.329
(0.192)
	0.234
(0.188)
	0.231
(0.226)
	0.210
(0.607)
	0.796**
(0.336)
	0.115
(0.224)

	Ln(n+g+δ)
	-0.683***
(0.228)
	-0.658***
(0.217)
	-0.721*
(0.366)
	-0.618
(0.412)
	-0.584*
(0.309)
	-0.508*
(0.290)

	Ln(yearseduc)
	0.575**
(0.236)
	0.705***
(0.203)
	0.606**
(0.234)
	0.747
(0.653)
	0.280
(0.393)
	0.814***
(0.285)

	Ln(Trade)
	-0.142
(0.160)
	-0.183
(0.181)
	-0.115
(0.227)
	0.360
(0.242)
	-0.115
(0.153)
	-0.059
(0.263)

	Ln(FDI)
	-0.014
(0.069)
	0.026
(0.082)
	-0.069
(0.120)
	0.064
(0.054)
	0.030
(0.158)
	-0.002
(0.066)

	Ln(govex)
	-0.050
(0.253)
	-0.163
(0.235)
	-0.073
(0.317)
	-0.791*
(0.449)
	-0.304
(0.472)
	-0.019
(0.330)

	Adj. R-squared
	0.290
	0.325
	0.231
	0.137
	0.291
	0.245

	S.E.E.
	0.597
	0.555
	0.672
	0.667
	0.554
	0.653


Ln(GDP1960) is the log of the initial level of income per worker. Ln(gds) is the variable representing investment, calculated by the average of the level of gross domestic savings in the country. Ln(n+g+δ) is the proxy for population growth, n+δ is considered to be 0.05. Ln(yeareduc) is a measure of human capital, calculated using the average years of education. Ln(trade) is the trade variable. Trade is measured by the amount of imports plus exports as a percentage of GDP. Ln(FDI) measures the amount of FDI inflow into the country. Ln(govex) is the proxy for government expenditure, measured as a percentage of GDP. Furthermore, *=10% significance; **=5% significance; ***=1% significance. Standard errors are in parenthesis below the estimated coefficients.
The effects of the actual variables are rarely significant. This is not a surprising result, as it has often been found in literature, that democracy does not have strong impact on growth. As mentioned previously, democracy or autocracy themselves are not determinants of growth, rather it is the effectiveness of institutions that are formed in each case.Therefore, it is possible to have a democracy, but if the level of institutions is low, economic growth is not likely to occur. 
It is interesting to point out, however, that the durability factor is almost always positive, although insignificant. This is also important, because it implies that an existence of certainty within a country could have a positive effect on economic growth. This is not surprising as a more stable situation in the country provides a favorable position for investment. 
Finally, Table 6.6 shows the results after the inclusion of the natural resource variable. The natural resource variable seems to decrease the absolute value of the initial GDP per worker on economic 
Table 5‑5 Convergence with institutional variables
	Regression
	Full sample
	Non-oil
	Intermediate
	OECD
	Low income
	High income

	Number of observations
	67
	63
	52
	19
	32
	35

	Constant
	3.902***
(1.250)
	4.127***
(1.213)
	4.673**
(1.589)
	6.402***
(1.834)
	3.063
(2.522)
	4.694***
(1.559)

	Ln(GDP1960)
	-0.311**
(0.123)
	-0.364***
(0.112)
	-0.398***
(0.139)
	-0.544***
(0.139)
	-0.190
(0.241)
	-0.475***
(0.139)

	Ln(gds)
	0.244
(0.215)
	0.173
(0.198)
	0.172
(0.241)
	0.478
(0.747)
	0.705**
(0.341)
	-0.021
(0.268)

	Ln(n+g+δ)
	-0.794***
(0.244)
	-0.716***
(0.232)
	-0.825**
(0.316)
	-1.335**
(0.511)
	-0.765**
(0.357)
	-0.608*
(0.328)

	Ln(yearseduc)
	0.561**
(0.228)
	0.678***
(0.214)
	0.668**
(0.270)
	0.416
(0.704)
	0.267
(0.397)
	0.927***
(0.300)

	Democ
	-0.027
(0.025)
	-0.024
(0.026)
	-0.038
(0.029)
	-0.003
(0.035)
	-0.153
(0.122)
	-0.032
(0.028)

	Autoc
	-0.019
(0.025)
	-0.012
(0.023)
	-0.002
(0.025)
	-0.022
(0.027)
	-0.159
(0.121)
	0.019
(0.021)

	Durability
	0.003
(0.003)
	0.003
(0.003)
	0.005*
(0.003)
	0.005
(0.004)
	-0.006
(0.006)
	0.007*
(0.003)

	Adj. R-squared
	0.268
	0.309
	0.243
	-0.005
	0.323
	0.280

	S.E.E.
	0.604
	0.562
	0.667
	0.723
	0.541
	0.633


Ln(GDP1960) is the log of the initial level of income per worker. Ln(gds) is the variable representing investment, calculated by the average of the level of gross domestic savings in the country. Ln(n+g+δ) is the proxy for population growth, n+δ is considered to be 0.05. Ln(yeareduc) is a measure of human capital, calculated using the average years of education. Democ represents the index of democracy. Autoc is the measure of autocracy and Durability represents the average durability of the political regime in the country. Furthermore, *=10% significance; **=5% significance; ***=1% significance. Standard errors are in parenthesis below the estimated coefficients.
growth. However, this decrease is not particularly large. The explanatory value of the model is also not improved with the presence of natural resources. Furthermore, the variable itself does not seem to be significant.







Table 5‑6 Convergence with natural resources
	Regression
	Full sample
	Non-oil
	Intermediate
	OECD
	Low income
	High income

	Number of observations
	63
	58
	50
	19
	29
	34

	Constant
	3.353***
(1.249)
	3.959***
(1.102)
	3.779**
(1.407)
	5.520***
(1.631)
	-0.717
(2.992)
	3.930***
(1.255)

	Ln(GDP1960)
	-0.297**
(0.124)
	-0.365***
(0.115)
	-0.353**
(0.133)
	-0.476**
(0.159)
	-0.041
(0.279)
	-0.386***
(0.127)

	Ln(gds)
	0.263
(0.215)
	1.169
(0.189)
	0.235
(0.232)
	0.503
(0.572)
	0.859*
(0.415)
	0.008
(0.249)

	Ln(n+g+δ)
	-0.718***
(0.223)
	-0.706***
(0.224)
	-0.753***
(0.277)
	-0.970**
(0.386)
	-0.429
(0.384)
	-0.448
(0.334)

	Ln(yearseduc)
	0.561**
(0.247)
	0.701***
(0.221)
	0.614**
(0.263)
	0.389
(0.484)
	0.122
(0.417)
	0.867**
(0.326)

	Ln(subsoil)
	-0.006
(0.019)
	-0.004
(0.020)
	-0.013
(0.022)
	0.046
(0.042)
	-0.025
(0.029)
	0.031
(0.027)

	Adj. R-squared
	0.280
	0.328
	0.264
	0.149
	0.339
	0.277

	S.E.E.
	0.612
	0.571
	0.668
	0.665
	0.525
	0.644


Ln(GDP1960) is the log of the initial level of income per worker. Ln(gds) is the variable representing investment, calculated by the average of the level of gross domestic savings in the country. Ln(n+g+δ) is the proxy for population growth, n+δ is considered to be 0.05. Ln(yeareduc) is a measure of human capital, calculated using the average years of education. Ln(subsoil) is a measure of natural resources per worker. Furthermore, *=10% significance; **=5% significance; ***=1% significance. Standard errors are in parenthesis below the estimated coefficients.

[bookmark: _Toc300083639]6.4 Summary of the results

The general results, obtained in this analysis, seem to be in line with empirical literature on the absence of absolute convergence. As shown in Table 6.1, the data provides no evidence of such phenomenon. However, conditioning the results for investment and population growth, allows us to confirm the presence of evidence of conditional convergence. The addition of human capital further strengthens the results and improves the explanatory power of the model.
Moreover, the results seem to contrast the view that the Solow model fails to support convergence. On the contrary, it was found that the Solow model is a good estimation of the dynamics of convergence. After controlling for variables that, according to the model, determine the steady state, strong evidence of conditional convergence were found. 
Additional variables, included in the second part of the chapter do not seem to play much role in determining economic growth. However, they are very useful for confirming the robustness of the results. 




[bookmark: _Toc300083640]Chapter 7 Final remarks

This paper attempted to test the hypothesis of conditional convergence. This was done with the help of  a thorough literature analysis, which helped identify some of the most important determinants of convergence. Moreover, this paper suggests that the cross-country differences in income per capita are best described using the human-capital augmented Solow model. In this model, output depends on three inputs, human capital, physical capital and labor. The total output is then used for saving or investment into physical and human capital, as well as for consumption. 
The model has a number of implications. First, unlike the endogenous growth models, this model predicts that countries with similar technological progress, population growth and capital accumulation tend to converge to the same level of income per capita. This is an important result as it confirms the existence of the conditional convergence. 
Furthermore, it seems that the impact of investment and population growth is significant. The textbook Solow model predicts that both values are important as higher level of savings leads to a higher income at steady state. This also means that a higher level of human capital is likely to emerge as a result of a higher income. 
Human capital also plays an important role in the model. It predicts that economic growth depends largely on the impact that the quality and quantity of education have on output. Although this paper does not take into account the quality of education, it is likely to have a positive impact on economic growth. 
Population growth is another important variable, described in the Solow model to have an impact on growth. The textbook model predicts that the higher rate of growth, the lower the income per capita. This is a logical conclusion, however, it also implies that the level of capital, both human and physical will have to be spread out between the increasing numbers of people. This would imply that the impacts of capital accumulation will be limited. 
Moreover, the paper looked at a number of additional variables that have been known to impact economic growth. The results obtained from these regressions suggest that although the variables themselves do not have a significant impact on the effects predicted by the augmented Solow model, they do tend to increase the rate of convergence. 
It must be pointed out, however, that a number of alterations could be made to the data in order to be able to draw more precise conclusions, for example, the use or the data on quality of institutions rather than the type of the political system within the country. The improvement in the types of variables used, could impact the final results. 
Furthermore, a study of the above variables reveals that the original results are robust and those additional variables does not largely improve explanatory powers of the model. Thus, it could be concluded that the Solow model is a relatively good fit for explaining conditional convergence in incomes per worker. 
As mentioned earlier conditional convergence has a number of policy implications. First, is that convergence has an impact on the foreign aid policies. Contrary to the absolute convergence hypothesis, which predicts that poverty will be completely eradicated over time, conditional convergence suggests that poverty will decrease only if variables such as capital accumulation, both physical and human are controlled for, as well as population growth. Thus the foreign aid policies that are currently in place are more likely to be justified by the existence of conditional rather than absolute convergence. 
This leads to the second policy implication, which is that development of a reliable saving and investment environment is important for economic growth. If there are numerous opportunities to save and invest the capital, then the country is likely to converge to the steady state of income faster. Furthermore, investment in human capital and creation of opportunities for employment within the country would drive growth further, and allow the countries to escape the poverty trap.
Therefore, future research should be directed towards the factors that drive the improvements in saving rates and human capital. Thus, the combinations of the endogenous and exogenous models could be the way forward in understanding what drives growth and economic convergence.
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	Country Name
	Lower income
	Upper income
	Non-Oil
	OECD
	Intermediate

	1
	Algeria
	0
	1
	1
	0
	1

	2
	Argentina
	0
	1
	1
	0
	1

	3
	Austria
	0
	1
	1
	1
	1

	4
	Bangladesh
	1
	0
	1
	0
	1

	5
	Belgium
	0
	1
	1
	1
	1

	6
	Benin
	1
	0
	1
	0
	0

	7
	Bolivia
	1
	0
	0
	0
	1

	8
	Botswana
	0
	1
	1
	0
	1

	9
	Brazil
	0
	1
	1
	0
	1

	10
	Burkina Faso
	1
	0
	1
	0
	0

	11
	Burundi
	1
	0
	1
	0
	0

	12
	Cameroon
	1
	0
	1
	0
	1

	13
	Canada
	0
	1
	1
	1
	1

	14
	Central African Republic
	1
	0
	1
	0
	0

	15
	Chad
	1
	0
	1
	0
	0

	16
	Chile
	0
	1
	1
	0
	1

	17
	Colombia
	0
	1
	1
	0
	1

	18
	Congo, Dem. Rep.
	1
	0
	1
	0
	0

	19
	Congo, Rep.
	1
	0
	1
	0
	0

	20
	Costa Rica
	0
	1
	1
	0
	1

	21
	Cote d'Ivoire
	1
	0
	1
	0
	1

	22
	Denmark
	0
	1
	1
	1
	1

	23
	Dominican Republic
	0
	1
	1
	0
	1

	24
	Ecuador
	0
	1
	1
	0
	1

	25
	Egypt, Arab Rep.
	1
	0
	1
	0
	0

	26
	El Salvador
	1
	0
	1
	0
	1

	27
	Fiji
	1
	0
	0
	0
	0

	28
	Finland
	0
	1
	1
	1
	1

	29
	France
	0
	1
	1
	1
	1

	30
	Gabon
	0
	1
	0
	0
	0

	31
	Ghana
	1
	0
	1
	0
	0

	32
	Greece
	0
	1
	1
	1
	1

	33
	Guatemala
	1
	0
	1
	0
	1

	34
	Guyana
	1
	0
	0
	0
	0

	35
	Honduras
	1
	0
	1
	0
	1

	36
	Iceland
	0
	1
	0
	1
	0

	37
	India
	1
	0
	1
	0
	1

	38
	Indonesia
	1
	0
	1
	0
	1

	39
	Ireland
	0
	1
	1
	1
	1

	
	Country Name
	Lower income
	Upper income
	Non-Oil
	OECD
	Intermediate

	40
	Israel
	0
	1
	1
	1
	1

	41
	Italy
	0
	1
	1
	1
	1

	42
	Japan
	0
	1
	1
	1
	1

	43
	Kenya
	1
	0
	1
	0
	1

	44
	Korea, Rep.
	0
	1
	1
	1
	1

	45
	Lesotho
	1
	0
	1
	0
	0

	46
	Liberia
	1
	0
	1
	0
	0

	47
	Luxembourg
	0
	1
	0
	1
	0

	48
	Madagascar
	1
	0
	1
	0
	1

	49
	Malawi
	1
	0
	1
	0
	1

	50
	Malaysia
	0
	1
	1
	0
	1

	51
	Mexico
	0
	1
	1
	0
	1

	52
	Morocco
	1
	0
	1
	0
	1

	53
	Nepal
	1
	0
	1
	0
	0

	54
	Netherlands
	0
	1
	1
	1
	1

	55
	New Zealand
	0
	1
	1
	1
	1

	56
	Nicaragua
	1
	0
	1
	0
	1

	57
	Niger
	1
	0
	1
	0
	0

	58
	Nigeria
	1
	0
	1
	0
	1

	59
	Norway
	0
	1
	0
	1
	1

	60
	Oman
	0
	1
	0
	0
	0

	61
	Pakistan
	1
	0
	1
	0
	1

	62
	Panama
	0
	1
	1
	0
	1

	63
	Papua New Guinea
	1
	0
	1
	0
	0

	64
	Paraguay
	1
	0
	1
	0
	1

	65
	Peru
	0
	1
	1
	0
	1

	66
	Philippines
	1
	0
	1
	0
	1

	67
	Portugal
	0
	1
	1
	1
	1

	68
	Rwanda
	1
	0
	1
	0
	0

	69
	Senegal
	1
	0
	1
	0
	1

	70
	Sierra Leone
	1
	0
	1
	0
	0

	71
	South Africa
	0
	1
	1
	0
	1

	72
	Spain
	0
	1
	1
	1
	1

	73
	Sri Lanka
	1
	0
	1
	0
	1

	74
	Sudan
	1
	0
	1
	0
	0

	75
	Sweden
	0
	1
	1
	1
	1

	76
	Switzerland
	0
	1
	1
	1
	1

	77
	Syrian Arab Republic
	1
	0
	1
	0
	1

	78
	Thailand
	0
	1
	1
	0
	1

	79
	Togo
	1
	0
	1
	0
	0

	80
	Trinidad and Tobago
	0
	1
	1
	0
	1

	
	Country Name
	Lower income
	Upper income
	Non-Oil
	OECD
	Intermediate

	81
	Turkey
	0
	1
	1
	0
	1

	82
	United Kingdom
	0
	1
	1
	1
	1

	83
	Uruguay
	0
	1
	1
	0
	1

	84
	Venezuela, RB
	0
	1
	1
	0
	1

	85
	Zambia
	1
	0
	1
	0
	1

	86
	Zimbabwe
	1
	0
	1
	0
	1




[bookmark: _Toc300083643]Appendix II

Democracy measures:
	
	Authority Coding
	Scale Weight

	
	Competitiveness of Executive Recruitment (XRCOMP):
	

	(3) 
	Election 
	+2

	(2) 
	Transitional
	+1

	
	Openness of Executive Recruitment (XROPEN):
only if XRCOMP is Election (3) or Transitional (2)
	

	(3) 
	Dual/election
	+1

	(4) 
	Election 
	+1

	
	Constraint on Chief Executive (XCONST):
	

	(7) 
	Executive parity or subordination 
	+4

	(6) 
	Intermediate category 
	+3

	(5) 
	Substantial limitations 
	+2

	(4) 
	Intermediate category 
	+1

	
	Competitiveness of Political Participation (PARCOMP):
	

	(5) 
	Competitive 
	+3

	(4) 
	Transitional 
	+2

	(3) 
	Factional 
	+1


Source: Polity IV Manual 2010

Autocracy measures:
	
	Authority Coding 
	Scale Weight

	
	Competitiveness of Executive Recruitment (XRCOMP):
	

	(1) 
	Selection 
	+2

	
	Openness of Executive Recruitment (XROPEN): only if XRCOMP is coded Selection (1)
	

	(1) 
	Closed
	+1

	(2) 
	Dual/designation
	+1

	
	Constraints on Chief Executive (XCONST):
	

	(1) 
	Unlimited authority
	+3

	(2) 
	Intermediate category
	+2

	(3) 
	Slight to moderate limitations
	+1

	
	Regulation of participation (PARREG):
	

	(4) 
	Restricted
	+2

	(3) 
	Sectarian
	+1

	
	Competitiveness of Participation (PARCOMP):
	

	(1) 
	Repressed
	+2

	(2) 
	Suppressed
	+1


Source: Polity IV Manual 2010
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