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CONDITIONAL CONVERGENCE AND FUTURE  

TFP GROWTH IN ISRAEL1 

SHAY TSUR* AND EYAL ARGOV** 

Abstract 

This study formulates and estimates a model for long-term forecasting of the 

total factor productivity (TFP) component of Israel's GDP and for assessing the 

impact of policy variables on it. To do this, we first estimate GDP per worker 

in a cross-sectional regression of 66 countries, including Israel, where the 

explanatory variables are fundamental factors such as geography and culture, 

as well as policy-influenced variables such as human capital quality, 

infrastructure levels, and institutional quality. We then calculate for each 

country the gap between the predicted GDP per worker, based on the values of 

the explanatory variables in 2010 and the regression coefficients, and the actual 

GDP per worker. This gap reflects the potential for Israel's GDP per worker to 

grow faster than the average global growth rate, particularly through faster TFP 

growth. In the second stage, we estimate TFP growth equations where the TFP 

growth rate depends on the initial labor productivity gap. The use of 

fundamental variables and policy variables together in a conditional 

convergence framework is a novel contribution to the economic growth 

literature. We find that Israel's average gap between predicted and actual GDP 

per worker is positive but small. From this, we conclude that Israel's TFP has 

very limited potential to grow faster than the global average without changes in 

policy variables. The baseline TFP growth forecast for 2020–60 is 0.55%, 

slightly lower than Israel's historical TFP growth rate in 2000–19. 
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1.  INTRODUCTION 

This research uses a framework of conditional convergence between countries to formulate 

and estimate a model for long-term forecasting of Israel's total factor productivity (TFP), and 

to examine how policy changes may affect it. There are large differences in living standards 

and productivity across countries. Models based on the accumulation of production factors 

predict that poor countries will eventually converge to the living standards that characterize 

rich areas (Solow, 1956). However, this phenomenon has barely been observed in 

international data, leading the literature to focus on "conditional convergence" rather than 

"global convergence". Barro (1991) found, in cross-sectional regressions, that the growth rate 

of real GDP per capita is negatively correlated with the initial level of real GDP per capita 

only after controlling for each country's human capital. Barro and Sala-i Martin (1992) 

emphasized that it is more informative to look at the distribution of wealth conditional on 

various characteristics of each economy, such as government spending and political stability. 

They found that the importance of including these characteristics increases the more 

heterogeneous the sample of economic units is: The inclusion of background characteristics 

was not important at all in a sample of US states, it increased the degree of estimated 

convergence in a sample of OECD countries, and it was essential for finding convergence in 

a sample of 96 countries around the world. 

The current work uses variables of the fundamental roots of economic growth and 

variables dependent on economic policy in order to explain the differences in GDP per 

worker (also referred to as productivity or productivity per worker) between countries and 

the growth of total factor productivity (TFP). We first estimate the determinants of 

productivity in a regression with variables of geography, genetic diversity, culture and other 

common fundamental variables, together with variables that are affected by economic policy 

such as the quality of human capital, the level of infrastructure and the quality of institutions. 

We then calculate for each country the gap between the predicted GDP per worker, based on 

the values of the explanatory variables in 2010 and the regression coefficients, and the actual 

GDP per worker. This gap reflects the potential for Israel's GDP per worker to grow faster 

than its average growth rate in the world, particularly through faster growth in total factor 

productivity. In the second stage, we estimate convergence equations in which the growth 

rate of total factor productivity depends on the GDP per worker gap at the beginning of the 

period. Our analysis demonstrates that TFP growth is the main driver of labor productivity 

convergence, rather than physical or human capital accumulation. 

The weakness of cross-sectional convergence regressions is that the estimate of the 

convergence rate may be biased in the case of omitted variables that are correlated with the 

initial level of GDP per capita. Islam (1995) used a panel regression framework with country 

fixed effects as a means of controlling for the unobserved basic characteristics of each 

country. In this way, he found a much stronger degree of convergence and concluded that 

indeed, omitted variables were positively correlated with the initial level of GDP per capita. 
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In a later study, Islam (2003) argued that the omitted variable bias problem led the 

convergence literature to deviate from the cross-sectional framework. However, while the 

panel regression framework can more accurately identify the speed of convergence, the 

country fixed effect predetermines the steady-state level of the economy, unlike the cross-

sectional formulation which defines the steady-state level of each country based on the 

typical GDP per capita of countries with similar characteristics. Battisti, di Vaio, and Zeira 

(2018) use labor-augmented TFP2 in a framework that avoids the use of endogenous 

explanatory variables. They argue that β-convergence should be interpreted as the 

convergence of each country's GDP per worker to its own potential productivity, but not 

across countries.  

In recent years, the growth literature has abandoned the use of standard characteristics in 

convergence regressions (Durlauf, 2009), and has focused on the fundamental factors of 

growth, such as geography, culture, institutions, and policies. Our work exploits this growing 

literature to improve cross-sectional convergence regressions, in order to properly predict the 

typical potential path of each country, with a reduced risk of omitted variable bias. The use 

of deep roots of growth has an advantage in this sense, as some of the variables used in classic 

convergence regressions (for example, human capital) may be the result of the growth process 

rather than its cause. 

Our analysis has two goals: First, our study balances estimating the "clean" causal effect 

of policy variables on the level of productivity with achieving estimates that have external 

validity. Estimating the effect of policy variables on productivity levels using cross-sectional 

regressions, after controlling for fundamental factors, brings us closer to the causal effect of 

policy measures on long-term living standards. In this way, we measure the long-term 

productivity of each country—as in Battisti, di Vaio, and Zeira (2022)—but based on a broad 

set of explanatory variables. We verify the efficiency of our methodology by running panel 

regressions that include policy variables for which historical data is available. In the trade-

off between achieving a "clean" causal effect and achieving estimates with external validity, 

our estimates will have higher external validity compared to research that exploits a specific 

exogenous event to find a causal relationship between policy and growth, and higher internal 

validity compared to cross-sectional regressions with policy variables alone. However, due 

to limitations of internal validity, we treat the estimated effects reported here with caution: 

While the basic differences between economies were well controlled for using the 

fundamental variables (deep roots of growth) and the panel formulations, the threat of reverse 

causality in the policy-dependent variables cannot be ignored. We cannot rule out, for 

example, the possibility that growth processes lead to better policy. 

 
2 Labor-augmented TFP is a formulation of total factor productivity in which it is multiplied 

directly by labor input and not by all inputs. For example, in the formulation Y=Kα(A*L)(1-

α), A is the labor-augmented total factor productivity. 
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The second goal is to examine fundamental variables of deep roots of economic growth 

and policy variables within a single conditional convergence framework, as it allows us to 

predict the future development of countries given a country's basic and current set of policies. 

This framework will also allow us to pose questions about changes in a given country's 

growth potential following policy changes.  

This study is part of a broad project of constructing a long-term growth model for 

forecasting Israel's GDP growth over a horizon of approximately 50 years, given various 

assumptions. Among other things, it is constructed to assess how different exogenous 

developments or policy measures are expected to affect the long-term growth rate (Argov 

and Tsur, 2019). Previous projects in Israel were carried out by Geva (2013) and Braude 

(2013), and global projects focusing on TFP forecasting were more recently carried out by 

Cette, Lecat, and Ly-Marin (2016) and Guillemette et al. (2017). The aforementioned growth 

model is built from several connected building blocks, each oriented to describe a specific 

component in the aggregate production function (human capital, the development of physical 

capital, etc.). The current study describes in detail the building block of the total factor 

productivity model. 

In 2017, productivity in Israel was 13% lower than the average productivity among 

OECD countries. Since the OECD group of countries is very heterogeneous, Hazan and Tsur 

(2020) focused their comparison on six small and wealthy countries. Using a development 

accounting framework, they showed that productivity in Israel is 30% lower compared to 

these countries due to a lower level of physical capital and a lower quality of human capital. 

In the current study, we forecast that productivity in Israel will get closer to the average of 

OECD countries and the six comparison countries, due to faster TFP growth in Israel 

compared to this group of countries (whose TFP is expected to grow less than the global 

average). Faster and more complete reduction of the gap can occur if policy in Israel improves 

faster than policy among the comparison countries. 

The rest of this paper is organized as follows: Section 2 discusses the deep determinants 

of income differences between nations. Section 3 describes the data used in this paper. 

Section 4 demonstrates the difference between global and conditional convergence based on 

the data and variables we use in the paper. Section 5 sets the empirical model for GDP per 

worker and TFP growth and shows the results. Section 6 illustrates future convergence 

patterns based on our results and focuses on the forecast for Israel, and Section 7 concludes. 
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2.  LITERATURE REVIEW ON FUNDAMENTAL VARIABLES DETERMINING 

INCOME DIFFERENCES 

In the introduction (Section 1), we described the evolution of the literature from predicting 

global convergence following Solow (1956) to predicting "club" or conditional convergence 

(Barro and Sala-i Martin, 1992). This evolution was accompanied by literature that criticized 

growth theory for focusing solely on proximate causes rather than fundamental causes of 

economic growth. As North and Thomas (1973) put it, "The factors we have listed 

(innovation, economies of scale, education, capital accumulation, etc.) are not causes of 

growth; they are growth". 

Acemoglu (2008) defines four groups of fundamental causes: geography, institutions, 

luck and multiple equilibria, and culture. Let us briefly survey a small sample of key papers 

regarding these fields. 

The professional and popular book by Diamond (1997), "Guns, Germs, and Steel", argues 

that differences in soil quality and fertility between Eurasia and other areas around the globe 

affected the ability of nations to build complex organizations and hierarchies that positively 

influenced economic prosperity. Acemoglu, Johnson, and Robinson (2005) claimed that 

institutions, as broadly designed by European colonialism, have shaped economic differences 

between countries. Furthermore, they showed that there has been a reversal of fortune in 

income levels among former colonies. Jones and Olken (2005) found that leaders affect the 

economic growth of countries, and conclude that luck played a major role in cross country 

income differences. However, Acemoglu (2008) claims that the selection and the policy of 

leaders are part of the institutional explanations. Ashraf and Galor (2013) found that there is 

an optimum of genetic diversity within a country. They use the genetic diversity predicted 

by the prehistoric exodus of Homo sapiens out of Africa, and claim that there is a "tradeoff 

between the beneficial and the detrimental effects of diversity on productivity". Becker and 

Woessmann (2009) claim that Protestant economies prospered because the tradition of 

reading the Bible increased human capital. They found that Protestantism indeed led to higher 

economic prosperity and better education. A related study relevant for the Israeli context 

(Botticini and Eckstein, 2007) suggests that Judaism enforced a religious norm of studying 

that has influenced Jewish economic and demographic history. Our study uses variables from 

the groups of causes we briefly reviewed above, as deep explanatories of the level of 

productivity. 
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3.  THE DATA 

The model will be based on an econometric analysis relying on a sample of 66 developing 

and advanced economies, including Israel, for which data was found as detailed below. 

Figure 1 presents the GDP per capita of these economies (in 1980, 2000, and 2010) with a 

distinction between the 42 countries where GDP per capita in 2000 (in 2017 US dollars) was 

above $7,500 ("rich countries") and the countries where it was below ("poor countries"). This 

distinction is presented because the coefficients we adopt for the forecast are calculated both 

based on estimates on a partial group that includes only rich countries and based on 

regressions on all countries in the sample. Although it is clear that Israel is in the group of 

rich countries, as seen in Figure 2, where its position in the ranking of GDP per worker was 

around the 20th place both in 1980 and in 20103, relying only on the rich countries for the 

cross-sectional regressions (first stage regressions) leaves us with a small number of 

observations, which impairs the degrees of freedom. The regression on all countries yields 

coefficients that do not suffer from this problem. In weighing the trade-offs between using 

only a more homogeneous sample that is more suitable for Israel, versus combining it with 

the use of a larger sample to utilize a larger number of observations, we preferred to rely also 

on the sample of all countries because the variation in the broader sample provides valuable 

information. Since we are dealing with long-term development processes, the wealth of 

countries changes significantly and not always uniformly across variables and population 

groups. Although the effects are not linear, we believe that the information on the 

contribution of policy in a particular area to growth is valuable, especially while controlling 

for other variables. It is also worth noting that even among the poorer countries, there are 

countries like China and Ecuador that are not "third world countries" and have experienced 

rapid growth in recent decades, partly thanks to successful policies. 

  

 
3 The figures also show the year 2000, a peak year in the output of start-up companies in 

which Israel recorded an exceptionally high output; therefore, caution should be exercised 
with this data and the changes relative to it. 
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Figure 1

Income per capita in 1980, 2000, and 2010

Gross Domestic Product (GDP) per capita in current prices and PPP, translated to 2017 US 
prices.

Source: Penn World Tables 10.
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Figure 2

GDP per worker in 1980, 2000, and 2010

1. Gross Domestic Product (GDP) per capita in current prices and PPP, translated to 2017 
US prices.

Source: Penn World Tables 10.
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The initial level for the forecast of the productivity gap for each country, as well as the 

variables that determine the marginal effect of various variables on productivity, are derived 

from a cross-sectional regression of the (log) level of actual GDP per worker in 2010 on a set 

of fundamental variables as well as policy influenced variables. 

Country level macro data, such as GDP per worker and total factor productivity are taken 

from Penn World Tables 10. The fundamental variables are taken from a variety of studies 

that explored the deep roots of growth, as organized in Ashraf and Galor (2013): (1) Neolithic 

transition is the number of years (in thousands) that have passed since agriculture became the 

primary mode of subsistence in the country; (2) Arable land is the share of total land area that 

is Arable, as reported by the World Bank's World Development Indicators; (3) Population in 

Tropical zones is the percentage of the country's population in 1996 that lives in tropical 

areas; (4) Distance to waterways is the average across a country's grid cells, in thousands of 

kilometers, from an ice-free coast or navigable river; (5) Natural resource rents as a 

percentage of GDP (in the regression year). Includes rents from oil, natural gas, coal, minerals 

and forests. This data is taken from the World Bank Indicators; (6) Genetic diversity is the 

heterozygosity (genetic diversity) between ethnic groups in the country, as calculated and 

presented by Ramachandran et al. (2005) based on the Human Genome Diversity Cell Line 

Panel database. To ensure exogeneity, it is calculated as the predicted value from a regression 

of the genetic diversity for each region on the migration distance of humans from East Africa 

to that region (Ashraf and Galor, 2013); (7) Ethnic fractionalization is calculated as the 

probability that two randomly selected individuals from the same country will belong to 

different ethnic groups as calculated and presented by Alesina et al. (2003); (8) Religion 

controls that represent the share of Muslims, the share of Catholics and the share of 

Protestants in the country's population. 

As for the policy variables: (1) Doing Business is the country's "Distance from the 

Frontier" (in reverse order) in the World Bank index that measures the ease of doing business 

in several areas; (2) Economic Freedom is an index that covers 12 areas, such as property 

rights and financial freedom, in 186 countries since 1970; (3) Road quality—based on the 

first principal component4 of several indices on road quality, taken from the International 

Road Federation data; (4) Data on communication infrastructure—number of main telephone 

lines and mobile phones per thousand workers, as published by the World Bank, data based 

on the International Telecommunications Union; (5) Data on education quality: Test scores 

for the years 1995-2010, standardized over time, across subjects (mathematics, reading and 

science), schooling levels and various international and regional assessments. This data was 

obtained from the World Bank, based on research conducted by Angrist, Patrinos, and 

Schlotter (2013); (6) Inequality in education is represented by Gini coefficients for education 

obtained from Ziesemer (2016) for 146 countries for the years 1960-2010, based on data from 

 
4 The first principal component is a common statistical method by which one series, that 

describes most of the variance in a group of series, is extracted. 
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Barro and Lee (2013). These Gini coefficients were calculated based on the methodology 

first developed by Thomas, Wang and Fan (2001) as well as Costello and Domenech (2002). 

Figures 3–5 present the order of the rich countries (with GDP per capita greater than 

$7,500) on the policy variables described above. Israel's transportation infrastructure is in the 

middle of the distribution of OECD countries, whereas its communication infrastructure is at 

the top of the distribution. Regarding the quality of institutions, Israel is in the middle of the 

distribution of rich countries, but it is at the bottom of the distribution of OECD countries. 

Israel is at the bottom of the distribution of the scores in international tests of the education 

system, and among OECD countries, its scores are better only than Mexico and Turkey. Israel 

is in a better place when looking at the inequality of years of schooling, but indicators for 

inequality in the quality of education, which are not presented and not analyzed in this study, 

show that educational opportunities in Israel are low. 
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Figure 3

Quality of infrastructure in countries with GDP per capita greater than $7,500
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Figure 4

Quality of institutions in countries with GDP greater than $7,500
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Figure 5 

Quality of education in countries with GDP per capita greater than $7,500  
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4.  PAST CONVERGENCE PATTERNS 

We begin the empirical analysis with basic convergence regressions, in cross-section, using 

the fundamental variables of the deep roots of growth that our study uses (as described in 

Section 3). These variables are organized in Ashraf and Galor (2013) as part of a larger set 

of control variables, and we reduced the list by omitting variables with negative adjusted-R2 

in a partial regression analysis. The variables that survived this analysis will also be used in 

the rest of the regressions. 

Table 1 presents the results of regressions that are represented by the equation: 
 

 (1)!!!!!!!!"#$%&'(*+,-./-*-) = !02 34#$%&'*+,- 3 5678&09:8;0<>' !!! 
 

Where: 

prodi1980 - is GDP per worker in country i in 1980, and Δprodi(1980-2010) is the average 

annual growth rate in the period 1980-2010. 

Fundamentals i - is the set of country-level fundamental variables. 

β - is the convergence coefficient. 

 

Only this analysis includes 96 countries, of which 45 are rich, since it is not limited by 

the availability of policy variables. The results show that "global convergence" - the value of 

β without conditioning on Fundamentals i - is not significant among the full sample of 

countries. However, controlling for the variables in the group Fundamentalsi yields a 

significant negative estimate for "β -convergence": a country's growth rate is lower the higher 

its initial productivity was in 1980. These findings can also be seen graphically in Figure 6: 

without controlling for fundamentals, no relationship between the growth rate and the initial 

income level can be shown, whereas after controlling, we see a clear negative slope. 
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Figure 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

As for the sample of rich countries (with annual GDP per capita greater than $7,500), "β-

convergence" can also be found without controlling for fundamentals, but here too the β 

coefficient is larger (in absolute value) after adding the control. These findings are consistent 

with those of Barro et al. (1991), but as explained above, the use of fundamental variables of 

growth in our regression is more useful, since some of the variables used in the classic 

convergence regressions may be the result of the growth process and not those that cause it. 

 

 

5.  EMPIRICAL MODEL FOR TFP GROWTH 
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First stage regression. For each of the years t = 1965, 1970, ..., 2010, we estimate level 

regressions of GDP per worker on a large set of fundamental variables and policy variables: 

 

(?)!!!!!!#$%&'@A = !B 3!4A@*!!!678&09:8;0<>CCCCCCCCCCCCCCCCCCCC' 3!4A@/!D%<EFGCCCCCCCCC'A 3!H'@A ! 
 

Where: 

#$%&'@A - is GDP per worker in country i in year t; 

678&09:8;0<>CCCCCCCCCCCCCCCCCCCC' - is a group of country-level fundamental variables such as geography, 

culture, genetic diversity and other determinants (as described in Section 3); 

D%<EFGCCCCCCCCC'A - is a group of policy influenced variables such as institutions (as detailed in 

Section 3) in country i in year t; 

H'@A - is the random error. 

 

Using the estimated coefficients from equation (2), allows us to fit for each country i a 

predicted value for GDP per worker in year t, as a function of its fundamental variables and 

its policy variables: 

 

(3)      #$%&I '@A = B 3!4A@*!J ×!678&09:8;0<>CCCCCCCCCCCCCCCCCCCC' 3!4A@/!J × D%<EFGCCCCCCCCC'@A 
 

The difference between the predicted GDP per worker in a particular country, and the 

actual one, represents the gap in labor productivity from its frontier path, given the 

fundamental conditions and policy variables in the country: 

 

(K)!!!!!!!L0#'A = !M!NO'A ×!!= #$%&I 'A !!M !#$%&'A !! 
 

Second stage regression. In order to estimate the speed of convergence to the frontier 

path, and the basic global growth rate of TFP, we will formulate an equation for the TFP 

growth of country i in period t, as a function of the productivity gap in period t-1:5 

 

(P)!!!!!!!"Q6D'@A! =!RS@A !3 !TL0#'@A!.* !3 !!l'@A 
 

Where: 

RS@A - is the basic global growth rate that can get a differential value according to the 

specific period t, by using dummy variables for each period. 

 

 
5 It should be clarified that the model works in 5-year period jumps. Therefore, the 

dependent variable is the rate of change in total factor productivity over 5 years, and the main 
explanatory variable is the labor productivity gap at the beginning of those 5 years. 
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The labor productivity gap, L0# in equation (5), is calculated from a formula parallel to 

equation (4), except that the variables that determine #$%&I 'A , besides the fundamental 

variables, are only policy variables with enough historical data: Economic Freedom Index, 

road quality and inequality in education and schooling.6 The estimator of ρ represents the 

speed of convergence. By this we assume that the convergence in labor productivity is 

achieved through total factor productivity. We will present the empirical basis for this 

assumption in the next section. 

 

l'@A - in equation (5) is the error term which represents a random shock for the TFP growth 

of country i in period t. 
 

After an econometric estimation of equation (2), calculation of Gapit according to 

equations (3) and (4), and estimation of equation (5) - we can make a forecast for the TFP 

growth  "Q6D of country i in period t+1: 

 

(U)!!!!!!"Q6D'@AV* = !RS@AW 3 !T! × L0#'@A 
 Where: 

!RS@AW  is an average of dummy variables for selected periods. 

 

From the forecast for TFP growth, the productivity gap, L0#, can be updated for period 

t+1 (assuming no change in policy variables): 
 

(X)!!!!!!L0#'@AV* = L0#'@A M Y 1
1 M BZ ["Q6D'@AV* M RS@AW\ 

 

According to equation (7), the labor productivity gap decreases as total factor productivity 

grows faster than the basic global growth rate. α is the output elasticity with respect to the 

capital stock in a standard CES production function which we calibrated to 0.45 according to 

Israel's capital share in output. The multiplication by ] *
*.^_ reflects the long-term relationship 

between labor productivity growth and total factor productivity growth when there is an 

endogenous adjustment of the capital stock. 

 

Iterations on equations (6) and (7) allow calculating a forecast for TFP growth up to the 

desired horizon. 

 

b. Regression Results 

Table 2 presents the results of regressions that include only the fundamental variables we 

control for. The first four columns report specifications in which three groups of variables 

 
6 A full panel of policy variables is not available. 
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are gradually introduced: Geography variables, Genetic Diversity variables and Culture 

variables. The time that has passed since the Neolithic transition is positively correlated with 

GDP per worker (prod), and after controlling for it, two additional variables that are related 

to agricultural intensity, the share of arable land and proximity to waterways, are negatively 

correlated with GDP per worker. Similar results were obtained by Ashraf and Galor (2013) 

as well. This result may be consistent with the "reversal of fortune" theory of Acemoglu, 

Johnson and Robinson (2002) according to which some of the countries that were considered 

rich until 1500 due to thriving agriculture are considered relatively poor ("developing") 

today, while some of the rich countries today were poor until then. The share of revenues 

from natural resources is not correlated with productivity. The genetic diversity variables, as 

explored by Ashraf and Galor (2013), affect GDP per worker positively for low enough 

values, and negatively for high values. Most variables remain significant and with the same 

sign in the specification that includes the full set of fundamental variables, except for ethnic 

fractionalization which loses significance. The last line in the table shows the Israel's 

regression residual. From this line it can be learned that genetic diversity alone (column 2) 

or ethnic diversity alone (column 4) do not successfully explain the actual value of 

productivity in Israel, and therefore the gap is large. In contrast, the geographical variables 

successfully explain, even alone (column 1), Israel's relative productivity situation. 

In Section 3 we described six policy-dependent variables. Together with eleven 

fundamental variables (which are grouped into eight categories, of which three variables 

belong to the category of religious distribution in the country and two to the category of 

genetic diversity) we have a total of seventeen control variables. Including all of them in one 

regression yields a number of insignificant variables. Table 3 presents the results of the 

estimation for a specification that includes policy variables without controlling for 

fundamental variables, and results for specifications that include each policy variable 

separately when controlling for fundamental variables. In most cases, the coefficients of the 

policy variables were found to be significant with the expected sign. Since the degrees of 

freedom are very limited in our cross-section of countries, it is not possible to include all the 

variables together. Alternatively, there is a huge number of combinations of variables, and 

the choice between them may be arbitrary and simplistic. Therefore, we decided to focus on 

specifications with the complete set of fundamental variables, one institutional variable, one 

physical infrastructure variable and one educational variable. This strategy is somewhat 

similar to the one adopted by Sala-i Martin (1997), who ran about 2 million regressions in 

order to examine which variables are most correlated with economic prosperity. Sala-i Martin 

(1997) decided to include three fixed variables and three variables that changed from one 

specification to another. 

The eight columns in Table 4 are the results of the eight combinations that our rule 

created. Tables 5-7 repeat the above analysis, which is presented in Tables 2-4, for a smaller 

sample of 42 countries with GDP per capita greater than $7,500 (in 2000). 
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The significance of the fundamental variables varies between specifications, but in most 

cases they remain with the same sign and with reasonable explanatory power. Regarding the 

policy variables, it seems that the coefficients of the doing business variable as well as the 

communication and transportation infrastructure variables are the most stable. The 

coefficient of the economic freedom variable is significant in most of the full sample 

specifications, but it is not significant among the rich countries alone. It seems that the 

coefficients of the two education variables are highly correlated with productivity only in the 

full sample. The positive and significant estimates based on the full sample are more 

consistent with recent studies, such as Hanushek and Woessmann (2012), who found a close 

relationship between educational achievement and output growth. The relationship they 

identified is stable across different samples of countries and is based on specifications that 

address causality. They conclude that quality education can be an important tool for 

enhancing economic growth. 

In order to check the robustness of the estimates to biases arising from basic differences 

between the economies in the sample, which were not captured in the fundamental variables, 

we also estimated panel regressions with policy variables and country fixed effects. Table 8 

presents the results of these regressions with several combinations of policy variables for 

which we have enough historical data. The estimate of the economic freedom variable ranges 

between 0.05 and 0.08, and it is significant in most specifications, and in particular the one 

that includes the other two policy variables and is estimated on a sample of rich countries. 

The estimated coefficients of the road quality variable are higher in the sample of rich 

countries, while the coefficients of inequality in education are higher (in absolute value) in 

the full sample - but not always significant. Overall, the size of the estimated coefficients of 

the three policy variables is very similar to the sizes obtained for them in the cross-sectional 

regressions that include control for fundamental variables. This match indicates that the 

control for fundamental variables improved the validity of the estimates for the policy 

variables available both in the panel and in the cross-sectional regressions, and probably also 

the validity of the estimates of policy variables that are available for use only in the cross-

sectional regressions. 

In the tests we presented now, we used the GDP per worker of the entire economy. 

However, this aggregate includes the output of the public sector and the output of housing 

services which are measured differently from the output of the business sector. It might have 

been preferable to perform the estimates and forecast for business output, but business output 

data are not available in the Penn World Tables. Business output data are available in the 

KLEMS database for European Union countries, the US and Japan, and in total for 19 of the 

countries in our sample, not including Israel. Although the forecasts for Israel's total factor 

productivity cannot be performed using this data, in order to test the robustness of the 

coefficients to the use of business output we examined the effect of policy variables on the 

business output of the 19 countries for which data are available. Due to the low number of 

observations we ran the regressions without controlling for fundamental variables and refer 
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to the coefficients obtained only as an indication of the robustness of the coefficients in the 

work. However, due to the fact that the 19 countries in the sample are very advanced, we 

believe that they are from the same "club" and therefore the control for fundamental variables 

is not as essential as in the larger sample we examine in the rest of the estimates in the work. 

Indeed, running a regression that includes only the 6 policy variables as explanatory variables 

yields coefficients very similar to the coefficients obtained in Table 6 for the 42 countries 

with output greater than $7,500. Figure 7 presents a comparison between the coefficients 

from the estimation on the business output and the coefficients from the estimation on the 

general output. The coefficients are almost identical for 4 out of 6 policy variables, identical 

in terms of direction and strength in the communication variable, and somewhat different 

only in the doing business variable (the coefficient in the regression on the business sector is 

zero). An estimation we performed for the general output only on the 19 countries for which 

the business output data is available and in the same specification (policy variables only) also 

yields similar results. 

 

Figure 7 

Estimates of Policy Variables from Regression on Business Output Compared to 

Estimates from Regression on General Output 

(The vertical lines are confidence intervals for business output) 
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Table 9 presents the estimate for the speed of convergence of productivity, through total 

factor productivity, for the period 1980-2010. The coefficient of the lagged gap represents ρ 

from equation (5), and the constant represents δ. The period omitted from the year dummy 

variables is 1980, so δ is the average growth in the years 1975–80. When approaching the 

forecast, δ should be added to the coefficients of the period dummy variables according to 

the assumptions regarding the fit between the patterns of average growth in the world in the 

past and the patterns in the future. The estimate is higher, and more significant, when we 

include policy variables in the first stage regression (those available for all years). When 

interpreting the speed of convergence, the meaning of the estimate (from equation 4) is an 

annual estimate of 0.0074 (because the regressions use five-year intervals), leading to the 

conclusion that slightly less than 1% of the country's productivity gap is added to its growth 

rate over the average global growth rate. 

There may be a concern that the estimate of T̀ reflects policy designed to narrow the 

productivity gap, and not TFP growth based only on the convergence potential that 

fundamental variables and past policy variables yield. In order to deal with this concern, we 

estimated growth regressions that include the change in policy variables (road quality, 

economic freedom and inequality in education) during each five-year period (not shown). 

We found that the estimate for the effect of the change in economic freedom on the growth 

of TFP is positive and significant; that is, some of the convergence indeed occurs through the 

effect of better policy in the short run. Nevertheless, we find that the estimate of T̀!does not 

change significantly after the addition of the change in policy variables. 

Tables 10 and 11 present the estimate for the speed of convergence of productivity 

through physical capital and human capital (and not through total factor productivity). The 

estimates that are parallel to T̀ are not stable in the various specifications, they are not 

significant in almost all of them, and some of the estimates yield negative coefficients. These 

empirical findings support our assumption that the convergence in labor productivity is 

achieved mainly through total factor productivity. 

 

 

6.  PREDICTIONS 

a. The Predicted Gap   

As explained in the previous section, we would like to use information from several 

specifications that include all the fundamental variables and three policy variables, one for 

each area—institutions, physical infrastructure, and educational quality. Although Israel 

belongs to the sample of richer countries when it comes to general prosperity, we will take 

into account both the estimates based on the full sample and the estimates based only on 

countries with GDP per capita above $7,500 in 2000 (a total of 16 regressions described in 

Tables 4 and 7). This is because Israel is at the lower end of the distribution in some of the 
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policy-affected variables (Figures 3-5), especially when it comes to the quality of institutions 

and the quality of education among some subgroups of the population. Our preference for 

taking into account the estimates derived from the full sample is also based on the proximity 

we mentioned in Section 5-b between the effect found for the quality of education in the 

specifications with the full sample, to other findings in the recent literature, such as Hanushek 

and Woessmann (2012). However, since the level of productivity in Israel is already high, 

we assume that the appropriate average global growth rate in TFP and the speed of 

convergence are those of the richer countries. Therefore, we based these parameters on 

estimates with the sample of rich countries only (equation 4 in Table 9). 

 

Figure 8 

The average gap between predicted and actual GDP, 2010  

For countries with GDP per capita greater than $7,500 

 

There are several options for weighting the predicted gaps resulting from the 16 level 

regressions. We decided to average the predicted gaps from the 16 specifications. Figure 8 

presents the average gap for 2010 over the 16 regressions for each of the rich countries - also 
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with a separation between the group of regressions based only on the rich countries and the 

group based on the full sample. Although there are a few cases (Tunisia, South Africa, 

Dominican Republic) where the regression groups yield different results, overall there is a 

high correlation of 0.69 between them. Countries like Bulgaria and Uruguay are the countries 

with the largest positive gap, indicating that these countries have higher growth potential 

compared to the average, leading to the conclusion that they are advancing towards the 

productivity level of richer countries. For countries on the left side of the graph, such as 

Panama and Cyprus, there is, according to our analysis, an actual labor productivity that is 

higher than that predicted based on the fundamental variables and policy variables we use. 

In any case, there does not seem to be a correlation between OECD membership and the gaps. 

As for Israel, according to the average of all regressions, the gap between the predicted 

and actual productivity stands at 4%, with a relatively small range between what arises from 

the two regression groups. That is, Israel's potential for growth (given the current 

fundamental factors and policy environment) is slightly higher than that of the average of the 

rich countries. For comparison, the average gap of OECD countries, and the six comparison 

countries mentioned by Hazan and Tsur (2020), is -1%. 

 

b. TFP Forecast for Israel 

Using the calculation presented in equation (6), we create a long-term forecast for TFP 

growth. In the baseline scenario, TFP growth in the years 2020–60 (0.55%) is slightly lower 

than Israel's historical TFP growth rate (Figure 9): The endogenous forecast from the model 

begins in 2010, and the average growth rate in the decade preceding that year (1999-2010) 

was 0.67% as shown in Figure 9. Together with the following decade (2010-2019, without 

the Covid-19 crisis), in which productivity growth stood at 0.58%, the average growth rate 

of TFP in the years 1999-2019 stood at 0.62%. The growth rate in the forecast remains stable 

because it includes only a small component of positive convergence. The forecast mainly 

reflects the average global TFP growth for the years 1990-2010 in the sample of rich 

countries which stood at 0.53%. These years include mainly the period of the ICT 

productivity wave (1990-2005) as well as a short period of slow growth (2005-2010) 

associated with the global financial crisis. The choice of these reference periods assumes that 

global growth is not facing a long period of slow TFP growth, but it also assumes that the 

speed of growth during the ICT revolution will not persist at the rate of the years 1990-2005. 

The convergence component of the Israeli economy contributes 0.02 percentage points to the 

annual growth of TFP. Since the productivity gap for Israel in 2010 is 4% and the average 

gap for OECD countries stands at around -1%, Israeli productivity is expected to slowly close 

the gap (-13% in GDP per worker, and -24% in GDP per hour worked) vis-à-vis the average 

productivity of OECD countries. This finding is somewhat encouraging, although it is not 

driven by faster TFP growth in Israel compared to the past, but by slower growth in some 

OECD countries. 
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Figure 9

Annual growth rate of Total Factor Productivity (TFP) 

Actual growth 2000–10 and additional standard deviation scenarios for 2010-2060

The Minimum and Maximum lines in Figure 9 represent the lowest and highest TFP 

forecasts that were calculated based on the 16 specifications that produced the average TFP 

forecast. The spectrum of 16 forecasts is narrow and balanced, 0.48% - 0.60% (average 2020-

2060). We conclude that the forecast is relatively robust to the choice of any of the individual 

specifications instead of using their average.

Figure 10 presents four additional scenarios for TFP growth. The first three scenarios are 

based on initial gaps that were calculated with better policy values - we added one standard 

deviation to each policy variable so that the long-term growth potential increases. The fourth 

scenario combines the three other improved scenarios. This graph essentially ranks the 

relative effect of the three policy variables, based on the 16 specifications that produced the 

average TFP forecast. The graph shows that an improvement of one standard deviation in 

infrastructure yields the largest relative effect, the effect of better institutions is ranked 

second, and the effect of education quality is ranked third. The simultaneous improvement 

of the three policy variables contributes about 0.4 percentage points to TFP growth at the 

beginning of the forecast horizon. The contribution of the better policy to growth gradually 

narrows, as the positive gap that opened decreases from period to period along the 

convergence process, but even until the end of the forecast horizon a higher level of growth 

is maintained.
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Figure 10 

Annual growth rate of Total Factor Productivity (TFP) 

Actual growth 2000–10 and one-standard-deviation policy jump scenarios 

for 2010-2060 

 

 

Figure 11 presents four additional scenarios for TFP growth. The first three scenarios are 

based on hypothetical initial gaps that were built under the assumption that Israel would 

achieve very good policy variable values; the value of each policy variable was set to the 

95th percentile among the rich countries (with GDP per capita greater than $7,500). The 

fourth scenario combines these three policy scenarios. Unlike the scenarios presented in 

Figure 10, the scenarios presented in Figure 11 show the potential of the Israeli economy to 

improve by bringing its policy closer to best practices. 
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Figure 11

Annual Growth Rate of Total Factor Productivity (TFP)

Actual Growth 2000-2010 and Best Policy Jump Scenarios (95th Percentile) 

for 2010-2060 

The effects of improving institutions in Israel up to the 95th percentile yield the largest 

jump in growth. The effects of improving infrastructure and improving the quality of 

education are slightly lower, and very similar to each other. This similarity reflects the strong 

impact coefficients estimated for infrastructure on the one hand, and the relative inferiority 

of the quality of education on the other hand. It should be noted that in this study we focus 

only on the quality of education, while in the paper of the broader model (Argov and Tsur, 

2019) the focus is on the contribution of the quantity of schooling. A policy of better 

education and schooling is expected to increase both the quantity of schooling (the number 

of years of schooling and degrees acquired) and its quality. Therefore, the effect of a better 

education policy on the overall growth of productivity and output is higher, while the effect 

presented here is partial – only the one that passes through TFP. Also in the field of 

infrastructure, it should be emphasized that the effect presented is partial in terms of output 

and labor productivity. It relates only to the TFP growth channel, while in this case the growth 

of productivity and output will also be contributed by the increase in physical capital inputs.
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The effects reported here should be treated with some caution: while the basic differences 

between the economies were well controlled for using the fundamental variables (deep roots 

of growth) and the panel formulations, the threat of reverse causality in the policy-dependent 

variables cannot be ignored. We cannot rule out, for example, the possibility that growth 

processes lead to better policy. The effects reported here can provide policymakers with a 

general direction, but a more accurate assessment of the potential contribution of a specific 

policy step should be based on more focused research. 

 

 

7.  SUMMARY 

This study uses a framework of conditional convergence between countries to formulate and 

estimate a model for long-term forecasting of Israel's total factor productivity (TFP), and to 

examine how policy changes may affect it. Based on various specifications that include 

fundamental and policy-affected variables, we forecast that the annual growth of TFP will 

stand at 0.55% over the forecast horizon (2020-2060). This rate of TFP growth reflects the 

average global growth rate combined with a small positive convergence component, since 

the initial gap in Israel's GDP per worker was found to be small. The baseline scenario was 

obtained under the assumption that the current policy variables will remain unchanged. 

Indeed, it is still early to examine the accuracy of a 50-year forecast, but an indication can be 

obtained based on the actual developments between 2010 (the start date of the forecast from 

the model) and 2019 (the eve of the Covid-19 crisis). According to updated CBS data, the 

growth rate of output in the decade 2010-2019 stood at 4.0% and the growth rate of TFP at 

0.58%, similar to the model's forecast. 

Another goal of the study is to assess how various policy measures are expected to affect 

the long-term growth of TFP. We found that better physical infrastructures have the highest 

marginal contribution to the growth of TFP. However, considering the relatively extensive 

inferiority of Israeli institutions and the quality of education, the potential of the Israeli 

economy to grow by improving these policy factors is also large. Our broad project, and 

especially the TFP growth forecast, is not intended only to produce a good guess for future 

growth. The goal is to develop a well-organized tool that will help policymakers make more 

informed decisions about ways to close the productivity gaps between Israel and advanced 

economies. 
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APPENDIX 

Description of the Variables Appearing in the Regression Tables 

Name in Tables Full Name Description 

Prod1980 Production 1980 Log GDP per worker in 1980 

Neolithic Years from 

Neolithic transition 

The number of years (in thousands) that 

have passed since agriculture became the 

primary mode of subsistence in the country 

Arable Arable land The share of total land areas that are arable, 

as reported by the World Bank's World 

Development Indicators 

Tropical Tropical zones The percentage of the country's population 

in 1996 that lives in tropical area 

Water Distance from 

waterways 

The average across a country's grid cells, in 

thousands of kilometers, from an ice-free 

coast or navigable river 

Resources Natural resources Natural resource rents as a percentage of 

GDP (in the regression year). Includes rents 

from oil, natural gas, coal, minerals and 

forests 

G.div /G.div sq Genetic diversity / 

(Genetic 

diversity)^2 

 

The heterozygosity (genetic diversity) in the 

country. To ensure exogeneity, it is 

calculated as the predicted value from a 

regression of the genetic diversity of each 

region on the migration distance of humans 

from East Africa to that region 

Ethnic Ethnic 

fractionalization 

The probability that two randomly selected 

individuals from the same country will 

belong to different ethnic groups 

Religion Religion shares 

 

Three variables: the shares of Muslims, 

Catholics and Protestants in the country's 

population 

D.Business Doing Business The country's "Distance from the Frontier" 

(in reverse order) in the World Bank index 

that measures the ease of doing business in 

several areas 

E.Freedom Economic 

Freedom 

Economic Freedom index which covers 12 

areas, such as property rights and financial 

freedom 
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Roads Road quality Based on the first principal component of 

several indices on road quality, taken from 

the International Road Federation data 

Phones Telephone lines 

 

Number of main telephone lines and mobile 

phones per thousand workers in the country 

 

Scores Test Scores Scores from national tests for the years 

1995-2010, standardized over time, across 

subjects (mathematics, reading and 

science), schooling levels and various 

international and regional assessments 

E.Inequality Education Gini Gini coefficients for years of schooling 

within each country 
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Table 1 

Global and Conditional Convergence in GDP per Worker  

Dependent variable: Growth 

 

The Full 
Sample 

The Full 
Sample 

GDP 
PC>7500 

GDP 
PC>7500 

Prod1980 0.000932 -0.00549*** -0.00629*** -0.00914*** 

 (0.00104) (0.00171) (0.00145) (0.00155) 

Neolithic  0.0111***  0.00248 

  (0.00322)  (0.00246) 

Arable  -0.00225*  -0.00006 

  (0.00123)  (0.000979) 

Tropical  -0.00613*  -0.00504* 

  (0.00350)  (0.00283) 

Water  -0.00369  0.000190 

  (0.00431)  (0.00346) 

Resources  -0.000021  0.000055 

  (0.000136)  (0.000140) 

G.div  1.531  5.980** 

  (1.608)  (2.521) 

G.div sq  -1.076  -4.158** 

  (1.137)  (1.777) 

Ethnic  -0.0101*  -0.00720* 

  (0.00547)  (0.00414) 

Constant 0.00347 -0.558 0.0816*** -2.056** 

 (0.0100) (0.566) (0.0152) (0.887) 

     

Observations 96 96 45 45 

Adjusted R-
squared 

-0.002 0.200 0.289 0.578 

Religion No Yes No Yes 

Israel residuals1 
-0.02069 0.381972 0.057367 0.076374 

Note: 1. The predicted value minus the actual value (Gap) for Israel (in percentages). 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 2 

The Effect of Fundamental Variables on GDP per Worker  

Dependent variable: Log GDP per worker in 2010 

  (1) (2) (3) (4) (5) 

Neolithic 1.085***  1.005***  1.198*** 

 (0.174)  (0.177)  (0.163) 

Arable -0.240***  -0.238***  -0.224*** 

 (0.0817)  (0.0825)  (0.0718) 

Tropical -1.108***  -1.077***  -0.923*** 

 (0.197)  (0.199)  (0.191) 

Water -1.286***  -1.057***  -0.927*** 

 (0.251)  (0.260)  (0.232) 

Resources -0.00583  -0.00238  0.00842 

 (0.00908)  (0.00914)  (0.00808) 

G.div  638.4*** 307.3***  311.2*** 

  (141.0) (104.2)  (91.57) 

G.div sq  -457.1*** -218.3***  -219.4*** 

  (99.65) (73.92)  (64.83) 

Ethnic    -2.499*** -0.285 

    (0.363) (0.328) 

Constant 2.302 -212.1*** -105.0*** 10.79*** -109.2*** 

 (1.489) (49.82) (36.49) (0.328) (32.24) 

      

Observations 96 96 96 96 96 

Adjusted R-squared 0.618 0.201 0.645 0.367 0.746 

Religion No No No Yes Yes 

Israel residuals1 19.58 -134.60 0.61 -124.89 -24.09 

Note: 1. The predicted value minus the actual value (Gap) for Israel (in percentages). 

Standard errors in parentheses   

*** p<0.01, ** p<0.05, * p<0.1 
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Table 5 

The Effect of Fundamental Variables on GDP per Worker  

Countries with GDP per capita > $7,500  

Dependent variable: Log GDP per worker in 2010 

  (1) (2) (3) (4) (5) 

Neolithic 0.315*  0.231  0.427** 

 (0.163)  (0.163)  (0.171) 

Arable 0.00215  0.0176  0.00666 

 (0.0761)  (0.0774)  (0.0737) 

Tropical -0.774***  -0.807***  -0.675*** 

 (0.159)  (0.169)  (0.195) 

Water 0.0194  -0.0553  -0.0435 

 (0.249)  (0.240)  (0.259) 

Narural 0.0112  0.0168*  0.0194* 

 (0.00901)  (0.00966)  (0.00999) 

G.div  282.6 437.9**  241.0 

  (219.0) (186.8)  (189.7) 

G.div sq  -193.4 -307.3**  -168.5 

  (154.0) (131.7)  (133.7) 

Ethnic    -0.659** -0.110 

    (0.297) (0.308) 

Constant 8.433*** -92.06 -146.7** 11.05*** -78.80 

 (1.363) (77.80) (65.89) (0.188) (66.72) 

      
Observations 45 45 45 45 45 

Adjusted R-squared 0.401 0.098 0.455 0.175 0.512 

Religion No No No Yes Yes 

Israel residuals1  9.49 -7.42 -8.07 -35.00 -11.67 

Note: 1. The predicted value minus the actual value (Gap) for Israel (in percentages). 

Standard errors in parentheses   

*** p<0.01, ** p<0.05, * p<0.1 
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Table 8 

The Effect of Policy Variables on GDP per Worker  

A Panel Approach Using Fixed Effects; 1960–2010  

Dependent variable: Log GDP per worker 

  The Full Sample 

 (1) (2) (3) (4) 

E.Freedom 0.0793**   0.0615* 

 (0.0340)   (0.0360) 

Roads  0.0597  0.0861 

  (0.145)  (0.124) 

E.Inequality   -0.474** -0.164 

   (0.196) (0.191) 

Constant 9.645*** 10.22*** 9.112*** 9.719*** 

 (0.239) (0.0584) (0.143) (0.348) 

Observations 688 633 755 534 

Adjusted R-
squared 0.954 0.948 0.950 0.960 

Year effect Yes Yes Yes Yes 

Fixed effect Yes Yes Yes Yes 

 Countries with GDP per capita > $7,500 

 (5) (6) (7) (8) 

E.Freedom 0.0563   0.0655* 
 (0.0356)   (0.0343) 

Roads  0.250***  0.214** 
  (0.860)  (0.0819) 

E.Inequality   -0.196 -0.0368 
   (0.145) (0.107) 

Constant 10.68*** 10.86*** 10.76*** 10.33*** 
 (0.261) (0.0875) (0.227) (0.268) 

Observations 367 339 351 321 

Adjusted R-
squared 0.925 0.920 0.911 0.941 

Year effect Yes Yes Yes Yes 

Fixed effect Yes Yes Yes Yes 
     

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 10 

Estimating the Convergence Rate in GDP per Worker (ρ) Using Physical Capital 

Dependent Variable: 5-Year Growth Rate (log-difference) in Physical Capital Stock 

  (1) (2) (3) (4) 

 

The Full 
Sample y>7500 

The Full 
Sample y>7500 

 

k 5 years 
growth 

k 5 years 
growth 

k 5 years 
growth 

k 5 years 
growth 

      

The lagged gap (Fundamentals 
based only) 

0.00224 -0.00925   
(0.0279) (0.0182)   

The lagged gap (Fundamentals 
and policy based) 

  0.0219 0.0225 

  (0.0301) (0.0273) 

d1985 -0.0925*** -0.0528*** -0.0923*** -0.0510*** 

 (0.0199) (0.0187) (0.0199) (0.0185) 

d1990 -0.130*** -0.0843*** -0.130*** -0.0829*** 

 (0.0223) (0.0216) (0.0223) (0.0212) 

d1995 -0.0821*** -0.0441** -0.0821*** -0.0433** 

 (0.0230) (0.0190) (0.0231) (0.0191) 

d2000 -0.0938*** -0.0728*** -0.0938*** -0.0716*** 

 (0.0223) (0.0209) (0.0222) (0.0199) 

d2005 -0.106*** -0.0871*** -0.106*** -0.0855*** 

 (0.0237) (0.0217) (0.0236) (0.0206) 

d2010 -0.0602** -0.0721*** -0.0603** -0.0703*** 

 (0.0254) (0.0218) (0.0253) (0.0208) 

     
Constant 0.178*** 0.169*** 0.178*** 0.172*** 

 (0.0200) (0.0150) (0.0199) (0.0157) 

     
Observations 413 270 413 270 

Adjusted R-squared 0.055 0.051 0.059 0.056 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 11 

Estimating the Convergence Rate in GDP per Worker (ρ) Using Human Capital 

Dependent Variable: 5-Year Growth Rate (log-difference) in Human Capital Stock 

  (1) (2) (3) (4) 

 

The Full 
Sample y>7500 

The Full 
Sample y>7500 

 

hc 5 years 
growth 

hc 5 years 
growth 

hc 5 years 
growth 

hc 5 years 
growth 

The lagged gap 
(Fundamentals based only) 

0.000690 -0.00696   
(0.00487) (0.00671)   

The lagged gap 
(Fundamentals and policy 
based) 

  -0.0122* -0.0288*** 

  (0.00686) (0.00764) 

d1985 0.0116** 0.0101 0.0116** 0.00900 

 (0.00491) (0.00642) (0.00490) (0.00607) 

d1990 0.00400 0.00247 0.00400 0.00182 

 (0.00416) (0.00461) (0.00409) (0.00403) 

d1995 0.00111 -0.00491 0.00111 -0.00480 

 (0.00434) (0.00449) (0.00431) (0.00414) 

d2000 -0.00614 -0.00790* -0.00614 -0.00842** 

 (0.00416) (0.00422) (0.00418) (0.00416) 

d2005 -0.00951* -0.0118** -0.00951* -0.0127** 

 (0.00516) (0.00517) (0.00515) (0.00504) 

d2010 -0.0151*** -0.0122** -0.0151*** -0.0130** 

 (0.00491) (0.00496) (0.00475) (0.00482) 

Constant 0.0503*** 0.0446*** 0.0503*** 0.0428*** 

 (0.00353) (0.00362) (0.00349) (0.00388) 
     

Observations 453 270 453 270 

Adjusted R-squared 0.056 0.056 0.078 0.180 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 


